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Abstract

Background In people with prediabetes, the link between developing type 2 diabetes (T2D) and cancer risk
among those with impaired glucose tolerance (IGT) remains uncertain. We examined this association in IGT indi-
viduals from primary care in South and West Auckland, New Zealand, spanning 1994-2019, assessing 5- and 10-year
cancer risks.

Methods Study cohorts were extracted from the Diabetes Care Support Service in Auckland, New Zealand, linking it
with national registries for death, cancer, hospital admissions, pharmaceutical claims, and socioeconomic status. We
compared cancer risks in individuals with IGT newly diagnosed with or without T2D within a 1-5-year exposure win-
dow. Employing tapered matching and landmark analysis to address potential confounding effects, we formed com-
parative IGT cohorts. Weighted Cox regression models were then employed to assess the association between T2D
onset and 5- and 10-year cancer risks.

Results The study included 26,794 patients with IGT, with 629 newly diagnosed with T2D within 5 years and 13,007
without such a diagnosis. Those progressing to T2D had similar 5-year cancer risk but significantly higher 10-year risk
(HR 1.35; 95% Cl 1.09-1.68). This association was stronger in older individuals, the socioeconomically deprived, current
smokers, those with worse metabolic measures, and lower renal function. Patients with IGT of NZ European ethnicity
had lower 10-year cancer risk.
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Conclusions T2D diagnosis influences cancer risk in individuals with IGT. Developing risk scores for high-risk IGT
individuals and implementing cancer screening and structured diabetes prevention, especially in deprived or minor-

ity ethnic populations, is essential.

Keywords Impaired glucose tolerance, Type 2 diabetes, Cancer, Tapered matching, Landmark analysis, New Zealand

Background

Cancer is a leading cause of death worldwide, accounting
for nearly 10 million deaths in 2020 alone [1]. The burden
of cancer is expected to rise in the coming years, with
an estimated 28.4 million new cancer cases predicted by
2040 [1]. Type 2 diabetes (T2D) is also a significant pub-
lic health concern globally, with an estimated 463 million
people living with the condition in 2019 [2]. There is a
growing body of evidence that suggests an increased risk
of several types of cancer in individuals with T2D com-
pared to the general population [3].

Impaired glucose tolerance (IGT) is a pre-diabetic state
in which blood glucose levels are higher than normal but
not high enough to be classified as T2D [4]. To date, sev-
eral studies have examined the association between pre-
diabetes or IGT and the risk of cancer [5] and the risk
of cancer death [6-9] [10] with mixed results. A meta-
analysis reported that individuals with prediabetes or
IGT had a significantly higher risk of developing cancer
compared to those with normal glucose levels, as IGT
was associated with an overall 25% increased risk of can-
cer [11]. Recently In a Chinese general population, it was
also found that individuals with IGT had a significantly
increased risk of cancer [12].

However, no study has specifically investigated the
association between the development of T2D and the
risk of cancer in individuals with IGT, investigating the
mediating effect of the onset of T2D in the association
between IGT and cancer [13] [14]. Therefore, our study
aims to fill this gap in the literature by using a novel land-
mark analysis with tapered matching strategies within a
large IGT cohort to investigate the association between
the onset of T2D and the risk of common adult cancers
in New Zealand (NZ).

Methods

Data setting

The Diabetes Care Support Service (DCSS) was created
in 1991 to improve diabetes care in West, East and South
Auckland, NZ via general practice audits [18]. The DCSS
also collected data on those with IGT. For this study, we
identified a cohort of patients aged 18 years and above
with IGT by linking the de-identified DCSS database
with national cancer and death registration, hospitaliza-
tion, pharmaceutical claim, and socioeconomic status
data.

IGT was diagnosed using the 2-h glucose of 7.8-
11 mmol/L on an oral glucose tolerance test (OGTT)
[15]. The final dataset included demographics, clinical
measurements (smoking, blood pressure (BP), body mass
index (BMI), HbAlc, and lipids), and treatment (e.g.,
antihypertensive, statin, antiplatelet, and/or anticoagu-
lant treatment). We validated the data through internal
quality control policies and audits [16—18]. To cross-vali-
date the prescription data in DCSS, we used pharmaceu-
tical claims data from 2006 onwards as National Health
Index numbers were not universal before then. We
included data for all patients from their first DCSS enrol-
ment date until their last enrolment on 31/7/2018. The
North Health Ethics Committee approved the DCSS for
research purposes in 1992, and then as an ongoing audit
in 1996 (92/006). The ethics review was waived on March
25, 2019. We used anonymized data for this analysis, and
signed consent was provided by an authorized signatory
for each general practice. This manuscript adheres to the
Strengthening the Reporting of Observational Studies in
Epidemiology (STROBE) reporting guideline.

