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Abstract
A population-based case–control proband study was undertaken to elucidate familial aggregation, independent environmental

factors, and the interaction between them. A total of 7308 metabolic syndrome (MET-S) cases were identified from the Keelung

community-based integrated screening programme between 1999 and 2002. The study has a case–control/family sampling design.

A total of 1417 case probands were randomly selected from 3225 metabolic syndrome cases and the corresponding 2458 controls

selected from 16,519 subjects without metabolic syndrome by matching on sex, age (�3 years) and place of residence. The

generalized estimation equation model was used to estimate odds ratios and corresponding 95% confidence intervals. The risk for

having metabolic syndrome among family members for cases versus control probands was 1.56-fold (1.29–1.89) after controlling

for significant environmental factors. Higher risk of metabolic syndrome was found in parents than spouse. Low education against

high education had 2.06-fold (1.36–3.13) risk for metabolic syndrome. Betel quid chewing was positively associated with the risk of

MET-S, with 1.99-fold (1.13–3.53) risk for 1–9 pieces and 1.76-fold (0.96–3.23) risk for �10 pieces compared with non-chewer.

Moderate and high intensity of non-occupational exercise led to 21.0% (OR = 0.79 (0.63–0.98)) and 26.0% (OR = 0.74 (0.59–

0.94)) reduction in the risk for metabolic syndrome, respectively. The frequent consumption of vegetable reduced 24.0%

(OR = 0.76 (0.62–0.92)) risk for MET-S. The frequent consumption of coffee was associated the increased risk for metabolic

syndrome (OR = 1.32 (1.07–1.64)). The present study confirmed the risk of metabolic syndrome not only has the tendency towards

familial aggregation but is affected by independent effect of environmental or individual correlates.
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1. Introduction

Metabolic syndrome (MET-S) is characterized by a

variety of metabolic conditions including hyperglyce-

mia, high blood pressure, hyperlipidemia, and central

obesity. The clustering of these components indicates

risk factors associated with MET-S have common

underlying genetic and/or environment factors. Previous

studies show that the occurrence of MET-S is positively

associated with low educational attainment [1–5], low

levels of physical activity [6–8], and ‘‘western diet’’ [9],

and inversely associated with dairy consumption [10],

which are all specific to the individual. Several studies

have shown the clustering of mean blood pressure and

high density lipoprotein cholesterol to be stable from

childhood to adulthood [11,12]. Prior studies have also

shown relative contributions from genetic factors and

environmental factors to the development of MET-S

using classical twin studies [13–15] or family studies

based on modeling technique [16] or a genome-wide

linkage scan method [17]. While these western studies

have been conducted to assess genetic and environmental

factors related to the development of MET-S [18,19]

there is paucity of population-based family studies on the

elucidation of genetic and environment factors, particu-

larly seen in Chinese people.

As we are tempted to assess family aggregation of

MET-S by taking other individual correlates or

environmental factors into account, we therefore

decided upon a case–control/family sampling design

using data derived from a large population-based cohort

to elucidate familial aggregation and potential shared or

non-shared environmental factors simultaneously.

2. Materials and methods

2.1. Study population

Study subjects were identified from the Keelung (the

northernmost city in Taiwan) community-based integrated

screening programme (KCIS) during the period 1999–2002.

Details of the study design and preliminary results from KCIS

during its first 3 years (1999–2001) are described elsewhere

[20]. Following the success of the first 3-year project, the

KCIS programme was extended to cover 58,669 residents

(20.3% of the population aged over 20 years) up until the end

of 2002. Of these, 43,158 have complete information on high

density lipoprotein (HDL) and low density lipoprotein (LDL)

and it is these subjects that form the basis of the following

analysis. The 43,158 subjects relate to 32,522 households and

include 7308 subjects with metabolic syndrome as determined

by the modified NCEP ATPIII criteria [21]. Abdominal obe-

sity was redefined as waist circumference �90 cm in men and
�80 cm in women, following recommendations from the

Asia-Pacific conference [22,23].

