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BACKGROUND: We investigated the association between younger-onset type 2 diabetes, duration of diabetes, and cancer risk
based on data from the Da Qing Diabetes Prevention Outcome Study (DQDPOS).
METHODS: The analysis recruited 620 younger-onset (age≤50 years) and 649 older-onset (age>50 years) patients with type 2
diabetes, and 310 younger non-diabetes controls (age≤50 years). Multiple regression analysis was used to test the influence of
younger-onset diabetes and duration of diabetes on the long-term risk of cancer.
RESULTS: The annual incidence of all cancer among the non-diabetes, younger-, and older-onset type 2 diabetes was significantly
different (3.7, 5.5, and 4.0/1000 person-years, respectively). The standard Cox analysis revealed that the patients with younger-onset
diabetes had a significantly higher risk of cancer than those with older-onset diabetes (hazard ratio [HR]:1.81; 95% confidence
interval [CI]:1.20–2.73) and younger non-diabetic controls (HR:2.43; 95% CI:1.34–4.41) after adjustment for diabetes duration and
other confounders. Stepwise general linear regression model analysis revealed that a longer diabetes-free time was associated with
longer lifetime cancer-free years (partial R2= 0.36, p < 0.001), in addition to the non-modifiable predictor duration of diabetes.
CONCLUSIONS: Younger-onset type 2 diabetes was significantly associated with an increased risk of cancer beyond the influence
of diabetes duration.

BJC Reports; https://doi.org/10.1038/s44276-025-00142-5

INTRODUCTION
Malignant tumors are major causes of death, and their association
with type 2 diabetes has attracted much attention. Several studies
have reported that high blood sugar levels in patients with type 2
diabetes are associated with increased risks of cancer [1–4]. In
recent years, the link between type 2 diabetes and cancer risk in
the young population has become a popular topic in scientific
literature. One study reported that adolescents and young adults
with primary invasive cancer are at an increased risk of developing
type 2 diabetes [5]. Bertrand et al. recently reported that data
from five cohorts (including 257,290 women aged <55 years) did
not support the hypothesis that gestational diabetes mellitus is
a risk factor for breast cancer in young women [5]. However,
reports on the relationship between a younger age at diabetes
onset and subsequent cancer risk in long-term follow-up studies
are limited.
One recent Chinese study has reported on the relationship

between the onset age of type 2 diabetes and subsequent 8-year
risk of pancreatic cancer; however, it did not consider the
influence of diabetes duration [6]. The question of whether the
onset age of type 2 diabetes affect cancer risk beyond the

duration of diabetes remains unanswered [7]. This question is
particularly important in the Chinese population because of the
modern unhealthy lifestyle of eating more and exercising less in
the younger and middle-aged population had greatly contributed
to the apparent expansion of younger onset type 2 diabetes
population in the past 20 years. Three national diabetes surveys in
China (2002 to 2020), have consistently demonstrated a steady
increase in the prevalence of type 2 diabetes in people aged
40–50 years [7–9]. The middle-aged trend of type 2 diabetes
population may potentially increase the risk of cancer, and the
burden related to cancer treatment in China if younger-onset type
2 diabetes truly increases cancer risk.
Previously, we found that, in participants with impaired glucose

tolerance (IGT), progression to diabetes (considered a time-
dependent variable) was associated with a 121% higher risk of
cancer after adjusting for covariates [10]. The present study aimed
to investigate the association between young age at type 2
diabetes onset, duration of diabetes, and cancer risk in the
Chinese adults based on the over 30-year long-term follow-up
data from the Da Qing Diabetes Prevention Outcome Study
(DQDPOS).
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MATERIALS AND METHODS
Study design and participants
The DQDPOS is an observational prospective cohort study derived from
the original Da Qing Diabetes Prevention Study (DQDPS) which enrolled
1725 adults including people with normal and impaired glucose tolerance
(NGT and IGT), and new diagnosed type 2 diabetes (NDD) by oral glucose
tolerance tests (OGTTs) in 1986. The DQDPOS, which has been ongoing for
over 30 years, aims to investigate long-term outcomes such as death,
diabetes-related macro- and microvascular complications, and cancer. The
outcomes of death and diabetes-related macro- and microvascular
complications have been previously reported [11, 12]. The present analysis
reports the outcome of cancer in relation to the age at diabetes onset and
the duration of diabetes. The original study design and population have
been reported previously [13–16]. The present analysis recruited 1579
adults (accounting for 91.5% of the total participants of the DQDPOS), of
whom 649 (41.1%) were diagnosed with type 2 diabetes after 50 years of
age (Mean 51.1, standard deviation [SD] 8.7), 620 (39.3%) were diagnosed
with type 2 diabetes before 50 years of age (Mean 41.4, SD 6.0), and 310
(19.6%) were diagnosed without diabetes before or equal to 50 years of
age (Mean 40.0, SD 6.9) and maintaining non-diabetes over 30 follow-up
study (Supplementary Fig. 1).
Of the patients with type 2 diabetes, half had prevalent diabetes, and