Exposure

We identified patients with IGT and classified them
based on exposure to T2D. Exposure was defined as
newly diagnosed T2D recorded in any linked dataset. A
landmark analysis was conducted to examine the effect
of T2D onset on the risk of cancer. The analysis involved
selecting a fixed time after cohort entry to conduct a sur-
vival analysis. Only patients with IGT who were alive at
the landmark date were included, and T2D onset was
based on exposure before the landmark date. Exposure
was only evaluated during the exposure window, which
was between the index date and the landmark time
point. The outcome was then assessed from the land-
mark time point. Five landmark time points were deter-
mined a priori, specifically at 1, 2, 3, 4, and 5 years after
the cohort enrolment date. Exposure status was assigned
for patients with IGT who were still alive at the landmark
dates. The method of landmark analysis was illustrated in
Supplemental Fig. 1.

Outcome

The study assessed incident primary cancers as the out-
come of interest. Incident cancer was defined as the first
coded case of cancer recorded in the linked datasets,
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occurring during the follow-up period since the land-
mark time point, to mitigate potential information bias.
Participants with IGT were followed up until an outcome
of interest occurred or until December 31, 2019, for
those without any outcome of interest. Outcomes were
identified using primary International Classification of
Diseases, Ninth Revision (ICD-9) and ICD-10 codes.

Covariates

The potential confounding factors, including patient
demographic characteristics (age, sex), lifestyle factors
(smoking status), clinical measurements BMI, BP, HbAlc,
lipids, eGFR), and treatments such as antihypertensive,
anticoagulant, and lipid-lowering drugs at baseline, were
considered as covariates in the analysis. The NZDep2013
Index of Deprivation, which provides an index of multi-
ple deprivation (IMD) score for each meshblock in NZ
based on the distribution of the first principal compo-
nent scores, was used to define the socioeconomic status
of participants [19]. The IMD score ranges from 1 to 10,
with lower scores indicating less deprivation. To ensure
sufficient statistical power, the IMD was categorized into
five groups: IMD-1 (least deprived: NZDep2013 scores of
1-2), IMD-2, IMD-3, and IMD-4 (scores of 3—4, 5—-6, and
7-8, respectively), and IMD-5 (most deprived: scores of
9-10). These categories were consistent with prior depri-
vation measures.

Statistical analysis

We employed tapered matching techniques to address
confounding [20]. This approach evaluated the impact
of T2D onset on the risks of cancers between focal
(exposed: IGT with T2D onset during the exposure time
window) and control (IGT without T2D onset during the
exposure time window) groups using entropy balancing.
This method involved gradually matching the control
cohort to the focal cohorts using additional covariates
and observing how the matched cohort changed with
respect to hazard ratios (HRs) and unmatched covariates.

To minimize model dependence and the possibility of
irresolvable imbalances between comparative groups,
we used coarsened exact matching (CEM) to limit the
comparison of patients in comparative groups to areas of
common support before tapered matching and balancing
[21, 22]. For each of the five years of landmark analysis,
ten matching steps were performed, and patients with
IGT in the comparative groups who were matched on the
tenth step were retained (Supplemental Fig. 2—6).

We restricted the analysis to participants with areas
of common support and used entropy balancing to
minimize differences in matching variable distribution
between comparison groups. Entropy balancing involves
the maximum entropy reweighting of the unexposed
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group by directly incorporating covariate balance into
the weight function, in which the matched sample is
reweighted in each matching step to achieve key tar-
get moments such as mean, variance, and skewness.
All pre-processing was conducted without reference to
outcomes.

We applied weighted Cox proportional hazards regres-
sion, incorporating matching weights estimated from
each matching step by entropy balancing, to account for
competing risk of all-cause death (except deaths due to
incident cancer). The analysis estimated the relative risk
of cancer between comparison groups. Missing data
were minimal, and multiple imputations with chained
equations were performed on six imputed datasets using
Robin’s rule. Subgroup analysis was also processed by
sex, age-group, NZE, deprivation status, smoking status,
obesity, levels of clinical measurements (SBP, TC, LDL,
and eGFR). Subgroup analyses employed a test of interac-
tion to investigate whether there was evidence indicating
a differential impact of T2D onset on the risk of cancer
across subgroups. Analyses were conducted using Stata/
MP version 17.0 (StataCorp LLC), and statistical signifi-
cance was set at P<0.05 (two-tailed).

Results

A total of 26,794 patients with IGT were initially included
in the study conducted by DCSS from 1994-2018. Par-
ticipants with a history of outcomes, death, or loss of
follow-up between the enrolment date and the landmark
time point were excluded. Through 10 matching steps,
matched cohorts of patients with and without the onset
of T2D were created for 1-, 2-, 3-, 4-, and 5-year land-
mark analysis (Supplemental Fig. 2—6). The number of
participants in the exposed vs. unexposed group were
112 vs. 1435, 254 vs. 2,872, 385 vs. 3,818, 477 vs. 3,922,
and 511 vs. 3,336 controls, respectively.