2.2. Study design

Our study design is based on the case–control/family

sampling design proposed by Liang and Pulver [24]. This

design is intended to assess familial aggregation by identify-

ing both case and control probands and comparing the dis-

tribution of MET-S amongst their family members. Fig. 1

shows a flow chart of the overall study design that gives rise to

1716 family members of case probands (278 subjects with

MET-S and 1438 subjects without MET-S) and 2974 family

members of the control probands (294 subjects with MET-S

and 2680 subjects without MET-S).

2.3. Data collection

Biochemical and anthropometric variables for defining

MET-S were collected through on-site screening for each

participant in the KCIS programme. A venous blood sample

for measuring plasma glucose was taken after 12-h fasting,

including triglycerides, total cholesterol, LDL, HDL, com-

plete blood count, alanine transaminase, aspartate transami-

nase, albumin, total protein, blood urea, nitrogen, creatinine,

uric acid, and so on.

Regarding anthropometric factors, trained staff measured

height, waist, and hip circumference (measured to nearest

0.1 cm) and weight (measured to the nearest 0.1 kg) to obtain

body mass index (BMI), the waist/hip circumference ratio

(WHR) was also calculated. The same staff measured blood

pressure in the right arm using an appropriately sized cuff and

a standard mercury sphygmomanometer.

Information on life style factors for participants in the KCIS

programme were collected through face-to-face interview using

a structured questionnaire administered by public health nurses.

Besidesdemographiccharacteristics, thequestionnaire included

five major parts; lifestyle habits (smoking, alcohol intake, betel

quidchewing, and level ofphysical activity), dailydiet (intakeof

meat, soybean, vegetable, fruit, milk, and coffee drink), family

history of cancer and chronic diseases, personal medical history,

and female reproductive experiences (age at menarche, age at

menopause, and parity). Smoking status was classified as never,

current, and quit smoking. The habits of drinking alcohol and

betel nut chewing were defined in the same manner. Also

collected were the exposure factors with respect to age at

commencement, duration, and quantity of cigarettes, alcohol,

and betel quids consumed. Physical activity was defined as non-

occupational exercise with information on the number of times

perweek and duration(in minutes). In the followinganalysis, the

frequency and intensity of physical activity were categorized by

tertitle distribution (see below). We calculated physical activity

with by (times of per week) � (minutes of per time).

Diet during the past 6 months (including sea food, meat,

fish, fried oil, bean or egg products, fruit and vegetables, milk,

soda drinks, and coffee) was also obtained. We displayed the

food moulds and standard dishes or containers of each food to
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illustrate the proportion each food was consumed at one time.

Frequency of consumption was then categorized into five

groups: never or seldom, 1–2 times per week, 3–4 times

per week, 5–6 times per week, and more than 7 times per

week. For the analysis, we defined high level of intake as being

more than five times per week.

2.4. Statistical methods

Since our study has a case–control/family sampling design

the presence of MET-S among family members of the same
Fig. 1. Study design of case–control prob
proband may be correlated. Therefore, the assumption of

independence, implicit in the conventional statistical methods,

may be inappropriate. We therefore used a statistical model

based on the Liang and Pulver method [24] that enables one to

assess familial aggregation, environmental risk factors and the

relevant interactions allowing for this correlation. Note that

although our study is a matched case–control/family sampling

design, both matched and unmatched analyses with the incor-

poration of matching factors have been performed. As the

results were similar, whether or not the matching was

respected in the analysis, we present only the unmatched
and study on metabolic syndrome.
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logistic regression model. A detailed description of this

mathematical model is given in Appendix A. In this model,

the response variable (y) is the presence (y = 1) or absence

(y = 0) of MET-S among relatives of the cases or controls, and

the independent variable status (z) which is set to 1 for case

probands and their family members and to 0 for control pro-

bands and their family members, indicating familial aggrega-

tion. Environmental and other risk factors (x1 � xk) were

included and categorized, where appropriate. For physical

activity (denoted x1), for example, x1 = 1 if activity is frequent

and 0 otherwise). The response variable (y) was therefore

modeled as a function of familial aggregation (z), environmental

risk factors (x) and the interaction between them. As suggested

by Liang and Pulver, the generalized estimation equation (GEE)

method was used to estimate the regression coefficients for

familial aggregation (z) and environmental factors (x) using

SAS software (Version 8.2). The importance of familial aggre-

gation was determined by assessing the magnitude of the related

model coefficients (z). Taking the exponential of z gives the

odds ratio for the risk of developing MET-S for family members

among case probands compared with that among control pro-

bands. The higher the odds ratio (OR) is, the stronger the

tendency to have familial aggregation. Adjusted odds ratios

(aOR) and their respective 95% CI’s for environmental risk

factors were also calculated in the same manner.

