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ABSTRACT
Aims/Introduction: To assess the relationship between type 2 diabetes mellitus onset
age and vascular complications in China.
Materials and Methods: A retrospective review of 3,568 patients with type 2 diabetes
mellitus using a propensity score-matched (PSM) cohort analysis was carried out in two
different age of onset groups (age 40 and 60 years). These groups were then subdivided
into two groups, early-onset diabetes (EOD40 and EOD60; the onset age before 40 and
60 years, respectively) and late-onset diabetes (LOD40 and LOD60: the onset age after 40
and 60 years, respectively). Macrovascular and microvascular complications were analyzed
before and after PSM.
Results: Patients categorized in both the early-onset disease (EOD) groups had a higher
risk of developing macro- and microvascular complications before PSM. After PSM, no
differences existed between the EOD and late-onset disease groups in the risk of
macrovascular complications. Compared with the late-onset disease group, the odds ratio
of having a microvascular complication of diabetic retinopathy, chronic kidney disease
and diabetic peripheral neuropathy in the 40-year-old EOD group increased to 2.906,
1.967 and 1.672 (P < 0.05), respectively. The odds ratio of diabetic retinopathy and
diabetic peripheral neuropathy in the 60-year-old EOD group was 1.763 and 1.675
(P < 0.05), respectively.
Conclusions: The earlier the onset of type 2 diabetes mellitus, the higher risk of
microvascular, but not necessarily macrovascular, complications. It is not too late to
prevent diabetes at any age. Pre-emptive microvascular treatment or preventative
measures in EOD patients who do not yet show symptoms, might be beneficial.

INTRODUCTION
The quality of life of patients with type 2 diabetes mellitus is
adversely affected by both macrovascular and microvascular
complications. Atherosclerosis is a macrovascular complication
that mostly develops in diabetes patients, and the life expec-
tancy of diabetes patients is severely impaired1–3. The risk of
myocardial infarction and stroke increases greatly in these

patients as well4,5. Diabetic nephropathy and retinopathy (DR)
are the leading causes of end-stage renal disease and
blindness1–3. In previous decades, type 2 diabetes mellitus was
a condition that usually developed in older people6. Currently,
the incidence of early-onset type 2 diabetes mellitus (age
≤40 years) has increased globally as a result of the following
factors: high-energy diets, reduced physical activity, and poor
metabolic control of blood sugar, lipids and blood pressure7.
Previous studies have reported that the risk of macrovascular
events and mortality is higher in patients with type 2 diabetes
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mellitus. These complications mostly develop in the following
cases: old age, prolonged duration of diabetes and diagnosis at
a younger age8. The risk of death is higher in patients with
early-onset type 2 diabetes mellitus, and early cardiovascular
disease (CVD) mortality is quite common in these patients9.
The risk factors for diabetic microvascular complications and
CVD are as follows: hyperglycemia, diabetes duration, dyslipi-
demia, hypertension and insulin resistance10–13. Compared
with patients with late-onset diabetes (>40 years of age),
metabolic control is poorer in patients with early-onset type 2
diabetes mellitus. In patients with early-onset type 2 diabetes
mellitus, the protective effect of drugs is lesser and these
patients have a higher risk of developing vascular complica-
tions14. Furthermore, this effect is also closely related to diabe-
tes duration15,16. Previous studies only focused on single
vascular complication events; the age- and sex-matching
method of analysis was not used in these studies. In China,
people aged ≥60 years are defined as the elderly. It is
unknown whether the incidence of diabetes after the age of
60 years also brings a difference in complications. So, the aim
of the present study was to determine if a clear difference
between clinical features and vascular complications existed
between EOD and LOD patients in two different age groups
according to an onset age of 40 or 60 years.

