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Findings & Highlights
1. Patients with newly diagnosed T2DM have a higher incidence of cancer
    compared to those in the general population (both males and females).
2. Young and middle age at T2DM diagnosis was associated with a higher
    incidence of cancer, while developing T2DM over 75 years was not.
3. Our findings highlight the necessity of stratifying management of cancer
    risk for patients with T2DM based on age at diagnosis.

All-cause cancer

ARTICLE HIGHLIGHTS

� Why did we undertake this study?
Diabetes presenting at a younger age has a more aggressive nature and becomes a challenging clinical entity. However, few studies have
explored the relationship between age at diabetes diagnosis and cancer incidence.

� What is the specific question we wanted to answer?
We investigated the association of age at T2DM diagnosis with subsequent cancer incidence in a large Chinese population.

� What did we find?
Young and middle age at diagnosis of T2DM was significantly associated with a higher incidence of cancer, while developing T2DM at an age over
75 years was not.

� What are the implications of our findings?
Our findings highlight the necessity of stratifying management of cancer risk for patients with T2DM according to age of diagnosis.
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OBJECTIVE

Diabetes presenting at a younger age has a more aggressive nature. We aimed to
explore the association of age at type 2 diabetes mellitus (T2DM) diagnosis with
subsequent cancer incidence in a large Chinese population.

RESEARCH DESIGN AND METHODS

The prospective population-based longitudinal cohort included 428,568 newly di-
agnosed T2DM patients from 2011 to 2018. Participants were divided into six
groups according to their age at diagnosis: 20–54, 55–59, 60–64, 65–69, 70–74,
and $$75 years. The incidence of overall and 14 site-specific cancers was com-
pared with the Shanghai general population including 100,649,346 person-years.

RESULTS

A total of 18,853 and 582,643 overall cancer cases were recorded in the T2DM co-
hort and the general population. The age-standardized rate of overall cancer in
T2DM patients was 501 (95% CI: 491, 511) per 100,000 person-years, and the
standardized incidence ratio (SIR) was 1.10 (1.09, 1.12). Younger age at T2DM di-
agnosis was associated with higher incidence of overall and site-specific cancers.
SIRs for overall cancer with T2DM diagnosis at ages 20–54, 55–59, 60–64, 65–69,
70–74, and $$75 years were 1.48 (1.41, 1.54), 1.30 (1.25, 1.35), 1.19 (1.15, 1.23),
1.16 (1.12, 1.20), 1.06 (1.02, 1.10), and 0.86 (0.84, 0.89), respectively. Similar
trends were observed for site-specific cancers, including respiratory, colorectum,
stomach, liver, pancreatic, bladder, central nervous system, kidney, and gallblad-
der cancer and lymphoma among both males and females.

CONCLUSIONS

Our findings highlight the necessity of stratifying management for T2DM accord-
ing to age of diagnosis. As with a range of vascular outcomes, age-standardized
cancer risks are greater in earlier compared with later onset T2DM.

Type 2 diabetes mellitus (T2DM) is a metabolic disorder characterized by hyperglyce-
mia associated with obesity, insulin resistance, and subsequent complications (1,2).
The prevalence of T2DM has increased worldwide over the past 30 years, and, of
note, age of T2DM onset between 45 and 65 years has increased disproportionately
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rapidly (3,4). Compared with diabetes
developing at older ages, that presenting
at a young age has a more aggressive na-
ture and becomes a challenging clinical
entity (5–11). There are increasing re-
ports that young and middle age T2DM
diagnosis is associated with greater risk
of several complications and multimor-
bidity, including comorbidities such as
cardiovascular diseases, retinopathy, de-
mentia, and nephropathy. The earlier the
age of diabetes diagnosis, the higher the
risk of complications (5,12–14). However,
few studies have explored the associa-
tion between diabetes diagnosis age and
overall cancer incidence across a large
population. Moreover, previous studies
had insufficient numbers of specific can-
cer types to explore the relationship be-
tween age at diabetes diagnosis and
incidence of specific malignancies (15).

The current study aimed to explore the
association of age at T2DM diagnosis
with the subsequent incidence of both
overall and site-specific cancer incidence
based on a longitudinal population-based
cohort including 428,568 newly diagnosed
T2DM patients during 8 years of follow-
up in Shanghai, China. Results from a
large population-based longitudinal co-
hort will provide more authoritative evi-
dence for clinics to care for patients with
T2DM according to their age of diagnosis.

RESEARCH DESIGN AND METHODS

Study Design and T2DM Population
We assessed the epidemiological associa-
tion between T2DM diagnosis age and the
risk of cancer incidence based on 428,568
newly diagnosed T2DM patients in a longi-
tudinal population-based cohort and the
general population of Shanghai aged
20 years or older including 100,649,346
person-years (PYs) from 2011 to 2018.