the other half had incident diabetes. The remaining 146 people (in the
original NGT and IGT groups) who remained non-diabetic during the entire
follow-up period and with a baseline age more than 50 years were
excluded because they were not suitable for inclusion as non-diabetic
controls (Supplementary Fig. 1).
This study was approved by the ethics committee of Fuwai Hospital

(approve number: 2020-1390). All participants, or representatives of
deceased participants, provided written informed consent.

Identifying patients with type 2 diabetes
A diabetes survey was conducted from 1985 to 1986 in Da Qing City,
Heilongjiang Province, Northeast China. A total of 110,660 adults were
screened for type 2 diabetes and prediabetes. A total of 630 and 576
participants were identified as having NDD and IGT, respectively, by the
standard 75-g OGTT, according to the World Health Organization diabetes
diagnosis (1985) criteria [17]. Furthermore, 519 individuals with NGT and
age- and sex-matched IGT were used as controls. Finally, 1,269 patients
with type 2 diabetes (re-classified according to the American Diabetes
Association [1999] diabetes criteria [18]) were included in the present
analysis, including 659 patients with prevalent type 2 diabetes and 610
with incident type 2 diabetes. Of these, 78% (993/1269) were diagnosed by
OGTT during systemic screening and interview, and 22% (281/1269) by
physicians in clinical practice based on: elevated fasting or postprandial
glucose values in medical records; diabetes-related symptoms (such as
thirst and polyuria); and/or taking glucose-lowering medications, including
oral hypoglycemic agents and insulin [19]. Once type 2 diabetes was
diagnosed, patients were advised to regularly take medications to control
hyperglycemia, concomitant hypertension, and dyslipidemia according to
Chinese guidelines.

Identifying patients with incident cancer
Cancer outcome data were collected from all original study participants.
For those who were still alive, data on cancer diagnosis were collected
after the completion of a 6-year intervention trial and during follow-up
interviews. For deceased participants, we asked proxy informants about
the date of cancer diagnosis and the hospital where the cancer was
diagnosed. For all participants, medical records including the pathological
diagnosis of cancer, together with information from the informant
interviews, were reviewed and adjudicated independently by two doctors
to establish the underlying cause of cancer. Disagreements were resolved
by a third senior physician. Cancer- and site-specific cancer diagnoses were
based on International Classification of Diseases codes 10th (ICD10)
Revision, Clinical Modification. Among the 258 cases of cancer, 194 were
confirmed by medical records, 23 by cancer hospitals in Beijing, Shanghai,
and other big cities in China, and 32 by a tertiary A hospital in Daqing City,
where only nine cases were self-reported physician diagnosed (Supple-
mentary Table S1). Of the 1579 participants, 25 (1.6%) lost follow-up.

Statistical analysis
Participants with type 2 diabetes were stratified into two subgroups
according to the age at onset of diabetes: the younger diabetes group with

a diabetes onset age of 50 years or less (n= 620) and an older diabetes
group with a diabetes onset age of more than 50 years (n= 649). The 310
people aged 50 years or less at baseline and remaining non-diabetic over
the whole follow-up period were taken as the younger non-diabetes
control group.
Baseline characteristics are presented as means ± SD for normally

