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ABSTRACT 

Background: The prevalence of metabolic syn- 
drome is high in non-obese adult individuals, 
but less research focusing on elderly group. We 
aimed to assess the prevalence rates of meta- 
bolic syndrome (MetS) and its individual com- 
ponents in metabolic obese, non-obese elderly 
population in northern Taiwan (Body Mass Index 
[BMI] < 27 kg/m2). Methods: A cross-sectional 
survey was conducted among elderly people 
(≥65 y/o) who received a senior citizen health 
examination from March to November 2009. A 
total of 1180 participants (433 men, 36.7%; 748 
women, 63.3%) were investigated. The preva- 
lence and odds ratios of metabolic syndrome, as 
defined by the modified Adult Treatment Panel III 
(ATP III), were analyzed in the following BMI 
groups: <18.5 kg/m2, 18.5 - 24 kg/m2, 24 - 27 
kg/m2, and ≥27 kg/m2. Results: The prevalence of 
metabolic syndrome increased with BMI in both 
women and men (P < 0.001) in this study. A 
higher prevalence of MetS was found in the 
overweight and obesity groups and also in 
women with normal BMI. The mean body weight 
of individuals with MetS was higher than that of 
those without MetS across BMI groups, espe- 
cially in the normal BMI group. The odds ratios 
for MetS were 1.06 (95% confidence interval: 
1.01 - 1.11) for women and 1.11 (1.01 - 1.21) for 
men with BMI 18.5 - 24 kg/m2, and 1.09 (1.02 - 
1.17) for men with BMI 24 - 27 kg/m2. Con- 
clusions: Elderly individuals in the BMI belong 
to normal and overweight groups have a rela- 
tively high prevalence and increased risk of 
developing MetS. Therefore, physicians should 
perform screening examinations for MetS and its 
risk factors not only in obese patients but also in 
non-obese elderly patients to prevent Mets. This 
electronic document is a “live” template. The  

various components of your paper (title, text, 
heads, etc.) are already defined on the style 
sheet, as illustrated by the portions given in this 
document. 
 
Keywords: Non-Obese; Body Mass Index;  
Metabolic Syndrome; Elderly 

1. INTRODUCTION 

Cardiovascular Heart Disease (CHD), cerebrovascular 
disease (CVA), and diabetes were the second, third, and 
fifth leading causes of death in men and women in Tai- 
wan in 2011 [1]. Individuals with metabolic syndrome 
(MetS) are at an increased risk of developing these 
chronic diseases [2,3] as well as a higher mortality risk 
from cardiovascular disease and all causes [4]. The Nu- 
trition and Health Survey in Taiwan (1999-2000; 
NAHSIT-II), a national survey of non-institutionalized 
elderly Taiwanese (≥65 years of age), showed that 21.5% 
of elderly men and 37.6% of elderly women met the cri- 
teria for MetS [5,6]. According to the modified National 
Cholesterol Education Program-Adult Treatment Panel 
III (NCEP-ATPIII) criteria, the prevalence of MetS in 
Taiwan in 2005 was estimated to be 30.2% among men 
and 48.9% among women [7]. These data suggest that 
there has been no decline in the prevalence of MetS from 
1999 to 2005. 

In the past, most studies on MetS emphasized the im- 
portance of obesity. In fact, although non-obese indi- 
viduals often have some metabolism-associated disorders, 
they are often ignored in relation to obesity. Ruderman 
et al. [8] first proposed the term “Metabolically Obese, 
Normal-Weight” (MONW) to describe a specific group 
of individuals in 1981; in 2004, St-Onge et al. [9] pro- 
posed a new definition of metabolically obese, normal- 
weight individuals as those who have MetS. They also 
noted a relatively high prevalence and an increased risk 
of MetS in Caucasians, African-Americans, and Hispa- 
nics with BMI in the normal-weight and overweight 
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range. In 2008, Wildman et al. [10] reported a high 
prevalence of clustering of cardiometabolic abnormali- 
ties among normal-weight individuals. 

