Advances in Bioscience and Biotechnology, 2012, 3, 101-106

ABB

http://dx.doi.org/10.4236/abb.2012.31015 Published Online February 2012 (http://www.SciRP.org/journal/abb/)

Moderate anxiety in pregnant women does not compromise
gestational immune-endocrine status and outcome, but
renders mothers to be susceptible for diseased states
development: A preliminary report
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ABSTRACT

High anxiety levels during pregnancy commonly lead
to clinical complications that affect the mother/child’s
prenatal and perinatal health. Such complications are
thought to result from combining deficiencies of the
endocrine milieu and decreased immune tolerance
that support pregnancy. It is yet unclear whether
pregnant women subjected to moderate anxiety de-
velop a similar state of endocrine deficits and com-
promised immune tolerance. Here, we evaluated this
issue by monitoring endocrine and immune parame-
ters during pregnancy in a sample of women suffer-
ing of moderate anxiety. The health of mothers and
children, as well as the outcome of the pregnancies
were also revised and recorded. Moderately anxious
pregnhant women present increments of state anxiety,
serum cortisol and progesterone, but not of estradiol,
as pregnancy progressed. No variations of leukocyte
anti- and pro-inflammatory cytokine mRNA expres-
sion were found along pregnancy. However, these
pregnant women did show an increased frequency of
gestational and perinatal complications, conditions
that had no major consequences for their health and
that of their children at birth. Hence, moderate anxi-
ety renders the mother to be susceptible to develop
diseased states during or by the end of pregnancy,
while keeping the endocrine milieu and immune tol-
erance reasonably in place.
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1. INTRODUCTION

During the past three decades, we have witnessed an
increment in the number cases of maternal and fetal/in-
fant pre- and perinatal complications worldwide [1]. Al-
though nutritional factors, infections of various sorts,
stressful circumstances-whether social, biological or both-
and a wealth of physiological (including behavioral) dis-
orders alone or combined may predispose or trigger
pathophysiological states during gestation and delivery,
many intricacies of the mechanisms underlying them are
still poorly understood.

Anxiety disorders are now recognized to have harmful
effects on the course of gestation and on the mother/child
prenatal and postnatal health status [2-6]. Such deleteri-
ous effects seem to result from immune-endocrine un-
balances [7,8]. Most of the studies conducted up to this
date, however, have documented high anxiety levels to
be related with negative gestational health outcomes [5,9,
10]. To our knowledge, it is yet unclear whether pregnant
women subjected to moderate anxiety develop a state of
endocrine deficiency and compromised immunological
tolerance as that described for pregnant women living
under high anxiety levels. Here, we evaluated this issue
by monitoring endocrine and immune parameters during
pregnancy and the impact of moderate anxiety on the
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pregnancy outcome in a sample of pregnant women.

2. METHODS
2.1. Participants

This pilot study was conducted in a total of ten women
(17 - 33 years old) having moderate anxiety. Volunteers
were primiparous, mestizo, literate middle class pregnant
women (n = 10; Table 1) attending to prenatal care. The
physical exploration and routine laboratory analyses re-
vealed no abnormalities or underlying pathologies. Fam-
ily status, pregnancy outcome and pre/perinatal health
were followed and/or supervised. All the participants
signed the corresponding informed consent and the pro-
tocols used for sample withdrawing and handling were
approved by the Ethics Committee at the Hospital Es-
cuela, Universidad Veracruzana and concurred with the
Norma Oficial Mexicana [11], section NOM-007-SSA2-
1993.

2.2. Anxiety Evaluation

The magnitude of anxiety was scored by using the
state-trait anxiety inventory (STAI) [12] http://www.mbhs.
com/product.aspx?gr=cli&prod=stai&id=overview#). This
inventory has been used extensively in basic neuropsy-
chological research, clinical settings and cross-cultural
studies [10,13]. Recently it was adapted to the obstetric
population to measure subjective feelings of tension,
apprehension, nervousness and worries [14]. STAI meas-
ures both state and trait anxiety by assessing how sub-
jects feel by the time of testing as well as how they felt at
a particular time in the past. The inventory consists of 40
items presented as a Likert scale of almost—never to al-
most—always. In our case, women were asked to fill out
the questionnaires with no time limit, working in undis-
turbed classroom within the hospital around 10 o’clock
after breakfast. The questionnaire was applied when wo-
men first arrived to the hospital seeking for medical care
then re-applied at 12 (first trimester) and 38 (third tri-
mester) weeks of pregnancy. Anxiety scores were com-
pared between the first and third trimesters taking the
former as the reference value, since scores between the
first (upon arrival to the hospital) and the second ap-
plication (by the first trimester) did not differ. Statistical
differences between first and third trimester anxiety
scores were explored by using one way ANOVA tests (p
<0.05).

