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OBJECTIVE

We aimed to explore the associations between type 2 diabetes onset age and car-
diovascular disease (CVD) and all-cause mortality in the Chinese population.

RESEARCH DESIGN AND METHODS

This study included 101,080 participants free of prevalent diabetes and CVD at
baseline from the Kailuan Study. All participants were monitored biennially until
31 December 2017. During follow-up, 11,384 participants were diagnosed as hav-
ing type 2 diabetes. For each case subject, one control subject was randomly se-
lected, matched for age (± 1 years) and sex. The final analysis comprised 10,777
case-control pairs.Weighted Cox regression models were used to evaluate the av-
erage hazard ratios (AHRs) and 95% CIs of incident CVD and all-cause mortality
among patients with new-onset type 2 diabetes versus control subjects across
age-groups.

RESULTS

During a median follow-up of 5.57 years, 1,794 incident events (907 CVD events,
of which there were 725 strokes and 887 deaths) occurred. After adjustment for
potential confounders, participants with type 2 diabetes diagnosed at age <45
years had the highest relative risks of CVD and all-cause mortality relative to the
matched control subjects, with AHRs of 3.21 (95% CI 1.18–8.72) for CVD, 2.99
(95% CI 1.01–9.17) for stroke, and 4.79 (95% CI 1.95–11.76) for all-cause mortality.
The risks gradually attenuated with each decade increase in type 2 diabetes onset
age.

CONCLUSIONS

The relative risks of CVD and all-cause mortality differed across type 2 diabetes
onset age-groups, and the associations were more evident in younger-onset type
2 diabetes.

With rapid socioeconomic and lifestyle changes, the prevalence of diabetes in Chi-
na has increased dramatically in the past few decades, from 0.67% in 1980 to
11.2% in 2017 (1,2). The total number of people with diabetes was 116.4 million in
2019 and is expected to increase to 147.2 million by 2045 among Chinese adults
(3). Type 2 diabetes represents 95% of all cases of diabetes (4). Type 2 diabetes,
conventionally considered a disease of middle and older age, is increasingly
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diagnosed at a younger age (5). A large
national survey (2015–2017) in China
reported that the prevalence of diabe-
tes was 2.0% in people aged 18–29
years and 6.3% in those aged 30–39
years (2). Furthermore, a growing body
of evidence suggests that people with
younger-onset type 2 diabetes have
worse cardiometabolic risk profiles than
those with older age at diagnosis (6,7).
Thus, it is likely that younger-onset type
2 diabetes may pose relatively greater
risk of cardiovascular mortality and mor-
bidity compared with later-onset type 2
diabetes.
Indeed, previous studies have re-

ported that people with type 2 diabetes
at a younger age are more prone to de-
veloping vascular complications earlier
in life, which may be associated with a
higher risk of mortality and, therefore,
lower life expectancy (7–10). However,
these existing studies mainly estimated
the health consequences of prevalent
type 2 diabetes age rather than new-on-
set type 2 diabetes age and did not
monitor the participants from their
time of diagnosis, such that the effect
of the duration of diabetes was not
controlled for. Recently, a prospective
study from Sweden reported that the
relative risk of CVD and mortality com-
pared with the general population was
increased more in those with younger-
onset type 2 diabetes (11). However,
this study was of White populations in
high-income countries, and therefore
the associations between the age at
onset of type 2 diabetes and CVD and
mortality in the Chinese population
are still unclear. Therefore, the aim of
our study was to estimate the risks of
CVD and all-cause mortality among pa-
tients with new-onset type 2 diabetes,
compared with control subjects, ac-
cording to onset age-groups in a large
Chinese cohort study.

RESEARCH DESIGN AND METHODS

Study Participants
The Kailuan Study is an ongoing
prospective occupational cohort study
conducted in Tangshan, China. All par-
ticipants in the Kailuan Study are em-
ployees and retirees of the Kailuan
Group, which is a coal mining company
in Tangshan. Details of the study design
and procedure have been described
elsewhere (12,13). Briefly, from June

2006 to December 2015, 171,415 indi-
viduals aged 18–98 years were enrolled
to participate in a biennial questionnaire
interview and clinical and laboratory ex-
aminations at 11 hospitals affiliated with
the Kailuan Group. The study was con-
ducted in accordance with the guide-
lines of the Declaration of Helsinki and
was approved by the Kailuan General
Hospital Ethics Committee.