The longitudinal cohort was established
based on the Shanghai Standardized Dia-
betes Management System (SSDMS) and
the malignant tumor registry system oper-
ated by Shanghai Municipal Center for Dis-
ease Control and Prevention (SCDC). All
diagnosed cases of T2DM in Shanghai
were registered in the system, including
newly diagnosed cases in community-
based screenings and previously diagnosed
cases reported by routine outpatient visits
(16). T2DM cases were diagnosed based
on fasting plasma glucose of$7.0 mmol/L
and/or a 2-h glucose (after 75 g oral glu-
cose tolerance test) level of$11.1 mmol/L

or use of glucose-lowering medication
according to the 1998World Health Orga-
nization criteria. Patients with type 1 dia-
betes were not included in the system.
Baseline information for each patient in
the SSDMS, including height, weight, blood
pressure, and fasting glucose, was collected
during an initial assessment at registration.
Information on smoking history, alcohol
consumption, and physical activity was
available from about 60% of patients in
the current system.

The malignant tumor registry was initi-
ated in 1963 and well established by the
SCDC in 2002. All cancer cases must be
registered in the system by general hospi-
tals and specialized hospitals with cancer
diagnosis qualification. The relevant tech-
nical standards issued by the International
Agency for Research on Cancer and the
relevant technical requirements issued by
the National Office of Cancer Prevention
and Treatment were used for tumor reg-
istration. The classification of tumor loca-
tion was coded according to the ICD-10
codes (Supplementary Material).

The geographic distribution of both reg-
istries includes all 16 districts of Shanghai.
From 1 January 2011 to 31 December
2018, a total of 428,568 newly diagnosed
patients with T2DM had been registered
in the SSDMS (17). The median time from
the diagnosis of T2DM to registration was
8.6 months. New cases of cancer occur-
rence were identified through the malig-
nant tumor registry system during an
8-year period. Incident cancers were de-
fined as the occurrence of any type of can-
cer from the diagnosis of T2DM to the
study end point of 31 December 2018.
This study was approved by the Ethical Re-
view Committee of SCDC in Shanghai,
China.

Statistical Analysis
Baseline characteristics were summa-
rized as the number and percentage for
categorical data and mean ± SD and
median (5th, 95th) percentiles for con-
tinuous variables. Patients with T2DM
were classified into six age of diagnosis
groups: 20–54, 55–59, 60–64, 65–69,
70–74, and $75 years. We used one-
way ANOVA for continuous variables to
test the significant difference.

The overall cancer incidence rate was
calculated for the occurrence of any
type of cancer, and the site-specific can-
cer incidence rates were calculated for

the occurrence of specific cancer types.
The crude incidence rates were the num-
ber of cancer cases that occurred during
the study period divided by the total PYs.
PYs of follow-up were calculated from the
date of T2DM diagnosis to the date of can-
cer diagnosis, loss to follow-up, or study
end point, 31 December 2018. The age-
standardized rates (ASRs; per 100,000 PYs)
were calculated using the direct method,
based on the China sixth nationwide popu-
lation census by 5-year age groups and
age-specific incidence.

The standardized incidence ratio (SIR)
with a 95% CI was calculated as the ratio
of the observed to the expected number
of cancers in each year. The expected
numbers of cancer were computed by a
weighted sum of stratified incidence rates
by sex and age from the reference popu-
lation if the population has the same can-
cer experience as a larger comparison
population designated as “normal” or av-
erage (18). The expected numbers were
defined by multiplying the accumulated
PYs of follow-up in each year by the
5-year age group cancer incidence rate in
the Shanghai cancer registry system. The
annual 5-year age group incidence of
cancer for the reference population was
calculated by dividing the number of inci-
dent cancers by the number of adults
aged 20 years or older in the Shanghai
general population for every 5-year age
group from 2011 to 2018. The 95% CIs for
the SIR were calculated based on the Pois-
son distribution. Analyses were under-
taken in participants overall and by sex.
Cox proportional hazards models were
used to compute the adjusted hazard ra-
tios (HRs) with 95% CIs of BMI, sex, fasting
plasma glucose (FPG), systolic blood pres-
sure (SBP), diastolic blood pressure (DBP),
and age at T2DM diagnosis in all T2DM pa-
tients and male and female T2DM pa-
tients. Sensitivity analysis was conducted
in 60% of patients, for whom smoking his-
tory, alcohol consumption, and physical
activity information was available.The pro-
portionality assumption was verified by
Schoenfeld residuals. The sensitivity analy-
sis was conducted to assess the effect of
death as a competing risk using the Fine
and Gray subdistribution hazard compet-
ing risk model. Statistical analyses were
performed using SAS software (version
9.4; SAS Institute, Inc., Cary, NC). P values
of <0.05 were considered statistically
significant.
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Data and Resource Availability
Patient-level data cannot be shared with-
out approval from data custodians, ow-
ing to local information governance
and data protection regulations. Addi-
tional requests for materials may be
addressed to Y.L.

