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News and Announcement 

We are pleased to announce that one of the Editorial Board Members of Health, Kuo-Chen Chen, has been identified 
by Science Watch (http://sciencewatch.com/ana/fea/09maraprFea/) as the author with the highest numbers of Hot 
Papers published over the preceding two years (2007 and 2008). Among the 13 authors listed in the table of “Scientists 
with Multiple Hot Papers” by Science Watch, Professor Dr. Kuo-Chen Chou of Gordon Life Science institute and 
Shanghai Jiaotong University ranks No.1 with 17 hot papers.  

Meanwhile, the review article by Kuo-Chen Chou and Hong-Bin Shen, entitled “Recent Progresses in Protein Subcellular 
Location Prediction” published in Analytical Biochemistry, has been identified by Science Watch as the New Hot Paper in the 
field of Biology & Biochemistry (http://sciencewatch.com/dr/nhp/2009/09marnhp/09marnhpChou/). For more information 
about the hot research and hot papers, go to visit the web-sites at http://www.sciencenet.cn/htmlnews/2009/3/216833.html;  
http://sciencewatch.com/ana/fea/pdf/09maraprFea.pdf; and http://sciencewatch.com/dr/nhp/2009/pdf/09marnhpChou.pdf.  

Please join us to send our warmest and sincere congratulations to our fellow board member, Kuo-Chen Chou, for his 
prominent contributions in science. Meanwhile, we hope this announcement can attract more researchers to submit their 
best papers to Health, the journal that publishes the highest quality of research and review articles in all important 
aspects of human health, medicine, and related science areas.  

We would also like to take this opportunity to announce that, owing to the large number of manuscripts that we are 
receiving, Health will increase the publication frequency from Quarterly to monthly as of December 2009.  
   
 
  Health Editorial Office 

  

 

 



HEALTH 

Journal Information  

 
SUBSCRIPTIONS  

The HEALTH (Online at Scientific Research Publishing, www.SciRP.org) is published quarterly by Scientific 

Research Publishing, Inc.,USA.  

E-mail:service@scirp.org  

 

Subscription rates: Volume 1  2009  
Print: $50 per copy. 

Electronic: free, available on www.SciRP.org. 

To subscribe, please contact Journals Subscriptions Department, E-mail: service@scirp.org 

Sample copies: If you are interested in subscribing, you may obtain a free sample copy by contacting Scientific 

Research Publishing, Inc at the above address.  

 

SERVICES  

Advertisements  

Advertisement Sales Department, E-mail: service@scirp.org  

Reprints (minimum quantity 100 copies)  

Reprints Co-ordinator, Scientific Research Publishing, Inc., USA.  

E-mail: service@scirp.org 

 

COPYRIGHT  

Copyright© 2009 Scientific Research Publishing, Inc.  

All Rights Reserved. No part of this publication may be reproduced, stored in a retrieval system, or transmitted, in 

any form or by any means, electronic, mechanical, photocopying, recording, scanning or otherwise, except as 

described below, without the permission in writing of the Publisher.  

Copying of articles is not permitted except for personal and internal use, to the extent permitted by national 

copyright law, or under the terms of a license issued by the national Reproduction Rights Organization.  

Requests for permission for other kinds of copying, such as copying for general distribution, for advertising or 

promotional purposes, for creating new collective works or for resale, and other enquiries should be addressed to 

the Publisher.  

Statements and opinions expressed in the articles and communications are those of the individual contributors and 

not the statements and opinion of Scientific Research Publishing, Inc. We assumes no responsibility or liability for 

any damage or injury to persons or property arising out of the use of any materials, instructions, methods or ideas 

contained herein. We expressly disclaim any implied warranties of merchantability or fitness for a particular 

purpose. If expert assistance is required, the services of a competent professional person should be sought.  

 

PRODUCTION INFORMATION  

For manuscripts that have been accepted for publication, please contact:  

E-mail: health@scirp.org 

www.SciRP.org


Vol.1, No.4, 249-262 (2009)
doi:10.4236/health.2009.14041 
 
 

SciRes Copyright © 2009                               Openly accessible at http://www.scirp.org/journal/HEALTH/

                                                                Health 

Characterization of in vitro and in vivo metabolism of 
AG-024322, a novel cyclin-dependent kinase (CDK) 
inhibitor 

Wei-Zhu Zhong*, Bojan Lalovic1, Jenny Zhan2 

1Clinical Pharmacology, Pfizer Global Research and Development, New London, Connecticut, USA 
2Metabolism and Pharmacokinetics, Novartis Institute of Biomedical Research, Cambridge, Massachusetts, USA 
*Pharmacokinetics, Dynamics and Metabolism, Pfizer Global Research and Development, San Diego, California, USA; 
wei-zhu.zhong@pfizer.com 

Received 16 November 2009; revised 25 November 2009; accepted 28 November 2009. 

ABSTRACT 

Uncontrolled cell proliferation is the hall mark of 
many cancers, and is typically manifested by a 
deregulation of the cell-division cycle. CDKs 
play critical roles in regulating cell cycle, apop- 
tosis and cell differentiation. AG-024322 is a 
multitargeted CDK inhibitor that has been 
shown to induce cancer cell apoptosis and de- 
monstrate significant antitumor activity in hu-
man tumor xenograft models. This compound is 
under clinical development as an intravenous 
anticancer agent. AG-024322 exhibited moder-
ate to high systemic clearance across preclini-
cal species. In vitro metabolism in human liver 
microsomes and hepatocytes demonstrates that 
glucuronidation and oxidation represent the 
major metabolic pathways of AG-024322. The 
experiments of chemical inhibition and micro-
somes containing individual CYP or UGT iso-
forms revealed that CYP3A and UGT1A1 appear 
to predominantly mediate AG-024322 oxidation 
and glucuronidation, respectively. Formation 
kinetics of the two pathways in human liver mi-
crosomes suggested that the glucuronidation 
activity of AG-024322 was approximately 3-fold 
higher as compared to CYP-mediated oxidation, 
contributing approximately 37% and 13% of the 
total clearance, respectively, based on the pro-
jected human clearance. UGT1A1 is a poly-
morphic isoform involved in glucuronidation of 
bilirubin. It is of concern if glucuronidation via 
UGT1A1 plays a major role in the elimination of 
AG-024322 in humans as competitive inhibition 
of UGT1A1 has been associated with toxicity 
(Gilbert and Crigler-Najjar syndromes). There-
fore, this information was used to influence the 
clinical study design to only include subjects 
having constitutive expression of UGT1A1 in 

the first human study, thereby decreasing the 
potential risk of toxicity to patients. 

Keywords: Microsomes; Hepatocytes; Reaction 
Phenotyping; Metabolite Formation Kinetics; 
CYP3A4; UGT1A1; Mass Balance in Rat 

1. INTRODUCTION 

AG-024322, N-({5-[3-(4,6-difluoro-1H-benzimidazol-2- 
yl)-1H-indazol-5-yl]-4-methylpyridin-3-yl}methyl)ethan-
amine, is a multitargeted CDK inhibitor under deve- 
lopment as an anticancer agent. AG-024322 is a potent 
ATP-competitive inhibitor of the cell cycle kinases 
CDK1, CDK2, and CDK4, with kinetic inhibition con-
stants (Ki) in the 1-3 nM range [1]. CDKs play a key 
role in regulating the cell cycle progression and to a 
large degree control cellular transitions from growth 
phases into phases associated with DNA replication and 
mitosis by phosphorylating several cellular proteins 
[2-4]. AG-024322 inhibits phosphorylation of CDK sub-
strates in cells, resulting in cell arrest and broad-spec-
trum anti-proliferative activity, and has been shown to 
induce cancer cell apoptosis and significant antitumor 
efficacy in human tumor xenograft models with tumor 
growth inhibition (TGI) ranging from 32% to 86.4% [5]. 

Single-dose pharmacokinetics of AG-024322 was 
evaluated in the rat, dog and monkey following a 30- 
minute IV infusion, the intended administration route in 
humans. AG-024322 demonstrated moderate clearance 
of 26 and 27 ml/min/kg in monkeys and dogs, respec-
tively, and somewhat higher clearance in rats (67 
ml/min/kg), with half-lives ranging from 5 to 7 hours. 
Minimal contribution of renal clearance was observed in 
all 3 species ( 1%). The volume of distribution greatly 
exceeded the volume of total body water across species 
(9 to 15 l/kg), and was consistent with rapidly and 
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widely tissue distribution observed in Long Evans rats 
by quantitative whole body autoradiography (QWBA) 
using [14C]AG-024322. The plasma protein binding of 
AG-024322 was in the range of 85 to 95% across species.  
In view of the predominant metabolic pathway of glu-
curonidation observed in human hepatocytes and the 
generally low metabolic turnover in in vitro incubations, 
the prediction of pharmacokinetics in human was per-
formed using interspecies allometric scaling of single- 
dose animal pharmacokinetics data. This approach lead 
to a reasonable prediction of human clearance (12.5 ml/ 
min/kg), which was similar to the clearance actually 
observed in humans with IV doses from 20 to 340 mg. 
Detailed nonclinical pharmacokinetics and the prediction 
of human pharmacokinetics of AG-024322 will be re-
ported elsewhere. 

To support the development of AG-024322, a series of 
nonclinical in vitro and in vivo studies were conducted to 
identify AG-024322 metabolites, and to characterize the 
disposition of AG-024322. These studies involved with 
either using animal and human liver microsomes and 
hepatocytes incubated with C-14 labeled AG-024322 
([14C]AG-024322) or using urine, plasma, bile, and fecal 
samples from rats administered [14C]AG-024322. Fur-
ther studies to assess the two principal pathways of AG- 
024322 biotransformation, CYP-mediated oxidative and 
UGT-mediated glucuronidation, and to identify the ma-
jor enzymes involved in these metabolic pathways were 
also carried out. 

In the present paper, discussion was emphasized on the 
in vitro and in vivo characterization of AG-024322 me-
tabolism and the relative importance of CYP3A4 and 
UGT1A1 in the biotransformation of AG-024322 in HLM, 
as well as the relative contributions of the two metabolic 
pathways in the overall clearance of AG-024322. 

2. MATERIALS AND METHODS 

2.1. Materials 

AG-024322 was synthesized at Pfizer Global Research 
& Development (PGRD), La Jolla, CA. [14C]AG- 
024322 (Specific activity 53.1 mCi/mmol) was synthe-
sized by the Radiosynthesis Group at PGRD (Groton, 
CT), and the label was located in the C-1 position of the 
benzimidazol ring (Scheme 1). Rat, dog, monkey and 
human liver microsomes were obtained from Gentest 
Corporation. (Woburn, MA). Human liver microsome 
preparation (HL-Mix 14, 21.7 mg protein/ml, 0.3 nmol 
CYP/mg protein) and microsomes from insect cells 
stably expressing human cDNA CYPs and UGTs (su-
persomes) were also purchased from Gentest Corpora-
tion. Cryopreserved hepatocytes for dogs, monkeys and 
humans, and the thawing media were obtained from In 
Vitro Technologies (Baltimore, MD). Sprague-Dawley rat 
hepatocytes and Hepatocyte Isolation Kit were pur- 

 
 
 
 
 
 
 
 
 

Scheme 1. Chemical structure of AG-024322  
(asterisk indicates the site of radiolabel). 

 
chased from XenoTech LLC (Lenexa, KS). Ketocona-
zole, quindine, quercetin, furafyline, dibasic and mono- 
basic potassium phosphate, NADPH, UDPGA, and 
WEM were purchased from Sigma-Aldrich Co. (St. 
Louis, MO). HEPES (4-(2-hydroxyethyl)-1-piperazi-
neethanesulfonic acid) buffer was purchased from Invi-
trogen (Carlsbad, CA). Commercially obtained chemi-
cals and solvents were of HPLC or the highest grade 
available. 

2.2. Liver Microsomal Incubations 

Liver microsomes were preincubated with AG-024322 
and [14C]AG-024322 in 100 mM potassium phosphate 
buffer (pH 7.4) for 5 minutes in a 37ºC shaking water 
bath. The reaction was initiated by the addition of 
NADPH with a final incubation volume of 0.5 ml con-
taining 10 µM AG-024322, 0.87 µM [14C]AG-024322, 1 
mM NADPH, 0.75 mg/ml microsomal protein and 100 
mM potassium phosphate buffer (pH 7.4). The incuba-
tion was terminated at 0, 10, 20, 40 and 60 minutes by 
the addition of 0.5 ml of acetonitrile and immediately 
vortexed and centrifuged at 1900g for 25 minutes. The 
supernatants were transferred to a fresh tube, evaporated 
to dryness under nitrogen, and reconstituted with 200 µl 
of Solvent A for LC/RAM/MS analysis as described 
below. 

2.3. Hepatocytes Incubation 

Cryopreserved hepatocytes were thawed and used ac-
cording to the manufacturer’s instructions. The thawed 
cryopreserved hepatocytes were re-suspended into CO2- 
bubbled incubation media to determine the total cell 
count using the Trypan Blue Exclusion method. The 
incubation media consisted of WEM supplemented with 
10 mM HEPES buffer. The final cell concentrations 
were 1.5, 1.8, 1, and 1.23106 viable cells/ml for rat, dog, 
monkey and human hepatocytes in WEM, respectively. 
Hepatocytes were incubated in the media containing 10 
µM AG-024322 and 0.87 µM [14C]AG-024322 in a 
CO2:O2 (5:95) stationary incubator at 37ºC. The final 
incubation volume was 1 ml. Reactions were terminated 
at several time points from time zero to 5 hours by the 
addition of 2 ml of acetonitrile. Samples were then soni-
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cated, vortexed and centrifuged at 1900g for 25 min-
utes at 4ºC. The resulting supernatant was evaporated 
under nitrogen and reconstituted in 100 µl of water for 
LC/RAM/MS analysis. 

2.4. CYP Reaction Phenotyping Screen 

AG-024322 (1 and 10 µM), each in triplicate, were in-
cubated with a panel of microsomes from insect cells 
expressing individual human CYPs (Supersomes) con-
taining 50 pmol of CYP1A2, 2C8, 2D6, 2E1, 3A4 and 
3A5 protein or 100 pmol of 2C9*1 and 2C19. The final 
incubation volume was 0.5 ml. Incubations containing 
AG-024322 and 1 mM NADPH in 100 mM phosphate 
buffer (pH 7.4) were preincubated for 5 minutes at 37ºC. 
The reactions were started with the addition of 50 µl of 
each CYP and were allowed to proceed up to 15 minutes. 
Incubations were stopped with the addition of 0.5 ml of 
acetonitrile and 20 µl of 1ng/µl AG-024397 (IS), and 
immediately capped, vortexed and centrifuged at 1900g 
for 25 minutes at 4ºC. The supernatant of each sample 
was dried under N2 and reconstituted with 100 µL of 
Solvent C for LC-MS analysis as described below. 

2.5. Chemical Inhibition 

CYP-specific chemical inhibitors, ketoconazole (CYP 
3A4), quinidine (CYP2D6), quercetin (CYP2C8), and 
furafyline (CYP1A2) were used to identify the isoforms 
mediating the formation of N-desethyl AG-024322. In-
cubation mixtures were prepared with ketoconazole and 
quinidine at 20, 100, 500 and 1 µM, quercetin at 0.3, 
0.75 and 2 µM and furafyline at 1, 10 and 30 µM, and 
were preincubated with AG-024322 (1 and 10 µM) and 
15 mg HLM protein (0.3 mg/ml) for 5 minutes at 37ºC. 
Incubations were started by the addition of NADPH to a 
concentration of 1 mM in a final volume of 0.5 ml. In-
cubations with furafyline, a time-dependent inhibitor of 
CYP1A2, required a preincubation step in the presence 
of 1 mM NADPH for 20 minutes prior to the introduc-
tion of the substrate. The reactions were terminated after 
8 minutes by the addition of 0.5 ml of acetonitrile and 20 
µl of 1 ng/µl IS. The remaining part of the procedure 
was performed as described above for CYP reaction 
phenotyping screen. 

2.6. UGT Reaction Phenotyping Screen 

AG-024322 (1 and 10 µM), each in triplicate, was incu-
bated with 8 UGT isoforms (UGTlA1, 1A3, 1A4, 1A6, 
1A8, 1A10, 2B7 and 2B15). The incubation procedure 
was adapted from Fisher et al. [6]. Microsomes (0.5 mg/ 
ml) suspended in 100 mM phosphate buffer (pH 7.1) 
were initially treated with alamethicin at 0.025 mg/mg 
microsomal protein. The mixture also included 1 mM 
MgCl2 and was kept on ice for 15 minutes to permealize 
the microsomal membrane. AG-024322 was then added 
and the mixture was preincubated at 37‘C for 5 minutes. 

The reaction was started with the addition of 1 mM 
UDPGA in a total incubation volume of 0.2 ml, and were 
terminated after 15 minutes by the addition of 0.5 ml of 
acetonitrile and 20 µl of 1 ng/µl IS. The remaining part 
of the procedure was performed as described above for 
CYP reaction phenotyping screen. 

2.7. Metabolite Formation Kinetics in HLM 

The formation kinetics of the N-desethyl metabolite and 
the parent glucuronides were studies in the same liver 
preparation from 14 different human livers (HL-Mix 14) 
to afford a comparison of the oxidation and glucuronida-
tion pathways. 

To determine the formation rates of N-desethyl me-
tabolite, AG-024322 with a concentration range of 0.5- 
100 µM, each in triplicate, was pre-incubated with HLM 
containing 0.75 mg/ml protein in 100 mM potassium 
phosphate buffer (pH 7.4) for 5 minutes at 37ºC. The 
reaction was initiated by the addition of 1 mM NADPH 
in a final incubation volume of 0.5 ml. Reactions were 
terminated at 15 minutes by the addition of 0.5 ml of 
acetonitrile and 40 µl of 1 ng/µl IS. The remaining part 
of the procedure was performed as described above for 
CYP reaction phenotyping screen. 

The experiment conditions to determine the formation 
rates of parent glucuronides were optimized in respect to 
time and protein concentration. Linear product formation 
was observed for up to 1 hour and 2 mg/ml microsomal 
protein. The experiments were following the similar 
procedure as described above using UGT supersomes, 
except that the incubation mixture contains 1 mg/ml 
microsome protein, 1 mM MgCl2, 0.05 mg/mg micro-
some protein alamethicin, and 2.5 mM UDPGA in either 
0.1 M phosphate buffer (pH 7.1) or WEM, incubated 
with a range of AG-024322 concentrations (0.5 to 200 
µM) in triplicate, and terminated at 35 minutes. 

2.8. Formation Kinetics Calculation 

The relative formation rate of each metabolite (peak area 
ratio/mg protein/15 or 35 min) was calculated and plot-
ted against AG-024322 concentrations. The metabolite 
formation kinetic parameter, Km, was estimated by fitting 
the data to the sigmoid Emax model using SAAMII 
(SAAM Institute, Seattle, WA). The maximum formation 
rate (Vmax) was estimated from separate experiments of 
HLM incubation with 10 µM [14C]AG-024322 at the 
similar conditions as described above. The formation 
rate (V) of each metabolite in the incubations was calcu-
lated based on the radioactivity. The Vmax value was then 
calculated based on the Michaelist-Menten equation, 
Vmax is the substrate concentration. The in vitro intrinsic 
clearance (CLint) was determined by Vmax/Km ratio. The 
predicted CLint was scaled up to in vivo by extrapolating 
CLint assuming a human liver weight of 1500 g (70 kg body 
weight) and that one gram liver tissue contains 45 mg HLM 
protein. The total hepatic clearance (CLh) was calculated 
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from the well-stirred model: CLh = Q x CLint / Q + CLint, 
where Q is the human hepatic blood flow (20 ml/min/kg). 
The estimation of CLh was not incorporated with plasma 
and microsome protein binding. 

2.9. Mass Balance Study in Rats 

In this study, [14C]AG-024322 in 5% dextrose in water 
(pH 4) was administered as a single 30-minute IV infu-
sion to all animals at a target dose level of 10 mg/kg 
(~50 µCi/250 g body weight). The intact animals in 
Group 1 (3/gender) were individually housed in metabo-
lism cages for the separate collection of urine and feces 
over intervals through 120 hours after dosing. The bile 
duct-cannulated (BDC) rats in Group 3 (2/gender) were 
individually housed in metabolism cages for the collec-
tion of bile over intervals through 48 hours. Blood sam-
ples were collected from intact animals in Group 2 
(2/gender) before dosing and at 0.25, 0.5, 1, 3, 8, 24, 48, 
72, 96, and 120 hours from the initiation of infusion. 
Blood samples were collected from intact animals in 
Group 4 by sacrificing 1 animal/gender at each time 
point at 0.5, 2, 4, and 8 hours from the initiation of infu-
sion. Urine, feces, bile, cage wash, cage wipe, blood, and 
plasma samples were processed and analyzed for radio-
activity. Selected plasma, urine, bile, and fecal samples 
were used for metabolite identification and profiling. 

2.10. Plasma, Urine, Fecal and Bile Sample 
Preparation 

Plasma samples collected from Group 4 animals were 
pooled based on the pooling formula described by Ham-
ilton and coworkers [7] to generate plasma pools (2.0 
mL). The pooled plasma samples were precipitated by 
the addition of 4 volumes of acetonitrile: methanol (3:1, 
v/v) with 0.2% formic acid, and then vortexed and cen-
trifuged. Urine samples were pooled on a percent weight 
basis and centrifuged. The supernatants from the plasma 
or urine pool extracts were concentrated to approxi-
mately 1 ml under N2 before LC/RAM/MS analysis. 
Selected fecal homogenate from each animal were 
pooled on a percent weight basis to generate fecal ho-
mogenate pools. Each pooled sample was precipitated by 
the addition of 4 volumes of acetonitrile containing 0.2% 
formic acid, vortexed and centrifuged. The pellet was re- 
extracted using the same method, and supernatants were 
combined for evaporation under N2 to dryness. The resi-
dues were reconstituted in 1 ml of 20:80 (v/v) metha-
nol:20 mM ammonium acetate with 0.1% formic acid for 
LC/RAM/MS analysis. Selected bile samples were pooled 
on a percent weight basis to generate bile pools. After 
centrifugation, every 100 µl of bile sample was diluted 
with 900 µl of 20:80 (v/v) methano l:20 mM ammonium 
acetate containing 0.1% formic acid for LC/RAM/MS 
analysis. All centrifugation was performed at 15850g 
for 10 minutes using Brinkman eppendorf 5415c (West-

bury, NY). The injection volume for LC/RAM/MS was 
300-900 µl. 

2.11. Determination of Radioactivity 

The radioactivity in urine, bile, fecal, blood, and plasma 
samples was determined by liquid scintillation counting 
(LSC). Triplicate weighed aliquots (approximately 0.02 
to 0.1 g each) of urine, bile, and plasma samples were 
mixed with scintillation fluid, and analyzed directly by 
LSC. Triplicate weighed aliquots of fecal homogenate 
(fecal:water, 20:80, w/w, approximately 0.1-0.5 g each) 
or blood (approximately 0.02-0.03 g each) were placed 
into cones and pad, dried, combusted, and then analyzed 
by LSC. 

2.12. Metabolite Characterization 

Metabolite characterization was performed using an 
Agilent 1100 HPLC system (Wilmington, DE) coupled 
in-line with an ARC Model C StopFlow System (AIM 
Research Company, Newark, DE) and an IN/US Model 
3 -RAM radio-detector (Tampa, FL), and a ThermoF-
innigan LCQ-Deca XP ion trap mass spectrometer (San 
Jose, CA). When MS detection was used, the HPLC ef-
fluent was split with approximately 20% of the flow 
introduced into the MS via electrospray ionization (ESI) 
source and 80% diverted to the -RAM detector. The 
ion-trap ESI-MS was operated in positive ion model 
with a spray voltage of 4.5 kV, sheath gas flow rate of 70 
(arbitrary), auxiliary gas flow rate of 20 (arbitrary) and 
capillary temperature at 200ºC. Laura 3 V3.0 (IN/US 
system, Tampa, FL), ARC data system V2.4 (AIM Re-
search Company, Newark, DE) and Xcalibur V1.4 
(ThermoFinnigan, San Jose, CA) software were em-
ployed to control the -RAM detector, the StopFlow 
system and the LC-MS system for data acquisition and 
processing. The MS spectra were acquired over a mass 
range of m/z 100-900 for all samples. Ion-trap LC-ESI- 
MS/MS experiments were performed to generate ion 
mass spectra for the selected molecular ions representing 
possible metabolites of AG-024322. AG-024322 me-
tabolites were identified by chromatographic resolution 
and concurrent radiometric and mass-selective quantifi-
cation. 
Separation of the parent drug and its metabolites was 

accomplished using a Phenomenex Luna 5 µ C18 col-
umn (2504.6 mm, Torrance, CA) or an Agilent Zorbax 
5µ C8 column (1504.6 mm, Palo Alto, CA). The mo-
bile phase consisting of a 20 mM ammonium acetate in 
water (pH 4.0) as Solvent A and acetonitrile as Solvent B, 
and were programmed for each matrix using a linear 
gradient at a constant flow rate of 1.0 mL/min as follows: 
1) for hepatocyte and microsome incubations: 0 min, 5% 
B; 5 min, 5% B; 30 min, 35% B; 31 min, 95% B; 35 min, 
95% B; 36 min, 5% B; and 43 min, 5% B; 2) for urine, 
feces and bile samples: 0 min, 10% B; 10 min, 18% B; 



W. Z. Zhong et al. / HEALTH 1 (2009) 249-262 

SciRes Copyright © 2009                               http://www.scirp.org/journal/HEALTH/

253

20 min, 18% B; 42 min, 30% B; 50 min, 30% B; 60 min, 
55% B; 61 min, 10% B; and 70 min, 10% B; and 3) for 
plasma samples: 0 min, 10% B; 50 min, 30% B; 60 min, 
55% B; 61 min, 10% B; and 70 min, 10% B. 

Openly accessible at  

The analysis of N-desethylation metabolite of AG- 
024322 and the glucuronides of the parent drug was 
using a Zorbax C8 column (2.15 mm, 5 µ) from 
Agilent (Palo Alto, CA) to allow a chromatographic 
resolution of the metabolites from the parent drug with 
a run time of 12 minute. With an API 4000 MS (AB 
Sciex Instruments, Toronto, Ontario), the monitored ion 
transitions were 419374, 391374 and 595374 for 
the parent compound, N-desethyl metabolite and parent 
glucuronide, respectively. The mobile phase was pro-
grammed from the initial setting at 95% Solvent C (2 
mM ammonium acetate with 0.1% formic acid in water) 
and 5% Solvent D (acetonitrile with 0.1% formic acid) 
to 35% C and 65% D at 10 minutes by linear gradient, 
and restored to original composition at 10.1 min until 
the end of run.. The flow rate was maintained constant 
at 0.3 ml/min. 

3. RESULTS 

3.1. In Vitro Metabolism of AG-024322 

Metabolic stability of [14C]AG-024322 in liver micro-
somes and hepatocytes are presented in Table 1 as per-
cent of parent drug remaining after incubation in the 
preparations for rat, dog, monkey and human. The cor-
responding disappearance half-life was generated from 
the available time course data. [14C]AG-024322 depleted 
most extensively in rat liver microsome with 11% of 
radiochromatogram of the parent drug remaining at 
1-hour incubation time, followed by dog (55%). Com-

parable incubations in human and monkey liver micro-
somes yielded significantly less extensive parent drug  
depletions with 95% and 92% remaining after 1-hour 
incubation, respectively. [14C]AG-024322 also exhibited 
metabolic stability in human hepatocytes relative to 
other species. After 5 hours incubation, only 14% of the 
compound was metabolized in human hepatocytes, 
whereas 26% and 27% in dog and rat hepatocytes, re-
spectively. Monkey hepatocytes most extensively me-
tabolized AG-024322 up to 38%. Based on the chroma-
tographic retention time and molecule weight, several 
metabolites were tentatively identified as parent glu-
curonides (M1, M2, and M3), N-desethylation (M6) and 
metabolites that may arise from N-acetylation of M6 (M8) 
or parent methylation (M10) in hepatocytes and micro-
somes of various species (Table 2). The radiochro- ma-
tograms of the 5-hour incubations of [14C]AG-024322 in 
rat, dog, monkey and human hepatocytes are shown in 
Figure 1. At 5 hours, glucuronidation of the parent drug 
accounted for approximately 8% of the total radioactiv-
ity, while M6 and M8/M10 accounted for 4% and 2% of  

Table 1. Metabolic stability of [14C]AG-024322 in liver mi-
crosomes and hepatocytes. 

Microsomesa Hepatocytesb 

Species
Remaining 

at 1-hour (%)
Half-life 

(h) 
Remaining 

at 5-hour(%)
Half-life

(h) 

Human 95 12 86 50 

Monkey 92 37 62 8.5 

Dog 55 1.0 74 14 

Rat 11 0.3 73 15 

a. Incubations contain 0.75 mg/ml microsomal protein; b. Incubations 
contain 1.2, 1.0, 1.8 and 1.5 x106 cells/ml in WEM for human, monkey, 
dog and rat, respectively.

Table 2. Metabolite profiles of AG-024322 in rat, dog, monkey and human liver microsomes and cryopreserved hepa-
tocytes incubated with [14C] AG-024322. 

% Radiochromatogram 
Species 

M1 M2 M3 M5 (Unk) M6 M7(Unk) AG-024322 M7/M10 M9(Unk) M10/M7
Liver Microsomes (at 1 Hour of Incubation) 

Rata - - - - 7.5 10.6 10.8 8.8 22.1 - 
Dogb - - - - 5.2 12.3 55.3 14.0 - - 

Monkey - - - - 8.1 - 91.9 - - - 
Human - - - - 4.8 - 95.2 - -  

Hepatocytes (at 5 hours of Incubation) 
Rat - - 8.3 1.2 11.3 - 73.1 6.1 - - 
Dog - - - - 13.6 - 74.2 2.4 3.9 5.8 

Monkey 1.9 7.3 21.7 1.8 4.5 0.8 62 - - - 
Human 1.5 1.5 5.2 - 4.1 - 85.7 2.1 - - 

a. Novel unidentified metabolites accounted for 40.2% of radiochromatogram in rat liver microsome (not listed); b. Novel unidentified 
metabolites accounted for 13.2% of radiochromatogram in dog liver microsome (not listed); -: Trace or no RAM detected metabolites; 
M1, M2 and M3: Parent drug glucuronides (M.W. 594); M6: N-desethyl AG-024322 (M.W. 386); M7/M10: acetylated M6 or methy-
lated AG-024322 (M.W. 432); Unk: unknown/unidentified metabolite. 
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Figure 1. Representative HPLC radiochromatograms of a 5-hour [14C]AG-024322 (11 µM) incubation in rat, dog, 
monkey and human cryopreserved hepatocytes (1106 cells) 

 
total radioactivity, respectively, in human hepatocytes. 
M6 is the only metabolite detected in human liver mi- 
crosomes and accounted for 5% of the total radioactivity. 
The preliminary proposed in vitro metabolic scheme is 
show in Scheme 2. 

3.2. CYP Reaction Phenotyping 

The CYP enzymes involved in N-desethylation of AG- 
024322 were examined by incubations with microsomes 

from insect cells expressing cDNA (recombinant) human 
CYPs and by CYP-selective chemical inhibition. 
CYP3A appear to predominantly catalyzed the N-de-
sethylation of AG-024322 in vitro at 1 and 10 µM (Fig-
ure 2). Incubations of AG-024322 with recombinant 
CYP1A2, 2C8 and 2D6, indicated their minor contribu-
tion after scale-up of the velocity using either CYP con-
tent or relative activity factors [8,9]. Follow-up incuba-
tions with CYP-specific inhibitors suggested that only  

 

 

 
 

 

 

 

 
 

 
 

 
 
Scheme 2. Preliminary In Vitro AG-024322 metabolic scheme. 
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ketoconazole inhibited the N-desethylation of AG-024322 
(Table 3). Despite the minor projected involvement of 
CYP2D6, CYP2C8 and CYP1A2 (Figure 2), quinidine, 
quercetin and furafyline had no inhibitory effect on the 
formation rate of N-desethyl AG-024322, confirming a 
minimal contribution of these enzymes. The involvement 
of CYP2C9, CYP2C19 and CYP2E1 in N-desethylation of 
AG-024322 was found to be negligible. Formation kinetics 
of N-desethyl AG-024322 in human liver microsome were 
further investigated over the concentration range of 0.5 to 
100 µM AG-024322 and were best described by a single 
enzyme system with an apparent Km of 10 µM using 
SAAMII, a general nonlinear kinetic modeling program 
(Figure 3). The estimated kinetic parameters, Km, Vmax, in 
vitro CLint, and extrapolated in vivo intrinsic and hepatic 
clearance are presented in Table 4. 

3.3. UGT Reaction Phenotyping 

The strategy used here for UGT phenotyping is based on-
well-established methods, including screening of re 

 

Figure 2. Comparison of AG-024322 N-desethylation activity 
at 1 and 10 µM in microsomes from insect cells individually 
expressing human CYPs (CYP supersomes). 

Table 3. Percent (%) inhibition or stimulation of AG-024322 metabolism in the presence of CYP-selective Inhibitors. 

Inhibitor Concentration (µM) 
% Desethylaton Activity 

Remaining at 1 µM AG-0243222
% Desethylaton Activity 

Remaining at 10 µM AG-0243222
0.02 77.5 ± 4.4 86.2 ± 3.9 
0.1 31.4 ± 2.2 62.2 ± 5.2 
0.5 16.9 ± 0.5 30.7 ± 1.7 

Ketoconazole 
(Inhibitor of CYP3A4) 

1 14.2 ± 0.4 23.8 ± 2.1 
0.02 131 ± 18 117 ± 7 
0.1 157 ± 11 115 ± 4 
0.5 158 ± 8 122 ± 11 

Quinidine 
(Inhibitor of CYP2D6) 

1 165 ± 4 120 ± 7 
0.3 145 ± 6 120 ± 9 

0.75 160 ± 5 120 ± 8 
Quercetin 

(Inhibitor of CYP2C8) 
2 156 ± 3 120 ± 9 
1 - 126 ± 16 
10 - 125 ± 7 

Furafyline 
(Inhibitor of CYP1A2) 

30 - 131 ± 7 
-: not determined 

 
Table 4. Enzyme kinetic (michalis-menten) parameters estimates of the formation of AG-024322 oxidation and glu-
curonide metabolites using HL-14 human liver microsome preparation. 

Formation Kinetics Buffer Km (µM) Vmax
a (pmol/mg/min) CLint

b (ml/min/kg) CLh
c (ml/min/kg)

N-desethyl AG-024322 KPI 10 20 1.86 1.70 
      
Glucuronide M1 KPI 450 35 0.07 0.07 
 WEM 98 77 0.74 0.72 
      
Glucuronide M2 KPI 9.1 5.3 0.55 0.54 
 WEM 19 27 1.34 1.26 
      
Glucuronide M3 KPI 7.8 5.2 0.63 0.61 

 WEM 11 37 3.17 2.74 

a. Formation velocity V was estimated from [14C]AG-024322 incubation. Vmax was calculated from V = Vmax x S/(Km+ S), where S is the sub-
strate concentration; b. CLint was scaled up to in vivo by extrapolating in vitro CLint assuming a human liver weight of 1500 g (70 kg body 
weight) and that one gram liver tissue contains 45 mg HLM protein; c. CLh was calculated from the well-stirred model: CLh = Q x CLint / Q + 
CLint , where Q is the human hepatic blood flow (20 ml/min/kg); KPI: phosphate buffer, pH 7.1, WEM: William E Medium. 
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Figure 3. Formation kinetics of N-desethyl AG-024322 in 
human liver microsomes over the AG-024322 concentration 
range of 0.5 to 100 µM. 
 
binant UGTs for activity and comparative enzyme ki-
netic analysis. Incubations with microsomes from cells 
individually expressing human UGT1A enzymes (UGT 
supersomes) yield 3 distinct glucuronide products of the 
parent drug (M1, M2 and M3), corresponding to the 
peaks seen after incubation in human hepatocytes. A 
majority involvement of UGT1A1 at 1 and 10 µM of 
AG-024322 (Figure 4) in the formation of parent drug 
glucuronides, M2 and M3, and minor involvement of 
UGT1A8 in the formation of M1 and M3 were observed. 
The involvement of other UGT1A and UGT2B enzymes 
in glucuronidation of AG-024322 was negligible. The 
formation of these three glucuronides was further inves-
tigated in HLM incubated at an AG-024322 concentra-
tion range of 0.5 to 200 µM, with the system optimized 
for glucuronidation. The formation of AG-024322 glu-
curonides in HLM incubations was also tested in two 
buffer systems, the phosphate buffer (pH 7.1) and WEM. 
The data fits and the estimated kinetic parameters for the 
 

 

Figure 4. Comparison of AG-024322 glucuronidation (UGT) 
activity at 1 and 10 µM in microsomes from insect cells indivi- 
dually expressing human UGT1A enzymes (UGT supersomes). 
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Figure 5. Comparison of formation kinetics of AG- 
024322 glucuronides (M1, M2 and M3) in human liver 
microsomes (HL-14) using 100 mM phosphate buffer 
(KPI) or WEM (glucose 16 mM) in the liver microsome 
incubation. 

 
glucuronidation pathways are shown in Figure 5 and 
Table 4, respectively. The extrapolated total in vivo he-
patic clearance via parent drug glucuronidation was 1.22 
and 4.72 ml/min/kg using the phosphate buffer and 
WEM, respectively. 

