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ABSTRACT 
Background: Sleep symptoms can predict the 
development of metabolic syndrome (MetS) in 
the general population. This study focused on 
the association between MetS and commonly 
reported sleep symptoms and personal sleep 
hygiene habits. The goal of this study was to 
help individuals to make healthier decisions and 
thereby prevent MetS. Methods: A cross-sec- 
tional survey was conducted among elderly peo- 
ple (age ≥ 65 years) who underwent a senior citi- 
zen health examination between March and No- 
vember 2009. A total of 1181 participants (433 
men, 36.7%; 748 women, 63.3%) were surveyed. 
MetS was defined using the modified Adult Treat- 
ment Panel III (ATP III). The participants com- 
pleted a sleep questionnaire and a MetS evalua- 
tion. Multiple linear regression analysis was 
used to examine the relationship of the number 
of MetS components with individual sleep symp- 
toms and sleep hygiene. Results: The specific 
symptom of insomnia (difficulty falling asleep 
[DFA]) increased the number of MetS risk factors 
significantly (coefficient = 0.252, p = 0.003, R2 = 
0.8). The duration of insomnia was not asso- 
ciated with the risk of MetS. Sleep hygiene ha- 
bits, including taking a nap lasting longer than 1 
hour during the day (coefficient = 0.256, p = 
0.001, R2 = 0.7), drinking caffeine-containing 
drinks during the day (coefficient = 0.233, p = 
0.013, R2 = 0.5), and getting regular exercise 
each day (coefficient = −0.179, p = 0.024, R2 = 
0.4), affected the number of MetS risk factors. 
Conclusion: DFA and unhealthy personal sleep 
hygiene habits increased the number of MetS 

risk factors in the community-dwelling elderly 
population in northern Taiwan. We propose that 
early evaluation of sleep symptoms and sleep 
hygiene can help identify individuals at risk for 
MetS, and early intervention would result in low- 
er occurrence rates of MetS in elderly Taiwan- 
ese. 
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1. INTRODUCTION 
The Elderly Nutritional and Health Survey in Taiwan 

(NAHSIT-II, 1999-2000, N = 2432 [1,2]; NAHSIT 2005- 
2008, N = 897 [3]), a national survey of non-institutiona- 
lized elderly Taiwanese (≥65 years of age), showed that 
in the period between 1999 and 2008, the prevalence of 
metabolic syndrome (MetS) increased progressively 
from 25.5% to 44.5% in elderly men and from 46.8% to 
57.3% in elderly women [1-3]. Therefore, identifying the 
modifiable risk factors associated with the development 
of MetS is of critical public health importance. 

Several prospective studies have documented an inde- 
pendent relationship between sleep disturbances and an 
increased risk of developing chronic diseases, including 
obesity, hypertension, glucose intolerance, diabetes, and 
MetS [4-10]. One study published in 2010 mentioned 
that sleep problems are not just an annoyance but have 
potential major public health ramifications [10]. A hand- 
ful of cross-sectional studies have shown that a broader 
range of self-reported sleep disturbances, including diffi- 
culty initiating and maintaining sleep and poor sleep 
quality, as well as polysomnographically assessed sleep 
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architecture, are associated with the prevalence of MetS 
[11,12]. 

Sleep is impaired by certain unhealthy habits. Early 
detection and treatment of insomnia is important for both 
the management and prevention of these comorbid dis- 
orders [13]. For better management of insomnia, sleep 
hygiene education should be provided first [13]. Unheal- 
thy sleep habits include consumption of caffeine or sym- 
pathomimetic or other stimulant drugs, exercise or ex- 
citement late in the evening, and an irregular sleep-wake 
schedule. Insomniacs should adhere to a regular awa- 
kening time and avoid naps regardless of the amount of 
nocturnal sleep they get [14,15]. Good sleep hygiene can 
improve sleep and avoid insomnia [16]. In this study, we 
used the questionnaire with a broader range of self-re- 
ported sleep disturbances and personal sleep hygiene 
habits to investigate the relationship between MetS risk 
factors and sleep symptoms and sleep hygiene in the el- 
derly in northern Taiwan. 