For the current study, we excluded
17,307 participants who did not attend
the biennial examination, 25,351 who
had diabetes at baseline, 21,306 with
missing important covariates (e.g., fast-
ing blood glucose [FBG], history of dia-
betes, use of hypoglycemic drugs, age,
or sex), and 6,371 with a history of CVD
at baseline, leaving 101,080 participants
who met the inclusion criteria. Of the
101,080 participants free of type 2 dia-
betes at baseline, 11,384 were diag-
nosed with type 2 diabetes during
follow-up. The date of type 2 diabetes
onset was defined as the date of the ex-
amination at which type 2 diabetes was
first diagnosed. For each case subject
with new-onset type 2 diabetes, one
control subject was randomly selected
from the participants without diabetes
during follow-up who attended the
examination in the same year and
matched for age (±1 years) and sex. Ul-
timately, data from 10,777 case-control
pairs were analyzed (Fig. 1). The follow-
up period started from the date of diag-
nosis for the case subjects with type 2
diabetes and from the same year for
the matched control subjects (14). For
example, if type 2 diabetes was first di-
agnosed in a 50-year-old male partici-
pant in 2010, then a control subject
was randomly selected from the study
population who was male, aged 49–51
years, did not have diabetes during fol-
low-up, and underwent examination in
2010, and both participants were moni-
tored from 2010.

Assessment of New-Onset Type 2
Diabetes
During each examination, venous blood
samples were collected from partici-
pants after a fast of at least 8 h, and
FBG was measured using an Hitachi
7600 auto-analyzer (Hitachi, Tokyo, Ja-
pan) at the central laboratory of Kailuan
General Hospital. Type 2 diabetes was
defined as a FBG level $7.0 mmol/L, or
treatment with hypoglycemic drugs, or

self-reported physician-diagnosed type
2 diabetes (11,15). The numbers and
proportions of type 2 diabetes diag-
nosed by FBG, treatment with hypo-
glycemic drugs, and self-reported
previous diagnosis are reported in
Supplementary Table 1.

Outcomes
The main outcomes of our study were
incident CVD events (including myocar-
dial infarction and stroke), stroke, and
all-cause mortality. Assessment of inci-
dent CVD events and all-cause mortality
has been previously described in detail
(12,13,16). Briefly, potential CVD events
were ascertained from the Municipal
Social Insurance Institution that covered
all study participants, the discharge
registers of all 11 Kailuan hospitals, and
a questionnaire survey (biennially since
2006). Potential CVD cases were identi-
fied on the basis of the ICD-10. For sus-
pected CVD events identified by the
ICD-10 and questionnaire, a panel of
three experienced physicians reviewed
the medical records and adjudicated
the cases annually. The definition of
myocardial infarction was according
to the World Health Organization Multi-
national Monitoring of Trends and De-
terminants in Cardiovascular Disease
criteria (17). Stroke was diagnosed ac-
cording to the World Health Organiza-
tion criteria on the basis of combined
neurological signs and symptoms and
imaging examinations, including com-
puted tomography scans or MRI (18).
Confirmation of death was based on in-
formation from local government vital
statistics offices. Participants were mon-
itored until 31 December 2017 for all
outcomes.

Data Collection
Information on demographic and life-
style characteristics (age, sex, smoking
status, drinking status) and medical his-
tory (diabetes, hypertension, and CVD,
family history of diabetes, use of antihy-
pertensive and hypoglycemic drugs) was
collected via face-to-face interviews
using a standard questionnaire and up-
dated every 2 years thereafter, as de-
tailed elsewhere (12). Measurements
of height, weight, and blood pressure
were conducted by trained physicians,
following a standardized protocol. BMI
was calculated as weight (kg) divided
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by height squared (m2). Obesity was de-
fined as a BMI $28 kg/m2 (19). Physical
activity was defined as aerobic exercise
$3 times/week, for $30 min/session.
Hypertension was defined as systolic
blood pressure $140 mmHg or diastolic
blood pressure $90 mmHg, use of anti-
hypertensive drugs, or self-
reported history of physician-diagnosed
hypertension. All participants fasted for
at least 8 h, and 5 mL of venous blood
was taken on the morning of the physi-
cal examination. The levels of FBG,
LDL cholesterol (LDL-C), HDL cholesterol
(HDL-C), and serum creatinine were
measured using a Hitachi 7600 auto-
analyzer. The estimated glomerular fil-
tration rate (eGFR) was calculated using
the Chronic Kidney Disease Epidemiolo-
gy Collaboration creatinine equation
(20).