3.4. [14C]AG-024322 Excretion in Rats 

After a 30-min IV infusion of [14C]AG-024322 to intact 
Sprague-Dawley rats at 10 mg/kg (~50 µCi/250 g ani-
mal), the total recovery of radioactivity dose averaged 
84% by 120 hours, as shown in Table 5. The primary 
route of excretion of radioactivity was via the feces 
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(76.5%), indicating extensive biliary excretion. A mean 
total of 56% of dose was recovered in bile within 48 
hours of administration to bile duct-cannulated rats, con-
sisting with the high recovery of radioactivity in feces 
from the intact rats. Urinary excretion was minimal with 
an average radioactivity recovery of 3.2%. These data 
confirmed that the biliary excretion is the major route of 
elimination in rats, which is consistent with the findings 
from in vitro metabolism studies. The rate of elimination 
of radioactivity was moderately rapid and appeared to be 
essentially complete by 96 hours postdose (76.1% in 
feces and 3.2% in urine). The overall excretion of radio-
activity was similar for males and females. 

3.5. Metabolism of AG-024322 in Rats 

Profiling and identification of metabolites of AG-024322 
in rats were conducted for plasma, urine, fecal and bile 

samples from the excretion mass balance study in rats as 
described above. AG-024322 underwent extensive me-
tabolism in rats. The representative HPLC-radiochroma-
tograms from rat plasma, urine, feces, and bile are pre-
sented in Figure 6. Two major metabolites were identi-
fied including a direct glucuronide of the parent drug 
and M13, a glucuronidation product of M15. M15 is a 
desethyl aminated metabolite (an alcohol) of AG-024322. 
Other metabolites identified included the N-desethylated 
product of AG-024322 (M6), a combined mono-xygen-
ated and dehydrogenated product at the ethyl amine 
group of AG-024322 (M16), M15, and the glucuronides 
of M6 and M16 (M12 and M14, respectively). The pro- 
posed metabolic scheme of AG-024322 in rats is shown 
in Scheme 3. The profiles of these metabolites in plasma, 
urine, feces, and bile from intact rats and bile-duct can-
nulated rats are presented in Table 6. In plasma, the 

 
Table 5. Recovery (MeanSD) of [14C]AG-024322 in Rats Following 30-min IV Infusion of [14C]AG-024322 at 10 
mg/kg (~50 Ci/Rat). 

Total Radioactivity Recovered (%) 
 Sample 

Time Interval Male (n=3) Female (n=2)a Overallb 

Urine 0-120 h 4.06  0.24 2.4  3.4  0.94 
Feces 0-120 h 74.2  6.7 78.8 76.1  6.3 

Cage Wash 0-120 h 7.28  12.3 0.31 4.47  9.52 
Cage Wipe 0-120 h 0.24  0.21 0.36 0.29  0.23 

Intact Rats 

Total 0-120 h 85.8  9.4 81.8 84.2  7.7 
Bile Duct-Cannulated Rats Bile 0-48 h 55.5  11.2 (n=2)   

a. one female rat excluded from calculation of the mean, as a result of difficulties during infusion; b. male and female combined. 
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Figure 6. Representative radiochromatograms of plasma, urine, fecal, and bile samples from rats following 30-minutes IV 
infusion of [14C]AG-024322 at 10 mg/kg (50 µCi/250 g body weight).
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parent drug was the predominant radioactive component, 
accounting for 80-88% of the circulating radioactivity, 
whereas the parent glucuronide represented 3-5% of 
circulating radioactivity. In urine, the parent drug and 
parent glucuronide represented the two major radioactive 
components, accounting for 1-1.2% and 0.6-1.2% of the 
dose, respectively. In feces, the major drug-related com- 
ponents included the parent drug, the parent glucuronide 
and M13, accounting for 9-19%, 12-29% and 9-21% of 
the dose, respectively. In bile-duct cannulated male rats, 
the major biliary drug-related components were the par-
ent drug, the parent glucuronide and M13, accounting 
for 16%, 9% and 8% of the dose, respectively. 
 
3.6. Structure Elucidation of In Vivo 

Metabolites in Rats 

The tentative structures of the metabolites observed in 
rats were proposed based on the product ion mass spec-
trum generated for each identified metabolite peak by 
ionspray LC-MS/MS. The combined Q1, product ion, 
and multiple reaction monitoring scanning techniques 
were used for the structure elucidation. The proposed 

structure of each metabolite, along with the interpreta-
tion of its MS/MS spectrum is presented in Scheme 3. 
The parent glucuronide had an radiochromatogram re-
tention time of 25.4 min and an [M+H]+ ion at m/z 595 
(=419+176) consistent with a direct glucuronide of the 
parent AG-024322. The product ion mass spectrum 
showed major fragment ions at 550, 419, and 374. M6 
had a retention time of 38.2 min and showed an [M+H]+ 
ion at m/z 391 (=419–28) resulted from N-desethylation 
of AG-024322. The product ion mass spectrum of M6 
gave a major fragment ion of 374. M12 had a retention 
time of 19.2 min and an [M+H]+ ion at m/z 567 (=419– 
28+176) consistent with a glucuronide of M6. The 
product ion mass spectrum of M12 gave fragment ions 
of 550, 391 and 374. M15 showed a retention time of 
49.2 min, and exhibited [M+H]+ at m/z 392 (=419-27), 
which is likely formed through desethyl amination of 
AG-024322. The product ion mass spectra gave frag-
ment ions of 392 and 374. M13 exhibited [M+H]+ at 
m/z568 (=419-27+176) consistent with a glucuronide of 
M15. The retention time of M13 was 27.0 min and the 
MS/MS mass spectrum yield fragment ions of 568 and 
392. M16 exhibited [M+H]+ at m/z 433 (=419+14), re- 
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Scheme 3. Proposed metabolic scheme of AG-024322 in rats. 
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Table 6. Metabolite Profiles of AG-024322 in plasma, urine, feces, and bile from rats administered [14C] AG-024322 in-
travenously. 

Mean % Radiochromatogram for Plasma and Mean % Dose for Urine, Feces and Bile Matrix 
(Time) 

Gender 
Parent Gluc M6 M12 M13 M14 Unk AG-024322 M15 M16

Pooled male 4.52      87.70   Plasma 
Pooled female 2.61      80.06   

Male average 1.19 0.19 0.09 0.35 0.09  1.21  0.13Urine 

Female average 0.55 0.05  0.05   1.07   
Male average 11.61 2.80 2.04 21.34 3.16 1.43 9.44 3.16 4.36Feces 

Female average 28.98 1.04 1.66 9.39 1.20 2.97 18.97 1.86 1.15
Bile Male average 8.99 2.62 1.14 8.28 1.19  16.13  4.13

: not detectable using either LC-MS or RAM; : Trace metabolites detected using LC-MS only; Parent Gluc: parent glucuronide, M1, 
M2 or M3 (M.W. 594); M6: N-desethylated metabolite of AG-024322 (M.W. 386); M12: Glucuronide of M6 (M.W. 566); M13: Glu-
curonide of M15 (M.W. 567); M14: Glucuronide of M16 (M.W. 608); M15: Desethyl amination metabolite of AG-024322 (M.W. 391); 
M16: Combined mono-oxygenation and dehydrogenation product of AG-024322 (M.W. 432); Unk: Unknown/unidentified metabolite. 

 
sulted from a combined mono-oxygenation and dehy-
drogenation of AG-024322. The retention time of M16 
was 50 min, and its MS/MS mass spectra gave fragment 
ions at 433, 415 and 374. M14 demonstrated [M+H]+ at 
m/z 609 (= 419 + 14 + 176) consistent with a glucuron-
ide of M16. M14 had a retention time of 28.3 min and its 
mass spectra gave major fragment ions of 609, 550, 433 
and 374. The chemical structure of unknown (Unk) can-
not be determined with no mass spectrum data available. 

4. DISCUSSIONS 

The in vitro metabolism of AG-024322 was initially in-
vestigated in liver microsomes incubated with [14C]AG- 
024322 to assess the metabolic stability across species. 
The experiments were performed with NADPH only to 
reflect Phase 1 metabolic activity. Subsequent studies 
were also conducted using hepatocytes, which has a 
complete ensemble of metabolizing enzymes of all iso-
forms, cofactors, and cellular components, providing an 
alternate assessment of in vivo clearance particularly for 
compounds that are mainly cleared via glucuronidation 
[10,11]. AG-024322 exhibited the highest metabolic 
stability in both human hepatocytes and liver micro-
somes as compared to other nonclinical species (Table 
1). Extensive microsomal metabolism in the rat and dog 
was observed, which is consistent with the high in vivo 
clearance observed in these species. The metabolites 
identified in human liver microsomes and hepatocytes 
were also observed in the nonclinical species evaluated. 
Several in vitro metabolites of AG-024322 were tenta-
tively identified from microsome and hepatocyte incuba-
tions using chromatographic resolution, and concurrent 
radiometric and mass-selective quantification (Figure 1; 
Scheme 2). These metabolites including the unidentified 
metabolites as well as the parent drug account for all the 
major peaks of radioactivity in microsomes and hepato-
cytes. The N-desethyl metabolite and glucuronides of the 

parent drug were major metabolites observed across 
species. The monkey exhibited the highest extent of glu- 
curonidation in hepatocytes, while dog and rat demon-
strated more extensive N-desethylation and methylation/ 
N-acetylation in hepatocytes, and produced novel uni-
dentified metabolites in microsomes. Metabolism of AG- 
024322 in human hepatocytes and HLM is more compa-
rable to those in monkeys. Both species demonstrated 
glucuronodation and oxidative N-desethylation as the 
predominant metabolic pathways. 

The excretion mass balance study conducted in rats dem-
onstrated that the primary route of excretion of [14C]AG- 
024322 was via feces (76.5%) with minimal contribu-
tions (3.2%) of urinary excretion (Table 5). The high 
fecal elimination is reflected by biliary elimination that 
accounted for approximately 56% of the total radioactiv-
ity within 48 hours of dosing. As proposed in Scheme 3, 
the glucuronide of the parent drug and M6 identified in 
vitro were also observed in rats following 30-minute IV 
infusion of [14C]AG-024322. Only one parent glucuron-
ide, likely M3 based on the retention time, was observed 
in rats, which was consistent with the findings that only 
M3 was detected in the rat hepatocyte incubations (Fig-
ure 1 and Table 2). The parent glucuronide appeared to 
be the most abundant metabolite in plasma and in all 
excreta collected, representing up to 29% of dose in fe-
ces. Another major metabolite, M13, was the glucuroni-
dation product of a desethyl aminated metabolite (M15), 
representing up to 21% of dose in feces, as UGTs are 
primarily involved in conjugation of metabolites from 
oxidation reactions. M6, M15 and M16 were oxidative 
metabolites, each representing less than 5% of dose, and 
were also further conjugated to its glucuronides. The 
metabolite profile in bile (Table 6) is supportive to the 
findings of extensive biliary excretion, which involves 
conjugation of the parent drug and oxidative metabolites 
with glucuronic acid prior to excretion into the bile and 
direct secretion of the parent drug into bile.  
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Reaction phenotyping studies using the standard bat-
tery of microsomes from insect cells expressing individ-
ual human CYPs or UGTs were conducted to assess the 
two principal pathways of AG-024322 biotransformation; 
oxidation and glucuronidation. The formation of M6 in 
human recombinant demonstrated the predominant role 
of CYP3A4 enzyme in the oxidative metabolism of AG- 
024322. The relative contribution of the identified CYPs 
was subsequently examined by inhibition studies with 
CYP-selective inhibitors. As shown in Table 2, only 
ketoconazole (selective CYP 3A inhibitor) inhibited N- 
desethylation of AG-024322 with up to 86% inhibition 
in HLM over an 8-minute of incubation. Quinidine, 
quercetin or furafyline had no inhibitory effects in the 
formation rate of N-desethylation. Quinidine is also a 
known CYP3A heterotropic activator [12], and in this 
case yields indirect additional evidence towards pre-
dominant participation of CYP3A enzymes (Table 3). 
Formation kinetics of this pathway were also examined 
in a set of representative human liver microsomes and 
resulted in an apparent Km of 10 µM and Vmax of 20 
pmol/mg/min. The in vivo CLint and CLh extrapolated 
from the in vitro kinetic data [13] were estimated to be 
1.86 and 1.7 ml/min/kg, respectively. According to the 
projected human clearance from interspecies scaling (12.8 
ml/min/kg, data not shown), the formation of M6 was 
estimated to contribute 13% of the hepatic clearance. 

Glucuronidation catalyzed by UGTs is one of major 
pathways for drug metabolism and elimination in hu-
mans. Identification of the UGTs responsible for glu-
curonidation of AG-024322 in vitro would assist in the 
prediction of adverse reactions resulting from drug-drug 
interactions or genetic polymorphism. The integrated 
approaches used here for UGT reaction phenotyping 
were using recombinant enzymes and human liver mi-
crosomes with primary focusing on identification of the 
well-characterized hepatic UGTs, lA1, 1A3, 1A4, 1A6, 
1A8, 1A10, 2B7 and 2B15. The involvement of UGT1 
A1 was demonstrated from the UGT recombinant incu-
bation experiments, resulting in three glucuronides, 
which were identical with the M1, M2 and M3 peaks 
that also observed in human hepatocyte incubations. 
UGT1A1 is a polymorphic isoform responsible for the 
glucuronidation of structurally diverse drugs, non-drug 
xenobiotics and endogenous compounds (e.g. bilirubin 
and estrogens) [14,15]. It is the primary UGT responsi-
ble for bilirubin glucuronidation. UGT1A1 is highly 
expressed in liver, gastrointestinal tract, and bladder 
[16-18]. It has been reported that genetic polymorphisms 
of the UGT1A1 gene were significantly related to severe 
toxicity of irinotecan [19-21]. AG-024322 showed high 
affinity towards UGT1A1 in vitro. Potential interaction 
liability of AG-024322 with drugs metabolized by UGT1 
A1 is also an area of great interest and warrants addi-
tional studies. It is of concern if glucuronidation via 
UGT1A1 plays a major role in the elimination of AG- 

024322 in humans as competitive inhibition of UGT1A1 
may be associated with toxicity, and in patients exhibit-
ing compromised bilirubin metabolism [22]. 

Formation kinetics of the three glucuronides of AG- 
024322 were further investigated in the same set of hu-
man liver preparation as that for the formation kinetic 
study of oxidative metabolism. Both phosphate buffer 
(pH 7.1) and WEM for this system were evaluated. 
WEM is a carbonate-based hepatocyte media reagent. 
Engtrakul [11] examined the effects of microsome incu-
bation condition on the formation of AZT-glucuronide, 
including various physiological and nonphysiological 
buffer systems, such as Tris, phosphate, acetate, carbon-
ate, citrate buffers and WEM. Their experiments sug-
gested that both carbonate buffer and WEM produced 
significantly higher amounts of AZT-glucuronide than 
other buffers. Therefore, we also included the WEM in 
the formation kinetic system to compare with the com-
monly used phosphate buffer. Based on the in vitro CLint, 
the extrapolated total in vivo CLint for the three glu-
curonides, M1, M2 and M3, was 1.25 and 5.25 ml/ 
min/kg using phosphate buffer and WEM, respectively, 
contributing 10% and 37% of the predicted human 
plasma clearance. In agree with the findings by Engtra-
kul et al. [11], we also found that in the case of glu-
curonidation of AG-024322, WEM appeared to be a 
more physiologically relevant buffer yielded almost 4- 
fold higher intrinsic clearance by glucuronidation than 
the phosphate buffer. Additional studies to examine the 
impact of WEM, and more importantly, its components 
to probe the function of UGTs in vitro are warranted. In 
combination of both contributions for CYP3A mediated 
N-desethylation and UGT1A1-mediated glucuronidation, 
total metabolic clearance could account at best for 50% 
of the predicted human plasma clearance using WEM. 
This value may be an underestimation since our calcula-
tion did not account for the biliary excretion, formation 
of oxidative metabolite other than M6, and glucuronida-
tion of Phase I metabolites, which might be significant 
consideration based on the findings from the excretion 
study in rats. Caution should be made when extrapolat-
ing metabolic lability via glucuronidation of UGT en-
zymes from HLM, since this system appeared to under-
estimate the degree of clearance (UGT 1A1 is expressed 
in human and rat and in general exhibited comparable 
substrate specificities and efficiencies (Vmax/Km) of the 
glucuronide formation, and thus rat and human UGT1A1 
are functionally similar [23,24]. It is expected to have 
comparable glucuronidation profiles between rats and 
humans in vivo. 

In our calculation for the well-stirred model, protein 
binding value was not used. AG-024322 was highly 
bound to human plasma (95%). If the plasma protein 
binding of AG-024322 is included in the expression de-
scribing the well-stirred model of hepatic extraction and 
if the scaling-up in vitro intrinsic clearance used without 
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microsome binding data, the projected in vivo clearance 
is drastically lower. Obach [25] examined the in vivo 
hepatic clearance predicted from the in vitro system with 
the measured in vivo clearance and was found that in 
some cases, the clearance predicted from in vitro using 
HLM were substantially lower than those observed in 
vivo. The compounds exhibiting such a discrepancy were 
all characterized by high protein binding. When plasma 
protein binding values were removed from the well- 
stirred model for these compounds, scaled-up values for 
clearance were remarkably close to those measured in 
vivo [26]. Therefore, as an initial estimation of the con-
tribution of the two major metabolic pathways in AG- 
024322 clearance, the protein binding value was not 
used in the well-stirred model, and was found to be more 
reasonable in the clearance projection. 

5. CONCLUSIONS 

Investigation of in vitro and in vivo metabolism of 
AG-024322 demonstrates that UGT1A1 mediated glu-
curonidation and CYP3A mediated oxidation represent 
the major metabolic pathways of AG-024322. The esti-
mated contribution of the glucuronidation to total plasma 
clearance in humans was approximately 3-fold higher 
than that from desethylation of AG-024322. Using the 
WE M buffer system in human liver microsomes to as-
sess the metabolic pathway by glucuronidation improved 
the clearance predictability of AG-024322. Because of 
the polymorphism of UGT1A1 and the reported toxicity 
associated with competitive inhibition of UGT1A1 either 
by a co-administered drug or in patients exhibiting com-
promised bilirubin metabolism, this information was 
used to influence the clinical study design to only in-
clude subjects having normal expression of UGT1A1 in 
the first human study thereby decreasing the toxicity risk 
to patients. 
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ABSTRACT 

Biology is based on evolution; therefore, eu-
cariotes like plants, animals and human beings 
are living in harmony with their procariote an-
cestors. If this is obviously the normal way of 
life, then pathobiology follows the same basic 
principles. The highly complex harmony of the 
living world may be disrupted, and a punctuated 
disease starts which is different from the health 
equilibrium. To reflect this biological archetype 
on the main diseases in dentistry - caries and 
periodontitis - the avalanche model is being 
proposed based on scientific and clinical evi-
dence. This way of argumentation does influ-
ence the strategic planning of preventive and 
curative programmes in dental research as well 
as in daily practise. 
 
Keywords: Dentistry; Dental Caries; Etiology; 
Model; Pathology; Periodontal Disease 

1. INTRODUCTION 

The role of dental caries as a health related sociological 
phenomenon goes back to the 10th millenium BC, at the 
end of the last ice age, when raising temperatures in the 
flood plains of the fertile crescent allowed the cultivation 
of wild corn [1]. As a consequence, the fundamental 
change from a nomadic hunting-gathering way of life to 
settled farming and agriculture in man took place [2]. 
The development of the grinding stone was an important 
milestone during the continuous process of refining food. 
Consequently, the highly abrasive and fibre rich food of 
the prehistoric population was being more and more 
replaced by a soft diet consisting of pastries and pasta. In 
the 2nd millennium BC, increasing incidence of dental 
caries - though on a low level - inspired the creation of 
the very first etiologic model for tooth decay in human 
history: the concept of the tooth worm causing caries 
and periodontal disease. Paleoantropologic examination  

of skulls showed a low prevalence of dental caries (Pa-
ganelli C. Dental caries frequency in adult egyptian 
mummies. Personal communication. Valdaora, 2006) less 
than 10% [3] increasing up to 25% in medival times [3]. 
During the transatlantic slave trade and the beginning of 
the industrial processing of cane sugar in North America 
and Europe, dental caries prevalence went up to 50% 
reaching a frequency of almost 100% in all industrialised 
countries today [4]. Sociologically, the dramatic increase 
and spread of dental caries in human society can be seen 
as a consequence of civilisation and industrialisation in 
food production. From a functional point of view, it 
seems to be a consequence of the absence of masticatory 
abrasion and tribological attrition caused by dramatic 
changes in diet [5]. Thus, non-opened fissures and 
proximal sites show the highest rates of affection, when 
no longer exposed to abrasive and attritional wear. These 
presumptions are supported by comparative odontology. 
Extended occlusal wear far into the dentine core, a pulp 
chamber becoming smaller by forming tertiary dentine 
and the dentition drifting mesially by flattening the 
proximal contacts were shown to be a natural pattern of 
function in omnivorous dentitions, i.e. in dentitions of 
wild living boars and primates showing hardly any tooth 
decay [6]. The Witten Dental Caries study showed fur-
ther strong correlation between tooth wear and dental 
caries experience in man [7]. Based on phylogenetic 
findings, it is supposed that a thick enamel cover and a 
spacious pulp lumen in omnivorous species represents 
an equifinality - a common characteristic in open sys-
tems converging to a dynamic equilibrium - in which the 
pulp is a spaceholder for replacement with tertiary den-
tine to compensate the decreasing thickness of enamel 
and dentine caused by attrition and abrasion [8]. 
 
2. PUNCTUATED EQUILIBRIA AS A  

BIOLOGIC PRINCIPLE 
 
Clinical observations have shown that caries and perio-
dontal diseases have a chronic-cumulative character and 
no continuous way of progression. They lead to the con- 
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Figure 1. Biomineralisation consequences of the pathogenesis of dental caries diseases 
according to the concept of progression and stagnation. Comparison of factors con-
tributing to either bursts of disease progression or to long-lasting periods of stagnation. 
MC = stem cell; T = T lymphocyte; B = B lymphocyte; P = plasma cell; L = lympho-
cyte. [21] 

 
cept of a destructive periodontal disease pathogenesis 
with different types of progression showing characteris-
tic episodes of activity and inactivity [9]. Corresponding 
dynamics in caries progression with episodes of demin-
eralisation and remineralisation have already been 
pointed out since the 1960s [10,11]. Consequently, 
knowledge from both cariology and periodontology was 
then consolidated to one robust pathogenetic Concept of 
Progression and Stagnation of Dental Caries and Perio-
dontitis noticing epidemiologic, historic, immunologic, 
odontologic, physiologic and sociologic perceptions [12] 

(Figures 1,2). The initial stages of the diseases, 
pre-caries as the first detectable mineral deficite and 
gingivitis are reversible and therefore, they are at least 
partly underlying a principle of progression and remis-
sion. In dental caries, the highly complex “ion whip” 
contributes to loss and uptake of calcium and phosphate 
ions in enamel and exposed dentine and cementum. This 
is a lifelong ongoing equilibrium, and bursts of prevail-
ing demineralisation activity with the consequence of  
pre-caries and clinical caries lesions are rather occa-
sional episodes. 
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Figure 2. Biomineralisation consequences of the pathogenesis of periodontal diseases according to the 
concept of progression and stagnation. Comparison of factors contributing to either bursts of rapid 
disease progression with periodontal pocket formation or to long-lasting periods of stagnation. T = T 
lymphocyte; B = B lymphocyte. [21] 

 
In periodontal diseases, there are alternating short 

lasting activities of destruction (with localised immu-
nological breakdowns) and long-lasting episodes of 
equilibria. From a structural biological point of view, 
progression means loss of connective tissue and bacterial 
penetration through the wall of leucocytes, stagnation 
means replacement of connective tissue and build-up of 
the wall of leucocytes. 

Irregularity in biological behaviour as a principle has 
already been discussed in evolutionary theories in the 
1970s as an alternative to phyletic gradualism of Dar-
win’s theory of evolution, and it was later described as a 

general biological principle [13,14]. Phyletic gradualism 
proceeds on the assumption of long-term continuous 
transformation of genetic material in the majority of a 
population without basic episodes of stagnation. Palae-
ontological evidence for this stepwise transformation of 
slightly different forms in a common evolutionary chain 
could never be found. The conceptual basis for the al-
ternative theory of punctuated equilibria is based on this 
assumptions: a) geographic isolation as a precondition 
for a genetic process of transformation and b) a homoeo-
static equilibrium with rare and temporally compressed 
changes in the gene pool alternating with long episodes 
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Figure 3. Initial white spot lesion (teeth 43 and 45) 
and brown spot lesion (tooth 47) in a young female pa-
tient, (a) start of non-invasive treatment with the daily 
bioavailability of fluoride by F-containing dentifrice 
and F tablets (1 mg p.d.), (b) clinical control over 5 
years demonstrating reversals of the white spot lesions 
in canine and premolar and decreased but stable molar 
lesion. (courtesy of Dr. T. Lang, Witten, Germany). 

 

 
Figure 4. Periodontal condition in a young HIV- 
seropositive patient undergoing Highly-active Anti-
retroviral Therapy, (a) before periodontal treatment 
with black triangles especially between incisors as a 
result of chronic marginal periodontitis triggered by 
necrotising ulcerative bursts, (b) 16 month after con-
servative treatment and a strict supportive periodontal 
programme with a “creeping attachment”. 

 
of stasis. The theory especially implies so-called punctu-
ated equilibria during the early stages of speciation, 
while dramatic changes in the environmental conditions 
are taking place. If this is indeed a general biological 
principle, then one could try to apply this to pathobiol-
ogy. Punctuationalism applied to oral medicine, then, 
also means, periodontal disease is a pathologic event in 
limited dental sites and not in the entire dentition despite 
the all-over presence of plaque; just like caries, that is 
rarely seen as a generalised event but showing age-re-
lated peaks. In palaeontology, the postulation of favour-
able environmental conditions for punctuations is met by 
geographic separation from the mother-species; in hu-
man life sciences by a locally different immunologic 
host reactivity [15]. The concept of pulpal reaction [16] 
in particular takes up the theory of biologic equilibria, as 
it compares pattern of pulpal reactions on dental caries 
progression with different functional periods of the den-
tition. The concept of a multifactorial disease [17] goes 
even one step further assuming biofilms to be a physiol-
ogic phenomenon, and demineralisations to be a simple 
reflection to multifactorial disturbances in a physiologic 
balance between the natural biofilm and all (wet) smooth 
surfaces. The dynamic character of dental caries and 
periodontal diseases has recently emphazised in the 
concept of cyclical progression [18]. Knowledge from 
microbiology confirms this view, as only 10% of all cells 
in human beings are mammalian; the vast amount are 
procaryotes, mainly bacteria. In the oral cavity, more 
than 20,000 genetically differentiable bacterial species 

were recently analyzed. They usually diversify in several 
clones, of which eventually one is pathogenic. As a re-
sult, many organic systems basically live in a state of 
symbiosis or commensalism with their microorganisms 
[19]. Recently, Mogens Kilian et al. suggested a scenario 
that commensal streptococci gradually evolved from a 
pathogen by genome reduction. Their study provided 
insight into the evolutionary history that resulted in ge-
netically closely related streptococci with very high (S. 
pneumoniae) or no pathogenic potential of commensal 
species [20]. The comprehensive model of progression 
and stagnation was extended by these realisations from 
palaeontology and contemporary theories of evolution, 
from cellular biology, microbiology, and cariology to 
suggest the avalanche model of dental caries and perio-
dontal diseases: 

“[Punctuated equilibrium means] for the main infec-
tious diseases in dentistry, caries and periodontitis, a 
promotion of the concept of progression and stagnation, 
when rapid punctuated bursts disrupt prolonged dormant 
episodes of stagnation: the macroorganism, which is 
otherwise living in balance with its microorganisms, 
reacts with an acute burst of demineralisation and/or 
inflammation - the episode of punctuation. This is an 
avalanche model, where different punctuated episodes 
(sun, snow, wind, hazardous snowboarder) initiate an 
avalanche in an otherwise highly complex system” [21]. 

 
3. THE AVALANCHE CARIES  

PROGRESSION MODEL 
 

It would make sense to look at very few clinical exam-
ples to demonstrate the snowballing character of the 
avalanche caries progression model. Despite a complex 
variety of etiological components, the development of 
white spot lesions per time and per tooth mainly on 
smooth surfaces of dental enamel is well documented as 
the only evident clinical risk factor for progression or 
remission of subclinical pre-caries or initial caries into a 
surface lesion. This is also reflected in modern caries 
detection and assessment systems [22]. Otto Backer 
Dirks clearly demonstrated in a rather simple way that 
initial lesions may undergo remineralisation and, there-
fore, being arrested (10). This could be shown in longi-
tudinal studies assessing caries over an eight year period 

[23]: even under highly controlled clinical conditions in-
cluding oral health education and bioavailability of topical 
fluoride, one third of initial smooth surface caries lesions 
were found to turn into superficial cavities (Figure 3). 

As with avalanches in winter mountains it is hard to 
say that a single factor of lesion progression is responsi-
ble for cavity formation, and it could easily be asked: is 
the shift in bacterial activity due to quorum sensing re-
sponsible, is the change in host responses due to saliva 
factors responsible, is temporary overload of low mo-
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lecular carbohydrates responsible, is insufficient oral 
hygiene responsible, or is any other factor causing pro-
gression responsible? It could also be looked at the in-
fluence of drug-induced hyposalivation as one of the 
main factors of root caries progression in the elderly [24]. 
Seemingly, it is a well-known scenario in patients at-
tending for their routine dental check-ups to see indi-
viduals under antihypertensive and/or tranquilizing 
medication to develop hidden approximal or root dentine 
lesions within a very short time after decades of robust 
caries inactivity. Is the causative factor just the hy-
posalivation when a change in food intake and oral hy-
giene within the last few months is rather unlikely? An-
other issue is the susceptibility to secondary caries in 
teeth with long-term performing composite restorations 
with obvious marginal leakage: eighteen years old fill-
ings were followed-up for another two years, and despite 
slightly increasing surface deterioration no secondary 
caries at the wide gaps was micromorphologically de-
tected [25]. Plaque control at these sites was rather poor, 
alimentary regime stressed a slight cariogenic influence, 
but the avalanche did not occur. 

 

 
4. THE AVALANCHE PERIODONTAL 

PROGRESSION MODEL 
 

Per Axelsson, Birgitta Nyström and Jan Lindhe fol-
lowed-up 357 subjects maintained in a preventive pro-
gramme for 3, 6, 15 and finally 30 years [26]. The clini-
cal outcome clearly demonstrated: only 21 teeth were 
lost due to progressive periodontitis or due to dental car-
ies, and it was evident that the exposure of patients to a 
highly individualised maintenance programme in only 
one private dental practice provided by the same dental 
hygienist was mainly contributing to disease stagnation. 
Undeniably, the influence of various factors may have 
slowed down the progression of the disease, but man-
agement with a strict preventive programme retarded 
tooth loss dramatically, and the avalanche in most cases 
did not occur. On the other hand, it is also clinically and 
microbiologically well documented that bacterial shift 
due to systematic antibiotic treatment regimes may lead 
to outbursts of deep pocket periodontal abscesses [27]. 
This is obviously the result of an overgrowth of antibi-
otic resistant anaerobic pathogens turning a long-lasting 
stable periodontal disease into progressive deep pockets 
rapidly. Risky snowboarding with antibiotics, though, 
may be that fundamental change in environmental com-
mensalism condition to initiate a punctuated equilibrium. 
Finally, the prevalence of oral manifestations in HIV- 
seropositive showed necrotising ulcerative periodontitis, 
erythematous candidiasis and oral hairy leucoplakia to 
be significantly associated with the HI-viral load [28]. 
Again, only one factor - like the famous risky snow-
boarder – out of the complex host response was contrib-

uting to severe disease progression and an avalanche 
(Figure 4). 

 
5. CONCLUSIONS 

 
Dentistry is a medical discipline. Therefore, biomedical 
principles in their uniqueness in the living world should 
be applied to dental problems and solutions. The mam-
malian life is mainly characterised by symbiosis and 
harmony of our “own” (eucaryotic) cells and of the 
neighborhood (procaryotic) cells, communicating to 
each other by signal molecules until – the avalanche 
goes down. This is a rare punctuated episode. And the 
whole dental care armamentarium should be concen-
trated to these episodes. Rather often we do not know 
what is the real cause for a given individual burst. Nev-
ertheless, our preventive programmes and treatment 
strategies are powerful and effective bringing back the 
harmony disrupted by the avalanche. 
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ABSTRACT 

We report a case of primary aldosteronism 
caused by bilateral solitary aldosteronomas 
occurring 6 months apart, the diagnosis being 
confirmed by clinical features. Multiple aldos-
terone-producing adenomas can be unilateral or 
bilateral. If bilateral, most of them are found 
simultaneously. Bilateral solitary aldosterono-
mas occurring at separate times are rarely re-
ported and the pathogenesis is still elusive. We 
believe, from this case, the postoperative fol-
low-up in patients with primary aldosteronism is 
mandatory. 
 
Keywords: Adrenal Tumor; Aldosteronism; Bilateral 
Aldosterone-Producing Adenomas; Aldosteronoma; 
Adrenectomy 

1. INTRODUCTION 

The most frequent causes of mineralocorticoid hyperten-
sion are primary hyperaldosteronism (Conn’s syndrome) 
due to a solitary aldosterone-producing adenoma (APA) 
and bilateral hyperplasia aldosteronism (BHA). Surgery 
is the treatment of choice for APA [1,2], but not for BHA 
[3]. Correct management depends on the physicians’ ability 
to tell the difference between these two diseases, and 
several methods have been devised to aid this distinction 
[4]. We report a rare case of bilateral solitary adrenocor-
tical adenomas causing primary hyperaldosteronism at 
separate periods 6 months apart, the diagnosis confirmed 
by clinical features, operation, and pathology. 
 
2. CASE REPORT  

 
The subject, a 40-year-old woman in 2000, visited our 
endocrine outpatient clinic with the main complaint of 
recurrent hypertension for four years after left total 
adrenectomy about five years ago. 

According to her past medical history, hypertension 
(systolic BP 190 mmHg, diastolic BP 110 mmHg) and 
hypokalemia (2.5 meq/l) were first recorded at a regional 
tertiary hospital in 1995. A morning ambulatory test was 
done under the suspicion of hyperaldosteronism. Plasma 
cortisol concentration, 17.2 ug/ml at 08:00 h (normal: 
9-23 ug/dl) and 1.7 ug/ml at midnight, showed a normal 
circadian drop throughout the test. Upright plasma al-
dosterone level was 703 pg/ml (normal: 40-310 pg/ml) at 
08:00 h, and it decreased slightly after four hours of 
walking (652 pg/ml). And the upright plasma aldoster-
one/plasma renin activity ratio was greater than 30. 
Plasma renin level was still suppressed throughout the 
test (data not shown). Abdomen computerized tomogra-
phy (CT) revealed a 1x1.5 cm hypodense mass over the 
left adrenal gland (Figure 1), and controlateral adrenal 
appearance was normal at CT scan. Adrenal vein sam-
pling analyses showed that the aldosterone level from the 
left adrenal vein (743 pg/ml) greatly exceeded that from 
the right adrenal vein (131 pg/ml). The diagnosis of pri-
mary aldosteronism due to an aldosterone-producing ade-
noma of the left adrenal gland was therefore confirmed. 
 

 

Figure 1. Abdomen CT with enhancement revealed a tumor in 
left adrenal gland (black arrow).
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                 (a)                                      (b)                                    (c) 
Abbreviations: (C) capsule, (G) zone glomerulosa, (F) zone fasciculata, (R) zone reticularis, (M) medulla, (A) adenoma. 
Figure 2. (a) Normal part of left adrenal gland (H&E, x40); (b) A part of adenoma and adjacent normal tissue in left adrenal gland 
(H&E, x40); (c) A part of adenoma of left adrenal gland (H&E, x100). Cells were large, clustered, and clear-lipid filled. 

      
                    (a)                                                      (b)                          
Figure 3. (a) Abdomen CT with enhancement in June 1999 and (b) follow-up abdomen MRI in March 2002 both revealed a tu-
mor in right adrenal gland (black arrows) and left adrenal was absent.  

      

                     (a)                                              (b)                         
Figure 4. A part of adenoma. Right adrenal gland. (a) H&E, x40; (b) H&E, x100.

The patient underwent left side total adrenectomy in 
May 1996. The pathology report showed a well-encap-
sulated nodule measuring 1.4x1.7x1.2 cm, composed mainly 

of clear cells in cords and clusters, and the diagnosis of 
adrenal cortical adenoma was favored. There was no 
hyperplastic change or other adenoma noted in the adja-
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cent adrenal cortical tissue (Figure 2). One week after 
operation, the serum potassium (K) level returned to 
normal range (4.3 meq/l), and the sequential measurement 
of her plasma aldosterone 43 pg/ml and plasma renin 
10.1 uU/ml (normal: 7 to 76 uU/ml) revealed within nor-
mal limits.  

Thereafter, her blood pressure (systolic BP 105-110 
mmHg, diastolic BP 65-80 mmHg) and serum potassium 
level (3.6-4.3 meq/l) remained normal after operation 
without any medication. However, recurrence of hyper-
tension and hypokalemia developed after half a year, and 
she was treated with amlodipine 5 mg once daily regu-
larly and potassium chloride tablet when needed. Her 
blood pressure was not well controlled by the medication, 
and follow-up abdomen CT in June 1999 revealed a 
small nodule about 1x1 cm over the right adrenal gland 
(Figure 3(a)). She was then referred to our endocrine 
clinic for further management in July 2000. 