In Taiwan, individuals in the normal weight and over- 
weight BMI range have a relatively high prevalence and 
increased risk of MetS in general population [11]. Tsai 
provided a new definition of the term “Metabolically 
Obese, Non-Obese” (MONO), which emphasizes the im- 
portance of non-obese individuals in the present popula- 
tion of adult Taiwanese with metabolismassociated dis- 
orders. However, the characteristics of MONO elderly 
people have been less frequently discussed in previous 
studies [11]. 

The main objective of this study was to determine the 
prevalence rates and likelihood of developing MetS, as 
defined by the NCEP-ATPIII criteria, and its individual 
components in non-obese elderly individuals (BMI < 27 
kg/m2) in northern Taiwan. It was suggested that MONO 
elderly individuals were those whose BMI was con- 
sidered normal or overweight (non-obese), but who had 
any one of the following metabolic disorders that could 
be improved via caloric restriction: type 2 diabetes, hy- 
pertension, and hypertriglyceridemia. 

This template, created in MS Word 2003 and saved as 
“Word 1997-2003 & 6.0/95-RTF” for the PC, provides 
authors with most of the formatting specifications needed 
for preparing electronic versions of their papers. All 
standard paper components have been specified for three 
reasons: 1) ease of use when formatting individual pa- 
pers, 2) automatic compliance to electronic requirements 
that facilitate the concurrent or later production of elec- 
tronic products, and 3) conformity of style throughout a 
journal paper. Margins, column widths, line spacing, and 
type styles are built-in; examples of the type styles are 
provided throughout this document and are identified in 
italic type, within parentheses, following the example. 
Some components, such as multi-leveled equations, gra- 
phics, and tables are not prescribed, although the various 
table text styles are provided. The formatter will need to 
create these components, incorporating the applicable 
criteria that follow. 

2. METHOD 

2.1. Study Populations 

This study targeted elderly individuals (≥65 Y/O) who 
were native to Taipei City and received a physical exami- 
nation from March to November of 2009 at one medical 
center in northern Taiwan. Data were collected using a 
questionnaire completed by the interviewer in a face- 
to-face session in order to avoid write-in errors. A total 
of 1799 elderly individuals received physical examina- 
tions in hospitals. After excluding 420 individuals who 
were unable to complete the questionnaire (for reasons 

such as dementia, difficulty in expression, or severe 
hearing impairment), a total of 1379 cases were included 
for data analysis. Due to incomplete data on the risk fac- 
tors of MetS, 199 cases were eliminated. Thus, we re- 
ceived a total of 1180 complete questionnaires (recovery 
rate, 85.6%). 

2.2. Definitions of Metabolic Syndrome 

The modified NCEP-ATPIII criteria were used in this 
study. MetS was defined as the presence of any 3 of the 
following 5 conditions: abdominal obesity (waist cir- 
cumference, ≥90 cm for men and ≥80 cm for women), 
hyperglycemia (triglyceride [TG] level, ≥150 mg/dl or 
use of antitriglyceride agents), low serum high-density 
lipoprotein cholesterol (HDL-C) level (HDL-C level, 
≤40 mg/dl for men and ≤50 mg/dl for women), hyperten- 
sion (SBP, ≥130 mm Hg and DBP, ≥85 mmHg or use of 
antihypertensive agents), and hyperglycemia (fasting 
glucose, ≥100 mg/dl or use of antidiabetic agents) , ac- 
cording to the Department of Health [12]. 

2.3. Physical Examination and Laboratory  
Tests 

The height and weight of each participant were as- 
sessed during the physical check-up. BMI is a standard 
measure of obesity invariably adopted within the litera- 
ture, and is calculated by dividing a person’s weight in 
kilograms by the square of their height in meters (kg/m2) 
[13,14]. During the visit, sitting Blood Pressure (BP) and 
anthropometric measurements were made. After the par- 
ticipant had sat and rested for 5 - 10 min, 2 BP readings 
in the right arm were taken 30 seconds apart. If the first 
two BP readings differed by more than 10 mmHg, a third 
BP measurement was made. The average of the two 
closest readings was calculated and used in the analysis 
[15]. Waist circumference was measured at the standard 
point with a tape measure placed parallel to the floor at 
the end of a relaxed expiration with the participants 
standing arms akimbo [16]. NaF plasma was collected 
for fasting glucose analysis, and serum was collected for 
the measurement of lipid levels. Fasting levels of total 
cholesterol, TG, and Fasting Plasma Glucose (FPG) were 
measured by an automated system (Vitros 550/750; Or- 
tho-Clinical Diagnostics Inc., Johnson & Johnson Com- 
pany, Rochester, NY, USA). Electrophoresis was per- 
formed to measure HDL-C levels. 