Statistical Analysis
Case subjects with new-onset type 2 di-
abetes and matched control subjects
were classified into four groups accord-
ing to onset age as follows: <45 years,
45–54 years, 55–64 years, and $65
years. Continuous variables are reported
as mean ± SD, and categorical variables
as the percentage. The baseline charac-
teristics of the case subjects with new-

onset type 2 diabetes and the matched
control subjects were compared using
the Student t test for continuous varia-
bles and the v2 test for categorical vari-
ables. The linear trend for individual
factors across type 2 diabetes onset
age-groups was conducted by assigning
the median value of each onset age-
group as a continuous variable in a sep-
arate model. A general linear model
was used for continuous variables, and
a logistic model was used for categorical
variables. The P values for trend were
calculated using the Wald test.

We calculated the incidence rates
(per 1,000 person-years) and cumulative
incidence of CVD, stroke, and all-cause
mortality among participants with new-
onset type 2 diabetes versus control
subjects across onset age-groups. Be-
cause the proportional hazards assump-
tion was violated in our analysis, we
used the weighted Cox regression
model (21), not constrained by the pro-
portional hazards assumption, to calcu-
late the average hazard ratios (AHRs)
and 95% CIs of incident CVD and all-
cause mortality among participants with
new-onset type 2 diabetes versus con-
trol subjects across onset age-groups.
The few cases of myocardial infarction
across some type 2 diabetes onset age-

groups meant there may not have been
adequate statistical power to assess the
relative risks of myocardial infarction
across type 2 onset age-groups. There-
fore, we did not present the results for
myocardial infarction in our analysis.
The multivariate-adjusted models were
further adjusted for smoking status
(never- or ever-smoker), drinking status
(never- or ever-drinker), hypertension
(yes or no), obesity (yes or no), LDL-C
(continuous), HDL-C (continuous), physi-
cal exercise (<3 or $3 times/week),
and eGFR (continuous). We used multi-
ple imputation by chained equations to
impute missing value for covariates
(22).

To assess the robustness of our find-
ings, we performed several sensitivity
analyses. First, we excluded outcome
events occurring within the first year of
follow-up to address the potential re-
verse causation. Second, to minimize
the influence of treatment with hypo-
glycemic drugs on our results, we
excluded participants who were diag-
nosed with diabetes via treatment with
hypoglycemic drugs. Third, we repeated
our analyses of incident CVD using Fine-
Gray models instead, which can account
for noncardiovascular death as a com-
peting risk. All statistical analyses were
performed using SAS 9.3 software (SAS
Institute, Cary, NC).

RESULTS

Baseline Characteristics
Participants’ baseline characteristics are
presented in Table 1. Among 10,777
participants with type 2 diabetes and
10,777 control subjects, 83.1% were
men. The mean onset age of type 2 dia-
betes was 55.8 ± 10.9 years. Compared
with control subjects, participants with
new-onset type 2 diabetes had higher
BMI, LDL-C, and eGFR, lower HDL-C and
physical exercise level, and higher prev-
alence of hypertension, obesity, and
family history of diabetes (Table 1). Par-
ticipants with younger-onset type 2 dia-
betes had higher BMI, HDL-C, and eGFR,
were more likely to be ever-smokers,
ever-drinkers, and physically inactive,
and had higher prevalence of obesity
and family history of diabetes than
those with older-onset age (Table 1). It
should be noted that for most of these
parameters, the differences were very
small, albeit statistically significant.