Physical examination revealed hypertension (168/109 
mmHg) and tachycardia (108/min); the other findings 
were unremarkable. There was no contributory family his-
tory of hypertensive disease. Laboratory data under am-
lodipine and potassium chloride treatment showed serum 
sodium (Na) level of 142 meq/l (normal: 135-145 meq/l), 
K 2.1 meq/l (normal: 3.6-4.8 meq/l), creatinine 0.6 mg/dl 
(normal: 0.4-1.4 mg/dl), 08:00 h cortisol 10.1 ug/ml 
(normal: 9-23 ug/dl), 08:00 h ACTH 96.7 pg/ml (normal: 
9-52 pg/ml), upright aldosterone 689 pg/ml (normal: 
29-162 pg/ml), and the upright plasma aldosterone/plasma 
renin activity ratio was greater than 30. 24 hr urinary 
vanillylmandelic acid excretion was normal. Recurrent 
primary hyperaldosteronism was highly suspected. After 
withdrawal of amlodipine and potassium chloride tablet, 
131I-6-beta-iodomethyl-norcholesterol (NP-59) adrenal 
scintiphotographic study under dexamethasone suppres-
sion (1 mg four times a day) revealed early visualization 
of the right adrenal gland, suggesting hyperfunction of 
the remaining right adrenal gland. Repeated laboratory 
data during the examination of adrenal scintiphotogra-
phy showed Na 141 meq/l, K 2.7 meq/l, and aldosterone 
567 pg/ml. Plasma renin level was also low throughout 
the test (data not shown). Other endocrine hormone analy-
ses remained within normal limits including prolactin 
22.6 ng/ml, growth hormone 0.05 ng/ml, intact parathy-
roid hormone (iPTH) 7.2 pg/ml, fasting insulin 5.1 uIU/ml, 
gastrin 49.1 pg/ml, calcitonine 2.3 pg/ml, and carcinoem-
bryonic antigen (CEA) 1.8 pg/ml. 

The patient was then placed on captopril 25mg twice 
daily and spironolactone 50mg twice daily in December 
2000. The following treatment course was smooth, and 
her blood pressure and serum K level returned to normal 
range (systolic BP 110-120 mmHg, diastolic BP 70-80 
mmHg, and K 3.5-4.1 meq/l) with regular medication 
until March 2002, when higher blood pressure (systolic 
BP 134-147 mmHg, diastolic BP 90-110 mmHg) re-
curred, and she began to feel fatigue again. Abdomen 

magnetic resonance imaging (MRI) revealed a 1.5x1.2 
cm mass over the right adrenal gland (Figure 3(b)), so 
she underwent right retroperitoneoscopic adrenal tumor 
resection (partial adrenectomy) in April 2002. The pa-
thology report showed a 2.41.70.8 cm mass com-
posed of nests of large lipid-rich cells and some lipid- 
poor cells, and the diagnosis of adrenal cortical ade-
noma was favored (Figure 4).  

Three days after operation, her aldosterone level was 
below 25 pg/ml. Since the patient’s discharge, her blood 
pressure and potassium level have remained normal 
(systolic BP 90-120 mmHg, diastolic BP 60-80 mmHg, 
K 4.0-4.3 meq/l) for more than one year without any 
medication. Her plasma cortisol level has been within 
normal limits after operation. Other endocrine hormone 
analyses, including prolactin, growth hormone, iPTH, 
fasting insulin, gastrin, calcitonine, and CEA, have re-
mained within normal limits throughout the course. 

 
3. DISCUSSIONS 

 
The primary function of aldosterone is regulation of ex-
tracellular volume and control of potassium homeostasis 
[5]. Primary hyperaldosteronism, the cause of approxi-
mately 0.05% to 2.2% of all secondary hypertension, is 
characterized by suppressed plasma renin activity and 
hypokalemia [1]. Recognized etiologies include unilat-
eral APA, BHA, adrenocortical carcinoma, and glucocor-
ticoid-remediable aldosteronism (GRA). Solitary APA is 
the most common cause of primary aldosteronism and 
accounts for approximately 65% of cases; BHA accounts 
for 30% to 35% and GRA fewer than 3% [6]. Bilateral 
solitary aldosteronomas occurring separately and causing 
primary hyperaldosteronism are rarely reported. From 
literature, simultaneous presence of unilateral multiple 
APA [7,8], a hyperfunctioning aldosteronoma with a 
minimally functioning adenoma on the other side [9], 
or simultaneous bilateral functioning aldosteronomas 
[10] have been described. Furthermore, recurrence of 
APA in the same adrenal gland [11] 9 years apart has 
also been mentioned. The incidence of multiple APA 
varied from 3.9 % to 10 % according to different reports 
[7,8,12], suggesting the real incidence may be higher 
than we expected.  

The clinical pictures of our case were not very differ-
ent from a typical unilateral APA before her first opera-
tion. First, morning ambulation has been used to evalu-
ate the suppression of aldosterone by monitoring plasma 
cortisol and aldosterone to upright ambulation [13]. In 
patients with APA, aldosterone levels generally decline 
in parallel with circadian secretion of cortisol [14]. In 
contrast, in patients with BHA, there is usually an in-
crease in renin and aldosterone levels in response to up-
right posture. In our case, plasma cortisol concentration 
showed a normal circadian drop throughout the test. The 
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plasma aldosterone level was much higher at 08:00 h, 
and had decreased slightly after four hours of walking. 
Plasma renin level was suppressed throughout the test. 
Image study for the differential diagnosis of a unilateral 
adenoma or bilateral hyperplasia includes a CT scan or 
MRI. The sensitivity of CT to distinguish solitary APA 
and BHA has been reported at 85% [15] or higher [16]. 
In our case, the CT image in 1995 revealed a well-defined 
mass over the right adrenal gland and normal appearance 
of the left adrenal gland. However, if the CT scan or 
MRI is normal, or if bilateral nodular hyperplasia cannot 
be ruled out, adrenal vein aldosterone sampling may be 
considered as a next step. Adrenal vein sampling, having 
the value of physiologic localization, has been one of the 
first tests used to distinguish between APA and BHA 
[17]. The aldosterone level from the left adrenal vein 
was five times greater than that from the right adrenal 
vein in our case. This result was compatible with the key 
diagnostic feature of unilateral adenoma, which requires 
a unilateral two to threefold elevation of aldosterone [18]. 
However, there was no further scintiphotography per-
formed in 1995 to evaluate the functional status of the 
other adrenal gland. 

In 1999, CT image in our case showed another 
well-defined mass over the right adrenal gland. The 
patient’s left adrenal had already been removed. What 
we needed to do was to confirm the hyperfunctional 
state of her remaining right adrenal gland, and it was 
proved by the NP-59 adrenal scintiscan. NP-59 scintis-
can has been reported as a unique imaging technique 
because it can depict the functional status of the ad-
renals in syndromes with hypersecretion of glucocor-
ticoid, mineralcorticoid or androgen hormones [19]. 
The diagnostic sensitivity of the NP-59 adrenal scintis-
can in the localization of aldosteronomas with ade-
quate dexamethasone suppression may be more than 
80% to 97% [20-22].  

Glucocorticoid-remediable aldosteronism (GRA) is 
another rare form of hyperaldosteronism [23]. GRA is 
usually associated with bilateral adrenal hyperplasia, 
the plasma potassium concentration is normal in more 
than half of all cases of GRA. The circadian rhythm of 
aldosterone release in GRA is primary under the influ-
ence of ACTH release. Therefore, in our practice, we 
used dexamethasone suppression test [24] to rule out 
the possibility of GRA during the adrenalscintiphoto-
graphic study. 

Surgical treatment is very effective in cases due to 
APA [25], whereas surgery in BHA is seldom curative 
[12]. Early normalization of blood pressure [7] and 
potassium level [26] has been reported in the postop-
erative course of APA. Normalization may take up to 
one month but is usually achieved within one week 

after surgery. In our case, the patient’s laboratory data 
improved within one week of operation, and she was 
symptom-free without any medication after surgery for 
at least half a year, suggesting that BHA is unlikely. 
More importantly, three experienced pathologists con-
firmed that the normal adrenal tissue surrounding the 
adenoma showed no hyperplasic changes, which is 
present in typical BHA. 

The underlying pathogenesis of bilateral solitary al-
dosteronoma occurring six months apart in our case is 
still unknown, although we have formed several hypothe-
ses. First of all, it was possible that there was coexis-
tence of bilateral adenomas initially. The left adrenal 
adenoma was well differentiated and secreted excess 
aldosterone, while the right adrenal adenoma remained 
in the stage of cell proliferation without hypersecretion. 
This phenomenon has been observed in a patient with 
ACTH-independent Cushing’s syndrome [27]. It is 
therefore possible in our case that the right adrenal ade-
noma became autonomous and progressively enlarged 
after removal of the left adrenal adenoma. Since we did 
not perform functional scintiscan of the bilateral adrenal 
glands before the first operation, there was no sufficient 
data to support this hypothesis. Secondly, benign enlarge-
ment of the adrenal cortex has been found in about one 
third of the cases of multiple endocrine neoplasia type 1 
(MEN 1), and rarely an aldosterone-producing adenoma 
has been described [28,29]. However, the other endo-
crine hormone analyses in our case, including plasma 
parathyroid hormone, gastrin, insulin, or prolactin, re-
mained within normal limits, so early presentation of 
MEN 1 was not likely at present. Thirdly, bilateral al-
dosteronoma secondary to long-term hyperreninemia has 
been reported [30]. However, plasma renin level in our 
case was low throughout the course, and there was no 
evidence of renal artery stenosis or renal ischaemia in 
our case. Finally, an increased prevalence of adrenal 
lesions in patients with familial adenomatous polyposis 
(FAP) has been reported [31]. Most of these lesions are 
nonfunctioning adenomas, and some patients have hy-
percortisolism. A sporadic case of FAP with mineralo-
corticoid excess due to APA also has been reported [32]. 
In our case, there was no contributory family history of 
hypertensive disease, and her occult blood test of routine 
stool exam was negative. 

In summary, although unilateral solitary APA is the 
most common cause of primary aldosteronism, multi-
ple or bilateral hyperfunctioning adenomas may be 
more frequent than previously thought. Postoperative 
follow- up in patients with primary aldosteronism is 
worth our attention. Long-term monitoring of blood 
pressure and serum potassium level in these patients is 
mandatory. 
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[17] Young, W.F. and Klee, G.G. (1988) Primary aldostero-
nism: Diagnostic evaluation. Endocrinol Metab Clin 
North Am, 17, 367-395. 
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ABSTRACT 

The percentage of mortality caused by cardio-
vascular events in European Countries and 
European Union Countries is respectively 49% 
and 42% of all mortality causes. Our estimates 
about cardiovascular mortality in Turkey depend 
on TEKHARF (Hearth Disease and Risk Factors 
in Turkish Adults) which depended on a 12 year 
observation. It has been reported that cardio-
vascular mortality rates for Turkey in men and 
women were 0.082% and 0.043% respectively. In 
Turkey, Atorvastatin, Fluvastatin, Pravastatin, 
Rosuvastatin and Simvastatin are the different 
alternatives found in the statin market. All stat-
ins are reimbursed by insurance companies. 
The aim of this study is to determine the cost- 
effectiveness of statins. In conclusion, simvas-
tatin and rosuvastatin comprised the optimal 
two statin alternatives. 
 
Keywords: Hypercholesterolemia; Cardiovascular 
Disease; Cost-Effectiveness Analysis; Decision 
Analysis Mode 

1. BACKGROUND 

The percentage of mortality caused by cardiovascular 
events in European Countries and European Union 
Countries is 49% and 42%, respectively of all mortality 
causes [1]. 

Our estimates about cardiovascular mortality in Tur-
key depend on TEKHARF (Hearth Disease and Risk 
Factors in Turkish Adults) which was taken from a 12 
year observation. In this trial, it was reported that car-
diovascular mortality rates for Turkey, in men and 
women, were 0.082% and 0.043% respectively [1]. 

From this estimation, it can be concluded that every 
year 140,000 new cardiovascular patients will be diag-
nosed. 

Also in TEKHARF, it was reported that the percent-

age of total cholesterol levels above 200 mg/dL and 249 
mg/dL were 25% and 5% respectively [1]. 

LDL decreasing and HDL increasing can decrease 
cardiovascular events. Statins can decrease LDL and 
increase HDL [2-8]. Some benefits in cardiovascular 
event protection statin use is increasing [9,10]. 

In Turkey, there is Atorvastatin, Fluvastatin, Pravas-
tatin, Rosuvastatin and Simvastatin in the statin market. 
And all statins are reimbursed by health insurance com-
panies [11]. 

The aim of this study is to consider the cost-effective-
ness of statins which are reimbursed by Social Security 
Foundation from a payer perspective. 
 
2. METHODS 
 
A cost-effectiveness analysis was designed from the 
perspective of the insurance company view. For insur-
ance company data; SSF (Social Security Foundation) 
which is the biggest reimbursement foundation in Tur-
key was chosen. The assumed treatment protocol de-
pended on the one in the Republic of Turkey Health 
Ministry Primary Care Diagnosis and Treatment Guide 
(THMPCDTG) [12], which was published in 2003. The 
initial and maintenance doses of statins were taken from 
Benner [13]. Atorvastatin, Fluvastatin, Pravastatin, Ro-
suvastatin, Simvastatin initial and maintanence doses 
were assumed as 10-40-80 mg/day, 40-80 mg/day, 20-40 
mg/day, 10-20-40 mg/day, 20-40-80 mg/day respectively 
depending on Benner [13] and assumed treatment pro-
tocol. The ratios of the effectiveness of the statins which 
include LDL-C decrease, HDL-C increase and reaching 
ATP II levels were taken from Benner [13]. The costs of 
the drugs were taken from Republic of Turkey Drug 
Pharmacy General Management Drug List; laboratory 
tests and doctor visits were also taken from the Budget 
Application Instruction (BAI) [14] from SSF.  

As like Benner [13], the analysis employed the payer 
perspective, hence only direct medical costs, and time 
horizons of 1 and 3 years (a lifetime analysis was not 
conducted because longterm clinical data were not yet 
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available for all of the treatments used in the model) 
[13]. 

In THMPCDTG, it was reported that for starting and 
maintaining statin treatment it is necessary to know the 
patients’ lipid levels and hepatic enzymes levels. So in 
each doctor visit these laboratory tests will be repeated. 
On the other hand, it is also essential to know the 
creatinine phosphokinase levels only before initiating the 
treatment. Also in the first 3 months visiting the doctor is 
essential every 6 weeks and every 3 months in the first 
year. After the first year the need to visit the doctor is 
every 6 months [12]. In our assumed treatment protocol 
depending on THMPCDTG, we assumed that the treat-
ment initiates with initial dosages. In the second visit 
(6th week), daily dosage will be titrated to half of 
maximum dosage depending on half of reach ATP II 
levels and remaining patients will still take the initial 
dosage. In the third visit (3rd month), dosage will be 
titrated to maximum dosage depending on ATP II levels 
and initial dosage and half of the maximum dosage will 
be administered to the remaining patients too. Our 
treatment protocol was planned as one year because in 
the Benner [13] trial the effectiveness of statins was de-
scribed from the 52-weeks’ follow up and estimated as 3 
years. The treatment protocol is given in Figure 1. After 
52 weeks, last titrated dosages of all statins was assumed 
as taken following 2 year and for each year 5% decrease 
was taken account in drugs and laboratories costs. Also 
practitioner visits was assumed every 6 month in fol-
lowing second and third years and visits costs was as-
sumed increasing 5% each year. 

The data for patient population and effectiveness of 
statins was taken from Benner [13]. In this trial, the re-
sults of two phase III, randomized clinical studies con-
ducted in Europe and America (Olsson [15] and Brown 
[16]) were pooled.  

A total of 515 patients (atorvastatin n=116, pravastatin 
n=95, rosuvastatin n=202, simvastatin n=102) were in-
cluded in this pooled analysis. 40% of the patients were 
male, the mean age was 58, the mean LDL baseline 
value was 189 mg/d L and 23% of the patients were in a 
high risk group depending on ATP II criteria. 

2.1. Statin Effectiveness 

The values of the mean effectiveness of statins are 
shown in Table 1 depending on Benner [13]. In this co-
hort meta analysis 52 week effectiveness of atorvastatin, 
pravastatin, rosuvastatin and simvastatin was calculated. 
Because there was no information about fluvastatin and 
its effectiveness in Olsson [15], Brown [16] number 
from Benner’s [13] analysis dosage of fluvastatin was 
considered from the same effectiveness value of provas-
tatin which doubles the potential of fluvastatin. Provas-
tatin was used 20-40 mg daily in the Brown [15] trial so 
fluvastatin was assumed as 40-80 mg daily. 

3. COSTS 
 
The direct medical costs were used in this trial from the 
reimbursement organization perspective. For one year of 
treatment; the costs of statin usage, doctor visits and 
laboratory tests were added to the calculation: 6 doctor 
visits, 6 lipid tests (LDL-K and HDL-K), 6 liver function 
tests (AST-ALT); and 1 creatinine phosphokinase test 
were added to the calculation depending on assumed 
treatment protocol shown in Figure 1. The cost of doctor 
visits and laboratory tests was taken from SSF’s BAI for 
the year 2009 which was published on www.bumko.gov.tr. 
The costs of the drugs were taken from Drug Pharmacy 
General Management Drug List of the Republic of Turkey 
which was published on 01.06.2009 on www.iegm.gov.tr. 
In Turkey, each statin has original and generic brands. 
Atorvastatin, pravastatin, rosuvastatin and simvastatin 
have 12, 1, 3, 4 generic brands respectively. Fluvastatin 
does not have any generic version: there is only an 
original brand. The daily treatment cost of each dosage 
of each statin which was used in analysis was pooled by 
using original and generics costs of daily treatments. In 
this calculation, maximum package containers were 
chosen for the cost of each dosage. The simvastatin 80 
mg dosage form was not available in Turkey’s market so 
it was calculated to use the doubled 40 mg dosage form 
daily. Then, all costs were changed into US Dollar with 
TL/USD rate as 1.50, and calculated in USD.  

Compliance with statin therapy was assumed to be 
100% in the base-case analysis as Benner [13], because 
this study pertained only to patients who completed 52 
weeks of follow-up, and because differences in 
adherence between the statins have not been documented 
[13]. 

In calculation the results were rounded. The cost 
added to calculation is shown in Table 2 and Table 3. 

3.1. Alternative Scenarios 

In addition, the impacts of two alternative scenarios that 
may be reflective for the actual practice were also stud-
ied. In the first scenario, it was assumed that patients 
were not titrated to goal, but they completed the year 
with initial statin doses. In the second scenario, the pa-
tients started treatment with the maximum dosage and 
completed the year with maximum dose.  

3.2. Adverse Events and Long-Term 
Outcomes 

Adverse events were not calculated in the model because 
available evidence suggests that treatmentlimiting event 
rates do not differ significantly between the statins [13]. 
Moreover, the average cost of adverse events would be 
low, because most events resolve after discontinuation of  
the drug [13].
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Table 1. Statin effectiveness parameters under Benner study base case. 

Statin 
LDL-C da % 

Decrease(mean) 
HDL-C da % 

Increase (mean) 
Reach ATP II 

Levels % (mean) 

Atorvastatin 10-80 mg 38 0.9 80 

Fluvastatin 40-80 mg 30 4.4 60 

Pravastatin 20-40 mg 30 4.4 60 

Rosuvastatin 10-40 mg 46 7.3 87 

Simvastatin 20-80 mg 37 6.1 73 

ATP II, National Cholesterol Educaiton Program, Second Adult Treatment Panel; HDL-C, high density lipoprotein cholesterol; 
LDL-C, low density lipoprotein cholesterol. 

Table 2. Cost parameters (In 2009 US dollars and TL). 

 BAI Codes Cost 

Doctor Visit 520080 6,3 $ (9.5 TL) 

Lipid Tests (LDL-K, HDL-K) 902290, 901580 2,7 $ (4,10 TL) 

Liver Function Tests (AST-ALT) 900200, 900580 1,4 $ (2,10 TL) 

Creatinin Fosfokinaze Test 902180 0,7 $ (1,10 TL) 

 
Table 3. Cost of daily statin treatments. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Also excluded were costs for future clinical outcomes 
such as myocardial infarction, stroke, coronary artery 
bypass grafting or percutaneous transluminal coronary 
angioplasty, even though statin therapy has been shown 
to reduce the frequency of these procedures [13].  

Excluding these potential cost offsets is consistent 
with the short-term time frame of the analysis and gives 
a more conservative estimate of the cost-effectiveness of 
statin therapy, particularly among the most effective 
statins [13]. 

Short-term time frame of the analysis let us make an 
analysis for family practitioners. Because if patients 
can’t reach optimum cholesterol levels, they need to go 
specialist practitioners like general medicine, cardiology, 
etc.  

4. RESULTS 

4.1. Base Case Analysis 

In the base case analysis, the mean reductions in LDL-C 

for atorvastatin, fluvastatin, pravastatin, rosuvastatin, 
simvastatin were 38, 30, 30, and 46 respectively. Sim-
vastatin had the lowest cost in the first year of therapy 
($166), followed by pravastatin ($300), fluvastatin 
($365), rosuvastatin ($437) and atorvastatin ($448). 
When the drugs were compared for the incremental cost- 
effectiveness, simvastatin dominated pravastatin and 
fluvastatin, whereas rosuvastatin dominated atorvastatin 
(Tables 4-6). The first year incremental cost of rosuvas-
tatin was $271 compared with simvastatin, or $30 per 
additional 1% reduction in LDL-C, $225 per additional 
1% increase in HDL-C and $1856 per additional patients 
to ATP II goal. 

When the drugs were compared for cost per HDL-C 
increase and LDL-C decrease simvastatin had the least 
costs for both criteria (27 and 4, respectively), followed 
by rosuvastatin (60 and 9, respectively), pravastatin (68 
and 10, respectively), fluvastatin (83 and 12, respec-
tively) and atorvastatin (497 and 12, respectively) (Table 
7). 

All the dosages of Simvastatin had lower acquisition 

 Range Mean 

10 mg 90 Tablets (1 original + 10 generics) 0,52–0,62 $ (0,79-0,93 TL) 0,57 $ (0,86 TL)

40 mg 90 Tablets (1 original + 10 generics) 1,18-1,33 $ (1,77-1,99 TL) 1,21 $ (1,82 TL)Atorvastatin 
80 mg 90 Tablets (1 original + 6 generics) 1,16-1,39 $ (1,75-2,08 TL) 1,24 $ (1,87 TL)

40 mg 28 Tablets (1 original) 0,78 $ (1,17 TL) 0,78 $ (1,17 TL)
Fluvastatin 

80 mg 28 Tablets (1 original) 0,85 $ (1,28 TL) 0,85 $ (1,28 TL)

20 mg 20 Tablets (1 original + 1 generic) 0,36-0,45 $ (0,54-0,68 TL) 0,41 $ (0,61 TL)
Pravastatin 

40 mg 30 Tablets (1 original + 1 generic) 0,72-0,85 $ (1,09-1,28 TL) 0,79 $ (1,18 TL)

10 mg 90 Tablets (1 original + 1 generic) 0,75-0,85 $ (1,12-1,28 TL) 0,80 $ (1,20 TL)

20 mg 90 Tablets (1 original + 1 generic) 1,10-1,43 $ (1,66-2,14 TL) 1,26 $ (1,90 TL)Rosuvastatin 
40 mg 90 Tablets (1 original) 1,10 $ (1,66 TL) 1,10 (1,66 TL) 

20 mg 28 Tablets (1 original + 4 generic) 0,13-0,16 $ (0,20-0,25 TL) 0,14 $ (0,21 TL)

40 mg 28 Tablets (1 original + 4 generic) 0,27-0,33 $ (0,47-0,50 TL) 0,28 $ (0,43 TL)Simvastatin 
80 mg (40 mg 28 Tablets x 2) (1 original + 4 generic)  0,54-0,66 $ (0,94-1 TL) 0,56 $ (0,86 TL)
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Table 4. 1st year base case cost per 1% reduction in LDL-C in Benner study. 

Average cost($) Incremental Cost ($) 
 

Incremental % LDL-C 
Incremental 

cost-effectiveness ratio 
($/I% LDL-C  ) Strategy 

1 Year 3 Years 1 Year 3 Years 

 
Average 

% LDL-C
1 Year 3 Years 1 Year 3 Years 

Simvastatin 166 417 - - 37 - - - - 

Pravastatin 300 802 Dominated Dominated 30 Dominated Dominated Dominated Dominated

Fluvastatin 365 970 Dominated Dominated 30 Dominated Dominated Dominated Dominated

Rosuvatatin 437 1189 271 772 46 9 9 30 85 

Atorvatatin 448 1220 Dominated Dominated 38 Dominated Dominated Dominated Dominated

Cost effectiveness ratios were calculated before cost and effectiveness estimates were rounded. LDL-C, low density lipoprotein cholesterol. 
 

Table 5. 1 year Benner study’s base case cost per 1% increase in HDL-C. 

 
Average Cost($) 

 
Incremental Cost ($) 

 
Incremental % HDL-C 

Incremental 
cost-effectiveness ratio 

($/I% HDL-C  ) Strategy 

1Year 3Years 1 Year 3 Years 

 
Average 

%HDL-C
1 Year 3 Years 1 Year 3 Years 

Simvastatin 166 417 - - 6.1 - - - - 

Pravastatin 300 802 Dominated Dominated 4.4 Dominated Dominated Dominated Dominated

Fluvastatin 365 970 Dominated Dominated 4.4 Dominated Dominated Dominated Dominated

Rosuvastatin 437 1189 271 772 7.3 1.2 1.2 225 643 

Atorvastatin 448 1220 Dominated Dominated 0.9 Dominated Dominated Dominated Dominated

Cost effectiveness ratios were calculated before cost and effectiveness estimates were rounded. HDL-C, high density lipoprotein cholesterol. 
 

Table 6. 1 year Benner study’s base case cost per patients to ATP II goal*. 

Average Cost ($) Incremental Cost ($) 
Incremental Patients to 

ATP II Goal 

Incremental 
cost-efectiveness ratio 
($/patients to ATP II 

goal) 
Strategy 

1 Year 3 Years 1 Year 3 Years 

Average 
Patients 
to ATP 
II Goal

1 Year 3 Years 1 Year 3 Years 

Simvastatin 166.000 417.000 - - 725 - - - - 

Pravastatin 300.000 802.000 Dominated Dominated 600 Dominated Dominated Dominated Dominated

Fluvastatin 365.000 970.000 Dominated Dominated 600 Dominated Dominated Dominated Dominated

Rosuvastatin 437.000 1.189.000 271.000 772.000 871 146 146 1856 5287 

Atorvastatin 448.000 1.220.000 Dominated Dominated 800 Dominated Dominated Dominated Dominated

*Assuming 1,000 patients treated with each statin 
Cost effectiveness ratios were calculated before cost and effectiveness estimates were rounded. 
ATP II, National Cholesterol Education Program ,Second Adult Treatment Panel 

Table 7. 1 year Benner study’s base case cost per 1% HDL-C increase and 1% LDL-C decrease. 

Average 1 Year 
Cost ($) 

Cost per % HDL-C 
increase ($) 

Cost per %LDL-C decrease ($) 
Strategy 

1 Year 3 Years 

Average 
% HDL-C 

(1 and 3 Years)
1 Year 3 Years

Average 
% LDL-C 

(1 and 3 Years)
1 Year 3 Years 

Simvastatin 166 417 6.1 27 68 37 4 11 

Pravastatin 300 802 4.4 68 182 30 10 26 

Fluvastatin 365 970 4.4 83 220 30 12 32 

Rosuvastatin 437 1189 7.3 60 162 46 9 25 

Atorvastatin 448 1220 0.9 497 1355 38 12 32 

Cost effectiveness ratios were calculated before cost and effectiveness estimates were rounded. LDL-C, low density lipoprotein cholesterol. 

HDL-C, high density lipoprotein cholesterol. 
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Figure 1. Treatment Protocol : Treatment starts with starting dosage.(Daily Atorvastatin 10 mg, Fluvastatin 40 mg, 
Pravastatin 20 mg, Rosuvastatin 10 mg, Simvastatin 20 mg). In the 6th week dosage will be titrated to half of the 
maximum dosage depending on ATP II levels (Daily Atorvastatin 40 mg, Fluvastatin 40 mg, Pravastatin 20 mg, Ro-
suvastatin 20 mg, Simvastatin 40 mg). In the 3rd month dosage will be titrated to maximum dosage depending on 
reach ATP II levels (Daily Atorvastatin 80 mg, Fluvastatin 80 mg, Pravastatin 40 mg, Rosuvastatin 40 mg, Simvas-
tatin 80 mg). 

 
cost than all other statins. At initial dosage the acquisi-
tion cost is 1/3 of its nearest alternative. So this situation 
affects the analysis because none of the statins had a 
double or triple effect in all goals when compared with 
other statins.  

4.2. Alternative Scenarios 

When the patients were assumed to remain at their re-
spective initial doses and 12 week effectiveness per-
sisted for the full year, again simvastatin ($116) re-
mained the least costly alternative, followed by pravas-
tatin ($215), fluvastatin ($349), rosuvastatin ($357) and 
atorvastatin ($379). 

When the patients were assumed to remain at their 
respective maximum doses and 12 week effectiveness 
persisted for the full year, again simvastatin ($269) re-
mained the least costly alternative, followed by pravas-

tatin ($353), fluvastatin ($375), rosuvastatin ($488) and 
atorvastatin ($517). 

As like Benner [13], when the base-case scenario was 
evaluated using a 3-year time horizon, total costs in- 
creased to reflect longer-term statin use (Tables 4-7). 
Nevertheless, effectiveness was the same as in the 1-year 
analysis because under recommended monitoring and 
titration intervals, all titrations occur within the first year 
of treatment [13]. Thus, the ICERs in the 3-year analysis 
may be interpreted as the cost to maintain a given level 
of effectiveness for 3 years [13]. 

 
5. DISCUSSION 
 
It was reported that statins have a role in decreasing car-
diovascular risk in some trials [17]. Also it was reported 
if 12 mg/dL decrease occurs in LDL-C levels, cardio-

First Visit : 
Start Statin Treatment by Initial 

Dosage 

Second Visit  
6th week 

ReachATP 
II Levels ?  

Yes No 

Continue Without  
Changing Dosage 

Continue with Half of 
Maximum Dosage 

Treatment Continue till 
the end of 52 Week 
With initial Dosage 

Third Visit 
3rd Month 

Continue with 
Maximum Dosage 

Yes

No

Continue Without  
g The Dosage Changin

Treatment Continue to 
the End of 52 Week 
With Initial Dosage 

Reach ATP 
II Levels ? 
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vasculer risk increases by 36% [1].  
In this CEA, currently available statins in Turkey in 

patients with dyslipidemia from perspective of managed 
care payer were compared. 

Because simvastatin had a lower acquisition cost than 
all statins and its all dosages cost approximately 1/3 of 
the nearest alternative statin, in our base case and alter-
native scenarios simvastatin was the least costly alterna-
tive.  

Simvastatin dominated pravastatin and fluvastatin, 
whereas rosuvastatin dominated over atorvastatin. Com- 
pared with simvastatin, the incremental cost of rosuvas-
tatin was $271, or $30 per additional 1% reduction in 
LDL-C, $225 per additional 1% increase in HDL-C and 
$1856 per additional patient to ATP II goal.  

Also simvastatin served the least cost for per 1% de-
crease in HDL-C and 1% increase LDL-C, followed by 
rosuvastatin. For per 1% HDL-C increase, need to pay 
for simvastatin and rosuvastatin; 27$ and 60$, respec-
tively. For per 1% LDL-C decrease need to pay for sim-
vastatin and rosuvastatin; 4$ and 9$, respectively.  

These findings have potentially important implica-
tions for managed care decision-makers. In the light of 
the Benner [13] study base case and in each alternative 
scenario, pravastatin, fluvastatin and atorvastatin always 
dominated. Thus depending on actual acquisition prices 
and following costs such as doctor visits and laboratories 
the payer may achieve substantial cost savings and 
greater effectiveness by using rosuvastatin or simvastatin 
instead of these agents in Turkey.  

In order to use these findings in a decision-making 
context, the analysis may be recalculated without in-
cluding rosuvastatin. The most effective alternative is 
atorvastatin, which currently is in many formularies. 
Under base-case assumptions atorvastatin, in the absence 
of rosuvastatin, has an incremental cost per patient to 
reach goal of $75 when compared with simvastatin. 

These findings may have some limitations. Because 
the objective was to identify the optimal combination of 
statins for a managed care formulary, several nonstatin 
medications for dislipidemia (e.g., niacin, fibrates and 
bile sequestrants) were excluded from the analysis [13]. 
These products generally have a secondary role in ther-
apy, relatively inexpensive, and were not expected to 
influence the relative cost-effectiveness of products in 
the statin class [13]. Their exclusion from this analysis 
would not be construed to mean that they are not 
cost-effective agents in modifying serum lipids [13]. The 
effectiveness of atorvastatin, pravastatin, rosuvastatin 
and simvastatin were estimated based on data from two 
phase III trials [13]. Fluvastatin was also assumed to be 
equivalent to pravastatin over the dose ranges specified, 
because long-term trials have compared fluvastatin with 
rosuvastatin [13]. Although the results of the estimates 
for each drug are consistent with numerous other trials 
and product labels, and these estimates were varied in 

sensivity analyses, the results may not be applied to pa-
tient populations with different characteristics than those 
in the Olsson [15] and Brown [16] trials [13]. Moreover, 
for the detailed analysis for managed care perspective, it 
is essential to study the effectiveness of statins in Turk-
ish patients. The cost associated with adverse drug 
events and non-study medications were excluded, but 
these were not expected to differ across treatment groups, 
and therefore would not have affected the incremental 
analysis [13]. 

In conclusion, the findings of this analysis indicate 
that simvastatin is a less costly alternative than other 
statins and rosuvastatin is more effective than other stat-
ins. Therefore, simvastatin and rosuvastatin comprise of 
the optimal two statin formulary. Formulary desicion 
based on these results should be revisited periodically, as 
new pricing, outcomes and safety data become available. 
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ABSTRACT 

Honey has been successfully used in medicine 
since antiquity. However, with the advent of 
modern medicine it has been less used, espe-
cially in the English-speaking world. Its benefi-
cial effects in different disorders, rediscovered 
in recent decades, will be discussed below on 
the basis of a series of international scientific 
studies conducted to investigate the therapeutic 
properties of this natural product and published 
on Medline. It should be noted, however, that 
the therapeutic use of honey in everyday clinical 
practice needs to be validated by relevant 
guidelines and should only be adopted under 
medical prescription, in accordance with criteria 
of efficacy and safety for both patients and 
healthcare providers. 
 
Keywords: Antibacterial; Oncolgy; Wounds; Im-
munostimulation  

1. INTERNATIONAL SCIENTIFIC  
EVIDENCE OF THE USE OF HONEY IN 
MEDICINE 

In ancient times, soldiers with very serious wounds 
and burns were treated with a mixture of honey and 
curdled milk applied on the injuries with a cotton 
bandage. A similar mixture was used in different cul-
tures throughout history, including the Romans, many 
African tribes, native Americans, and rural popula-
tions in the South of the United States [1]. Used as a 
local treatment, honey is very useful as a healing 
agent and, compared to pharmaceutical products, has 
the advantage of being inexpensive – not a minor de-
tail in our days, when medicine is expected to be not 
only effective and efficient, but also low-cost. In the 
treatment of dressed or infected wounds, honey is 
often more effective than pharmaceutical preparations, 
and more easily available [2,3]. Imbibed gauze is used 

to apply it onto the injuries: this confirms something 
that has been known for centuries, i.e. that honey has 
a recognized antibacterial activity. Its use in surgery is 
strongly recommended, also for the topical treatment 
of postoperative wounds, such as Cesarean sections 
[4]. The use of alginate honey on ulcers is increas-
ingly becoming a widely used, easy to apply healing 
agent. Similar results are also demonstrated in the 
treatment of burns [5]. In particular, the topical use of 
concentrated raw honey has been proved to promote 
faster eradication of pathogenic bacteria, reduce the 
length of antibiotic treatment and hospitalization, and 
prevent wound dehiscence and eschar formation. The 
only factor which may limit these effects is inade-
quate sterility of the preparations, in which case this 
type of treatment may be highly counterproductive. 

In addition to antibacterial properties, scientific 
evidence supports anti-inflammatory and immuno- 
stimulating activity of honey [6-11]. Certain types of 
honey, obtained from particular flowers found in Aus-
tralia and New Zealand (leptospermum spp) have 
strong anti-inflammatory properties and have been 
approved for sale as therapeutic honey (Medihoney 
and Manuka honey) and used for the treatment of 
numerous types of skin lesions[12,13,15]. A mixture 
of honey, olive oil and bee wax is an effective treat-
ment for hemorrhoids and anal fistulas [14]. No side 
effects are reported. The frequent use of honey-based 
preparations to be applied on catheters in dialyzed 
patients is a satisfactory alternative to chemoprophy-
laxis for patients with central venous catheters [15]. 
Again, the prerequisite is perfect sterility and, as in 
other cases, the use of honey for this application must 
be validated by official medical guidelines.  

In oncology, honey has been used as a barrier 
against the implantation of tumors in laparoscopic 
oncological surgical procedures. In the same field, the 
intake of honey reduces chemotherapy-related neu-
tropenia fever by alleviating pancytopenia, of which 
chemotherapy fever is a symptom. A study by the uni- 
versity of Bonn showed that the use of special 
honey-based preparations may provide protection  
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Honey Nutritional Chart (Source: Inran). 

Edible part (%) 100 

Water (g) 18 

Proteins (g) 0.6 

Lipids (g) 0 

Carbohydrates (g) 80.3 

Starch (g) 0 

Soluble sugars (g) 80.3 

Total fiber 0 

Energy (kcal) 304 

Energy (kJ) 1270 

Sodium 11 

Potassium 51 

Iron 0.5 

Calcium 5 

Phosphorous 6 

Thiamin tr. 

Riboflavin 0.04 

Niacin 0.30 

Vitamin A (ret.eq.) 0 

Vitamin C 1 

Vitamin E 0 
International scientific evidence of the use of honey in 
medicine 

 
from hospital infections in immuno-depressed child- 
ren with blood cancer. In a Russian study, the use of a 
food product (Honey Laminolact), containing milk 
ferments, amino acids, fruit pectines and of course 
honey, proved effective in protecting the gastrointes-
tinal tract from radiotherapy in women with uterus 
cancer [18]. 