distributed continuous variables and median (IQR) for non-normally
distributed continuous variables, and as numbers and percentages for
categorical variables. We used 1986 as the baseline year for this analysis
because it was the year of enrollment of the DQDPS when incident type 2
diabetes cases were identified. The correlation between diabetes-free time
(equal to diabetes onset age) and age at cancer diagnosis was analyzed
using a multivariate general linear regression model (GLM) after adjusting
for confounders such as age, sex, body mass index (BMI), smoking status,
blood pressure, plasma glucose, and diabetes duration. Diabetes duration
was defined (in years) as the difference between the date of diabetes
diagnosis and the date of death, last follow-up, cancer diagnosis, or end of
follow-up (December 2020), whichever occurred first. Cancer-free time was
calculated from the birth year to the date of cancer diagnosis, death, last
follow-up, or the end of follow-up (December 2020), whichever occurred
first. Multivariate fractional polynomial (MFP) analysis [20] was used to test
for potential nonlinear relationships between age of onset of type 2
diabetes or diabetes duration and cancer risk. Cox proportional hazards
regression analysis was used to estimate hazard ratios (HRs) and 95%
confidence intervals (CIs) for cancers related to diabetes onset age after
adjusting for confounders. Cox regression analysis competing for non-
cancer death was used to control for the influence of premature non-
cancerous deaths on cancer development to further confirm whether the
age of diabetes onset was associated with an increased cause-specific
hazard rate for cancer [21]. The different influences of important factors,
such as diabetes duration, premature death, and smoking status, on the
association between the age of onset of diabetes and cancer risk were
tested. No evidence of violation of the proportional hazard assumption
was found (tested using the likelihood ratio test to compare models with
and without product terms between exposure and log-transformed follow-
up times). Medications for treating hyperglycemia, hypertension, and
dyslipidemia were also included as adjusted variables. The correlation
between diabetes- and cancer-free time was analyzed using a GLM
combined with stepwise analysis to evaluate the importance of diabetes
onset age and diabetes duration on the long-term or lifetime risk of cancer
[22]. All analyses were performed using SAS version 9.4 (SAS Institute Inc.,
Cary, NC, USA) and Stata SE software (version 16.0; Stata Corp.). All
statistical tests were two-sided, with a p-value of less than 0.05 indicating
statistical significance.

RESULTS
Participant characteristics
In participants with type 2 diabetes, the average age at diabetes
diagnosis (diabetes-onset age) was 52.4 ± 11.5 years and diabetes
duration were 18.3 ± 10.7 years. The average age for cancer-free
years was 70.3 ± 9.9 years in all participants. Across the two groups
with a diabetes-onset age of 50 years or less and more than 50
years, the diabetes-onset age was 42.4 ± 5.4 and 61.0 ± 8.4 years,
and diabetes duration was 27 (18–23) and 13 (6–20) 8 years,
respectively. Compared with the younger group, the older group
had a higher prevalence of hypertension, males, and smokers
(p < 0.05) and lower plasma glucose levels (p < 0.01); however,
both had a similar BMI (p > 0.05). There were 93 (13.6%) and 113
(9.3%) incident cancer cases in the younger- and older-onset
groups, respectively.
All variables at baseline were significantly lower in the younger

non-diabetic control group than in the younger diabetic group,
except for the frequency of males and smokers.
During the follow-up period, 69.1%, 42.5%, and 35.8% of

participants in the younger- onset diabetes, older-onset diabetes,
and younger non-diabetic control groups received regular
medications for hypertension and hyperlipidemia or hyperglyce-
mia, respectively. During the follow-up period, 258 cases of cancer
occurred, of which 52, 93, and 113 were in the non-diabetes,
younger-, and older-onset diabetes groups, respectively (Table 1).
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Table 1. Characteristics of type 2 DM groups with different DM-onset ages and non-DM controls.

Non-DM ≤ 50 years DM onset age ≤50
years

DM onset age >50
years

p-value p-value

n= 310 n= 620 n= 649 DM onset age
≤50 years vs.
>50 years

DM onset age
≤50 years vs.
non-DM

At baseline (1986)

Age, years 40.0 ± 6.9 41.4 ± 6.0 51.1 ± 8.7 <0.001 0.001

Male, n (%) 150 (48.5) 265 (42.7) 371 (57.2) <0.001 0.094

Smoker, n (%) 123 (39.8) 202 (32.6) 280 (43.1) <0.001 0.03

Body mass index, (kg/m2) 23.1 ± 3.1 25.6 ± 3.7 25.6 ± 3.8 0.962 <0.001

Systolic blood pressure,
(mmHg)