We believe the results of this study should be taken 
seriously by healthcare professionals, and that common 
sleep complaints or sleep habits should be investigated 
when assessing an elderly patient. Effective detection 
and treatment of insomnia may improve the quality of 
life of many patients and help them avoid the risk of 
MetS, even in the elderly population. 

2. METHODS 
2.1. Study Population 

This study targeted elderly individuals (age ≥ 65 years) 
who underwent a health examination between March and 
November 2009 at one of several medical centers in Tai- 
pei City. Data were collected using a questionnaire ad- 
ministered by the interviewer in a face-to-face session in 
order to avoid write-in errors. A total of 1799 elderly 
individuals underwent physical examinations in the hos- 
pitals. After excluding 420 individuals who provided 
incomplete questionnaires, data from a total of 1379 in- 
dividuals were included in our study for data analysis. 
However, due to incomplete data on the 5 MetS risk fac- 
tors, another 198 cases were eliminated. Thus, complete 
data from a total of 1181 individuals (recovery rate, 
85.6%) were used for the eventual analysis. All subjects 
provided written informed consent. Our study was ap- 
proved by the Institutional Review Board of our hospital 
and issued research project number 09MMHISO11. 

2.2. Data Collection 
During the participants’ examination at our facility, a 

12-hour fasting blood draw was performed, and sitting 
blood pressure (BP) and anthropometric measurements 
were made. After the participant had sat and rested for 5 
- 10 min, BP readings were taken twice in the right arm, 

were taken 30 seconds apart. If these 2 BP readings dif- 
fered by more than 10 mmHg, a third BP measurement 
was made. The average of the 2 closest readings was 
calculated and used in our analysis [17]. Waist circum- 
ference was measured at the standard point at the end of 
a relaxed expiration with a tape measure positioned pa- 
rallel to the floor and with participants standing with 
arms akimbo [18]. NaF plasma was collected for analysis 
of fasting plasma glucose (FPG), and serum was col- 
lected for lipid measurements. Fasting total cholesterol, 
triglyceride (TG), and FPG levels were measured by an 
automated system (Vitros 550/750; Ortho-Clinical Di- 
agnostics Inc., Rochester, NY, USA). Electrophoresis 
was performed to measure high-density lipoprotein cho- 
lesterol (HDL-C). 

2.3. Diagnostic Criteria for MetS 
The modified NCEP-ATPIII criteria were used in this 

study. MetS was defined by the presence of any 3 of the 
following 5 conditions: abdominal obesity (AO; waist 
circumference, ≥90 cm for men and ≥80 cm for women), 
hypertriglyceridemia (HTG; TG, ≥150 mg/dl), low serum 
HDL-C level (HDL-C, ≤40 mg/dl for men and ≤50 mg/dl 
for women), hypertension (HT; systolic BP, ≥130, dias- 
tolic BP, ≥85 mmHg, or the use of antihypertensive 
agents), and hyperglycemia (HG; FPG, ≥100 mg/dl or 
the use of antihyperglycemic agents) [19]. 

2.4. Sleep Symptoms/Insomnia Syndrome 
The Chinese version of the Athens Insomnia Scale 

(CAIS) is a self-reporting instrument designed to screen 
for insomnia symptoms, with the diagnostic criterion for 
primary insomnia being a frequency of ≥3 times per 
week over the preceding month. CAIS-5 demonstrated 
that items 1 to 5 of AIS (nighttime symptoms) are useful 
for screening and diagnosing insomnia in clinical prac- 
tice, and have satisfactory reliability and validity. The 
Cronbach’s α of internal consistency for these assess- 
ments reached 0.82 - 0.84, and correlation coefficients of 
test-retest reliability were 0.84 - 0.86. The correlation 
coefficients between the CAIS and Insomnia Self-assess- 
ment Inventory (ISAI) were 0.72 - 0.76. The suggested 
cut-off points for insomnia in this ethnic Chinese popula- 
tion are 5 for the CAIS-5 (area under curve, AUC = 0.90, 
p < 0.01) [20]. 