RESULTS

Baseline Characteristics Across
Different Ages in T2DM Diagnosis
Groups
From January 2011 to December 2018, a
total of 428,568 (222,766 females, 51.98%)
patients with T2DM were enrolled in the
cohort, with a median (5th, 95th) follow-
up time of 4.58 (0.99, 8.00) years (Table 1
and Supplementary Table 1). The mean
T2DM diagnosis age was 63.81 ± 11.09
years overall, 62.95 ± 11.27 years in males,
and 64.61 ± 10.87 years in females (P <

0.001). Compared with T2DM patients
with age of diagnosis older than 75 years,

those with age of diagnosis less than
55 years had higher BMI (24.66 ± 3.23 vs.
24.00 ± 3.14 kg/m2, P< 0.001) and higher
FBG (7.42 ± 1.90 vs. 7.17 ± 1.60 mmol/L,
P< 0.001).

Incidence Rates of Overall Cancer
and Top 10 Site-Specific Cancers
A total of 18,853 cancer cases occurred
in the T2DM cohort during the 8 years of
follow-up. Among adults aged 20 years
or older in the Shanghai general popula-
tion from 2011 to 2018, there were
582,643 cancer cases. Table 2 showed
the crude incidence rate, ASR, and SIR of
overall cancer in the total, male, and fe-
male general populations and among
T2DM patients.

The crude incidence rate and ASR of
overall cancer were 973 of 100,000 PYs
and 501 of 100,000 PYs, respectively, in
all T2DM patients and 579 of 100,000
PYs and 394 of 100,000 PYs, respectively,

in the general population. Compared
with the general population, the relative
risks (SIRs) of overall cancer were 1.10
(1.09, 1.12) in all T2DM patients, 1.10
(1.07, 1.12) in males, and 1.11 (1.09,
1.13) in females.

Findings for the most frequent 10 site-
specific cancers among total, male, and
female T2DM patients are presented in
Supplementary Table 2. Respiratory, col-
orectum, stomach, breast, thyroid, liver,
pancreas, bladder, central nervous sys-
tem (CNS), and kidney cancers were the
most frequent 10 among all T2DM pa-
tients, while respiratory, colorectum,
prostate, stomach, liver, pancreas, blad-
der, kidney, thyroid, and lymphoma can-
cers were the most frequent cancers
among males, and breast, respiratory,
colorectum, thyroid, pancreas, stomach,
liver, CNS, gallbladder, and uterine can-
cers were the most frequent cancers
among females.

Notably, T2DM patients exhibited a
higher risk of pancreas, bladder, thyroid,
kidney, breast, colorectum, and liver
cancers compared with the general pop-
ulation, with respective SIR values of
1.45, 1.31, 1.21, 1.18, 1.17, 1.17, and
1.12. Among male T2DM patients, the
SIR values for pancreas, prostate, thy-
roid, bladder, lymphoma, colorectum,
kidney, and liver cancers were 1.42,
1.30, 1.28, 1.27, 1.26, 1.23, 1.16, and
1.09, respectively. The risk of pancreas,
uterine, thyroid, liver, breast, and color-
ectum cancers were higher among fe-
male T2DM patients, with SIRs of 1.49,
1.41, 1.19, 1.17, 1.17, and 1.09, respec-
tively. There was no observed increased
incidence of respiratory and stomach
cancers among male T2DM patients and
respiratory, stomach, CNS, and gallblad-
der cancers in female T2DM patients
relative to the general population.

Association Between Age at T2DM
Diagnosis and the Relative Risks of
All-Cause Cancer
The incidence of cancers across different
age of diagnosis groups is shown in Table 2
and Fig. 1A. The incidence of overall can-
cer increased from 540 of 100,000 PYs in
patients with age at T2DM diagnosis of
20–54 years to 783 in those with age at
diagnosis of 55–59 years, 910 with age
at diagnosis of 60–64 years, 1,134 with
age at diagnosis of 65–69 years, 1,360
with age at diagnosis of 70–74 years,

Table 1—Baseline characteristics in the newly diagnosed T2DM cohort

Total Males Females

Total N 428,568 205,802 222,766

Age at diagnosis of diabetes, N (%)

20–54 years 83,823 (19.56) 45,170 (21.95) 38,653 (17.35)
55–59 years 73,124 (17.06) 34,466 (16.75) 38,658 (17.35)
60–64 years 86,698 (20.23) 41,622 (20.22) 45,076 (20.23)
65–69 years 68,606 (16.01) 32,791 (15.93) 35,815 (16.08)
70–74 years 44,218 (10.32) 21,083 (10.24) 23,135 (10.39)
$75 years 72,099 (16.82) 30,670 (14.90) 41,429 (18.60)