119.0 ± 19.6 129.3 ± 22.8 136.8 ± 24.5 <0.001 <0.001

Total cholesterol, (median
IQR, mmol/L)

4.5 (3.9–5.2) 4.9 (4.3–5.8) 5.0 (4.4–5.8) 0.931 <0.001

Triglyceride, (median IQR,
mmol/L)

0.9 (0.7–1.4) 1.5 (1.0–2.4) 1.4 (0.9–2.1) 0.153 <0.001

DM-onset age (years) NA 42.4 ± 5.4 61.0 ± 8.4 <0.001 NA

FPG (mmol/L) 4.8 ± 0.6 7.6 ± 2.9 6.4 ± 2.6 <0.001 <0.001

PG2h (mmol/L) 5.6 ± 1.7 12.9 ± 4.3 10.4 ± 4.8 <0.001 <0.001

PG2h at diagnosis of
diabetes (mmol/L)

NA 14.3 ± 4.1 12.9 ± 4.5 <0.001 NA

During follow-up (1986–2020)

Cancer

Number 52 93 113

% (95% CI)* 9.4(6.7–12.9) 13.6(10.7–17.1) 9.3(7.1–12.0) 0.244 0.482

rate /1000 person-years
(95% CI)*

3.7(2.7–5.1) 5.5(4.3–6.9) 4.0(3.1–5.2) 0.003 0.001

Medications, n (%) 111(35.8) 429(69.1) 276(42.5) <0.001 <0.001

Insulin, n (%) NA 303 (48.9) 181 (27.9) <0.001 NA

Antihypertension, n (%) 105 (33.9) 284 (45.8) 257 (39.6) 0.025 <0.001

Lipid-lowing, n (%) 90 (29.0) 233 (37.6) 215 (33.1) 0.097 0.010

DM duration, years NA 27 (18–32) 13 (6–20) <0.001 NA

Follow-up years 25.9 ± 11.9 25.5 ± 9.7 23.4 ± 10.6 <0.001 0.628

DM diabetes mellitus, FPG fasting plasma glucose, PG2h 2-h plasma glucose after 75 g of glucose load, CI confidence interval, *Age sex, smoking status, and
noncancer-related death were adjusted. NA not applicable.
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Association between diabetes-onset age and subsequent
long-term cancer risk and the influence of diabetes duration
and related factors
The 1000 person-years incidence of cancer among the non-
diabetes, younger-, and older-onset diabetes groups was 3.7 (95%
CI: 2.7–5.1), 5.5 (95% CI: 4.3–6.9) and 4.0 (95% CI: 3.1–5.2),
respectively (Table 1). The annual incidence of cancer in the
younger- and older-onset diabetes subgroups stratified by
diabetes duration were showed in Supplementary Table S2 and
Fig. S2. Patients with a diabetes duration of less than or equal to
20 years had a cancer incidence rate per 1000 person years of 9.11
(95% CI: 5.32–15.02) and 3.72 (95% CI: 2.88–5.30) in the younger-
and older-onset diabetes groups after the adjustment of age, sex,
smoking and non-cancer death (p < 0.0001), respectively, whereas
in those with a diabetes duration of more than 20 years, this
incidence was 5.67 (95% CI: 4.38–7.24) and 3.66 (95% CI:
2.15–6.05), respectively, (p= 0.043). The results clearly showed a
greater increased long-term risk of cancer in patients with
younger-onset diabetes than that in older-onset regardless of
diabetes duration. In addition, compared with individuals with
diabetes for more than 20 years, diabetes duration had a greater
influence on the association between age of diabetes onset and
cancer risk among individuals with diabetes for less than 20 years.
The results of fractional polynomial regression analysis showed

that the age of onset of diabetes (as a continuous variable) was
linearly negatively associated with subsequent cancer risk over 30
years (p < 0.001, Fig. 1a) and the duration of diabetes was

negatively associated with the risk of cancer for those who had
diabetes for more than ten years. The cancer risk was slightly
increased before ten years of diabetes duration but declined
thereafter (Fig. 1b).
In Cox regression model, the β estimate of the association

between diabetes onset age and the risk of cancer was −0.0345
after adjustment for age at baseline and sex. After adding the
adjustment of smoking status, BMI, systolic blood pressure (SBP),
and 2-h plasma glucose after 75 g of glucose load (PG2h), the β-
estimate was −0.0226. However, further adjusting for non-cancer
death, the β-estimate moved to −0.0351. Finaly, put diabetes
duration into the previous adjustment, the β-estimate drastically
increased to −0.3567 (p= 0.029, Supplementary Table S3).