As our study unit is based on proband’s family members, by

categorizing familial aggregation in different ways, degree of

relationship in the link with proband was ascertained and treated

as an independent variable with eight types, mother, father,

wife, husband, siblings, son, daughter, and second-degree

relatives (grandparents, uncle, aunt, and cousins). As the major-

ity of our study subjects were aged 30 years or older, few

proband’s sons and daughters were included. In addition, sib-

lings of proband are also difficult to be ascertained because they

may be separate and registered as different households after

marriage in population registry. We only assessed the influence

of mother, father, husband, and wife in comparison to second-

degree relatives. This has been also elaborated in Appendix A.

In multiple regression analysis, we first incorporated significant

factors identified in the univariate analysis together with age and

gender of probands and then identified a parsimonious model by
Table 1

Prevalence rate of MET-S in the KCIS study, by age

Age group

(years)

Total attendantsa

(N = 43,158)

20–29 89/2523 (3.5%)

30–39 563/8462 (6.6%)

40–49 1192/10,427 (11.4%)

50–59 1571/7749 (20.3%)

60–69 1978/7554 (26.2%)

70–79 1607/5260 (30.5%)

80+ 308/1183 (26.0%)

Total 7308/43,158 (16.9%)

Test for trend ( p-value) <0.0001

a MET-S case/total (%).
using the likelihood ratio test with a 5% significance level to

exclude non-significant factors. To minimize the residual con-

founding, life style factors such as smoking, drinking, and betel

quids chewing were classified as three categories: current, quit,

and never. For the frequency of smoking, alcohol drinking, betel

quids, and physical activity, tertile, quartile, or quintitle was first

determined by using likelihood ratio test. As there was lacking

of statistical significance across three types, tertile distributions

were therefore selected to assess the magnitude of their associa-

tions. Note that we also tested whether the difference between

five level and two level (usually/infrequent) for dietary factors.

As there was lacking of statistical significance, we chose the

dichotomous variable for analysis.

3. Results

3.1. Prevalence rate of MET-S

Table 1 shows the age-specific prevalence rates of

MET-S amongst the 43,158 attendants of the KCIS

programme (using modified NCEP ATPIII criteria). The

overall prevalence of MET-S using the standard NCEP

ATPIII criteria was 10.6% (10.1% in males and 10.9%

in females). However, the application of modified

NCEP ATPIII criteria yields 16.9%. The prevalence

rates of MET-S in families with more than two or

unrelated participants are similar to the aggregated rate

for all families (see Table 1). The prevalence of the

individual conditions that make up MET-S was also

similar between the full set of 32,522 households and

the 9139 households with two or more participants (data

not shown). This suggests that households with two or

more participants are fairly representative of the full

KCIS cohort with 43,158 subjects.

The comparisons of baseline variables between case

and control group are presented in Table 2. The

prevalence of MET-S in the case group was higher than

that in the control group (16.2% versus 9.9%). The case

group had lower education level than the control group.
Family members �2a

(N = 19,744)

Unrelated subjectsa

(N = 23,414)

53/1574 (3.4%) 36/949 (3.8%)

263/3935 (6.7%) 300/4527 (6.6%)

521/4480 (11.6%) 671/5947 (11.3%)

733/3664 (20.0%) 838/4085 (20.5%)

883/3467 (25.5%) 1095/4087 (26.8%)

642/2151 (29.9%) 965/3109 (31.0%)

130/473 (27.5%) 178/710 (25.1%)

3225/19,744 (16.3%) 4083/23,414 (17.4%)

<0.0001 <0.0001
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Table 2

Comparison of demographics, anthropometric, and biochemical fac-

tors between case and control group

Variable Class Control Case

MET-S Without MET-S 2680 (90.1) 1438 (83.8)