In clinical trials, the anti-cancer properties of honey 
have been tested in rats. Honey proved to be moder-
ately effective against tumors and significantly effec-
tive against metastatic growths. It also enhanced the 
anti-cancer activity of 5-fluorouracile and cyclo-pho- 
sphamide [16] 

Honey also helps treat cough and breathing diffi-
culties in children with upper respiratory tract infec-
tions [19]. Other studies have confirmed its antibacte-
rial activity, including an Australian study where the 
use of 13 types of honey had antibacterial effects 
against the growth of Escherichia coli and Pseudo-
monas aeruginosa colonies [6,7,10]. These antibacte-
rial properties were similar in both farm-made and 
industrial products, as long as the concentration of 
pure honey was 2.5% or higher. According to studies 
conducted in the Arab Emirates, honey added to bac-
teria cultures, especially in the case of anaerobic bac-

teria, reduces their growth with dose-dependant effi-
cacy. [8] 

Honey is also recommended in dental hygiene. The 
use of honey chewing-gum three times a day after 
meals significantly reduces plaque and the risk of 
gingivitis. It also has therapeutic properties in the 
treatment of gingivitis and periodontal disorders. [13] 
In a study on 10 cases of dental infections, the local 
use of natural honey in dental abscesses and chronic 
osteomyelitis proved to have antibacterial effects [20]. 
In dermatology, the use of mixtures containing honey, 
olive oil and bee wax is very helpful in the treatment 
of dermatitis and psoriasis vulgaris, as well as sebor-
rheic dermatitis and dandruff (provided the treatment 
is applied every day for at least four weeks), by com-
bining antibacterial activity with antifungal and anti-
oxidant effects. So far we have examined the thera-
peutic properties of honey for topical use; however, 
honey taken orally also has medicinal properties as 
demonstrated by other important studies. In particular, 
propolis, a product of honey, seems to have positive 
effects on intestinal giardiasis, a parassitosis which 
affects mostly children [22]. In some studies on rats, 
the intake of honey was effective against the onset of 
colitis [23]. As no relevant studies on humans have 
yet been conducted, the use of honey to treat these 
disorders requires further investigation. For the mo-
ment, we may assume that honey plays an important 
role in preventing inflammatory tissues from produc-
ing free radicals [23]. As regards the gastrointestinal 
tract, the intake of honey helps treat Helicobacter py-
lori infections, particularly difficult to eradicate, by 
fighting the bacteria’s tendency to develop resistance 
to antibiotics [24], which is the primary cause of 
treatment failure. Honey is a traditional treatment for 
dyspepsia, highly recommended by physicians based 
on professional experience, although no scientific 
evidence exists to support its efficacy. It has been 
discovered, however, that Helicobacter pylori is 
probably the agent that causes dyspepsia: this sug-
gested that the therapeutic action of honey at the sys-
temic level may be attributable to antibacterial prop-
erties [25]. A comparison between the effects of glu-
cose and honey in increasing the blood sugar levels of 
patients with diabetes mellitus has demonstrated that 
honey causes less hyperglycemia than sugar [26]. 
Therefore, in diabetic patients, honey is indicated as a 
good substitute for sugar, with the additional benefit 
of a lower glycemic value. 

REFERENCES 
[1] Ahmed, A.K., Hoekstra, M.J., Hage, J.J. and Karim, R.B. 

(2003) Honey-medicated dressing: transformation of an 
ancient remedy into modern therapy. Ann Plast Surg., 
50(2), 143-7, 147-8.  



G. Pipicelli et al. / HEALTH 1 (2009) 281-283 

SciRes Copyright © 2009                               http://www.scirp.org/journal/HEALTH/Openly accessible at  

283283

[2] Lusby, P.E., Coombes, A., Wilkinson, J.M. (2002) Honey: 
a potent agent for wound healing? J Wound Ostomy Con-
tinence Nurs, 29(6), 295-300. 

[3] Cooper, R.A., Halas, E. and Molan, P.C. (2002) The effi-
cacy of honey in inhibiting strains of Pseudomonas 
aeruginosa from infected burns. J Burn Care Rehabil, 
23(6), 366-70.  

[4] Al-Waili, N.S. and Saloom, K.Y. (1999) Effects of topi-
cal honey on post-operative wound infections due to 
gram positive and gram negative bacteria following cae-
sarean sections and hysterectomies. Eur J Med Res., 4(3), 
126-30. 

[5] Subrahmanyam, M., A prospective randomised clinical 
and histological study of superficial burn wound healing 
with honey and silver sulfadiazine., 24(2), 157-61. 

[6] Mullai, V. and Menon, T. (2007) Bactericidal activity of 
different types of honey against clinical and environ-
mental isolates of Pseudomonas aeruginosa. J. Altern 
Complement Med., 13(4), 439-41. 

[7] Estrada, H., Gamboa Mdel, M., Arias, M.L. and Chaves, 
C. (2005) Evaluation of the antimicrobial action of honey 
against Staphylococcus aureus, Staphylococcus epider-
midis, Pseudomonas aeruginosa, Escherichia coli, Sal-
monella enteritidis, Listeria monocytogenes and Asper-
gillus niger. Evaluation of its microbiological charge. 
Arch Latinoam Nutr., 55(2), 167-71. 

[8] Al-Waili, N.S., Akmal, M., Al-Waili, F.S., Saloom, K.Y. 
and Ali, A. (2005) The antimicrobial potential of honey 
from United Arab Emirates on some microbial isolates. 
Med Sci Monit., 11(12), 433-8.  

[9] Lusby, P.E., Coombes, A.L. and Wilkinson J.M. (2005) 
Bactericidal activity of different honeys against patho-
genic bacteria. Arch Med Res., 36(5), 464-7. 

[10] Wilkinson, J.M. and Cavanagh, H.M. (2005) Anti-bacte-
rial activity of 13 honeys against Escherichia coli and 
Pseudomonas aeruginosa. J Med Food, 8(1), 100-3. 

[11] Elbagoury, E.F. and Rasmy, S. (1993) Antibacterial ac-
tion of natural honey on anaerobic bacteroides. Egypt 
Dent J., 39(1), 381-6.  

[12] Simon, A., Sofka, K., Wiszniewsky, G., Blaser, G., Bode, 
U. and Fleischhack, G. (2006) Wound care with antibac-
terial honey (Medihoney) in pediatric hematology on-
cology. Support Care Cancer, 14(1), 91-7.  

[13] English, H.K., Pack, A.R. and Molan, P.C. (2004) The 
effects of manuka honey on plaque and gingivitis: a pilot 
study. J Int Acad Periodontol., 6(2), 63-7. 

[14] Al-Waili, N.S., Saloom, K.S., Al-Waili, T.N. and 
Al-Waili, A.N. (2006) The safety and efficacy of a mix-
ture of honey, olive oil, and beeswax for the management 
of hemorrhoids and anal fissure: a pilot study. Scientific 
World Journal., 6, 1998-2005. 

[15] Johnson, D.W., van Eps, C., Mudge, D.W., Wiggins, K.J., 
Armstrong, K., Hawley, C.M., Campbell, S.B., Isbel, 
N.M., Nimmo, G.R. and Gibbs, H. (2005) Randomized, 
controlled trial of topical exit-site application of honey 
(Medihoney) versus mupirocin for the prevention of 
catheter-associated infections in hemodialysis patients. J 
Am Soc Nephrol, 16(5), 1456-62.  

[16] Gribel', N.V. and Pashinskiĭ, V.G. (1990) The antitumor 
properties of honey. Vopr Onkol., 36(6), 704-9. 

[17] Zidan, J., Shetver, L., Gershuny, A., bzah, A., Tamam, S., 
Stein M. and Friedman, E. (2006) Prevention of chemo-
therapy-induced neutropenia by special honey intake. 
Med Oncol., 23(4), 549-52. 

[18] Smirnova, I.I., Filatova, E.I., Suvorov, A.N. and Bylin-
skaia, E.N. (2000) The use of therapeutic/prophylactic 
dragee “honey laminolact” in radiotherapy of uterine tu-
mors. Vopr Onkol., 46(6), 748-50. 

[19] Paul, I.M., Beiler, J.A., McMonagle, M., Shaffer, L., 
Duda, L. and Berlin, C.M. (2007), Effect of honey, dex-
tromethorphan, and no treatment on nocturnal cough and 
sleep quality for coughing children and their parents. 
JrArch Pediatr Adolesc Med., 161(12), 1140-6.  

[20] Okeniyi, J.A., Olubanjo, O.O., Ogunlesi, T.A. and Oye-
lami, O.A. (2005) Comparison of healing of incised ab-
scess wounds with honey and EUSOL dressing. J Altern 
Complement Med., Jun, 11(3), 511-3.  

[21] Al-Waili, N.S. (2001) Therapeutic and prophylactic ef-
fects of crude honey on chronic seborrheic dermatitis and 
dandruff. Eur J Med Res., 6(7), 306-8.  

[22] Abdel-Fattah, N.S. and Nada, O.H. (2007) Effect of pro-
polis versus metronidazole and their combined use in 
treatment of acute experimental giardiasis. J. Egypt Soc 
Parasitol, 691-710.  

[23] Bilsel, Y., Bugra, D., Yamaner, S., Bulut, T., Cevikbas U.  
and Turkoglu. U. (2002) Could honey have a place in co-
litis therapy? Effects of honey, prednisolone, and disul-
firam on inflammation, nitric oxide, and free radical 
formation. PMIDig Surg., 19(4), 306-11, discussion 311- 
2.  

[24] Drouin, E. (1999) Helicobacter pylori: novel therapies. 
Can J Gastroenterol., 13(7), 581-3. 

[25] Somal, A.N., Coley, K.E., Molan, P.C. and Hancock. 
B.M. (1994). Susceptibility of helicobacter pylori to the 
antibacterial activity of manuka honey. J R Soc Med., 
87(1), 9-12. 

[26] Samanta, A., Burden, A.C. and Jones, G.R. (1985) 
Plasma glucose responses to glucose, sucrose, and honey 
in patients with diabetes mellitus: an analysis of glycae-
mic and peak incremental indices. Diabet Med., 2(5), 
371-3.

 



Vol.1, No.4, 284-289 (2009)
doi:10.4236/health.2009.14046 
 

SciRes Copyright © 2009                               Openly accessible at http://www.scirp.org/journal/HEALTH/

                                                                Health 

 

The effects of lunch time napping on habitual nappers’ 
mental work efficiency in the afternoon and early  
evening: an empirical study from China 

Guang-Jin Zhang1, Fei-Fei Sun2, Jian-Qiao Liao3 

1Politics and Law School, China University of Geosciences, Wuhan, China; hbzgj@126.com 
2Faculty of Foreign Languages, Jiangxi University of Finance and Economics, Nanchang, China 
3Management School, Huazhong University of Science and Technology, Wuhan, China 

Received 27 September 2009; revised 5 November 2009; accepted 11.November 2009. 

ABSTRACT 

30 college students who have the habit of lunch 
time napping (LTN) participated in experiments 
under two different conditions: Having lunch 
time napping and not having lunch time napping. 
They were asked to complete three tasks in-
cluding vigilance reaction, short-term memory, 
addition arithmetic; their performance was re-
corded automatically by computer during 3 dif-
ferent periods in the afternoon and early eve-
ning. The analysis about the experimental data 
showed that: as for habitual nappers, midafter-
noon nap zone existed, LTN played a very im-
portant role in overcoming it, and did great help 
in enhancing their vigilance in the afternoon and 
early evening, however, LTN didn’t bring sig-
nificant positive effect to executing complex 
tasks (such as short-term memory and addition 
task) at the periods of time 16:30-17:30, 20:00- 
21:00. Finally, this article discussed the conclu-
sions and its significance. 
 
Keywords: Lunch Time Napping; Mental Work  
Efficiency 

1. INTRODUCTION 

Lunch time napping is very prevalent in China. The 
farmers often take LTN only in summer because they 
need avoid the hot sun’s radiation at noon; however, 
more and more mental workers also take LTN, moreover, 
they usually take LTN all the year round, which can’t be 
explained by the weather. An investigation in a univer-
sity found that 71% teachers and 78% students are used 
to taking LTN more than 10 months a year; the respon-
dents admitted that they won’t perform well or work 
efficiently in the afternoon and evening without LTN. 
However, LTN also induced a lot of controversies, some 

people think that it leads to low work efficiency for that 
the continuity of eight hours work a day is interrupted by 
LTN. Besides, LTN extends the time between going to 
work and getting off work, especially for those whose 
home is far away from work site, such as the work time 
of not having HTL is often from 9:00 to 17:00, otherwise, 
it is usually from 8:00 to 17:30, which makes people feel 
more tired [1]. Dose not having LTN really lead to ha-
bitual nappers’ mental work inefficiency? 

To look for the answer from former researches, there 
were two difficulties. Firstly, Chinese literature usually 
only describes people’s subjective feeling, few of them 
studies the effects of LTN based on the actual work per-
formance. Secondly, in most of relative English litera-
ture, the napping time is often in the afternoon or in the 
evening, even in a few of researches about LTN, the du-
ration of napping is very short, which is not consistent 
with the situation of China. For example, Macchi, Bou-
los and Ranney et al. studied the effects of afternoon nap 
on nighttime alertness and performance [2]. McEvoy & 
Lack studied the effects of nap (happens in the night 
shift) on work efficiency [3]. Mednick, Nakayama and 
Cantero et al. studied the restorative effects of afternoon 
naps on perceptual deterioration [4]. Backhaus & Jung-
hanns studied effects of afternoon nap on memory ability 
[5]. Milner, Fogel and Cote studied the effects of after-
noon nap on motor performance and the moderation ef-
fects of habitual napping between them [6]. Hayashi et 
al. studied the effects of both afternoon nap and lunch 
time nap on mood, performance and EEG activity [7-8]. 
Driskell and Mullen made A Meta-Analysis about the 
efficacy of naps as a fatigue countermeasure [9]. Almost 
all the naps studied mentioned above in the afternoon, 
which is the working time in China, the working time in 
the afternoon in China is often from 14:00 to 17:30 or 
14:30-18:00. LTN is a common phenomenon in China, 
and the napping duration is usually as long as 1 hour to 
1.5 hours (12:30-13:30 or 12:30-14:00). Therefore, the 
context about the western scholars’ researches is far dif-
ferent from Chinese reality, the conclusions of those 
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researches can’t be simply applied to practice in China. 
For the two pieces of reasons above, this research is to 
study the effects of LTN on habitual ‘nappers’ mental 
work efficiency in the afternoon and early evening 
through experiment. 
 
2. METHOD 
 
2.1. Subjects 

30 college students (18 females and 12 males) partici-
pated in the experiment. These subjects have the habit of 
lunch time napping, they have lunch time napping at 
least 4 times a week, and more than thirty minutes each 
time, their night sleep is often from 23:00 to 7: 00, they 
are healthy and don’t have the habits of smoking and 
heavy drinking. They did not take any drug during the 
experiment; meanwhile, all subjects are voluntary and 
given payment. 

2.2. Procedure  

The experiment is a balance intra-group design, that is, 
the 30 subjects were simple randomly divided into two 
groups with the same number. Each group participated 
once in two kinds of condition experiment（Having LTN 
and not having LTN), in order to eliminate the possible 
influence of the shift experimental condition on work 
efficiency in the next day, the two tests under different 
experimental condition which each group subjects par-
ticipated in were conducted at one week interval. In par-
ticular, half of the subjects firstly participated in the ex-
periment under the condition of having LTN, and then 
took the second test under condition of not having LTN 
one week later; the other half took the first test under not 
having LTN condition, and then took the second test 
under having LTN condition after a week. 

In this study, the two kinds of experimental conditions 
are having LTN and not having LTN. The former is to let 
the subject have lunch time napping in dormitory from 
12:30 to 14: 00, and arrive at the lab at 14:25. The later 
is to let the subjects arrive at the lab by 12:30, and they 
can do anything except taking naps until 14:25. In the 
week before the first experiment test and the week in-
terval between the two experiment tests, the subjects 
were required to take normal night sleep and lunch time 
napping everyday, and to keep daily log so as to be 
checked. In order to let the subjects be familiar with and 
proficient at the experimental tasks, in the morning of 
the day before the first experiment test, all subjects par-
ticipated in the instructions of the experiment and took 
15 minutes practice for the three experimental tasks. 

Each experiment includes three periods. The first pe-
riod lasts from 14:30 to 15:30, the second period lasts 
from 16:30 to 17:30, and the third period is from 20:00 
to 21:00. During the experiment, the subjects were not 

allowed to leave the laboratory except for having supper 
outside, they can read novel, play games or chat in the 
laboratory between the three periods. The reason for the 
first period design is that most organizations in China 
require their employees to start work at 14:30 in summer; 
the second period and the third period are to measure the 
effects of LTN on work efficiency before off duty in the 
afternoon and in the early evening. 

In each period of the experiment, all subjects need 
accomplish three tasks: vigilance reaction, short-term 
memory, addition arithmetic, after each task there will be 
five-minute rest. As for the task of vigilance reaction, it 
needs the subjects response to 40 signals; as for the task 
of short-term memory, it needs the subjects recall 20 
groups of English letters; as for the task of addition, it 
needs the subjects judge whether right or not about 30 
equations of pairs of three-digit number addition. It will 
take about one hour to finish all the three tasks. 

In order to motivate the subjects to participate in the 
experiment seriously, we had clarified that better per-
formance and more payment. 

2.3 Experimental Task 

This study chose three typical mental workers as the 
experimental tasks. 

One of the experimental tasks is vigilance reaction. 
This experimental task is completed on the computer. 
There is a clock designed by the researcher on computer 
screen, and the clock is the same as the one in our daily 
life. There is only one exception that its second hand 
occasionally walked 2 grids, and the requirement for 
subjects is to press the “Del” button in low right corner 
of the keyboard when the second hand walked 2 grids, 
then the computer would automatically record the sub-
ject’s response. During the experimental task, the prob-
ability of second hand randomly walked 2 grids was 0.02, 
in other words, the second hand walked 2 grids once 
about on the average of 50 seconds, the probability is 
very appropriate, for if it is too small, signals appeared 
little, it would make subjects divert attention easily; if it 
is too large, signals appeared much, this would lead to 
the loss of the vigilance reaction characteristic. Since the 
second hand walked 2 grids is a random event, so within 
30 minutes on each subject’s computer screen, the num-
ber of signals was different, therefore, and the rate of 
wrong response was to evaluate the level of vigilance for 
the subjects. Here, the rate of wrong response refers to 
the total number which is the number of the second hand 
walked 2 grids but the subject didn’t press the “Del” 
button adds the number of the second hand walked nor-
mally but the subject pressed “Del” button in the propor-
tion of the total number of the second hand walked 2 
grids. 

The second experimental task is short-term memory. 
The earlier research has shown that human short-term 
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memory capacity is very limited and its storage time is 
short, it was considered as the bottleneck of human in-
formation procession. In this task, 20 groups of alphabet 
need the subjects recall one by one, and every group of 
alphabet consist of 10 letters, 10 letters showed on the 
computer screen in succession at a speed of one letter 
every two seconds, when the last letter of one group al-
phabet appeared, there were 10 seconds for the subjects 
to write the letters just showed on the computer screen 
from their memory, the computer will automatically 
compare the letters which the subjects wrote down with 
the alphabet, the number of the letters recalled correctly 
will be taken as the subjects’ short-term memory per-
formance, and the average number of the 20 groups of 
letters recalled correctly will be taken as the data to be 
analyzed in the following. 

The third experimental task is addition arithmetic. The 
computer will display an equation of a pair of three-digit 
numbers addition on the screen every time, such equa-
tions in total up to 30, some of them are wrong, and 
some are right. The task required the subjects to judge 
them whether right or not as quickly and accurately as 
possible. Pressing the button “enter” on the low right 
keyboard when the equation is right, and pressing the 
button “ctrl” on the low left keyboard when the equation 
is wrong, the next equation appeared immediately when 
the subjects completed pressing key, the computer will 
automatically record the judging time and check whether 
the judge is right or not, the average judging time and 
the correct judging rate for the 30 equations will be ana-
lyzed. 

3. RESULTS 

3.1. Vigilance Reaction Analysis 

The vigilance reaction performance under two kinds of 
experimental condition in each period was analyzed by 
paired-samples T test, in addition, the vigilance reaction 
performance under the same experimental condition in 
three periods was analyzed with ANOVA, and the result 
is shown in Table 1. The same analysis to short-term 
memory, addition arithmetic, and results are shown in 
Table 2, Table 3, and Table 4. 

Table 1 shows that in three experimental periods, the 
subjects who took LTN have significantly higher vigi-
lance than those without LTN, such situation especially 
obvious at 14:30-15:30, the napping subjects’ rate of 
signals responded wrong is 10% lower than that of not 
napping ones, even at 16:30-17:30 and 20:00-21:00, the 
rate of signals responded wrong is also 4% lower, which 
proves that lunch time napping exert positive effect on 
vigilance for people no matter in the afternoon or in the 
early evening. 

Table 1 also shows that for the LTN subjects, their 
vigilance hadn’t changed significantly in the three ex-

perimental periods; however, as for the not having LTN 
subjects, their vigilance at 14:30-15:30 is significantly 
lower than that at 16:30-17:30 and 20:00-21:00, there 
wasn’t significant difference between the second period 
and third period. 

3.2. Short-term Memory Analysis 

Table 2 lists the comparative analysis results of subjects’ 
short-term memory capacity under two experimental 
conditions and in three experimental periods. 

It can be seen from Table 2 that only at 14:30-15:30, 
the subjects who took LTN have better short-term mem-
ory performance than those without LTN, at 16:30-17:30 
and 20:00-21:00, there wasn’t significant difference be-
tween them. 

Table 2 shows that, as for the subjects who took LTN, 
the significant difference about short-term memory ca-
pacity wasn’t found in three periods, however, as for the 
subjects who didn’t take LTN, their short-term memory 
performance at 14:30-15:30 is worse than that at 
16:30-17:30 and 20:00-21:00, and there wasn’t signifi-
cant difference between 16:30-17:30 and 20:00-21:00. 

3.3. Addition Arithmetic Analysis 

In order to analyze the effect of LTN on human arithme-
tic calculation performance, this research made the 
comparative analysis of calculation speed and calcula-
tion accuracy rate under two different experimental con-
ditions and in three experimental periods, the results 
shown in Table 3 and Table 4.  

Table 3 lists the comparative analysis results of 
arithmetic calculation speed under two experimental 
conditions and in three experimental periods. 

Table 3 shows that only at 14:30-15:30, the arithmetic 
calculation speed of the subjects who took LTN is sig-
nificantly faster than that of those without LTN, while at 
16:30-17:30 and 20:00-21:00, the significant difference 
wasn’t found between them. 

As can be seen from Table 3, for the subjects who 
took LTN, their arithmetic calculation speed is almost 
the same, but for the subjects who didn’t take LTN, the 
arithmetic calculation speed at 14:30-15:30 is signifi-
cantly slower than that at 16:30-17:30 and 20:00-21:00, 
and there wasn’t significant difference between 
16:30-17:30 and 20:00-21:00. 

Table 4 lists the comparative analysis results of the 
calculation accuracy rate under two experimental condi-
tions and in three experimental periods. 

Table 4 shows that only at 14:30-15:30, the calcula-
tion accuracy rate of subjects who took LTN is signifi-
cantly higher than that of those without LTN, while at 
16:30-17:30 and 20:00-21:00, the significant difference 
couldn’t be found between them. 

As can be seen from Table 4, as for the subjects who 
took LTN, their arithmetic calculation accuracy rate is  
almost the same, but for the subjects who didn’t take LTN,
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Table 1. Vigilance reaction (the rate of signal responded wrong). 

experimental periods 
Experimental 

condition 

the rate of 
signal re-
sponded 
wrong 

14:30-15:30 16:30-17:30 20:00-21:00 
F LSD 

Mean 
0.054 

(NVR1) 
0.063 

(NVR2) 
0.060 

(NVR3) Having lunch 
time napping Std.dev. 0.044 0.043 0.045 

0.309 
NVR1≈NVR2 
NVR1≈NVR3 
NVR2≈NVR3 

Mean  0.148 
(NNVR1) 

0.105 
(NNVR2) 

0.102 
(NNVR3) 

Not Having 
lunch time nap-
ping Std.dev. 0.060 0.055 0.058 

5.948** 
NNVR1> NNVR2 
NNVR1> NNVR3 
NNVR2≈NNVR3 

T 20.828** 10.779** 9.069**  

 
Table 2. Short-term memory capacity (the number of letters recalled correctly). 

experimental periods Experimental 
condition 

Short-term 
memory 
capacity 

14:30-15:30 16:30-17:30 20:00-21:00 
F LSD 

Mean 
8.05 

(NSM1) 
8.09 

(NSM2) 
8.01 

(NSM3) Having lunch 
time napping 

Std.dev. 0.340 0.373 0.412 
0.383 

NSM1≈NSM2 
NSM1≈NSM 3 
NSM2≈NSM 3 

Mean 
7.30 

(NNSM1) 
7.96 

(NNSM2) 
7.92 

(NNSM3) 
Not Having 

lunch time nap-
ping Std.dev. 0.390 0.582 0.334 

20.588** 
NNSM1< NNSM2 
NNSM1< NNSM3 
NNSM2≈NNSM3 

T 31.068** 1.145 1.665   

 
Table 3. Arithmetic calculation speed (seconds/one equation). 

experimental periods Experimental 
condition 

arithmetic 
calculation 
speed 

14:30-15:30 16:30-17:30 20:00-21:00 
F LSD 

Mean 5.06 
(NCS1) 

5.03 
(NCS2) 

4.99 
(NCS3) 

Having lunch 
time napping 

Std.dev. 0.339 0.338 0.402 
0.322 

NCS1≈NCS2 
NCS1≈NCS3 
NCS2≈NCS3 

MeNot Having 
lunch time nap-
ping 

an 5.49 
(NNCS1) 

5.01 
(NNCS2) 

5.04 
(NNCS3) 

Std.dev. 0.402 0.405 0.337 
14.980** 

NNCS1< NNCS2 
NNCS1< NNCS3 
NNCS2≈NNCS3 

T 15.086** 0.813 1.708   

 
Table 4. The calculation accuracy rate. 

experimental periods Experimental 
condition 

the calcula-
tion accuracy 

rate 
14:30-15:30 16:30-17:30 20:00-21:00 

F LSD 

Mean 
0.763 

(NCAR1) 
0.762 

(NCAR2) 
0.766 

(NCAR3) 
Having lunch 
time napping 

Std.dev. 0.041 0.042 0.040 

0.058 
 

NCAR1≈NCAR2 
NCAR1≈NCAR3 
NCAR2≈NCAR3 

Mean 
0.701 

(NNCAR1) 
0.756 

(NNCAR2) 
0.752 

(NNCAR3) 
Not Having 

lunch time nap-
ping Std.dev. 0.763 0.072 0.075 

5.272** 
NNCAR1< NNCAR2 
NNCAR1< NNCAR3 
NNCAR2≈NNCAR3 

T 7.423** 0.670 1.391   

 
the arithmetic calculation accuracy rate at 14:30-15:30 
is significantly lower than that at 16:30-17:30 and 
20:00-21:00, and there wasn’t significant difference be-
tween 16:30-17:30 and 20:00-21:00. 

4. DISCUSSION 

4.1. Conclusions 

This research showed that as for the subjects who didn’t 
take LTN, their mental work performance at 14:30-15:30 
is significantly worse than that at 16:30-17:30 and 
20:00-21:00, while as for those who took LTN, their 

mental work performance almost is the same in three 
experimental periods, which indicated that midafternoon 
nap zone as Hayashi et al. [10], Broughton mentioned 
exists objectively for habitual nappers [11], this experi-
ment provided the direct evidence for their standpoint. 
This research also showed that the subjects who took 
LTN have significantly better mental work performance 
than those without LTN at 14:30-15:30, which proved 
that LTN could overcome habitual nappers’ “midafter-
noon nap zone”. 

It is interesting that as for mental work performance 
of such task as short-term memory and arithmetic calcu-
lation, there wasn’t significant difference between the 
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subjects who took LTN and those who didn’t take it at 
16:30-17:30 and 20:00-21:00, however, as for vigilance 
reaction, the subjects who took LTN have significantly 
better performance than those who didn’t take it at the 
periods as above, which may be caused by the different 
nature of the experimental tasks. In specification, the 
experimental task of vigilance reaction is relatively bald, 
such tasks may easily induce the subjects who didn’t 
take LTN to desire sleep, and the result is that their per-
formance is worse than the subjects who took LTN. Ha-
yashi et al. also took for that nap could reduce human 
sleepiness and enhance vigilance [7,8,12]. However, as 
for short-term memory and arithmetic calculation, these 
tasks’ mental workload are relatively overload, the sub-
jects who didn’t take LTN weren’t easily to stimulate 
sleepiness, and the result is that their performance are 
the same as those who took LTN. Hayashi et al. have 
also gotten such conclusion [7]. This research results 
indicated that the effect of LTN on habitual nappers’ 
mental work performance is moderated by the nature of 
mental work at 16:30-17:30 and 20:00-21:00.  

It is worth noting that this research didn’t deny the 
existence of sleep inertia. Hayashi et al. hold that sleep 
inertia is inevitable [7], and Taub [13], Dinges et al. be-
lieved that sleep inertia may last 15-35 minutes [14]. In 
this study, the measurement of mental work performance 
is carried out 30 minutes after LTN, as for the subjects 
who took LTN, their mental work performance has not 
changed significantly, which provides indirect evidence 
for that sleep inertia may last 15-35 minutes, because if 
sleep inertial exceeds 30 minutes, the mental work per-
formance of the subjects who took LTN at 14:30-15:30 
should be lower than that at 16:30-17:30 and 20:00-21:00, 
but this experiment result wasn’t the case.  

It should be noted that the above conclusions are got 
with the subjects who have LTN habit and took normal 
sleep at night and 1 hour and a half naps at noon, if ex-
perimental context was not the case, the conclusion of 
this study may be different, many scholars believed that 
the effects of naps depend on the duration of prior wake-
fulness, the time of day of the nap, and its duration 
[15,16].  

Many people feel that they are sleepy and work ineffi-
ciently in the afternoon and evening without LTN; how-
ever as for the complex and over-workload task, such as 
short-term memory and arithmetic calculation, the con-
clusion of this study is contradict with it, it doesn’t mat-
ter whether to take LTN or not, human work perform-
ance of such complex task at 16:30-17:30 and 20:00-21:00 
is the same, the reason may due to the difference be-
tween experiment and reality. In the experiment, sub-
jects’ attention is highly focused, the pace of task is rela-
tively fast, the experiment duration is short (each period 
about 1 hour), and also strong incentive provided. In 
reality, the pace of many tasks is slow, and the work du-

ration is long, which easily induce people to be relaxed 
and stimulate sleepiness. Despite some difference be-
tween experimental context and reality, we think that 
this experiment proved that at least in theory, for com-
plex and over-workload mental work, LTN is a phe-
nomenon to be overcome temporarily in the later after-
noon and in the early evening (16:30-17:30 and 
20:00-21:00), not having LTN didn’t exert significant 
negative effect to the performance of such task. 

4.2. Recommendations 

As for habitual nappers, because of LTN can ease such 
physical embarrassment as mid-afternoon nap zone, 
therefore, LTN is needed if conditions allow, especially 
for those whose home is near to their work site. For the 
task of vigilance reaction, LTN is particularly important 
because LTN can improve its performance in the after-
noon and evening. 

Whether having LTN or not has great influence on 
habitual nappers’ mental work efficiency at 14:30-15:30 
in order to eliminate the negative influence, on one 
hand, the government departments should try to avoid 
arranging important mental activities at this period of 
time, such as examinations, and so on. Unfortunately, 
Chinese government departments doesn’t seem to no-
tice it, for example, the most important college en-
trance examination, its examination time in the after-
noon was always from 14:00 to17:00, as for some 
students who did not take LTN, their test score are 
likely to be lower than their real achievements, which 
is unfair for them to compete with students who have 
comfort LTN condition. On the other hand, many 
Chinese enterprises should adjust their shiftwork 
schedule, that is changing the present shiftwork time-
table (8:00-16:00, 16:00-24:00, 24:00 -8:00) into the 
new one (6:00-14:00, 14:00-22:00, 22;00-6:00), which 
can let habitual nappers avoid not had HLT on duty 
yet at 14:30-15:30. 

4.3. Limitations and Future Directions 

All the subjects participated in this experiment have 
LTN habit, although it consists of the Chinese work and 
rest mode, we can’t find out the effect of LTN on mental 
work efficiency of those who haven’t LTN habit, there is 
no doubt that to study it is an interesting work, for ex-
ample, if we find that LTN has no significant effect on 
mental work efficiency of those who haven’t LTN habit, 
in addition, changing the LTN habit doesn’t bring sig-
nificant bad physical influence, then to reform Chinese 
public sectors’ work and rest timetable is go without 
saying, because the timetable (9:00 -17:00) in many pri-
vate sector is more reasonable than the timetable (8:00 
-12:00 and 14:00-17:30) in public sectors obviously, 
which keeps the continuity of eight hours work a day 
and not require the public to wait out of the government 
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ABSTRACT 

Atopic dermatitis (AD) is a common chronic, 
pruritic, relapsing inflammatory skin disease 
that affects about two to three percent of the 
adult population in Sweden. It is characterized 
by dry, itchy skin and is aggravated by stress. 
This study examined if relaxation through 
movement and body awareness can reduce 
stress and eczema in patients with AD. Nine pa-
tients with atopic dermatitis whose condition 
worsened due to stress were treated with a 
body balance relaxation method. Estimation of 
extent of skin lesions, pruritus, salivary cortisol, 
as an objective marker for chronic stress, and 
subjective stress, and DLQI, were performed. Of 
these parameters, the extent of skin lesions, 
pruritus, and the subjective stress were de-
creased as well as chronic stress. This study 
indicated that relaxation using body balance 
reduced stress and eczema in patients with 
stress-related atopic dermatitis. 
 
Keywords: Atopic Dermatitis; Body Balance;   
Eczema; Relaxation; Stress. 

1. INTRODUCTION 

Atopic dermatitis (AD) is a common, pruritic, chroni-
cally relapsing inflammatory skin disease that is often 
associated with other atopic manifestations such as 
bronchial asthma, allergic rhino-conjunctivitis and food 
allergies. The etiology of AD is unknown, but it is pre-
sumed to be multifactorial with interaction between ge-
netic and environmental factors [1]. The skin disease is 
typically present in early childhood and may continue or 
recur later. It affects about two to three percent of the 
adult population [2]. There is geographical variation in 
the prevalence of eczema in adults both within and be-
tween countries and it has become more prevalent in 
recent decades [3]. The diagnosis of atopic dermatitis is 
usually based on several variables, including anamnestic 

and clinical findings. The criteria of Hanifin and Rajka 
[4] have been scientifically evaluated and can be applied 
successfully in the clinical situation. Important trigger 
factors are irritants, microbial agents, food, hormones 
and stressful life events [5]. 

Emotional stress has a great influence on the immune 
system and can be manifested in skin disease [6]. A 
stress reaction is a nonspecific response of the organism 
to any type of burden or threat. A stimulus is perceived 
as stressful if the individual does not believe that he or 
she can exercise any influence on the frequency and in-
tensity of the stimulus. It is a highly regulated, wide-
spread reaction and a number of hormones are activated 
during a stress response.  

Relaxation has been used to treat atopic eczema pa-
tients and dermatological treatment combined with mas-
sage [7,8] and behavioral therapy has been reported to be 
an effective method [9]. 

The aim of the study was to examine a method of re-
laxation for this group of patients, who usually have 
problems finding a way to relax by themselves, in order 
to reduce chronic stress since stress is a worsening factor 
for patients with AD. Subjective stress was investigated 
by using a stress enquiry, and objective stress by using 
cortisol as an indicator of chronic stress [10]. 

2. MATERIAL AND METHODS 

2.1. Patients 

Nine women with AD, with a mean age of 32 years 
(range: 19 to 42) who had active atopic moderate to se-
vere dermatitis (as defined by the criteria of Hanifin and 
Rajka [4]) were referred to the Neurocutaneous recep-
tion at Karolinska University Hospital in Solna, Sweden, 
by other dermatologists. Each had a history of eczema 
being aggravated by stress.  

The patients evaluated their ongoing stress level and 
the intensity of itching by using a Visual Analog Scale 
from 0 to 100 (0 = nothing, 100 = worst) before and after 
each treatment. They also evaluated the percentage of 
body surface covered by eczema by using a Visual Ana-
log Scale from 0 to 100 and completed a “Dermatology 
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Life Quality Index” (DQLI) before and after the treat-
ment period. Each patient received five individual treat-
ments, once a week. Each session lasted approximately 
1.5 hours. The patients have their usual topical treatment 
during the period of stress relaxation. 

2.2. Salivary Cortisol Test 

Salivary cortisol samples were obtained from all pa-
tients before and after the period of treatment. The 
saliva samples were collected in plastic vials at 8.00 
am on three consecutive days. At 10.00 pm on the last 
day, 0.25 mg of dexametason was administered orally, 
followed by a new cortisol test on the following 
morning. The samples were stored at -20oC until 
analysis and cortisol concentrations were determined 
using a radioimmunoassay kit (Spectria Cortisol, 
Orion Diagnostica, Espoo, Finland). The ratio of the 
mean of the previous three values to the last cortisol 
value was determined, with a low ratio being an indi-
cator of chronic stress [7]. 