MATERIALS AND METHODS
Study population and cohort
From March 2010 to July 2017, a total of 3,568 patients with
type 2 diabetes mellitus were recruited at the Endocrinology
Department of the First Affiliated Hospital of Fujian Medical
University. The patients were divided into two groups according
to an onset age of 40 or 60 years (EOD40 and LOD40 refer to the
onset age before 40 years old and after 40 years, respectively;
EOD60 and LOD60 refer to the onset age before 60 years and
after 60 years, respectively). Propensity score matching (EOD vs
LOD = 1:2 match) was carried out to adjust for differences in
age and sex, yielding a total of 780 participants in the 40 years
group: 520 participants in the LOD40 group and 260 participants
in the EOD40 group. A total of 537 participants in the 60 years
group: 358 participants in the LOD60 group and 179 participants
in the EOD60 group (SAS Institute Inc., Cary, NC). The diagnos-
tic criteria for type 2 diabetes mellitus were based on the 1999
World Health Organization’s criteria17. The exclusion criteria
were as follows: (i) type 1 diabetes, gestational diabetes or any
other special types of diabetes, as such patients are prone to
developing acute complications, such as diabetic ketoacidosis and
heavy ketonuria; (ii) renal disease: this includes all kinds of acute
or chronic glomerulonephritis, nephrotic syndrome, and acute
and chronic renal failure; and (iii) neuropathy: this includes all
kinds of neurotoxic effects: familial, alcoholic, nutritional, uremic,
toxic and drug-induced. This study was approved by the Ethics
Committee of Biomedical Research of the First Affiliated Hospital
of Fujian Medical University, and all the participants provided
signed informed consent.

Clinical measurements
By carrying out a detailed inquiry of patient history, the following
information was obtained: sex, age, duration of diabetes, medical
history, hypertension and Toronto Clinical Scoring System neu-
rological symptoms (numbness in lower extremities, pain in
lower extremities, pricking, fatigue, difficulty in walking and
upper limb symptoms). Physical examination parameters were as
follows: height, weight, waist circumference, hip circumference,
blood pressure, neurological examination and ophthalmic
examination. Body mass index (BMI; kg/m2) = bodyweight
(kg) / height2 (m2). Body surface area (BSA; m2) = (men:
0.0067 9 height [m] + 0.0127 9 bodyweight [kg] - 0.0698;
women: 0.00586 9 height [m] + 0.0126 9 bodyweight
[kg] - 0.0461). Measurement of standardized systolic blood pres-
sure and diastolic blood pressure was carried out after a rest of
15 min. Acupuncture was used to detect the severity of pain;
10 g of nylon silk was used for tactile sensation; a temperature
sensation tester was used to determine temperature sensation; a
standard 128-kHz tuning fork test was used for vibration sensa-
tion; and a tendon hammer was used to check iliac reflexes18.
After the dilation of the pupils, the fundi of the eyes were exam-
ined by a professional ophthalmologist.

Biochemical measurements
Fasting blood glucose, serum creatinine, total cholesterol, triglycer-
ides, low-density lipoprotein cholesterol and glycated hemoglobin
(HbA1c) were analyzed. The HbA1c assay was determined by
high-performance liquid chromatography (Variant TM II; Bio-
Rad, Hercules, CA, USA). Urinary albumin-to-creatinine ratio
was calculated by dividing the urine albumin by urine creatinine
during mid-morning urine collection (mg/g). The estimated glo-
merular filtration rate (eGFR) was calculated by the dietary modi-
fication formula for kidney disease: eGFR = 186 9 (creatinine
[lmol/L] / 88.41) - 1.154 9 age - 0.203 (90.742, female) 19.

Ultrasonic measurements
Carotid intima-media thickness, bilateral common carotid arteries,
the bifurcation between both the common carotid arteries and
bilateral subclavian intima-media thickness were measured with a
Prosound a-10 color Doppler ultrasound system (ALOKA). To
determine whether there is plaque adhesion between the bilateral
common carotid artery, internal carotid artery, external carotid
artery and subclavian artery, the transverse and longitudinal sec-
tions of ALOKAwere scanned. The frequency of the probe was 5–
13 MHz. The ankle-brachial index (ABI) was carried out using
Vista AVS, which is a peripheral vascular diagnostic system (U.S.
summit company, White Plains, NY, USA). To measure systolic
pressure of the bilateral brachial and radial artery, the patient was
asked to lie down for 15 min and then exercise, respectively. The
frequency of the probe was 8 MHz. These steps follow the AHA
statement20. The formula for determining the ABI is as follows:
ABI = ankle artery systolic pressure (mmHg) / brachial artery
systolic pressure (mmHg). Echocardiographicmeasurements were
as follows: left ventricular diastolic diameter (LVDd),
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interventricular septal thickness (IVST) and left ventricular poste-
rior wall end-diastolic thickness (LVPWT) were measured with
two-dimensional Doppler echocardiography with Vivid 7 digital
ultrasound system (GE-Vingmed Ultrasound, Horten, Norway).
Early diastolic velocity (E), early diastolic annual velocities (e) and
lateral e were determined in the apical four chamber view of these
systems. The average “e” is the average of septal e and lateral e. Left
ventricular mass (LVM) was calculated using the Devereux for-
mula: LVM (g) = 0.8 9 {1.04 9 [(LVDd + IVST + LVPWT)
3 - LVDd3]} + 0.6 9 LVMI (g/m2)) = LVM / BSA. The rela-
tive thickness of left ventricular wall = (LVPWT + IVST)/
LVDd21.