The sleep symptoms assessed included at least 1 in- 
somnia-related sleep complaint (difficulty falling asleep, 
difficulty staying asleep, feeling that sleep is not refre- 
shing, or frequent awakening from sleep or dreaming), 
with a frequency of ≥3 times per week. Insomnia dura- 
tion was divided into 5 groups: less than 1 month, 1 
month to 1/2 year, 1/2 year to 1 year, 1 year to 3 years, 
and more than 3 years. 
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2.5. Sleep Hygiene 
In previous studies, the following steps were sug- 

gested to improve sleep hygiene and both the quality and 
quantity of sleep, including habits that promote sleep: 
going to bed at the same time each day, getting regular 
exercise every day, drinking milk to assist in falling as- 
leep, using the bed only for sleep and sex. They also in- 
cluded avoiding habits that interfere with sleep such as 
napping for more than 1 hour during the day, staying in 
bed when awake, frequently going to the toilet in the 
middle of the night, becoming anxious easily, being de- 
pressed, taking worries to bed, using alcohol as a sleep 
aid, smoking before sleep, and drinking beverages con- 
taining caffeine during the day [14,15]. 

2.6. Covariates 
Detailed demographic histories, including gender, edu- 

cation level, and living conditions, were taken during the 
visit. Education level was classified to one of the fol- 
lowing 5 levels: illiterate, elementary school, junior high 
school, senior high school, and college or higher; living 
conditions were defined as “single” or “living with family”.  

In addition, lifestyle characteristics, including smoking 
history (current or former smokers versus individuals 
who had never smoked) and alcohol consumption (>4 
drinks per week versus ≤4 drinks per week) were mea - 
sured by study-specific questionnaires. Physical activity 
was assessed by the Lipids Research Clinics Question- 
naire and analyzed as a categorical variable (sedentary 
versus non-sedentary lifestyle) [21]. 

2.7. Statistical Methods 
SAS 9.0 software (SAS Inc., Cary, NC, USA) and 

SPSS 17.0 (SPSS Inc., Chicago, IL, USA) software were 
used for statistical analysis. Continuous variables were 
reported in terms of mean ± standard deviation (SD) 
values. Difference in the number of MetS risk factors 
was compared between those who had sleep symptoms 
and unhealthy sleep hygiene versus those who did not 
have these symptoms and habits by using the ANOVA 
and independent-sample T test. Multivariate linear regre- 
ssion was used to examine the relationship between indi- 
vidual sleep disorder symptoms (model 1), sleep hygiene 
issues (model 2), or both (model 3), and the number of 
MetS risk factors, with adjustment for covariates in- 
cluding age, gender, living status (with family/single), 
smoking status (ever/never), alcohol consumption (0 - 3 
drinks per week/4 or more drinks per week), sedentary 
lifestyle (yes/no), and education level (non-illiterate/ 
illiterate). 

3. RESULTS 
In our study, 43.5% of the participants (n = 1181) met 

the criteria of insomnia syndrome. As shown in Table 1, 
the incidence of insomnia syndrome among women was 
higher than that among men (p < 0.01); the mean age of 
the insomniac participants was lower than that of the 
non-insomniac participants (p < 0.01). The other factors, 
including smoking status, alcohol consumption, seden- 
tary lifestyle, and education level showed no significant 
difference. Single living status was more frequently 
noted among participants with insomnia (p = 0.01). 
Table 2 shows a comparison of the number of MetS risk 
factors according to the presence of the insomnia syn- 
drome, insomnia duration, and the presence of sleep 
symptoms. Of the sleep symptoms, only participants with 
difficulty falling asleep (DFA) had a higher number of 
MetS risk factors than non-DFA participants (p = 0.007). 
Other sleep symptom variables were not related to the 
number of MetS risk factors. 

In Table 3, the number of MetS risk factors is com- 
pared according to sleep hygiene habits. The results 
showed that napping for more than 1 hour in the daytime, 
using alcohol as a sleep aid, smoking before sleep, and 
drinking caffeine-containing drinks during the day in- 
creased the number of MetS risk factors (p < 0.05). 