2.3. Hormonal Profiling

A progressive increase of cortisol, estradiol and proges-
terone serum availability is required for maintaining
pregnancy [2-6,15,16]. During gestation, however, ab-
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Table 1. Main description of 10 female participants.

Pregnant (n = 10)

Age, years (Mean = SD) 22.5+4.6
Marital and Family Status (%)
Single 20
Married/living as married 70
Divorced 10
Husband support 90
Family support 70
Financial burden 20
Dysfunctional family relationships 30
Anxiety factors
Fear to delivery 40
Health child concerns 100
Undesired pregnancy 20
Schooling, years (%)
<12 years 80
>13 20

SD: Standard deviation.

normal rises of cortisol serum levels may down regulate
estradiol and progesterone thus increasing the risk of
abortion or premature delivery [17,18]. High anxiety is
frequently associated with increased cortisol serum le-
vels [18]. However, the relationship between progesta-
tional hormone levels and moderate anxiety in pregnant
women has not been assessed before. We then deter-
mined cortisol, estrogen and progesterone serum levels
(blood samples were withdrawn between 8:00 and 9:00
a.m.) in pregnant women living under moderate anxiety
at 12, 27 - 29 and 38 - 40 weeks of pregnancy by clinical
conventional means and standard protocols. The serum
obtained was used to determine hormonal concentrations
(ng/ml) by ELISA following the protocol provided by
the supplier (Sensitivity 0.11 pg/dl and intra-assay vari-
ability coefficient <3 percent; VITROS Kit; Ortho-
Clinical Diagnostics; Johnson & Johnson). Temporal dif-
ferences of hormonal concentrations were assessed by
using repeated measures one-way ANOVA tests (p <
0.05).

2.4. Cytokine Profiling

Experimental evidence suggests that sources different
from the placenta, likely maternal leukocytes, release
cytokines that mediate inflammatory states during high
risk pregnancies [19], including those subjected to high
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anxiety levels [7]. Since no previous work has studied
the immunological profile of pregnant women living
under moderate anxiety, we evaluated levels of mRNA
expression of pro-(INF-y, TNF-a, IL-12) and anti-in-
flammatory (TGF-p, IL-4, IL10) cytokines in peripheral
leukocytes. Lymphocyte mRNA was extracted by using
the RNAeasy Mini Kit following the protocol recom-
mended by the supplier (QIAGEN). The integrity, purity
and concentration of mRNA was estimated following
conventional protocols having as an internal control actin
mRNA [20]. Then, cDNA was obtained [21] and used to
amplify cytokine genes by multiple PCRs (37 cycles,
aligning temperature 59°C) following the protocol pro-
vided by the manufacturer (Maximbio). Densitometric,
semi-quantitative analyses (LabWorks 4.5) of the ampli-
fied products relative to GADPH expression were then
carried out using digitized photographs (Bio Doc It; UVP
Co., USA) of ethidium bromide stained polyacrylamide
gels. We then pulled together, summed up and averaged
intensity values of all cytokines per cytokine group ana-
lyzed for each trimester. Although we recognized that
this manipulation masks cytokine individual variations
along pregnancy, it provides a global, easy to compare
and interpret, picture on the behavior of the pro- and
anti-inflammatory immunological profiles throughout pre-
gnancy. The average values referred above were also
used to estimate the anti-/pro-inflammatory cytokine
ratio (i.e., Th2/Thl response balance; for a similar ap-
proach see [17]). Statistical differences of both parame-
ters over time were tested by using repeated measures
one-way ANOVA tests (p < 0.05).

2.5. Additional Statistical Analyses

To investigate possible temporal correlations among all
parameters measured, we used Pearson’s correlative
analyses (p < 0.05).