Metabolic index
Hypertension: systolic blood pressure ≥140 mmHg and/or dia-
stolic blood pressure ≥90 mmHg or taking antihypertensive
drugs22. Proteinuria: albumin : creatinine ratio (ACR) ≥30 mg/
g23. Targets of metabolic control: HbA1c concentration <7%,
low-density lipoprotein cholesterol <2.6 mmol/L and BMI
<24 kg/m224.

Microvascular complications
In the year 2014, the American Diabetes Association and the
National Kidney Foundation defined the criteria for chronic
kidney disease (CKD) for patients with type 2 diabetes mellitus
and albuminuria (ACR >30 mg/g at least twice in 3–6 months
and/or eGFR <60 mL/min/1.73 m2); they excluded the possibil-
ity of another injured kidney24,25. To determine DR, physicians
examined the fundus of the eye after the dilation of the pupil;
some of the typical retinal changes are as follows: microheman-
gioma, hemorrhaging, exudate and vitrectomy25,26. The diagno-
sis criteria for diabetic peripheral neuropathy (DPN) are as
follows27: (i) clear history of diabetes; (ii) diagnosis of peripheral
neuropathy during or after diabetes; (iii) clinical symptoms and
signs that coincide with the performance of DPN; and (iv)
patients with clinical symptoms, such as pain, numbness and
paresthesia. These patients were examined by any one of the
following five processes: acupuncture analgesia, touch–pressure
sensation, temperature sensation, vibration sensation or tendon
reflexes. There were patients that did not show any clinical
symptoms (other causes of diabetic neuropathy were excluded).

Macrovascular complications
Carotid atherosclerosis (CAS), while carrying out vascular lon-
gitudinal and cross-sectional scans, was defined as follows: an
echogenic structure that protrudes into the lumen, a blood flow
defect that protrudes into the lumen and a local intima-media
thickness ≥1.3 mm28. Lower extremity atherosclerosis was
defined as follows: resting ABI ≤0.9 or ABI after exercise ≥15%
in either side of the lower extremities20. Cardiovascular struc-
tural lesions: left ventricular remodeling: left ventricular mass
index >115 g/m2 (in men), 95 g/m2 (in women) or relative
thickness of the left ventricular wall >0.4229. Left ventricular
diastolic dysfunction: E/e > 15 or the average e < 0.09 m/s

(when E/e = 8–15)30. The 10-year risk score for coronary heart
disease (Framingham risk score) was derived from the Fra-
mingham Heart Study, which calculated the risk of developing
a coronary heart attack in the next 10 years based on the fol-
lowing factors: age, total cholesterol, history of smoking, high-
density lipoprotein cholesterol and systolic blood pressure.

Statistical analysis
All statistical analyses were carried out using Statistical Analysis
System (SAS; SAS Institute, Cary, NC, USA) and SPSS version
18 software (SPSS, Chicago, IL, USA). The median (interquar-
tile range) was used to describe non-normal distribution data;
the mean – standard deviation (SD) was used to describe the
data of normal distribution, and count variables data were
described by percentages. Normal distribution of continuous
variables was tested with a Student’s t-test. Non-normal distri-
bution of continuous variables was determined by analysis of a
rank-sum test. The Pearson v2-test was used for classifying var-
iables. To determine the correlation between EOD and LOD
patients, diabetic vascular complications were analyzed by a
two-classification logistic regression model. Statistical signifi-
cance was determined by P < 0.05.