Supplemental Table 1 and Table 1 display the charac-
teristics of individuals with IGT with and without the
onset of T2D before and after matching. After tapered
matching, particularly entropy matching, no significant
differences were detected in the variables included in
the matching process between patients with IGT with
and without the onset of T2D for all landmark analyses
(Table 1), indicating successful matching.

Table 2 presents the results of the landmark analyses,
which show that the 5-year risk of cancer decreased over
time for both the exposure and non-exposure groups. In
the exposure group, the 5-year risk decreased from 22.92
(95% confidence interval: 11.44—41.00) per 1,000 person-
years at the 1-year landmark analysis to 3.19 (1.38-6.29)
at the 5-year landmark analysis. Similarly, in the non-
exposure group, the 5-year risk decreased from 10.55
(8.10-13.49) to 2.56 (1.84—3.46) over the same period.
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Table 2 5-year and 10-year rates of any cancer among patients compared between people with impaired glucose tolerance with and
without the onset of type 2 diabetes after coarsened and exact matching for 1-5 year landmark analysis

5-year risk

10-year risk

Exposure: with onset of
T2D

Rate (95% Cl), per 1,000
person-years

Non-exposure: without
onset of T2D

Rate (95% Cl), per 1,000
person-years

Exposure: with onset of Non-exposure: without
T2D onset of T2D

Rate (95% Cl), per 1,000
person-years

Rate (95% Cl), per 1,000
person-years

1-year landmark analysis  22.92 (11.44-41.00) 10.55 (8.10-13.49) 24(11.31-36.32) 11.51(9.16-14.26)
2-year landmark analysis 1640 (9.72-25.93) 9.10 (7.47-10.98) 17.34 (11.22-25.59) 10.07 (8.50-11.84)
3-year landmark analysis 1231 (7.62-18.82) 550 (4.42-6.76) 13.18 (8.89-18.81) 7.02 (5.90-8.29)
4-year landmark analysis  6.28 (3.44-10.54) 3.57 (2.76-4.56) 857 (5.60-12.56) 5.35 (4.44-6.39)
5-year landmark analysis  3.19 (1.38-6.29) 2.56 (1.84-3.46) 51(4.95-10.91) 446 (3.61-544)

Clindicates confidence interval. T2D indicates type 2 diabetes

For the 10-year risk of cancer, the results were simi-
lar, with both the exposure and non-exposure groups
showing a decreasing risk over time. Specifically, the
10-year risk in the exposure group decreased from 21.24
(11.31-36.32) per 1,000 person-years at the 1-year land-
mark analysis to 7.51 (4.95-10.91) at the 5-year landmark
analysis. In the non-exposure group, the 10-year risk
decreased from 11.51 (9.16-14.26) to 4.46 (3.61-5.44)
over the same period.

After final step-10 matching, the final adjusted haz-
ard ratios (HRs) for the 5-year risk of cancer compar-
ing individuals with and without the onset of T2D
decreased over the length of the landmark periods
from 1.51 (0.68-3.32) at the 1-year landmark analysis
to 1.16 (0.61-2.20) at the 5-year landmark analysis (see
Fig. 1 and Supplemental Fig. 7). For the 10-year risk of
cancer, the final adjusted HRs comparing individuals
with and without the onset of T2D increased over the
length of the landmark periods from 1.21 (0.76-1.92) at
the 1-year landmark analysis to 1.35 (1.09-1.68) at the

5-year risk of cancer
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5-year landmark analysis (see Fig. 1 and Supplemental
Fig. 8).

In the stratified 5-year landmark analysis, the signifi-
cant association between onset of T2D and risk of cancer
was not found (see Fig. 2). For the 10-year cancer risk, the
adjusted HR was significantly higher patients aged less
than 57 years, those with non-NZE ethnicity, the most
deprived, smokers, obese individuals, those with higher
SBP and HbAlc levels, higher TC, and lower eGFR (see
Fig. 2).

Discussion

The present study investigated the association between
the development of T2D within 1 to 5 years and the 5-
and 10-year risk of cancer using landmark analysis in a
population with impaired glucose tolerance in Auckland,
NZ. The results showed increased final adjusted hazard
ratios (HRs) for the 10-year risk of cancer comparing
individuals with and without the onset of T2D increased
from 1.21 at the 1-year landmark analysis to 1.35 at the

