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Background: This study aimed to test whether early-onset (defined as <40 years of
age) type 2 diabetes mellitus (T2DM) imparted different risks of microvascular disease to
Chinese men and women.

Methods: 222,537 Chinese patients with T2DM were recruited in 630 hospitals from
106 cities in 30 provinces of China in 2012 using a cross-sectional design. Logistic
regression analysis was performed to obtain odds ratios (ORs) of male vs. female
for diabetic retinopathy (DR) and diabetic nephropathy (DN). Additive interaction was
used to test whether male gender and early-onset T2DM had interactive effects for
DR and DN.

Results: More men than women with T2DM had DN (4.5 vs. 3.0%, P < 0.0001), DR
(6.3 vs. 5.1%, P < 0.0001), and microvascular disease (either DN or DR) (8.4 vs. 7.1%,
P < 0.0001). After adjustment for age and levels of hospitals, the effect sizes of ear-
ly-onset T2DM for microvascular disease were higher in men than in women, with a 2.67
[95% confidence intervals (Cl): 2.51-2.85] fold risk in men and a 2.53 (95% Cl: 2.35-2.72)
fold risk in women. The risk effect sizes were greatly attenuated by further adjusting for
diabetes durations and other traditional risk factors, with a 1.28 (95% CI: 1.19-1.37)
fold risk in men and a 1.07 (95% Cl: 0.99-1.16) fold risk in women. After adjustment for
diabetes durations and other traditional risk factors, using women with late-onset T2DM
as the reference, co-presence of early-onset and male gender significantly enhanced the
ORs of either early-onset alone (1.10, 95% CI: 1.03-1.19) or male gender alone (0.96,
95% Cl: 0.93-0.99) to 1.32 (95% CI: 1.24-1.41), with significant additive interaction.
Kaplan—-Meier analysis showed that in early-onset T2DM, DN developed 5 years earlier
in men than in women.

Conclusion: Early-onset T2DM increased more risk of microvascular complications
in Chinese men than in women, most of increased risks being attributable to longer
diabetes durations.

Keywords: early-onset type 2 diabetes mellitus, gender difference, diabetic retinopathy, diabetic nephropathy,
Chinese

Frontiers in Endocrinology | www.frontiersin.org 1

January 2018 | Volume 9 | Article 15


http://www.frontiersin.org/Endocrinology/
http://crossmark.crossref.org/dialog/?doi=10.3389/fendo.2018.00015&domain=pdf&date_stamp=2018-01-31
http://www.frontiersin.org/Endocrinology/archive
http://www.frontiersin.org/Endocrinology/editorialboard
http://www.frontiersin.org/Endocrinology/editorialboard
https://doi.org/10.3389/fendo.2018.00015
http://www.frontiersin.org/Endocrinology/
http://www.frontiersin.org
https://creativecommons.org/licenses/by/4.0/
mailto:jiln@bjmu.edu.cn
mailto:yxl@hotmail.com
mailto:yangxilin@tmu.edu.cn
https://doi.org/10.3389/fendo.2018.00015
https://www.frontiersin.org/Journal/10.3389/fendo.2018.00015/full
https://www.frontiersin.org/Journal/10.3389/fendo.2018.00015/full
https://www.frontiersin.org/Journal/10.3389/fendo.2018.00015/full
https://www.frontiersin.org/Journal/10.3389/fendo.2018.00015/full
https://www.frontiersin.org/Journal/10.3389/fendo.2018.00015/full
https://loop.frontiersin.org/people/518676
http://loop.frontiersin.org/people/485235

Huo et al.

Microvascular Disease in Early-Onset Type 2 Diabetes

INTRODUCTION

The prevalence of type 2 diabetes mellitus (T2DM) is increasing
worldwide, but its onset age is decreasing (1, 2). In mainland
China, the prevalence of early-onset diabetes (defined as <40 years
at diagnosis) in the general population increased from 1.01% in
1997 (3) to 5.7% in 2010 (4). Patients with early-onset T2DM
have been suggested to have similar or even worse metabolic
profile than those with late-onset T2DM at the same ages and
consequently (5, 6), higher risk of developing both macrovascular
and microvascular complications (7-9). Our group reported
that early-onset T2DM is at much increased risk of non-fatal
cardiovascular disease (CVD) in China (10) but its effect size on
microvascular disease in China remained largely uncertain.

Although the prevalence and incidence of diabetes are rather
similar in the two sexes (4), gender-specific effects of diabetes
on microvascular and macrovascular disease are likely. Female
gender at reproductive age is a protective factor from coronary
heart disease (CHD) in the non-diabetic population (11).
However, in diabetic subjects, this observed protective effect
is reversed (12, 13). In addition to sex hormones, women with
diabetes were reported less likely to achieve the recommended
targets of glycated hemoglobin (HbAlc), blood pressure (BP),
and low-density lipoprotein cholesterol (LDL-C) as compared
with their male counterparts (14, 15).

In non-diabetic animal models and human populations, male
sex is characterized by a faster progression of renal impairment
(16-18). Androgens are known to activate the renin-angiotensin
system and might cause endothelial cell injury (19). Consistently,
men with T2DM are at higher risk for microvascular complica-
tions such as severe retinopathy (20) and nephropathy (21) than
women. However, it is uncertain whether early-onset T2DM has
different effects on microvascular disease in Chinese men and
women.

In this study, we further analyzed the data from the China
National HbA1c Surveillance System (CNHSS) to address: (1) the
effect size of early-onset T2DM on the life-time risk of micro-
vascular disease, i.e., diabetic retinopathy (DR) and diabetic
nephropathy (DN) in China; (2) gender differences in the risk
of early-onset vs. late-onset T2DM for microvascular disease;
and (3) whether the increased risk of microvascular disease in
early-onset T2DM is attributable to longer durations of diabetes.