Follow-up time, years 4.58 (0.99, 8.00) 4.52 (0.93, 8.00) 4.65 (1.03, 8.00)

BMI, kg/m2, average 24.43 ± 3.11 24.41 ± 2.92 24.45 ± 3.28

BMI, N (%)

<23 kg/m2 5,370 (1.35) 2,205 (1.16) 3,165 (1.54)
23–24.9 kg/m2 247,445 (62.34) 120,245 (63.01) 127,200 (61.72)
25.0–29.9 kg/m2 125,433 (31.60) 60,931 (31.93) 64,502 (31.30)
$30.0 kg/m2 18,671 (4.70) 7,458 (3.91) 11,213 (5.44)

FPG, mmol/L, average 7.26 ± 1.71 7.34 ± 1.81 7.18 ± 1.61

FPG, N (%)

<6.0 mmol/L 43,523 (11.00) 20,006 (10.54) 23,517 (11.43)
6.0–7.9 mmol/L 270,279 (68.32) 127,355 (67.07) 142,924 (69.48)
8.0–9.9 mmol/L 58,057 (14.68) 29,344 (15.45) 28,713 (13.96)
$10.0 mmol/L 23,723 (6.00) 13,166 (6.93) 10,557 (5.13)

SBP, mmHg 130.36 ± 10.18 130.13 ± 10.24 130.62 ± 10.09

DBP, mmHg 79.44 ± 6.51 79.78 ± 6.59 79.13 ± 6.43

Smoking, N (%) 38,846 (13.62) 37,851 (29.61) 995 (0.63)

Drinking, N (%) 62,211 (21.11) 49,286 (36.09) 12,925 (8.17)

Physical exercise, N (%)

Every day 38,206 (12.96) 18,127 (13.27) 20,079 (12.69)
$1 time per week 27,337 (9.27) 12,864 (9.42) 14,473 (9.15)
Occasionally 135,967 (46.13) 63,781 (46.70) 72,186 (45.64)
Never 93,229 (31.63) 41,799 (30.61) 51,430 (32.52)

diabetesjournals.org/care Li and Associates 355

https://doi.org/10.2337/figshare.24773148
https://doi.org/10.2337/figshare.24773148
https://diabetesjournals.org/care


and 1,434 with age at diagnosis of over
75 years.

Meanwhile, we have conducted the
Cox regression analysis to investigate
the factors influencing the risk of all-
cause cancer among diabetes patients,
in Supplementary Table 3, with BMI,
FPG, SBP, and DPP as continuous varia-
bles. Male, age, FPG, smoking, and
physical exercise were the impact fac-
tors of all caused cancer in patients
with type 2 diabetes. The HRs of over-
all cancer were 0.34 (0.32, 0.35) in
those with age at diagnosis of T2DM
20–54 years, 0.50 (0.47, 0.53) in those
with age at diagnosis 55–59 years, 0.63
(0.60, 0.66) in those with age at dia-
gnosis 60–64 years, 0.81 (0.77, 0.85) in
those with age at diagnosis 65–69 years,
and 0.93 (0.88, 0.98) in those with age
at diagnosis 70–74 years compared
with the patients with age at diagnosis
of T2DM $75 years old. There were
similar patterns of overall cancer in
males and females when analyzed
separately.

The relative risk of cancer was pre-
sent as SIR, and a significantly higher
SIR of 1.48 (1.41, 1.54) was observed in
those with age at diagnosis of T2DM
20–54 years, while SIRs were 1.30 (1.25,
1.35) in patients with age at diagnosis
55–59 years, 1.19 (1.15, 1.23) in those
with age at diagnosis 60–64 years, 1.16
(1.12, 1.20) in those with age at diagno-
sis 65–69 years, 1.06 (1.02, 1.10) in those
with age at diagnosis 70–74 years, and
0.86 (0.84, 0.89) in those with T2DM
diagnosis at age $75 years old. There
were similar patterns of overall cancer in
males and females when analyzed sepa-
rately (Table 2 and Fig. 1A).