2.3. The Dermatology Life Quality Index (DLQI)  

The DLQI consists of ten items covering different as-
pects of skin disease-related symptoms during the pre-
vious week. There are four alternative responses to each 
question: “not at all, “a little,” “a lot” and “very much,” 
with corresponding scores of 0, 1, 2, 3, respectively. The 
total score is calculated by adding the scores for each 
question, and the total score ranges from a minimum of 
0 to a maximum of 30, with a higher score indicating a 
greater impact on quality of life. The Danish version of 
the DLQI has previously been shown to have satisfac-
tory reliability and validity [11]  

2.4. The Body Balance Relaxation Method  

The Body Balance relaxation method is a program of 
body awareness exercises designed to enhance mental 
and physical awareness. The patient becomes more 
aware of his or her body and emotions at the time of 
treatment, which enhances his or her sense of self 
awareness and relaxation. The exercises are done with 
the patient in sitting and recumbent positions, and the 
time required for the treatment is between sixty and 
ninety minutes. 

The Body Balance relaxation method divides the body 
into seven different levels:  

1) Pelvic floor, including legs and feet, 2) Pelvis, 3) 
Solar plexus, 4) Thoracic cage, 5) Neck, 6) Forehead and 
head, 7) Top of the head. 

During the treatment, the patient is instructed to con-
centrate on one level at a time, focusing first on the pel-
vic floor in a sitting position and then the rest of the 
program while lying down, continuing level by level to  
the top of the head.  Each level is treated as follows: 

1) Movement: The patient makes slow cross-lateral 

movements and rotations along and around the center 
line of the body as well as movements between the upper 
and lower parts of the body.  

2) Breathing: The patient is instructed to inhale and 
exhale in pace with the movements, and then to relax 
and breathe freely. The exercises stimulate abdominal 
breathing and the patient experiences a deepening of 
breathing and an increased feeling of roominess in his or 
her thoracic cage.  

3) Sound: The patient also makes vowel sounds to-
gether with the movements, with different vowels used 
for each level, for example, an “o” sound for the pelvic 
floor.  

4) Color: The patient is asked to visualize colors dur-
ing the program, with one color used for each level, for 
example, visualizing red when concentrating on the pel-
vic floor.  

Movements, breathing, sound and color help the 
patient focus on one level of the program at a time. 
Once the patient has focused on a particular part of 
the body, he or she is instructed to lie back and relax. 
During relaxation, the patient notes how the particular 
part of the body feels and how mentally and physi-
cally relaxed he or she is at that time. With practice, 
the patient can use this technique alone to achieve 
relaxation and inner balance as well as to improve self 
awareness. 

2.5. Statistical Methods 

The total sum of stress, skin symptoms and DQLI 
scores for patients in the group was compared using 
the Wilcoxon Signed Rank Test. The level of signifi-
cance was set at p0.05. 
 
3. RESULTS  
 
3.1. Extent of Eczema 

The mean percentage of body surface covered by ec-
zema before the first session was 46, range 10-90, and 
after the last session was mean 29, range 10-60, with a 
strong tendency to a decrease (p=0.068) (Table 1 and 2).  

3.2. Itching 

Before the first session, the mean of itching scored on 
the Visual Analog Scale was 39, range 9-73, and after 
the last session 5, range 0-23, with a decrease (p0.01).  

3.3. Stress Score 

Before the first session, the mean of the subjective stress 
score was 46, range 18-79, and after the last session, 
mean 3, range 0-21, with a decrease (p0.01).  

3.4. Cortisol Ratio 

The mean of the cortisol ratio before the first session 
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Table 1. Before the treatment. 

Patient Extent Pruritus Stress Cortisol ratio DLQI 

  46 22 0.8 10 

  70 49 1.3 11 

  22 24 0.8 19 

4 20 9 18 2.7 10 

5 20 13 32 0.4 2 

6 1 80 69 1.9 13 

7 2 70 60 0.2 4 

8 3 60 63 0.4 8 

9 10 49 79 1.2 7 

Mean 46 39 46 1.0 9 

 
Table 2. After the treatment. 

Patient Extent Pruritus Stress Cortisol ratio DLQI 

1 30 7 0 2.0 8 

2 40 0 0 5.2 12 

3 60 23 3 10.4 17 

4 20 2 1 6.9 10 

5 20 0 0 3.1 1 

6 30 2 21 2.0 17 

7 20 0 0 3.6 1 

8 30 10 0 5.7 10 

9 10 0 1 5.3 4 

Mean 29 5 3 4.9 9 

 
was 1, range 0-3, and after the last session, mean 5, 
range 2-10. Thus, there was an increase (p0.01), indi-
cating a lower level of chronic stress following treat-
ment. 

3.5. DLQI 

Before the first session, the mean of DLQI was 9, range 
4-19, and after the last session being 9, range 1-17, with 
no evident difference. 
 
4. DISCUSSION 
 
Personality and stress may play important roles in the 
pathogenesis of AD [12]. AD can be induced or wors-
ened by stress, and all of the patients involved in the 
study confirmed that stress is an initiating or exacerbat-
ing factor. We do not know exactly how many patients, 
indicating that stress impairs their eczema, but all pa-
tients with AD who seeking to Karolinska Hospital may 
offer to go on neurocutana reception, where stress man-
agement is part of the treatment. The atopic dermatitis 
outpatients at the Neurocutaneous reception were re-
ferred in order to reduce their chronic stress levels. Some 
of the patients had tried different types of relaxation be-
fore without success. All together, the components of the 
program helped patients to reduce stress and increase 
physical and mental awareness. In this limited study in 
which women with stress-related atopic eczema partici-
pated, we have shown that this type of relaxation has 

tended to reduce the inflammation of the skin. Unfortu-
nately, during this period, no men participate in the study, 
but to reduce stress is important in the treatment of in-
flammatory diseases for all patient categories. 

The body balance method stimulates several senses 
and gradually improves physical and mental awareness. 
The design of the movements and total focus on one part 
of the body at a time make the method meditative, so it 
is easy to let go of thoughts and stay focused on the body. 
The movements reduce muscular tension along the spine 
and provide physical relaxation. The patient also be-
comes more aware of the location of tension and tender 
points in the back and how they change during treatment. 
This increases the patient’s awareness of what is hap-
pening in his or her body.  

During treatment, it was observed that the patients’ 
movements increased when they reported feeling 
stressed or worried while their movements slowed and 
became more rhythmical as they gradually began to re-
lax. Relaxation was enhanced through the vocalization 
of sounds, which tended to reduce the tempo of the pa-
tients’ movements, and coordination was enhanced 
through the synchronization of movement, breathing and 
sound. 

All of the patients in the study reported a reduction in 
stress at each session and cited that they felt that they 
were centered in the core of their bodies. Seven of the 
nine patients reported that this feeling of being centered 
lasted for some time after the sessions, from a couple of 
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hours up to several days. 
One patient, who had been on sick leave for approxi-

mately one year due to burnout and who experienced 
bouts of anxiety especially in the evenings, found that 
she felt less stressed and anxious at each session and 
experienced less stress in daily life. She also reported 
that her skin did not itch or burn as much or as often as 
before. This patient was also able to reduce her anxiety 
outside of the sessions by using the body balance 
method. This positive effect was confirmed by an inde-
pendent psychologist who had been seeing the patient 
for several months prior to the study.  

The main symptoms of AD are dryness of the skin and 
severe pruritus. This occurs episodically or persistently 
in the eczematous areas and leads to vigorous scratching. 
Unconscious scratching may be particularly severe dur-
ing the night, resulting in poor sleep. During the study, 
the patients became relaxed during the sessions and their 
skin reactions decreased. They reported less or no itch-
ing, burning or pain compared to before the sessions. 
They also reported that they were able to maintain this 
sense of relaxation for some time afterwards. 

It is possible that the lack of impact on the DLQI 
might be due to the rather short time period of the study, 
with a latency in the recording of changes in this pa-
rameter. The patients may have adapted to their illness 
and had a negative self-esteem and they may have 
needed psychological counseling to reduce their avoid-
ance and helplessness [10]. For this reason, it would be 
interesting to conduct a longer study on the body balance 
method. 

In this uncontrolled study, we have focused on relaxa-
tion with a body balance method. Though there was no 
indication of an increased use of topical treatment, using 
steroids, within the studied patients, it would be useful to 

erform a similar controlled study. p 
 
5. CONCLUSIONS  
 
Stress management is an important part of the treatment 
of stress-related eczema. Relaxation through body bal-

ance may be a method to reduce subjective and objective 
stress and eczema in atopic eczema patients. 
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ABSTRACT 

Using data on suicide terroristic attacks in Israel, 
Iraq and Afghanistan (1062 cases 1994-2008) it 
was found that certain patterns of heliogeo-
physical factors were similar in all countries 
studied, and typically accompanied such acts. 
Geomagnetic activity significantly increased 
(p<0.0001) at the day of attack and at the next 
day following attack. Interplanetary magnetic 
field polarity tends to change at the day before 
attack (p<0.03) and at the day after attack 
(p<0.007). 
 
Keywords: Heliogeophysical Factors; Geomanetic 
Activity; Interplanetary Magnetic Field; Suicide  
Terroristic Attacks 

1. INTRODUCTION 

Variable Solar processes (flares, plasma, alternating 
magnetic fields etc.) have an essential influence on the 
parameters of the environment by the interaction with 
the Earth sheaths (magnetosphere, ionosphere, tropo-
sphere etc.) [1,2]. As shown in literature [3,4], the geo-
magnetic disturbances and changes of interplanetary 
magnetic field polarity (caused by crossing by the Earth 
of the interplanetary magnetic field sector boundaries) are 
biologically effective heliogeophysical events. Depend-
ing on the level of geomagnetic disturbance, the power 
of alternating magnetic fields in the frequency range of 
10-4-10 Hz may vary between 0-500 nTl globally.  

Following the classical work of Alexander Thiz-
hevskiy [5], it is commonly recognized, that heliogeo-
physical factors may promote social perturbances by 
influencing the mental state of people. Terrorism cur-
rently is a global challenge. Its prevention becomes a 
significant interdisciplinary problem. In our previous 
research, it was found that international terroristic activ-

ity and heliogeophysical parameters have the same 
rhythmic structure in range from 2 days to 30 years [6]. 
The criminal activity in different regions of the former 
USSR correlated with fluctuations of Ap-index of geo-
magnetic variations [7]. A synchronism was found in the 
crimes of serial maniacs in USA and Russia. The major-
ity of such crimes coincided with the increases in geo-
magnetic activity [8]. Over many years, significant re-
sults were received by M. Mikulecky [9]. Using  his-
torical data consisting of two time series concerning 
revolutions in Europe and China, and of eight time series 
from activities in science and arts registered from five 
geographic areas, it was found that revolutions culmi-
nated near to Solar maxima, while cultural flourishing is 
usually shown distinctly near to Solar minima. In an-
other research, it was proved that the numbers of armed 
conflicts for the first half of the twentieth century were 
moderately associated with the global geomagnetic ac-
tivity of the same year [10]. In extensive research [11], 
the occurrence of an approximate 10-year periodicity of 
the creative activity in West-European and Chinese 
painting, poetry and science in the period from 1400 to 
1800 is shown. As a rule, the peaks of creative work in 
China align with those in West Europe.  

However, influence of heliogeophysical factors on 
suicide terror attacks has never been demonstrated pre-
viously.  
 
2. MATERIALS AND METHODS 
 
To address this subject, we examined daily Solar activity 
(Sunspot Numbers), global geomagnetic activity 
(C9-index), interplanetary magnetic field (IMF) polarity 
at interval of ±5 days near the date of attack (zero day) 
using the superposed epoch method [12]. To reduce the 
possible influence of long-term large-scale variations of 
heliogeophysical factors, each segment of ±5 days’ data 
was standardized: mean value was subtracted from ini- 
tial data termwise, and the result divided by standard 
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Figure 1. Changes in geomagnetic activity at interval ±5 days near the day of sui-
cidal terror attack (zero day). 1062 cases are combined. Horizontal axis: time (days). 
Vertical axis: variations of C9-index of geomagnetic activity. 
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Figure 2. Changes in IMF polarity at interval ±5 days near the day of suicidal 
terror attack (zero day). 1062 cases are combined. Horizontal axis: time (days). 
Vertical axis: variations of C9-index of geomagnetic activity. 

 
deviation. Statistical significance of tendencies in helio-
geophysical factors near the day of attack was calculated 
using Wilcoxon criterion. 

The data on suicide terror attacks during 1994-2008 in 
Israel (n=133), Iraq (n=843) and Afghanistan (n=86) 
were obtained using public sources from Israel Ministry 
of Foreign Affairs and Memorial Institute for the Pre-
vention of Terrorism (USA). 

3. RESULTS AND DISCUSSIONS 

No significant associations were found with Solar activ-
ity. However, in combined cohort (1062 cases) geomag-
netic activity significantly increased (p<0.0001 by Wil-
coxon criterion for unpaired groups) at the day of attack 
and the day after attack (i.e. 0 and +1 days) comparing 
with other days (Figure 1).  
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IMF polarity tends to change at the day before attack 
(–1 day) comparing with the values in the previous day 
(p<0.03 by Wilcoxon criterion for paired groups) and at 
the day after (+1 day) comparing with the values in the 
previous day (p<0.007) (Figure 2). 

These patterns in geomagnetic activity and IMF polar-
ity are similar in all regions studied. It can be assumed 
that geomagnetic variations can have an influence on a 
readiness to perpetrate a suicidal terror attack possibly 
by influencing personal suicidal tendencies of the terror-
ist. Moreover, recent studies support the idea that suicide 
terrorism and general suicidality may have some com-
mon underpinning biological and psychological mecha-
nisms [13,14].  

Changes in natural electromagnetic and acoustic 
waves (through the action of heliogeophysical factors) 
affect all physiological systems of organism: brain func-
tioning [15], cardiovascular system [16,17], blood cells 
properties [18] etc. Moreover, biological rhythms of or-
ganism are synchronized not only by social and seasonal 
factors, but also by the quasi-periodical changes in helio- 
geophysical factors [19]. It may cause the correlation of 
psychic state with a geomagnetic activity. For example, 
in many experimental series, even among healthy indi-
viduals it was shown that reports of diminished pleas-
antness significantly correlate with the level of global 
geomagnetic activity [20]. There is also a positive rela-
tion between level of aggression in rats and geomagnetic 
activity [21]. In our recent study, the levels of aggression, 
well-being, anxiety and general motivation and activity 
were daily self-diagnosed and reported during Febru-
ary-April 2008 by 17 healthy volunteers. Significant 
increase of anxiety and worse well-being was observed 
at the time of geomagnetic disturbances and increase of 
anxiety and aggression at the time of changes in IMF 
polarity [22].  

Among the possible physiological mechanisms of 
triggering influence of geomagnetic activity on a psychic 
state are: inverse relation of melatonin with a geomag-
netic activity [23], redundant synchronization of brain 
electric activity in a temporal cortex playing an impor-
tant role in the mechanisms of emotions [24], and in-
crease of adrenalin concentration in blood [25] that may 
influence the level of aggression. Disturbances in acous-
tic noise of extremely low frequencies (infrasound) also 
substantially correlate with the level of geomagnetic 
disturbance [26]. The psychotropic influence of infra-
sound is well-known and confirmed through experiments: 
it causes nervous petulance, increase of pulse rate and a 
general condition of intensive anxiety [27] as well as 
negative influence on the state of circulatory system [28]. 
Changes in the interplanetary magnetic field polarity 
also could have an adverse influence upon the nervous 
system and other physiological systems of organism [29, 
30], probably due to “Pc1” micropulsations of geomag-
netic field, which are presented in the environment ex-

actly when interplanetary magnetic field polarity is 
changing [31]. It was shown that Pc1 micropulsations 
are detrimental to health [32]. 

In spite of the fact that some terrorist attacks are 
scheduled beforehand on a definite date, a number of 
attacks allow various degrees of freedom in choosing an 
exact time by design of terrorist, because psychologi-
cally an attack is an action of individual even if the ter-
rorist belongs to group or sect [33]. Terrorists often hap-
pen to be excitable psychopaths; most of them are in 
condition of chronic emotional stress [34]. It means that 
an essential part of terroristic attacks may be launched 
by the spontaneous changes in psychic state of terrorist, 
which can be influenced by the heliogeophysical factors, 
playing the role of the “last drop”. This supposition is 
supported by results of independent observations: the 
geomagnetic disturbances stimulate exacerbation of de-
pression at psychiatric patients [34]; suicides rates rise 
after increases in geomagnetic activity [35,36]. 
 
4. CONCLUSIONS 
 
It may be hypothesized that while the majority of suicide 
terror attacks are planned within some time-frame, 
changes of mental state and actualization of personal 
suicidal tendencies may contribute to determination of 
the exact date of realization of the terroristic act. Par-
ticular changes in the ambient electromagnetic and 
acoustical signals caused by heliogeophysical factors 
could promote the exacerbation of mental state and act 
as a trigger for launching of the suicidal-terroristic be-
haviour. In the majority of cases, geomagnetic distur-
bances and changes in interplanetary field polarity are 
well forecasted. So, it is possible to predict the intervals 
of time when a terroristic threat is higher than in aver-
age. 
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ABSTRACT 

Objective: To understand the health status of 
transitional resettlement sites and the needs 
of residents on health education, and to pro-
vide basis for conducting health education 
after ear- thquakes and other public emergen-
cies. Method: From May 31 to June 2, 2008 (19 
to 21 days after the earthquake), field obser-
vation, questionnaire survey, and structured 
interviews were conducted in five transitional 
resettlement sites. Information on health 
status, health service, health education, and 
residents’ needs on health education was col-
lected. Results: 430 questionnaires were dis-
tributed and 424 valid completed ones were 
returned. Food and water were adequately 
supplied. Clinics for health assistance were 
established and environment disinfecting was 
conducted regularly by public health profes-
sionals. Health education was available to 
residents. The large proportion (98.6%, 97.9%, 
88.7%, and 93.2% respectively) of the residents 
acknowledged that water supply, food supply, 
lavatories, and health service were adequate 
to fulfill basic needs. The overall disease in-
cidence of surveyed residents was 44.8%, and 
diarrhea and fever with respiratory symptoms 
were the most common diseases. Among 
residents’ needs on disease prevention knowl-
edge and skills, basic knowledge of infectious 
diseases was most desirable (49.8%), and 
safety knowledge of water uses was secon-
darily most desirable (36.8%). The most fa-
vored approach of obtaining knowledge was 
watching television. Conclusions: In the pe-
riod of 20 days after the earthquake, Living 
security, health facilities, and health care ser-
vice could satisfy residents’ basic needs. 
Post-disaster health education should con-
centrate on basic knowledge and skills of 

communicable diseases and health- risky be-
havior. Timely distributing disease prevention 
materials could be effective. 
 
Keywords: Earthquake; Disaster Areas; Health 
Status; Health Education; Needs; 

1. INTRODUCTION 

On May 12, 2008, an earthquake with magnitude 8.0 hit 
Wenchuan, Sichuan Province. The quake caused thou-
sands of deaths and injured, destroyed buildings and 
roads, and brought about huge financial loss. In the af-
fected area, water and electricity supply were interrupted, 
and health care facilities and systems were enormously 
damaged, which resulted in the high risk for the outbreak 
and epidemic of intestinal communicable diseases, vec-
tor-borne diseases, food-borne diseases, diseases of 
natural focus, and infectious diseases transmissible be-
tween human and animals. Food and water safety, envi-
ronmental health, health care service, and 
post-earthquake health education were the most impor-
tant issues in disaster relief. To understand the health 
condition of transitional resettlement sites and residents’ 
needs on health education, Health Education Institute, 
Chinese Center for Disease Control and Prevention 
(China CDC) (Note：now named Chinese Center for 
Health Education/ Heath News Communication Center, 
Ministry of Health of China) conducted this study from 
May 31 to June 2, 19 to 21 days after the earthquake. 
 
2. METHODS 
 
2.1. Participant  

The resident in five transitional resettlement sites in 
Mianyang city, Sichuan Province were surveyed by the 
same questionnair, and they were from Beichuan 
county, one of the worst-hit areas. Four hundred and 
thirty questionnaires were distributed, and four hun-
dred and twenty four valid questionnaires were re-
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turned. Sixty participants (14.2%) were currently liv-
ing in Huangtu transitional resettlement sites, seventy 
two (17.0%) in Anzhou driving school, one hundred 
and fourteen (25.9%) in Leigu, Beichuan, and sixty 
eight（16.0%) in Gaoxin. Participants were Beichuan 
County residents, 208 males and 216 females. The 
average age was 35.3±13.3,, the minimum age was 10 
and the maximum age 84. Most of them (70.5%）had 
an elementary or middle school degree,and 78.3% of 
them were from Qiang minority race.  

2.2 Sampling Methods  

Convenience sampling method was used to select five 
sites for observation and participants for survey. Age and 
gender were proportionally distribute. 

2.3. Observation 

Administrators examined the heath condition, health 
care, and health education at transitional resettlement 
sites. Collected information included water and food 
supply, living health condition, environmental health 
(i.e., lavatories, and garbage collection and manage- 
ment), health care and drug supply, and the condition of 
health education. 

2.4. Questionnaire Survey  

The questionnaire was self-designed and some contents 
were derived from environmental assessment question-
naire developed by China CDC and WHO [1-3], includ-
ing several dimensions: water and food supply, health 
condition, health care, incidence of diseases, and post- 
disaster needs. Participants were interviewed face-to- 
face by administrators. 

2.5. Personal In-Depth Interview  

Participants were randomly selected from those who 
were recruited for questionnaire survey. Interviews fo-
cused on post-disaster water and food supply, personal 
hygiene stuff, the interruption of cooking food, residents’ 
evaluation on health education materials, and the major 
difficulties they were facing.  

2.6. Quality Control Survey Administrators 
Received Standardized Trainings 

They were guided and supported by local health depart-
ments. Participants were informed of the intent and im-
portance of the study. Leaders of each survey group su-
pervised the information collection process and assessed 
every returned questionnaire  

2.7. Statistical Analysis  

Epi data 3.0 was used to help data entry, and SPSS 13.0 
was used to conduct statistical analysis. 

3. RESULTS 

3.1. Health Condition and Health Care 

It was indicated by observation and survey that there 
was sufficient drinking water and food supply in transi-
tional sites. Lavatories were enough to serve temporary 
residents. Every transitional site had established tempo-
rary health assistance and professionals to carry out en- 
vironmental disinfection. Health education in form of 
health materials, posts, lectures, and volunteer in-door 
health promotion was delivered. However, water for 
living was not adequate at several sites, and the types of 
medicine were limited, as shown in Table 1 and Table 2. 

3.2. Diseases and Sought for Health Care 

Fifty eight participants (13.7%) ever had diseases or 
symptoms. Diarrhea (54.2%) and fever with respiratory 
symptoms (32.1%) were the most common health prob-
lems.  

3.3. Health Education Condition and Needs 

3.3.1. Residents’ Health Knowledge, Belief and 
Practice 

Participants had some health-related knowledge and high 
level of awareness of drinking water safety and rabid. 
However, unhealthy behaviors occurred among residents, 
including drinking uncooked or unprocessed water, us-
ing domestic water that had not been disinfected, and 
failing to discharge leftovers as shown in Table 3. 

3.3.2. Health Education Needs 
In response to the question of the two most desirable 
things, 101 participants (23.8%) expressed that one of 
them should be health and disease prevention knowledge, 
while the majority of them supported that they should be 
the living necessities including water, food, and resi-
dence. Thirteen participants thought that they did not 
need any assistance. In response the question of the two 
most desirable medical assistances, 188 participants 
(44.3%) supported that one of them should be diseases 
prevention knowledge and skills, while the majority of 
them wanted convenient health care service. Twenty six 
participants (6.1%) thought they did not need any health 
assistance. When it came to knowledge and skills of 
diseases prevention, basic information about communi-
cable diseases was most favored, as shown in Table 4. 

3.3.3. Where to Access the Knowledge and 
Skills of Disease Prevention 

Participants gained knowledge and skills mainly from 
the health education materials, including booklets, bro-
chures, foldouts, and posts, and the programs broad 
casted by the speakers in transitional sites were the most 
popular strategy to deliver health education. The most 
favorable way is television and materials. 
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3.4. Personal Interview Results 

One hundred and thirteen participants were inter-
viewed. Twenty eight (24.8%) were currently living in 
Huangtu transitional resettlement sites, twenty five 
(22.1%) in Anzhou driving school, thirty six (31.9%) 
in Leigu, Beichuan, eighteen (15.9%) in Yong’an, and 
six (5.3%) in Gaoxin. There were 43 males (38.1%) 
and 70 females (61.9%). The average age was 40.3± 

6.5, the minimum age was 10 and the maximum age 
was 71. Most of them (78.9%) were from 18 to 59 
years old. 

The percentages of participants who experienced in-
terruption of food, drinking water, domestic water, lava-
tory, safe living places, health care, bathroom stuff, and 
food processing stuff were 45.0%, 45.5%, 44.4%, 46.2%, 
53.3%, 48.1%, 53.8% and 83.0%, respectively. 

 

Table 1. Health condition and Health care. 

Items Condition Identified problems 

Food 
Collectively and adequately supplied; Mainly 
packaged food; Infant formula milk powder sup-
plied; A few cooked food supplied. 

Singleness of food types; Impossible 
for cooking processing.   

Drinking water Mainly bottled; Collectively supplied. Cooked water supply not sufficient 

Domestic water 
Water disinfection by big water processing equip-
ments; Collectively supplied; Water collection sites 
with 50 meters or five-minute walking distance. 

If water from rivers or springs was 
used, disinfection could not be done by 
residents. 

Residence condition 

Mainly tents set by governments; Approximately 
12 square meters for 8-10 residents; Temporary 
wood buildings established for health care assis-
tance use. 

Extreme density. 

Lavatory 
Mainly dry lavatories build after the tremor; 
Cleaned every day; Within 50 meters and five- 
minute walking distance. 

The hygiene of the lavatories survived 
from the tremor and commercial lava-
tories were not acceptable. 

Environmental 

health 

Most garbage cans topped and depleted every day; 
Insecticide applied two times a day; Mosquito nets 
distributed to children; Livestock feeding stuff 
possible at several sites and animals fenced. 

Uncanned garbage found in transi-
tional sites. 

Health care 
One or more health care place for each site, within 
50 meters and five-minute walking distance. 

Supply of medicine for chronic dis-
eases adequate. 

Health education 
Posts and brochures distributed; Health knowledge 
promoted by medical professionals and volunteers; 
Broadcasting programs available in some sites. 

Materials mainly in the form of leaflets 
and brochures; Content deficient in 
diversity. 

 
Table 2. Residents’ evaluation on health condition and health care. 

 Items Reaction Number % 
Drinking water Completely satisfied 316 74.5 
 Basically satisfied 102 24.1 
 unsatisfied 6 1.4 
Food Completely satisfied 295 69.6 
 Basically satisfied 120 28.3 
 unsatisfied 9 2.1 
Lavatory Completely satisfied 222 52.4 
 Basically satisfied 154 36.3 
 unsatisfied 48 11.3 
Lavatory condition Clean 341 80.4 
 Fairly clean 61 14.4 
 Less clean 22 5.2 
Commit nuisance Commonly 14 3.3 
 Less commonly 73 17.2 
 Rarely 337 79.5 
Mosquitoes and flies Many 143 33.8 
 Comparatively less 155 36.6 
 Few 126 29.7 
Health care Completely satisfied 251 59.2 
 Basically satisfied 144 34.0 
 unsatisfied 29 6.8 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Openly accessible at  
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Table 3. Health knowledge, belief, and practice. 

Questions 
The number of yes 

responses 
% 

Knowledge and belief   

Drinking uncooked or unprocessed water could do harm to health. 402 94.8 

Do not share washbasins and towels with relatives who had pink-
eye disease. 

295 69.6 

Rabid vaccine is needed after being biting or scratched by dogs 
and cats. 

391 92.2 

Behavior   

Ever drunk uncooked or unprocessed water 55 13.0 
Disinfected domestic water  that was collected by themselves 
(n=110)* 

51 46.3 

Ate overdue food (n=167)* 6 3.6 

Discharged waste water everywhere 27 6.4 

Cleaned garbage everyday 62 14.6 

Made efforts to prevent mosquitoes, flies, and rats 195 46.0 

Ventilated living places  378 89.2 

Washed hands before meals and after using the restroom. 396 93.4 

Leftover reheating (n=163)*   

Completely reheated 123 75.5 

Just warmed 16 9.8 

Did not reheat, because of lack of needed equipments 19 11.7 

Did not reheat, since it is not needed 5 3.1 

Separated the raw and the cooked (n=58)*   

Yes. 54 93.1 

No, since not allowed by living situations. 4 6.9 

No, since it is not needed. 0 0.0 

Note:* indicated that only those ever had overdue food, needed stuff for cooking, and self collected water were 
surveyed. 

 
Table 4. Participants’ needs on general support, health care, and disease prevention. 

Items Number % 

General supports（The most desirable two）   

Safe living places 259 61.1 

Sufficient water and food supply 178 42.0 

Knowledge and skills of health and diseases prevention 101 23.8 

Ability and skills of escaping from the tremor and helping each other 63 14.9 

Psychological assistance 26 6.1 

Others 65 15.3 

Needs on health and disease prevention（The most desirable two）   

Convenient health care service 191 45.0 

Knowledge and skills 188 44.3 

Disinfectants 182 42.9 

Medicines 4 0.9 

Needs on knowledge and skills of disease prevention   

Basic knowledge of communicable diseases 211 49.8 

Drinking water safety 156 36.8 

Food safety 140 33.0 

Prevent mosquitoes, flies, and rats 132 31.3 

Local communicable diseases 126 29.7 
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Table 5. Where to access the knowledge and skills of disease 
prevention. 

Already gained Expected to gain 
Where 

Number % Number % 
Television 131 30.9 195 46.0 
Broadcasting 159 37.5 127 30.0 
Newspapers 102 24.1 94 22.2 
Books 61 14.4 89 21.0 
Medical professionals 100 23.6 123 29.0 
CDC staff 123 29.0 126 29.7 
Relatives/ friends 62 14.6 42 9.9 
Propaganda materials 209 49.3 160 37.7 
The speakers in tran-
sitional sites 

24 5.7 20 4.7 

Never gained 22 5.2 — — 

 
Although the problem of cooking food remained unre-
solved, other life necessities were fully supplied by gov-
ernments. The total period of the interruption was con-
trolled to be within two days at every site. The existing 
difficulties include the singleness of food which caused 
digest problems and stomach upset of the elder and chil-
dren, extreme density of living places where both tem-
perature and humidity were at a high level, lacking of 
bathing stuff, children education, job interruption, the 
loss of household asset, and financial crisis. 

86.9% of participants supported that post-earthquake 
health education was needed, and 41.6% of them thought 
that brochures and books were the best method of educa-
tion since the content could contain a wide range of in-
formation, be systematic, and be understandable. 78.2% 
of them had a positive evaluation toward the delivered or 
posted health education materials.  
 
4. DISCUSSION 
 
The survey was conducted 19-21 days after the earth-
quake. The results indicated that basic life necessities 
and health care facilities and service could fulfill resi-
dents’ needs. Water and food supply were adequate, and 
there were sufficient lavatories and garbage recycling 
sites that were cleaned every day. Environmental disin-
fection, mosquito, fly, and rat prevention had remarkable 
effects. Few flies and rats were observed by residents. 
However, many problems had been identified. There is 
the risk of food safety issue since food was from outside 
of the earthquake hit areas [4]. The mainly supplied food 
was packaged noodles and cookies, which could effec-
tively prevent intestinal infectious diseases. However, 
more efforts should be made to enrich the types of food 
and provide appropriate food to the elder and children. It 
was fairly crowded in temporary tents where the tem-
perature and humidity were high. Tents were not enough 
to ensure family as the small unit to be accommodated. 
Many health care sites only had emergency drugs like 
anti-bacteria and flu treatment drugs, but the drugs for 
chronic disease such as high blood pressure and diabetes 

were not enough to satisfy the needs. Moreover, the 
bathing stuff were so insufficient that residents could not 
shower every day.  

There were three kinds of lavatories available at each 
site: dry ones established after the tremor, remaining 
ones that survived from the tremor, and commercial mo-
bile lavatories. The dry lavatories were the most appro-
priate ones for environmental health. They were easy to 
build at a lower cost and could serve many people. The 
other two kinds of lavatory could not be cleaned easily 
since the water supply was interrupted, which could re-
sult in the proliferation of flies and mosquitoes [5]. Ad-
ditionally, commercial mobile lavatories were not easy 
to transport and their cost was high. Thus, it was sug-
gested that dry lavatories should be established in time 
after earthquake. 

The most common health problems among residents 
were diarrhea, fever with respiratory symptoms, heat-
stroke, cold, and dermatitis. The post-tsunami effects 
caused by stress sources such as lifestyle changes, the 
death of relative, and the loss of incomes could cause 
disorders of the immune system, make residents vulner-
able to varieties of diseases. The density and humidity of 
the residence might be the cause for dermatitis. 

The environment changed dramatically after the 
earthquake. If residents lacked the knowledge and will-
ingness of disease prevention, or there were not enough 
health facilities such as lavatories, personal hygiene stuff, 
or even if related facilities were available but residents 
did not have a healthy behavior pattern, communicable 
disease could break out easily. Thus, post-earthquake 
health education was highly important. According to the 
results of the survey, residents had some unhealthy be-
haviors, like using non-disinfected river water as living 
water. Post-earthquake health education should follow 
the principles applying to outbreak public health emer-
gencies, be delivered in time, and focus on those at high 
risk[6]. Booklets/brochures were the most favorable ma-
terials since they can have a wide range of information, 
be systematic and understandable, be kept easily. Tele-
vision was the most method favored by the residents. It 
was highly appropriate for those who receive less educa-
tion. As residents were being relocated, televisions 
should be equipped. Furthermore, the speakers at each 
site should be fully used to implement health education. 
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ABSTRACT 

The purpose of this study is to explore whether 
it is worthwhile to launch a routine diabetic 
retinopathy (DR) screening for blindness pre-
vention among Chinese type 2 diabetes from 
different perspective based on the popula-
tion-based study in Kinmen, Taiwan. A total of 
971 community dwelling adults previously di-
agnosed with type 2 diabetes in 1991-1993 un-
derwent DR screening in 1999-2002 by a panel 
of ophthalmologists using on-site indirect oph-
thalmoscopy and 45-degree color fundus retinal 
photographs. The cost-benefit analysis is used 
to evaluate the DR screening. In terms of bene-
fit-cost ratio, the different screening programs 
for DR could save New Taiwan Dollars (NTD) 
from 14.38 to 36.83 in discounted costs for each 
dollar incurred in different screening years from 
the societal viewpoint for Taiwan and save NTD 
from 0.81 to 1.80 in different screening years 
from health care payer’s perspective. The av-
erage estimate of willingness-to-pay to translate 
into benefit yields NTD from 937.8 to 4,689 be- 
nefits per case due to DR screening in different 
screening years during 10-year follow-up. The 
net present value of the DR screening were NTD 
from -167,318 to -307,251.2 in different screening 
years. In conclusion, it is worthwhile to initial a 
routine DR screening of Chinese type 2 diabetes 
for blindness prevention from the societal per-
spective but not from consumer decision based 
on the willingness-to-pay perspective. 

Keywords: Type 2 Diabetes; Diabetic Retinopathy; 
Cost-Benefit Analysis; Population-Based Study 

1. INTRODUCTION 

In developed countries, diabetic retinopathy (DR) is a 
major microvascular disease and is associated with in-
creased visual impairment in type 2 diabetics [1]. In 
Taiwan, previous community-based studies showed that 
the prevalence and annual incidence density of DR were 
an estimated 15% to 45% and 6.62x10-2/year (95%CI: 
5.36x10-2/year—8.06x10-2/year), respectively [2,3]. Since 
the average time from development of no DR to blind-
ness is approximately 26.5 years in persons with type 2 
diabetes, assessing the progression of DR by screening is 
a worthwhile preventive measure [4].  

Whether screening for DR is worthwhile is also con-
tingent on whether subjects are willing to pay the eye 
screening program that would decrease the risk of 
blindness. Benefit due to the reduction of severe com-
plication in cost-benefit analysis is often measured by 
the human capital approach for which the value of eye 
screening program is measured by its effect on the pa-
tient’s sight-time earning. According to welfare eco-
nomic theory, the benefit to an individual of a service or 
an intervention is defined as that individual’s maximum 
willingness to pay (WTP) for the service or intervention 
[5]. WTP is a contingent valuation and involves using a 
hypothetical survey to directly ask individuals the 
maximum amount they are willing to pay for the com-
modity in question [6,7]. Due to the medical resources 
are limited, the government is in a dilemma about 
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whether it is necessary to popularize the eye screening 
programs among type 2 diabetes into a nationwide pro-
gram. Our previous study have showed that degree of 
DR was the independent factor affecting WTP values in 
DR screening among community-dwelling adults with 
type 2 diabetes [8]. The purpose of this study is further 
to conduct a cost-benefit analysis to determine whether it 
is worthwhile to launch eye screening program for 
blindness prevention among population-based adults 
diagnosed with type 2 diabetes in Kinmen, Taiwan. 
 
2. METHODS 
 
2.1. Study Design and Subjects 

The procedures for cost-benefit analysis of DR screening 
among community dwelling patients with type 2 diabe-
tes in 1999-2003 showed in Figure 1. Data used in this 
study were derived from a population-based screening 
for type 2 diabetes targeted to subjects aged 30 years or 
more in Kinmen, Taiwan, between January 1991 and 
December 1993. Details of the study design and execu-
tion have been described in full elsewhere [9]. Identifi-
cation for type 2 diabetes was based on the WHO 1999 
definition [10], that is, subjects with FPG  126mg/dl or 
2-hr postload glucose concentration ≥ 200mg/dl were 
defined as having type 2 diabetes. Subjects with a his-
tory of type 2 diabetes and who received medication 
were defined as known cases. A total of 1,123 cases of 
type 2 diabetes aged 30 and over were found based on 
the population survey carried out by the Yang-Ming 
Crusade, which was organized from the medical students 
of the National Yang-Ming University, Taipei, Taiwan. 
The screened diabetic subjects then were referred to the 
region hospital for further treatment and follow-up rou-
tinely. Of 1,123 subjects with type 2 diabetes, 152 emi-
grated or died between 1994 and 1998. After excluding 
these subjects, the remaining 971 had the uptake of fun-
dus check-up annually since 1999. A panel of popula-
tion-based follow-up screening of DR was then con-
ducted annually from 1999 to 2002. These 971 partici-
pants were invited to receive eye screening by invitation 
letter or calls. Based on the eye screening results, differ-
ent treatment strategies were used, that is, routine fol-
low-up for patients with mild or moderate DR and laser 
photocoagulation for patients with severe DR. In addi-
tion, informed consent was obtained from all participants 
before the investigation began. Access to personal re-
cords was approved by the hospital human subjects re-
view board at Cheng-Hsin General Hospital, Taipei, 
Taiwan. 

