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Background This study aims to compare various family history profiles as predictors of diabetes in a community-based
prospective cohort because few prospective studies have examined the association of family history with diabetes risk
in ethnic Chinese populations.
Methods Among 2960 participants free from baseline diabetes through the Chin-Shan Community Cardiovascular Cohort
Study, there were 548 cases that developed diabetes after a median 9 years of follow-up.
Results After multivariate adjustment, sibling history was associated with diabetes [Relative risk (RR): 2.08, 95%
confidence interval (CI): 1.42–3.06, P = 0.0002]. Both maternal and paternal histories had similar effects (RR: 1.62, 95% CI:
1.04–2.51 for paternal history, RR: 1.36, 95% CI: 0.98–1.89 for maternal history). Obese participants with sibling history
increased the risk of diabetes by 4.6-fold (RR: 4.61, 95% CI: 2.93–7.26), compared with those with neither obesity nor family
history.
Conclusion The findings support the hypothesis that sibling history is more important than parental history for diabetes
risk. Eur J Cardiovasc Prev Rehabil 15:657–662 c 2008 The European Society of Cardiology
European Journal of Cardiovascular Prevention and Rehabilitation 2008, 15:657–662
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Introduction
Health burdens and growing epidemics of type 2 diabetes
mellitus have made primary prevention crucial in health
promotion [1,2]. This involves early identification of risk
factors. Although diabetes is a complex disease involving
a combination of genetic and environmental factors, it is
useful to utilize family history as a screening tool. Family
history represents not only valuable genetic information
but also common environmental component factors [3,4].
Owing to its self-reported characteristic, data on family
history is relatively inexpensive and easy to collect, and a
positive family history provides clues regarding the
complexities of gene–gene and gene–environmental
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interactions that help identify the subsets of populations
at risk [5,6].
First-degree relatives of patients with diabetes have a
five-fold risk of developing diabetes in the adult US
population [7]. A self-reported positive familial risk of
diabetes could identify 73% of people as patients with
diabetes and correctly predicted more than one-fourth of
prevalent cases [8]. Nonetheless, different family history
profiles, including maternal, parental, and sibling histories, have been proven to have different impacts on
certain subclinical diseases [9]. Very few prospective
studies have compared their roles on diabetes. Using
prospective design to study family history and diabetes
risk could prevent information bias and provide valid
inference. Therefore, this prospective cohort study on
asymptomatic healthy ethnic Chinese population was
DOI: 10.1097/HJR.0b013e32830fe451
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conducted to test the role of family history on diabetes
risk. We hypothesized that different family histories had
varying effects on diabetes risk among Chinese.

Methods
Study design and participants

Details of this cohort study have been published
previously [10–12]. Briefly, the Chin-Shan Community
Cardiovascular Cohort Study began in 1990 by recruiting
3602 individuals aged 35 years old and above, homogenous in Chinese ethnicity, in the Chin-Shan township.
The participants were invited to undertake standard
procedures of physical examination, blood sampling, and
clinical measurements at a local site. Information about
anthropometry, lifestyle, and medical conditions was
assessed by an interview questionnaire in 2-year cycles.
The validity and reproducibility of the collected data and
measurements have been reported in detail elsewhere
[11]. The participants undertook clinical measurements
such as echocardiography and carotid sonography by
cardiologists.
Among the 3602 participants, we excluded missing
baseline data on blood sampling (n = 41), diagnosis of
diabetes (fasting glucose Z 126 mg/dl or with hypoglycemic medication history) (n = 473), and cardiovascular disease and cancer history (n = 170). We followed the
remaining 2960 participants regularly and checked their
medical history and medication on biennial intervals. The
response rate was 85.7% by the end of the study. The
National Taiwan University Committee Review Board
approved the study protocol.
Definition of family history

Family history was defined in the questionnaires and
the participants were asked if their biological parents or
siblings had diabetes. The number of siblings was also
recorded. We categorized the study participants into four
family history groups: sibling, paternal and maternal
history, and no family history.
Laboratory measurements

All venous blood samples drawn after a 12-h overnight
fast were immediately refrigerated. Blood samples for
glucose analysis were drawn into glass test tubes each
containing 80 mol/l fluoride/oxalate reagent. After centrifugation at 1500 g for 10 min, glucose levels were
measured by enzymatic assay (Merck 3389 commercial
kit; Darmstadt, Germany) in an Eppendorf 5060 autoanalyzer. Plasma insulin level was determined using the
ELISA method.
Diagnosis of type 2 diabetes

