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Abstract

Objectives We assessed the association of family history
of type 2 diabetes (T2D) with parameters used for health
checkups in young Japanese women.

Methods The subjects were 497 nondiabetic women aged
19-39 years. Among them, the mothers of 34 subjects and
fathers of 50 had T2D (MD group and PD group, respec-
tively). The subjects were assessed for levels of total
cholesterol (TC), low-density lipoprotein cholesterol
(LDL-C), high-density lipoprotein cholesterol (HDL-C),
and triglyceride (TG).

Results TC and LDL-C level showed a tendency to
increase in the MD group compared with subjects without
family history of T2D. LDL-C/HDL-C ratio >2.14 was
found in 32.4 and 18.0 % of subjects in the MD and PD
groups, respectively. When adjusted for differences in age,
body mass index, smoking status, and drinking habits, the
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MD group was found to have a higher risk of abnormal TC
and LDL-C levels than the PD group. LDL-C/HDL-C ratio
was independently associated with maternal family history
but not with paternal family history (odds ratio 3.44 [99 %
confidence interval 1.11-10.6] and 1.21 [0.38-3.89],
respectively). There was no association between TG/HDL-
C ratio and family history type of T2D.

Conclusions Maternal family history of T2D had a more
pronounced effect on the lipid parameters generally eval-
uvated during health checkups than did paternal family
history of T2D. Therefore, we recommend systematic
screening for early detection and appropriate healthcare
guidance for Japanese women, particularly those with
maternal family history of T2D.

Keywords Diabetes - Family history - Dyslipidemia -
Low-density lipoprotein cholesterol/high-density
lipoprotein cholesterol ratio - Health checkup

Introduction

Genetic factors and lifestyle play important roles in the risk
of type 2 diabetes (T2D) [1]. Recent genetic studies have
revealed the association of several genomic loci with the
risk of T2D [2]. However, the application of genetic testing
in general medical practice has legal and ethical issues.
Family history of T2D is the simplest and most easily
available genetic information [3]. Family history of T2D
increases the risk of insulin resistance and accelerates the
onset of T2D in the offspring [4, 5]. Moreover, family
history of T2D is related with worse atherosclerotic risk
factors, including decreased high-density lipoprotein
cholesterol (HDL-C) levels [6] and increased body mass
index (BMI) [5-7], and plasma concentrations of hepatic
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enzymes [8], total cholesterol (TC) [7], low-density lipo-
protein cholesterol (LDL-C) [4], and triglyceride (TG) [6,
7]. These findings show an association between a genetic
predisposition to T2D and risk of atherosclerotic disease.

Several studies have shown a predominance of maternal
family history of T2D in patients [4, 9-11]. The proposed
explanations for excess maternal transmission of T2D
include mitochondrial DNA mutations [12], intrauterine
environment [13], and behavioral influence of the mother
[14, 15]. Some studies have compared maternal and
paternal family history for insulin resistance, but limited
and controversial data are available on the relationship
between the type of family history and other atherosclerotic
risk factors, including dyslipidemia [4, 6, 10, 11, 16].

Most atherosclerotic risk factors, other than being
overweight, cause asymptomatic changes until the devel-
opment of severe complications. Health checkups provide a
valuable chance for early detection of such asymptomatic
abnormalities. Therefore, it is valuable to identify how the
type of family history of T2D influences atherosclerotic
risk factors measured during health checkups. In this study,
we examined whether maternal and paternal family history
of T2D are associated with the clinical parameters com-
monly evaluated during health checkups in young nondi-
abetic Japanese women.