Comparison of long-term cancer risk among the younger-
onset diabetes, older-onset diabetes, and younger non-
diabetes control groups
The cancer risk among the younger-onset diabetes, older-onset
diabetes, and younger non-diabetes control groups were com-
pared. In the standard Cox model, compared with the age of onset
of diabetes more than 50 years, participants with a diabetes onset
age of 50 years or less had an increased risk of cancer (HR: 1.81;
95%CI: 1.20–2.73) after the full adjustment for baseline age, sex,
BMI, SBP, PG2h, smoking status, follow-up period medications (for
treatment of hyperglycemia, hypertension, and hyperlipidemia),
and diabetes duration (Table 2 and Fig. 2). The risk of cancer in
patients with younger-onset diabetes was also higher than that in
those who were younger and non-diabetic (HR: 2.43; 95%CI:
1.34–4.41) after the same adjustment. Moreover, baseline age (HR:
1.06; 95% CI: 1.04–1.08), PG2h (mmol/l, HR: 1.09; 95% CI:
1.05–1.12), and smoking status (HR: 1.33; 95% CI 1.004–1.76) were
also significantly associated with cancer risk. The Cox analysis
competing for the influence of non-cancer death showed a similar
result: the younger-onset diabetes group had a significant higher
risk of cancer than the older-onset (HR: 1.82; 95% CI: 1.20–2.74)
and non-diabetes groups (HR: 2.43; 95% CI: 1.34–4.41) after the
same adjustment (Table 2). Regarding the influence of medica-
tions on cancer risk, the use of antihypertensives and lipid-
lowering drugs did not increase the risk of cancer (HR: 0.53; 95%
CI: 0.39–0.73 and HR: 0.41; 95% CI: 0.29–0.58, p < 0.0001,
respectively). Stepwise Cox model analysis in participants with
type 2 diabetes alone showed that diabetes onset age first
entered the model with R2= 0.28 (p < 0.001) over a 30-year follow-
up period, and with R2= 0.36 (p < 0.001) in those who with type 2
diabetes died or lived to 80 years and over (Table 3).

Correlation between diabetes- and cancer-free time
The increase in diabetes-free time (equivalent to age of onset of
diabetes in the analysis) from 42.4 ± 5.4 years to 61.1 ± 8.4 years in
the groups with diabetes-onset ages of 50 years or less and more
than 50 years (Table 1) was accompanied by a 7.8-year increase in
cancer-free time across the two groups (from 66.4 ± 9.8 to
74.2 ± 8.1 years). The general linear model assessment revealed
that the diabetes-free time was significantly positively correlated
with the cancer-free time (β-estimate=0.99, p < 0.0001) after
adjusting for age, sex, smoking status, BMI, hypertension, PG2h,
medications, and diabetes duration (Supplementary Table S4). The
stepwise regression analysis revealed that in the entire diabetes
group, diabetes-free time entered the model (partial R2= 0.28) in
the first step, followed by diabetes duration and smoking status (a
well-known risk factor for cancer), with model R2= 0.96 (Table 3).
A separate stepwise analysis among patients with diabetes who

died or lived to 80 years and over during the study period
revealed that the cancer-free lifespan was significantly associated
with diabetes-free time and diabetes duration (p < 0.0001). The
diabetes-free time first entered the model with a partial R2= 0.36
(p < 0.0001), followed by the duration of diabetes (R2= 0.60,
p < 0.0001). Age at baseline was entered into the model in the

Table 2. Comparison of long-term risk of cancer in participants with
older-onset diabetes, younger-onset diabetes, and younger non-
diabetes controls (1986–2020).