2.4. Assessment of Socio-Demographic  
Variables and Health-Risk Behaviors 

The socio-demographic variables assessed in the sur- 
vey included gender, education level, and living condi- 
tion. Education level was classified into 1 of the following 5 
levels: illiterate, elementary school, junior high school, 
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senior high school, and college or higher; living condi- 
tion was defined as single, and with family. Three types 
of health-influencing behaviors were assessed in this 
study during the interview. Questions regarding alcohol 
consumption, smoking tobacco, and regular exercise (3 
times/week) in the previous 6 months were posed to each 
participant. 

2.5. Statistical Analysis 

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) and 
categorical variables were reported in terms of number 
and percentage. Differences in proportions and means 
were assessed using a chi-square test, t test, Fisher’s ex- 
act test, and multiple logistic regression analysis. Sta- 
tistical significance was set at P < 0.05 and P < 0.01. 

We compared the prevalence of MetS and its indiviual 
components according to BMI category by using the chi- 
are test. All elderly individuals were subdivided into 4 
BMI groups (≤18.5, 18.5 - 24.0, 24.0 - 27.0, and ≥27.0 
kg/m2) [13,14]. Multiple logistic regression analysis was 
also used to examine the associations between BMI clas-
sification and MetS. Dummy variables were created to 
compute odds ratios and 95% Confidence Interval (CI) 
values for these factors. The change to Body Weight (BW) 
was the independent factor. The odds ratios were ad- 
justed for age, smoking status, alcohol consumption, 
exercise status, living condition, and educational level. 

3. RESULTS 

We enrolled a total of 1180 subjects, including 433 
men (36.7%) and 747 women (63.3%). The mean age 
was 74.4 ± 5.5 years, and the age range was 65 - 101 
years. The mean BMI was 24.4 ± 3.4 kg/m2. The preva- 
lence of tobacco use, alcohol consumption, and regular 
exercise were 3.6%, 8.9%, and 89.7%, respectively. 
Subject characteristics are presented in Table 1 For age, 
body height, body weight, and waist circumference, men 
had higher mean values than women, while women 
showed higher mean systolic pressure, lower HDL-C 
levels, and higher TG levels. About 95.1% of the men 
and 89.5% of the women were living with their family, 
while 10.5% of the women were single and living alone. 
Most men had higher education levels (senior high 
school or college) than women (elementary school and 
high school). There were significant differrences be- 
tween the sexes. 

The prevalence of MetS and its components is shown 
in Table 2 The prevalence of abnormal risk factors in- 
creased with BMI. Compared with men, a greater pro- 
portion of women had a large waist circumference (P < 

0.001), and up to 95.8% of the women with a BMI ≥ 
27.0 kg/m2 had a large waist circumference. The preva- 
lence of high glucose levels, high triglyceride levels, and 
low HDL-C levels increased with increasing BMI in both 
sexes (P < 0.001). Similarly, the prevalence of all MetS 
components increased with increasing BMI (P < 0.001). 

The prevalence of MetS in the <18.5 kg/m2, 18.5 - 24 
kg/m2, 24 - 27 kg/m2, and ≥27 kg/m2 BMI groups was 
0%, 16.3%, 45%, and 38.7%, respectively, in men (P < 
0.001), and 1%, 30.7%, 37.6%, and 30.7%, respectively, 
in women (P < 0.001). The mean body weight was hi- 
gher in individuals with MetS than in those without MetS, 
especially among members of the BMI 18.5 - 27/m2 
group (Table 3). 

