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Abstract

Objective: This study investigated the impact of family history of diabetes (FHD) on b-cell function among Chinese with
normal glucose tolerance.
Research Design and Methods: A multistage, stratified, cluster random sampling method was used to select a provincially
representative sample from Fujian Province. Eventually, a total of 1,183 subjects were entered into the analysis. Several
indexes were used to assess the function of b cells, including homeostasis model assessment (HOMA) of insulin resistance
(IR), HOMA of b cells, insulinogenic index (IGI), and disposition index.
Results: Overweight, increased body mass index, higher low-density lipoprotein cholesterol, and higher total cholesterol (TC)
were the dominant features of positive FHD (FHD + ). The FHD + subjects had lower insulin sensitivity (P < 0.05). FHD +

subjects showed higher risk of IR after adjusting for other risk factors (odds ratio 1.523 [1.272–2.009]). However, there was no
significant difference in insulin secretion between the two groups. With the use of the multiple linear regression model, waist
circumference (WC) and triglycerides (TGs) were found to be independent risk factors of the decline of insulin sensitivity in
FHD + subjects, and insulin sensitivity declined significantly (P < 0.05) with the increase of WC and TGs. In addition, the
offspring of fathers with diabetes (PT2D) were much older and had higher TC than those of mothers with diabetes (MT2D).
After adjusting for gender of the parents, there was no difference between MT2D and PT2D on insulin sensitivity.
Conclusions: Inheritance if diabetes is associated with the decline of insulin sensitivity. In addition, insulin sensitivity
declined with increasing WC and TG in FHD + subjects.

Introduction

The prevalence of diabetes, especially type 2 diabetes
mellitus (T2DM), increases markedly throughout the

world, including in China.1 T2DM is characterized by both
insulin resistance (IR) and b-cell dysfunction. Abnormalities
in b-cell function are present in high-risk individuals long
before they develop hyperglycemia.2 This recognition has
occurred in part because of a better understanding of the
ability of the b cell to regulate its insulin response to stimuli
based on differences in insulin sensitivity.

Because T2DM and its complications are associated with
considerable socioeconomic burden and mortality, there is
increasingly interest in developing strategies to prevent or
delay progression of the disease.

In recent years, researchers have paid more attention to the
so-called ‘‘prediabetic state’’ (i.e., impaired glucose regula-
tion, including impaired fasting glucose and impaired glucose
tolerance). Prospective studies showed that people in im-
paired glucose tolerance or impaired glucose regulation have
significantly increased risk for both diabetes mellitus (DM)3,4

and diabetes-related cardiovascular disease.5–7 In clinical
practice, we often find people with normal fasting and 2-h
postprandial glucose levels but having a high level of 30-min
plasma glucose (PG) or 60-min PG after an oral glucose tol-
erance test, which is closely related to early insulin secretion.
Studies8–10 have shown that such people had significantly
increased risk for DM in this early stage of glucose intolerance.

In addition, IR has been one research focus of diabetes, such
that the control strategies of T2DM have been changed from
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the ‘‘hypoglycemic therapy’’ into ‘‘improve the IR and IR-
related metabolic abnormalities, and make a comprehensive
prevention.’’11 The homeostasis model assessment (HOMA)
of IR, which is a useful surrogate index of IR in subjects with
and without diabetes, is a mathematical assessment of the
interaction between b-cell function and IR. That model is
useful in clinical and epidemiologic studies and may be used
to assess the response to antidiabetes drugs, to estimate the
likelihood of cardiovascular disease in people with T2MD,
and to evaluate the risk of diabetes. The HOMA of b-cell
function (HOMA-b) is used to evaluate basic insulin secretion,
and the HOMA-IR is used to assess insulin sensitivity.12

T2DM is attributed to both genetic and environmental
factors. There is strong evidence that T2DM is genetically
determined,13,14 and the first-degree offspring of patients with
T2DM are prone to develop T2DM that has both IR and b-cell
impairment.15 In only a small number of cases, however, is the
inheritance pattern for the genetic defect resulting in T2DM
well documented.16,17 Previous studies of the heterogeneous
disorder T2DM are from Western countries. Little is known
about the impact of family history of diabetes (FHD) on b-cell
function and IR among Chinese people with normal glucose
tolerance (NGT). In this study we wanted to determine
whether FHD will affect b-cell function and IR among Chinese
people with NGT.