Materials and methods
Study population

The subjects were residents of Sagamihara City, Kanagawa
Prefecture, Japan. The city is a typical modern Japanese
city with population of 700,000, and 29 % of individuals
are between 19 and 39 years of age. The data were col-
lected during health checkups for individuals between 19
and 39 years of age, conducted by the public health center
from April 2008 to March 2010. The health checkups were
performed for 189 male and 685 women, and this study
was carried out with women. A total of 497 women were
analyzed in this study. Inclusion criteria included women,
and age between 19 and 39 years. Exclusion criteria
included non-Japanese (8 women), multiple visit of health
checkup (172 women), combination of maternal and
paternal family history of T2D (8 women), pregnant
(none), and treatment for ischemic heart disease, hyper-
tension, liver dysfunction, dyslipidemia, or diabetes (none).
Physicians asked each subject about their smoking and
drinking habits as well as family history. The subjects were
divided into 3 groups: (1) 413 women with no family
history of T2D (ND), defined as having neither parents nor
second-degree relatives with T2D, (2) 34 women with
maternal family history of T2D (MD), defined as having

mothers with T2D, and (3) 50 women with paternal family
history of T2D (PD), defined as having fathers with T2D.
The numbers of subject who had family history of dysli-
pidemia were as follows: ND group, 32 (7.7 %); MD
group, 4 (11.8 %); and PD group, 4 (8.0 %).

The data were anonymized without any links to personal
data. This study was performed in accordance with the
recommendations outlined in the Declaration of Helsinki
and with the ethics guidelines for epidemiological research
laid down by the Ministry of Education, Culture,
Sports, Science, and Technology and by the Ministry of
Health, Labor, and Welfare. Data evaluation was ethically
approved by Sagamihara Public Health Center Review
Board.

Analysis

After an overnight fast, subjects underwent a health
checkup at the health center between 0900 and 1100 hours.
The height and weight of each subject were measured with
the subject wearing indoor clothes but no shoes. Blood
pressure (BP) was measured by a physician with a mercury
sphygmomanometer on the right arm of seated subjects
after a 5-min rest. Systolic blood pressure (SBP) was
recorded at the appearance of sounds, and diastolic blood
pressure (DBP) was recorded at the disappearance of
sounds (V-phase Korotkov). Blood samples were obtained
to perform measurements of aspartate aminotransferase
(AST), alanine aminotransferase (ALT), gamma-glutamyl
transpeptidase (GGT), TC, HDL-C, TG, glucose (fasting
blood sugar, FBS), and hemoglobin Alc (HbAlc). Bio-
chemical measurements were performed at the Health
Sciences Research Institute, Inc. (Yokohama, Japan) by
using routine laboratory methods. LDL-C was calculated as
TC — HDL-C — TG x 0.2, according to the Friedewald
formula [17]. There were no subjects with TG level
>400 mg/dL. The cutoff values for abnormality were as
follows: obesity, BMI >25 kg/m*; high blood pressure,
SBP >130 mmHg and/or DBP >85 mmHg; AST level
>40 IU/L; ALT level >45 IU/L; GGT level >32 IU/L; TC
level >220 mg/dL, LDL-C level >140 mg/dL; HDL-C
level <40 mg/dL; TG level >150 mg/dL; LDL-C/HDL-C
ratio >2.14; TG/HDL-C ratio >1.5; FBS level >100 mg/
dL; and HbAlc level >5.3 %. The criteria for high blood
pressure and hyperglycemia were set at the high end of the
normal range defined by the Japanese Society of Hyper-
tension [18] and Japan Diabetes Society [19]. The criteria
for ratios of lipid components were based on a recently
reported threshold for identifying insulin resistance in
nonobese Japanese people [20]. The criterion for HbAlc
was set as the value corresponding to the cutoff point for
the high end of the normal range of FBS in Japanese people
[21].
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Table 1 Mean =+ standard deviation (SD) for each item in subjects stratified by family history of type 2 diabetes

ND* MD PD P value®

Age (years) 334 £ 4.1 33.7£32 34.1 £32 -

BMI (kg/m*) 21.0 £ 3.0 215 £33 221435 -

SBP (mmHg) 105 + 12 104 + 12 106 + 12 0.649
DBP (mmHg) 67 +£9 70 £ 10 67 £ 10 0.259
AST (IU/L) 18 + 4 17+3 18+5 0.282
ALT (IU/L) 15+8 15+5 15+ 9 0.661
GGT (IU/L) 19 £ 16 21 + 18 22423 0.456
TC (mg/dL) 187 + 31 202 + 35 198 + 35 0.018
LDL-C (mg/dL) 103 + 27 117 4 29 109 + 28 0.042
HDL-C (mg/dL) 71+ 15 71 4 18 74 £ 17 0.097
TG (mg/dL) 67 & 31 71 % 35 75 + 50 0.666
LDL-C/HDL-C 1.53 +0.52 1.75 + 0.65 1.56 + 0.57 0.115
TG/HDL-C 1.01 =+ 0.61 L11 £ 075 1.16 + 1.15 0.833
FBS (mg/dL) 85+ 7 86+ 6 86 + 7 0.712
HbAlc (%) 48 +£02 49 +03 48 £02 0.197