Association Between Age at T2DM
Diagnosis and the Relative Risks of
Site-Specific Cancers
As with overall cancer rates, most site-
specific cancers reported in the top 10
incident cancers had an increased ASR
and decreased SIR with increasing age
of diagnosis, including respiratory, colo-
rectal, stomach, liver, pancreatic, blad-
der, CNS, kidney, and gallbladder cancer
and lymphoma. The sex stratification
of cancer incidence among most site-
specific cancers had a trend consistent
with that seen for overall cancer inci-
dence. We found increased incidences
and decreased relative risks with in-
creasing T2DM diagnosis age among

T
a
b
le

2
—
C
an

ce
r
in
ci
d
en

ce
in

Sh
a
n
g
h
a
i
g
e
n
e
ra
l
p
o
p
u
la
ti
o
n
a
n
d
th

e
n
e
w
ly

d
ia
g
n
o
se

d
T
2
D
M

co
h
o
rt

a
cr
o
ss

d
if
fe
re
n
t
a
g
e
g
ro

u
p
s

G
en

er
al

p
o
p
u
la
ti
o
n

T2
D
M

p
at
ie
n
ts

SI
R
(9
5%

C
I)

PY
s

N
u
m
b
er

o
f

ca
n
ce
r
ca
se
s

A
n
n
u
al

in
ci
d
en

ce
p
er

10
0,
00

0
PY
s

A
SR

(9
5%

C
I)

Po
p
u
la
ti
o
n

at
ri
sk

N
u
m
b
er

o
f

ca
n
ce
r
ca
se
s

A
n
n
u
al

in
ci
d
en

ce
p
er

10
0,
00

0
PY
s

A
SR

(9
5%

C
I)

To
ta
l

10
0,
64

9,
34

6
58

2,
64

3
57

9
39

4
(3
93

,
39

5)
42

8,
56

8
18

,8
53

97
3

50
1
(4
91

,
51

1)
1.
10

(1
.0
9,

1.
12

)
20

–
54

ye
ar
s

55
,1
80

,0
08

12
1,
60

5
22

0
19

3
(1
91

,
19

4)
83

,8
23

2,
21

5
54

0
32

4
(3
07

,
34

2)
1.
48

(1
.4
1,

1.
54

)
55

–
59

ye
ar
s

12
,2
85

,7
75

74
,0
57

60
3

60
3
(5
99

,
60

7)
7,
31

24
2,
72

8
78

3
78

4
(7
54

,
81

3)
1.
30

(1
.2
5,

1.
35

)
60

–
64

ye
ar
s

11
,3
28

,6
56

87
,3
06

77
1

77
2
(7
67

,
77

7)
86

,6
98

3,
47

1
91

0
91

5
(8
84

,
94

5)
1.
19

(1
.1
5,

1.
23

)
65

–
69

ye
ar
s

7,
53

1,
30

2
74

,4
48

98
9

98
8
(9
81

,
99

5)
68

,6
06

3,
26

6
1,
13

4
1,
14

6
(1
,1
08

,
1,
18

5)
1.
16

(1
.1
2,

1.
20

)
70

–
74

4,
59

4,
23

8
59

,9
03

1,
30

4
1,
30

5
(1
,2
95

,
1,
31

6)
44

,2
18

2,
60

1
1,
36

0
1,
37

4
(1
,3
22

,
1,
42

7)
1.
06

(1
.0
2,

1.
10

)
$
75

ye
ar
s

9,
72

9,
36

7
16

5,
32

4
1,
69

9
1,
69

0
(1
,6
82

,
1,
69

8)
72

,0
99

4,
57

2
1,
43

4
1,
44

9
(1
,4
08

,
1,
49

1)
0.
83

(0
.8
4,

0.
89

)

M
al
es

49
,7
80

,9
59

30
5,
03

0
61

3
39

0
(3
88

,
39

2)
20

5,
80

2
9,
99

6
1,
08

8
48

8
(4
74

,
50

3)
1.
10

(1
.0
7,

1.
12

)

20
–
54

ye
ar
s

27
,7
96

,5
54

45
,9
17

16
5

14
0
(1
39

,
14

2)
45

,1
70

1,
00

4
46

3
26

4
(2
42

,
28

5)
1.
63

(1
.5
3,

1.
73

)
55

–
59

ye
ar
s

6,
13

7,
41

8
37

,3
39

60
8

60
8
(6
02

,
61

5)
34

,4
66

1,
29

2
79

9
79

9
(7
56

,
84

3)
1.
31

(1
.2
4,

1.
39

)
60

–
64

ye
ar
s

5,
64

0,
93

4
47

,8
78

84
9

84
9
(8
41

,
85

6)
41

,6
22

1,
81

1
1,
00

2
1,
00

2
(9
56

,
1,
04

8)
1.
18

(1
.1
3,

1.
24

)
65

–
69

ye
ar
s

3,
81

2,
39

6
44

,2
68

1,
16

1
1,
16

1
(1
,1
50

,
1,
17

2)
32

,7
91

1,
89

2
1,
38

4
1,
38

4
(1
,3
22

,
1,
44

6)
1.
19

(1
.1
4,

1.
25

)
70

–
74

ye
ar
s

2,
27

5,
81

4
36

,9
22

1,
62

2
1,
62

2
(1
,6
06

,
1,
63

9)
21

,0
83

1,
54

9
1,
73

1
1,
73

1
(1
,6
46

,
1,
81

7)
1.
07

(1
.0
1,

1.
12

)
$
75

ye
ar
s

4,
11

7,
84

3
92

,7
06

2,
25

1
2,
21

0
(2
,1
96

,
2,
22

4)
30

,6
70

2,
44

8
1,
84

1
1,
84

1
(1
,7
69

,
1,
91

3)
0.
83

(0
.8
0,

0.
86

)