Research Design and Methods

Study population

Subjects registered were permanent residents 20 years of
age or older in Fujian Province (population approximately 32
million). A multistage, stratified, cluster random sampling
method was used in order to select a provincially represen-
tative sample of individuals from July 2007 to May 2008. A
total sample size of 3,294 was registered. We excluded those
whose data were not completed (PG levels were not measured
at 0 and 30 min), whose arterial blood pressure was > 140/
90 mm Hg, serum total cholesterol (TC) was > 7.8 mmol/L,
serum triglycerides (TGs) were > 4.6 mmol/L, and electro-
cardiogram showed abnormalities. Thus, 1,183 (406 males
and 777 females) subjects with NGT were enrolled. All in-
vestigators received special training before the investigation,
and all subjects signed informed consent authorized by the
Diabetes Branch of the Chinese Medical Association.

Study design

All participants were asked to complete a standard ques-
tionnaire asking about age, gender, smoking status (past or
present smoker, number of cigarettes smoked daily, and years
of smoking), history of diabetes, history of cardiovascular
disease (i.e., myocardial infarction, coronary artery bypass
graft, coronary intervention therapy, heart failure, stroke,
amputation history, hypertension, and whether under drug
treatment), family history of hypertension, myocardial in-
farction, stroke, or DM. An FHD existed if one or both of the
parents had diabetes. FHD + was defined as one of the parents
had diabetes. Height and weight were measured without
shoes and in light clothing. Body mass index (BMI) was cal-
culated by dividing weight by height squared (kg/m2). Waist
circumference (WC) was measured at the middle point be-
tween the costal margin and iliac crests, and hip circumfer-

ence was measured at the level of the trochanters. Waist–hip
ratio (WHR) was calculated as the ratio of WC to hip cir-
cumference. Blood pressure was measured twice, in the sitting
position, using a manual sphygmomanometer in the right
arm, and the mean of the two readings was used for analysis.

Laboratory tests were taken from 5 mL of blood in a
vacuum tube containing sodium fluoride from the subjects
who had fasted for at least 10 h. All subjects except those
previously diagnosed with T2DM were administered a 75-g
oral glucose tolerance test. According to Chinese medical
ethics, DM subjects accepted a 100-g steamed-bread test (a
kind of standardized mixed meal test) as a surrogate, which
equally contains 75 g of carbohydrate and was linearly related
to values measured 2 h after an oral glucose tolerance test.18

After 30 and 120 min, 5 mL of blood with anticoagulant
was drawn from the subjects. Levels of blood glucose, TC,
TGs, and high-density lipoprotein cholesterol (HDL-C) were
tested using the glucose oxidase method, colorimetric en-
zyme assays, glycerol phosphate enzymatic oxidation assay,
and end point colorimetry, respectively. Low-density lipo-
protein cholesterol (LDL-C) was calculated by the formula of
Friedewald et al.19

Assays

HOMA-IR is defined as (FPI · FPG)/22.5, where FPI is
fasting plasma insulin concentration (mU/L) and FPG is
fasting PG (mmol/L); this index, which largely reflects he-
patic IR, has also been validated against the clamp. The
equation for HOMA-b is (20 · FPI)/(FPG – 3.5).20 Insulin se-
cretion also is assessed by the insulinogenic index (IGI) (DI30/
DG30), where DI30 is the change in insulin from 0 to 30 min
and DG30 is the change in glucose from 0 to 30 min, which is
correlated with gold standard measures of insulin secretion
(first-phase insulin secretion on intravenous glucose tolerance
testing).21 Disposition index (DI) is calculated to verify if in-
sulin secretion compensates IR and is assessed byDI30/
DG30/HOMA-IR, which has been proposed by Bergman
et al.22 and Ryder et al.23 using the principle of glucose DI.
Plasma insulin was measured by double-antibody radioim-
munoassay.

Inclusion criteria

Diagnosis of NGT was based on criteria published by the
World Health Organization of FPG of < 6.1 mmol/L and 2-h
PG after glucose load of < 7.8 mmol/L with no diagnosis of
history of diabetes and impaired glucose regulation previ-
ously.24 Diagnosis of hypertension was systolic blood pres-
sure of > 140 mm Hg and/or diastolic blood pressure of
> 90 mm Hg or having been diagnosed with hypertension or
taking antihypertension treatment.