RESULTS
Population characteristics
Baseline characteristics after propensity score matching
A total of 3,568 patients with type 2 diabetes mellitus were
recruited (Table 1). Propensity score matching (EOD vs
LOD = 1:2 match) was carried out to adjust for differences in
age and sex, yielding a total of 780 participants in the 40 years
group: 520 participants in the LOD40 group and 260 partici-
pants in the EOD40 group. A total of 537 participants in the
60 years group: 358 participants in the LOD60 group and 179
participants in the EOD60 group. The results are shown in
Table 1. In addition, compared with LOD40 patients, EOD40

patients had higher Toronto Clinical Scoring System and ACR
scores. However, eGFR values of EOD40 patients were lower
than those of LOD40 patients. Meanwhile, the prevalence of
DR, CKD and DPN was higher in EOD40 patients (P < 0.05).
The same trend was seen in EOD60 patients.
Furthermore, compared with LOD40 patients, EOD40 patients

had higher systolic blood pressure; therefore, EOD40 patients
were more likely to use antihypertensive drugs and used a
lipid-lowering strategy. Moreover, the prevalence of CAS was
higher in EOD40 patients.

Comparison in the prevalence of vascular complications for EOD
and LOD groups after matching
Compared with LOD patients, EOD patients had a significantly
higher prevalence of microvascular complications (DR, CKD
and DPN; EOD40 vs LOD40: 39.2% vs 15.6%, P < 0.001; 57.3%
vs 38.5%, P < 0.001;34.2% vs 21.5%, P < 0.001; EOD60 vs
LOD60: 26.8% vs 16.5%, P = 0.005; 42.9% vs 27.9%, P = 0.001;
40.8% vs 26%, P < 0.001). However, no statistical difference
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was observed in the prevalence of macrovascular complications,
except for CAS. The prevalence of CAS was higher in EOD40

patients (EOD40 vs LOD40: 29.9% vs 22.1%, P = 0.049; Table 1;
Figure 1).

Correlation between onset age and vascular complications in
diabetes patients
Binary regression analysis was carried out to determine the
association between onset age and vascular complications in
patients with diabetes (Figure 2). Propensity score matching
(EOD vs LOD = 1:2 match) was carried out to adjust for dif-
ferences in age and sex. Furthermore, adjustments for differ-
ences in the following parameters were made: HbA1c%, insulin,
oral hypoglycemic medications, hypotensive drugs, lipid-
lowering drugs and history of hypertension. Compared with
LOD40 patients, the odds ratio for the prevalence of microvas-
cular complications for DR, CKD and SN in EOD40 patients
was 2.906 (95% confidence interval [CI] 1.972–4.282), 1.967
(95% CI 1.387–2.791) and 1.672 (95% CI 1.152–2.429), respec-
tively. Meanwhile, the odds ratio for the prevalence of DR and
DPN in EOD60 patients was 1.763 (95% CI 1.092–2.847) and
1.675 (95% CI 1.106–2.537), respectively. However, there were
no statistically significant differences in macrovascular compli-
cations of EOD and LOD patients (Figure 2). A significant
association between onset age and microvascular complications
was found regardless of blood pressure, BMI or HbA1c value.
The risks of vascular complications with onset age in different
subgroups of patients with type 2 diabetes mellitus are shown
(Figure 3).

DISCUSSION
The results of the present study show that early-onset age of
type 2 diabetes mellitus increases the risk of microvascular
complications later in life. Compared with late-onset type 2 dia-
betes mellitus, people with early-onset type 2 diabetes mellitus
have a significantly higher risk of developing microvascular
complications.
It was found in previous studies that patients with early-

onset of type 2 diabetes mellitus had a higher risk of develop-
ing cardiovascular disease and a higher cardiac 10-year
expected risk than patients with late-onset type 2 diabetes mel-
litus. Neither study was age or sex matched, nor were any other
confounding variables considered7,14–16.
Propensity score matching was carried out in the present