10-year risk of cancer
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Fig. 1 Adjusted hazard ratio for 5- and 10-year risk of cancer at 1-, 2-, 3-, 4-, and 5-year landmark (final tapered matched models)
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5-year risk 10-year risk
Hazard ratio Hazard ratio
Subgroup (95% CI) P_interaction Subgroup (95% CI) P_interaction
Men e o 0.80 (0.21, 3.05) 146 Men - 1.31(0.84, 2.03) 0642
Women —_— 1.23 (0.33, 4.57) Women —_—— 1.55 (1.09, 2.21)
Age<57 years <+ 2.18(0.48, 9.84) A73 Age<57 years —_—— 2.50 (1.06, 5.91) .016
Age=57 years=——————————————1— 0.37 (0.11, 1.30) Age=57 years — 1.16 (0.57, 2.36)
Non-NZE —_— 2.23(0.63, 7.82) 212 Non-NZE [——— 1.55 (1.02, 2.38) .0378
NZE —_——r 0.70 (0.20, 2.41) NZE - 1.27 (0.85, 1.92)
Least 0.54 (0.15, 1.94) .453 Least deprivation —_—1 1.15(0.71, 1.86) .0229
Most g 1.39(0.37, 5.18) Most deprivation —— 1.49 (1.01, 2.19)
N ke + 0.69 (0.18, 2.64) .545 Non-smoker —_— 1.25(0.71, 2.18) .0311
Ex/current smoker —_— 1.57 (0.51, 4.89) Ex/current smoker —— 1.51 (1.02, 2.25)
Non-ob * 0.76 (0.17, 3.36) 438 Non-ob: * 0.67 (0.33, 1.34) 0158
Obesity B e 1.41(0.37, 5.37) Obesity —_— 2,04 (1.11,3.72)
SBP< 130mmHg + 0.85(0.17, 4.16) 751 SBP< 130mmHg —_— 1.10 (0.71, 1.71) .0316
SBP=130mmHg - 1.20 (0.27, 5.28) SBP=130mmHg — 1.57 (1.15, 2.15)
HbA1 ,g 0.69 (0.16, 2.99) 74 HbA1c<42mmol/mol —_—— 0.76 (0.42, 1.38) .002
HbA1c=242 1.20 (0.39, 3.64) HbA1¢=42 mmol/mol —— 1.43 (1.04, 1.97)
TC<56 mmoll. ~———p————— 0.59 (0.14, 2.54) 531 TC<5 mmol/L —— 1.15(0.78, 1.71) .025
TC=5 mmoliL —_—— 1.29 (0.34, 4.90) TC25 mmol/L —a—— 1.65 (1.01, 2.69)
LDL<3 * 0.57 (0.10, 3.07) 692 LDL<3 mmol/L —_— 1.47 (0.75, 2.88) .068
LDL=3 mmol/L —_—— 1.33 (0.35, 5.05) LDL=3 mmol/L —_—— 1.60 (1.10, 2.33)
eGFR<90mI/min/1.73m2 —_— 1.22(0.34, 4.44) 782 eGFR<90mI/min/1.73m2 —— 1.80 (1.04,3.10) .012
eGFR: in/1.73m2 + 0.78 (0.17, 3.57) eGFR=90ml/min/1.73m2 —_— 0.94 (0.63, 1.39)
T T T T
125 1 8 125 1 8

Fig. 2 Stratified adjusted hazard ratio for 5- and 10-year risk of cancer at 5-year landmark (final tapered matched models)

5-year landmark analysis. Our stratified analysis further
highlights the importance of cancer prevention meas-
ures in the IGT population, such as smoking cessation,
lifestyle modification, and screening strategies, especially
in individuals who are male, younger than 57 years, from
non-NZE ethnicities, and are more deprived. These find-
ings have important implications for the management of
IGT patients and emphasize the need for targeted cancer
prevention interventions in this population.

Previous studies have investigated the association
between IGT and the risk of cancer in the Swedish
general population, and the association between IGT
in the Japanese general population [10], the Mauri-
tius general population [9], the Finnish general popu-
lation [8], the Italian general population [6], and the
US general population [7], with varied estimations. A
recent meta-analysis showed that individuals with IGT
have a higher risk of cancer compared to those with
normal glycaemic status (RR: 1.25, 95% CI: 1.02-1.53)
[11]. However, few studies have investigated the asso-
ciation between the newly development of T2D and the
risk of cancer among individuals with IGT. The present
study is the first study to investigate this association
and suggests that individuals with IGT who develop
T2D have a significantly higher risk of cancer, particu-
larly over the long-term risk (10-year risk), even after
accounting for common confounding factors and the
competing risk of death from other causes (excluding
cancer-related death). Our findings suggest the onset of
T2D may play a role in the development of cancer in
the population with IGT.