Statistical analysis

EpiData software (The EpiData Association, Odense,
Denmark) was used to establish the database, and the statis-
tical program SPSS version 13.0 (SPSS, Inc., Chicago, IL) was
used for statistical analysis. Results are presented as mean –
SD values for normal distribution and median (95% confi-
dence interval [CI]) for a skewed distribution. Independent-
samples t test or nonparametric test was used to compare
differences between subgroups when appropriate. Multiple
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linear regression analysis, based on the data from all partici-
pants, was applied to control confounders. The odds ratio
(OR) of effect of FHD on IR was analyzed by using logistic
regression analysis. An OR value of > 1 is regarded as a risk
factor. All P values < 0.05 (two-tailed) were considered to be
significant.

Results

In total, 1,183 subjects 20–74 years old were included into
statistical analysis eventually. Of those, 406 were males (mean
age, 39.0 years), and 777 were females (mean age, 41.0 years).
The basic characteristics of subjects by FHD are shown in
Table 1. We found that FHD + subjects had higher values of
weight, BMI, LDL-C, and TC. Although HDL-C, WHR, and
TG were risk factors for DM, there was no significance be-
tween the two groups.

Table 2 shows the mathematical assessment of b-cell
function and IR of the study subjects. We found that there was
no difference on b-cell insulin secretion function (indepen-
dent-samples t test or nonparametric test on HOMA-b, IGI,

and DI [P > 0.05 for all]) between the two groups. However,
FHD + subjects had lower insulin sensitivity than FHD-
negative (FHD - ) subjects; the 95% CI of the difference of
HOMA-IR was 0.11–0.41. Subjects with FHD + showed higher
risk of IR after adjusting for other risk factors (OR 1.523
[1.272–2.009] by the method of logistic regression). After ad-
justing for other classical DM risk factors, including weight,
BMI, WC, hip circumference, WHR, HDL-C, LDL-C, TC, and
TGs, multiple linear regression analysis showed that only WC
and TGs had significantly impact on insulin sensitivity
(P < 0.05 for both) in FHD + subjects (Table 3), and the insulin
sensitivity decreased with increasing WC and TGs. The basic
characteristics of the FHD + subjects by gender of the parents
are shown in Table 4. We found that age distribution and TC
were different between the two groups. Offspring of fathers
with diabetes (PT2D) were much older and had higher TC
than offspring of mothers with diabetes (MT2D). After ad-
justing for gender of the parents, there was no difference be-
tween MT2D and PT2D effect on insulin sensitivity.

Discussion

The present study investigated the relationship of FHD
with b-cell function in a large population (n = 1,183) of indi-
viduals from Fujian Province. This study reached the fol-
lowing conclusions: (1) The FHD + subjects were less insulin

Table 1. Metabolic Characteristics of the Study Subjects

Categorical variable FHD + (n = 153) FHD - (n = 1,030) Pa

Age (years) 39.59 – 8.68 40.57 – 12.86 0.05
Weight (kg) 60.54 – 10.18 58.80 – 10.02 0.047
Height (cm) 161.29 – 7.18 161.19 – 7.99 0.874
Body mass index (kg/m2) 23.19 – 3.10 22.58 – 3.16 0.025
Waist circumference (cm) 76.21 – 9.59 76.62 – 8.83 0.591
Waist to hip ratio 0.82 – 0.70 0.83 – 0.70 0.400
Blood pressure (mm Hg)

Systolic 113.71 – 14.71 115.23 – 30.23 0.542
Diastolic 75.30 – 9.67 75.11 – 30.23 0.938

Plasma glucose (mmol/L)
Fasting 4.70 – 0.51 4.70 – 0.54 0.958
30-min 7.91 – 1.79 7.90 – 1.81 0.598
2-h 5.42 – 1.17 5.22 – 1.17 0.052

Total cholesterol (mmol/L) 4.64 – 1.00 4.46 – 0.99 0.034
Triglycerides (mmol/L) 1.01 (0.39–10.47) 1.00 (0.22–14.79) 0.792
High-density lipoprotein (mmol/L) 1.29 – 0.32 1.32 – 0.35 0.397
Low-density lipoprotein (mmol/L) 2.75 – 0.91 2.57 – 0.82 0.029

Data are mean – SD values or median (minimum and maximum) values as indicated. Differences between family history of diabetes (FHD)
were compared for significance using independent-samples t test if variables were normal or nonparametric test if non-normal.

aP for positive FHD (FHD + ) versus negative FHD (FHD - ). P values of < 0.05 (two-tailed) were considered to be significant.