Figure 1—Flowchart of the current study.
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CVD and Mortality
During a median of 5.57 years (119,409
person-years) of follow-up, we docu-
mented 1,794 incident events (907 CVD
events, of which were 725 strokes, and
887 deaths). The number of missed vis-
its is reported in Supplementary Table
2. The incidence rates per 1,000

person-years of CVD, stroke, and all--
cause mortality among participants with
new-onset type 2 diabetes versus con-
trol subjects across onset age-groups
are presented in Fig. 2. We also graphi-
cally illustrated the cumulative inci-
dence of CVD, stroke, and all-cause
mortality in Supplementary Fig. 1.

After adjustment for smoking status,
drinking status, hypertension, LDL-C,
HDL-C, obesity, eGFR, and physical exer-
cise, participants with new-onset type 2
diabetes were at a higher risk of CVD
events and all-cause mortality relative
to their matched control subjects across
onset age-groups, although some of the
differences were not statistically signifi-
cant. For all-cause mortality, there was
a significant increase for all age-groups,
and that for CVD it was significantly
higher in all but the oldest age-group.
Participants with type 2 diabetes onset
age <45 years had the highest relative
risks for the study outcomes, with ad-
justed AHRs of 3.21 (95% CI 1.18–8.72)
for CVD, 2.99 (95% CI 1.01–9.17) for
stroke, and 4.79 (95% CI 1.95–11.76)
for all-cause mortality. Additionally, the
incremental risks gradually decreased
with each 10-year increase of onset
age. The corresponding AHRs of CVD
and all-cause mortality were 1.66 (95%
CI 1.18–2.31) and 2.58 (95% CI 1.79–
3.72) for age 45–54 years, 1.19 (95% CI
1.01–1.57) and 1.69 (95% CI 1.15–2.10)
for age 55–64 years, and 1.18 (95% CI
0.76–1.88) and 1.65 (95% CI 1.36–2.10)
for age $65 years, respectively (Fig. 2).

The distribution of causes of death
among participants with type 2 diabetes
and matched control subjects is pre-
sented in Supplementary Fig. 2. The num-
bers and proportions of CVD, cancer,
respiratory diseases, other, and unknown
causes of deaths were 170 (29.9%), 131
(23.0%), 33 (5.8%), 88 (15.5%), and

Figure 2—AHRs (95% CIs) for incident CVD and all-cause mortality among patients with new-
onset type 2 diabetes versus control subjects, across age-groups. The rate is per 1,000 person-
years. All models were adjusted for smoking status, drinking status, hypertension, LDL-C, HDL-
C, obesity, eGFR, and physical exercise. Y, years of age.

Table 1—Baseline characteristics of participants

Variables
New-onset type 2

diabetes
Control
subjects P value

Type 2 diabetes onset age (years) P for
trend<45 45–54 55–64 $65

Participants, n 10,777 10,777 1,530 3,497 3,840 1,910 —

Age, years 55.8 ± 10.9 55.8 ± 10.9 — 38.2 ± 6.4 50.6 ± 2.8 59.6 ± 2.8 71.6 ± 5.2 <0.01

Male sex 83.1 83.1 — 90.1 83.4 79.8 83.4 <0.01

BMI, kg/m2 26.2 ± 3.4 24.8 ± 3.1 <0.01 26.7 ± 3.8 26.1 ± 3.3 26.2 ± 3.3 25.9 ± 3.5 <0.01

HDL-C, mmol/L 1.43 ± 0.54 1.46 ± 0.46 <0.01 1.42 ± 0.60 1.46 ± 0.56 1.41 ± 0.50 1.40 ± 0.49 <0.01

LDL-C, mmol/L 2.8 ± 0.9 2.7 ± 0.9 <0.01 2.75 ± 0.97 2.77 ± 0.91 2.91 ± 0.96 2.90 ± 0.89 <0.01

eGFR, mL/min/1.73 m2 89.1 ± 23.6 88.3 ± 20.6 <0.01 101.0 ± 28.5 91.8 ± 22.1 87.7 ± 20.8 77.6 ± 21.6 <0.01