3. RESULTS

As shown in Figure 1(a), pregnant women with moder-
ate anxiety increased their state anxiety as pregnancy
progressed. In spite of these change, cortisol and proges-
terone serum concentrations increased in the course of
pregnancy (Figure 1(b)). In contrast, estradiol serum le-
vels remained relatively constant during gestation (Fig-
ure 1(b)). Moderate anxiety did not modify anti- and
pro-inflammatory cytokine mRNA profile expression
during pregnancy (Figure 1(c)). With the exception of
gestational anti- and pro-inflammatory cytokine profile
patterns (Pearson’s correlation coefficient 0.79 at p <
0.05), no interaction among anxiety, endocrine and im-
mune variables were found.

Table 2 shows pregnancy complications and outcomes
developed by the mothers. Seven out of ten of these
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women developed complications throughout pregnancy or
labor. Four out of these seven women acquired urinary
tract infections; two had hypertensive states, two pre-
sented premature labor and one an upper respiratory tract
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Figure 1. Anxiety scores (a), cortisol, progesterone and estra-
diol (b) serum levels and anti-/pro-inflammatory mRNA cyto-
kine expression (c) in pregnant women showing moderate
anxiety during pregnancy.
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Table 2. Pregnancy and birth outcome details of ten the preg-
nant women.

Caesarean birth/Normal vaginal birth (%) 50/50
Gestation at delivery, weeks (Mean + SD) 40.6+1.6
Pregnancy complications (%) 70
Urinary tract infection 40
Hypertension 20
Preterm labor 20
Upper respiratory infection 10
Delivery complications (%) 50
Hypertension 20
Pregnancy beyond 41 weeks 10
Lack of labor progression 10
Fetal distress 10
Birth weight, g (Mean + SD) 3084.5+387.9
Birth length, cm (Mean + SD) 495+25

SD-Standard deviation. Table 2 displays the diseased states developed by
the mothers during pregnancy or by the time of birth. This table also shows
body weight and length of children. Notice that the last parameters reach
values within the reported normal range. Repeated measures one way
ANOVA:*p < 0.05, **p < 0.001.

infection. Interestingly, the women with urinary tract
infection also presented hypertensive conditions and
premature labor. Also, half of the participants-all of them
developed pregnancy complications-had the highest an-
xiety scores (not shown) and were all subjected to cesar-
ean sections. In spite of these pathophysiological find-
ings, body weight and length of the children delivered by
this group of women were normal (Table 2).

4. DISCUSSION

High anxiety during the course of gestation leads to a
variety of clinical complications by the time of birth.
Such deleterious effects have been attributed to endo-
crine deficiencies and reduced immune tolerance. How-
ever, another psychological condition that could affect
pregnant women is moderate anxiety. To our knowledge,
it is yet unclear whether pregnant women subjected to
moderate anxiety develop a state of endocrine deficiency
and compromised immune tolerance comparable to those
observed in pregnant women with high anxiety levels. In
this work we approached this issue by carrying out a
preliminary study in a cohort of pregnant women having
moderate anxiety. Our results show that even when mod-
erately anxious women increased their anxiety scores as
pregnancy progressed, overall endocrine and immune
parameters behave as reported for women ongoing a
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normal pregnancy [22-26]. In our study moderate anxiety
did not associated with a compromised gestational im-
mune-endocrine status in contrast to that reported in
pregnant women with high anxiety levels. It is interesting,
however, that pregnant women in our study developed
gestational and perinatal complications by the end of
pregnancy, suggesting that moderate anxiety renders
women to be susceptible to developed diseased states.
Although the mechanism is currently uncertain, it may be
that the lack of the gestational rising of estradiol serum
levels observed. Indeed, the women studied increased
their anxiety levels and developed hypertensive condi-
tions, infectious diseases, preterm or delayed labor or
lack of labor progression by the end of gestation. Estra-
diol is known to reduce anxiety [27,28], is a potent pro-
gestational hormone [29], an immune modulator [30] and
a regulator of uterine and blood vessel contraction [7].
Hence, future studies must address this relationship.

Another interesting observation was that moderate
anxiety did not associate with child’s low body weight or
short length at birth. What makes the embryos/fetus
somehow resistant to the effects of moderate anxiety?
Once again, the answer is yet unclear. Nevertheless, it
may be that the increments of cortisol and progesterone
serum levels and the maintenance of an adequate balance
of pro/anti-inflammatory cytokines during pregnancy
may suffice to procure a pro-gestational state in moder-
ately anxious women. In addition, since estradiol can
also stimulate pro-inflammatory processes under certain
circumstances [7,17], a reduction of estradiol serum lev-
els in pregnant women suffering of moderate anxiety
could also be protective. Future experiments must ad-
dress this important issue.