Table 2. Mathematical Assessment of b-Cell Function

and Insulin Resistance of the Study Subjects

FHD + (n = 153) FHD - (n = 1,030) Pa

HOMA-IR 1.75 – 1.59 1.49 – 0.71 0.001
HOMA-b 142.30 – 846.24 152.86 – 152.28 0.878
IGI 14.84 – 45.90 34.33 – 247.05 0.332
DI 11.30 – 33.17 20.97 – 99.76 0.237

Homeostasis model assessment of insulin resistance (HOMA-IR) is
used to assess insulin sensitivity. Homeostasis model assessment of
b-cell function (HOMA-b) is used to evaluate basic insulin secretion.
Insulinogenic index (IGI) is also used to evaluate insulin secretion.
Disposition index (DI) is calculated to verify if insulin secretion
compensate insulin resistance.

aP for positive FHD (FHD + ) versus negative FHD (FHD - ).
P values of < 0.05 (two-tailed) were considered to be significant.

Table 3. Covariates Included

in Multiple Linear Regression

Standardized
coefficient (b)

95% confidence interval of b

Covariate Significance Lower Upper

WC 0.119 0.000 0.0102 0.0298
TGs 0.097 0.001 0.0568 0.2292

P values of < 0.05 (two-tailed) were considered to be significant.
TGs, triglycerides; WC, waist circumference.
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sensitive and displayed higher values of weight, BMI, LDL-C,
and TC, but adjusting for other risk factors, multiple linear
regression analysis showed that these factors have no statis-
tical significance on insulin sensitivity (P > 0.05). (2) WC and
TGs were independent risk factors of decreasing of insulin
sensitivity among the FHD + subjects. We suggest that early
preventive strategies are necessary for the FHD + group.

Several studies have suggested that the first-degree off-
spring of T2DM patients showed IR and b-cell dysfunction in
response to oral glucose challenge.15,25 In our study, we found
that FHD + was a predictor of insulin sensitivity in the NGT
subjects. This was consistent with a previous study26 that
showed that positive family history was a strong predictor of
severe hyperglycemia in both Melanesian and Indian groups.
We note that BMI, LDL-C, and TC had no statistically sig-
nificant effect on insulin sensitivity (P > 0.05) in our study after
adjusting for other risk factors. This was inconsistent with
some studies.27,28 We thought the main reason was that we
excluded the abnormal subjects with these factors. The Re-
lationship between Insulin Sensitivity and Cardiovascular
Disease Investigators study in Europe suggested that insulin
sensitivity was accentuated along maternal inheritance.28

However, our study showed that there was no difference in
insulin sensitivity and b-cell insulin secretion function in the
offspring between the paternal and maternal inheritance;
differences in ethnic background, environment, and lifestyle
factors may account for this disparity. In addition, in our
study, there was no significant difference on first-phase in-
sulin secretion between the two groups, which was contrast to
the study that suggested the offspring of T2DM had impaired
first-phase insulin secretion.23 We used IGI to assess first-
phase insulin secretion, which was different from the eu-

glycemic hyperinsulinemic clamp technique the previous
study used. We characterized b-cell function by using a
mathematical model. The model retains the known constitu-
tive characteristics of b-cell secretory function: the ability to
respond to glucose in a dose–response fashion, the ability to
respond rapidly to a rapid glucose increase (represented by
the rate component), and the ability to potentiate the secretory
response during sustained hyperglycemia or after release of
incretin hormones. This model has been proved effective in
previous applications.29–33

It should be noted that weight, WC, TGs, and dyslipidemia
are risk factors leading to IR in FHD + subjects in our study,
which was consistent with the study suggesting that Brazilian
adolescents with two or more risk factors—family history of
T2DM, obesity, hypertension, dyslipidemia, or polycystic
ovary syndrome—for the development of T2DM have higher
IR and lower insulin sensitivity.34 So it is important to prevent
these risk factors in clinical practice.

A survey among the noninstitutionalized U.S. civilian
population considered adults with diabetes and a higher fa-
milial risk of diabetes have a worse glycemic control and
higher TGs.35 In our study, we found the FHD + subjects with
NGT in China also had higher TG levels, with decreasing
insulin sensitivity. Both of these studies concluded that TG
levels should be controlled early in FHD + subjects with or
without diabetes. Moreover, a recent cross-sectional study on
risk factors of T2DM among adults in Beijing recommended
that it was of great importance to carry out prevention and
control programs for T2DM to eliminate the risk factors
among adults, such as keeping weight within the normal
range and decreasing TG and cholesterol levels.36 We re-
viewed published articles and found two studies, one in

