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Abstract
A positive family history is recognized as an important risk factor for type 2 diabetes mellitus (T2DM), but the association of family
history with rennin-angiotensin system (RAS) gene polymorphisms has not been reported yet, thus we aim to investigate it.
Family history records, clinical and biochemical data were obtained from 1239 T2DM patients. Polymerase chain reaction (PCR)

was performed for angiotensin-converting enzyme (ACE) genotyping and PCR-restricted fragment length polymorphism was used
for angiotensinogen (AGT) genotyping.
Patients with a negative family history had higher level of triglyceride and blood pressure, whereas those with a positive family

history showed younger onset age and lower body mass index value (All P< .05), these findings were age-dependent. The
percentage of hypertension was lower with a higher percentage of overweight among the patients with a positive family history (All
P< .05). Patients with a positive family history and those with a negative family history had comparable genotype and allele
distribution of ACE gene insertion/deletion polymorphisms and AGT gene M/T polymorphisms.
A positive family history of diabetes was not associated with the RAS gene polymorphisms.

Abbreviations: ACE = angiotensin-converting enzyme, AGT = angiotensinogen, BMI = body mass index, BP = blood pressure,
DBP = diastolic blood pressure, FPG = fasting plasma glucose, HbA1c = glycated hemoglobin, HDL-C = high-density lipoprotein
cholesterol, LDL-C = low-density lipoprotein cholesterol, MAP = mean arterial pressure, PCR = polymerase chain reaction, RAS =
rennin-angiotensin system, RFLP = restricted fragment length polymorphism, SBP = systolic blood pressure, T2DM = type 2
diabetes mellitus, TC = total cholesterol, TG = triglycerides, WC = waist circumference, WHR = waist-to-hip ratio.

Keywords: angiotensin converting enzyme, angiotensinogen, family history, gene polymorphism, hypertension, obesity, type 2
diabetes mellitus
1. Introduction

Precise mechanism for diabetes is still ambiguous though the
pathological and etiological factors have been extensively
investigated. Interactions of genetic and environment factors,
as one of the inference, arose researchers’ attention.[1] Gene
inheritance from parents is considered as a significant risk factor
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for diabetes, but which is the major predominant side is still
unclear (maternal, paternal, or both of them?). Reports including
excess of maternal transmission and absence of excess of
maternal transmission are reported in Asians, South Americans,
and Europeans,[2–5] the contradictory conclusions may associate
with genetic components directly or indirectly.
Recently, genetic variants in renin-angiotensin system (RAS)

have been studied extensively and controversial findings existed
in several studies.[6,7] Subsequently, an increased activity of
RAS has been noticed in the development of insulin resistance
and type 2 diabetes mellitus (T2DM). However, the distribu-
tion analysis of angiotensin-converting enzyme (ACE) and
angiotensinogen (AGT) gene polymorphisms in patients with
T2DM according to family history is rare to see, thus we aim to
investigate it.
2. Subjects and methods

2.1. Study design and subjects

A cross-sectional association study was designed and participants
were newly diagnosed T2DM patients between January 2012
and September 2016 from the affiliated hospitals. The Institu-
tional Review Board of the Guilin Medical University Affiliated
Hospital approved this study (GLMC191211HL), and each
patient gave written informed consent. The study was conducted
in accordance with the principles of the Declaration of Helsinki.
Diagnosis of T2DM was based upon the American Diabetes
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Association (ADA) criteria. We performed a study’s power
calculation and found that a sample size of 513 subjects was
sufficient for a proper evaluation of the validity of the findings.
Here we included data from 1239 patients to validate our
hypothesis. All the patients were newly diagnosed and naive to
any antidiabetic or antihypertensive medications.
2.2. Clinical data and family information collection