ND subjects with no family history of type 2 diabetes, MD subjects with maternal family history of type 2 diabetes, PD subjects with paternal
family history of type 2 diabetes, BMI body mass index, SBP systolic blood pressure, DBP diastolic blood pressure, AST aspartate amino-
transferase, ALT alanine aminotransferase, GGT gamma-glutamyl transpeptidase, TC total cholesterol, LDL-C low-density lipoprotein-choles-
terol, HDL-C high-density lipoprotein-cholesterol, 7G triglyceride, FBS glucose, HbAlc hemoglobin Alc

§ Adjusted for age, BMI, smoking status (pack-years), and drinking status (ethanol consumption per day)

* Values are mean & SD
Statistical analysis

Analysis of covariance was used to assess the significance
of differences as mean values. Multiple logistic regression
analysis was used to examine the significance of odds ratio
(OR) for abnormality as compared with the ND group. The
covariates for both methods are as follows: age, BMI,
smoking status (pack-years), and drinking habits (ethanol
consumption per day). The Pearson correlation coefficient
was used to assess the correlation between FBS or HbAlc
levels and other components. Analyses were performed
using SPSS statistics for Macintosh version 18. P value
<0.01 was considered significant.

Results

Table 1 presents the mean values of measured parameters
stratified by family history of T2D. TC and LDL-C levels
showed a tendency to vary among the family history type
of T2D: TC and LDL-C levels were the highest in the MD
group among the three groups. The estimated mean values
of TC and LDL-C levels in the MD group were also the
highest among all groups. The estimated mean + standard
error for TC and LDL-C (mg/dL) were as follows: for TC:
ND group, 187 £ 2; MD group, 201 + 6; and PD group,
197 £ 5; and for LDL-C: ND group, 104 £ 1; MD group,
115 £ 5; and PD group, 107 + 4.
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The overall prevalence of obesity was 12 %, and there
were no significant differences in the prevalence of
obesity among all groups (Fisher’s exact test; P =
1.000). Increase of TC levels and LDL-C/HDL-C ratios
were the most common abnormalities in the MD group,
which reached over 30 % (Table 2). Abnormal TC level
was also the most common abnormality in the PD group.
Both family history types of T2D showed a tendency to
be a risk factor for abnormal GGT level. Maternal family
history tended to be a risk factor for abnormal LDL-C
level. Paternal family history was a significant risk factor
for abnormal TC level under the unadjusted condition
(OR 2.53 [99 % confidence interval 1.04-6.18]). How-
ever, only when BMI was added as a covariate in
logistic regression analysis, paternal family history was
no longer independently associated with TC (OR 2.26
[0.87-5.84]).

In the MD group, HbAlc level tended to correlate with
HDL-C levels, and LDL-C/HDL-C and TG/HDL-C ratios
(Table 3). In the PD group, FBS level was correlated not
only with lipid parameters, TG levels, LDL-C/HDL-C, and
TG/HDL-C ratios but also with BMI.

Discussion

In this study, we investigated the effects of family history
of T2D on clinical parameters commonly evaluated during
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Table 2 Abnormal values in subjects stratified by family history of type 2 diabetes

ND? MD PD Odds ratio®
MD vs. ND PD vs. ND

Obesity 47 (11.4) 3 (8.8) 5 (10.0) - -

High blood pressure 16 (3.9) 2 (5.9) 1 (2.0) 1.53 [0.21-11.8]° 0.41 [0.03-6.63]
AST 1(0.2) 0 (0) 0 (0) - -