A surprising result was that maternal leukocyte anti-
and pro-inflammatory cytokine mRNA expression did
not show variations along pregnancy in spite of the fact
that anxiety levels and progesterone and cortisol serum
concentrations increased significantly. Commonly, dur-
ing implantation and labor the placenta releases pro-in-
flammatory cytokines that are counteracted by incre-
ments in anti-inflammatory cytokines secreted by mater-
nal leukocytes and the placenta itself as pregnancy pro-
ceeds. This last response appears to depend upon incre-
ments of cortisol, progesterone and estradiol [7,8,17]. As
the date of birth approaches cortisol increases further,
pro-inflammatory cytokines also increase whereas pro-
gesterone and estradiol drop, a combination that precipi-
tates labor [7,14,17,18]. So, it is puzzling that women
included in our study did not modify their leukocyte cy-
tokine expression during the course of their pregnancy.
One possibility to explain this finding is that the code
needed to trigger shifts of anti-/pro-inflammatory cyto-
kine expression in maternal leukocytes heavily depends
upon estrogen increments, a condition that was not pre-
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sent in pregnant women suffering of moderate anxiety
levels. A second possibility is that the participation of
cytokines released by maternal leukocytes is minor dur-
ing the response of the immune system to moderate
anxiety levels. Thirdly, moderate anxiety levels might
decouple immune-endocrine relationships thus protecting
the embryo/fetus, but certainly not the mother. Decoup-
ling, however, might also be a sign that foresees worse
things to come if anxiety levels are kept moderate or
high for a longer time. Upcoming studies must sort out
the merits of each of these possibilities.

5. CONCLUSIONS

Moderate anxiety in pregnant women associated with
increments of anxiety levels, serum cortisol and proges-
terone, but no increase of estradiol, as pregnancy pro-
gressed. In addition, no variations of leukocyte anti- and
pro-inflammatory cytokine mRNA expression were found
along pregnancy. However, these pregnant women pre-
sented an increased frequency of gestational and perina-
tal complications, conditions that had no major conse-
quences for their health and that of their children at birth.

Consequently, pregnant women with moderate anxiety
are more susceptible to develop complications during or
by the end of pregnancy, while keeping the endocrine
milieu and immune tolerance reasonably in place.

6. ACKNOWLEDGEMENTS

Authors thank the medical personnel of the Hospital Escuela, Univer-
sidad Veracruzana (UV), who assisted during the clinical procedures
aimed at withdrawing and processing biological samples. Also we are
grateful to Rocio Banderas by providing help during test application
and to Warren Haid who assisted in the preparation, editing and proof-
reading of the manuscript. GGO has been awarded with visiting
professor mini-grants provided for four years by the Coordinacion de la
Investigacion Cientifica, Universidad Nacional Auténoma de México
and the Departamento de Intercambio y Colaboracion Académica de la
Direccion de Desarrollo Académico de la Universidad Veracruzana.
Funding was provided by PROMEP/103.5/07/2753 (PTC-262), Secre-
taria de Educacion Publica, by the Instituto de Investigaciones Bio-
logicas (UV) and by Hospital Escuela (UV).

REFERENCES

[1] Morbidity and Mortality Weekly Reports (1999) Preterm
singleton births: United States 1989-1996. Morbidity and
Mortality Weekly Reports, 48, 185-189.

[2] Senties, M. and Ortiz, G. (1993) Evaluacion de los
niveles de ansiedad y el estado emocional en mujeres
embarazadas de bajo nivel socioecondmico. Psicologia y
salud Nueva Epoca, 2, 47-54.

[3] Rodriguez, J. (1995) Psicologia social de la salud. Edi-
torial Sintesis, S. A., Madrid.

Copyright © 2012 SciRes.

(4]

(3]

(1]

[12]

[13]

[14]

[15]

[16]

Pimentel, B. (2007) Ansiedad, depresion y funcionalidad
familiar en embarazo de alto riesgo obstétrico en el
hospital materno infantil de la C.N.S, La Paz-Bolivia. Re-
vista Pacenia de Medicina Familiar, 4, 15-19.