A potential interpretation of the observed increased
risk among individuals with IGT who developed T2D
could be that T2D and cancer may share common risk
factors, such as obesity, socioeconomic deprivation,
physical inactivity, and poor diet, which may increase
the risk of both conditions [3] [23]. In the current study,
BMI and socioeconomic deprivation have been largely
ruled out by the tapered matching models. Although
ethanol consumption is strongly associated with socio-
economic status and smoking status, which could serve
as surrogates for ethanol consumption and were bal-
anced in the analysis, it is important to note that there
is a lack of information in the dataset regarding ethanol
consumption, which is a major factor linked to other
unadjusted factors in carcinogenesis. Data relating to
physical activity and diet/nutrition exposure were not
available in the current study, which would need further
studies to test their impact on the association. Another
possible explanation is that chronic hyperglycaemia and
insulin resistance, which are significant characteristics
among individuals with IGT who develop T2D, may pro-
mote cancer development by altering cellular metabolism
and promoting the proliferation of cancer cells [24—26].
High levels of glucose and insulin can increase the activ-
ity of various growth factors, such as insulin-like growth
factor-1 (IGF-1), which can stimulate the growth and
survival of cancer cells [27, 28]. In addition, chronic
inflammation, observed in the development of T2D,
may also play a role in cancer development by promot-
ing DNA damage and impairing the immune response to
cancer cells [29, 30].
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In the current study, we observed different trends in
the adjusted HRs for the 5-year and 10-year cancer risks
associated with the onset of T2D. The 5-year risk of can-
cer showed a decrease over the length of the landmark
periods, while the 10-year risk of cancer showed an
increase. One possible explanation for these differences
is the varying impact of confounding factors over differ-
ent follow-up durations. Shorter follow-up periods (e.g.,
5 years) might not fully capture the long-term biological
and environmental influences on cancer development
associated with T2D. In contrast, longer follow-up peri-
ods (e.g., 10 years) may allow for the cumulative effects of
T2D-related metabolic changes, such as chronic hyper-
glycemia and insulin resistance, which can promote car-
cinogenesis over time. Moreover, the lack of statistical
significance in the 5-year risk compared to the 10-year
risk may be due to the relatively shorter follow-up dura-
tion, which limits the number of cancer cases observed
within this period. This could lead to wider confidence
intervals and lower statistical power to detect signifi-
cant differences. In contrast, the 10-year follow-up
period provides a longer observation window, potentially
increasing the number of incident cancer cases and thus
enhancing the statistical power to detect significant asso-
ciations. Future research should aim to collect detailed
longitudinal data on these lifestyle factors and investigate
their long-term interactions with T2D and cancer risk.
This could help illustrate the mechanisms underlying the
observed temporal differences and improve our under-
standing of cancer risk dynamics in individuals with T2D.

The main aim of the current study is to understand the
association between the onset of T2D and the cancer risk
within specific time-windows (5-year and 10-year in the
current study), rather than time-to-event. The latter is
beyond the scope of this study and could be affected by
the recorded event time in the system, potentially intro-
ducing information bias. Future studies with accurate
records of outcome time are warranted to predict the
time to cancer following the development of T2D in the
IGT population.

The findings of this study have significant clinical and
public health implications. First, our results suggest that
individuals with IGT who develop T2D have an increased
risk of developing cancer, especially in the first 10 years
following the onset of diabetes. Therefore, healthcare
providers should be aware of this increased risk and take
steps to screen for cancer and provide appropriate coun-
selling to their patients [31]. Additionally, interventions
to prevent the onset of T2D may also help to prevent the
development of cancer in the IGT population [3]. From a
public health perspective, our findings highlight the need
for targeted screening strategies for cancer in individu-
als with IGT, especially those who develop T2D. This is
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particularly important for individuals from deprived or
minority ethnic backgrounds, who were found to be at
increased risk of developing cancer in our study. In addi-
tion to screening, efforts to promote lifestyle changes,
such as smoking cessation and increasing physical activ-
ity, may also help to reduce the risk of cancer in this pop-
ulation [32, 33]. By identifying individuals at increased
risk of cancer and providing appropriate screening and
counselling, healthcare providers and public health offi-
cials can take steps to reduce the burden of cancer in this
population [34].

Identifying immortal bias is more challenging than
confounding effects due to indication. For instance, the
association between T2D onset and cancer risk in indi-
viduals with IGT exhibited a differential effect when
comparing the survival of patients with and without
T2D onset. By replacing the original index date with the
T2D onset time, the focal population survived from the
index date to the T2D onset date, whereas the matched
control population could have still been in the early stage
of the index date when following up with the onset time
as the index date. Although the index date was matched
between patients with and without incident T2D, it did
not ensure that the time from the index date to the date
of T2D onset was comparable between the two groups.
Patients who developed T2D were still more prone to
having a false survival advantage (being alive at the future
cancer diagnosis) because they had to survive until the
onset of T2D to be assigned as cases. Hence, without
addressing immortal bias by design (e.g., through the use
of a landmark analysis), a biased estimate would unavoid-
ably occur.