In this study, we excluded patients with autoimmune type 1
diabetes, diabetes undergoing surgery, in pregnancy or those with
diabetic complication at the hospital administration. Family
history was recorded by face-to-face interview with the help of
professional nursing staff. Patients were asked whether their
biological mother and/or father had (whether alive or deceased)
previously been diagnosed with diabetes. Parental history of
diabetes was categorized as a negative family history and a
positive family history (maternal only, paternal only or both). All
eligible patients were assessed for blood pressure (BP) and
standard anthropometric parameters [body mass index (BMI);
waist circumference (WC); waist-to-hip ratio (WHR)]. BMI was
calculated according to the following formula: BMI = body
weight (in kilograms)/square of the height (in meters). Patients
were divided into 2 groups following the standard of adults’ BMI
of Asian populations.[9,10] WHR was calculated with waist
circumference and hip circumference: WHR = waist/hip
circumference (cm). Clinical data including fasting plasma
glucose (FPG), glycated hemoglobin (HbA1c), total cholesterol
(TC), triglycerides (TG), low-density lipoprotein cholesterol
(LDL-C), and high-density lipoprotein cholesterol (HDL-C) were
obtained as described previously.[11,12] We used the means of 3
sitting blood pressure readings taken 1 minute apart after 5 to 10
minutes of rest, using a digital blood pressure monitor.[13]

Hypertension was defined according to a report of the expert
committee on the diagnosis and classification of T2DM,[14]

systolic blood pressure (SBP) ≥ 140mmHg and/or diastolic blood
pressure (DBP) ≥ 90mmHg. Mean arterial pressure (MAP) =
(SBP + 2�DBP)/3(mmHg).
2.3. Genetic analysis

Genomic DNA was isolated from peripheral blood that collected
on ethylene diaminetetra acetic acid using standard phenol/
chloroformmethods.[15] PCRwas used to genotype for RAS gene
polymorphisms including ACE gene insertion/deletion (I/D)
polymorphisms and AGT gene M/T polymorphisms as prior
described.[16] Primers for the ACE I/D polymorphisms were 50-
CTGGAGACCACTCCCATCCTTTCT-30 and 50-GATGTGGC-
CATCACATTCGTCAGAT-30, at the annealing temperature of
58°C, subsequently following by a second insertion specific PCR
to avoid DD/ID mistyping using another pair of primers, 50-
TGGGACCACAGCGCCCGCCACTAC-30 and 50-TCGCCAG
CCCTCCCATGCCCATAA-30, at the annealing temperature of
67 °C. The ACE genotypes were defined by the following PCR
product fragments: II, 490bp; DD, 190bp; and ID, 490 and 190
bp fragments (supplementary Fig. 1, http://links.lww.com/MD/
C29). Primers for the AGT gene M/T polymorphisms were 50-
CAGGGTGCTGTCCACACTGGACCCC-30 and 50-CCGTTT
GTGCAGGGCCTGGCTCTCT-30, at the annealing temperature
of 67 °C. Amplification method carried out as Pontremoli et al[17]

described: PCR program started with denaturation at 95 °C for
5 minutes, followed by 30 1-minute cycles at 94 °C, 1 minute lasts
at annealing temperature, and 2 minutes of DNA synthesis at 72 °
2

C, and final extension 72 °C 10 minutes. For AGT gene M/T
polymorphisms, a total of 3 uL initial PCR products diluted to 10
uL in the recommended restriction buffer containing 5 units of
Tth 111I/Asp I via PCR-RFLP, similar results were obtained as
Russ et al[18] described by electrophoresis on a 2% agarose gel
and ethidium bromide staining (supplementary Fig. 2, http://
links.lww.com/MD/C29).
2.4. Statistic analysis

All data were expressed as means ± standard deviation (SD),
frequency or percent, as appropriate. Hardy-Weinberg equilibri-
um was calculated using the gene-counting method and
difference was assessed by x2 test. The t-test and Mann-Whitney
rank sum test (MW) were adopted for comparison of 2 numerical
variables when data were normally and not normally distributed,
accordingly. Analysis of covariance (ANCOVA) adjusting for age
was applied whenever appropriate. All data were carried out
using the PASW Statistics software 18.0.0 (IBM Corp., Chicago,
IL). A 2-tailed P< .05 was considered to be statistically
significant.
3. Results