Orr, S.T., Reiter, J.P., Blazer, D.G. and James, S.A. (2007)
Maternal prenatal pregnancy-related anxiety and spon-
taneous preterm birth in Baltimore, Maryland. Psycho-
somatic Medicine, 69, 566-570.
doi:10.1097/PSY.0b013e3180cac25d

Teixeira, C., Figueiredo, B., Conde, A., Pacheco, A. and
Costa, R. (2009) Anxiety and depression during preg-
nancy in women and men. Journal of Affective Disorders,
119, 142-148. doi:10.1016/j.jad.2009.03.005

Ruiz, R.J., Fullerton, J. and Dudley, D.J. (2003) The in-
terrelationship of maternal stress, endocrine factors and
inflammation on gestational length. Obstetrical & Gyne-
cological Survey, 58, 415-428.
d0i:10.1097/01.0GX.0000071160.26072.DE

Arck, P., Hansen, P., Jericevic, B. M., Piccini, M.P. and
Szekeres-Bartho, J. (2007) Progesterone during pregp
nancy: endocrine-immune cross talk in mamalian species
and the role of stress. American Journal of Reproductive
Immunology, 58, 268-279.
doi:10.1111/5.1600-0897.2007.00512.x

Diego, M., Jones, N., Field, T., Hernandez-Reif, M.,
Schanberg, S., Kuhn, C. and Gonzalez-Garcia, A. (2006)
Maternal psychological distress, prenatal cortisol, and fe-
tal weight. Psychosomatic Medicine, 68, 747-753.
doi:10.1097/01.psy.0000238212.21598.7b

Rini, C.K., Dunkel-Schetter, C., Wadhwa, P.D. and Sand-
man, C.A. (1999) Psychological adaptation and birth out-
comes: The role of personal resources, stress, and socio-
cultural context in pregnancy. Health Psychology, 18,
333-345. doi:10.1037/0278-6133.18.4.333

Diario Oficial de la Federacion (1995) NOM-007-
SSA2-1993.

Spielberg, C., Gorsuch, R. and Lushene, R. (1968) State
Trait Anxiety Inventory: Preliminary test manual form X.
Florida State University, Tallahassee.

Spielberger, C.D. (1983) The state-trait anxiety inven-
tory for adults sampler set manual, test, scoring, key.
Mind Garden, Menlo Park.

Morales, F. and Gonzalez, G. (1990) Normalizacion del
Instrumento de Ansiedad (IDARE) en Mujeres Embara-
zadas. Revista Mexicana de Psicologia, 7, 75-80.

Carr, B., Parker, C., Madden J., McDonald, P. and Porter,
J. (1981) Maternal plasma adrenocorticotropin and cor-
tisol relationships throughout human pregnancy. Ame-
rican Journal of Obstetrics and Gynecology, 139, 416-
422.

Lustyk, M., Olson, K., Gerrish, W., Holder, A. and Wid-
man, L. (2009) Psychophysiological and neuroendocrine
responses to laboratory stressors in women: Implications
of menstrual cycle phase and stressor type. Biological
Psychology, 83, 84-92.
doi:10.1016/j.biopsycho.2009.11.003

Matalka, K. and Ali D. (2005) Stress-induced versus
preovulatory and pregnancy hormonal levels in modu-

OPEN ACCESS


http://dx.doi.org/10.1097/PSY.0b013e3180cac25d
http://dx.doi.org/10.1016/j.jad.2009.03.005
http://dx.doi.org/10.1097/01.OGX.0000071160.26072.DE
http://dx.doi.org/10.1111/j.1600-0897.2007.00512.x
http://dx.doi.org/10.1097/01.psy.0000238212.21598.7b
http://dx.doi.org/10.1037/0278-6133.18.4.333
http://dx.doi.org/10.1016/j.biopsycho.2009.11.003

106

(21]

(22]

[24]

T. Romo-Gonzalez et al. / Advances in Bioscience and Biotechnology 3 (2012) 101-106

lating cytokine production following whole blood stimu-
lation. Neuroimmunomodulation, 12, 366-374.
doi:10.1159/000091130

Field, T. and Diego, M., (2008) Cortisol: The culprit pre-
natal stress variable. International Journal of Neuroscience,
118, 1181. doi:10.1080/00207450701820944

Benyo, D.F., Smarason, A., Redman, C.W., Sims, C.,
Conrad, K.P. (2001) Expression of inflammatory cyto-
kines in placentas from women with preeclampsia. Jour-
nal of Clinical Endocrinology & Metabolism, 86, 2505-
2512. doi:10.1210/j¢.86.6.2505

Wilfinger, W.W., Mackey, M. and Chomczynski, P.
(1997) Effect of pH and ionic strength on the spectro-
photometric assessment of nucleic acid purity. Biotech-
niques, 22, 474.