Type 2 diabetes was defined by the presence of at least
one of the following criteria: (i) a fasting glucose
concentration more than or equal to 126 mg/dl and (ii)

treatment with the hypoglycemic medication (insulin or
oral hypoglycemic agents). The diagnostic criteria were
consistent with those proposed by the American Diabetes
Association [1].
Statistical analysis

Categorical variables were presented as contingency
tables with the w2 test used to test the difference across
family histories. The continuous variables were presented
by mean and standard deviation and analyzed by analysis
of variance. Diabetes incidence rates were calculated
by person-year methods and stratified by various family
histories, and we treated no family history as the control
group.
The association between family history and risk of
diabetes was analyzed by the Cox regression model,
adjusting for potential confounding factors. Three Cox
models were specified to evaluate the adjusted relative
risks of family history status: model 1 was adjusted for
age groups (35–44, 45–54, 55–64, 65–74, Z 75 years old)
and sex. Model 2 was additionally adjusted for body
mass index (BMI) (< 18, 18–20.9, 21–22.9, 23–24.9,
or Z 25 kg/m2). Model 3 included additional confounding factors such as smoking (yes/no or abstinence),
current alcohol drinking (regular/no), marital status
(single, married and living with spouse, or divorced and
separate), education level (less than 9 years, at least 9
years), occupation (no work, labor, official or business),
and regular exercise (yes/no). The models’ goodness-offit was tested using the Hosmer and Lemeshow test [13]
and the model was acceptable in Model 3 (P = 0.12).
We estimated the two joint effects of family history
with age (cutoff by 65 years old) and high BMI (cutoff
by median value, 23 kg/m2), and categorized the exposed
factors into various categories. All of the statistical tests
were two-tailed and probability values less than 0.05
were considered statistically significant. Analyses were
performed with SAS version 9.1 (SAS Institute, Cary,
North Carolina, USA) and Stata version 9.1 (Stata Corp.,
College Station, Texas, USA).

Results
Of the 2960 participants without diabetes at baseline, 89
had sibling history, 73 had paternal history, and 163 had
maternal history of diabetes. Participants with different
baseline family histories were similar in sex, BMI,
lifestyle habits (e.g. smoking, alcohol drinking, marital
status, regular exercise), and hypertension status. Individuals with paternal history were more likely to have
higher education levels and white-collar jobs (Table 1).
For baseline continuous variables, participants across
different family histories had similar waist, waist-hip
ratio, fasting, and post-challenge insulin and lipid profiles
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Distribution of various baseline demographic, lifestyle, and socioeconomic factors in the study population in the CCCC cohort
(1990–1991), specified by family history patterns

Table 1

Sex
Men
Women
BMI (kg/m2)
< 18
18 to 20.9
21 to 22.9
23 to 24.9
Z 25
Current smoker (yes)
Alcohol drinking (yes)
Marital status
Single
Lived with spouse
Divorced or separate
Education level
< 9 years
Z9 years
Job status
No job
Blue collar
White collar
Regular exercise habit (yes)
Hypertension

Age, year
BMI (kg/m2)
Waist (cm)
Waist-hip ratio
Fasting insulin (IU/ml)a
Fasting glucose (mg/dl)a
Systolic BP (mmHg)a
Diastolic BP (mmHg)a
Total cholesterol (mg/dl)a
Triglyceride (mg/dl)a
HDL-C (mg/dl)a
LDL-C (mg/dl)a

No history
N = 2635 (%)

Mother
N = 163 (%)

Father
N = 73 (%)

Sibs
N = 89 (%)