ALT 5(1.2) 0 (0) 1 (2.0 - 0.80 [0.03-21.8]
GGT 24 (5.81) 6 (17.6) 8 (16.0) 3.76 [0.98-14.5] 3.03 [0.92-10.1]
TC 55 (13.3) 11 (32.4) 14 (28.0) 3.04 [1.02-8.99] 2.37 [0.90-6.17]
LDL-C 39 (9.4) 8 (23.5) 10 (20.0) 3.17 [0.92-10.9] 2.16 [0.70-6.45]
HDL-C 1(0.2) 0 (0) 0 (0) - -

TG 12 (2.9) 2 (5.9) 2 (4.0) 2.15 [0.25-18.6] 0.86 [0.09-8.74]
LDL-C/HDL-C 53 (12.8) 11 (32.4) 9 (18.0) 3.44 [1.11-10.6] 1.21 [0.38-3.89]
TG/HDL-C 55 (13.3) 4 (11.8) 9 (18.0) 0.76 [0.17-3.42] 1.15 [0.37-3.51]
FBS 9(2.2) 1(2.9) 2 (4.0) 1.04 [0.07-12.9] 0.92 [0.07-12.0]
HbAlc 8 (1.9) 3 (10.0) 1 (2.0) 5.30 [0.83-34.1] 1.01 [0.06-16.5]

ND subjects with no family history of type 2 diabetes, MD subjects with maternal family history of type 2 diabetes, PD subjects with paternal
family history of type 2 diabetes, AST aspartate aminotransferase, ALT alanine aminotransferase, GGT gamma-glutamyl transpeptidase, 7C total
cholesterol, LDL-C low-density lipoprotein-cholesterol, HDL-C high-density lipoprotein-cholesterol, 7G triglyceride, FBS glucose, HbAlc
hemoglobin Alc

? Values in parentheses are percentage of subjects in each group. The thresholds for each abnormality are described in the “Materials and
methods” section

° Adjusted for age, BMI, smoking status (pack-years), and drinking status (ethanol consumption per day)
© 99 % confidence interval

Table 3 Pearson’s correlation coefficient in subjects stratified by family history of type 2 diabetes

MD PD

FBS HbAlc FBS HbAlc

r P r P r P r P
Age 0.214 0.256 0.233 0.215 —0.238 0.111 0.124 0.410
BMI 0.220 0.243 0.183 0.332 0.442 0.002 —0.030 0.841
SBP 0.091 0.631 0.089 0.640 0.335 0.023 0.037 0.808
DBP 0.153 0.418 0.160 0.398 0.102 0.501 0.090 0.550
AST —0.241 0.200 —0.199 0.292 0.047 0.756 —0.041 0.785
ALT 0.061 0.749 —0.059 0.758 0.246 0.100 0.060 0.690
GGT 0.182 0.335 —0.253 0.178 0.211 0.159 0.032 0.832
TC 0.079 0.676 0.036 0.849 0.146 0.333 —0.026 0.863
LDL-C 0.063 0.743 0.206 0.275 0.225 0.132 0.019 0.902
HDL-C 0.038 0.843 —-0.399 0.029 —0.320 0.030 —0.064 0.671
TG 0.037 0.847 0.317 0.087 0.441 0.002 —0.035 0.818
LDL-C/HDL-C 0.023 0.904 0.389 0.033 0.455 0.001 0.052 0.731
TG/HDL-C 0.018 0.925 0.385 0.036 0.437 0.002 —0.057 0.706

MD subjects with maternal family history of type 2 diabetes, PD subjects with paternal family history of type 2 diabetes, BMI body mass index,
SBP systolic blood pressure, DBP diastolic blood pressure, AST aspartate aminotransferase, ALT alanine aminotransferase, GGT gamma-
glutamyl transpeptidase, TC total cholesterol, LDL-C low-density lipoprotein-cholesterol, HDL-C high-density lipoprotein-cholesterol, 7G
triglyceride, FBS glucose, HbAIc hemoglobin Alc

health checkups in young nondiabetic Japanese women.
Family history was associated with variations in the levels
of lipid parameters, such as TC level and the LDL-C/HDL-

C ratio. On the whole, maternal family history had a more
potent influence on these factors than did paternal family
history. Both HbAlc levels in subjects with maternal
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family history and FBS levels in those with paternal family
history tended to correlate with lipid parameters.