Our study possesses multiple strengths. Firstly, it is the
largest multi-ethnic cohort with IGT studied in NZ and
one of the largest globally that investigates the correla-
tion between the onset of T2D and 5- and 10-year can-
cer risk. These cohorts encompassed all patients from
the participating general practices and linked to large,
nationally representative databases to prospectively fol-
low patients and record all new cancer cases. The accu-
racy of clinical recording and diagnoses was validated
for outcomes defined by ICD codes, which exhibit high
precision. Secondly, the utilization of landmark analysis
within 1- to 5-year time frames offered a robust method-
ology to eliminate immortal bias. Another key strength
was the use of an innovative, tapered matching tech-
nique to create "quasi-trial" comparison cohorts between
patients with IGT with and without an onset of T2Dto
compare the risk of 5- and 10-year cancer risk and assess
how distinct confounding factors contributed to the risk
of cancer. Despite the numerous strengths, limitations
exist, including the lack of national representation of the
sample and participating general practices in NZ. Lastly,
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information regarding certain risk factors for cancer such
as dietary information, physical activity, and genetic vari-
ants was not accessible, and future studies should take
these risk factors into account. Future studies with ran-
domised controlled trials or more detailed observational
data could further validate our results.

The fundamental challenge of pooling all cancer types
lies in the variability of risk factors specific to each type
of cancer. While it is well-known that risk factors can
vary widely between different cancer types, subdividing
the outcomes into exact cancer types would result in very
few cases per category, thereby diminishing the statisti-
cal power and efficiency of the analysis. The primary aim
of this study was to explore the association between the
onset of T2D and the overall risk of cancer. By consid-
ering the development of T2D as a common risk factor
for multiple cancers, we provide a broader perspective
that can inform population-level screening strategies and
public health interventions. Established findings from
our study highlight the importance of implementing
preventative measures, such as additional emphasis on
smoking cessation programs in primary care, specifically
within the IGT population to mitigate the increased can-
cer risk associated with the onset of T2D. Future studies
should consider more detailed causal inference methods
to explore specific cancer types once sufficient data are
available.

Conclusion

In conclusion, our study contributes new evidence to the
association between the onset of T2D and cancer risk in
individuals with IGT, emphasizing the need for increased
awareness and targeted interventions to reduce this risk.
Clinicians and public health practitioners should con-
sider incorporating lifestyle modifications as part of can-
cer prevention and management strategies for individuals
with IGT. Furthermore, future research should focus on
confirming these findings and exploring the underlying
mechanisms of the observed associations.

Abbreviations
T2D Type 2 diabetes

IGT Impaired glucose tolerance
NZ New Zealand
TC Total cholesterol

SBP Systolic blood pressure

eGFR  Estimated glomerular filtration rate
NZE New Zealand European

IGF-1 Insulin-like growth factor-1

CEM Coarsened exact matching

HR Hazard ratio

IMD Index of multiple deprivation
OGTT  An oral glucose tolerance test

DCSS  Diabetes Care Support Service

Page 10 of 11

Supplementary Information

The online version contains supplementary material available at https://doi.
0rg/10.1186/512885-024-12637-4.

[ Supplementary material 1. }

Acknowledgements

We thank the participating GPs, audit nurses, practice nurses, practice manag-
ers and the DCSS executive group for their support. The DCSS was funded by
the New Zealand Ministry of Health through Counties Manukau District Health
Board. The funders had no role in the study design, data collection, data analy-
sis, data interpretation, or writing of the report.

Authors’ contributions

DY, ZW, Z.Z, and DS. designed the research. D.Y, B.Q, Y.C, conducted statisti-
cal analysis. DY, ZW., and D.S. led the writing of the manuscript. ZW,, D.Y,,
ULO,KP,JB,RC,BJOW, GS, BQ, ZZ,and D.S. contributed to the inter-
pretation of the results and critical revision of the manuscript for important
intellectual content and approved the final version of the manuscript. D.Y.
and D.S. are the guarantors of this work and, as such, had full access to all the
data in the study and take responsibility for the integrity of the data and the
accuracy of the data analysis.

Funding

The DCSS was funded by the New Zealand Ministry of Health through Coun-
ties Manukau District Health Board. The funders had no role in the study
design, data collection, data analysis, data interpretation, or writing of the
report.

Availability of data and materials

The datasets analysed in the current study are not publicly available because
of agreements with the primary care organisations and Ministry of Health
who provided the data but are available from the corresponding author on
reasonable request.

Declarations

Ethics approval and consent to participate

The North Health Ethics Committee approved the DCSS for research purposes
in 1992, and then as an ongoing audit in 1996 (92/006). Approval for waiver of
individual informed consent and approval for study was provided by the New
Zealand Health Disability Ethics Committee on March 25, 2019. Anonymised
data were used for this analysis and all methods were carried out in accord-
ance with relevant guidelines and regulations.

Consent for publication
Not Applicable.

Competing interests
The authors declare no competing interests.