MATERIALS AND METHODS

Research Design and Participants

A detailed description of the research design, study population,
and methods was published previously (10). In brief, Chinese
Diabetes Society launched an initiative, CNHSS in 2009 to moni-
tor glycemic control of outpatients with T2DM in China in an
effort to improve the quality of glycemic control. The current
analysis used data collected from March 2012 to June 2012 in 630
hospitals, including 12 primary hospitals, 132 secondary hospi-
tals, and 486 tertiary hospitals from 106 cities in 30 provincial
administrative regions. During this period, research nurses or
field workers invited the first seven patients who met the inclu-
sion criteria in a consecutive way from patients seeking care at the

outpatient clinics of department of endocrinology of the hospitals
concerned as outpatients who met the inclusion and did not the
following exclusion criteria in a consecutive way. The process
continued until seven patients were successfully recruited per day
with a total recruitment target of 400 patients for each hospital
during the whole recruitment period unless the recruitment
period ended. The inclusion and exclusion criteria were published
elsewhere (10). Briefly, the inclusion criteria included being an
outpatient with type 2 diabetes diagnosed by the 1999 World
Health Organization’ criteria for diagnosis of diabetes and being
treated with antidiabetic drugs; aged 18 years or older; having
at least one previous outpatient medical record for diabetes; and
being a local resident for at least 6 months consecutively before
participation in the study. The exclusion criteria included the
following: having type 1 diabetes, defined as acute presentation
with diabetic ketoacidosis, heavy ketonuria, or continuous need
for insulin within 1 year of diagnosis; having diabetes secondary
to other diseases; being on diet and other lifestyle therapy or
Chinese herbal medicine only; inpatients; pregnancy or breast-
feeding; being unable to complete the survey owing to mental
illness; being unconscious or unable to communicate. The study
protocol was approved by the Ethics Committee of the Chinese
People’s Liberation Army General Hospital, and written informed
consent was obtained from each subject before collecting data.

Data Collection Procedures

During the recruitment period, research nurses or postgradu-
ate medical students who were familiar with the local area, had
medical background knowledge were chosen as the fieldworkers.
They reviewed the computerized medical notes of each recruited
patient and recorded the data in a structured form. The collected
information included gender, height, weight, BP, and date of
diagnosis of diabetes. All laboratory evaluations were performed
in the local hospitals where the interviews were conducted.
Laboratory data on HbAlc and lipids were recorded. High den-
sity lipoprotein cholesterol (HDL-C) was calculated using the
Friedewald’s equation (22). Other relevant data were obtained
from face-to-face interview by the fieldworkers. Patients were
required to report if they were diagnosed with any concomitant
diseases or diabetes complications, including hypertension,
CHD, dyslipidemia, cerebrovascular disease, DR, DN, diabetic
neuropathy, diabetes-related foot ulcers, and others. They were
also required to report information about the treatments used for
the management of T2DM, including the use of oral antidiabetic
drugs including dipeptidyl peptidase-4 inhibitors and glucagon-
like peptide-1 receptor agonists, and different types of insulin,
as well as combinations of these antidiabetes drugs. All the data
collectors were trained on the basics of T2DM, the objectives of
the study, the inclusion and exclusion criteria, data collection pro-
cedures, and details of the questionnaire. In addition, supervisors
checked the reliability of the data collectors by re-interviewing a
number of participants. All the data were inputted and uploaded
to a central database by staff members.

Definitions of Clinical Outcomes
Prior history of DN, DR, and other complications diagnosed
by secondary or tertiary hospitals were retrieved from
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medical notes, including dates of diagnosis. DN was defined
as having persistent proteinuria, i.e., urinary albumin excre-
tion rate >20 pg/min or urinary albumin >30 mg/24 h after
excluding other causes of kidney damage, urinary system
infection, and blood in urine. The diagnosis of DR was made
by ophthalmologist(s) based on typical changes of retin-
opathy on funduscopic examination due to diabetes, including
background, pre-proliferative, proliferative, or maculopathy.
Early-onset T2DM was defined as T2DM was diagnosed below
40 years of age.

Statistical Analysis

Statistical analyses were performed using SAS version 9.1 (SAS
Institute Inc., Cary, NC, USA) or SPSS 22 (SPSS Inc., Wacker
Drive, Chicago, IL, USA). Student’s ¢-test or Kruskal-Wallis test
was used to compare continuous variables where appropriate. We
calculated age, gender, and levels of hospital specific prevalence
of microvascular complications and further standardized the
prevalence to Chinese population in 2011 (23), using the direct
method.

We used binary logistic regression to estimate odds ratios
(ORs) and 95% confidence intervals (CI) of early-onset vs. late-
onset of T2DM for non-fatal microvascular disease. A structured
adjustment scheme was used to control confounding effects of
traditional risk factors with attention to whether these adjust-
ments attenuated the effect sizes. Specifically, model 1 was
adjusted for age and hospital levels; model 2 was adjusted for vari-
ables in model 1 and duration of diabetes; model 3 was adjusted
for variables in model 2, metabolic profile and other traditional
risk factors [body mass index (BMI), self-home glucose monitor-
ing, diabetes medications as listed in Table 1, as well as levels of
HbAlc, LDL-C, and SBP]; and model 4 was adjusted for targets
of glycemic control (HbAlc < 7.0% or 53 mmol/mol) and lipid
control (LDL-C < 2.6 mmol/L) in place of levels and other vari-
ables in model 3.

To investigate additive interaction between gender and early-
onset T2DM for the risk of microvascular complications, we
obtained three indicators of additive interaction using a calcula-
tor provided by Andersson et al.: relative excess risk due to inter-
action (RERI), attributable proportion due to interaction (AP)
and synergy index (S) with 95% CI using the delta method (24).
RERI> 0, AP > 0, or S > 1 indicates a significant additive interac-
tion or significant enhancing or alleviating effect. To observe the
age at which the risk of non-fatal microvasular diseases started to
rise, we transformed the cross-sectional survey into a retrospec-
tive cohort with follow-up time calculated as time in years from
birth to the date of occurrence of non-fatal microvasular disease
or the date of the survey, whichever came first. Kaplan-Meier
analysis was used to observe the risk of microvascular disease
from birth to the date of the survey. All P values were two-tailed
and the level of significance was set at 0.05.