In this study, maternal family history showed more
impact on lipid abnormalities, probably because of dis-
parities between family history types in terms of insulin
resistance. Several studies have demonstrated more potent
insulin resistance in subjects with maternal family history
than in those with paternal family history [6, 16, 22]. The
effect of insulin resistance on the metabolism of very low-
density lipoprotein and HDL-C is greater than its effect on
LDL-C metabolism [23, 24], and increased TG/HDL-C
ratio is a good marker of insulin resistance [25]. Notably,
those with maternal family history of T2D had a higher
association with the LDL-C/HDL-C ratio than with the TG/
HDL-C ratio in the current study. This result is consistent
with a recent study among nondiabetic Japanese subjects,
where the LDL-C/HDL-C ratio was a better marker for
insulin resistance than was the TG/HDL-C ratio [20]. Our
study shared similar conditions with their study; a large
majority of our subjects were nonobese Japanese women,
and their subjects were also nonobese Japanese. In Japa-
nese subjects, the LDL-C/HDL-C ratio is a better predictor
of atherosclerotic disease, and LDL-C is more closely
related with metabolic syndrome in women than in men
[26, 27]. Taken together, these results suggest that Japanese
women with maternal family history of T2D need appro-
priate preventive measures against atherosclerotic disease.

The contribution of family history type of T2D on lipids
has been controversial in both diabetics and nondiabetics
[4, 6, 10, 11, 16]. The results of this study show a greater
impact of maternal family history on lipid parameters than
paternal family history, which is in accord with a previous
study of nondiabetic South East Asians, composed of 68 %
Chinese, 18 % Malays, and 14 % Asian Indians [6].
However, there were some contradictions between the
previous and current study: in the previous study, not
observed in current study, maternal family history was
associated with lower HDL-C level and higher TG level
[6]. In a multicenter European study, although there was
no reference to ethnic composition, no difference was
observed in LDL-C, HDL-C, and TG levels between sub-
jects with maternal and paternal family history [16]. The
different contributions of family history in previous studies
and the current study could be partly due to ethnic varia-
tions, including lifestyle. This hypothesis is supported by
the finding that the dietary habits among Asians, including
Japanese, influenced fasting serum insulin and lipid levels
[28].

Previous reports have shown that lipid parameters are
more highly correlated with HbAlc than with FBS [29,
30]. Consistent with previous studies, lipid parameters
tended to correlate with HbAlc rather than FBS in the MD
group. However, the lipid parameters in the PD group were
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better correlated with FBS than HbAlc. The logistic
regression analysis revealed that BMI interfered with the
association between TC and paternal family history. BMI
was correlated with FBS in the PD group. These results
suggest an interaction between BMI and the correlation
between glucose and lipid metabolism parameters in sub-
jects with paternal family history of T2D.

There are some limitations of this study. The first limi-
tation is the small sample size, which implies the need to take
care not to overinterpret our results. Second, this study did
not measure insulin resistance; therefore, it could not assess a
direct association with family history of T2D. Rather, this
study was designed to assess the contribution of family his-
tory to data from clinical items commonly used in health
checkups. Third, this study lacks data on relevant phenotypic
characteristics (e.g., age at diagnosis, antidiabetic treatment,
or complications) of T2D in the parents. Based on these
limitations, further studies are required to elucidate the
mechanism that underlies these associations of family his-
tory of T2D with lipid parameters. However, the current
study shows for the first time that the two types of family
history of T2D differently influenced such parameters in
young Japanese women, providing clues to the relationship
between the type of family history and atherosclerotic risk.

In conclusion, we found a more pronounced potential of
maternal family history of T2D for exacerbation of lipid
parameters generally evaluated during health checkups
than paternal family history of T2D, in young Japanese
women. The subjects with maternal family history of T2D
had higher risk of elevated LDL-C/HDL-C ratio, a pivotal
atherosclerotic index. As these anomalies are asymptom-
atic at an early stage, systematic screening and appropriate
healthcare guidance are required for subjects with maternal
family history of T2D.

Conflict of interest The authors state that they have no conflict of
interest (COI).
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