Author details

'Department of Nephrology, the First Affiliated Hospital, Zhengzhou Univer-
sity, Zhengzhou 450052, China. 2Henan Institute of Interconnected Intelligent
Health Management, First Affiliated Hospital, Zhengzhou University, Jianshe
Road, Zhengzhou, Henan 450052, China. 3Primary Care Centre Versus Arthritis,
School of Medicine, Keele University, Keele, Staffordshire ST5 5BG, UK. “Transla-
tional Health Research Institute (THRI), Western Sydney University, Camp-
belltown, Sydney NSW 2560, Australia. >School of Medicine, Western Sydney
University, Campbelltown, Sydney NSW 2751, Australia. 5Diabetes Foundation
Aotearoa, Otara, New Zealand. Department of Diabetes and Endocrinology,
Counties Manukau Health, Auckland, New Zealand. 8Section of Pacific Health,
the University of Auckland, Auckland, New Zealand.

Received: 21 January 2024 Accepted: 12 July 2024
Published online: 24 July 2024


https://doi.org/10.1186/s12885-024-12637-4
https://doi.org/10.1186/s12885-024-12637-4

Wang et al. BMC Cancer (2024) 24:892

References

1.

20.

Ferlay J, Ervik M, Lam F, Colombet M, Mery L, Pifieros M. Global Cancer
Observatory: Cancer Today. Lyon: International Agency for Research on
Cancer; 2020. 2021; Available at: https://gco.iarcfr/today. Accessed 5/3,
2023.

Saeedi P, Petersohn |, Salpea P, Malanda B, Karuranga S, Unwin N,

et al. Global and regional diabetes prevalence estimates for 2019 and
projections for 2030 and 2045: Results from the International Diabetes
Federation Diabetes Atlas, 9(th) edition. Diabetes Res Clin Pract. 2019;157:
107843.

Giovannucci E, Harlan DM, Archer MC, Bergenstal RM, Gapstur SM,

Habel LA, et al. Diabetes and cancer: a consensus report. Diabetes Care.
2010;33(7):1674-85.

Tabak AG, Herder C, Rathmann W, Brunner EJ, Kivimaki M. Pre-

diabetes: a high-risk state for diabetes development. Lancet.
2012,379(9833):2279-90.

Stattin P, Bjor O, Ferrari P, Lukanova A, Lenner P, Lindahl B, et al.
Prospective study of hyperglycemia and cancer risk. Diabetes Care.
2007;30(3):561-7.

Perseghin G, Calori G, Lattuada G, Ragogna F, Dugnani E, Garancini

MP, et al. Insulin resistance/hyperinsulinemia and cancer mortal-

ity: the Cremona study at the 15th year of follow-up. Acta Diabetol.
2012;49(6):421-8.

Saydah SH, Loria CM, Eberhardt MS, Brancati FL. Abnormal glucose toler-
ance and the risk of cancer death in the United States. Am J Epidemiol.
2003;157(12):1092-100.

Stengard JH, Tuomilehto J, Pekkanen J, Kivinen P, Kaarsalo E, Nissinen A,
et al. Diabetes mellitus, impaired glucose tolerance and mortality among
elderly men: the Finnish cohorts of the Seven Countries Study. Diabetolo-
gia. 1992;35(8):760-5.

Harding JL, Soderberg S, Shaw JE, Zimmet PZ, Pauvaday V, Kowlessur S,
et al. All-cause cancer mortality over 15 years in multi-ethnic Mauritius:
the impact of diabetes and intermediate forms of glucose tolerance. Int J
Cancer. 2012;131(10):2385-93.

Hirakawa Y, Ninomiya T, Mukai N, Doi Y, Hata J, Fukuhara M, et al.
Association between glucose tolerance level and cancer death in a
general Japanese population: the Hisayama Study. Am J Epidemiol.
2012;176(10):856-64.

Huang Y, Cai X, Qiu M, Chen P, Tang H, Hu Y, et al. Prediabetes and the risk
of cancer: a meta-analysis. Diabetologia. 2014;57(11):2261-9.

He S,Wang J, Shen X, Qian X, An'Y, Gong Q, et al. Cancer and its predictors
in Chinese adults with newly diagnosed diabetes and impaired glucose
tolerance (IGT): a 30-year follow-up of the Da Qing IGT and Diabetes
Study. Br J Cancer. 2022;127(1):102-8.

Bonagiri PR, Shubrook JH. Review of Associations Between Type 2 Diabe-
tes and Cancer. Clin Diabetes. 2020;38(3):256-65.

Zhu B, Qu S. The Relationship Between Diabetes Mellitus and Can-

cers and Its Underlying Mechanisms. Front Endocrinol (Lausanne).
2022;11(13): 800995.

American Diabetes Association. 2 Classification and Diagnosis of
Diabetes: Standards of Medical Care in Diabetes-2018. Diabetes Care.
2018;41(Suppl 1):513-27.

Robinson T, Simmons D, Scott D, Howard E, Pickering K, Cutfield R,

et al. Ethnic differences in Type 2 diabetes care and outcomes in
Auckland: a multiethnic community in New Zealand. N Z Med J.
2006;119(1235):U1997.