RESULTS

Clinical Characteristics of Study Patients
Among 223,612 enrolled patients, 1,075 with missing key vari-
ables were excluded, and the remaining 222,537 were used in the

TABLE 1 | Clinical and biochemical characteristics of patients by gender.

Variables Male Female P
(n = 119,647) (n = 102,890)
Mean/number Mean/number
(SD or %) (SD or %)

Age, years 58.1+11.6 58.6 +11.1 <0.0001
Age of diabetes diagnosis 527 +111 52.9+10.6 <0.0001
Early-onset of diabetes 15,622 (13.1%) 11,341 (11.0%) <0.0001
Duration of diabetes, years 54+49 57+53 <0.0001
BMI, kg/m? 246+28 244+ 33 <0.0001
BMI groups <0.0001

<239 50,567 (42.3%) 48,026 (46.7%)

24.0-27.9 57,134 (47.8%) 43,0383 (41.8%)

>28.0 11,946 (10.0%) 11,831 (11.5%)
HbA1c, % 7.8+16 77 +16 <0.0001
HbA1c, mmol/mol 61.3+17.3 60.8+17.0  <0.0001
The targets of glycemic 35,027 (29.3%) 31,902 (31.0%) <0.0001
control achieved
SBP, mmHg 131.9+ 14.3 131.2+14.8 <0.0001
DBP, mmHg 82.2+10.3 80.7 + 10.1 <0.0001
The targets of BP 70,230 (58.7%) 64,102 (62.3%) <0.0001
control achieved
Triglyceride, mmol/L 1.8(1.3-2.9) 1.7(1.3-2.6) <0.0001
LDL-C, mmol/L 3.0+ 1.6 3.1+16 0.0326
HDL-C, mmol/L 1.3+0.9 1.4+09 <0.0001
The targets of lipid 23,814 (19.9%) 11,472 (11.2%) <0.0001
control achieved
Diabetes medications
One OAD only 23,217 (19.4%) 21,552 (20.9%) <0.0001
Two OADs only 30,992 (25.9%) 27,732 (26.9%) <0.0001
Three OADs only 7,958 (6.7%) 6,949 (6.8%) 0.3345
Four and more OADs 316 (0.3%) 314 (0.3%) 0.0691
OADs plus insulin 28,848 (24.1%) 23,937 (23.3%) <0.0001
OADs plus GLP-1 265 (0.2%) 157 (0.2%) 0.0002
Insulin only 27,824 (23.3%) 22,098 (21.5%) <0.0001
Hospital levels <0.0001
Primary 2,208 (1.8%) 2,075 (2.0%)
Secondary 283,965 (20.0%) 22,289 (21.6%)
Tertiary 93,479 (78.1%) 78,526 (76.3%)
Non-fatal macrovascular
complications
Non-fatal CHD 12,683 (10.6%) 11,612 (11.3%) <0.0001
Non-fatal stroke 4,898 (4.1%) 4,070 (4.0%) 0.0988
Non-fatal CVD 15,931 (13.3%) 14,149 (13.7%)  0.0027
Non-fatal microvascular
complications
Diabetic nephropathy 6,814 (5.7%) 5,244 (5.1%)  <0.0001
Diabetic retinopathy 9,857 (8.2%) 9,071 (8.8%)  <0.0001
Either nephropathy 14,293 (12.0%) 12,394 (12.1%)  0.4695

or retinopathy

BMI, body mass index; HbATc, glycated hemoglobin; SBP/DBF, systolic/diastolic
blood pressure; LDL-C, low-density lipoprotein cholesterol; HDL-C, high density
lipoprotein cholesterol; CHD, coronary heart disease; CVD, cardiovascular disease
defined as having either CHD or stroke; BF, blood pressure.

The targets of glycemic control were defined as HbATc < 7% no matter they were
on oral antidiabetic drugs or insulin; the targets of BP control were defined as SBP/
DBP < 140/90 mmHg no matter whether they were on antihypertensive drugs; the
targets of lipid control were defined as LDL-C < 2.6 mmol/L, HDL-C > 1.0 mmol/L
in men and >1.3 mmol/L in women, and triglyceride <1.7 mmol/L whether they were
on lipid-lowering drugs or not; and macrovascular or microvascular complications of
patients were based on medical record.

Data are mean (SD), median (IQR), or n (%).

P values were derived from chi-square test or Student’s t-test.
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analysis, with a mean age of 58.3 years (SD: 11.4) and a mean
duration of diabetes of 5.6 years (SD 5.1). Among these patients,
4,278 (1.9%) were recruited from primary care hospitals, 46,254
(20.8%) from secondary care hospitals, and 172,005 (77.3%) from
tertiary care hospitals. Male patients account for 53.8%. Clinical
characteristics of these patients by gender were presented in
Table 1. Female patients were older, had an older age at being
diagnosed with T2DM and a longer duration of diabetes than
male patients. The levels of BMI, HbAlc, SBP, DBP, and triglyc-
eride were higher, but the levels of LDL-C and HDL-C were lower
in male patients than in female patients. Male patients were more

likely to achieve the lipid control target but less likely to achieve
the glycemic control and BP control targets. Also, male patients
were more likely to use insulin alone or insulin combined with
oral antidiabetic drugs.

Prevalence of Non-Fatal Microvascular
Diseases by Gender

The age-standardized prevalence of non-fatal DN, DR, and
microvascular diseases was significantly higher in male patients
than in female patients (male vs. female: 4.5 vs. 3.0% for DN, 5.3

TABLE 2 | Age-standardized prevalence of non-fatal microvascular diseases among patients with type 2 diabetes by gender.