Fe
m
al
es

50
,8
68

,3
87

27
7,
61

3
54

6
39

9
(3
97

,
40

0)
22

2,
76

6
8,
85

7
86

8
51

3
(4
99

,
52

7)
1.
11

(1
.0
9,

1.
13

)

20
–
54

ye
ar
s

27
,3
83

,4
54

75
,6
88

27
6

24
7
(2
45

,
24

8)
38

,6
53

1,
21

1
62

7
38

5
(3
58

,
41

3)
1.
37

(1
.2
9,

1.
45

)
55

–
59

ye
ar
s

6,
14

8,
35

7
36

,7
18

59
7

59
7
(5
91

,
60

3)
38

,6
58

1,
43

6
76

8
76

8
(7
29

,
80

8)
1.
29

(1
.2
2,

1.
36

)
60

–
64

ye
ar
s

5,
68

7,
72

2
39

,4
28

69
3

69
3
(6
86

,
70

0)
45

,0
76

1,
66

0
82

6
82

6
(7
87

,
86

6)
1.
19

(1
.1
4,

1.
25

)
65

–
69

ye
ar
s

3,
71

8,
90

6
30

,1
80

81
2

81
2
(8
02

,
82

1)
35

,8
15

1,
37

4
90

8
90

8
(8
60

,
95

5)
1.
12

(1
.0
6,

1.
18

)
70

–
74

ye
ar
s

2,
31

8,
42

4
22

,9
81

99
1

99
1
(9
78

,
1,
00

4)
23

,1
35

1,
05

2
1,
03

3
1,
03

3
(9
71

,
1,
09

6)
1.
04

(0
.9
8,

1.
11

)
$
75

ye
ar
s

5,
61

1,
52

4
72

,6
18

1,
29

4
1,
26

9
(1
,2
60

,
1,
27

9)
41

,4
29

2,
12

4
1,
14

3
1,
14

2
(1
,0
93

,
1,
19

0)
0.
90

(0
.8
6,

0.
94

)

356 Age at T2DM Diagnosis and Cancer Risk Diabetes Care Volume 47, March 2024

https://doi.org/10.2337/figshare.24773148


both male and female patients in this
cohort (Fig. 2, Supplementary Table 4,
and Supplementary Fig. 1).
As far as hormone-related cancers, pros-

tate cancer in males had the same trend
seen with overall cancer. The incidence of
breast cancer was higher among female
patients with age of diabetes diagnosis
55–74 years, while no significant trend
was found in male patients, because of
limited cases. The SIR of uterine cancer in
females increased in T2DM diagnosis age
20–54 years, while the incidence of uter-
ine cancer was higher among female
patients with age of diabetes diagnosis
55–74 years. However, The ASR and SIR of
thyroid cancer decreased with increasing
age of T2DM diagnosis in both male and

female patients (Supplementary Table 4
and Supplementary Fig. 2).

Compared with the patients with age
at diagnosis of T2DM $75 years old, the
patients with lower age at diagnosis of
T2DM have lower HRs of most site-specific
cancers, including respiratory, colorectal,
stomach, liver, pancreatic, bladder, and
gallbladder cancer and lymphoma. The HR
of thyroid cancer increased with decreas-
ing age of T2DM diagnosis in both male
and female patients (Supplementary
Table 3).

Effect of BMI on the Risks of Overall
and Site-Specific Cancers
The associations of age at diabetes diag-
nosis and relative cancer risk among

patients with different BMI groups were
similar to the overall results. Compared
with the general population, young and
middle age at diagnosis of T2DM were
associated with higher incidence of
overall cancer, and relative risks were
decreased with increasing age at diagno-
sis among T2DM patients with BMI
<25, 25 # BMI <30, and BMI $30
(Fig. 1B).

Compared with patients with BMI
<25, the HRs of overall cancer of pa-
tients with 25 # BMI <30 and BMI $30
were 0.99 (0.96, 1.03) and 1.06 (0.98,
1.14), respectively, in all patients, 0.98
(0.93, 1.02) and 0.91 (0.80, 1.02), respec-
tively, in male patients, and 1.19 (1.08,
1.30) and 1.02 (0.97, 1.07), respectively,

Figure 1—All-cause cancer incidences and relative risks across different age at T2DM diagnosis groups and the relative risks of all-cause cancer
among patients with BMI <25, 25# BMI<30, and BMI$30. A: ASR. B: SIR.
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in female patients. The incidence of thy-
roid cancer increased in all T2DM pa-
tients with 25 # BMI <30 and BMI
$30. The incidence of breast and uter-
ine cancer increased in female patients
with 25 # BMI <30 and BMI $30,
while, in male patients with 25 # BMI
<30, the incidence of prostate cancer
increased (Supplementary Fig. 3).
Sensitivity analysis using data from
about 60% patients with smoking his-
tory, alcohol consumption, and physical
activity showed similar patterns of
overall cancer and most site-specific
cancers, except there was no signifi-
cant trend in thyroid cancer among
male T2DM patients. (Supplementary
Fig. 4).