With reference to BW changes, the odds ratios for Me- 
tS were 1.11 (95% CI 1.01 - 1.21) in the BMI 18.5 - 24 
kg/m2 group, and 1.09 (1.02 - 1.17) for men, after con- 
trolling for age, smoking status, alcohol consumption, 
exercise status, living condition, and educational level. 
The corresponding odds ratio in women was 1.06 (1.01 - 
1.11) (Table 4). 

4. DISCUSSION 

This study, which collected data from a metropolitan 
elderly population in a medical center, showed that the 
prevalence of MetS in both elderly men and women 
(men: 25.6%, women: 39.3%) was similar to that seen in 
a national study conducted in 1999 to 2000 (men: 21.5%, 
women: 37.6%), but slightly lower than the results of a 
2005 study (men: 30.2%, women: 48.9%) [5-7]. These 
results showed the high prevalence of elderly MetS in 
northern Taiwan. 

In the study by St-Onge, the overall prevalence of 
MetS in the BMI 25.0 - 26.9 kg/m2 group for an adult 
population with different ethnicities [9] was 9.6% - 18.5% 
in men and 15.0% - 22.5% in women. One Asian study 
reported overall prevalence values of 36.6% in men and 
49.5% in women in the same BMI group, thus showing a 
higher prevalence than that observed in the study by 
St-Onge [11]. The prevalence of MetS was highly asso- 
ciated with BMI categories in men and women (P < 
0.001) [9-11]. Accessed May, 2012. Not only obese, but 
non-obese individuals may also have metabolism associ- 
ated disorders, and the concept of the MONO individuals 
needs to be emphasized [11]. However, even in the Wes- 
tern or Asian countries, few studies have discussed the 
relevance of this classification in eldly individuals. 

Our study showed that no male subjects and 3 female 
subjects (10%) in the BMI < 18.5 kg/m2 group fulfilled 
the MetS criteria. In the 18.5 - 24, 24 - 27, and ≥27 
kg/m2 BMI groups, 108 (26.7%), 160 (39.6%), and 
133 (32.9%) subjects met the criteria for MetS. The pre- 
valence of MetS was the highest in men with BMI  
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Table 1. Characteristics of the subjects by gender. 

Variable (Mean ± S.D.) Total (n = 1180) Men (n = 433, 36.7%) Women (n = 747, 63.3%) P value 

Age (years) 74.4 ± 5.5 75.4 ± 5.3 73.8 ± 5.6 <0.001† 

Body height (cm) 157.3 ± 8.0 163.8 ± 5.7 152.1 ± 5.4 <0.001† 

Body weight (kg) 60.5 ± 10.1 65.7 ± 9.4 56.4 ± 8.7 <0.001† 

BMI (kg/m2) 24.4 ± 3.4 24.5 ± 3.2 24.4 ± 3.5 0.344 

Waist circumference (cm) 83.4 ± 9.9 85.3 ± 9.4 82.3 ± 10.0 <0.001† 

Systolic BP (mmHg) 133.6 ± 18.7 131.3 ± 18.2 134.9 ± 18.9 0.002† 

Diastolic BP (mmHg) 69.9 ± 10.8 70.5 ± 11.0 69.6 ± 10.8 0.145 

HDL-C (mg/dl) 56.6 ± 15.7 51.1 ± 13.6 59.7 ± 16.0 <0.001† 

Fasting BS (mg/dl) 106.5 ± 23.6 106.9 ± 25.0 106.3 ± 22.7 0.643 

TG (mg/dl) 119.1 ± 65.0 113.4 ± 62.4 122.4 ± 66.2 0.023* 

Smoking (recent 1/2 year)    <0.001† 

Yes 43 (3.6) 39 (9.0) 4 (0.5)  

Alcohol (recent 1/2year)    <0.001† 

Yes 105 (8.9) 90 (20.8) 15 (2.0)  

Exercise (recent 1/2 year)    0.002† 

Yes 1064 (89.7) 405 (93.5) 659 (87.4)  

Living condition    0.002† 

Single 100 (8.4) 21 (4.9) 79 (10.5)  