Age group, years Prevalence of nephropathy

Prevalence of retinopathy

Prevalence of either

Male Female Male Female Male Female
n(%) n(%) P n(%) n(%) P n(%) n(%) P
Standardized rate by age among the whole study patients
<35 103 (3.8) 32 (1.6) 0.0001 89 (3.3 52 (2.7) 0.2506 165 (6.0) 5(3.9) 0.0009
35-39 160 (4.0) 57 (2.0) 0.0001 169 (4.2) 80 (2.8) 0.0020 285 (7.1) 123 (4.3) <0.0001
40-44 332 (4.5) 157 (3.0) 0.0001 455 (6.1) 262 (5.1) 0.0138 687 (9.2) 349 (6.8) <0.0001
45-49 675 (4.7) 356 (3.2) 0.0001 937 (6.5) 606 (5.4) 0.0004 1,356 (9.4) 847 (7.6) <0.0001
50-54 720 (4.7) 529 (3.8) 0.0003 1,015 (6.6) 901 (6.5) 0.7932 1504 (9.8) 1,251 (9.1) 0.0353
55-59 1,004 (4.7) 737 (3.7) <0.0001 1,579 (7.4) 1,593 (8.0) 0.0181 2,231 (10.5) 2,052 (10.3) 0.6830
60-64 1,068 (6.0) 897 (5.4) 0.0076 1,604 (9.1) 1,617 (9.7) 0.0521 2,287 (12.9) 2,181 (13.0) 0.7301
65-69 876 (5.5) 830 (5.9) 0.1357 1460 (9.1) 1,481 (10.5) <0.0001 2,046 (12.8) 2,010 (14.2) 0.0003
>70 1,876 (9.1) 1,649 (9.6) 0.1210 2549 (12.4) 2,479 (14.4) <0.0001 3,732 (18.1) 3,506 (20.3) <0.0001
Total 6,814 (5.7) 5,244 (5.1) <0.0001 9,857 (8.2) 9,071 (8.8) <0.0001 14,293 (12.0) 12,394 (12.1) 0.4695
P2 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001
Standardized® (%) 4.5 3.0 5.3 5.1 8.4 74
Standardized rate by different levels of hospitals (%)
Primary hospitals 4.2 1.8 2.0 3.2 6.1 4.5
Secondary hospitals 4.8 2.9 4.6 4.8 8.2 6.6
Tertiary hospitals 4.5 3.1 55 51 8.6 7.2
ap for trend.
bThe prevalence was standardized to the population of mainland China in 20171.
TABLE 3 | Odds ratio (OR) of early-onset vs. late-onset of type 2 diabetes for non-fatal microvascular disease by gender.
Nephropathy Retinopathy Either of them
Male Female Male Female Male Female

OR (95% CI)

OR (95% Cl)

OR (95% CI)

OR (95% Cl)

OR (95% CI)

OR (95% Cl)

Multivariable model 1

Early- vs. late-onset 3.30 (3.03-3.60) 3.19 (2.87-3.55) 2.47 (2.29-2.66) 2.50 (2.29-2.71) 2.67 (2.51-2.85) 2.53 (2.35-2.72)
Multivariable model 2
Early- vs. late-onset 1.40 (1.27-1.53) 1.24 (1.10-1.39) 1.24 (1.14-1.34) 1.09 (0.99-1.19) 1.31 (1.22-1.40) 1.10 (1.01-1.19)
Multivariable model 3
Early- vs. late-onset 1.34 (1.22-1.47) 1.20 (1.07-1.35) 1.18 (1.09-1.28) 1.04 (0.95-1.14) 1.25 (1.17-1.34) 1.05 (0.97-1.14)
Multivariable model 4
Early- vs. late-onset 1.37 (1.24-1.50) 1.22 (1.09-1.37) 1.21(1.11-1.31) 1.06 (0.97-1.17) 1.28 (1.19-1.37) 1.07 (0.99-1.16)

BMI, body mass index; SHGM, self-home glucose monitoring; HbA1c, glycated hemoglobin; LDL-C, low-density lipoprotein cholesterol; Cl, confidence intervals; BF, blood pressure.
Muiltivariable model 1 was adjusted for age and hospital levels.
Muiltivariable model 2 was adjusted for age, hospital levels, and duration of diabetes.
Muiltivariable model 3 was adjusted for age, hospital levels, duration of diabetes, BMI, SHGM, diabetes medications (as listed in Table 1), as well as HbATc, LDL-C, and SBP (227
men and 151 women were excluded due to missing values).
Muiltivariable model 4 was adjusted for age, hospital levels, duration of diabetes, BMI, SHGM, diabetes medications (as listed in Table 1), as well as the targets of glycemic, BF, and
LDL-C control (227 men and 151 women were excluded due to missing values).
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vs. 5.1% for DR, and 8.4 vs. 7.1% for either of them). Furthermore,
male patients had a significantly higher prevalence of non-fatal
DN than female patients in each of the age groups younger than
65 years and the risk reversed in the groups aged 65 years and
older, but without significant differences. The prevalence of non-
fatal DR in male was higher than in female in each of the age
groups younger than 55 years, with P < 0.05 except for groups
aged <35 and 50-54 years, but the risk reversed in the groups
of 55 years and older, with P < 0.05 except for the group aged
60-64 years (Table 2).

Risk of Early-Onset vs. Late-Onset of
T2DM for Microvascular Disease by
Gender

After adjustment for age and levels of hospitals, early-onset
T2DM was associated with increased risk of non-fatal DN,
non-fatal DR, and either of them in men and women. However,
the effect sizes were higher in men than in women (but not for
non-fatal DR), with a 3.30 (95% CI: 3.03-3.60) fold risk for DN
in men and a 3.19 (95% CI: 2.87-3.55) fold risk in women, a 2.67
(95% CI: 2.51-2.85) fold risk for either of them in men and a 2.53
(95% CI: 2.35-2.72) fold risk in women. Additional adjustment
for duration of diabetes and other factors attenuated the effect
sizes, but men remained at higher risks of DN, DR, and either of
them than women. All the associations remained significant in
men but not in women (Table 3).