46.6
53.4

54.0
46.0

48.0
52.1

46.1
53.9

3.9
21.4
25.8
21.4
27.5
35.8
29.7

2.5
19.6
22.1
24.5
31.3
36.8
25.2

0.0
15.3
30.6
12.5
41.7
35.6
35.6

4.5
15.7
23.6
21.4
34.8
37.1
32.6

2.9
86.4
10.7

1.2
92.0
6.8

1.4
93.2
5.5

3.4
85.2
11.4

94.4
5.6

93.3
6.8

79.5
20.6

94.4
5.6

50.1
35.1
14.8
14.8
27.2

28.8
47.9
23.3
12.3
20.5

26.0
42.5
31.5
9.6
19.2

39.3
31.5
29.2
13.5
32.6

P
0.34

0.10

0.99
0.36
0.32

< 0.0001

< 0.0001

0.51
0.07

Mean

SD

Mean

SD

Mean

SD

Mean

SD

54.6
23.2
82.4
0.89
1.51
4.61
4.81
4.33
5.25
4.58
3.85
4.85

12.4
3.3
9.8
0.07
0.91
0.10
0.15
0.14
0.22
0.55
0.26
0.33

47.9
23.7
83.8
0.90
1.70
4.64
4.78
4.32
5.25
4.61
3.83
4.87

8.9
3.3
9.6
0.06
0.77
0.09
0.14
0.12
0.23
0.47
0.25
0.33

46.1
24.2
83.5
0.90
1.54
4.64
4.78
4.33
5.26
4.68
3.83
4.87

9.0
3.3
9.7
0.06
0.77
0.11
0.14
0.15
0.23
0.57
0.24
0.33

53.2
23.8
83.5
0.90
1.72
4.61
4.82
4.32
5.21
4.63
3.78
4.82

11.6
3.4
8.7
0.06
0.79
0.09
0.15
0.16
0.23
0.54
0.25
0.33

< 0.0001
0.009
0.36
0.78
0.07
0.001
0.030
0.92
0.33
0.38
0.11
0.81

BMI, body mass index; BP, blood pressure; CCCC, Chin-Shan Community Cardiovascular Cohort; HDL-C, high-density lipoprotein-cholesterol; LDL-C, low-density
lipoprotein-cholesterol. aGeometric mean.

(i.e. total cholesterol, triglyceride, HDL, and LDL
cholesterol). Individuals with parental history tended to
be younger with lower systolic blood pressure, higher
BMI, and higher fasting glucose levels.
For the follow-up cohort from 1990–1991 to the end of
2001 (median: 9 years, interquartile range: 4.2–9.3 years),
there were 548 cases that developed diabetes. The
incidence rates were the highest among individuals with
sibling history (48.7/1000 person-years) compared with
those with parental history (38 for paternal history and
34.2 for maternal history) (Table 2). After multivariate
adjustment, sibling history was significantly associated
with diabetes [RR: 2.08, 95% confidence interval (CI):
1.42–3.06, P = 0.0002]. Both paternal and maternal
histories had similar effects on diabetes (RR: 1.62, 95% CI:
1.04–2.51 for paternal history, RR: 1.36, 95% CI:
0.98–1.89 for maternal history). Subgroup analysis
showed that only sibling history was significantly related
to further diabetes in both sexes.

In mutually adjusted models, sibling history remained
a significant and strong risk factor for diabetes (RR: 1.82,
95% CI: 1.23–2.69, P = 0.003), whereas paternal and
maternal histories became nonsignificant (mother history: RR: 1.29, 95% CI: 0.95–1.75, P = 0.10; father
history: RR: 1.27, 95% CI: 0.84–1.94, P = 0.26). We also
performed the subset selection strategy to determine
the best predictive variables for diabetes risk. The results
showed only sibling history remained in the best-fit
model to predict diabetes (RR: 1.88, 95% CI: 1.28–2.75,
P = 0.0012).
Patterns varied in the presence or absence of high BMI
values (Fig. 1). Individuals with high BMI (BMI Z 23)
had consistently higher (by 1-fold) risk of diabetes than
individuals with lower BMI (< 23) regardless of family
history. Participants with sibling history as well as high
BMI values had a 4.6-fold higher risk of diabetes (RR:
4.61, 95% CI: 2.93–7.26) compared with those with
neither obesity nor family history. No significant multi-

Copyright © Lippincott Williams & Wilkins. Unauthorized reproduction of this article is prohibited.

660 European Journal of Cardiovascular Prevention and Rehabilitation 2008, Vol 15 No 6

Table 2 Incidence rates (/1000 person-years) and relative risks [95% confidence intervals (CIs) and significant levels] of diabetes
incidence during 9 years of follow-up according to baseline family history categories in the study population

Cases
Person-years
Ratea

No
N = 2635

Mother
N = 163

Father
N = 73

Sibs
N = 89

457
18 435.9
24.8

41
1199.5
34.2

22
578.7
38.0

28
575.1
48.7

Model 1
Model 2
Model 3
Men
Model 1b
Model 2b
Model 3b
Women
Model 1b
Model 2b
Model 3b

RR

95% CI

P

RR

95% CI

P

RR

95% CI

P

1
1
1

1.40
1.34
1.36

(1.01–1.93)
(0.97–1.85)
(0.98–1.89)

0.043
0.076
0.065

1.61
1.47
1.62

(1.04–2.48)
(0.95–2.26)
(1.04–2.51)

0.031
0.083
0.032

2.05
1.95
2.08

(1.40–3.00)
(1.33–2.87)
(1.42–3.06)

0.0002
0.001
0.0002

1
1
1

1.52
1.40
1.43

(1.00–2.29)
(0.92–2.14)
(0.94–2.19)

0.049
0.12
0.10

1.46
1.75
1.55

(0.82–2.58)
(0.99–3.12)
(0.87–2.76)