With MET-S 294 (9.9) 278 (16.2)

Gender Female 1710 (57.5) 985 (57.4)

Male 1264 (42.5) 731 (42.6)

Age group

(years)

20–29 271 (9.1) 147 (8.6)

30–39 590 (19.8) 295 (17.2)

40–49 579 (19.5) 327 (19.0)

50–59 522 (17.6) 290 (16.9)

60–69 545 (18.3) 338 (19.7)

70+ 467 (15.7) 319 (18.6)

Education Low (<6 years) 1143 (38.8) 754 (44.3)

Middle (6–12 years) 1261 (42.7) 680 (39.9)

High (�12 years) 547 (18.5) 268 (15.8)

Unknown 23 13

Marriage Unmarried 149 (5.0) 89 (5.2)

Married 2444 (82.2) 1411 (82.2)

Divorced 380 (12.8) 216 (12.6)

Unknown 1 0

Chewing

betel quids

Never 2772 (94.1) 1595 (93.6)

Quit 90 (3.0) 51 (3.0)

Current 85 (2.9) 58 (3.4)

Unknown 27 12

Smoking Never 2119 (71.8) 1207 (70.7)

Quit 224 (7.6) 103 (6.0)

Current 609 (20.6) 398 (23.3)

Unknown 22 8

Drinking Never 2268 (77.3) 1335 (78.5)

Quit 141 (4.8) 71 (4.2)

Current 525 (17.9) 295 (17.3)

Unknown 40 15

Variable Control Case

Waist circumferences 78.3 � 10.8 80.7 � 10.7

Body mass index (BMI) 23.9 � 3.7 24.5 � 3.8

Systolic blood pressure (SBP) 124.6 � 20.8 127.8 � 20.7

Diastolic blood pressure (DBP) 76.9 � 11.7 77.8 � 11.8

Fasting glucose 92.6 � 24.9 96.6 � 31.9

Triglyceride 116.6 � 82.8 127.7 � 92.4

High density lipoprotein (HDL) 61.8 � 13.6 59.8 � 13.4

The values in parentheses are given in percentage.
Regarding life style factors, there were higher propor-

tions of current smokers and chewers in the case group

than the control group. The comparisons of biochemical

markers of MET-S are also specified in Table 2. The

case group had higher mean values in BMI, waist

circumferences, blood pressure, fasting glucose, trigly-

ceride but lower in high density lipoprotein.
3.2. Familial aggregation of MET-S with

environmental factors being adjusted

Table 3 shows odds ratio for having MET-S among

family members for cases versus control probands was

1.70-fold (95% CI 1.41–2.04). This suggests that there

is a strong tendency to familial aggregation in

association with MET-S.

Repeating the analysis for parents and spouses of

index cases and controls, the highest odds ratio was

noted for mother (OR = 3.17 (1.99–5.06)), followed by

father (OR = 2.23 (1.10–4.54)), husband (OR = 1.61

(0.94–2.77)) and wife (OR = 1.37 (0.98–1.91)), when

taking second-degree relatives as the baseline group.

Table 3 shows adjusted odds ratios for demographic

variables, putative environmental factors and familial

aggregation. The variables retained in the final model

are listed in the final column of Table 3. After

controlling for age, gender, and other significant factors

of probands, the tendency to familial aggregation still

remained statistically significant (adjusted odds

ratio = 1.56 (1.29–1.89)).

By looking into the degree of relative relationship to

index cases or control and taking second-degree

relatives as the baseline group with making allowance

for the environmental factors similar to those delineated

in Table 3, the tendency of familial aggregation was the

most remarkable for mother (aOR = 1.55 (0.98–2.45)),

which was nearly statistically significant. This tendency

was attenuated for father (aOR = 1.39 (0.78–2.50)),

wife (aOR = 1.10 (0.83–1.45)), and husband

(aOR = 0.99 (0.73–1.33)).