Synergistic Effect of Male Gender and
Early-Onset T2DM

After adjustment for age and levels of hospitals in model 1, using
female patients with late-onset T2DM as the reference, the co-
presence of early-onset T2DM and male gender significantly
enhanced the effect sizes of presence of either early-onset alone
(OR: 2.30, 95% CI: 2.15-2.46) or male gender alone (OR: 0.96,
95% CI: 0.93-0.99) to 2.79 (95% CI: 2.63-2.96) for microvas-
cular disease, with significant interactions (RERI: 0.54, 95%
CL: 0.35-0.73; AP: 0.19, 95% CI: 0.13-0.25; and SI: 1.43, 95%
CL: 1.25-1.63). Additional adjustment for duration of diabetes
in model 2 attenuated the effect sizes, but the presence of both
early-onset and male gender remained to significantly increase
the risk of DN (RERI: 0.53, 95% CI: 0.37-0.68; AP: 0.30, 95% CI:
0.23-0.38; and SI: 3.32, 95% CI: 1.97-5.60), DR (RERI: 0.14, 95%
CI: 0.03-0.25; AP: 0.11, 95% CI: 0.03-0.20; and SI: 2.19, 95% CIL:
0.96-4.99), and either of them (RERI: 0.31, 95% CI: 0.21-0.41;
AP: 0.22, 95% CI: 0.15-0.28; and SIL: 3.36, 95% CI: 1.77-6.39)
than presence of either early-onset alone or male gender alone,
with significant additive interaction. In addition, the results were
similar when further adjustment for other confounding factors
in model 3 and model 4 (Table 4). Kaplan-Meier plots showed
that the cumulative incidence of DN and microvascular disease
started to rise at 40 years of age in men with early-onset T2DM,
and at 45 years of age in women with early-onset T2DM, much
earlier than 60 years of age in both men and women with late-
onset T2DM. On the other hand, the cumulative incidence of DR
started to rise at 40 years of age in both men and women with
early-onset T2DM, much earlier than 60 years of age in both men
and women with late-onset T2DM (Figure 1).

TABLE 4 | Interaction between gender and early-onset type 2 diabetes mellitus
for non-fatal microvascular disease.

Nephropathy

Retinopathy

Either

OR (95% CI)

OR (95% CI)

OR (95% CI)

Model 1

Late-onset and 1.00 1.00 1.00
female

Late-onset and 1.08 (1.03-1.12)  0.91 (0.88-0.94) 0.96 (0.93-0.99)
male

Early-onset and 2.79 (2.564-3.08)  2.32 (2.15-2.50) 2.30 (2.15-2.46)
female

Early-onset and 3.96 (3.65-4.29)  2.40 (2.24-2.58) 2.79 (2.63-2.96)
male

RERI 1.09 (0.75-1.43)  0.18(-0.03t0 0.38) 0.54 (0.35-0.73)
AP 0.28 (0.20-0.35)  0.07 (-0.01t0 0.16) 0.19 (0.13-0.25)
Sl 1.58 (1.36-1.84)  1.14 (0.98-1.34) 1.43 (1.25-1.63)
Model 2

Late-onset and 1.00 1.00 1.00
female

Late-onset and 114 (1.09-1.19)  0.94 (0.91-0.98) 1.00 (0.97-1.03)
male

Early-onset and 1.09 (0.98-1.21)  1.18(1.09-1.27) 1.14 (1.06-1.22)
female

Early-onset and 1.76 (1.61-1.91)  1.26 (1.17-1.36) 1.45(1.36-1.54)
male

RERI 0.53 (0.37-0.68)  0.14 (0.03-0.25) 0.31 (0.21-0.41)
AP 0.30 (0.23-0.38)  0.11 (0.03-0.20) 0.22 (0.15-0.28)
Sl 3.32 (1.97-5.60)  2.19 (0.96-4.99) 3.36 (1.77-6.39)
Model 3

Late-onset and 1.00 1.00 1.00
female

Late-onset and 1.12(1.08-1.17)  0.93 (0.90-0.96) 0.98 (0.95-1.01)
male

Early-onset and 1.08 (0.97-1.19)  1.13(1.04-1.22) 1.09 (1.03-1.17)
female

Early-onset and 1.63 (1.50-1.78)  1.15(1.07-1.23) 1.31 (1.23-1.40)
male

RERI 0.44 (0.29-0.59)  0.09 (-0.02 to 0.20) 0.25 (0.15-0.34)
AP 0.27 (0.19-0.35)  0.08 (-0.01t0 0.17) 0.19(0.12-0.26)
Sl 3.23(1.76-5.91)  2.67 (0.46-15.23) 4.60 (1.33-15.91)
Model 4

Late-onset and 1.00 1.00 1.00
female

Late-onset and 1.10(1.05-1.14)  0.91 (0.88-0.94) 0.96 (0.93-0.99)
male

Early-onset and 1.09 (0.98-1.21)  1.14 (1.05-1.24) 1.10 (1.03-1.19)
female

Early-onset and 1.63 (1.50-1.78)  1.16 (1.08-1.25) 1.32 (1.24-1.41)
male

RERI 0.45 (0.30-0.60)  0.11(0.01-0.22) 0.27 (0.17-0.36)
AP 0.28 (0.20-0.36)  0.09 (0.01-0.18) 0.20 (0.13-0.27)
Sl 3.48 (1.81-6.70)  3.09 (0.50-19.23) 5.45 (1.31-22.78)

BMI, body mass index; SHGM, self-home glucose monitoring; HbATc, glycated
hemoglobin; LDL-C, low-density lipoprotein cholesterol; RERI, relative excess risk
due to interaction; AR, attributable proportion due to interaction; Sl, synergy index; ClI,
confidence intervals; BR, blood pressure; OR, odds ratio.
Multivariable model 1 was adjusted for age and hospital levels.

Multivariable model 2 was adjusted for age, hospital levels, and duration of diabetes.
Multivariable model 3 was adjusted for age, hospital levels, duration of diabetes, and BMI.
SHGM, diabetes medications (as listed in Table 1), as well as HbATc, LDL-C, and SBP
(227 men and 151 women were excluded due to missing values).