Sensitivity Analysis of the First
Occurrence of Cancer and All
Cancers After Diagnosis of T2DM
In the study, some participants had
multiple cancer cases after the diag-
nosis of T2DM. However, all cancers
included in the calculation occurred
independently, instead of being meta-
static cancers. A total of 18,149 pa-
tients in this study developed 18,853
cancers after the diagnosis of diabe-
tes. Among them, 17,532 patients had
one cancer, 533 patients suffered two
cancers, 81 patients suffered three
cancers, and three patients each had
four cancers.

We further conducted a sensitivity
analysis using the results of the first

occurrence of cancer and all cancers
definitions in Supplementary Table 5;
the association between age at diagno-
sis of diabetes and incidence of all-
cause and site-specific cancer subtypes
is similar in both methods of cancer
calculation.

CONCLUSIONS

To the best of our knowledge, this study is
the first to examine the association be-
tween age at T2DM diagnosis and the in-
cidence of multiple types of cancer. We
found that overall cancer incidence was
higher in T2DM patients than in the gen-
eral Chinese population. Compared with
the general population, young and middle

Figure 2—Site-specific cancer incidence and relative risks across different age at T2DM diagnosis groups.
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age at diagnosis of T2DMwas significantly
associated with a higher incidence of
overall cancer, while patients developing
T2DM at an age over 75 years did not
show increased risk.The BMI stratification
among the overall cancer population
showed a consistent trend.Taken together,
these findings highlight the importance
of treatment target recommendations on
stratified man-agement for T2DM patients
according to their age at diagnosis.
The association between T2DM and

cancer incidence has been widely dis-
cussed (19–21). Participants with T2DM
in the China Kadoorie Biobank study had
increased risks of total and certain site-
specific cancers; HRs were 1.13 for total
cancer, 1.51 for liver cancer, 1.86 for pan-
creatic cancer, and 1.21 for female breast
cancer (22). Our study found that T2DM
was associated with a 10% increased risk
of all-cause cancers, which was consistent
with other observational studies (22,23).
Specifically, T2DM patients had a higher
incidence of pancreas, bladder, thyroid,
kidney, breast, colorectum, and liver can-
cers compared with the general popula-
tion. Previous studies have investigated
the association between age at diabetes
diagnosis and a series of subsequent
complications, including CVD, retinopa-
thy, dementia, nephropathy, and mortal-
ity (12–14,24–26). However, few studies
explicitly considered the association be-
tween cancer incidence and age at diabe-
tes diagnosis. One prospective study with
125 all-cause cancer cases illustrated a
mildly elevated risk of cancer in women
with diabetes onset earlier in child-
hood (15). Studies of specific types of
cancer suggested that early-onset dia-
betes confers a higher relative inci-
dence of pancreatic cancer and colon
cancer than late-onset diabetes (27,28).
A national study found slightly lower can-
cer mortality in patients with T2DM diag-
nosed before 40 years of age, but a
significantly higher CVD mortality (29).
However, given their heterogeneity of
study design and populations, whether
T2DM diagnosis age affected all-cancer
risk remained unsubstantiated.We found
that the incidence of overall and most
site-specific cancers increased with age at
diagnosis of T2DM patients. Even more
interesting is that our results suggest that
the relative risk of overall cancer was
highest in the patients whose T2DM was
diagnosed at a younger age, and these
risks decreased with increasing age at

diagnosis, so that, for patients with T2DM
diagnosed at over 75 years of age, overall
cancer incidence risk was even lower
than that in the general population.