In the multivariate linear regression models (Table 4), 
which included each sleep symptom in model 1 (adjusted 
for age, gender, living status, smoking status, alcohol 
consumption, sedentary lifestyle, and education level), 
only DFA significantly increased the number of MetS 
risk factors (intercept: 2.024, coefficient = 0.26, p < 
0.001, R2 = 0.7). In model 2, fourteen sleep hygiene ha- 
bits were analyzed. The results showed the intercept was 
2.036 (p < 0.001), and adding the behavior of napping 
more than 1 hour in the daytime increased MetS risk 
factors by 0.247 (p = 0.001, R2 = 0.7); the other factors 
included drinking caffeine-containing drinks during the 
day (coefficient = 0.227, p = 0.016, R2 = 0.5), and getting 
regular exercise every day (coefficient = −0.189, p = 
0.017, R2 = 0.5) also increased the number of MetS risk 
factors. Sleep symptoms and sleep hygiene habits were 
analyzed in model 3, and the intercept was 1.958 (p < 
0.001); napping for longer than 1 hour in the daytime 
(coefficient = 0.256, p = 0.001, R2 = 0.7); DFA (coeffi- 
cient = 0.252, p = 0.003, R2 = 0.8); drinking caffeine- 
containing drinks during the day (coefficient = 0.233, p = 
0.013, R2 = 0.5), and getting regular exercise each day 
(coefficient = −0.179, p = 0.024, R2 = 0.4). The remain- 
ing insomnia symptoms and sleep hygiene habits were 
not related to the risk of MetS. 

4. DISCUSSION 
Insomnia is prevalent in adults, with 30 to 40 percent 

of adults indicating they experienced some level of in- 
somnia within any given year, and about 10 to 15 percent 
indicating that the insomnia was chronic, severe, or both, 
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Table 1. Characteristics of the subjects by non-insomnia and 
insomnia (N = 1181). 

Variable 
Non-insomnia 
(667, 56.5%) 

N (%) 

Insomnia 
(514, 43.5%) 

N (%) 
p value 

Gender   <0.001† 
Male 332 (49.6) 189 (36.7)  
Female 335 (50.4) 325 (63.3)  

Age (mean ± SD) 74.2 ± 5.7 73.5 ± 5.3 0.01a* 
Smoking (recent 1/2 year)   0.07 

No 632 (94.7) 498 (96.8)  
Yes 35 (5.3) 16 (3.2)  

Alcohol (recent 1/2year)   0.21 
No 590 (88.4) 466 (90.6)  
Yes 77 (11.6) 48 (9.4)  

Exercise (recent 1/2 year)   0.09 
No 61 (9.2) 62 (12.1)  
Yes 606 (90.8) 452 (87.9)  

Living condition   0.001b† 
Single 42 (6.3) 60 (11.6)  
With family 625 (93.7) 454 (88.4)  

Education level   0.80 
Illiterate 35 (5.3) 27 (5.2)  
Elementary 200 (29.9) 157 (30.6)  

Junior high school 111 (16.7) 92 (17.9)  

Senior high school 168 (25.1) 134 (26.1)  

≥College 153 (23.0) 104 (20.2)  

Note: chi-square test, a: Student’s t test and b: fisher’s exact test were used, 
compare with non-insomnia and insomnia group. *means p < 0.05, †means p 
< 0.01. 
 
although most patients do not mention it during routine 
office visits [22]. The prevalence of insomnia increases 
with age and is more common in women [23]. Insomnia 
has been reported to underlie the development and ag- 
gravation of MetS, including hypertension, cardiovascu- 
lar disease, and diabetes [13]. Current research suggests 
that getting enough sleep is important for memory con- 
solidation, proper functioning of the immune system, 
metabolism, weight control, cardiovascular health, and 
maintaining a pleasant mood [24]. Early detection and 
treatment of insomnia is important for both the manage- 
ment and prevention of these comorbid disorders [13]. 

In our cross-sectional study, we found the sleep 
symptom of DFA increased the number of MetS risk 
factors in the community-dwelling elderly population in 
northern Taiwan (coefficient = 0.252, p = 0.003, R2 = 
0.8). A 2010 American prospective study of community- 
dwelling middle-aged adults evaluated sleep symptoms 
commonly presented in clinical practice in relation to the 
development of the MetS over a 3-year period, and found 
that DFA increased the risk of MetS by 80% [10]. This 
previous finding raises the possibility that associated  

Table 2. Risk factors No. of MetS according to insomnia syn- 
drome, duration, and symptoms by ANOVA, independent sam- 
ples T test (N = 1181). 