Multivariable model 4 was adjusted for age, hospital levels, duration of diabetes, BMI,
SHGM, diabetes medications (as listed in Table 1), as well as the targets of glycemic,
BR, and LDL-C control (227 men and 151 women were excluded due to missing
values).
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DISCUSSION

Diabetes imparted a larger risk on macrovascular disease
to women than to men, including CHD and stroke (12, 13).
However, there are fewer studies that examined gender differ-
ences in microvascular diseases in T2DM. A community-based
cross-sectional study showed that female patients with T2DM
had a higher prevalence of proteinuria and renal impairment than
males with an increasing prevalence by age (25). In the United
Kingdom Prospective Diabetes Study, DR was more prevalent
in men than in women, and this could not be explained by the
major risk factors, since women had higher BP and higher glu-
cose levels than men (26). A cohort study with 1,146 participants
with T2DM found that men showed a faster progression rate of
renal function (18). Consistently, our study found that the age-
standardized prevalence of non-fatal DN, DR, and either of them
was significantly higher in men than in women with T2DM.

Although most studies indicated that women with T2DM were
less likely to achieve HbA ¢, BP, and LDL-C targets than men with
T2DM (14, 15), men were still at higher risk for microvascular
complications than women (18, 26). Sex hormones were consid-
ered to play a role in these gender differences in microvascular
disease (25). A double-blind, placebo-controlled clinical trial
reported that estrogen and estrogen plus medroxyprogesterone
acetate produced a significant reduction in LDL-C levels and a
significant increase in HDL cholesterol levels (27). Furthermore,
several studies also found that short-term administration of
estrogens in recombination with a synthetic progestin reduced
proteinuria and improved creatinine clearance in postmenopau-
sal women with T2DM (28, 29). On the other hand, androgens
are known to activate the renin-angiotensin system and might
cause endothelial cell injury (19). Given that estrogen levels
decline with increasing age, it is plausible that high estrogens
before menopause may play a protective role from microvascular
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FIGURE 1 | Kaplan—Meier plot of non-fatal microvascular diseases stratified by early- and late-onset of diabetes by gender. (A) Non-fatal nephropathy, (B) non-fatal
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disease, too. Consistently, our analysis observed that in early-
onset T2DM, DN developed 5 years earlier in men than in women.
This gender-specific effect can be partially explained by higher
BMI and worsened metabolic profile such as higher HbAlc and
higher BP in men than in women. Nevertheless, the residual
risk remained to be significant and substantial, suggesting that
changes in protective effects of estrogen or harmful effects of
androgens (29) in the long course of T2DM remain to play an
important role in the risk of microvascular disease in T2DM.

Our findings have important clinical implications. It is
estimated that China had more than 5.7 million people with
early-onset diabetes (4). These people were at high life-time
risk of CVD (10). This analysis provided further evidence that
DN developed 20 years earlier in men and 15 years earlier in
women, and DR developed 20 years earlier in both genders,
in early-onset T2DM than in late-onset T2DM. Our study
highlights the importance of prevention of T2DM in people
before 40 years of age. Once T2DM developed in the young
group, good metabolic control of hyperglycemia, hyperten-
sion, and abnormal lipids is essential to reduce the burden of
macrovascular and microvascular disease (30, 31).

This study had limitations. First, DN and DR were ascertained
by reviewing medical records, not by universal screening. Some
medical records were not available. As a result, the true preva-
lence of microvascular complications might be under estimated.
Second, the inclusion and exclusion criteria only recruited
patients on hypoglycemic drug treatments. Patients on diet man-
agement only were missed. Also, data for lifestyle factors such as
smoking status, alcohol consumption, dietary intake, and exer-
cise were also not collected. However, in our previous study (10),
the validation results showed that exclusion of patients with diet
only and non-adjustment for lipid-lowering and antihypertensive
drugs resulted in marginal changes in ORs for risk of non-fatal
CVD in patients with early-onset vs. late-onset T2DM. Third,
this was a cross-sectional study, so competing risk of death could
not be considered. Since long duration of diabetes was associated
with increased risk of death (32), more deaths were expected in
patients with early-onset T2DM than in those with late-onset
T2DM at the same ages, which might lead to underestimation of
the risk. Fourth, we have used computerized medical records in
data retrieval. Although it increased the speed of data retrieval,
variations in the electronic medical record formats made data
sharing and comparability across systems a challenge. However,
most of the data we have retrieved from computerized medical
records are demographic information, so it has a relatively limited
impact. Fifth, diagnostic bias may exist due to the availability of
infrastructures at different hospitals. To minimize the possible

REFERENCES

1. Harron KL, Feltbower RG, McKinney PA, Bodansky HJ, Campbell FM,
Parslow RC. Rising rates of all types of diabetes in south Asian and non-south
Asian children and young people aged 0-29 years in West Yorkshire, UK.,
1991-2006. Diabetes Care (2011) 34(3):652-4. d0i:10.2337/dc10-1512

2. Lammi N, Taskinen O, Moltchanova E, Notkola IL, Eriksson JG,
Tuomilehto J, et al. A high incidence of type 1 diabetes and an alarming
increase in the incidence of type 2 diabetes among young adults in Finland

bias, all doctors in the 630 hospitals were required to use the same
definitions when the diagnoses were established. In addition,
only diagnosis of DN, DR, and other complications by secondary
or tertiary hospitals were recorded.

In summary, early-onset T2DM imparted higher risk of
microvascular complications to Chinese men than to Chinese
women. Our study suggests that more medical resources should
be shifted to prevention of T2DM in the young people at risk and
shifted to tight control of hyperglycemia and other metabolic risk
factors in early-onset T2DM, especially among Chinese men, so
to reduce the burden of microvascular complications in T2DM
in China.

ETHICS STATEMENT

The study protocol was approved by the Ethics Committee of
the Chinese People’s Liberation Army General Hospital and
informed consent was obtained from each subject before col-
lecting data.

AUTHOR CONTRIBUTIONS

XY, LJI, XH, and JZ conceived the idea. L]I, JLU, and XG designed
the CNHSS and collected the data for the CNHSS. XH, JZ, and
XY analyzed the data and wrote the first draft. All the authors gave
critical comments, contributed to the writing of the manuscript,
and agreed to submit and publish the manuscript. XY and LJI (the
corresponding authors) and XH and JZ (the first authors) take
full responsibility for the work as a whole, including the study
design, access to the data, and decision to submit.

ACKNOWLEDGMENTS

The authors thank all the health professionals who were involved
in the CNHSS for their contributions to data collection and qual-
ity control. The CNHSS was supported by a research grant from
Novo Nordisk China.