3.1. Sample characteristics

Among the 1239 patients included in this study, 27.36% (339)
patients had a positive family history, 43.05% (486) men,
40.19% (498) hypertensive, and 66.34% (822) overweight
defined by a BMI value more than 23.0kg/m2. The frequency of
the I and D alleles was 67.31% and 32.69%, respectively.
Whereas those of the M and T alleles was 15.50% and 84.50%,
respectively. We compared the observed genotype frequencies
achieved from the data and the expected genotype frequencies
obtained from the Hardy-Weinberg equilibrium via x2. The
calculated P values of x2 was P= .540 for ACE, and P= .999 for
AGT, indicating a homogeneous and representative sample
population. The genotype frequencies were 43.10% for ID,
45.76% for II, 11.14% for DD, 2.34% forMM, 71.35% for TT,
and 26.31% for MT accordingly.
3.2. Clinical and biochemical characteristics relating to
family history

Table 1 shows the baseline characteristics of patients. A total of
339 patients in this population had a positive family history. A
positive family history was defined by father alone, mother alone,
and both of them. Clinical data revealed that patients with a
negative family history had higher TC, HDL-C, SBP, DBP, MAP,
whereas those with a positive family history showed younger
onset age and lower BMI mean values (All P< .05). After
adjusting for age, these significant findings disappeared,
suggesting age-dependent effects.
3.3. Association of the renin-angiotensin system genetic
polymorphisms with family history

Tables 2 and 3 show the genotype and allele frequencies of RAS
genetic polymorphisms relating to family history. No differences
were significant. A positive family history had no significant
impact on the genotype and allele distribution of ACE gene I/D
polymorphisms and AGT gene M/T polymorphisms. The finding
remained consistent when the 2 polymorphisms were combined.
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Table 1

Clinical and biochemical characteristics of the type 2 diabetes
mellitus patients based on family history.

NFH FH P P‡

Patients (n) 900 339 – –

M:F 350:550 136:203 – –

Age, y 56.42±13.35 44.19±10.94 <.001
∗

–

DM age, y 4.00 (1.00–10.00) 4.00 (1.00–8.00) .166† .015
Age onset, y 49.76±14.13 38.94±10.19 <.001

∗
.058

HbA1c, % 7.8±2.05 7.8±1.93 .130
∗

.941
FPG, mmol/L 8.88±3.63 8.60±3.44 .225

∗
.779

TC, mmol/L 5.50±1.24 5.39±1.30 .001† .847
TG, mmol/L 1.38 (0.93–2.02) 1.28 (0.90–2.04) .922† .018
HDL-C, mmol/L 1.23 (1.03–1.47) 1.18 (0.98–1.39) .006† .174
LDL-C, mmol/L 3.40 (2.80–4.00) 3.20 (2.70–4.00) .088† .418
SBP, mmHg 136.50±22.38 125.23±19.37 .004

∗
.248

DBP, mmHg 80.48±11.51 78.29±11.11 .003
∗

.642
MAP, mmHg 99.15±13.82 93.93±13.06 <.001

∗
.866

BMI, kg/m2 24.32±3.95 25.30±4.38 <.001
∗

.088
WHR 0.88±0.11 0.87±0.07 .104

∗
.493

Data are shown as means±SD, median (interquartile range).
∗
Derived from t test.

† Derived from Mann-Whitney rank sum test.
‡ P values after adjusting for age via a multivariate analysis.
BMI=body mass index, DBP=diastolic blood pressure, FH= family history, FPG= fasting plasma
glucose, HbA1c=glycated hemoglobin, HDL-C=high density lipoprotein cholesterol, LDL-C= low
density lipoprotein cholesterol, MAP=Mean arterial pressure, NFH=no family history, SBP= systolic
blood pressure, TC= total cholesterol, TG= triglycerides, WHR=waist-to-hip ratio.