3.3. Familial aggregation associated with

individual components of MET-S after adjustment

for significant environmental factors

Table 4 shows the corresponding results of individual

components of MET-S. The tendency of familial

aggregation was significantly manifested in each

individual component with the order of adjusted odds

ratios ranging from 1.28 (1.01–1.48) for hypertrigly-

ceridemia to 1.43 (1.25–1.64) for obesity. Familial

aggregation contributed from mother was significantly

noted in central obesity (aOR = 1.44 (1.00–2.08)) and

nearly significant in hyperglycemia (aOR = 1.57 (0.97–

2.56)) after controlling for significant environmental

factors (see footnote of Table 4). Familial aggregation

contributed from spouse was also significantly noted in

hyperglycemia (aOR = 1.43 (1.04–1.96)) and high

blood pressure (aOR = 1.26 (1.02–1.57)) for husband,

and in obesity (aOR = 1.27 (1.06–1.57)) for wife after
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Table 3

Adjusted odds ratios for familial aggregation and environmental risk factors associated with MET-S

Variable aOR1 (95% CI) aOR2 (95% CI)

Familial aggregation 1.70 (1.41–2.04)z 1.56 (1.29–1.89)z

Age of family members of proband – 1.04 (1.03–1.05)z

Gender of family members of proband – 1.10 (0.98–1.36)

Socioeconomic status

Education (low/high) 2.00 (1.36–2.93)y 2.06 (1.36–3.13) y

Education (middle/high) 1.62 (1.12–2.33)* 1.67 (1.13–2.49) *

Marriage (divorced/unmarried) 1.37 (0.79–2.38)

Marriage (married/unmarried) 1.12 (0.72–1.73)

Reproductive factors

Postmenopausal (yes/no) 1.40 (0.93–2.13)

Age at menarche 0.97 (0.90–1.05)

Age at menopause 1.06 (1.00–1.12)* 1.08 (1.01–1.14)*

Age at first full-term pregnancy 0.94 (0.90–0.98)y 0.93 (0.88–0.98)y

Number of pregnancies 1.04 (0.98–1.11)

Parity 1.05 (0.97–1.14)

Number of abortions 1.09 (0.98–1.22)

Life style factors

Current/quit/never

Smoking (quit/never) 0.70 (0.47–1.04)

Smoking (current/never) 1.05 (0.81–1.35)

Drinking (quit/never) 1.03 (0.66–1.61)

Drinking (current/never) 1.15 (0.89–1.49)

Betel chewing (quit/never) 2.01 (1.22–3.33)y 1.86 (1.11–3.10)*

Betel chewing (current/never) 2.27 (1.37–3.76)y 2.00 (1.20–3.35)y

Frequency/quantity

Smoking piece/day (<15 pieces/never) 0.84 (0.62–1.14)

Smoking piece/day (�15 pieces/never) 1.03 (0.77–1.39)

Drinking/week (<2 times/never) 1.34 (0.07–2.57)

Drinking/week (�2 times/never) 1.48 (0.90–2.43)

Betel pieces/day (<10 pieces/never) 2.07 (1.18–3.63)* 1.99 (1.13–3.53)*

Betel pieces/day (�10 pieces/never) 2.09 (1.16–3.79)* 1.76 (0.96–3.23)

Exercise frequency/week (<3/none) 0.80 (0.63–1.01) 0.83 (0.65–1.06)

Exercise frequency/week (�3/none) 0.66 (0.53–0.83)y 0.72 (0.58–0.90)y

Exercise intensity (times of

per week) � (minutes of per time)

Exercise intensity (<100 min/none) 0.75 (0.60–0.94)* 0.79 (0.63–0.98)*

Exercise intensity (�100 min/none) 0.69 (0.55–0.86)y 0.74 (0.59–0.94)*

Dietary factors

Meat (usually/infrequent) 1.08 (0.89–1.30)

Fish (usually/infrequent) 0.99 (0.80–1.22)

Vegetable (usually/infrequent) 0.68 (0.56–0.81)z 0.76 (0.62–0.92)y

Fruit (usually/infrequent) 0.88 (0.71–1.09)

Bean (usually/infrequent) 1.21 (0.99–1.47)

Milk (usually/infrequent) 0.99 (0.82–1.20)