Character N (%) Risk factor p value 
Insomnia syndrome   0.13 

No 667 (56.5) 2.01 ± 1.3  
Yes 514 (43.5) 2.12 ± 1.3  

Insomnia duration   0.67a 
Less than 1 month 78 (6.6) 2.01 ± 1.2  
1 month - 1/2 year 52 (4.4) 2.14 ± 1.4  
1/2 year - 1 year 71 (6.0) 2.15 ± 1.5  
1 year - 3 years 110 (9.3) 2.12 ± 1.3  
More than 3 years 203 (17.2) 2.16 ± 1.3  

Sleep symptoms    
Difficulty falling sleep   0.007†b 
No 865 (73.2) 1.99 ± 1.3  
Yes 316 (26.8) 2.23 ± 1.4  

Difficulty staying sleep   0.08b 
No 977 (82.7) 2.09 ± 1.3  
Yes 204 (17.3) 1.91 ± 1.3  

Non-refreshing sleep   0.93b 
No 1132 (95.9) 2.06 ± 1.3  
Yes 49 (4.1) 2.04 ± 1.1  

Frequent awaking from 
sleep or dreamy   0.24b 

No 1063 (90.0) 2.04 ± 1.3  
Yes 118 (10.0) 2.19 ± 1.2  

Combination of sleep 
symptoms   0.55a 

No 667 (56.5) 2.01 ± 1.3  
1 symptom only 368 (31.2) 2.15 ± 1.3  
Combined 2 symptoms 111 (9.4) 2.05 ± 1.3  
Combined 3 symptoms 24 (2.0) 2.18 ± 1.4  
Combined 4 symptoms 11 (0.9) 2.11 ± 1.1  

Note: analysis—a: ANOVA, b: Independent samples T test. *means p < 0.05, 
†means p < 0.01. 
 
symptoms may in fact be a causal risk factor for cardio- 
metabolic dysregulation in the general population, alth- 
ough fewer studies have addressed this issue in the 
worldwide elderly population.  

For better management of insomnia, sleep hygiene 
education should be provided first [13]. In our study, we 
found that some sleep hygiene habits affected the num- 
ber of MetS risk factors: napping for longer than 1 hour 
during the daytime (coefficient = 0.256, p = 0.001, R2 = 
0.7); drinking caffeine-containing drinks during the day 
(coefficient = 0.233, p = 0.013, R2 = 0.5), and getting 
regular exercise every day (coefficient = −0.179, p = 
0.024, R2 = 0.4). The aim of our study was to enable 
healthier decisions and to prevent MetS, while increasing 
the overall quality of life. 

Previous evidence has linked DFA with the incidence  
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Table 3. Risk factors No. of MetS according to sleep hygiene. 

Sleep hygiene 
No Yes 

p value 
n Mean ± SD n Mean ± SD 

Benefit      
Go to bed at the same time each day 217 2.16 ± 1.3 949 2.04 ± 1.3 0.22 
Get regular exercise each day 408 2.16 ± 1.3 758 2.00 ± 1.3 0.05 
Drink milk to help you sleep 1088 2.05 ± 1.3 78 2.24 ± 1.4 0.19 
Use your bed only for sleep and sex 950 2.07 ± 1.3 215 2.01 ± 1.2 0.49 

Harm      
Nap in the daytime(more than 1 hour) 683 1.97 ± 1.3 483 2.19 ± 1.3 0.003† 
Stay in the bed if you are awake 882 2.05 ± 1.3 284 2.09 ± 1.4 0.71 
Frequent toilet in midnight 695 2.06 ± 1.3 471 2.05 ± 1.4 0.91 
Easily anxiety 761 2.05 ± 1.3 405 2.07 ± 1.3 0.84 
Depression mood 995 2.04 ± 1.3 171 2.15 ± 1.4 0.34 
Take your worries to bed. 1074 2.07 ± 1.3 92 1.97 ± 1.5 0.48 
Use alcohol to help you sleep 1128 2.04 ± 1.3 38 2.47 ± 1.1 0.04* 
Smoking before sleep 1144 2.05 ± 1.3 22 2.68 ± 1.5 0.02* 
Drink tea containing drinks in daytime 841 2.05 ± 1.3 325 2.08 ± 1.3 0.76 
Drink caffeine containing drinks in daytime 933 2.02 ± 1.3 233 2.23 ± 1.4 0.03* 

Note: Independent samples T test. *means p < 0.05, †means p < 0.01. 
 