Table 3

The combination distribution of ACE and AGT allele frequencies in
type 2 diabetes mellitus according to family history.

Genotypes NFH FH P OR 95% CI

DD/TT 69 (7.7) 25 (7.4) .886 1.043 0.648–1.678
DD/MT 29 (3.2) 10 (2.9) .807 1.095 0.528–2.273
DD/MM 3 (0.3) 2 (0.6) .525 0.564 0.094–3.389
ID/TT 279 (31.0) 89 (26.3) .103 1.262 0.954–1.670
ID/MT 106 (11.8) 49 (14.5) .204 0.790 0.549–1.137
ID/MM 10 (1.1) 1 (0.3) .172 3.798 0.484–29.80
II/TT 298 (33.1) 123 (36.3) .293 0.869 0.669–1.129
II/MT 96 (10.7) 36 (10.6) .981 1.005 0.670–1.507
II/MM 10 (1.1) 4 (1.2) .919 0.941 0.293–3.022
Total 900 (100) 339 (100)

CI=confidence interval, FH= family history, NFH=no family history, OR = odds ratio.
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3.4. Association of family history with hypertension and
BMI-defined obesity

Table 4 shows the percentages of hypertension and BMI-defined
obesity stratified by family history. The percentage of hyperten-
sion (46.2% vs 24.2%, P< .001) was significantly higher in
patients with a negative family history. Although the patients
with a positive family history demonstrated statistical significant
higher percentage of BMI-defined obesity (65.0% vs 71.1%,
P= .043).
Table 2

The genotype frequencies of renin-angiotensin system gene
polymorphisms according to family history.

Genotypes and alleles NFH FH Comparison P

ACE
II 404 (44.9) 163 (48.1) II vs DI+DD .314
ID 395 (43.9) 139 (41.0) DI vs DD+II .361
DD 101 (11.2) 37 (10.9) DD vs II+DI .878
Total 900 (100) 339 (100) DD vs ID vs II .593
I 1203 (66.8) 465 (68.6) D vs I .408
D 597 (33.2) 213 (31.4)
Total 1800 (100) 678 (100)

AGT
MM 22 (2.6) 7 (2.1) MM vs MT+TT .694
MT 231 (25.7) 95 (28.0) MT vs MM+TT .401
TT 647 (71.8) 237 (69.9) TT vs MM+MT .493
Total 900 (100) 339 (100) MM vs MT vs TT .642
M 277 (15.4) 109 (16.1) M vs T .624
T 1523 (84.6) 569 (83.9)
Total 1800 (100) 678 (100)

Data are shown as number (percentage). P value is derived by the x2 test.
ACE = angiotensin-converting enzyme, AGT = angiotensinogen, FH= family history, NFH=no family
history.

3

3.5. Association of family history with renin-angiotensin
system genetic polymorphisms stratified by hypertension
and BMI-defined obesity status

Tables 5 and 6 exhibit no significant differences generated by a
positive family history. Interactions of the RAS polymorphisms
with hypertension and BMI-defined obesity status were none of
significance. A positive association existed for hypertension and
BMI-defined obesity status with family history, this relation may
not be related to the RAS polymorphisms.

4. Discussion

Here we have reported none of significant effects of a positive
T2DM family history on hypertension and overweight among
T2DM patients. Interestingly, differential effects were noticed in
hypertension and overweight based on family history, that lower
percentage for hypertension and a higher percentage for
overweight were noticed among the patients with a positive
family history. Furthermore, we showed that the different effects
resulted from a positive family history were not influenced by
the ACE gene I/D polymorphisms and AGT gene T/M
polymorphisms.
According to previous studies, the polymorphisms of RAS

components were demonstrated to increase the risk of diabetes,
obesity and hypertension among various ethnics and evidence-
based medicine.[19–22] In this study, we have found that the RAS
polymorphisms and a positive T2DM family history were not
mutually associated.
Table 4

Association of family history with hypertension and BMI-defined
obesity.