Obesity 26.7 14.3 <0.01 34.8 25.3 25.9 24.3 <0.01

Ever-smoker 40.9 40.8 0.82 54.0 51.3 34.9 23.9 <0.01

Ever-drinker 42.4 43.1 0.34 55.8 51.6 36.0 27.9 <0.01

Hypertension 62.9 45.3 <0.01 45.2 57.8 68.5 75.2 <0.01

Physical exercise 18.2 20.0 <0.01 9.4 12.1 21.8 29.3 <0.01

Family history of diabetes 4.1 2.4 <0.01 7.2 5.6 3.1 1.2 <0.01

Data are presented as mean ± SD or percentages. Characteristics were assessed in the examination cycle when new-onset diabetes was first
identified.
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147 (25.8%), respectively, in the case
subjects with type 2 diabetes, and
86 (27.0%), 74 (23.3%), 19 (6.0%), 46
(14.5%), and 93 (29.3%), respectively, in
the matched control subjects.

Sensitivity Analyses
In the sensitivity analyses, the risks of
incident CVD and all-cause mortality
among participants with new-onset
type 2 diabetes versus control subjects
across all onset age-groups remained
consistent after excluding participants
with outcome events within the first
year of follow-up (Supplementary Table
3) or excluding participants receiving
treatment with hypoglycemic drugs
(Supplementary Table 4). To account for
the competing risk of mortality, we con-
ducted a competing risk model to evalu-
ate the relationship between type 2
diabetes onset age and CVD, and the re-
sults were similar to main results
(Supplementary Table 5).

CONCLUSIONS

In the current study, we found that par-
ticipants with type 2 diabetes diagnosed
at age <45 years were at the highest
relative risks of CVD and all-cause
mortality compared with age- and sex-
matched control subjects. Furthermore,
the relative risks of CVD and all-cause
mortality gradually decreased as the on-
set age of type 2 diabetes increased by
one decade.

To date, only limited data are avail-
able for the effects of age at diagnosis
on CVD and mortality in people with
type 2 diabetes. A cross-sectional study
using data from the Australian National
Diabetes Audit (ANDA) reported that
people diagnosed with type 2 diabetes
at an older age were more likely to
have macrovascular complications (23)
by virtue of their older age. Another
Australian study indicated that younger-
onset type 2 diabetes was associated
with an increased risk of premature
death, especially from CVD (8), but this
study lacked access to the control sub-
jects and did not consider nonfatal out-
comes. In addition, using only two
onset age-groups, data from the China
National HbA1c Surveillance System
(CNHSS) showed a higher risk of nonfa-
tal CVD in people with young-onset ver-
sus late-onset type 2 diabetes (7).
Moreover, in a study from Hong Kong,

young-onset type 2 diabetes was associ-
ated with an increased risk of cardio-
vascular-renal complications compared
with late-onset type 2 diabetes at any
given age (9), whereas the association
became nonsignificant when further
adjusted for type 2 diabetes duration.
These studies, however, mainly focused
on participants with prevalent type 2 di-
abetes and did not start follow-up at
the time of diagnosis. In the current
study, new-onset type 2 diabetes oc-
curred during the follow-up period,
which might reduce the impact of po-
tential prevalence–incidence bias. In line
with our results, a more recent study
conducted by Sattar et al. (11) reported
that people with younger-onset type 2
diabetes had higher risk for mortality
and CVD outcomes compared with age-,
sex-, and county-matched control sub-
jects, but potential confounding factors
were not adjusted for. Sattar et al. (11)
also observed a higher risk of heart fail-
ure in younger-onset type 2 diabetes,
and this has been recently reported to
be an important and frequent complica-
tion of type 2 diabetes (24,25). In the
current study, we did not consider heart
failure as an outcome.

Although the underlying mechanisms
for higher risks of CVD events and all-
cause mortality among participants with
younger-onset type 2 diabetes remain
unclear, our findings are biologically
plausible. Accumulating evidence sup-
ports that type 2 diabetes in younger
people has a more rapid deterioration
of β-cell function than is seen in later-
onset type 2 diabetes (26–28). This loss
of β-cell function might result in higher
systolic blood pressure and LDL-C con-
centrations due to increased oxidative
stress and activation of the renin-angio-
tensin system, which would accelerate
atherosclerosis and increase the risk of
CVD (29–31). Another possible explana-
tion for our findings is that individuals
with younger-onset type 2 diabetes are
likely to be obese and have higher blood
glucose levels, poorer glycemic control,
and lower adherence to therapy com-
pared with those who were diagnosed
at an older age (6,32,33), which in turn
led to greater relative increases in CVD
and all-cause mortality risks.