Variables HR 95% CI p-value

Standard Cox analysis (n= 1579)

Age at entry (year) 1.06 1.04–1.08 <0.0001

Sex (male=1) 1.13 0.86–1.50 0.38

Body mass index
(per 1 kg/m2)

1.03 0.99–1.07 0.08

Systolic blood
pressure(mmHg)

1.01 0.99–1.01 0.11

2-h glucose (mmol/L) 1.09 1.05–1.12 <0.0001

Smoking status (yes=1) 1.33 1.004–1.76 0.047

Insulin treatment (yes=1) 1.40 0.96–2.03 0.08

Antihypertensives (yes=1) 0.53 0.39–0.73 <0.0001

Lipid-lowing agents (yes=1) 0.41 0.29–0.58 <0.0001

Duration of diabetes (per 5
year)

0.94 0.92–0.96 <0.0001

DM (onset-age ≤50) vs. non-
DM (age≤50 years)

2.43 1.34–4.41 0.004

DM (onset-age >50) vs. non-
DM (age ≤50 years)

1.34 0.87–2.08 0.19

DM (onset-age ≤50) vs. DM
(onset-age>50)

1.81 1.20–2.73 0.0048

Plus competing for non-cancer deathsa (n= 1579)

DM (onset-age ≤50) vs. non-
DM (age ≤50 years)

2.43 1.35–4.44 0.0034

DM (onset-age>50) vs. non-
DM (age ≤50 years)

1.35 0.87–2.08 0.18

DM (onset-age ≤50) vs. DM
(onset-age>50)

1.82 1.20–2.74 0.003

aCompeting for non-cancer deaths and adjusting for the same factors as
those in the standard Cox analysis. DM diabetes mellitus, HR hazard ratio, CI
confidence interval. Dependent variable: cancer risk.
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third step with a very small partial R2= 0.002 (p= 0.039).
Interestingly, other factors such as sex, smoking status, SBP,
PG2h, and medications for the treatment of hyperglycemia,
hypertension, and dyslipidemia were not included in the model
(p= 0.10, Table 3).

DISCUSSION
This analysis, based on data from the DQDOS, which screened
110,660 adults (approximately 40% of the residents in Da Qing
city), enrolled the NDD, IGT and matched NGT groups in 1986 and
followed up to 2020, revealed a significant association between
the age of onset of type 2 diabetes and long-term cancer risk. The
age of onset of type 2 diabetes was significantly and negatively
associated with the long-term cancer risk and adults with a
diabetes-onset age of 50 years or less have a significantly higher
risk of cancer than those with diabetes-onset age more than 50
years over 30-year follow-up after adjusted for potential con-
founders including diabetes duration. Furthermore, the diabetes
onset age (diabetes-free time) was found to be positively
significantly associated with the cancer-free lifetime.
A retrospective matched cohort study in Chinese population

had reported that individuals who develop type 2 diabetes at a
young age are at a higher relative risk of any cancer than their age

and sex matched non-diabetic counterparts. Interestingly, the
biggest HR was found between diabetes and non-diabetes
controls in the age below 50 years subgroup, then the HRs
gradually declined with the increase of age of the diabetes and
control pares [23]. In consistent, our study also revealed that the
cancer risk in the younger onset type 2 diabetes compared with
the age-sex matched NGT controls but also demonstrated the
younger onset diabetes had a significant higher risk of all cancer
compared with older onset diabetes after adjustment of
confounders including diabetes duration. These findings indicate
type 2 diabetes developed before the age of 50 years are
potentially at a higher risk of cancer not only than the normal
glucose controls but also significantly higher than those devel-
oped diabetes later, which highlight that preventing type 2
diabetes before the age of 50 years is a major challenge for cancer
prevention, and prevent development of type 2 diabetes forever
or delaying the onset of type 2 diabetes in the younger population
may favor long-term cancer prevention. A nationwide cohort
study in Sweden (1964–2015) also found that a diabetes diagnosis
at less than 50 years of age was associated with a 1.9-fold
increased risk of colorectal cancer (CRC) compared to that at more
than 50 years [24]. The study further demonstrated that patients
with diabetes had a similar lifetime risk of CRC before the age of
50 years to those with only a family history of CRC. This

Table 3. Multivariate Cox regression analysis with cancer free time as a dependent variable over 30 years follow-up.