NFH FH P OR 95% CI

Hypertension
Normotensive 484 (53.8) 257 (75.8) <.001 0.371 0.280–0.492
Hypertensive 416 (46.2) 82 (24.2)
Total 900 (100) 339 (100)

Obesity
Normal 315 (35.0) 98 (28.9) .043 1.324 1.009–1.738
Overweight 585 (65.0) 241 (71.1)
Total 900 (100) 339 (100)

Data are shown as number (percentage). P value is derived by the x2 test.
The definition of hypertensive is: SBP is ≥ 140mmHg and/or DBP ≥ 90mmHg.
The definition of BMI-defined obesity is, normal: BMI< 23kg/m2, overweight: BMI ≥23kg/m2.
BMI=body mass index, CI= confidence interval, DBP=diastolic blood pressure, FH= family history,
NFH=no family history, OR = odds ratio, SBP= systolic blood pressure.
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Table 5

The association between family history and renin-angiotensin system gene polymorphisms based on hypertension.

Hypertensive patients with type 2 diabetes Nomotensive patients with type 2 diabetes

NFH FH P NFH FH P

II 195 (46.9) 43 (52.4) II vs DD+ID .357 209 (43.2) 120 (46.7) II vs DD+ID .360
ID 174 (41.8) 31 (37.8) ID vs DD+II .499 221 (45.7) 108 (42.0) ID vs DD+II .343
DD 47 (11.3) 8 (9.8) DD vs DI+II .684 54 (11.2) 29 (11.3) DD vs DI+II .958
Total 416 (100) 82 (100) DD vs ID vs II .650 484 (100) 257 (100) DD vs ID vs II .616
I 564 (67.8) 117 (71.3) 639 (66.0) 348 (67.7)
D 268 (32.2) 47 (28.7) D vs I .371 329 (34.0) 166 (32.3) D vs I .511
Total 832 (100) 164 (100) 968 (100) 514 (100)
MM 11 (2.6) 0 (0.0) MM vs MT+TT .137 11 (2.3) 7 (2.7) MM vs MT+TT .704
MT 103 (24.8) 26 (31.7) MT vs MM+TT .228 128 (26.4) 69 (26.8) MT vs MM+TT .906
TT 302 (72.6) 56 (68.3) TT vs MM+MT .428 345 (71.3) 181 (70.5) TT vs MM+MT .059
Total 416 (100) 82 (100) MM vs MT vs TT .164 484 (100) 257 (100) MM vs MT vs TT .919
M 125 (15.0) 26 (15.9) 150 (15.5) 83 (16.1)
T 707 (85.0) 138 (84.1) M vs T .786 818 (84.5) 431 (83.9) M vs T .743
Total 832 (100) 164 (100) 968 (100) 514 (100)

Data are shown as number (percentage). P value is derived by the x2 test.
The definition of hypertensive is: SBP is ≥ 140mmHg and/or DBP ≥ 90mmHg.
DBP=diastolic blood pressure, FH= family history, NFH=no family history, SBP= systolic blood pressure.
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Family trait is a common recognition for type 2 diabetes.
Indeed, a positive family history of T2DM contrasts any genetic
influences to exert far more impacts on individual’s development
of diabetes.[23] Genetic transmission can explain in a way that
patients with a positive family history were diagnosed at a
younger age, indicating an early-onset age. Of interest, the levels
of lipids and blood pressures in patients with a positive family
history seem to be lower than the patients with a negative family
history. The most likely explanation is that a family history
reveals elements of lifestyle and thus is more powerful than
genetic factors. Based on our findings, the percentage of
hypertension in a negative family history was nearly two folds
of that in those with a positive family history. And the odds ratio
of overweight was 1.324 with marginal P value significance.
Those patients with a positive T2DM family history might have
better awareness of the disease and thus could see doctors for tests
of diabetes and an earlier diagnosis.[24]
Table 6