study to adjust for differences in age and sex. It was found that
there was no independent correlation between the onset age of
type 2 diabetes mellitus and the following macrovascular com-
plications: organic cardiopathy, carotid atherosclerosis or lower
extremity atherosclerosis. This relationship can still be main-
tained after adjusting various related confounding factors.
Several epidemiological studies have reported that the risk of

developing cardiovascular complications is higher in EOD
patients. The occurrence and progression of vascular complica-
tions is also greater in EOD patients7,9,14–16. In EOD patients,Ta
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the risk of developing macrovascular events and death increases
proportionally with decreases in age of diagnosis or duration of
diabetes8. For example, a study carried out on white individuals
presented the following results. Compared with LOD patients,
the risk of developing myocardial infarction was 14-fold greater
in EOD patients (≥45 years onset age)7. A data registry from
Hong Kong also showed that EOD patients have a higher risk
of developing CVD in all age groups30.
An Australian study8 showed that the increased death risk of

early-onset type 2 diabetes mellitus is closely related with CVD.
Hyperglycemia, diabetes duration, dyslipidemia, hypertension
and insulin resistance were risk factors for developing diabetic
CVD10–13. Gunathilake et al.31 found that EOD patients (aver-
age age of diagnosis was 34 years) already have a higher risk of

developing cardiovascular complications (obesity, hyperlipid-
emia and hypertension). These complications are similar to
those observed in older patients with type 2 diabetes mellitus
(the average age of diagnosis is 67 years).
Several studies have reported that obesity, dyslipidemia,

hypertension and microalbuminuria are common in young
type 2 diabetes mellitus patients. These complications can
worsen over a certain period of time32,33. The risk of develop-
ing macrovascular complications increases in EOD patients
because of prolonged duration of diabetes and the fact that
metabolic profiles of EOD patients worsen over time14,15.
In the aforementioned studies, the effects of age and sex were

reduced by the method of adjustment. For example, a large
cross-sectional study was carried out by CNHSS (National
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Figure 1 | Distribution of vascular complications in type 2 diabetes mellitus between the onset years of 40 and 60 years of in the early-onset
diabetes (EOD) group and late-onset diabetes (LOD) group.
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HbAlc% Surveillance System in China). The results showed that
compared with EOD patients, the risk of developing cardiovas-
cular complications was higher in LOD patients. Compared
with LOD patients, EOD patients have a significantly higher
risk of developing non-fatal cardiovascular events in all age
groups; this is because EOD patients have to manage diabetes
over a longer period of time and their body is exposed to dam-
aging high-glucose conditions over a longer period of time.
Subsequently, the metabolic conditions of EOD patients deteri-
orate over a period of time. Various factors that influence the
condition of EOD patients have been taken into
consideration14.
In the present study, propensity score matching was used to

eliminate the effects of age and sex. Patients who were catego-
rized in the both age EOD groups had a significantly higher
risk of developing macro- and microvascular complications
before PSM. After PSM, it was found that the risk of develop-
ing macrovascular complications does not increase in EOD
patients. Both young and elderly patients are at an equal risk of
developing cardiovascular complications. In patients with type 2
diabetes mellitus, the risk of developing macrovascular

complications is not related to onset age of diabetes or diabetes
duration. However, it was found that left ABI (after exercise), R
relative thickness of the left ventricular wall WT, peak mitral
velocity E (PVE/e) and other macrovascular indicators were
higher in EOD patients. Compared with EOD patients, LOD
patients have a greater risk of developing macrovascular dis-
eases. Blood vessels tend to harden with age, so the probability
of vascular events also increases with age34. Therefore, it is sug-
gested that there is a close relationship between the risk of dia-
betic macrovascular complications and age.
Several previous studies have shown that compared with

LOD patients, EOD patients have a higher risk of developing
microvascular complications, including diabetic nephropathy,
DR and diabetic neuropathy6,31,35. Previous studies have
reported that EOD patients suffer from this disease for a lon-
ger duration of time, because they develop severe metabolic
disorders due to higher amounts of glucose and fat in their
bloodstream. This causes oxidative stress, which activates the
renin–angiotensin system. These events finally lead to the
development of microvascular complications in EOD
patients35,36. In the present study, no significant difference was