Over a 30-year follow-up period (n= 1269)

Step Variables Partial R2 R2 F value p-value

1 Diabetes onset age (years) 0.2784 0.2784 486.87 <0.0001

2 Diabetes duration (years) 0.6780 0.9564 19622.4 <0.0001

3 BMI (kg/m2) 0.0002 0.9566 5.42 0.0201

4 Antihypertension agents (yes=1) 0.0001 0.9567 3.35 0.0674

Lifetime (up to 80 years of age) (n= 888)

Step Variables Partial R2 R2 F value p-value

1 Diabetes onset age (years) 0.3647 0.3647 508.60 <0.0001

2 Diabetes duration (years) 0.5948 0.9595 12990.6 <0.0001

3 Age (years) 0.0002 0.9597 4.30 0.0385

0.8
nonDM ��50 years

DM ��50 years vs nonDM ��50 years HR: 2.43, 95% Cl 1.34–4.41, p = 0.004

DM > 50 years vs nonDM ��50 years HR: 1.34, 95% Cl 0.87–2.08, p = 0.19

DM ��50 years vs DM > 50 years HR: 1.81, 95% Cl 1.20–2.73, p = 0.0048

DM ��50 years

DM > 50 years

0.6

0.4

0.2

0

0

310
Number at risk

nonDM � 50 years
DM � 50 years
DM > 50 years
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Fig. 2 Cumulative incidence of cancer among patients with younger- and older-onset type 2 diabetes, and young non-diabetes controls.
In the Cox regression, age, sex, smoking status, BMI, and SBP were adjusted. DM diabetes mellitus, BMI body mass index, SBP systolic blood
pressure.
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emphasizes the importance of early-onset diabetes on the risk of
developing cancer prematurely. These findings indicate that in
both Chinese and Western populations, those with younger-onset
type 2 diabetes have a higher risk of cancer than those with older-
onset.
To date, there are insufficient data to determine whether the

role of blood sugar in triggering cancer is stronger in young
people than in older people. Our findings suggest that
hyperglycemia-related factors may contribute to an increased
cancer risk in young people with type 2 diabetes. First, their
lifetime diabetes-free years were shorter; hence, they were
exposed to hyperinsulinemia and hyperglycemia earlier and for
longer periods than those in the older-onset diabetes group.
Second, poor β-cell function, a key defect in diabetes, appears to
develop earlier and plays an important role in cancer develop-
ment [25]. Together, these factors demonstrate that except for
earlier hyperinsulinemia in the prediabetes stage, long-term
hyperglycemia in the younger-onset diabetes population is highly
likely to promote mitosis. Diabetes-level glucose can promote the
degradation of the cancer inhibitory protein p53 through a set of
complex and sophisticated processes, which in turn, enhances the
uptake of glucose and glycolysis by cancer cells and promotes
cancer progression [26]. Sattar et al. discussed the potential
mechanisms for the adverse effects of year loss of type 2 diabetes
diagnosis at younger ages and addressed the role of concomitant
smoking and higher BMI, in addition to higher glycemic levels, in
their study population [27]. In our study, except for higher
glycemic levels over time, the younger group was not more obese
and had fewer smokers than the older group. These findings
support the potentially important influence of better glucose
control after the diagnosis of diabetes on subsequent long-term
cancer risk [10].
Another notable finding of this study was the strong impact of

diabetes duration on the association between the age at diabetes
onset and long-term risk of cancer. The multivariate analyses
revealed that the diabetes-onset age related cancer risk was
substantially higher after adjusting for the duration of diabetes.
This indicates that diabetes duration drastically enhanced the
influence of type 2 diabetes onset age on cancer risk. Meanwhile,
in patients with a diabetes duration of 20 years or less, we found
that the incidence of cancer in the younger-onset and older-onset
diabetes groups were 9.1 and 3.7 per 1000 person years,
respectively, while in those with a diabetes duration of more
than 20 years, the incidence was 5.7 and 3.7 per 1000 person
years, respectively. This shows that the difference in cancer
incidence between patients with younger- and older-onset
diabetes varied with the duration of diabetes and that the
influence of type 2 diabetes onset age on cancer risk was much
stronger in patients with diabetes duration less than 20 years. This
suggests that there may be a population difference in the
association between age at type 2 diabetes onset and long-term
cancer risk; details of this difference may need to be determined in
future large cohort studies.
Furthermore, the age at type 2 diabetes onset was positively