The findings of the current study sug-
gest that preventive measures against
CVD are needed in the populations with
younger-onset type 2 diabetes, especially

for those <45 years of age. Over the
past three decades, the prevalence of
young-onset diabetes has dramatically
increased in China, resulting from in-
creases in sedentary behavior and a sub-
optimal diet (2,34). Several major studies
have shown that lifestyle interventions
in people with impaired glucose toler-
ance can prevent and/or delay the onset
of type 2 diabetes until older age and re-
duce the incidences of CVD events and
all-cause mortality (35–38). Therefore,
more intensive lifestyle modification
should be actively encouraged among
people younger-onset type 2 diabetes,
including regular physical activity, healthy
eating patterns, and weight loss. Our
study also provided valuable clinical
implications. Previous studies have re-
ported that patients with type 2 diabetes
can benefit considerably from intensive
therapy for the prevention of CVD and
death (39,40). Thus, there is an urgent
need to introduce measures to promote
the early intensive management of pa-
tients with type 2 diabetes.

The current study has several
strengths. This is a large prospective
study conducted to investigate the ef-
fect of type 2 diabetes onset age on
CVD and all-cause mortality by tracking
people from the time of diagnosis in
China. In addition, we included age- and
sex-matched control subjects without
diabetes, which could fully consider and
reduce the effects of such confounding
factors. Moreover, the entire study pop-
ulation was covered by the Municipal
Social Insurance Institution, the hospi-
tals’ discharge register, and the biennial
medical examinations, which enabled us
to track the outcome events in all
participants.

However, we also acknowledge sever-
al limitations in our study. First, the diag-
nosis of type 2 diabetes was based on a
single measurement of FBG rather than
oral glucose tolerance testing or the
measurement of hemoglobin A1c, and
therefore the incidence of type 2 diabe-
tes might have been underestimated.

Second, we did not distinguish be-
tween type 1 and type 2 diabetes in
our study. However, according to the
Chinese clinical guideline for preventing
diabetes (4), type 2 diabetes represents
95% of all cases of diabetes. In addition,
the average age at the diagnosis of
diabetes was 55.8 years in our study,
so misclassification of other types of
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diabetes was minimal. Moreover, similar
results from sensitivity analysis exclud-
ing patients being treated with hypogly-
cemic drugs can be used to strengthen
the case that our cohort is mostly type
2 diabetes, because it is unlikely that
many people with type 1 diabetes are
not using any drugs.
Third, although we adjusted for a va-

riety of factors, residual confounders
may still exist.
Fourth, the onset age of type 2 diabe-

tes was calculated as the date of the
physical examination when diabetes was
first diagnosed minus the patient’s birth
date, which have slightly differed from
the actual age at diagnosis. However, par-
ticipants in our study underwent physical
examination biennially; therefore, discrep-
ancies in the onset age would not have a
meaningful influence on the results.
Fifth, some causes of death could not

be ascertained due to the lack of a
medical diagnosis and were coded as
“unknown” in our study. Given that the
main outcome of our study was all-
cause mortality, we believe that this
would not affect the overall conclusion
regarding the importance of the age of
onset of diabetes.
Finally, all participants were employ-

ees and retirees of the Kailuan Group,
and most of them were men; thus, the
generalizability of the results is relative-
ly limited.

Conclusion
In summary, the relative risks of CVD
and all-cause mortality differ across the
age at diagnosis of type 2 diabetes, and
the associations were more evident in
participants with type 2 diabetes diag-
nosed at a younger age. Identification
and quantification of the increased risk
of CVD and all-cause mortality con-
ferred by younger-onset type 2 diabe-
tes may allow risk stratification of
people early in the condition and thus
provide greater opportunities for inter-
ventions (such as intensive therapy and
lifestyle interventions) to reduce risk
of complication-related morbidity and
mortality for this increasing population
with young-onset type 2 diabetes.
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