Table 4. The relationship of insomnia symptoms, sleep hygiene and MetS factors by multiple linear regression [dependent variables: 
Risk factor No. of MetS; independent variables: insomnia symptoms (4) and sleep hygiene (14)]. 

 
No. of MetS factors R2 Accumulate R2 

Coefficient (95% CI) p value   
Model 1: Sleep symptoms     

Intercept 2.024 (1.933 - 2.116) <0.001†   
Difficulty falling sleep (ref.: no) 0.260 (0.092 - 0.429) 0.003† 0.7 0.7 

Model 2: Sleep hygiene     
Intercept 2.036 (1.895 - 2.176) <0.001†   
Nap in the daytime(more than 1 hour) (ref.: no) 0.247 (0.096 - 0.398) 0.001† 0.7 0.7 
Drink caffeine containing drinks in daytime (ref.: no) 0.227 (0.042 - 0.412) 0.016* 0.5 1.2 
Get regular exercise each day (ref.: no) −0.189 (−0.345 - −0.033) 0.017* 0.5 1.7 

Model 3: 1 + 2     
Intercept 1.958 (1.808 - 2.108) <0.001†   
Nap in the daytime(more than 1 hour) (ref.: no) 0.256 (0.106 - 0.407) 0.001† 0.7 0.7 
Difficulty falling sleep (ref.: no) 0.252 (0.084 - 0.419) 0.003† 0.8 1.5 
Drink caffeine containing drinks in daytime (ref.: no) 0.233 (0.049 - 0.418) 0.013* 0.5 2.0 
Get regular exercise each day (ref.: no) −0.179 (−0.335 - −0.023) 0.024* 0.4 2.4 

Note: Adjustment for covariates including age, sex, living status (with family/single), smoking status (ever/never), alcohol consumption (0 - 3 drinks per week/4 
or more drinks per week), sedentary lifestyle (yes/no), and education level (non-illiterate/illiterate). *means p < 0.05, †means p < 0.01. 
 
of diabetes and mortality [25]. Prolonged sleep latency 
may reflect a state of emotional and physiological hype- 
rarousal, which has been linked to heightened sympa- 
thetic activation and hypercortisolemia [26]—both of 
which have been implicated in the pathophysiology of 
insulin resistance and MetS. Evidence suggests that heal- 
thy sleep habits, according to the National Sleep Founda- 
tion [27], such as avoiding napping for longer than 1 
hour during the day, performing regular exercise every 
day, avoiding the consumption of caffeinated beverages 

at least 8 hours before bedtime, improve insomnia and 
sleep disorder symptoms, and our results are compatible 
with these recommendations. These habits affect the in- 
somnia pathway via the same mechanism—heightened 
sympathetic activation and hypercortisolemia [26]. 

Study limitations include the fact that this was a cross- 
sectional survey, as the aging population lives in several 
parts of the northern metropolitan area, and may not be 
representative of the entire elderly population. The pre- 
valence of insomnia may be overestimated for some el- 
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derly individuals who may go to a medical center to re- 
ceive physical examinations on their own, because they 
may pay more attention to their health and insomnia than 
other elderly individuals. Our study provided community 
data about the relationship between common sleep prob- 
lems and the number of MetS risk factors in the elderly 
population in northern Taiwan. We wanted to find out 
whether the influence of specific risk factors could be 
determined in the elderly population that has access to 
medical treatment, because these issues would therefore 
warrant early diagnosis and intervention. 

This study provides evidence that supports the rela- 
tionship between the number of MetS risk factors and 
commonly reported sleep disorder symptoms such as 
DFA and sleep hygiene habits such as napping for longer 
than 1 hour during the daytime, drinking caffeine-con- 
taining drinks during the day, and getting regular exer- 
cise every day. Given these results in the general elderly 
population, and that sleep complaints and unhealthy 
sleep hygiene are considerably more prevalent than ei- 
ther the insomnia syndrome or other personal habits, 
these findings have far-reaching implications for public 
health, particularly given the epidemic levels of obesity 
and its associated cardiometabolic consequences, which 
are associated with sleep disturbances. Our findings re- 
flect the utility of investigating common sleep com- 
plaints and personal sleep hygiene issues in routine clini- 
cal practice as these individuals may be at elevated risk 
for the development of MetS [28]. 
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