and significantly correlated with cancer-free lifetime after control-
ling for traditional confounders and duration of diabetes. This
suggests that patients with older-onset diabetes have a longer
cancer-free lifetime than those with younger-onset diabetes.
Moreover, the stepwise analysis revealed that diabetes-onset age
entered the model before diabetes duration and other predictors
of cancer. These findings suggesting a potential influence of
delaying diabetes onset age on prolong cancer-free years. The
findings in patients with type 2 diabetes who died during follow-
up or lived up to 80 years of age suggest that diabetes-free time
may be recognized as a potential contributor to a longer cancer-
free life expectancy. The younger-onset diabetes group showed a
consistent and significantly higher cancer risk than the older-onset
diabetes group, even after full adjustment for covariates.

A few long follow-up studies have focused on the association
between age at diabetes onset and cancer risk, and those
accounting for the influence of diabetes duration are even rarer.
Although it is believed that the duration of diabetes is closely
associated with the age at diabetes onset clinically, finding
evidence of a constant positive association between the duration
of diabetes and the long-term risk of cancer was not easy. The
Nurses’ Health Study (1978–2014) and the Health Professionals
Follow-up Study (1988–2014) reported that diabetes duration was
significantly related to cancer risks, while the cancer risk was
reached its highest level 4–8 years after type 2 diabetes diagnosis
and then gradually decreased afterward [28]. The 34-year follow-
up of the DQDOS provides data to answer this question as it has
detailed data on both broad-range diabetes onset age and
decades-long diabetes duration. Figure 1b showed that the cancer
risk slightly increased before ten years of diabetes duration but
declined thereafter. The finding supports the results of the
previous two reports. The plausible mechanism is that the
diabetes duration in a real long-term study may be largely
affected by premature cardiovascular death related to the early
onset of type 2 diabetes. Those people with a higher rate of
premature death would miss enough time to develop cancer and
have a relatively short duration of diabetes, then those who
survived had a longer diabetes duration and maybe not have a
higher risk of cancer. Interestingly, in our study, the younger onset
diabetes group still showed a higher long-tern risk of cancer
compared with those patients with older onset diabetes even after
accounting for the competing for non-cancer death and diabetes
duration, and other traditional confounders. These results
demonstrate the potential stable influence of a younger diabetes
onset age on the long-term increased risk of cancer.

Strengths and limitations
This study has several strengths. First, this was a prospective
cohort study with an extended follow-up period of more than 30
years (24.4 years on average), with a total 31,047 person-years
contributed. Second, all participants had detailed data on their
age at type 2 diabetes diagnosis and/or cancer, and 78% of the
type 2 diabetes cases were diagnosed using the OGTT. Third, the
participants had a long lifespan, approximately 70% (876/1274) of
them had lived for at least 80 years (data not shown); thus,
reasonable diabetes- and cancer-free time data were available.
Finally, the association between age at diabetes onset and
increased cancer risk after diabetes persisted after accounting
for the effect of diabetes duration and the competing risk of non-
cancer death. This demonstrates the independent impact of
younger-onset diabetes on cancer risk beyond the longer duration
of diabetes and premature non-cancer death in the younger
population with type 2 diabetes.
However, this study also has some limitations. First, there were

no records of a family history of cancer; hence, we could not
discuss its influence on cancer risk. Second, due to the limited
number of cancer cases, we could not investigate the relationship
between site-specific cancer risk and diabetes onset. Finally, we
had inadequate data regarding medication prescriptions, includ-
ing dose changes and treatment duration. Therefore, we were
unable to discuss the benefits of these medications in detail.

CONCLUSIONS
In conclusion, younger onset type 2 diabetes is significantly
associated with an increased long-term risk of cancer in Chinese
population despite the strong and complex influence of diabetes
duration on cancer risk. This finding revealed that patients with
younger-onset type 2 diabetes had a long-term higher risk of
developing cancer than those with older-onset. Therefore, early
detection and effective prevention of type 2 diabetes in young
adults and timely cancer screening in patients with younger-onset
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diabetes may be warranted. Future studies with more detailed
patient characteristics may be warranted to adjust for more
confounding factors.
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