We initiated a DR screening program after six years of 
mass screening because Kinmen is an offshore island 
from Taiwan lacking medical resources. Here, DR 
screening requires mobilizing manpower and equipment, 
coordinating between clinical personnel and field work, 

and transporting to the island. By 1999, a team for DR 
screening was successfully organized, including 4 well- 
trained senior ophthalmologists from Veterans General 
Hospital, Taipei, 4 clinical nurses, and 20 medical stu-
dents from the Yang-Ming Crusade. 

2.2. Screening and Diagnosis for Diabetic 
Retinopathy 

The diagnosis of DR was based on the on-site direct and 
indirect ophthalmoscopic examination and the sin-
gle-field fundus photographs that analyzed later. On-site 
screening was conducted by two ophthalmologists using 
direct and indirect ophthalmoscopy after pupil dilatation 
with topical 0.5% mydriacyl. The graders wrote down 
the diagnosis and marked the findings in the record. 
Then the subjects were taken one 45-degree color fundus 
photography with Polaroid 600 films (Polaroid, Nether-
land) centered at macula in each eye using Topcon fun-
dus camera (TRC-50VT, Tokyo, Japan). The single-field 
photographs were then printed out and filed. Grading of 
the photographs was done by two well-trained senior 
ophthalmologists beginning no later than one month 
after the screening. The final grading of the DR depends 
on the summed interpretation of the photographs and the 
recorded ophthalmoscopic gradings. From the Reti-
nopathy Disease Severity Scale, diabetic subjects were 
classified according to the most severe changes in the 
worse eye [11]. In addition, legal blindness was defined 
as a best-corrected visual acuity of 0.1 (6/60) or worse in 
the better eye [8]. 

A pilot study was performed in 50 randomly selected 
type 2 diabetic patients to set up the consistent diagnosis 
of DR among ophthalmologists. The kappa statistic of 
0.73 (95%CI: 0.48—0.98) between the observers re-
vealed a good interobserver reliability. 

2.3. Cost-Benefit Analysis of Screening for 
Diabetic Retinopathy 

2.3.1. Markov Decision Model of Screening for 
Diabetic Retinopathy 

In this study, the cost-benefit analysis tool of screening 
for DR among subjects with type 2 diabetes was based 
on TreeAge software (DATA 3.5, Tree-Age, Inc., Wil-
liamstown MA) for medical decision analysis. A deci-
sion analysis using the Markov Decision Model was 
constructed to compare different screening regimes for 
DR with no screening group (see Figure 2). The as-
sumption of no screening group was that except eye 
screening, diabetic patients still received routine medical 
care until they become blind. According to the theory of 
stochastic process, the Markov chain model is deter-
mined by both the initial state and the transition matrix. 
The model starts from the decision to screen or not to 
screen and the overall expected value is based on ex-
pected values of end nodes rather than all nodes. For 
each decision, there are six states of disease natural his  
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Table 1. Cost assumptions, willingness-to-pay value, transition probabilities in decision analysis 
of screening for diabetic retinopathy. 

Parameter Value 

Annual direct cost (NT dollars) 

Screening cost1 2,298 

Drug cost2 10,857 

Regular clinics fee3 509 

Laser photocoagulation4  10,970 

Vitrectomy5 10,840 

Total 35,474 

Annual indirect cost (NT dollars) 

  Gross Domestic Product, GDP 452,168 

Willingness-to-pay value(NT dollars) [8]  

  No DR 440.1331.6 

  NPDR 450.0298.8 

  PDR 683.3285.5 

  Legal blindness 822.2192.2 

  Total 468.9327.7 

Annual transition probability (%) [4]  

No DRMild NPDR 7.37 

Mild NPDRModerate NPDR 19.37 

Moderate NPDRSevere NPDR 17.41 

Severe NPDRPDR 28.95 

PDRLegal blindness 21.10 

1Screening cost includes clinician’s fee, vision examination, pupil dilation, slit lamp contact mirror fundus-
copy, funduscopic exam, HbA1c, SMA-12 test, and manpower cost. 
2According to the drug usage distribution from Taiwanese Association of Diabetes Educators (TADE) study 
in 2004 and the payment of National Health Insurance. 
3Regular clinics fee includes clinician’s fee and pharmacist’s fee 
4Laser photocoagulation cost includes panretinal photocoagulation, two fundus color photos, and fluorescein 
angiography (FAG).  
5Vitrectomy cost includes vitretomy, two fundus color photos, and fluorescein angiography (FAG). 

 
tory of DR including NDR, mild NPDR, moderate 
NPDR, severe NPDR, PDR, and blindness. The initial 
state distribution is based on the results of the present 
study. Transition probabilities from one state to another 
representing the disease natural history of DR were de-
rived from our empirical estimation, that is, the annual 
transition probabilities for each stage to the next are as 
follows: mild NPDR to moderate NPDR 19.37%, mod-
erate NPDR to severe NPDR 17.41%, severe NPDR to 
PDR 28.95%, and PDR to blindness 21.10% [4]. For 
each scenario, we calculated the expected probability of 
patients aggregate experience that is accumulated in 
each state during 10-year follow-up.  

2.3.2. An Empirical Survey for the Estimation of 
Cost and Willingness to Pay 

Costs in the present study include direct and indirect cost. 
Direct costs include cost of DR screening, drug cost, 
cost of regular clinic fee, and treatment cost (for exam-
ple, laser photocoagulation and surgery). Indirect cost 
includes only productivity loss of the patient because of 
time taken off work for treatment. The average time 
taken off work for treatment depends on the professions’ 
opinion. In addition, WTP was assessed by the following 
question: “What is the most price that you would be 
willing to pay for routine screening for DR that reduces 
the risk of fully blindness?” The WTP amounts  
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Table 2. Cost-benefit analysis using the human-capital approach of different screening programs for diabetic reti-
nopathy. 

 Screening group Non-screening group Net cost 

Annual screening    

Direct cost    

Screening cost 21,900 0 21,900 

Other cost 113,403 131,219 -17,816 

Total 135,303 131,219 4,084 

Indirect cost 36,704 333,911 -297,207 

Total (Direct + Indirect cost) 172,007 465,130 -293,123 

Biennial screening    

Direct cost    

Screening cost 10,950 0 10,950 

Other cost 116,216 131,219 -15,003 

Total 127,166 131,219 -4,053 

Indirect cost 70,435 333,911 -263,476 

Total (Direct + Indirect cost) 197,601 465,130 -267,529 

3-yearly screening    

Direct cost    

Screening cost 7,300 0 7,300 

Other cost 118,832 131,219 -12,387 

Total 126,132 131,219 -5,087 

Indirect cost 107,629 333,911 -226,282 

Total (Direct + Indirect cost) 233,761 465,130 -231,369 

4-yearly screening    

Direct cost    

Screening cost 5,475 0 5,475 

Other cost 121,199 131,219 -10,020 

Total 126,674 131,219 -4,545 

Indirect cost 144,729 333,911 -189,182 

Total (Direct + Indirect cost) 271,403 465,130 -193,727 

5-yearly screening    

Direct cost    

Screening cost 4,380 0 4,380 

Other cost 123,330 131,219 -7,889 

Total 127,710 131,219 -3,509 

Indirect cost 180,479 333,911 -153,432 

Total (Direct + Indirect cost) 308,189 465,130 -156,941 
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Table 3. The benefit-cost ratio estimates of different screening programs for diabetic retinopathy. 

Benefit-cost ratio  

   Payer’s perspective                Society perspective 

Annual screening 0.81  (17,816/21,900) 14.38 ((17,816+297,207)/21,900) 

Biennial screening 1.37 (15,003/10,950) 25.43 ((15,003+263,476)/10,950) 

3-yearly screening 1.70 (12,387/7,300) 32.69 ((12,387+226,282)/7,300) 

4-yearly screening 1.83 (10,020/5,475) 36.38 ((10,020+189,182)/5,475) 

5-yearly screening 1.80 (7,889/4,380) 36.83 ((7,889+153,432)/4,380) 

 

 

 
 
 
 
 
 
 
 
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 1. The procedure of cost-benefit analysis of screening for diabetic retinopathy among type 2 diabetics in Kinmen. 
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Figure 2. Markov decision model for two options, screening and non-screening for diabetic 
retinopathy. 

 
for a routine screening for DR were elicited by dis-
crete-choice, that is, subjects were presented a single 
price for a screening program that would yield a speci-
fied health change. Subjects either accept or reject the 
price. By randomly varying the price across a number of 
different subsamples, the mean WTP could be estimated 
[8]. To maintain consistency of interview quality, all 
information on WTP measurements was also collected 
by one well-trained interviewer. All costs are expressed 
as New Taiwan Dollars (NTD). 

2.3.3. Cost-Benefit Analysis and Discount Rate 
Using the human-capital approach, net cost (saving) for 
different screening programs of DR, taking direct cost 
and indirect cost into account, was calculated. Bene-
fit-cost ratios were calculated as the reduction blindness 
costs divided by the cost of the screening programs. Us-
ing WTP approach, net present value (NPV) was also 
calculated on the basis of the total benefit (calculated by 
the WTP method) minus screening cost of DR. To take 
time preference into account, that is, receiving benefit 

Openly accessible at  
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earlier and incurring cost later, we discounted all costs 
and benefits to the present value at 5% annually. 

 
3. RESULTS 
 
The annual direct cost, annual indirect cost, WTP value, 
and annual transition probability in decision analysis of 
DR screening are shown in Table 1. Direct costs include 
screening cost, drug cost, regular clinics’ fees, laser 
photocoagulation, and vitrectomy. Indirect cost repre-
sents lost productivity according to patient’s disease 
state, estimated using the Gross Domestic Product (GDP) 
value in 2004.  

Table 2 shows total discounted direct costs and indirect 
costs using the human capital approach. Annual screening, 
biennial screening, 3-yearly screening, 4-yearly screening, 
and 5-yearly screening regimens could save NTD17,816, 
NTD15,003, NTD12,387, NTD10,020, and NTD7,889 
per case in discounted direct costs (except screening cost), 
respectively. From payer’s perspective, the discounted net 
total direct costs for DR screening program were NTD 
4,084, NTD-4,053, NTD-5,087, NTD-4,545, and NTD- 
3,509 for annual screening, biennial screening, 3-yearly 
screening, 4-yearly screening, and 5-yearly screening, re- 
spectively. The discounted indirect costs saved per case by 
DR screening program were NTD297,207, NTD 263,476, 
NTD226,282, NTD189,182, and NTD153,432 for annual 
screening, biennial screening, 3-yearly screening, 4-yearly 
screening, and 5-yearly screening, respectively. This yield 
NTD293,123 (annual screening), NTD267,529 (biennial 
screening), NTD231,369 (3-yearly screening), NTD 
193,727 (4-yearly screening), and NTD156,941 (5-yearly 
screening) net saving per case due to DR screening pro-
gram from the societal perspective. 

As Table 3 shows, DR screening programs could save 
NTD14.38 (annual screening), NTD25.43 (biennial 
screening), NTD32.69 (3-yearly screening), NTD36.38 
(4-yearly screening), and NTD36.83 (5-yearly screening) 
from the societal viewpoint and save NTD0.81 (annual 
screening), NTD1.37 (biennial screening), NTD1.70 (3- 
yearly screening), NTD1.83 (4-yearly screening), and 
NTD1.80 (5-yearly screening) in discounted costs for 
each NTD dollar incurred in DR screening programs 
from health care payer’s perspective. 

The average estimate of WTP in order to reduce 
blindness as shown in Table 1 is NTD468.9. Translating 
this figure into benefit yields NTD4,689 (annual screen-
ing), NTD2,344.5 (biennial screening), NTD1,406.7 (3- 
yearly screening), NTD1,172.3 (4-yearly screening), and 
NTD 937.8 (5-yearly screening) benefit per case due to 
DR screening during 10-year follow-up. The NPV of the 
screening programs, taking indirect cost into account, 
were NTD-167,318, NTD-195,256.5, NTD-232,354.3, 
NTD-270,230.7, and NTD-307,251.2 of annual screen-
ing, biennial screening, 3-yearly screening, 4-yearly 

screening, and 5-yearly screening, respectively. 
 
4. DISCUSSION 
 
4.1. Implications of Cost-Benefit  

Analysis for Diabetic Retinopathy 
Screening 

In Taiwan, few population-based studies have attempted 
to quantify the cost and benefit of DR screening pro-
grams. The present study uses cost-benefit analysis to 
assess whether a DR screening program against non- 
screening group is worthwhile in Taiwan from different 
perspectives. The results indicate that indirect costs play 
an important role in the evaluation of the DR screening 
program. Annual screening program could save the most 
(NTD297,207) per case in discounted indirect costs 
compared with non-screening group. From health care 
payer’s perspective, the discounted net cost for annual 
screening was NTD4,084 per case. This indicates that 
the benefit from the annual screening program of DR 
can not outweigh the cost incurred in the DR screening 
program from health care payer’s perspective. Taking 
indirect cost into account, the NTD293,123 net saving 
per case suggest the annual screening program is rather 
worthwhile from the societal perspective.  

In addition, using the WTP approach, the present 
study shows it is not worthwhile to have screening for 
DR from the perspective of WTP due to the negative 
result of NPV value. It should be noted that the WTP 
approach is a contingent-valuation method that reflects 
consume surplus of getting DR screening. Since the 
mean estimate of WTP (NTD468.9) for the DR screen-
ing program was far below the current expense for di-
rect costs of DR screening (NTD2,190) per case. This 
suggests that they could not get any surplus from the 
purchase of screening program. This accounts for why 
the results of NPV are negative. If the estimate of WTP 
is raised to NTD2,500, this means that if people have to 
pay only NTD2,190 for benefits they value at 
NTD2,500 then they get a surplus of NTD310 from the 
purchase of screening for DR. Results from the WTP 
suggest that the amount diabetics in Kinmen are willing 
to pay for the screening program is lower than the bene-
fit they value. In terms of consumer decision based on 
the perspective of WTP, it may not be worthwhile to 
launch a DR screening program. 

4.2. The Efficiency and Advantage for  
Routine Diabetic Retinopathy  
Screening 

The surveillance and treatment of diabetes-related com-
plications should be part of routine care in all type 2 
diabetes [4]. The benefits of DR screening rest on the 
additional time patients have to obtain treatment. If one 
wishes to reduce the loss of vision associated with DR, 
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then performing the screening is more important than 
the type of screening used [12,13]. During the first year 
of DR screening, savings associated with preventing one 
single case of blindness could cover the cost of the 
screening program [12]. The threat of blindness is less 
severe in type 2 diabetes because DR progresses more 
slowly than in type 1 diabetes. Although the eye care 
program saved 21 sight-years [14], it was less efficient 
in patients with type 2 diabetes.  

The optimal screening interval is determined by the 
disease natural history with regard to the screening pol-
icy [4]. Many evidence-based studies have showed that 
screening for and treating DR is extremely efficiency 
and cost-effective. From the health insurer’s viewpoint, 
routine screening and treatment of eye disease in dia-
betic patients cost USD 3190 per QALY saved [15]. 
Duration of blindness drops by 0.48 and 0.13 years with 
increase in year of onset of the disease whereas effec-
tiveness decreases in type 2 diabetic patients [16]. Pre-
vention screening programs aimed at improving eye 
care for type 2 diabetic patients results in both highly 
cost-effective health care and substantial federal budg-
etary savings [15,17]. In addition, our previous studies 
have demonstrated that annual DR screening is the most 
effective and efficient screening schedule for reducing 
blindness compared to other screening intervals [4,17]. 
To take both cost and efficacy into consideration, many 
organizations such as the National Committee for Qual-
ity Assurance, through Health Employer Data and In-
formation Set (HEDIS) measures also recommends that 
annual eye examinations be used not only as a general 
guideline, but also as a quality standard in all patients 
with diabetes [18]. Better diabetes management such 
more strict adherence by diabetic patients and ophthal-
mologists to best practice guidelines could have enor-
mous protective impacts in cases of visual loss caused 
by DR [19]. 

4.3. Methodological Considerations 

From the methodological viewpoint, although using a 
population-based follow-up study design could reduce 
selection bias and increase statistical power, using pri-
mary information and calculating both direct and indi-
rect costs help us estimate the true benefit of DR 
screening more closely than which has been possible 
before. There are still some critiques raised from this 
study. First, only three-year follow-up period, we could 
not have enough sample size to predict all of the effects 
of DR screening on disease variations. Second, we did 
not explicitly consider the sensitivity and specificity of 
the DR screening tests. Previous studies demonstrated 
that indirect ophthalmoscopy performed by ophthal-
mologists has a sensitivity of approximately 85% [20], 
but this may approach 100% with newer slit lamp 
biomicroscopic techniques [21]. Retinal photography, an 

alternative detection method for DR among diabetic 
patients, has an overall sensitivity of approximately 
85% [20]. That means the accuracy of DR diagnosis 
could be accepted. Third, although the Kappa value for 
the agreement of interobserver reliability seemed ac-
ceptable [22], non-differential misclassification-bias 
identification still could have occurred. Fourth, we did 
not estimate the influence of covariates such as duration 
of type 2 diabetes or HbA1c level . Because severe and 
very severe NPDR without macular edema is associated 
with high risk of progression to PDR, 10—50% of those 
with type 2 diabetes and this level of NPDR will de-
velop PDR within 1 year [23]. Further long-term studies 
should be conducted to clarify whether patients with 
better glycemic control or in an early stage of DR could 
benefit from less frequent screening intervals. Finally, it 
should be noted that the estimates used in this analysis 
were based on relatively small samples, that is, the ag-
gregate estimates may reflect a reasonable population, 
but not all Chinese with type 2 diabetes. Further study 
of those inadequately represented is needed. 
 
5. CONCLUSIONS 
 
In conclusion, this study revealed that it is worthwhile to 
launch a routine DR screening program of Chinese type 
2 diabetes for blindness prevention from the societal 
perspective but not from consumer decision based on the 
perspective of WTP. 
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ABSTRACT 

Objective: The purpose of this study was to test 
which stressors worsen the symptoms perceived 
by patients with lupus, thus broadening and 
corroborating results obtained in a previous 
study published in Psychosomatic Medicine. 
Methods: In order to examine this question, we 
selected 43 patients with lupus whose symp-
toms worsened due to the effects of daily stress. 
These patients were divided into two groups: 
patients whose increase in clinical lupus symp-
tomatology was predicted by an increase in 
daily stressors on the same day (G1) and pa-
tients whose increase in clinical lupus symp-
tomatology was predicted by an increase in 
daily stressors the day before and the same day 
(G2). Later, three factorial analyses were con-
ducted with the items related to stressors and 
the items related to lupic symptoms. Results: 
The results showed that in G1 there were three 
factors that made up a total of 35.08% of the 
explained variance. The stressors associated 
with certain symptoms of the illness in this 
group are feeling ill or being worried about their 
physical appearance, with the main stressor 
being the illness itself. However, in G2, two 
factors were found that made up a total of 
40.37% of the explained variance for lag=0 and 
38.67% for lag=1. The stressors associated with 
the majority of the lupus symptoms are of an 
interpersonal and work-related nature. This as-
sociation was maintained when we carried out 
the factorial analyses with the items of the 
symptoms from the following day. Conclusions: 
The interpersonal and work-related stressors 
are related to a worsening in the majority of the 
lupic symptoms in the patients whose sympto-
matology worsens as a result of daily stress 
experienced the day before. 

Keywords: Daily Stress; Interpersonal Stressor; 
Work-Related Stressors; Systemic Lupus Erythe-
matosus 

1. INTRODUCTION 

Various studies have shown the devastating effect psy-
chological stress has on certain rheumatic diseases [1]. 
Specifically, diverse studies have shown that stress is 
one of the environmental factors that can cause a wors-
ening in lupus [2-8]. Although the role of stress in this 
illness appears clear, at first, there was certain contro-
versy about the nature of the stressors, as some authors 
supported the theory that daily stress (not organizing 
time well, problems in social relationships...etc.) was 
mainly responsible for the worsening in lupus [2-4,6-8], 

while other authors defended a greater effect of the Ex-
traordinary Stressful Life Events (death of a family 
member, car accident, etc.) on the lupus [5]. Although 
there is currently a lot of evidence that daily stress is 
primarily responsible for the worsening of this illness, 
few studies have shown which specific stressors are 
most related to this worsening. Specifically, three main 
studies were carried out with this objective. The first was 
conducted by Schubert et al. [4]. The authors studied a 
woman suffering from SLE during a 63-day period. In 
this patient, the concentration of neopterin (immunological 
parameter closely related to lupic activity in patients 
with SLE) in urine was measured daily, and her daily 
stressors were evaluated weekly. The findings showed 
that the moderately stressful incidents that led to a high 
level of emotional irritation and had stressful interper-
sonal implications increased the concentration of neop-
terin approximately one day later, that is, with a lag=1. 
Therefore, these stressors play a greater role in the in-
crease in neopterin than other stressors. One problem of 
this study is that the sample studied is very small (only 
one SLE patient was evaluated), so that it is impossible 
to draw generalizable conclusions. Later, these authors 
performed a new study [6] where they evaluated daily 
(every 12 hours) the levels of stress, cortisol and neop-
terin in another lupus patient during a 56-day period. 
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They found that when the patient anticipated a moderate 
stressor (which in this case was the infidelity of her 
partner), her cortisol increased 24 hours before the inci-
dent and lessened 12 hours after it had occurred. How-
ever, if the patient did not anticipate the incident, her 
cortisol increased 24 hours after the incident and de-
creased 36 hours after it. With regard to the neopterin, 
these authors found that after exposure to the stressor 
there was a reduction in the amount of neopterin in the 
following 36 hours, producing a new increase in the next 
60 hours. In this way, the authors again showed the 
modulation of the immune system due to stressful events 
involving interpersonal relationships, and due to the an-
ticipation of these stressors, in the following 24-36 hours. 
The latest study carried out with the objective of defin-
ing the type of stressor that can affect the worsening of 
lupus is the one by Pawlak et al. [7]. These authors 
studied the stressors in 41 women with lupus during a 
six-month period and their physiological correlates 
(complement activity, anti-dsDNA and ECLAM-European 
Consensus Lupus Activity Measurement). The results 
showed that the patients who had a larger number of 
social obligations presented more outbreaks (92%) than 
the patients who had fewer social obligations (39%). 
Furthermore, these authors found an increase in the in-
terpersonal relationship conflicts in the month prior to 
the lupic outbreak in the patients who experienced a wors-
ening in the disease. 

As we can see, all of these studies seem to clearly 
agree that the stressors most related to the worsening of 
the disease are not only of a daily nature, but they also 
have a clear component related to interpersonal relation-
ships. However, in addition to the different stressors 
common to the general population, there have been no 
studies on the effects that the perception itself of the 
worsening of the disease (another stressor) has on this 
worsening. Likewise, no studies been carried out to test 
whether experiencing different stressors acts on some 
target organ of the disease, thus produces its worsening 
(joints, skin, etc.), or whether, on the contrary, it acts on 
a general level by activating all the systems. 

Therefore, the purposes of the present study were, on 
one hand, to test what types of stressors are responsible 
for the worsening in the clinical symptomatology of lupus 
and, on the other, to find out what physical symptoms 
are involved in this worsening. These were tested in a 
group of patients that had already been evaluated and 
classified according to the effect that the stress had on 
their perception of the worsening of the disease [8]. 

2. PATIENTS AND METHODS 

2.1. Study Population  

64 patients originally participated in this study, of which 
6 were later rejected because they had mixed connective 
tissue disease rather than lupus. Therefore, 58 lupus pa-

tients participated in the study, of which 50 were women 
and 8 men. 45 met at least 4 American College of Rheu-
matology (ACR) [9] criteria for classification as suffer-
ing from Systemic Lupus Erythematosus (SLE), and 12 
were suffering from Chronic Lupus Discoid (CLD), di-
agnosed by their clinical history and an anatomopa-
thological study. The mean age was 39.37 years (SD=9.72), 
and the mean educational level was 10.7 years (SD=3.44), 
which is equivalent to a bachelor’s degree. The mean 
duration of the illness was 9.1 years (SD=6.38), the 
mean index of organ damage was 0.9 (SD=1.06), and the 
mean on the index of lupus activity was 1.73 (SD=3.2). 
All of the participants were patients at the Systemic 
Autoimmune Disease Unit at the University Hospital 
“Virgen de las Nieves” in Granada, Spain. They all had 
at least a minimum cultural background (they could at 
least read and write), and none of them presented any 
associated mental illness at the time of the study, al-
though there were two patients with psychiatric histories. 
All of these patients gave their signed informed consent 
to participate in this study. Of these 58 patients, we only 
included the 43 patients for whom stress predicted a 
worsening in the clinical symptomatology of lupus. These 
subjects were classified into two groups: G1 with 31 pa-
tients whose increase in the clinical symptomatology of 
the lupus was predicted by an increase in daily stressors 
on the same day; and G2 with 12 patients whose increase 
in the clinical symptomatology was predicted by an in-
crease in daily stressors the day before and the same day. 

2.2. Information Collected 

2.2.1. Daily Stress Inventory (DSI) 
The translation and adaptation to the Spanish population 
of the Brantley, Waggoner and Jones Daily Stress Inven-
tory (DSI) was carried out by Peralta-Ramírez [10]. For 
this adaptation, they used the responses to a complete 
version of the DSI given by a broad sample. They then 
created a 20 item version comprised of some items that 
remain identical (e.g., “I forgot something”), others that 
are worded in a different way (e.g., “gave up an undesir-
able habit: eating too much, smoking, etc” for “gave up a 
habit that was not good for him”), and others that grouped 
various items from the DSI with related criteria (“Had 
problems in his relationship with other people: was criti-
cized, ignored, interrupted when speaking…”). This in-
strument measures stressful daily events and the degree of 
stress produced by each of them in the last 24 hours. It 
contains 20 items that are categorized from 0 to 6, de-
pending on the degree of stress they have caused, keeping 
in mind that 0 is no stress experienced and 6 means the 
event caused panic. The instrument’s reliability coefficient 
is 0.82, the Cronbach alpha coefficient is 0.88, and its 
discriminated validity is 74.86% correct classification. 

Therefore, the instrument presents high validity for 
detecting change [10]. The items related to this instrument 
are included in Table 1. 
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Table 1. Items from the DSI and the SLI. 

ITEMS FROM THE DSI 

I1. Had problems at work, with a specific activity 

I2. Did not organize his or her time well 

I3. Had problems in his or her relationships with other people (was criticized, ignored, and interrupted when speaking...) 

I4. Has not slept soundly 

I5. Forgot something 

I6. Felt or feared being ill 

I7. Had some small accident 

I8. Thought about the future 

I9  Played a sport or game poorly 

I10. Did something he or she did not want to do 

I11. Lost something or couldn’t find something he or she was looking for 

I12. Bad weather affected him or her 

I13. Challenged someone in authority 

I14. Heard bad news 

I15. Something related to his or her personal appearance affected him or her 

I16. Was faced with a feared situation or object 

I17. Worried about other people’s problems 

I18. Barely escaped something dangerous 

I19. Gave up a habit that was not good for him or her 

I20. Had economic problems 

ITEMS FROM THE SLI 

S1. Loss  of appetite 

S2. Joint pain 

S3. General malaise 

S4. Fatigue 

S5. Skin rash 

S6. Abdominal symptoms 

S7. Difficulty breathing 

 
2.2.2. SLE Symptoms Inventory (LSI) 
This inventory was elaborated by the group of medical 
specialists in the Systemic Autoimmune Disease Unit of 
the Internal Medicine Service at the University Hospital 
“Virgen de las Nieves” in Granada [11]. It refers to 8 
symptoms suggestive of SLE activity, namely loss of appe-
tite, joint pain, general malaise, fever, tiredness or fatigue, 

skin rash, difficulty breathing and abdominal symptoms. 
These items are categorized from 1 to 10 according to the 
degree of intensity of these symptoms on that day. This 
inventory was designed to evaluate the subjective symp-
toms of large groups of SLE patients in clinical studies. 
We tested its internal consistency, as well as its concor-
dance with physician reports and serological indicators 
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Table 2. Factors that relate certain items of stress with lupus symptoms on the same day in G1 and G2 (lag=0) 
and stress and symptoms the next day G2 (lag=1). 

G1 (lag 0) G2 (lag 0) G2 (lag 1) 

Ítems Factor 

1 

Factor 

2 

Factor

3 

Items Factor

1 

Factor

2 

Items Factor 

1 

Factor 

2 

S3 0.829 0.08 0.214 S1 0.876 -0.141 S4 0.853 0.159 

S4 0.805 0.05 0.253 S4 0.843 0.225 S7 0.843 0.224 

S2 0.687 0.02 0.242 S7 0.837 0.201 S3 0.841 0.156 

S1 0.618 -0.02 0.123 S3 0.823 0.228 S1 0.838 -0.024 

I6 0.591 0.131 -0.13 S2 0.809 0.259 S2 0.270 0.190 

I3 0.127 0.711 0.08 I1 0.759 0.170 I2 0.691 0.133 

I13 -0.07 0.671 0.03 I2 0.756 -0.003 I4 0.646 0.480 

S6 0.336 0.505 0.173 I4 0.713 0.354 I1 0.629 0.362 

I15 0.112 0.15 0.807 I6 0.661 0.267 S6 0.588 0.180 

S5 0.311 -0.02 0.789 S6 0.555 0.233 I6 0.551 0.413 

    I12 0.298 0.695 I12 0.235 0.684 

    S5 0.527 0.662 I8 0.416 0.644 

    I8 0.486 0.606 I17 0.193 0.638 

    I17 0.272 0.532 S5 0.514 0.614 

       I15 0.407 0.559 

Self-rating 5.973 2.102 1.396  9.313 1.588  8.861 1.581 

% Variance 22.123 7.785 5.175  34.493 5.881  32.819 5.858 

 
of disease activity. This instrument shows a high internal 
consistency of the LSI, with a Cronbach alpha of 0.862. 
Furthermore, a contingency analyses shows agreement 
between the medical report and the patient self-report on 
the same day for each of the lupus symptoms included 
in the LSI (difficulty breathing (p<0.004), joint pain 
(p<0.001), loss of appetite (p<0.003), general malaise 
(p<0.005), fatigue (p<0.005) and skin rash (p<0.018)). 
This agreement is not found on the abdominal symptoms 
(LSI). On the other hand, we found differences between 
the LSI scores of the patients with high serological ac-

tivity and those of the patients with low serological ac-
tivity (χ2(1)=5.302; p<0.021), with the former presenting 
higher scores than the latter. The LSI is a highly reliable 
and valid instrument for evaluating the subjective symp-
toms of the disease as well as their fluctuations. The 
items related to this instrument are included in Table 1 too. 

The SLE Disease Activity Index (SLEDAI) and Sys-
temic Lupus International Collaborating Clin-ics/American 
College of Rheumatology (SLICC/ACR) Damage was 
evaluated in the prior study but the data were not in-
cluded in this study [8]. 
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Table 3. Summary of the relationship between the different stressors and lupus symptom. 

 
2.3. Procedure 

During the first week, the patients were recruited by the 
internist at the outpatient clinic for autoimmune diseases. 
At the routine check-up, the patient was given informa-
tion about this study on the effects of stress and lupus 
and invited to participate (90% agreed). If the patient 
agreed, he or she was given an appointment for the first 
session. In the first session, the study was explained in 
detail, and subjects were asked to sign the consent form 
(99% accepted). The subjects who accepted underwent 
the following: 1) a clinical interview was carried out to 
find out basic data like age, educational level and diverse 
emotional problems occurring in his or her life; 2) the 
SLEDAI and SLICC/ACR were evaluated; 3) they were 
given 30 copies of the DSI and 30 copies of the LSI.  
Furthermore, every 15 days they were contacted by tele-
phone in order to resolve any doubts about completing 
the questionnaires, and they were encouraged to con-
tinue to fill them out. They were informed that they 
would have to complete the DSI and LSI at the end of 
the day every day for six months (This was done by all 

the patients, except three who left the evaluation early). 
Each month, they were provided with 31 IEC question-
naires and 31 LSI questionnaires, personally if they lived 
in Granada or by mail if they lived outside of Granada. 
Furthermore, every 15 days they were telephoned in order 
to resolve any doubts about completing the questionnaires, 
and they were encouraged to continue to fill them out.  

2.4. Statistical Analyses 

In a previous study published in the Journal 
Psychosomatic Medicine [8], 3 groups were used: G1: 
patients whose increase in the clinical symptomatology 
of the lupus was predicted by an increase in daily 
stressors on the same day (lag=0); G2: patients whose 
increase in the clinical symptomatology was predicted 
by an increase in daily stressors the day before and the 
same day (lag=0,1); G3: patients for whom daily stress 
did not predict any increase in the self-reported clinical 
symptomatology of the lupus. In the present study, data 
from two of the groups (G1, G2) were used for statistical 
analyses.  

Secondly, with the objective of testing what types of 

G1 G2 

Factors that relate certain items of stress with 

lupus symptoms on the same day and 

self-rating. 

Factors that relate certain items of stress 

with lupus symptoms on the same day 

and self-rating.  

Factors that relate certain items of 

stress with lupus symptoms the next 

day and self-rating. 

Factor 1: 5.973 

*Felt or feared being ill 

General malaise 

Fatigue 

Joint pain 

Loss of appetite 

Factor 2: 2.102 

*Had problems in his/her relationships 

with other people. 

*Challenged someone in authority 

Abdominal symptoms 

Factor 3: 1.396 

*Something related to his/her personal 

appearance affected him/her. 

 Skin rash 

Factor 1: 9.313 

*Did not organize his/her time well 

*Has not slept soundly 

*Had problems at work 

*Felt or feared being ill 

Loss of appetite 

Fatigue 

Difficulty breathing 

General malaise 

Joint pain 

Abdominal symptoms 

Factor 2: 1.588 

*Bad weather affected him/her 

*Thought about the future 

*Worried about other people’s prob-

lems. 

Skin rash 

Factor 1: 8.61 

* Did not organize his/her time 

well  

* Has not slept soundly  

* Had problems at work   

* Felt or feared being ill  

Fatigue 

Difficulty breathing 

General malaise 

Loss of appetite 

Joint pain 

Abdominal symptoms  

Factor 2: 1.581 

* Bad weather affected him/her 

* Thought about the future 

* Worried about other people’s 

problems 

 * Something related to his/her 

personal appearance affected 

him/her.. 

Skin rash 
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stressors are related to the worsening of the lupus symp-
tomatology itself, the two established groups were used, 
and 3 factorial analyses were performed. Principal compo-
nent analysis was used as a factor extraction method. To 
determine the number of factors to be extracted, a cut-off 
point was established of specific values superior to one. 
A factor rotation using the Varimax method was per-
formed to strengthen the grouping of the variables 
around the associated factor. The registers noted in the 
rotated factors matrix represent the weights of the vari-
ables in relation to each factor, and they receive the 
name of factor charges. As this is an orthogonal rotation, 
its interval oscillates between -1 and 1. The first two 
factorial analyses were carried out with the scores on 
each of the items from the DSI and the scores on each of 
the items from the SLI for each of the groups, in other 
words, one factorial analysis per group (G1, G2). Later, 
based on results from the previous study [8], which 
showed that in some patients a worsening occurs in the 
clinical symptomatology of the lupus due to the effect of 
the stress from the previous day (G2), we moved the 
time series related to the items from the SLI question-
naire one square up with regard to the items on the DSI 
questionnaire, so that the items on one day of stress 
would be matched with the items on the lupus symptoms 
the next day (SLI). After this shift, a factorial analysis 
was performed using Varimax rotation with the scores on 
the items from the DSI and the scores on the items from 
the SLI; logically, this was only done for group G2. 
 
3. RESULTS 
 
3.1. Factorial Analyses of Daily Stressors 

and Lupic Symptoms the Same Day 

Two factorial analyses were performed, one for each 
group’s “stressor-symptoms relationship” (see Tables 2 
and 3). In the factorial analyses of G1, three factors were 
found that related stressors with symptomatology, and 
they explained 35.1% of the data variance. The main 
factor related four of the seven most common symptoms 
in lupus with the stressor “felt ill”. The second factor 
seems to relate stressors that involve interpersonal rela-
tionships with stomach discomfort, and the third factor 
relates skin rashes with the stressor “his or her personal 
appearance affected him or her”. 

In the factorial analyses of G2, two factors were found 
that related stressors with symptomatology, and they 
explained 40.4% of the variability of the data. The main 
factor seems to relate 6 of the 7 lupic symptoms with 
stressors closely related to work-related stress and per-
ception of the disease. In the second factor, stressors like 
worry about others’ problems, thinking about the future 
and bad weather are related to skin rashes.  

3.2. Factorial Analyses Performed with the 
Daily Stressors and the Lupic  
Symptoms of the Next Day 

The factorial analyses of G2 showed two factors that 
related daily stressors with lupic symptomatology, and 
they explained 38.7% of the variability of the data. Fac-
tor 1 related six of the seven lupic symptoms with stressors 
of a work-related nature and perception of a worsening 
of the disease. Furthermore, the second factor related 
skin rashes with stressors like “bad weather affected him 
or her”, “he or she thought about the future”, “he or she 
worried about others’ problems” and “his or her personal 
appearance affected him or her” (see Tables 2 and 3). 
 