Table 4. Sex-Stratified Characteristics of Subjects with Mothers Versus Fathers

Having Type 2 Diabetes Mellitus

MT2D (n = 78) PT2D (n = 75) Pa

Age (years) 41.28 – 8.89 37.83 – 8.14 0.013
Weight (kg) 61.27 – 9.74 59.78 – 10.63 0.452
Height (cm) 161.72 – 7.18 160.85 – 7.21 0.368
Body mass index (kg/m2) 23.35 – 2.85 23.02 – 3.35 0.504
Waist to hip ratio 0.82 – 0.60 0.83 – 0.78 0.556
Blood pressure (mm Hg)

Systolic 114.60 – 14.98 112.79 – 14.47 0.447
Diastolic 75.90 – 9.78 74.68 – 9.58 0.438

Plasma glucose (mmol/L)
Fasting 4.76 – 0.53 4.63 – 0.49 0.122
30-min 8.15 – 1.59 7.81 – 1.77 0.217
2-h 5.46 – 1.12 5.38 – 1.22 0.672

Total cholesterol (mmol/L) 4.66 – 0.97 4.24 – 0.96 0.009
Triglycerides (mmol/L) 1.08 (0.44–10.47) 0.97 (0.39–4.86) 0.289
High-density lipoprotein (mmol/L) 1.32 – 0.33 1.26 – 0.32 0.270
Low-density lipoprotein (mmol/L) 2.68 – 0.78 2.47 – 0.86 0.109
HOMA-IR 1.51 – 0.71 1.47 – 0.72 0.746
HOMA-b 159.97 – 166.84 145.47 – 133.93 0.555
IGI 13.31 – 14.37 56.20 – 352.43 0.285
DI 10.24 – 11.50 32.12 – 141.63 0.186

Data are mean – SD values or median (minimum and maximum) values as indicated. Differences between maternal type 2 diabetes mellitus
(MT2D) and paternal type 2 diabetes mellitus (PT2D) were compared for significance using independent-samples t test if variables were
normal or nonparametric test if non-normal.

aP for MT2D versus PT2D. P values of < 0.05 (two-tailed) were considered to be significant.
DI, disposition index; HOMA-b, homeostasis model assessment of b-cell function; HOMA-IR, homeostasis model assessment of insulin

resistance; IGI, insulinogenic index.
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Malaysia37 and one in Japan,38 demonstrating that WC may
be a better indicator for the prediction of obesity-related dia-
betes risk factors in men and women, and our result was
consistent with these findings.

In our study, the P value of WC and TGs between FHD +

and FHD - subjects showed no significant difference, and
FHD + subjects showed a higher risk of IR after adjusting for
other risk factors (OR 1.523 [1.272–2.009]), so we think the
decreased insulin sensitivity in FHD + patients is the result of
the FHD + .

In diabetes prevention, clinic doctors emphasize diet and
lifestyle factors. The diffusion of ‘‘genetic risk’’ has little im-
pact on doctor–patient interactions, but can be clearly seen in
academic research, government policy, and medical special-
ties, raising concerns about whether or not interventions will
be directed at the social determinants of this growing health
concern. It has been suggested that T2DM has a strong genetic
basis and mitochondrial DNA mutations.39 Our results also
support a recent study examining the association between
parental history of T2DM and glycemic control.40 So we
conclude that obtaining the family history of the disease is
crucial in identifying and targeting high-risk patients with
diabetes who may require more stringent lifestyle changes as
well as pharmaceutical intervention.

Certain limitations in our study were as follows. First, the
accuracy of the information on parental diabetes is crucial for
this kind of study. Although parents were not interviewed nor
were their biochemical data verified directly, questionnaires
were completed by the investigator, who had been trained to
obtain such information as accurately as possible. Therefore,
information on parental diabetes retrieved from the offspring
was reliable. Second, estimating insulin sensitivity only in the
mathematical assessment model has poor accuracy. Although
the b-cell exhibits such a complex behavior that all models are
necessarily approximate, b-cell models, which as empirical
b-cell function indexes do not bear a clear relation to b-cell
physiology, are nevertheless indispensible tools for the anal-
ysis of b-cell function, and this applies to large-sample epi-
demiological studies. Therefore, it is reasonable to use the
mathematical assessment model as a simple IR risk index. If
this calculation is combined with insulin levels, the appro-
priate evaluation should be more comprehensive. There is
also room for improvement and exploration of other areas in
our future research.

In summary, FHD + will lead to decreased insulin sensi-
tivity in NGT subjects, and IR can drive the occurrence and
progress of T2DM. Therefore, attention should be paid to in-
dividuals with FHD + in diabetes prevention studies.
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