FUNDING

This survey was supported by a research grant from Novo Nordisk
China. The funder coordinated the data collection but had no role
in study design, data analysis, data interpretation, or writing of
the report. The corresponding authors had full access to all the
data in the study and had the final responsibility to submit for
publication.

between 1992 and 1996. Diabetologia (2007) 50(7):1393-400. doi:10.1007/
500125-007-0690-4

3. Yang SH, Dou KE Song WJ. Prevalence of diabetes among men and women
in China. N Engl ] Med (2010) 362(25):2425-6. doi:10.1056/NEJM0a0908292

4. XuY, Wang L, He ], Bi Y, Li M, Wang T, et al. Prevalence and control of diabetes
in Chinese adults. JAMA (2013) 310(9):948-59. doi:10.1001/jama.2013.168118

5. Gunathilake W, Song S, Sridharan S, Fernando DJ, Idris I. Cardiovascular and
metabolic risk profiles in young and old patients with type 2 diabetes. Q/M
(2010) 103(11):881-4. doi:10.1093/qjmed/hcq135

Frontiers in Endocrinology | www.frontiersin.org

January 2018 | Volume 9 | Article 15


http://www.frontiersin.org/Endocrinology/
http://www.frontiersin.org
http://www.frontiersin.org/Endocrinology/archive
https://doi.org/10.2337/dc10-1512
https://doi.org/10.1007/s00125-007-0690-4
https://doi.org/10.1007/s00125-007-0690-4
https://doi.org/10.1056/NEJMoa0908292
https://doi.org/10.1001/jama.2013.168118
https://doi.org/10.1093/qjmed/hcq135

Huo et al.

Microvascular Disease in Early-Onset Type 2 Diabetes

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

Song SH, Gray TA. Early-onset type 2 diabetes: high risk for premature dia-
betic retinopathy. Diabetes Res Clin Pract (2011) 94(2):207-11. doi:10.1016/j.
diabres.2011.07.030

Pavkov ME, Bennett PH, Knowler WC, Krakoff J, Sievers ML, Nelson RG.
Effect of youth-onset type 2 diabetes mellitus on incidence of end-stage renal
disease and mortality in young and middle-aged Pima Indians. JAMA (2006)
296(4):421-6. doi:10.1001/jama.296.4.421

Dart AB, Martens PJ, Rigatto C, Brownell MD, Dean HJ, Sellers EA.
Earlier onset of complications in youth with type 2 diabetes. Diabetes Care
(2014) 37(2):436-43. doi:10.2337/dc13-0954

Luk AO, Lau ES, So WY, Ma RC, Kong AP, Ozaki R, et al. Prospective
study on the incidences of cardiovascular-renal complications in Chinese
patients with young-onset type 1 and type 2 diabetes. Diabetes Care (2014)
37(1):149-57. doi:10.2337/dc13-1336

Huo X, Gao L, Guo L, Xu W, Wang W, Zhi X, et al. Risk of non-fatal cardio-
vascular diseases in early-onset versus late-onset type 2 diabetes in China:
a cross-sectional study. Lancet Diabetes Endocrinol (2016) 4(2):115-24.
doi:10.1016/S2213-8587(15)00508-2

Regitz-Zagrosek V, Wintermantel TM, Schubert C. Estrogens and SERMs in
coronary heart disease. Curr Opin Pharmacol (2007) 7(2):130-9. doi:10.1016/
j.coph.2006.10.009

Peters SA, Huxley RR, Woodward M. Diabetes as risk factor for incident
coronary heart disease in women compared with men: a systematic
review and meta-analysis of 64 cohorts including 858,507 individuals and
28,203 coronary events. Diabetologia (2014) 57(8):1542-51. doi:10.1007/
s00125-014-3260-6

Peters SA, Huxley RR, Woodward M. Diabetes as a risk factor for stroke in
women compared with men: a systematic review and meta-analysis of 64
cohorts, including 775,385 individuals and 12,539 strokes. Lancet (2014)
383(9933):1973-80. doi:10.1016/S0140-6736(14)60040-4

Gouni-Berthold I, Berthold HK, Mantzoros CS, Bohm M, Krone W. Sex
disparities in the treatment and control of cardiovascular risk factors in type 2
diabetes. Diabetes Care (2008) 31(7):1389-91. d0i:10.2337/dc08-0194

Penno G, Solini A, Bonora E, Fondelli C, Orsi E, Zerbini G, et al. Gender dif-
ferences in cardiovascular disease risk factors, treatments and complications
in patients with type 2 diabetes: the RIACE Italian multicentre study. ] Intern
Med (2013) 274(2):176-91. doi:10.1111/joim.12073

Remuzzi A, Puntorieri S, Mazzoleni A, Remuzzi G. Sex related differences in
glomerular ultrafiltration and proteinuria in Munich-Wistar rats. Kidney Int
(1988) 34(4):481-6. doi:10.1038/ki.1988.206

Silbiger SR, Neugarten J. The impact of gender on the progression of
chronic renal disease. Am ] Kidney Dis (1995) 25(4):515-33. doi:10.1016/
0272-6386(95)90119-1

de Hauteclocque A, Ragot S, Slaoui Y, Gand E, Miot A, Sosner P, et al. The
influence of sex on renal function decline in people with type 2 diabetes.
Diabet Med (2014) 31(9):1121-8. doi:10.1111/dme.12478

Ritz E. Cardiovascular risk factors and urinary albumin: vive la petite difference.
J AmSocNephrol(2003)14(5):1415-6.d0i:10.1097/01.ASN.0000065641.03340.79
Klein R, Klein BE, Moss SE, Davis MD, DeMets DL. The Wisconsin
epidemiologic study of diabetic retinopathy. IV. Diabetic macular edema.
Ophthalmology (1984) 91(12):1464-74. doi:10.1016/S0161-6420(84)34102-1

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

Ballard DJ, Humphrey LL, Melton LJ III, Frohnert PP, Chu PC, O’Fallon WM,
et al. Epidemiology of persistent proteinuria in type II diabetes mellitus.
Population-based study in Rochester, Minnesota. Diabetes (1988) 37(4):
405-12. doi:10.2337/diab.37.4.405

Friedewald WT, Levy RI, Fredrickson DS. Estimation of the concentration of
low-density lipoprotein cholesterol in plasma, without use of the preparative
ultracentrifuge. Clin Chem (1972) 18(6):499-502.