4. DISCUSSIONS 
 
After performing the factorial analyses between the 
items on the daily stress questionnaire and the items on 
the inventory of clinical symptoms of lupus, the classi-
fication established of the different effects of stress on 
the lupus symptoms (G1, G2) [8] is validated, as there is 
a consistent correlation between the different stressors 
and the lupic symptoms. Specifically, we can see how 
the patients’ clinical symptomatology worsens on the 
same day, the majority of the lupic symptoms are related 
to the stressor “he or she felt ill”, just as in another factor 
personal appearance (as a stressor) and skin rashes (as a 
symptom) were related. On the other hand, the results 
found with the patients whose symptomatology wors-
ened the same day and the day after the stressful situa-
tion (G2) show that the same factors are found at two 
moments in time when the factorials were performed 
(stress and symptoms the same day, and stress and 
symptoms the next day). Here we found two factors. 
One factor relates six of the seven symptoms most char-
acteristic of lupus with stressors of a work-related nature, 
such as “does not organize time well”, “problems at 
work”, etc., and health stressors like “feeling ill”. The 
second factor relates stressors of a psychosocial nature, 
like worrying about others’ problems or the future, etc., 
with the symptom of skin rashes.  

As we can see, in the patients from G1, it seems more 
likely that the stressor “he or she felt ill” would be 
caused by the perceived symptoms than that this would 
be the causal agent of these symptoms. The same thing 
occurs with factor 3 for this group where the skin rashes 
are related to the stressor “his or her personal appearance 
bothered him or her”. Finally, in the other factor we found 
different stressors are related to only one isolated item 
from the lupus symptom inventory (stomach discomfort), 
so that we can rule this out as being representative of the 
lupic symptoms. Instead, we would consider it more as a 
physical consequence of the stress in general. 

The data found in G2 were very interesting, as they 
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[2] Adams, S.J., Dammers, P.M., Saia, T.L., et al. (1994) 
Stress, depression and anxiety predict average symptom 
severity and daily symptom fluctuation in systemic lupus 
erythematosus. J Behav. Med., 17, 459-477. 

show a clear relationship between the different work and 
health stressors and six of the seven symptoms associ-
ated with lupus. Likewise, the skin rashes are not related, 
as they were in the former group, with personal appear-
ance, but rather with stressors regarding interpersonal 
relationships and worry about the future. It is noteworthy 
that in the group in which the worsening of the symp-
toms of the disease is predicted by the stress the day 
before, when we performed the factorial analyses with 
the stress data and the symptoms of the following day, 
the same factors remained and with similar self-ratings. 
These data do make it possible to state that certain 
stressors of a work and interpersonal nature produce 
worsening in the lupic symptomatology perceived the 
same day and the day after experiencing the stress. 

[3] Wekking, E.M., Vingerhoets, A.J., Van Dam, A.P., et al. 
(1991) Daily stressors and systemic lupus erythematosus: 
A longitudinal analyses-first findings. Psychother Psy-
chosom, 55,108-113. 

[4] Schubert, C., Lampe, A., Rumpold, G., et al. (1999) Daily 
psychosocial stressors interfere with the dynamics of 
urine neopterin in a patient with systemic lupus erythe-
matosus: An integrative single-case study. Pychosom 
Med, 61, 876-882. 

[5] Da costa, D., Dobkin, P., Pinard, L., et al. (1999) The role 
of stress in functional disability among women with sys-
temic lupus erythematosus: A prospective study. Arthritis 
Care and Research, 12, 112-119. 

The results found coincide, on one hand, with those 
obtained by other researchers [4,6,7], where the psycho-
social stressors were related to the worsening in lupus 
activity. However, we were able to relate different types 
of stressors with certain specific symptoms of lupus, 
finding a great effect of the stressors related to work 
overload and to the perception of the illness itself. Fur-
thermore, we went one step further in which we can de-
fine what types of stressors are related to a certain sym- 
ptomatology. One piece of data which stands out is that 
skin rashes are not associated with other lupic symptoms 
in their relationship with the stressors. Instead, they are 
related to interpersonal relationship stressors.  

[6] Schubert, C., Lampe, A., Geser, W., et al. (2003) Daily 
psychosocial stressors and cyclic response patterns in 
urine cortisol and neopterin in a patient with systemic 
lupus erythematosus. Psychoneuroendocrinology, 28, 
459-473. 
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patients with systemic lupus erythematosus is associated 
with daily psychological stress. Psychother Psychosom, 
72, 159-165. 
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J.F., and Perez-Garcia, M. (2004) The effects of daily 
stress and stressful life events on the clinical symptoma-
tology of patients with lupus erythematosus. Psychosom 
Med., 66, 788-94. 

In conclusion, this study highlights the importance of 
certain stressors in approaching stress in patients with 
lupus. Knowing which stressors are most related to the 
worsening of the symptoms provides us with guidelines 
for action and intervention in the diverse psychological 
therapies that are being conducted with the objective of 
providing lupus patients with psychological strategies 
for controlling stress and other related emotional vari-
ables [12-14]. Furthermore, the results obtained are an 
important tool for the medical specialist who works with 
these patients, as he or she can provide information of a 
preventative nature to patients, emphasizing the impor-
tance of avoiding work overload and controlling any 
possible interpersonal conflicts. Finally, the results found 
in this study corroborate the results found in the previous 
study published in Psychosomatic Medicine [8].  
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ABSTRACT 

Chronic myeloid leukaemia (CML) results from a 
translocation between chromosomes 9 and 22 
which generates the BCR/ABL fusion oncopro-
tein. BCR/ABL has constitutively tyrosine 
kinase activity resulting in leukemogenesis. 
Imatinib, a competitive inhibitor of the BCR/ABL 
tyrosine kinase, is the common treatment of 
CML. Despite the outstanding results of imatinib 
in the chronic phase of CML, cases of treatment 
failure have been reported, resulting in hetero-
geneous molecular response. Bortezomib is a 
reversible inhibitor of the 26S proteasome in-
ducing cell cycle arrest in G2/M phase, apop-
tosis by inhibition of NF-kB. In this study, we 
examined the possible synergistic apoptotic 
effects of the imatinib/bortezomib combination 
and the responsible apoptotic mechanisms in-
duced by this combination in K562 cells. The 
results of this study showed increased cyto-
toxicity by XTT assay in combination of imatinib 
and bortezomib as compared to any agent alone. 
On the other hand, synergistic apoptotic affects 
of combination of these agents were also con-
firmed by changes in caspase-3 enzyme activity 
and mitochondrial membrane potential. Taking 
together, all the results, confirming each other, 
showed that the combination of the imatinib and 
bortezomib has considerable synergistic effects 
on the apoptosis through increase in caspase-3 
enzyme activity and decrease in mitochondrial 
membrane potential in human K562 CML cells. 

Keywords: Imatinib; Bortezomib; Combination 
Therapy; CML, BCR/ABL. 

1. INTRODUCTION 

Chronic myeloid leukemia (CML) is characterized by a 
reciprocal translocation between chromosomes 9 and 22 

bringing together BCR and ABL genes to form 
BCR/ABL fusion protein. BCR/ABL protein, having 
constitutive tyrosine kinase activity, is responsible for 
the pathogenesis of CML. Imatinib (imatinib mesylate, 
STI571, Gleevec) is a tyrosine kinase inhibitor with 
good efficacy and recently recommended as first line 
therapy for the chronic phase CML. BCR/ABL has a 
special ATP binding site close to the substrate proteins 
binding region. Imatinib works by binding for blocking 
function of BCR/ABL ATP binding site. When the ATP 
binding site is filled by imatinib, ATP cannot donate the 
phosphate and BCR/ABL can no longer activate down-
stream signaling proteins that promote chronic myeloid 
leukemia [1,2,3,4,5]. Although imatinib has an out-
standing outcomes in the chronic phase of CML, cases 
of treatment failure has been reported. Resistance to 
imatinib is a major problem in CML patients in blast 
crisis phase and has been principally associated with 
BCR/ABL tyrosine kinase domain point mutation de-
creasing the affinity of imatinib to BCR/ABL protein. In 
addition, amplification of the BCR/ABL oncogene, ab-
errant ceramide metabolism, inhibition of apoptotic 
pathways, and reduction in effective intracellular con-
centrations of the drug by altered drug efflux or influx 
are responsible for imatinib resistance [6,7]. As a result 
of disease persistence and resistance imatinib mono-
therapy cannot be referred to a cure for the majority of 
patients with CML [8,9,10,11,12]. The primary and ac-
quired resistance to imatinib is the developing problem 
in current CML treatment and has various underlying 
mechanisms [1]. On the other hand, the combination of 
imatinib with anti-CML agents, may be able to kill drug 
resistant cells as highly as drug-sensitive parental 
BCR/ABL+ leukaemic cells, unless the completely re-
fractory to the partner drugs is developed by leukaemic 
cells. 

The main pathway of protein degradation in eukaryo-
tes is through ubiquitin-proteosome pathway [13,14]. 
Bortezomib has been common knowledge as a dipeptide 
boronic acid, potent and reversible inhibitor of the 26S 
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proteasome [15,16]. Antitumor activity of bortezomib 
has been proved in myeloma, myeloid leukemia, lym-
phoma, prostate, breast, colon, and lung cancers. For 
patients with myeloma and/or relapsed and refractory 
diseases bortezomib shows promising results [17]. Bor-
tezomib induces cell cycle arrest in G2M phase and 
apoptosis by inhibition of NF-kB [14,18,19,20]. Studies 
strongly implicate the activity of the transcription factor 
NF-κB in promoting chemoresistance, cytokine-medi- 
ated proliferation, tumor metastasis, and angiogenesis. 
Bortezomib, as a proteosome inhibitor, also enhances the 
sensitivity of tumor cells to chemotherapy and radiation 
and reverses chemoresistance. Induction of apoptosis 
involves increased Bcl-2 phosphorylation and cleavage, 
accumulation of cyclins A and B1 and increased stability 
of p53 and up-regulated p53-induced gene expression 
[21]. 

In this study we describe synergistic cytotoxicity 
when cells are treated with the imatinib in combination 
with bortezomib and responsible signaling pathways that 
induce apoptosis in human K562 CML cells. 

2. METHODS 

Cell lines, Growth Conditions, and Drugs. Human 
K562 CML cells were obtained from German Collection 
of Microorganisms and Cell Cultures. Human K562 
CML cells were maintained in RPMI 1640 growth me-
dium containing 10% fetal bovine serum and 1% peni-
cillin-streptomycin at 37℃ in 5% CO2. Imatinib was a 
generous gift from Novartis (USA) and bortezomib was 
from Gulhane Medical School, Department of Hematol-
ogy. Imatinib and bortezomib were dissolved in distilled 
water and 10 mM stock solutions were prepared. 

Measurement of growth by XTT. The IC50 values 
of imatinib and bortezomib that inhibited cell growth by 
50% were determined from cell proliferation plots ob-
tained by XTT as described previously [7]. Briefly, 
2x104 cells were seeded into the 96-well plates that con-
tain 200 µl growth medium and the absence or presence 
of increasing concentrations of bortezomib and imatinib, 
and incubated at 37˚C in 5% CO2 for 72 hours. After-
wards, they were treated with 40 µl XTT reagent for 4 
hours. Then, the absorbances of the samples under 490 
nm wavelength were measured by Elisa reader (Thermo 
Electron Corporation Multiskan Spectrum, Finland). At 
the end, IC50 values were calculated to cell survival 
plots. 

Measurement of caspase-3 activity. Caspase-3 activ-
ity was determined using the caspase-3 colorimetric as-
say (R&D Systems, USA). To start with, the cells that 
treated with bortezomib and imatinib for 72 hours were 
collected by centrifugation at 1000 rpm for 10 minutes. 
Afterwards, pellets were treated with 100 µl of cold lysis 
buffer (1X) in order to obtain cell lysate. Then cell lys-

ates were incubated on ice for 10 minutes and they were 
centrifuged at 14000 rpm for 1 minute. After that, su-
pernatants were transferred to new eppendorf tubes. For 
measuring caspase activity, reaction mixture that include 
20 µl assay buffer (5X), 25 µl of sample, 50 µl of steril-
ized water and 5 µl of caspase-3 colorimetric substrate 
was prepared in 96-well plates adding and incubated for 
2 hours incubation at 37˚C. samples was read under 405 
nm wavelength by Elisa reader (Thermo Electron Cor-
poration Multiskan Spectrum, Finland). Absorbances 
were normalized to protein levels as determined by 
Bradford Assay. 

Detection of the loss of mitochondrial membrane 
potential (MMP). The loss of mitochondrial membrane 
potential was detected by JC-1 mitochondrial membrane 
potential (MMP) kit (Cell Technology, USA). The loss 
of mitochondrial membrane potential is a hallmark for 
apoptosis. Firstly, the cells treated with imatinib and 
bortezomib were collected by centrifugation at 1000 rpm 
for 10 minutes. Supernatants were discarded and 500 µl 
of JC-1 dye was added onto pellets and incubated at 
37˚C in 5% CO2 for 15 minutes. Then samples were 
centrifuged at 1000 rpm for 5 minutes and 2 ml of assay 
buffer was added onto the pellets and they were centri-
fuged for 5 minutes at 1000 rpm. All pellets were resus-
pended with 500 µl assay buffer and 150 µl from each of 
them was added into the 96-well plate. The aggregate 
red form has absorption/emission maxima of 585/590 
nm and the green monomeric form has absorption/ emis-
sion maxima of 510/527 nm. The plate was read in these 
wavelengths by fluorescence Elisa reader (Thermo 
Varioskan Spectrum, Finland). 

3. RESULTS 

The cytotoxic effects of imatinib or bortezomib alone 
or in combination on K562 cells. IC50 values of 
imatinib and bortezomib were found to be 280 nM 
(Figure 1) and 65 nM (Figure 2) in K562 cells exposed 
to increasing concentrations of imatinib and bortezomib 
for 72 hours, respectively. There were 6-, 12-, 16-, 26-, 
and 80% decreases in cell proliferation in 0,1-, 1-, 10-, 
100- and 500 nM imatinib exposed K562 cells for 72 
hours, respectively, as compared to untreated controls 
(Figure 1). On the other hand 10-, 50-, and 100 nM bor-
tezomib resulted in 5-, 36-, and 70% decreases in cell 
proliferation (Figure 2), respectively. The same concen-
trations of imatinib with a combination of 65 nM borte-
zomib decreased cellular proliferation 71-, 72-, 74-, 77-, 
and 81%, respectively, as compared to untreated controls 
(Figure 3a). There were 50% decrease in proliferation of 
K562 cells in response to 65 nM bortezomib (Figure 
3b). 

The effects of Imatinib/Bortezomib combination on 
caspase-3 enzyme activity in K562 cells. Caspase-3 
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enzyme activity analyses showed that there were 1.16-  
and 1.26-fold increase in 10- and 280 nM imatinib alone 
applied K562 cells, respectively while 65 nM bortezo- 
mib increased the caspase-3 enzyme activity 1.24-fold 
increase by itself (Figure 4). On the other hand, the 
same concentrations of imatinib in combination with 65 
nM bortezomib increased the enzyme activity 1.83- and 
2.56-fold, respectively (Figure 4). 

The effects of combination of Imatinib/Bortezomib 
on mitochondrial membrane potential. Treatment with 
imatinib/Bortezomib caused a significant loss of MMP, 
as measured by increased accumulation of of cytoplas-
mic/mitochondrial form of JC-1, in K562 cells as com-
pared any agent alone. There were 1.14- and 1.28-fold 
increase in cytoplasmic/mitochondrial JC-1 in 10- and 
280 nM imatinib applied K562 cells, respectively, while 
65 nM bortezomib decreased MMP 1.16 fold by itself. 
On the other hand, the same concentrations of imatinib  
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Figure 1. Effects of imatinib on the growth of K562 cells. 
The IC50 concentration of imatinib was calculated from 
cell proliferation plots. The XTT assays were performed 
using triplicate samples in at least two independent ex-
periments. Statistical significance was determined using 
two-way analysis of variance, and (P < 0,05) was consid-
ered significant. 
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Figure 2. Effects of bortezomib on the growth of K562 
cells. The IC50 concentration of bortezomib was deter-
mined by XTT assay for each cell line as described. The 
XTT assays were performed using triplicate samples in at 
least two independent experiments. Statistical significance 
was determined using two-way analysis of variance, and 
(P < 0,05) was considered significant. 

with 65 nM bortezomib decreased MMP 1.54- and 
2.4-fold, respectively (Figure 5). 

4. DISCUSSION 

The way for treatment of cancer more than one agent is  
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Figure 3. Effects of bortezomib and imatinib combination 
on the growth of K562 cells (a). Effects of 65 nM borte-
zomib by itself on K562 cells as compared to untreated 
controls (b). Cytotoxicity was determined by the XTT cell 
proliferation test in a 72 hours culture. The XTT assays 
were performed using triplicate samples in at least two 
independent experiments. Statistical significance was de-
termined using two-way analysis of variance, and (P < 
0,05) was considered significant. 
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Figure 4. Percent Changes in Caspase-3 Enzyme Ac-
tivity in bortezomib and imatinib combination or any 
agent alone exposed K562 Cells. The results are the 
means of two independent experiments. P < 0,05 was 
considered significant. 
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Figure 5. Percent changes in cytoplasmic/mitochondrial 
JC-1 in bortezomib and imatinib combination or any 
agent alone exposed K562 Cells. The results are the 
means of two independent experiments. P < 0,05 was 
considered significant. 

known as combination therapy. The main aim of the 
combination therapy is to get more effective result with 
at least two agents than any agent alone. For this purpose, 
the agents targeting the different mechanisms and having 
effect on different ways are preferred. Several groups 
demonstrated that targeting the combination therapy 
increases the effect of one agent and it appears a very 
good alternative way for the treatment of cancer [22, 23, 
24]. Thus the complete destruction of BCR/ABL+ leu-
kemic cells may require BCR/ABL inhibitors in combi-
nation with other therapeutic agents that modify the mo-
lecular pathways that control cell survival. The treatment 
of Philadelphia chromosome-positive (Ph+) leukemias 
has improved markedly owing to the development of 
inhibitors of BCR/ABL tyrosine kinase, as a first mem-
ber tyrosine kinase inhibitors imatinib. However, resis-
tance to imatinib resulting from various molecular 
mechanisms, such as BCR/ABL overexpression, aber-
rant ceramide metabolism, mutations within the ima- 
tinib-binding site of BCR/ABL, expression of a drug 
efflux pump or compensatory overexpression of related 
Src family kinases [4,7]. 

Bortezomib reduces NF-kb activation and inhibits its 
translocation to the nucleus. On the other hand having 
the ability to arrest the cells in G2/M, it can increase the 
sensitivity of cancer cells to chemotherapy and radio-
therapy. The BCL-2 family plays significant roles as a 
key activators of mitochondrial apoptosis in mediating 
bortezomib toxicity [14,25].  

There were some recent studies showing increased 
synergistic apoptotic effects of imatinib and/or borte-
zomib with a combination of other anticancer agents in 
hematological malignancies. In isolated chronic lympho- 
blastic cells, bortezomib has been shown to induce con-
siderably higher level of apoptosis than either methyl-
prednisolone or fludarabine and the combination of 
fludarabine plus bortezomib increased apoptosis more as 

compared to any agent alone, even in fludarabine-resis- 
tant cells [15]. In 2008, Wiberg and his coworkers ex-
plored 115 samples of tumour cells that bortezomib is  
more active in haematological malignancies than in solid 
tumour samples. Their results showed a strong synergy 
with arsenic trioxide or irinotecan and bortezomib [13]. 
In an interesting study by Yong et al., in CD34+ cells of 
fourteen CML patients from different phases and in 
K562 cells, as a positive control, bortezomib treatment 
improved sensitization, upregulated the expression of 
TRAIL receptors on quiescent leukemic CD34+ cells and 
increased their susceptibility to expanded donor NK 
cells [27]. Likewise, another data support a model in 
which the combination of sorafenib, multikinase inhibi-
tor, and bortezomib showed synergistic cytotoxicity by 
modulating Akt and JNK signaling to activate apoptosis 
[28]. On the other hand, bortezomib in combination of 
histone deacetylase inhibitor, SAHA, was subjected to 
another study demonstrating that bortezomib and SAHA 
combination resulted in imatinib-sensitive and -resistant 
BCR/ABL positive cells to apoptosis through induction 
of JNK and p21CIP1 [29].  

To overcome resistance problems in CML, combina-
tions of drugs with imatinib provided an emerging 
therapeutic concept. The recent study by Cortes and his 
coworkers showed effectiveness of imatinib with lon-
afarmib in CML patients who were initially resistant to  
imatinib. Combination of imatinib with cytarabine also 
showed synergistic cytotoxic effects in CML patients 
[30]. It was also shown by our group that imatinib in 
combination with docetaxel and fludarabine presented 
synergistic apoptotic effects in K562 cells (Unpublished 
data). All examinations showed that combination of bor-
tezomib with imatinib induces apoptosis synergistically.  

In this study we evaluated the possible synergy of 
combination of imatinib and bortezomib. Our data pro-
vide that bortezomib enhanced the chemosensitivity of 
BCR/ABL positive human K562 CML cells to imatinib. 
Combination therapy can be revealed promising results 
for new approaches to underlying mechanism of drug 
resistance. The combination of these agents induced 
apoptosis through decrease in mitochondrial membrane 
potential and increase in caspase-3 enzyme activity. 
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ABSTRACT 

HER-2/neu oncogene is over-expressed and 
amplified in patients associated with metastatic 
breast cancer. An increased level (>15 ng/mL) in 
the shed extracellular domain (sECD-HER 2/neu) 
is indicative of the potential presence and as-
sociated progression of this disease. A fluo-
rescent ELISA incorporating the newly devel-
oped ALYGNSA antibody-orientation system 
revealed a 10-fold increase in sensitivity (≤0.63 
ng/mL) of sECD-HER 2/neu when compared to a 
control standard ELISA kit (≤7.5 ng/mL). This 
enhanced mode of detection has the potential to 
not only address breast and other cancers per 
se but also permit an in depth evaluation of 
“shed extracellular domains”, in general, and 
the role of these “proteolytic derived factors” in 
physiological signalling at normal levels. 
 
Keywords: HER-2/neu; Shed Extracellular Domain; 
C-erbB2; Breast Cancer Marker; ELISA; Fluores-
cent immunoassay; ALYGNSA 

1. BACKGROUND 

Breast cancer, which is the most diagnosed form of can-
cer in women, will account for 27% of cancer cases in 
2009 according to the American Cancer Society. The 
human epidermal growth factor HER-2 oncogene (c- 
erbB-2) has been implicated in this disease [1-4]. The 
HER-2/neu oncoprotein is amplified and over-expressed 
in 25 to 30 percent of patients with aggressive breast 
cancer. Further, the full-length receptor (p185HER2) 
undergoes a proteolytic cleavage resulting in the release 
of the soluble shed ECD/HER2 (sECD-HER 2/neu) 
fragment. The resultant truncated intracellular form con-
taining the kinase domain is associated with enhanced 
signaling activity and consequently contributes to me-
tastatic breast cancer [5]. The sECD/HER 2/neu frag-
ment from the surface of breast cancer cells once shed 
into the blood of individuals can be quantified, making a 

useful breast cancer biomarker. 
Measured levels of the sECD-HER 2/neu protein 

greater than 15 ng/ml were indicative of the potential 
presence and the associated progression of primary tu-
mors to metastatic breast cancer [4,6,7]. Most commer-
cially available assays use this concentration as a focal 
point leaving smaller amounts undetected. Since the over 
expression of HER-2/neu oncogene is a useful tool as a 
prognostic and predictive marker for breast cancer, de-
velopment of a more sensitive biomarker assay appeared 
ideal for monitoring the progression, the early recurrence 
of metastatic breast cancer, and the response to therapy 
[5,8,9]. A more sensitive assay would also allow for the 
establishment of an individual’s baseline level of sECD- 
HER-2/neu protein through which more accurate detec-
tion of unexpected increase might be achieved. Finally, 
an improved assay may be useful to monitor the normal 
signaling activity of the Her-2/neu pathway. 

A current, rapid method to detect Her-2/neu protein in 
biological fluids, such as serum, is the Enzyme-Linked 
Immunosorbant Assay (ELISA) [10,11]. A typical com-
mercial HER-2/neu ELISA assay uses the “sandwich” 
principle, where a capture antibody is directly adsorbed 
onto a substrate. The detector antibody is labeled with an 
enzyme, which upon addition of the substrate, produces 
a colored product quantifiable by absorbance analysis.  
In this study, an assay was developed for the detection of 
the sECD-HER-2/neu protein utilizing the ALYGNSA 
system consisting of a protein biolinker (Protein G’) and 
poly (methyl methacrylate) or PMMA, a thermoplastic 
polymer. The unique interaction of Protein G’ with 
PMMA has been demonstrated to improve human IgG 
capture antibody alignment/orientation [12] and provide 
greater sensitivity in detection of cancer biomarkers 
CA-125 [13] and PSA [14].  

In this report, this system has been shown to detect an 
order of magnitude lower level of (sECD-HER 2/neu) 
than the commercial ELISA kit counterpart. 

2. MATERIALS AND METHODS 

2.1. ELISA Assay Method 

Microwells coated with mouse monoclonal anti-HER-2/-/ 
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Figure 1. Siemens sECD-HER 2/neu ELISA: Re-
sults for assay (closed squares) and baseline (open 
squares) points. The standard deviation values are 
presented in Table 1. The LOD was determined by 
the blank value +2 times the standard deviation. 
The intra-assay variability (%CV) or [(standard 
deviation / mean)*100] was calculated based on 
the difference in duplicate measurements. The 
highly linear relationship between the standards 
was confirmed by the coefficient of determination 
(R2) value of 0.998. Each data point represents the 
average of eight replicates. 
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Figure 2. sECD-HER 2/neu ALYGNSA: Results for 
assay (closed squares) and baseline (open squares) 
points. The standard deviation values are presented in 
Table 2. As with the Her-2/neu ELISA, the 
ALYGNSA method showed a highly linear response 
as indicated by the R2 value of 0.997. Each data point 
represents the average of six replicates. 

 
neu protein antibody, HER-2/neu reference standards, 
sample diluent, detector antibody, substrate diluent, 
conjugate diluent, conjugate concentrate, substrate tablet, 
substrate diluent and stop solution were used in the 
HER-2/neu colorimetric ELISA (Siemens). The ELISA 
assay was performed according to manufacturer’s in-  

Table 1. Siemens ELISA kit detection of sECD-HER 
2/neu. 

[ng/mL] Absorbance ±SD %CV 

35 2.50 0.25 10 

25 1.80 0.17 9.4 

15 1.20 0.10 8.3 

7.5* 0.740 0.12 16 

2.5 0.410 0.24 59 

0 0.220 0.18 82 

* Level of Detection (LOD) was ≤7.5 ng/mL and was defined 
as the blank + 2 standard deviations (SD) [9]. The intra-assay 
variability (%CV) or [(standard deviation / mean) x 100] was 
calculated based on the difference in duplicate measurements. 

 
Table 2. SECD-HER 2/neu detection by ALYGNSA. 

[ng/mL] Fluorescence ±SD %CV 

20 27900 1100 3.9 

10 17100 790 4.6 

5 11900 2300 19 

2.5 10000 1300 13 

1.25 9080 105 1.2 

0.63 8330 58 0.7 

0.31 7450 190 2.5 

0 4870 1400 29 

* Level of Detection (LOD) was ≤0.63 ng/mL as defined above. 
The %CV was also calculated; value and SD of blank were con-
sistent with previously published reports [12,13]. 

 
structions. First, the HER-2/neu antigen reference sam- 
ple was diluted to 9.21 ng/mL with sample diluent. The 
standards and control were dispensed into the appropri-
ate wells at 100 L/well and incubated at 37oC for 3 
hours. The plate was rinsed three times with 350 L/well  
volume of plate wash buffer. Then, 100 L of detector 
antibody was dispensed into each well (except for the 
substrate blank wells) and incubated at 37oC for 1 hour. 
After washing, 100L of working conjugate solution 
was applied to all wells except for the substrate blank 
wells. Following incubation at room temperature for 30 
minutes, 100 L of working substrate solution was ap-
plied to all wells, including the substrate blank wells.  
After incubation at room temperature for 45 minutes in 
the dark, 100 L/well of stop solution was applied to all 
the wells and the plate was read for absorbance at 498 
nm on a BioRad plate reader.  

2.2. ALYGNSA Assay 

Protein and antibody reagents used in the sECD- 
HER-2/neu ALYGNSA assay were recombinant Protein 
G’ (Sigma), C-erbB-2 monoclonal antibody (Labvision, 
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clone# c-erbB-2/HER-2/neu Ab 20) and HER-2/neu an-
tigen, reference sample (Siemens). Poly (methyl metha- 
crylate) (PMMA) (Sigma) was used to coat polypropyl-
ene plates (Corning). The coating buffer was phosphate 
buffered saline (PBS); pH 7.4. A PMMA solution in ace-
tone prepared to a concentration of 10 mg/mL was solu-
tion cast onto polypropylene plates and incubated over-
night at room temperature in a desiccator. After drying, 
the plates were washed with one volume of 1% SDS in 
PBS, pH 7.4 and 3 volumes of PBS. The PMMA plates 
were coated with recombinant Protein G’ (1 g/mL at 50 
L/well) and incubated overnight at 4°C. After washing, 
the plates were blocked with 5% NFDM at 150 L/well 
for 2 hours at room temperature, and then re-washed. 
The plates were coated with the primary HER-2 anti-
body at 2 g/mL at 50 L/well and incubated overnight 
at 4oC. After washing, the plates were re-blocked and 
washed. The reference sample (antigen) was diluted to 
20 ng/mL and 100 L applied to the top rows of each 
plate. A 1:1 serial dilution in PBS was performed and 
carried out to 0.31 ng/mL. The plates were incubated for 
1 hour at room temperature, and then washed. The HER- 
2/neu secondary antibody was labeled using DyLight 
488 from Pierce. First, 8 L of the Borate Buffer (0.67 
M) was added to 100 L of 1 mg/mL HER-2/neu anti-
body in PBS. Then, 100 L of the prepared protein was 
added to the vial of DyLight Reagent, briefly centrifuged 
and incubated for 60 minutes at room temperature in the 
dark. One hundred microliters of the purification resin 
was added into the spin column and centrifuged for 1 
minute at ~1,000 x g. In a new tube 100 L of the label-
ing reaction was added to the spin column, mixed with 
the purification resin and centrifuged for 1 minute at 
~1,000 x g to collect the purified protein. This fluores-
cent-labeled secondary HER-2 antibody was diluted to 2 
g/mL, and applied at 50 L/ well. Following incubation 
for 1 hour at room temperature and washing, the plates 
were read for fluorescence on a BioTek Microplate 
Reader.  

 
3. RESULTS 

 
3.1. ELISA Assay 

An ELISA kit (Siemens) served as a model for a com-
mercially available method to detect sECD-Her-2/neu 
protein in breast cancer. A standard curve of absorbance 
versus concentration of sECD-HER 2/neu (ng/mL) was 
generated after multiple runs of the Siemens ELISA kit 
(Figure 1). The limit of detection (LOD) for sECD- 
HER-2/neu protein, in our hands, was determined to be 
≤7.5 ng/mL (Table 1).  

3.2. ALYGNSA Assay 

The ALYGNSA assay for sECD-HER 2/neu detection 

employs a sandwich assay protocol similar to the ELISA 
method, except for the protein biolinker, Protein G’, and 
the fluorescently labeled detector antibody; Fluorescence 
detection analysis is a more sensitive method of analysis 
than colorimetric detection employed in the ELISA 
method. Multiple determinations revealed an assay LOD 
of ≤0.63 ng/mL for sECD-HER 2/neu (Figure 2, Table 2) 
and, hence, a 10-fold greater sensitivity than the Siemens 
ELISA kit. 
 
4. DISCUSSION 
 
4.1. sECD-HER 2/neu Detection: Importance 

in Breast Cancer Treatment 

HER-2/neu is over-expressed and amplified in patients 
with metastatic breast cancer. An increase serum level 
(>15 ng/mL) of its shed extracellular domain (sECD- 
HER 2/neu) is indicative of the potential presence and 
associated progression of this disease. In this report a 
newly developed ALYGNSA system has been shown to 
detect an order of magnitude lower level of sECD-HER 
2/neu than the commercial ELISA kit counterpart. Pre-
vention of HER-2/neu overexpression has been exten-
sively demonstrated using novel HER-2/neu-blocking 
agents [8,15,16]. Monoclonal therapeutic antibodies 
known to bind to extracellular domains of HER-2/neu 
have been well characterized [17 and references therein]; 
they include: pertuzumab/Omnitarg which acts upon 
Domain II and is believed to hinder receptor dimeriza-
tion; cetuximab/Erbitux which blocks essential struc-
tural transitions of Domain III; and perhaps the most 
well known and of greatest interest here, trastuzu-
mab/Herceptin which binds to Domain IV blocking 
the action of sheddase and inhibiting sECD-HER 2/neu 
formation. Trastuzumab was the first FDA approved 
HER-2/neu monoclonal antibody used in the treatment 
of HER2/neu overexpression in breast cancer patients. 
sECD-HER 2/neu (>15 ng/mL) is currently used to se-
lect patients for therapy with trastuzumab. 

4.2. sECD-HER 2/neu Quantitation:  
Detection and Treatment of Additional 
Cancers 

Numerous reports have focused on evaluation of serum 
sECD-HER 2/neu levels in patients not only in breast 
cancer but also in several other tumor types including 
but not limited to ovarian [18] prostate [19], and lung 
cancer [20]. Each condition has a unique set of labora-
tory, pathological, and clinical factors essential to the 
detection, treatment, and prognosis. Greater detection, 
evaluation and standardization of sECD-HER 2/neu lev-
els in serum, as well as other cancer biomarkers, may 
provide a universal approach to epidermal growth factor 
receptor (EGFR) related cancers [21,22].  
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4.3. sECD-HER 2/neu Detection:  
Assessment of Normal Physiological 
Processes 

EGFR and the other three homologous members of the 
EGFR family of receptor tyrosine kinase (also referred 
to as the ErbB or HER family) are comprised of four 
members: EGFR, HER2, HER3, and HER4. Under nor-
mal physiological conditions, the EGFR family governs 
vital processes including cell growth, cell differentiation, 
and cellular migration (processes which are altered in 
cancerous states). Disruption of signaling from the re-
ceptors can result in aggressive diseases including many 
cancers (epithelial tumors) which could possibly lead to 
poorer outcomes. A recent review [16] has focused on 
the structural/functional aspects of ligand-induced ErbB 
receptor structural transitions and dimerization, and 
mechanistic modes of activation and inhibition. Further, 
a key part of the EGFR story involves sECD-HER 2/neu 
[23] and its proteolytic processing via protein ectodo-
main shedding by the ADAM family of proteins [24]. 
Post-translational processing of extracellular membrane 
components is a major mode of regulation [25]. The 
ALYGNSA assay, with its enhanced sensitivity, may be 
the vehicle that could drive these investigations. 
 
5. CONCLUSIONS 
 
This work utilized a fluorescent ELISA incorporating the 
newly developed ALYGNSA antibody-orientation sys-
tem which revealed a 10-fold increase in sensitivity 
(≤0.63 ng/mL) of sECD-HER 2/neu when compared to a 
control standard ELISA kit (≤7.5 ng/mL). The 
ALYGNSA assay could aid in evaluation and detection 
of sECD-HER 2/neu under normal conditions and may 
provide additional insight into its role in disease states. 
This experimental success with analytical (buffer-based) 
samples should encourage future work with clinical (se-
rum-based) samples.  
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ABSTRACT 

Airborne particles can trigger asthma when 
reaching certain threshold concentrations that 
vary by a few to several thousand times among 
different particles. The underlying mechanism 
for the variation is unknown. Here, based on 
common knowledge and observations, we pro-
pose that the potency of an airborne particle in 
causing asthma correlates positively with the 
weight of the particle and inversely with the 
friction coefficient between the particle and the 
airway epithelium. This model may lead to new 
approaches for investigating the asthma phe-
nomenon, and to practical applications for re-
ducing the prevalence of asthma. 
 
Keywords: Pollen; Spores, Allergens; Surface 
roughness; Environment 

1. INTRODUCTION 

It is known that different species of pollens and mold 
spores differ greatly in their ability to trigger asthma, as 
profoundly represented by the scale of pollen and mold 
spore count developed by the National Allergy Bureau 
(hereafter referred to as the NAB scale) [1]. Given that 
pollens and mold spores, at least within their own re-
spective categories, are similar in chemical composition, 
it remains unexplained why such variation occurs.  

Induction of asthma by airborne particles involves 
both biophysical and biochemical responses. The earliest 
response is that the ciliated airway epithelial cells 
physically move the particles out of the respiration sys-
tem upon the particle invasion. The lateral motion of the 
particles relative to the epithelium can be envisioned as a 
physical process relying on friction between two solid 
surfaces separated by a layer of liquid (also called lubri-
cated friction). Of two particles having the same friction 
coefficient with the airway epithelium, the heavier one is 
expected to be less efficiently removed than the lighter 
one. Extending from this argument, a particle with a 
larger friction coefficient will be more efficiently re-

moved than a particle of the same weight but with a 
smaller friction coefficient. In other words, a particle 
with smooth surface may tend to slip off the cilia of the 
epithelium.  
 
2. THE MODEL  
 
It is proposed that the physical (excluding chemical) 
potency (P) of an airborne particle in inducing asthma is 
a function of the particle count (n) in a unit space, the 
weight of the particle (w), and the friction coefficient (µ) 
between the airway epithelial cells and the particle, 
which can be expressed by the following equation. 