Kleiboeker, S.B. (2003) Applications of competitor RNA
in diagnostic reverse transcription-PCR. Journal of Clinical
Microbiology, 5, 2055-2061.
doi:10.1128/JCM.41.5.2055-2061.2003

Figuero-Ruiz, E., Pricto, I. and Bascones-Martinez, A.
(2006). Cambios hormonales asociados al embarazo. Afe-
ctacion gingivo-periodontal. Avances en Periodoncia, 18,
101-113.

Arck, P., Hansen, P., Jericevic, B.M., Piccini, M.P. and
Szekeres-Bartho, J. (2007) Progesterone During Preg-
nancy: Endocrine-Immune Cross Talk in Mamalian Spe-
cies and the Role of Stress. American Journal of Repro-
ductive Immunology, 58, 268-279.
doi:10.1111/5.1600-0897.2007.00512.x

Chan, J., Rabbitt, E.H., Innes, B.A., Bulmer, J.N., Stewart,

Copyright © 2012 SciRes.

[25]

[26]

(28]

P.M., Kilby, M.D. and Hewison, M. (2007). Glucocorti-
coid-induced apoptosis in human decidua: A novel role
for 11beta-hydroxysteroid dehydrogenase in late gesta-
tion. The Journal of Endocrinology, 195, 7-15.
doi:10.1677/JOE-07-0289

Chang, K. and Zhang, L. (2008). Steroid hormones and
uterine vascular adaptation to pregnancy. Reproductive
Sciences, 15, 336-348. doi:10.1177/1933719108317975

Gambino, Y.P., Maymo, J.L., Pérez-Pérez, A., Duefias,
J.L., Sanchez-Margalet, V., Calvo, J.C. and Varone, C.L.
(2010). 17-Beta-estradiol enhances leptin expression in
human placental cells through genomic and nongenomic
actions. Biology of reproduction, 83, 42-51.
doi:10.1095/biolreprod.110.083535

Rodriguez-Sierra, J.F., Howard, J.L., Pollard, G.T. and
Hendricks, S.E. (1984) Effect of ovarian hormones on
conflict behavior. Psychoneuroendocrinology, 9, 293-300.
doi:10.1016/0306-4530(84)90008-8

Gallo, M.A. and Smith, S.S. (1993). Progesterone with-
drawal decreases latency to and increases duration of
electrified prod burial: A possible rat model of PMS an-
xiety. Pharmacology Biochemistry & Behavior, 46, 897-
904. doi:10.1016/0091-3057(93)90219-J

Rodriguez-Sierra, J.F., Howard, J.L., Pollard, G.T. and
Hendricks, S.E. (1984) Effect of ovarian hormones on
conflict behavior. Psychoneuroendocrinology, 9, 293-300.
doi:10.1016/0306-4530(84)90008-8

Stites, D.P. and Siiteri, P.K. (1983). Steroids as immuno-
suppressants in pregnancy. Immunological Reviews, 75,
117-138. doi:10.1111/5.1600-065X.1983.tb01093.x

OPEN ACCESS


http://dx.doi.org/10.1080/00207450701820944
http://dx.doi.org/10.1210/jc.86.6.2505
http://dx.doi.org/10.1128/JCM.41.5.2055-2061.2003
http://dx.doi.org/10.1111/j.1600-0897.2007.00512.x
http://dx.doi.org/10.1677/JOE-07-0289
http://dx.doi.org/10.1177/1933719108317975
http://dx.doi.org/10.1095/biolreprod.110.083535
http://dx.doi.org/10.1016/0306-4530(84)90008-8
http://dx.doi.org/10.1016/0091-3057(93)90219-J
http://dx.doi.org/10.1016/0306-4530(84)90008-8
http://dx.doi.org/10.1111/j.1600-065X.1983.tb01093.x