National Bureau of Statistics of China. China Statistical Yearbook 2011. Beijing:
China Statistics Press (2011).

Andersson T, Alfredsson L, Kallberg H, Zdravkovic S, Ahlbom A. Calculating
measures of biological interaction. Eur ] Epidemiol (2005) 20(7):575-9.
doi:10.1007/s10654-005-7835-x

Maric C. Sex, diabetes and the kidney. Am J Physiol Renal Physiol (2009)
296(4):F680-8. doi:10.1152/ajprenal. 90505.2008

Kohner EM, Aldington SJ, Stratton IM, Manley SE, Holman RR, Matthews DR,
et al. United Kingdom Prospective Diabetes Study, 30: diabetic retinopathy
at diagnosis of non-insulin-dependent diabetes mellitus and associated risk
factors. Arch Ophthalmol (1998) 116(3):297-303. doi:10.1001/archopht.
116.3.297

Herrington DM, Reboussin DM, Brosnihan KB, Sharp PC, Shumaker SA,
Snyder TE, et al. Effects of estrogen replacement on the progression of cor-
onary-artery atherosclerosis. N Engl ] Med (2000) 343(8):522-9. doi:10.1056/
NEJM200008243430801

Finkelstein FO, Shirani S, Wuerth D, Finkelstein SH. Therapy insight: sexual
dysfunction in patients with chronic kidney disease. Nat Clin Pract Nephrol
(2007) 3(4):200-7. doi:10.1038/ncpneph0438

Bellinghieri G, Santoro D, Mallamace A, Savica V. Sexual dysfunction in
chronic renal failure. ] Nephrol (2008) 21(Suppl 13):S113-7.

Holman RR, Paul SK, Bethel MA, Matthews DR, Neil HA. 10-Year fol-
low-up of intensive glucose control in type 2 diabetes. N Engl ] Med (2008)
59(15):1577-89. doi:10.1056/NEJM0a0806470

Gaede P, Lund-Andersen H, Parving HH, Pedersen O. Effect of a multi-
factorial intervention on mortality in type 2 diabetes. N Engl ] Med (2008)
358(6):580-91. doi:10.1056/NEJMo0a0706245

Zoungas S, Woodward M, Li Q, Cooper ME, Hamet P, Harrap S, et al.
Impact of age, age at diagnosis and duration of diabetes on the risk of mac-
rovascular and microvascular complications and death in type 2 diabetes.
Diabetologia (2014) 57(12):2465-74. doi:10.1007/s00125-014-3369-7

Conflict of Interest Statement: The authors declare that the research was con-
ducted in the absence of any commercial or financial relationships that could be
construed as a potential conflict of interest.

Copyright © 2018 Huo, Zhang, Guo, Lu, Li, Zhao, Ji and Yang. This is an open-ac-
cess article distributed under the terms of the Creative Commons Attribution
License (CC BY). The use, distribution or reproduction in other forums is per-
mitted, provided the original author(s) and the copyright owner are credited and
that the original publication in this journal is cited, in accordance with accepted
academic practice. No use, distribution or reproduction is permitted which does
not comply with these terms.

Frontiers in Endocrinology | www.frontiersin.org

January 2018 | Volume 9 | Article 15


http://www.frontiersin.org/Endocrinology/
http://www.frontiersin.org
http://www.frontiersin.org/Endocrinology/archive
https://doi.org/10.1016/j.diabres.2011.07.030
https://doi.org/10.1016/j.diabres.2011.07.030
https://doi.org/10.1001/jama.296.4.421
https://doi.org/10.2337/dc13-0954
https://doi.org/10.2337/dc13-1336
https://doi.org/10.1016/S2213-8587(15)00508-2
https://doi.org/10.1016/j.coph.2006.10.009
https://doi.org/10.1016/j.coph.2006.10.009
https://doi.org/10.1007/s00125-014-3260-6
https://doi.org/10.1007/s00125-014-3260-6
https://doi.org/10.1016/S0140-6736(14)60040-4
https://doi.org/10.2337/dc08-0194
https://doi.org/10.1111/joim.12073
https://doi.org/10.1038/ki.1988.206
https://doi.org/10.1016/
0272-6386(95)90119-1
https://doi.org/10.1016/
0272-6386(95)90119-1
https://doi.org/10.1111/dme.12478
https://doi.org/10.1097/01.ASN.0000065641.03340.79
https://doi.org/10.1016/S0161-6420(84)34102-1
https://doi.org/10.2337/diab.37.4.405
https://doi.org/10.1007/s10654-005-7835-x
https://doi.org/10.1152/ajprenal.90505.2008
https://doi.org/10.1001/archopht.
116.3.297
https://doi.org/10.1001/archopht.
116.3.297
https://doi.org/10.1056/NEJM200008243430801
https://doi.org/10.1056/NEJM200008243430801
https://doi.org/10.1038/ncpneph0438
https://doi.org/10.1056/NEJMoa0806470
https://doi.org/10.1056/NEJMoa0706245
https://doi.org/10.1007/s00125-014-3369-7
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/

	Gender Difference in the Association of Early- vs. Late-Onset Type 2 Diabetes with Non-Fatal Microvascular Disease in China: A Cross-sectional Study
	Introduction
	Materials and Methods
	Research Design and Participants
	Data Collection Procedures
	Definitions of Clinical Outcomes
	Statistical Analysis

	Results
	Clinical Characteristics of Study Patients
	Prevalence of Non-Fatal Microvascular Diseases by Gender
	Risk of Early-Onset vs. Late-Onset of T2DM for Microvascular Disease by Gender
	Synergistic Effect of Male Gender and Early-Onset T2DM

	Discussion
	Ethics Statement
	Author Contributions
	Acknowledgments
	Funding
	References