0.20
0.06
0.14

1.92
2.06
1.92

(1.09–3.36)
(1.17–3.62)
(1.09–3.39)

0.023
0.013
0.024

1
1
1

1.15
1.23
1.17

(0.68–1.95)
(0.72–2.08)
(0.69–1.98)

0.60
0.45
0.56

1.43
1.43
1.37

(0.73–2.80)
(0.73–2.82)
(0.70–2.68)

0.29
0.30
0.36

2.00
2.11
2.02

(1.18–3.39)
(1.24–3.58)
(1.18–3.44)

0.010
0.006
0.010

Model 1: adjusted for age groups (35–44, 45–54, 55–64, 65–74, Z75 years old) and sex. Model 2: model 1 plus body mass index ( < 18, 18–20.9, 21–22.9,
23–24.9, or Z 25 kg/m2). Model 3: model 2 plus smoking (yes/no or abstinence), current alcohol drinking (regular/no), marital status (single, married and living with
spouse, or divorced and separate), education level (less than 9 years, at least 9 years), occupation (no work, labor, official, or business), and regular exercise habit
(yes/no). aIncidence rates presented as per 1000 person-years. bModels 1, 2 and 3: same as the above variables, excluding sex.

To our knowledge, this is the first extensive prospective
investigation on various family histories and diabetes risk
among ethnic Chinese. Our data showed that sibling
history showed a higher risk than parental history, which
is consistent with findings among hospital-based populations with diabetes [14]. Sibling recurrence risk is
increased from 1.2 in participants without diabetic
parents to 3.7 in those with both diabetic parents.

Fig. 1
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Relative risk of diabetes during the 9-year follow-up period according to
various family history status and body mass index value (cutoff by
median level, 23 kg/m2), with adjustment for sex, alcohol intake,
smoking, marital status, education, job status, and physical activity.

plicative interaction of BMI and family history on
diabetes risk was observed (the likelihood ratio test,
P = 0.61).

Discussion
In this prospective cohort of middle-aged to older ethnic
Chinese, sibling history of diabetes was appreciably
associated with increased risk of diabetes. Parental and
maternal history appeared to be at least a predictor of
diabetes. After adjustment for age, sex, and BMI, sibling
history still has effects on diabetes risk. Age and higher
BMI added significant risks of developing diabetes.

Biologically, there were several hypotheses to explain our
findings. First, because of the complex mechanism of
diabetes pathogenesis, sibling correlations for atherosclerotic traits are larger than parent–offspring correlations
[15,16]. Second, sibling correlations were more important
for heritability estimates than parent–offspring correlations.
Sibling pairs have higher shared environmental factors than
parent–offspring pairs and some common environments in
young childhood have been postulated to be associated
with future adult diseases [17]. However, although sibling
history of diabetes might be useful as a screening tool, the
information about potential pathophysiologic mechanisms
underlying the associations is less valuable. First, our study
participants had a large number of siblings (average 5.5),
and we defined a positive sibling history as a self-report of
history in at least one sibling. Second, we categorized the
cases with both sibling and parent history (B2%) as sibling
so that the risk of sibling history may be overestimated.
Third, the diagnostic rates about sibling history may
be higher due to awareness. Thus, it seems that sibling
history of diabetes may be a proxy-marker of both
environmental and genetic factors, and as a genetic marker
probably more valid than parental history.
There exists different risk estimates across different
ethnic populations, and the relative risks of parental
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history are around 1.2–3.5-fold; but, there are several
undefined factors. First, evidence from the prospective
cohort data provides different results [18–22]. Second,
ethnicity has an effect on diabetes risks, and these risks
are different across various ethnicities [23]. For Caucasians, a family history of diabetes has a 2.19-fold increase
of diabetes in a more than 20 years of follow-up study
[19]. Our data also showed that the relative risks were
1.4–2.1-fold, consistent with previous findings [24].
The hypothesis of excess maternal transmission in
diabetes is still controversial [24]. The mechanisms of
female predominance in terms of transmission were
postulated as the unique maternal genetic and environmental effects [25], whereas gestational diabetes had
strong effects on offspring diabetes risk [26]. Our data
showed equal risks from maternal and paternal lineage.
Other studies, including those of animals [27], as well
as population-based data, show equal risks from both
parents [28–30].

Conclusion
Our study clearly demonstrated that sibling history is
more strongly associated with the risk of diabetes than
parental history among ethnic Chinese, whereas obesity
increases the risk in all persons consistently. We suggested
that sibling history be recorded for the comprehensive
evaluation of diabetes in Asian populations.
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