Coffee (usually/infrequent) 1.50 (1.23–1.83)z 1.32 (1.07–1.64)*

aOR1, adjusted odds ratio for each variable by including matching factors (age, gender, and place of residence of case and control proband) and age

and gender of family members from each case or control proband in the model; aOR2, adjusted for familial aggregation and significant factors in each

other.
* 0.01 � p < 0.05.
y 0.0001 � p < 0.01.
z p < 0.0001.
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Table 4

Adjusted odds ratios for familial aggregation associated with individual components of MET-S

Components of

metabolic syndrome

Case probands/

control probandsa

Adjusted odds ratio

Father Mother Husband Wife

Central obesity 1.43 (1.25–1.64) 0.73 (0.45–1.20) 1.44 (1.00–2.08) 0.83 (0.66–1.03) 1.27 (1.06–1.53)

Triglyceride 1.28 (1.10–1.48) 1.11 (0.67–1.84) 1.20 (0.81–1.79) 1.00 (0.80–1.26) 0.85 (0.69–1.04)

HDL 1.33 (1.08–1.63) 1.21 (0.57–2.57) 1.18 (0.67–2.08) 0.65 (0.46–0.94) 1.10 (0.85–1.43)

High blood pressure 1.25 (1.09–1.43) 1.37 (0.82–2.28) 1.00 (0.69–1.46) 1.26 (1.02–1.57) 0.79 (0.66–0.94)

Hyperglycemia 1.28 (1.06–1.56) 1.31 (0.71–2.44) 1.57 (0.97–2.56) 1.43 (1.04–1.96) 1.24 (0.91–1.69)

a Other independent variables controlled in the model included age, sex, education, and exercise intensity for central obesity; age, sex, coffee

intake, betel chewing, education, and exercise intensity for triglyceride; age, sex, education, vegetable and coffee intake, alcohol drinking, and

exercise intensity for HDL; age, sex, education, vegetable and coffee intake, alcohol drinking, and exercise intensity for high blood pressure; age,

sex, coffee intake, and education for hyperglycemia.
controlling for other significant variables. It should be

noted that some aOR estimates in Table 4 were less than

1 and significant. Recall that as the baseline group was

second-degree relatives this should be taken with great

caution. The significant results for adjusted odds ratio

under 1 may suggest that second-degree relatives may

have stronger familial aggregation tendency than

spouse.

4. Discussion

The present family case–control proband study

demonstrates that the occurrence of metabolic syn-

drome (MET-S) has a strong tendency to familial

aggregation even after controlling for demographic

features, significant environmental factors, and repro-

ductive and menstrual factors. The cases (MET-S) had

approximately 1.56-fold risk of having family members

with MET-S as the controls (non-MET-S). Higher risk

for MET-S in parents than in spouses suggests genetic

inheritance may play an important role in the

development of MET-S although shared environmental

factors cannot be completely ruled out.

It is very interesting to note that, in addition to

established risk factors (i.e., exercise, dietary factors,

and so on), betel quids chewing was found a significant

risk factor for MET-S in our study. The association

between betel chewing and MET-S has been reported in

recent Taiwanese studies, including the higher risk for

type 2 diabetes in chewers [25], transgenerational effect

of paternal betel quids chewing on the risk for MET-S in

offspring [26], positive associations between betel quids

chewing and individual components of MET-S [27,28].

However, unlike the current study, these studies did not

take familial aggregation of MET-S into account. After

controlling for familial aggregation, chewing betel nuts

less than 10 pieces/day was an independent predictor of
MET-S, but the association was not significant when the

frequency of betel chewing was greater than 10 pieces/

day. The reason for being unable to show a statistically

association for the frequency of betel chewing more

than 10 pieces may be due to sparse number at the end of

category. However, we further assessed whether the

trend across three groups (none, �10 pieces, and >10

pieces) was statistically significant by using trend test.

The result was statistically significant for betel quids

chewing ( p < 0.001). This suggests a dose–response

relationship as demonstrated in the previous study [27]

even after adjustment for familial aggregation and other

significant risk factors.