P = nw/µ               (1) 
 
3. EVIDENCE SUPPORTING THE 

MODEL 
 

The NAB scale indicates that, for mold spores to be a 
significant trouble-maker, the count should be about 
13,000-49,999 per cubic meter, whereas it is about 
20-199, 50-499, and 90-1499 per cubic meter for grass 
pollens, weed pollens, and tree pollens, respectively. 
These numbers suggest that the abilities of these parti-
cles in causing allergy and asthma vary by several to 
about 10 times within a class and several to several 
thousand times between classes. It is known that mold 
spores are usually about 3-5 µm in diameter and airborne 
pollens are usually about 20-90 µm in diameter, which 
can be translated into a few dozens to several thousand 
times differences in weight between mold spores and 
pollens, a range consistent with the range of variations in 
the ability to cause allergy and asthma between mold 
spores and pollens. Moreover, within each class of the 
particles, the diameter variation is estimated to be typi-
cally in the range of one to several times, which are 
translated into single to double-digit fold differences in 
weight. Therefore, the differences in particle size could, 
to a large extent, account for the variation in the ability 
to cause allergy and asthma within each class of parti-
cles.  

To estimate the ranges of pollen size in different plant  
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Table 1. Correspondence between NAB pollen count scales 
and pollen sizes. 

 Grasses Weeds Trees 

Pollen count scale as 
high for allergy2 

20-199 50-499 90-1499 

Pollen size range (µm) 
(90% of the species) 

20-95a 18-90 18-90 

Mean pollen size (µm) 
± standard deviation 

57 ± 29a 

(n = 113) 
43 ± 30 

(n = 267) 
40 ± 22 

(n = 142)
aMonocot species including eight grass species 

 
groups as the first test of Eq.1, we analyzed the pollen 
sizes (lengths) [2] of 114, 267, and 142 species of mono-
cots (including eight grass species), weeds (herbaceous 
species), and trees, respectively. Here the data for all the 
available monocot species are used to represent the data 
for grass species because the sizes are known only for 
eight grass species. The results are summarized in Table 
1. First, 90% of species in each of the three groups fall in 
the pollen size range of 20-95 µm or 18-90 µm. Second, 
the monocot species have the largest mean pollen size, 
the weeds the second largest, and the trees smallest. The 
differences in mean pollen size, after multiplication to 
the power of three, represent the differences in pollen 
weight, i.e., the ratio in weight is (57:43:40)3 ≈ 2.9:1.2:1. 
These values to a large extent correspond to the differ-
ences in the NAB pollen counts for the three groups of 
species, consistent with the model indicated by Eq.1. 

However, the variation in weight alone does not fully 
explain the differences in the particle count scale be-
tween the pollen classes (e.g. the NAB scale differences 
between grass pollens and tree pollens range from 4.5 
folds to 7.5 folds whereas the mean pollen weight dif-
ference is 2.9 folds). If particle weight is a factor under-
lying the major differences in the NAB scale, it is rea-
sonable to assume that a related physical factor, the fric-
tion coefficient in the particle-airway epithelium system, 
also contributes to the differences in the NAB scale, es-
pecially between pollen classes, i.e., the NAB scale dif-
ferences may be partially accounted for by the differ-
ences in surface features between the pollen classes. The 
friction coefficient factor, to some extent, is also ex-
pected to contribute to even smaller differences within 
each particle class of both pollens and mold spores.  

Although the friction coefficients between human 
airway epithelium and airborne particles remain to be 

experimentally determined, a survey of scanning elec-
tron microscopy studies of 16 pollen species frequently 
linked to asthma indicates that, in general, grass pollens 
have the smoothest surfaces, followed by somewhat 
rougher pollens of some weed and tree species, and the 
roughest pollens of other tree species [3-5]. The levels of 
roughness of these pollens inversely correlate well with 
their documented abilities to cause asthma. Interestingly, 
ragweed, a famously potent weed pollen species in in-
ducing allergy and asthma, is ranked among the 
smoothest ones; its surface spines are far apart from one 
another and thus are predicted to contribute little to the 
roughness (friction coefficient) at a microscopic scale. 
Even subtle differences among the pollens with interme-
diate levels of surface roughness seem to inversely cor-
relate with their potencies in inducing asthma [5]. A 
similar correlation seems likely to exist for mold spores 
as they too vary in surface roughness [6]. These results 
suggest that the particle surface structure, the only vari-
able determinant of friction coefficient in the system 
involving the airway epithelium and airborne particles, is 
an important factor affecting asthma induction, in addi-
tion to the weight factor.  

Besides n, w and µ in Eq.1 may be subjective to ma-
nipulation for the reduction or elimination of the effect 
of airborne particles on asthma induction. Controlled 
environmental conditions that render airborne particles 
light and their surface rough may help achieve a satis-
factory goal in asthma prevention or treatment. 
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ABSTRACT 

Background: In the Caribbean in particular Ja-
maica, no study has been done to examine 
married respondents in order to understand 
reasons for their greater health status. The ob-
jectives of the current study are: 1) examine the 
sociodemographic characteristics of married 
people in Jamaica; 2) evaluate self-rated health 
status of married people in Jamaica; 3) deter-
mine factors that account for good health status 
of married people and 4) provide public health 
practitioners with empirical studies that can be 
used to formulate policies for men in particular 
non-married men in Jamaica. Materials and me- 
thods: Stratified random sampling technique 
was used to select 6,783 respondents. It was a 
nationally representative sample. Logistic re-
gression analysis was used to ascertain the 
correlates of health status. Results: The mean 
age for women in marriage in Jamaica was 6 
years lower than that of men. The correlates of 
good health status (including moderate health) 
of respondents in descending order were self- 
reported illness (OR = 0.12, 95%CI = 0.01- 0.17); 
age (OR = 0.94, 95%CI = 0.93-0.96); income (OR 
= 1.32, 95%CI = 1.05-1.66) and sex of respon-
dents (Or = 1.14-2.32)—χ2(df = 4) = 383.2, P < 
0.05. The four variables accounted for 44.4% of 
the explanatory power of the model; with 
self-reported illness accounting for 32.5% of the 
explanatory power. Conclusion: Marriage pro-
vides greater access to more socioeconomic 
resources for its participants as well as increase 
men’s unwillingness to visit medical care prac-
titioners. 

Keywords: Marriage; Sexes; Health Status;    
Sociodemographic Correlates; Jamaica 

1. INTRODUCTION 

Globally, empirical studies have shown a statistical as-

sociation between marital status and self-reported health 
status. Studies found that married people have a better 
self-reported health status (or self-reported health, sub-
jective wellbeing) [1-9] and/or lower mortality than non- 
married people. This is no different in Jamaica, as stud-
ies have found that married Jamaicans have a better 
health status than non-married Jamaicans [10,11]. Al-
though generally findings on health status in Jamaica 
indicated the aforementioned, a study by Bourne & 
McGrowder [12], using 15,260 rural residents, found no 
statistical difference between the good health status of 
married and non-married respondents. In spite of Bourne 
& McGrowder’s work, the preponderance of empirical 
evidence generally indicated that married people have 
better health status and experience lower rates of mortal-
ity than non-married people; and so Bourne & Mc- 
Growder’s study does not reduce the reality of a differ-
ence in other geographic regions in Jamaica. Within the 
context of the health literature, the odds ratio of good 
health status for married people is greater than that for 
non-married people, and this is ascribed to different 
socio-economic and lifestyle issues. 

The socio-economic and lifestyle issues include the 
following: greater health care-seeking behaviour [13]; 
social support [2-4]; better lifestyle choices [3]; better 
and proper eating habits [6,7]; higher economic wellbe-
ing, more so for women [14], and that they are happier 
[15,16] and more contented [17] than non-married peo-
ple. Seemingly, greater health status is associated with 
marriage, or is it that those with greater health status are 
more likely to get married than those who are unhealth-
ier? A study by Elwert & Christakis [18] unearthed that 
the hazard ratio of mortality upon bereavement for a 
spouse was 1.17 for men, indicating that men upon the 
death of their spouses are 17% more likely to die them-
selves. Embedded in this finding is the benefit of mar-
riage for men, which is corroborated in research con-
ducted by Havens [19], which found that women live 
longer after the death of their spouse than men [20,21]. 
Another research found that the odds ratio of health 
status for married men in Jamaica was greater than for 
non-married men up to 75 years, while for the non-mar-
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ried women up to 75 years the odds ratio was greater 
than that for married women. The converse was the case 
post 75 years, with the odds of good health status for 
women being significantly more than for men [22]. In 
Jamaica for 2007, life expectancy at birth for men was 
69 years and 74 years for women [23], indicating that 
over the life span of the average Jamaican man, marriage 
will provide him with greater health status than if he 
were not married. Embedded in that finding is the fact 
that mortality is greater for men than women, which 
means that many men will be hospitalized before death. 
One study found that for an elderly couple, on the hos-
pitalization of one, mortality rates increased for the other, 
and that this was even greater for men than for women 
[24]. 

The literature has provided a partial understanding of 
the explanation for the better health status and/or low-
ered mortality ratios of married over non-married people. 
While answering some issues, a number of other issues 
are still unresolved from the literature. These unresolved 
issues include 1) whether married people are healthier 
because those who are likely to become married are 
healthier, 2) whether men benefit more from marriage 
than women, 3) whether marriage is the explanation for 
better self-rated health (subjective wellbeing) and 4) 
whether there are some protective effects of marriage. 
With the literature providing some understanding of the 
disparity in the general health status of married over 
non-married people, this still does not reduce the unre-
solved issues, and can we use a wholesale sociological 
explanation provided by the developed nations with dif-
ferent socialization, customs, practices, sociopolitical 
milieu and economic base, or even similar developing 
nations experiences, for an understanding of married 
people in Jamaica? Concurrently, can we use the general 
literature to formulate policies for an understanding of 
married people in Jamaica? One of the questions that 
was previously asked has been addressed in a longitudi-
nal study that found that happier singles were more 
willing to get married [25], suggesting that marriage 
attracts singles who have greater subjective wellbeing, 
and this accounts for some degree of greater odds ratios 
of married people being healthier than unmarried people. 
A study among married and non-married men found that 
mortality was greater for the latter than for the former 
[26]; and this was also the case among women [27].  

An understanding of other societies’ experiences un-
doubtedly aids in fashioning a framework for an under-
standing of what takes places in Jamaica. However, it 
cannot be relied upon as the sole explanation for hap-
penings in Jamaica. One of the goals of public health 
policy formulation is its reliance on empirical research, 
in guiding decisions on how to operate because there is 
an understanding of the issue at hand. All societies, 
while being governed by some fundamental similarities, 

have dissimilarities which must be understood in order 
to prescribe appropriate measures to address those con-
cerns embedded within the particular society. An exten-
sive research of the literature found no study that has 
sought to examine the rationale behind the fact that mar-
ried people record greater health status, in particular the 
men, as an approach to understanding how non-married 
men’s health status can be improved, and how general 
health status can be increased in Jamaica. Therefore 
public health policies have been structured around the 
literature and studies in other geopolitical zones; al-
though those societies have different cultural practices, 
customs and jurisprudence from that found in Jamaica. It 
is within this limitation that the current study emerged, 
to provide an explanation for what constitute the health 
status of married Jamaicans, in order to guide policy 
formulation and framework in this society. The objec-
tives of the current study are 1) to examine the sociode-
mographic characteristics of married people in Jamaica, 
2) to evaluate self-rated health status of married people 
in Jamaica, 3) to determine the factors that account for 
the good health status of married people and 4) to pro-
vide public health practitioners with empirical studies 
that can be used to formulate policies for men in par-
ticular non-married men in Jamaica. 
 
2. MATERIALS AND METHODS 
 
Secondary cross-sectional survey data were collected 
jointly by the Planning Institute of Jamaica (PIOJ) and 
the Statistical Institute of Jamaica (STATIN) between 
May and August 2007. The survey is called the Jamaica 
Survey of Living Conditions (JSLC), and it was primar-
ily collected by the aforementioned institutions as policy 
assessments for programmes and policies instituted by 
the government of the country. The JSLC began in 1988, 
and it has been an annual survey since then. It is stan-
dard practice that the JSLC’s sample be a proportion (i.e. 
one third) of the Labour Force Survey (LFC).  

The last JSLC was conducted in 2007 with the sample 
being 6,783 respondents. Of the sample of respondents, 
15.7% (n = 1,056 respondents) were used for this study. 
The only criterion for selection was being married. 
Stratified random sampling was used to randomly select 
a nationally representative sample for the survey. The 
design was a two-stage stratified random sample with a 
Primary Sampling Unit (PSU) and a selection of dwell-
ings from the primary units. The PSU is an Enumeration 
District (ED), which constitutes a minimum of 100 resi-
dences in rural areas and 150 in urban areas. An ED is an 
independent geographic unit that shares a common 
boundary. This means that the country was grouped into 
strata of equal size based on dwellings (EDs). Based on 
the PSUs, a listing of all the dwellings was made, and 
this became the sampling frame from which a Master 
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Sample of dwellings was compiled, which in turn pro-
vided the sampling frame for the labour force. A total of 
620 households were interviewed from urban areas; 439 
from semi-urban areas and 935 from rural areas, which 
constituted 6,783 respondents. One third of the Labour 
Force Survey (i.e. LFS) was selected for the JSLC. The 
sample was weighted to reflect the population of the 
nation. The non-response rate for the survey was 27.7%.  

2.1. Data Collection 

The JSLC is a modification of the World Bank’s Living 
Standards Measurement Study (LSMS) household survey 
[22]. The instrument was a questionnaire. Face-to-face 
interviews over the aforementioned period were used to 
collect the data. A structure questionnaire was used, and 
interviewers were trained and subsequently deployed to 
collect the data. The questions covered demographic cha- 
racteristics, household consumption, health, education, 
housing, social welfare and related programmes, and in-
ventory of durable goods. In 2007, a question on health 
status was included in the normal health conditions: 
length of illness, health insurance coverage, health care- 
seeking behaviour, medical expenditure, typology of 
health care utilization and immunization coverage of 
children. 

2.2. Statistical Analysis 

Data were stored, retrieved and analyzed using SPSS-PC 
for Windows version 16.0. Descriptive statistics were 
used to provide background information on the sample. 
Chi-square analyses were used to examine the associa-
tion between non-metric variables for area of residence 
and gender of respondents. Analysis of variance and 
t-test were also used to examine bivariate association. 
Logistic regression analyses examined the relationship 
between good health status and some socio-demographic, 
economic and biological variables. Forward stepwise 
logistic regression was used to build the model of good 
self-reported health status for the current study. 

The correlation matrix was examined in order to as-
certain if autocorrelation and/or multicollinearity existed 
between variables. Based on Cohen and Holliday [28] 
correlation can be low (weak)—from 0 to 0.39, moder-
ate—0.4-0.69, and strong—0.7-1.0. This was used to 
exclude (or allow) a variable in the model. Any correla-
tion that had at least moderate was excluded from the 
model in order to reduce multicollinearity and/or auto-
correlation between or among the independent variables 
[29-35]. Another approach in addressing and/or reducing 
autocorrelation is that all variables identified from the 
literature review were included in the model, with the 
exception of those in which the percentage of missing 
cases was in excess of 30%. Odds Ratios (OR) were 
used for the interpretation of each significant variable.  

2.3. Model 

Many factors are correlated with health status, and so the 
best statistical technique is multivariate analysis [36-38] 
and not bivariate technique. In keeping with the 
multi-nature of health status, the current study will use 
multivariate analysis which is captured in Equation 1 

Ht=f(Ai, Gi, HHi, ARi, lnY, EDi, MRi, Si, ∑MCt, SRIi, εi) 

(1) 

where Ht (i.e. self-rated good current health status in 
time t) is a function of age of respondents Ai; sex of in-
dividual i, Gi; household head of individual i, HHi; area 
of residence, ARi; logged income, lnC; Education level 
of individual i, EDi; marital status of person i, MRi; so-
cial class of person i, Si; summation of medical expen-
diture of individual i in time period t, MCt; self-reported 
illness, SRIi, and an error term (i.e. residual error). 

2.4. Measures 

An explanation of some of the variables in the model is 
provided here. Self-reported illness status is a dummy 
variable, where 1 = reporting an ailment or dysfunction 
or illness in the last 4 weeks, which was the survey pe-
riod; 0 = if there were no self-reported ailments, injuries 
or illnesses. While self-reported ill-health is not an ideal 
indicator of actual health conditions because people may 
underreport, it is still an accurate proxy of ill-health and 
mortality [39,40]. Health status is a binary measure 
where 1 = moderate to excellent health; 0 = otherwise, 
which is determined from “Generally, how do you feel 
about your health”? Answers to this question are on a 
Likert scale ranging from excellent to poor. Studies have 
shown that self-rated health status can be dichotomized 
into good and poor health [39,41]; but Bourne [22] and 
Finnas et al. [41] noted that there are issues surrounding 
this approach. Bourne [22] opined that the dichotomiza-
tion of health status for females is acceptable; however 
there are some challenges when this is done for males. 
Both Bourne and Finnas et al. found that the inclusion of 
moderate health status in poor self-reported health status 
is not best; and this explains the rationale for the inclu-
sion of moderate health into good health status for this 
study. Medical care-seeking behaviour was taken from 
the question “Has a health care practitioner, healer, or 
pharmacist been visited in the last 4 weeks?” with there 
being two options—Yes or No. Medical care-seeking 
behaviour therefore was coded as a binary measure 
where 1 = Yes and 0 = Otherwise. 
 
3. RESULTS 
 
3.1. Demographic Characteristics of  

Sample and Bivariate Analyses 

The sample was 1,056 respondents: 49.4% males and  
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Table 1. Demographic characteristics of sample, n=1,056. 

Characteristic N Percent
Sex  

Male 522 49.4
Female 534 50.6

Area of residence  
Urban 236 30.9
Semi-urban 217 20.5
Rural 513 48.6

Self-reported illness  
Yes 259 24.6
No 795 75.4

Social class  
Poorest 20% 153 14.5
Poor 181 17.1
Middle 185 17.5
Wealthy 238 22.5
Wealthiest 20% 299 28.3

Medical care-seeking behaviour  
Yes 173 65.3
No 92 34.7

Health insurance coverage  
Public 239 22.8
Private 57 5.4
Other 61 5.8
None 691 65.9

Self-rated health status  
Very good 301 28.7
Good 440 42.0
Moderate (or fair) 221 21.1
Poor 72 6.9
Very poor 14 1.3

Age Median (Range) 48.0 years (79 years)
Length of illness Median (Range) 7 days (0 )

 
50.6% females. Of the sample, 24.6% reported an illness; 
48.6% dwelled in rural areas; 34.1% had health insur-
ance coverage; 65.3% visited health care practitioners 
(including healers) in the last 4 weeks; 70.7% indicated 
at least good self-rated health status, and the median age 
of marriage was 48.0 years (Range = 79 years); while 
the median length of illness was 7 days (Range = 0 day) 
(Table 1). Of those who reported an illness, 72.4% indi-
cated that the ailment was diagnosed by a medical practi-
tioner. The illnesses were colds (6.8%); diarrhoea (0.8%); 
asthma (3.8%); diabetes mellitus (18.2%); hypertension 
(34.5%); arthritis (9.1%); and 19.3% indicated an un-
specified illness.  
A significant statistical difference was found between 
the sexes and age of respondents. The mean age of males 
was 53.7 years (SD = 15.3 years) compared to 48.0 years 
(SD = 14.5 years) for females—t statistic = 6.32, P < 
0.001. A statistical correlation was found between self- 
reported illness and sex of respondents—χ2(df = 1) = 8.21, 
P = 0.003. Twenty-one percent of males reported an ill-
ness compared to 28% of females. Concurrently, no sig-
nificant statistical correlation existed between self- re-
ported diagnosed illness and sex of respondents—χ2(df = 
7) = 7.70, P = 0.36. Similarly none was found between 
medical care-seeking behaviour and sex of respondents 
—χ2(df = 1) = 0.02, P = 0.50. 64.9% of males visited 
a health care practitioner (including healer) in the last 4 

Table 2. Self-reported illness by sex controlled for by area of 
residence. 

Sex Area of 
residence 

Self-reported 
illness Male Female

Total

Yes 19.4 23.1 69 
Urban 

No 80.6 76.9 256

Total  165 160 325

Yes 20.0 20.7 44 
Semi-urban

No 80.0 79.3 172

Total  105 111 216

Yes 21.9 34.7 146
Rural 

No 78.1 65.3 367

Total  251 262 513

 
weeks compared to 65.6% of females. A cross tabulation 
between self-rated health status and sex revealed no sig- 
nificant statistical association—χ2(df = 4) = 3.33, P = 
0.51. 

A moderate relationship was found between self-rated 
health status and age controlled for sex of respondents, 
correlation coefficient = 0.48; P < 0.05. Furthermore, the 
mean age of respondents who indicated very good health 
status was 43.4 years (SD = 11.2 years); 48.8 years (14.1 
years) for those who recorded good health status; 59.0 
years (SD = 14.7 years) moderate health status; 65.8 
years (SD = 13.5 years), poor health status; and 65.8 
years (SD = 10.6 years) for those with very poor health 
status—F statistic [4, 1043] = 75.1, P < 0.001. Concur-
rently, a cross-tabulation between self-reported illness 
and sex of respondents controlled by area of residents 
revealed that the significant statistical difference was 
found between rural males and females—χ2(df = 1) = 
10.3, P = 0.001: 34.7% of rural females reported an ill-
ness compared to 21.9% of rural males (Table 2).  

A cross-tabulation between self-reported illness and 
area of residence revealed a significant statistical rela-
tionship—χ2(df = 2) = 8.20, P = 0.017: 28.5% of rural 
respondents reported an illness compared to 21.2% of 
urban and 20.4% of semi-urban respondents. Similarly a 
significant statistical association existed between 
self-reported diagnosed illness and area of resi-
dence—χ2(df = 14) = 24.93, P = 0.035. Hypertension 
was greatest among rural respondents (40.9%) as well as 
asthma (4.7%); unspecified ailments were greatest 
among urban residents (28.6%) as well as diabetes mel-
litus (21.4%), and colds were greatest among semi-urban 
respondents (17.8%) (Table 3).  

A significant statistical correlation existed between 
self-rated health status and area of residence—χ2(df = 8) = 
24.8, P< 0.001. Rural respondents recorded the greatest 
very poor health status (2.2%) compared to semi-urban 
(0.0%) and urban dwellers (0.9%). With respect to poor 
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Table 3. Self-reported illness by area of residence. 

Area of residence 

Urban Semi-urban Rural 
Total 

Characteristic 

% % % % 

Self-reported diagnosed illness     

Cold 2.9 17.8 5.4 6.8 

Diarrhoea 0.0 0.0 1.3 0.8 

Asthma 2.9 2.2 4.7 3.8 

Diabetes mellitus 21.4 15.6 17.4 18.2 

Hypertension 21.4 33.3 40.9 34.5 

Arthritis 11.4 8.9 8.1 9.1 

Unspecified 28.6 15.6 16.1 19.3 

Non-diagnosed 11.4 6.7 6.0 7.6 

Total 70 45 149 264 

 
Table 4. Self-reported health status by area of residence. 

Area of residence 

Urban Semi-urban Rural 
Total 

Characteristic 

% % % % 

Self-rated health status     

Very good 31.6 31.3 25.8 28.7 

Good 42.1 46.7 39.9 42.0 

Moderate 21.7 17.3 22.3 21.1 

Poor 3.7 4.7 9.8 6.9 

Very poor 0.9 0.0 2.2 1.3 

Total 323 214 511 1,048 

 
Table 5. Self-rated health status by social class (in %). 

Social class 

Poorest 20% Poor Middle Wealthy Wealthiest20% 
Total 

Self-reported health status 

% % % % % % 

Very good 20.5 17.7 26.2 34.9 36.3 28.7 

Good 42.4 42.5 43.7 39.9 42.0 42.0 

Fair 23.2 28.7 22.4 18.1 16.9 21.1 

Poor 12.6 8.3 7.7 5.0 4.1 6.9 

Very poor 1.3 2.8 0.0 2.1 0.7 1.3 

Total 151 181 183 238 295 1048 

 
Table 6. Self-rated health status by self-reported illness. 

Self-reported illness 

Yes No 
Total 

Characteristic 

% % % 

Self-rated health status    

Very good 4.3 36.8 28.8 

Good 24.8 47.5 41.9 

Moderate 45.0 13.3 21.1 

Poor 21.7 2.0 6.9 

Very poor 4.3 0.4 1.3 

Total 258 788 1,046 
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Table 7. Self-rated health status by self-reported diagnosed illness (in %). 

Self-reported diagnosed illness 

Cold Diarrhoea Asthma Diabetes Hypertension Arthritis Unspecified No 
Total Self-rated 

health status 
% % % % % % % % % 

Very good 22.2 0.0 0.0 2.1 3.3 0.0 3.9 10.0 4.6 

Good 44.4 0.0 22.2 20.8 17.6 33.3 29.4 40.0 25.5 

Moderate 33.3 50.0 33.3 50.0 47.3 41.7 43.1 35.0 44.1 

Poor 0.0 0.0 33.3 20.8 27.5 25.0 21.6 10.0 21.7 

Very poor 0.0 50.0 11.1 6.3 4.4 0.0 2.0 5.0 4.2 

Total 18 2 9 48 91 24 51 20 263 

 
Table 8. Logistic regression: Correlates of good self-rated health status of married 
people in Jamaica. 

Explanatory variables OR Std. Error 95% CI R2 

Self-reported illness 0.12 0.18 0.01-0.17 0.325 

Age 0.94 0.01 0.93-0.96 0.102 

Log income 1.32 0.12 1.05-1.66 0.010 

Sex (male) 1.63 0.18 1.14-2.32 0.007 

Chi square = 383.2  

LR = 873.9  

 
health status rural dwellers recorded the greatest per-
centage (9.8) and semi-urban (4.7%) and urban respon-
dents (3.7%) (Table 4). Conversely, rural respondents 
recorded the lowest very good health status (25.8%) 
compared to other residents. 

A statistical association existed between self-reported 
health status and social class—χ2(df = 16) = 49.5, P < 
0.001. The wealthiest 20% of respondents recorded the 
highest very good self-reported health status (36.3%) 
compared to the wealthy (34.9%); middle class (26.2%); 
poor (17.7%) and the poorest 20% (20.5%) (Table 5). 
Conversely, the middle class recorded the least very poor 
health status compared to the other social classes. How-
ever, as the social class increased from poorest 20% to 
wealthiest 20%, the poor health status of the individual 
declined (Table 5).  

There is significant correlation between self-reported 
health status and self-reported illness—χ2(df = 4) = 318.6, 
P < 0.001. A moderately strong association was found 
between the two mentioned variables, coefficient corre-
lation = 0.48 (Table 6). Based on Table 6, 4.3% of those 
who indicated having an illness recorded very good 
health status compared to 36.8% of those who did not 
indicate an ailment. Of those who indicated having an 
illness in the last 4 weeks, 26% recorded at least poor 
health status compared to 2.4% of those who had not 
indicated an ailment. 

A statistical correlation existed between self-rated 
health status and self-reported diagnosed illness—χ2(df = 
28) = 47.9, P=0.011. The association between the two 
variables is a moderate one, correlation coefficient = 
0.39. Respondents who indicated chronic illness (i.e. 

diabetes mellitus, hypertension and arthritis) were more 
likely to record moderate health status. Of those with 
chronic illnesses, 231.9% of hypertensive respondents 
indicated at least poor health status compared to 27.1% 
of the diabetics, and 25% of the arthritic respondents. 
Forty-four percent of asthmatic respondents indicated 
that their health status was at least poor health status 
(Table 7). Less than 5% of respondents who indicated a 
chronic illness recorded very good self-reported health 
status. Furthermore, when self-rated health status and 
self-reported illness were controlled by sex and age of 
respondents, the correlation coefficient increased to 0.43, 
P < 0.001. And when self-rated health status and 
self-reported illnesses were controlled by sex, age and 
social class of respondents, the correlation coefficient 
increased even further to 0.44, P < 0.001. 

3.2. Multivariate Analysis 

The correlates of good health status (including moderate 
health) of respondents in descending order were self- 
reported illness (OR = 0.12, 95%CI = 0.01-0.17); age 
(OR = 0.94, 95%CI = 0.93-0.96); income (OR = 1.32, 
95%CI = 1.05-1.66) and sex of respondents (Or = 1.14- 
2.32)—χ2(df = 4) = 383.2, P < 0.05. The four variables 
accounted for 44.4% of the explanatory power of the 
model, with self-reported illness accounting for 32.5% 
of the explanatory power. Marital status, education, so-
cial class, area of residence and other variables that were 
identified as significant in relation to self-reported health 
status using bivariate analysis, dissipated when they 
were included among other variables in a general collec-
tion of variables (Table 9). 
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4. DISCUSSION 
 
The current study found that the mean age for married 
people in Jamaica was 50 years. On disaggregating the 
data it was revealed that the mean age for married fe-
males was 6 years less than that for their male counter-
parts (54 years). This finding adds some explanation to 
the disparity in life expectancy of the sexes in Jamaica, 
as females are expected to live 6 years longer than males 
[23,42] and with females who are married 6 years earlier 
than males; this indicates that the advantage of good 
health status in married couples does not dissipate the 
life expectancy gap between the sexes. In wanting to 
understand why married people have better health status, 
we found that 51% of married Jamaicans were at least 
wealthy which more than for the unmarried populace is. 
Embedded in this finding is the access to financial re-
sources which are not available to unmarried Jamaicans, 
and this accounts for greater health insurance coverage 
(34%) compared to the populace (21%); less time spent 
in illness (7 days compared to 10 days for the popula-
tion), and they seek more preventative measures, which 
accounts for the lower time spent receiving medical care. 
Comparatively 16 out of every 100 Jamaicans reported 
an illness in 2007 and this was 25 out of every 100 for 
married people, which indicates two things: 1) their 
willingness to recognize that they are experiencing 
ill-health, and 2) the identification of this group’s will-
ingness to first accept illness means that they address 
this more than unmarried people before severity comes 
into focus, which accounts for the lowered number of 
days recorded for them in illness.  

In a study conducted by Hambleton et al. [36], on eld-
erly Barbadians, it was found that self-reported current 
illness accounted for 87.7% of the variability in 
self-rated health status, and in this research we found it 
accounted for 73%. Embedded in these findings is the 
strong importance of illness on self-rated health status. 
Concurrently, in this paper, we found that a married re-
spondent who indicated an illness was 0.12 times less 
likely to report moderate-to-excellent health status. In 
addition, the current study found that the mean age of 
married persons who reported very good self-rated 
health status was 43 years and the mean age increased as 
the self-reported health status declined to very poor 
health: the mean age for those with very poor health 
status was 66 years and 59 years for those with moderate 
health.  

Married people are wealthier, older, with more finan-
cial resources at their disposal, and they have 1) more 
choices; 2) more maturity; 3) more social support; and 
these cushion the effect of economic hardship which is 
likely to be experienced by unmarried and single people. 
Income plays a critical role in determining the health 
status of people [43] and married people have more of it 

than unmarried people, which puts them in the advan-
tage category of the health status scale. Marmot [43] 
opined that poverty translated into poor health from the 
choice of nutrition, milieu and the choice of freedom, 
and this helps in the explanation of the advantage that 
income plays in aiding improvements in health status. 
The current study concurs with Marmot and other stud-
ies in that income is correlated with good health status; 
but disagrees that the correlation is a strong one. The 
current work showed that income only accounted for 1% 
of 44.4% explanatory power of good health status of 
married Jamaicans. Although income opens access to 
better physical milieu, choice of medical care, education, 
freedom, general choices and entertainment options, it 
cannot buy health and it plays a secondary role in im-
proving one’s moderate-to-excellent health status.  

The next variable that is correlated with moderate and 
beyond health status is age of respondents. The age of 
respondents accounted for 10.2% of the variability in 
health status in this study. The current study found a 
correlation between poor health status and age of re-
spondents, and with 50% of the sample being 48 years; 
25% being 39 years and 75% being 62 years and below, 
the better health status is carried across the age cohorts 
even into older ages for married Jamaicans. Thirty-five 
percent of the sample recorded having diabetes mellitus 
compared to 12% of the population; 34.5% had hyper-
tension compared to 22.4% of the population and 9.1% 
had arthritis compared to 8.8% of the population; yet 
still 71% indicated at least good health and 92% at least 
moderate health status. This means that preventative care 
is high among married respondents. It is this preventa-
tive mechanism which separates and accounts for some 
of the health disparity between married and unmarried 
people. Within the context of the health conditions 
among married people, preventative lifestyle practice is 
one of the measures that aid in the health inequality be-
tween this cohort and unmarried people, but it also is the 
choice.  

A study of 1,147 Jamaicans revealed that there was no 
significant difference between the health statuses of the 
sexes [11]. However, in the current study, married males 
were 1.32 times more likely to report moder-
ate-to-excellent health status compared to married fe-
males. This begs the question, why life expectancy be-
tween the sexes has increased to 6 years since 2004? 
Since 1988, females have been reporting more illnesses 
than males, yet still they outlive males on an average by 
6 years; it means therefore that marriage increases the 
current health status of males. The findings of this study 
revealed that 21 out of every 100 married men reported 
an illness compared to 28 out of every 100 married 
women and with the context that the latter group is out-
living the former, it can be extrapolated from this study 
that men are either under-reporting their ill-health or that 
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women are more impaired by ill-health than men. A 
study by Herzog [44] found that elderly women are more 
impaired by their health problems than men, and that 
men are more likely to die from them, which goes to the 
crux of their under-reporting their illness and so they are 
unable to receive adequate care before severity sets in. 
Underscoring the under-reporting of ill-health of men, 
Schoen et al. found [45] that men in general tend to be 
more stressed and less healthy than females, and further 
argued that men can use denial, distraction, alcoholism 
and other social strategies to conceal their illness or dis-
abilities. It should be noted here that there was no sig-
nificant statistical difference between medical care 
seeking behaviour of married men (65%) and women 
(66%), which indicated that men benefit from marriage 
which is accounted for in their choice to visit health care 
practitioners (including healers): in 2007, 63% of the 
male population visited a health care practitioner com-
pared to 68% of their female counterparts. Marriage 
therefore benefits the health status of males. 

Despite the strong influence of culture on men’s social 
behaviour, the current study highlights that men’s un-
willingness to seek medical care can be reversed. In the 
general population women outnumber men by 5%; but 
while married, no statistical difference was found be-
tween visits to medical care facilities by the sexes. This 
suggests that during marriage men will disregard to 
some degree the culture for the family, as they see their 
health and longevity as an important family success. 
Although this study did not examine the psychological 
status of men and women during marriage, we can ex-
trapolate that some aspect of this changes for men, and 
we see them attending medical care facilities in milieu, 
which signals weakness and lowered masculinity. Young 
males are socialized to be strong, masculine and brave, 
and they are taught to shun the appearance of weakness. 
One such case is illness. The male child therefore as a 
part of his socialization is supposed to accept that illness 
is correlated with weakness, and that he must not be 
willing to participate in health care seeking behaviour 
unless it is unavoidable. This definition of unavoidable 
is embedded into severity, and being unable to rectify the 
complaint outside of health care practitioners. This gen-
der role of the sexes is not limited to Jamaica or the 
Caribbean, but a study carried out by Ali and de Muynck 
[46] on street children in Pakistan found a similar gender 
stereotype. A descriptive cross-sectional study carried 
out during September and October 2000, of 40 
school-aged street children (8-14 years) revealed sever-
ity of illnesses, and only when ill-health threatened fi-
nancial opportunities, males sought medical care. How-
ever, married men will utilize health care facilities more 
than other men, and this is one of the ways in which they 
are able to have better health status, as they would be 

more likely to rectify ailments before severity sets in and 
premature death results. Recognition of the illness at that 
time is difficult to cure or averted.  

Another aspect is the psychological component. It can 
be deduced from the current findings that marriage pro-
vides positive psychological benefits to both parties that 
are embedded in mortality and suicide data. A study by 
Kposowa [47] found that divorced and separated people 
have a greater rate of suicide than married people; and 
that divorced and separated men are 2.4 times more 
likely to commit suicide than their female counterparts. 
One study found that premature mortality from pneumo-
nia was 7 times higher for divorced men than married 
men [48]. Lynch [48] found that divorced or separated 
men underwent inpatient or outpatient psychiatric care 
10 times more often than married men. In Jamaica, the 
suicide rate disparity between the sexes was 9 times 
more for men than for women [49]; and while this was 
not disaggregated by sex from the literature it can be 
extrapolated that marriage provides psychological bene-
fits to men that aid in their better health status, and in-
crease the likelihood of their decision to seek medical 
care, unlike their unmarried counterparts. Like men, 
marriage provides women with psychological benefits.  

A study by Stroup & Pollock [50] found that divorced 
women experienced a 30% decline in income compared 
to a 10% reduction for their male counterparts. Divorce 
therefore sees a financial separation from particular life-
style choices by the women, which also means that the 
children as well as the divorced women must now alter 
their choices owing to this new reality. The financial 
instability which accompanies divorce denotes that 
women will be more pressured to carry out some of the 
roles that previously were left to their husbands. Hence, 
this role, coupled with the financial challenge of the 
separation from the man’s resources, demonstrates why 
divorced women experience more depressive bouts than 
their married counterparts [51]. For women, the benefits 
of marriage are more financial, as the literature showed 
that women, on separation or divorce, experienced 
greater levels of depression [52-54]. Marriage therefore 
benefits both sexes. However, like Smith & Waitzman’s 
[3], and Lillard & Panis [2], this study concurs that the 
health gains from marriage for men were greater than 
those for women, and the financial benefits greater for 
women than men. The financial gains for women from 
marriage were also documented in a study by Prause et 
al. [55] which found that married women had higher 
economic wellbeing than divorced females, and this in-
dicates the gains that marriage affords them. 

5. CONCLUSIONS 

Marriage provides greater access to more socioeconomic 
resources for its participants, as well as increasing men’s 
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unwillingness to visit medical care practitioners. Al-
though married people have greater health status, the 
benefits are different based on the sex of the individual. 
For men the health gains from marriage are greater than 
for women; while women benefit more from the finan-
cial access to resources. 
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