Although observational results sug-
gest that individuals with young-onset
T2DM seem to have a higher risk of
complications, the potential reasons for
this excess risk are unclear. There are
several possible explanations for youn-
ger age at diagnosis of diabetes being
an important predictor for subsequent
adverse outcomes. Younger age of diag-
nosis of T2DM is associated with worse
metabolic status (1). Accumulating data
suggest that young-onset T2DM has a
more rapid deterioration of b-cell func-
tion than that in later-onset T2DM
(9,11,30,31). We found, in our study,
that those with age of diagnosis less
than 55 years had higher FBG compared
with T2DM patients with age of diagno-
sis older than 75 years. It is well known
that high blood glucose is a risk factor
for future CVD and cancers (19,32,33).
Furthermore, earlier studies show that
young people with T2DM had higher fat
content in liver and muscle, in associa-
tion with higher BMI and Homeostatic
Model Assessment for Insulin Resis-
tance, than that in older adults with
T2DM (11). After following 228,073 eli-
gible participants in the Nurses’ Health
Studies, Zhang et al. (34) found that in-
cident early-onset type 2 diabetes was
associated with increased risk of early-
onset total cancer and diabetes- and
obesity-related cancer in females, es-
pecially in those with higher BMI at
18 years of age. We also found that
those with age of T2DM diagnosis less
than 55 years had higher BMI in our co-
hort. Moreover, BMI $ 25 had more ef-
fect on certain cancers, such as thyroid
cancer in all patients, breast and uterine
cancer in female patients, and prostate
cancer in male patients. Thus, given the
oncogenicity of obesity and insulin resis-
tance, more severe hyperinsulinemia in
the young appears to promote cancer
development, especially in the patients
with earlier-onset T2DM (1). Therefore,
these findings from the observational
data set highlight the importance of
combating obesity and insulin resistance
in young people, in order to postpone
T2DM onset and prevent subsequent
certain cancers.

The sex stratification among most site-
specific cancers had a trend consistent

with the overall cancer, including respira-
tory, colorectum, stomach, liver, pancre-
atic, bladder, CNS, kidney, and gallbladder
cancer and lymphoma. As for hormone-
related cancers, prostate cancer is the
most frequently diagnosed cancer and the
second leading cause of death among
American men (35). In our study, prostate
cancer was the third most frequently diag-
nosed cancer and had the same trend as
overall cancer. Breast cancer is the most
common cancer, and uterine cancer is the
tenth most common cancer among Chi-
nese female T2DM patients in this cohort.
Although there were very different trends
among breast and uterine cancer in fe-
males, the incidence of breast and uterine
cancer was higher among patients with di-
agnosis of T2DM at 55–74 years old. BMI
remains the most crucial factor for these
hormone-related cancers, and T2DM pa-
tients with BMI$ 25 hadmore incidences
of thyroid, prostate, breast, and uterine
cancers.

Our study has several strengths. Firstly,
leveraging a large, newly diagnosed T2DM
cohort of 428,568 patients with 8 years of
follow-up and the comparison Shanghai
general population aged 20 years or older
with more than 100 million PYs desig-
nated as “normal” or average, we were
able to detect even small differences in
cancer incidence and to evaluate the rela-
tive risks in an extensive range of sub-
types. Secondly, in order to ensure the
integrity of the reported cancer informa-
tion, the SCDC regularly organized 16 dis-
trict centers including 241 community
health centers to carry out missing report
investigations at relevant medical institu-
tions every year. The prevalence of miss-
ing reports was found to be 0.5%. Thirdly,
we conducted a sensitivity analysis and
found the associations are similar in ei-
ther including only the first occurrence of
cancer (sensitivity analysis) or all cancers
(primary analysis) after the diagnosis of
T2DM.

Our findings should be interpreted in
the light of the limitations. Information
on smoking history, alcohol consump-
tion, and physical activity was available
for approximately 60% of patients in
the current system. We conducted a
sensitivity analysis and found the BMI
stratification effect on the risk of all-
cause cancer was similar among T2DM
patients for whom smoking history, al-
cohol consumption, and physical activity
information was available and among
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all T2DM patients. Because of the exclu-
sion from the registry of people with
prevalent diabetes, the results may only
be applicable to those surviving longer
than average for the T2DM population,
and thus potentially of less relevance to
the general population with diabetes. It is
not possible to incorporate the competing
risk of death in this study, as we lack such
information for the general population.
However, SIR is a standard methodology
and allows for comparison between other
studies. This is observational evidence,
and it would take further evaluation to
translate findings to clinical practice. De-
spite the 8 years of follow-up, patients
with young-onset T2DM had not yet
reached an age when cancers are more
prevalent. Continuing follow-up will allow
further examination of the association
between age at T2DM onset and cancer
incidence.

In conclusion, we found a negative as-
sociation of age at T2DM diagnosis with
subsequent relative risk of overall cancer
and most site-specific cancers. Our find-
ings suggest that the carcinogenicity of
T2DM differs markedly by age at diagno-
sis and highlight the necessity of stratify-
ing patients according to diagnosis age in
management, screening, and preventa-
tive strategies. More aggressive cancer
risk screening in patients developing dia-
betes mellitus at young and middle age
and delaying the age of T2DM appear-
ance by combating obesity or insulin re-
sistance would be effective methods for
reducing the subsequent cancer inci-
dence. As for many elderly patients with
newly diagnosed T2DM, reassessment of
screening and treatment goals might be
helpful.
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