As far as familial aggregation is concerned, the

current results support the earlier finding based on twin

studies that the common factors contributing to the

clustering of obesity is both genetic and environmental

[13,14]. However, as the occurrence of familial

aggregation reflects genetic influences as well as the

impact of sharing the same environment, our results are

plausible and consistent with earlier findings [29] that

concluded that genetic and/or non-genetic familial

influence make significant contribution to the develop-

ment of MET-S. Although both studies cannot separate

genetic factor from independent environmental factors

each study has addressed familial aggregation in each

own way. In Liese et al.’s study [29], the significant

association between a parent history of MET-S

components and the clustering of these metabolic

disorders in the offspring generation has been demon-

strated. In our study, as we included the proband’s

parents, spouses, and other second-degree relatives, we

are able to assess the impact of each family member

separately. The higher odds ratios found in parents

compared with the spouse suggests that genetic

inheritance plays a key role although we cannot rule

out the possibility of lifestyle habits conferred by
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parents. When considering the individual components

of MET-S separately, after controlling for individual

environmental factors, maternal influence was shown to

play a major role in the occurrence of central obesity

and hyperglycemia but only a minor role as regards

hyperlipidemia, hypertriglyceridemia, and hyperten-

sion. These findings are also consistent with earlier

results from a population study of elderly twins [15],

suggesting that genetic factors contributed more to BMI

and insulin resistance than to triglycerides, HDL

cholesterol, and systolic blood pressure. It is very

interesting to note that that familial aggregation has an

especially strong maternal component. In addition to

the genetic influences as mentioned above, it may reflect

the importance of childhood or intra-uterine exposures

(Barker hypothesis) or a great influence of the mother.

In contrast to previous studies on familial aggrega-

tion and MET-S, which used a traditional family case–

control design to recall family history regarding MET-S

with a self-reported questionnaire, our study exploited

the sampling design of the KCIS screening project to

implement a case–control proband study. This design

has several strengths. Firstly, instead of relying on

recalled family histories, information was obtained

directly by measuring and assessing all participants.

This was rarely possible in previous studies. Thus there

is no recall bias. Secondly, as the case and control

probands were sampled from participants in a popula-

tion-based screening programme, selection bias

between the presence of MET-S among relatives and

probands should be minimal or, at the very least,

balanced out.

There are several limitations in the current study.

First, our study can only elucidate familial aggregation

and environmental factors simultaneously but cannot

separate genetic factors from environmental factors

because familial aggregation may be also due to

unmeasured and shared environmental factors that were

not collected in the current study. Aggregation in some

individual components such as high blood pressure or

hyperglycemia for spouse may account for the latter

possibility. Table 4 also shows familial aggregation.

This is particularly important for Chinese people

because spouse, particularly wife, have much influence

on dietary habits and life style that may or may not be

measured in the current study. Second, even we

collected a host of environmental factors but many

important factors like the amount of fat in the diet that

affects HDL-cholesterol concentrations or concentra-

tions and types of alcohol are still not assessed. Third,

since we only included few siblings, familial aggrega-

tion among siblings of probands cannot be assessed.
We concluded that cases of MET-S tend to aggregate

within Taiwanese families even after controlling for

established risk factors in association with MET-S.

Maternal influence in familial aggregation of MET-S

may suggest further genetic studies.

Appendix A

A.1. Logistic regression model for case–control/

family sampling design

Let yij a binary outcome of the presence of metabolic

Syndrome for jth relatives of ith proband, Xijm be the

mth component of p environmental risk factor

(X1 = coffee, X2 = exercise, . . ., Xp = vegetable) and

Zi be the status of proband (Z = 1, case proband; Z = 0,

control proband).

The logistic regression model for assessing familial

aggregation and environmental risk factors terms of Z

and X, respectively, was expressed as follows:

log

�
Pi j

1� Pi j

�
¼ aþ b1X1 þ � � � þ b pX p þ dZi (1)

Eq. (1) enables one to assess the independent

contribution of familial aggregation from regression

coefficient of d after controlling for environmental risk

factors (X1 � Xp). While the relationship of family

members in association with proband was considered

the variable of Z was recoded as four dummy variables

to assess the influence of mother, father, wife, and

husband on the risk for MET-S compared with second-

degree relatives.
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