ALL
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observed in the HbA1c and lipid profiles of EOD and LOD
patients. Compared with LOD patients, EOD patients required
greater doses of insulin and lipid-lowering drugs. This was
probably related to benefits from drug use. Furthermore, EOD
patients have relatively poor metabolic control (BP ≥140/
90 mmHg, BMI ≥24 kg/m2, HbAlc% ≥7.0%, and low-density
lipoprotein cholesterol ≥2.6 mmol/L). In the elderly popula-
tion, there was no significant risk of developing microvascular
complications in EOD patients compared with LOD patients.
This is because the elderly population is more susceptible to
developing hypertension and using antihypertensive drugs.
There was no correlation between the incidence of macrovas-
cular complications in EOD and LOD patients. This confirms
that there is no correlation between the onset age of type 2
diabetes mellitus and macrovascular complications – it is not
affected by metabolic factors, such as blood pressure, BMI,
blood glucose or blood lipids.
In the present study, age and sex factors were matched from

large, non-matched groups by segregating type 2 diabetes melli-
tus patients into smaller, matched groups. The participants were
not matched according to their age and sex in previous studies.
Thus, one can accurately assess the relationship between the
onset age of type 2 diabetes mellitus and vascular complica-
tions. Chronic complications were evaluated with objective
medical instruments. These findings are more accurate and
objective than a self-reported analysis, which was carried out in
previous large-scale studies.
Many studies focused on the clinical risk factors to prevent

the chronic complications of diabetes. The development of dia-
betes complications is strictly related to many factors, such as
age, sex, metabolic control, diabetes duration, hypertension and
use of antihypertensive drugs/antidiabetic agents/lipid-lowering
drugs and so on. In the present study, propensity score match-
ing (EOD vs LOD = 1:2 match) was carried out to adjust for
differences in age and sex. Furthermore, adjustments for differ-
ences in the following parameters were made: HbA1c%, insulin,
oral hypoglycemic medications, hypotensive drugs, lipid-
lowering drugs and history of HT. We adjusted the confound-
ing factors to make the conclusion more credible. Of course,
for patients with diabetes, the prevention of chronic complica-
tions, comprehensive management is very important.
Much emphasis has been laid on formulating a public health

policy for the prevention of diabetes in China. In the past
30 years, the incidence of diabetes has been increasing steadily.
Young people are being diagnosed with diabetes! In EOD
patients, the risk of developing microvascular complications is

higher than in LOD patients. Furthermore, EOD patients have
a greater tendency of developing macrovascular complications.
Therefore, it is proposed that adequate steps must be taken to
prevent diabetes in young people. The diabetes duration has
been thought to be an uncontrollable factor. The Da Qing Dia-
betes Prevention Study (DQDPS) showed that lifestyle interven-
tion in people with IGT delayed the onset of type 2 diabetes,
and reduced the incidence of cardiovascular events, microvascu-
lar complications, cardiovascular and all-cause mortality, and
increased life expectancy37.
The present study had some limitations. Maturity onset dia-

betes of the young or latent autoimmune diabetes in adults
have been ruled out according to patient medical history and
diabetes autoantibodies. It is a great pity that genetic testing has
not been carried out. The age onset of type 2 diabetes mellitus
was always underestimated due to a long asymptomatic stage.
Patients were grouped according to their age at onset, but for
asymptomatic patients, the age onset might be underestimated.
This group failed to take the exact cardiovascular event as the
end-point. The present study was carried out on non-severe
hospitalized type 2 diabetes patients, so the hospital admission
rate might also be biased. However, randomized, prospective,
multicenter studies should be carried out to confirm this bias.
Furthermore, this was a cross-sectional study that does not
prove causality; it only suggests that there is a correlation
between the two factors.
Compared with LOD patients, EOD patients have a greater

tendency of developing microvascular complications; however,
the risk of developing macrovascular complications is not sig-
nificantly increased in EOD patients. It is suggested that there
is a close relationship between the risk of diabetic macrovascu-
lar complications and age. Pre-emptive microvascular treatment
or preventative measures in EOD patients who do not yet show
symptoms might be beneficial.
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