With family 1080 (91.6) 412 (95.1) 668 (89.5)  

Education level    <0.001† 

Illiterate 66 (5.6) 8 (1.9) 58 (7.7)  

Elementary 376 (31.8) 94 (21.6) 282 (37.7)  

Junior high school 212 (18.0) 54 (12.5) 158 (21.2)  

Senior high school 298 (25.3) 128 (29.5) 170 (22.9)  

≥College 228 (19.3) 149 (34.6) 79 (10.4)  

Note: Student’s t test and Chi-square test were used, compare with men and women group. *means p < 0.05, †means p < 0.01. 
 

24 - 27 kg/m2 (50 subjects [45%]; women: 110 subjects 
[37.6%]), but a high prevalence was also found in 
women with BMI 18.5 - 24 kg/m2 (90 subjects, 30.7%). 
Therefore, clinicians must be alert to the possibility of 
metabo- lism-associated disorders even in elderly indi-
viduals who have BMI < 27 kg/m2, especially in women. 
We proposed the term of Metabolically Obese, Non- 
Obese (MONO) elderly individuals to emphasize the pre- 
sence of metabolism-associated disorders in non-obese 
elderly individuals. 

The high prevalence of abnormal metabolic risk fac- 
tors among elderly individuals with upper normal to slightly 
elevated BMI in this study suggests that the current re- 
commendations for weight loss may need to be modified. 
Current weight-loss recommendations do not advise pa- 

tients with BMI < 24.0 kg/m2 to lose weight, and dissu- 
ade the use of pharmaceutical agents as adjuncts to weight- 
loss regimens for patients with BMI < 27.0 kg/m2 [17]. 
Weight loss in individuals with BMI < 27.0 kg/m2 should 
be considered if they also have metabolic syndrome [9]. 

The cross-sectional nature of the study does not permit 
causal inferences to be made about the relationship be 
tween BMI and the MetS, but an increase in BMI is 
probably the cause of MetS. In this study, the aging 
population was gathered from several regions of the nor 
thern metropolitan area, and may not be representative of 
the entire elderly population. The prevalence might have 
been underestimated for some elderly individuals who 
may have gone to the medical center to receive physical 
examinations on their own, as these individuals might 
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Table 2. The prevalence of risk factors of MetS in different BMI groups. 

Men Women 

BMI (kg/m2) BMI (kg/m2) Variable Total (n = 433) 

≤18.5
(n = 5)

18.5 - 24 
(n = 189) 

24 - 27 
(n = 163) 

≥27 
(n = 76)

P value Total (n = 747)

≤18.5
(n = 30)

18.5 - 24 
(n = 340) 

24 - 27 
(n = 233) 

≥27 
(n = 144)

P value

Waist circumference    <0.001†      <0.001†

Abnormal 135(31.2) 0(0.0) 12(6.3) 59(36.2) 64(84.2)  445 (59.6) 1(3.3) 126(37.1) 180(77.3) 138(95.8)  

BP      0.072      0.003†

Abnormal 227(52.4) 2(40.0) 88(46.6) 89(54.6) 48(63.2)  450 (60.2) 19(63.3) 186(54.7) 140(60.1) 105(72.9)  

HDL-C      0.001*      0.003†

Abnormal 89(20.6) 0(0.0) 24(12.7) 42(25.8) 23(30.3)  210 (28.1) 4(13.3) 81(23.8) 70(30.0) 55(38.2)  

BS      <0.001†      <0.001†

Abnormal 237(54.7) 0 (0.0) 89(47.1) 98(60.1) 50(65.8)  388 (51.9) 11(36.7) 154(45.3) 131(56.2) 92(63.9)  

TG      0.002†      0.001†

Abnormal 87(20.1) 0(0.0) 24(12.7) 40(24.5) 23(30.3)  171 (22.9) 4(13.3) 57(16.8) 66(28.3) 44(30.6)  

MetS      <0.001†      <0.001†

Abnormal 111(25.6) 0(0.0) 18(9.5) 50(30.7) 43(56.6)  293 (39.2) 3(10.0) 90(26.5) 110(47.2) 90(62.5)  

Note: Chi-square test were used, compare with BMI groups. *means p < 0.05, †means p < 0.01. 