The association between family history and renin-angiotensin system

Patients with normal BMI

NFH FH P

II 137 (43.5) 48 (47.1) II vs DD+ID .529
ID 142 (45.1) 39 (38.2) ID vs DD+II .226
DD 36 (11.4) 15 (14.7) DD vs DI+II .582
Total 315 (100) 102 (100) DD vs ID vs II .601
I 416 (66.0) 135 (66.2)
D 214 (34.0) 69 (33.8) D vs I .970
Total 630 (100) 204 (100)
MM 6 (2.0) 4 (3.9) MM vs MT+TT .042
MT 83 (26.3) 26 (25.5) MT vs MM+TT .864
TT 226 (71.7) 72 (70.6) TT vs MM+MT .822
Total 315 (100) 102 (100) MM vs MT vs TT .511
M 95 (15.1) 34 (16.7)
T 535 (84.9) 170 (83.3) M vs T .586
Total 630 (100) 204 (100)

Data are shown as number (percentage). P value is derived by the x2 test.
The definition of overweight is, normal: BMI< 23kg/m2, overweight: BMI ≥23kg/m2.
BMI=body mass index, FH= family history, NFH=no family history.

4

Previously we have shown that the relationship of obesity and
ACE gene I/D polymorphisms was not significant in Chinese
T2DMpatients.[12] And a review on the relationship of ACE gene
I/D polymorphisms and hypertension including 12 positive and
14 negative studies concluded that ACE might play a secondary
rather than primary role in hypertension.[25] Another study failed
to present any association between the M/T polymorphisms and
hypertensive phenotype.[26] Besides, parental-paternal and/or
maternal-history of diabetes play a key role in determining of
increased risk of diabetes.[27,28] In addition, previous studies from
different regions of the world have shown that there is an excess
maternal transmission or paternal transmission of diabetes, albeit
all these studies have not explored the role of the RAS
polymorphisms.[29,30] However, we did not observe a difference
in the percentage of hypertension and overweight in those T2DM
patients with a positive paternal or maternal history (supplement
data, http://links.lww.com/MD/C29).
gene polymorphisms based on BMI defined obesity.

Patients with overweight

NFH FH P

267 (45.6) 115 (48.5) II vs DD+ID .453
253 (43.2) 100 (42.2) ID vs DD+II .782
65 (11.1) 22 (9.3) DD vs DI+II .440
585 (100) 237 (100) DD vs ID vs II .645
787 (67.3) 330 (69.6)
383 (32.7) 144 (30.4) D vs I 354
1170 (100) 474 (100)
16 (2.7) 3 (1.3) MM vs MT+TT .204
148 (25.3) 69 (29.14) MT vs MM+TT .260
421 (72.0) 165 (69.6) TT vs MM+MT .501
585 (100) 237 (100) MM vs MT vs TT .268
180 (15.4) 75 (15.8)
990 (84.6) 399 (84.2) M vs T .824
1170 (100) 474 (100)
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As a result, diabetes is influenced dominantly by multiple
genetic and environmental factors. Family history of diabetes
indicates that beyond the genetic heritability, parents, and their
children share common lifestyle behaviors.[29,31] Thus, we
propose that, apart from taking genetic factors into consider-
ation, everybody should develop a healthier behavior at usual,
especially the T2DM patients.
The limitation of this study included the following. First, some

parents showed later onset age of T2DM than their children and
thus suggested publication bias. Second, we did not record about
the prevalence of diabetes among patients’ grandparents and
siblings, and thus our prevalence of diabetes with positive family
history is lower than the overall population. Third, family history
that should take both genetic factors and lifestyle into account,
but we just pay attention to genetic factors here. Thus, a depth
study is still needed.
In conclusion, the RAS gene polymorphisms had little impacts

on hypertension and overweight in T2DM patients with a
positive family history.
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