Simmons D, Kirkwood M, Maxwell S, Weblemoe T, Gatland BA, Richards D.
Community networking as a means for identifying people with diabetes
in a rural, predominantly bicultural community in New Zealand. N Z Med
1.1999;112(1096):361-3.

Simmons D, Fleming CE, Cutfield R, Patel A, Innes J, Wellingham J. The
Diabetes Care Support Service for general practitioners in Auckland. N Z
Med J. 1997;110(1038):48-50.

Yu D, Wang Z, Cai Y, McBride K, Osuagwu UL, Pickering K, et al. Ethnic
Differences in Cancer Rates Among Adults With Type 2 Diabetes in New
Zealand From 1994 to 2018. JAMA Netw Open. 2022;5(2): €2147171.

Yu D, Zhao Z, Simmons D. Cardiovascular risks and bleeding with non-
vitamin K antagonist oral anticoagulant versus warfarin in patients with
type 2 diabetes: a tapered matching cohort study. Cardiovasc Diabetol.
2020;19(1):174-y.

Page 11 of 11

21. YuD,Wang Z, CaiY, Osuagwu UL, Pickering K, Baker J, et al. Ethnic differ-
ences in 25-year risk of incident chronic kidney disease among people
with type 2 diabetes in New Zealand. BMJ Open Diabetes Res Care.
2022;10(6):€003077. https://doi.org/10.1136/bmjdrc.

22. Amaral MM, Herrin WE, Saxe JM, Jacobson LE, Jensen CD. The use of
coarsened exact matching to evaluate treatment mode in the rib fracture
patient. J Surg Res. 2018;223:259-60.

23. Kyrou |, Tsigos C, Mavrogianni C, Cardon G, Van StappenV, Latomme J,
et al. Sociodemographic and lifestyle-related risk factors for identifying
vulnerable groups for type 2 diabetes: a narrative review with emphasis
on data from Europe. BMC Endocr Disord. 2020;20(Suppl 1):134-43.

24. Rahman |, Athar MT, Islam M. Type 2 Diabetes, Obesity, and Cancer Share
Some Common and Critical Pathways. Front Oncol. 2021;20(10): 600824.

25. WuY, Ding Y, Tanaka Y, Zhang W. Risk factors contributing to type 2 diabe-
tes and recent advances in the treatment and prevention. Int J Med Sci.
2014;11(11):1185-200.

26. RyuTY, Park J, Scherer PE. Hyperglycemia as a risk factor for cancer pro-
gression. Diabetes Metab J. 2014,38(5):330-6.

27. Leroith D, Scheinman EJ, Bitton-Worms K. The Role of Insulin and Insulin-
like Growth Factors in the Increased Risk of Cancer in Diabetes. Rambam
Maimonides Med J. 2011;2(2): e0043.

28. Kasprzak A. Insulin-Like Growth Factor 1 (IGF-1) Signaling in Glucose
Metabolism in Colorectal Cancer. Int J Mol Sci. 2021;22(12):6434. https://
doi.org/10.3390/ijms22126434.

29. Furman D, Campisi J, Verdin E, Carrera-Bastos P, Targ S, Franceschi C, et al.
Chronic inflammation in the etiology of disease across the life span. Nat
Med. 2019;25(12):1822-32.

30. Singh N, Baby D, Rajguru JP, Patil PB, Thakkannavar SS, Pujari VB. Inflam-
mation and cancer. Ann Afr Med. 2019;18(3):121-6.

31. Stacey D, Legare F, Lewis K, Barry MJ, Bennett CL, Eden KB, et al. Decision
aids for people facing health treatment or screening decisions. Cochrane
Database Syst Rev. 2017;4(4):CD001431.

32. Clough S, Cleverley T, Kerrison C, Harwood M, Koea J, Gurney JK. The
past, present and future of liver cancer control for Maori. N Z Med J.
2022;135(1567):91-104.

33. Matti B, Lyndon M, Zargar-Shoshtari K. Ethnic and socio-economic dis-
parities in prostate cancer screening: lessons from New Zealand. BJU Int.
2021;128(Suppl 3):11-7.

34. Lao C, Mondal M, Kuper-Hommel M, Campbell I, Lawrenson R. What
affects the public healthcare costs of breast cancer in New Zealand? Asia
Pac J Clin Oncol. 2023;19(4):482-92.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.


https://gco.iarc.fr/today
https://doi.org/10.1136/bmjdrc
https://doi.org/10.3390/ijms22126434
https://doi.org/10.3390/ijms22126434

	Cancer risk following onset of type 2 diabetes in New Zealanders with impaired glucose tolerance over 25 years: a matched prospective cohort study
	Abstract 
	Background 
	Methods 
	Results 
	Conclusions 

	Background
	Methods
	Data setting
	Exposure
	Outcome
	Covariates
	Statistical analysis


	Results
	Discussion
	Conclusion
	Acknowledgements
	References