 
Table 3. Mean body weight in Mets and non-without-MetS by gender and BMI groups. 

Variable N = 1180 Total 
N = 776 
65.8% 

Non-MetS 
N = 404 
34.2% 

MetS P value

 n BW (mean ± SD) n BW (mean ± SD) n BW (mean ± SD)  

Men        

Total 433 66.0 ± 9.6 322 63.8 ± 8.8 111 72.8 ± 8.8 <0.001†

BMI groups (kg/m2)        

BMI < 18.5 5 47.9 ± 6.4 5 47.9 ± 6.4 0   

18.5 ≤ BM < 24 189 59.1 ± 5.8 171 58.8 ± 5.9 18 62.1 ± 3.9 <0.001†

24 ≤ BMI < 27 163 68.4 ± 5.1 113 67.7 ± 5.0 50 69.9 ± 5.0 0.016* 

27 ≤ BMI 76 76.3 ± 7.2 33 79.0 ± 6.4 43 79.6 ± 7.9 0.712 

Women        

Total 747 56.4 ± 8.7 454 54.3 ± 8.2 293 59.6 ± 8.5 <0.001†

BMI groups (kg/m2)        

BMI < 18.5 30 40.5 ± 3.4 27 40.7 ± 3.4 3 38.7 ± 3.4 0.351 

18.5 ≤ BM < 24 340 51.4 ± 5.0 250 51.0 ± 5.0 90 52.4 ± 4.8 0.022* 

24 ≤ BMI < 27 233 58.8 ± 4.5 123 58.5 ± 4.5 110 60.1 ± 4.4 0.145 

27 ≤ BMI 144 67.6 ± 7.3 54 67.3 ± 7.0 90 67.8 ± 7.5 0.684 

Note: Student’s t test were used, compare with with-Mets and without-MetS group. *means p < 0.05, †means p < 0.01. 
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Table 4. Odds ratios of metabolic syndrome in different gender according to BMI groups. 

Men (n = 433, 36.7%) Women (n = 747, 63.3%) 
Variable 

OR 95% CI P value OR 95% CI P value 

Total 1.11 1.08 - 1.14 <0.001† 1.08 1.06 - 1.10 <0.001† 

BMI groups (kg/m2)       

BMI < 18.5 - - - 0.85 0.60 - 1.20 0.352 

18.5 ≤ BM < 24 1.11 1.01 - 1.21 0.021* 1.06 1.01 - 1.11 0.023* 

24 ≤ BMI < 27 1.09 1.02 - 1.17 0.013* 1.05 0.99 - 1.11 0.142 

27 ≤ BMI 1.01 0.95 - 1.08 0.712 1.01 0.96 - 1.06 0.686 

Note: Multiple logistic regression analysis, adjusted for age, smoking status, alcohol consumption, exercise status, living condition, and educational level. 
*means p < 0.05, †means p < 0.01. 

 
pay more attention to their health than others. However, 
we controlled other confounding factors such as age, 
smoking status, alcohol consumption, exercise status, 
living condition, and educational level. We found that 
the odds ratios for an addition of 1 kg were 1.11 and 1.06 
in men and women, respectively, in the BMI 18.5 - 24.0 
kg/m2 group (P = 0.02) and 1.09 in men in the BMI 24.0 
- 27.0 kg/m2 group (P = 0.01). 

In conclusion, individuals in the upper normal-weight 
and slightly overweight BMI groups showed a relatively 
high prevalence and were at an increased risk of develop- 
ing metabolic syndrome and its components. The re- 
sults showed the same trends as in the studies by St- 
Onge and Tsai [9-11]. Moreover, metabolic syndrome 
exists even in individuals with normal weight and over- 
weight (non-obese). Therefore, physicians should screen 
metabolic syndrome not only in obese but also in non- 
obese individuals to prevent type 2 diabetes and cardio- 
vascular diseases 
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