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Abstract
Aims/hypothesis The results from prospective cohort studies
of prediabetes (impaired fasting glucose and/or impaired glucose tolerance) and risk of cancer are controversial. We conducted a meta-analysis to evaluate the risk of cancer in association with impaired fasting glucose and impaired glucose
tolerance.
Methods The PubMed, EMBASE and Cochrane Library databases were searched for prospective cohort studies with data
on prediabetes and cancer. Two independent reviewers
assessed the reports and extracted the data. Prospective studies
were included if they reported adjusted RRs with 95% CIs for
the association between cancer and prediabetes. Subgroup
analyses were conducted according to endpoint, age, sex,
ethnicity, duration of follow-up and study characteristics.
Results Data from 891,426 participants were derived from 16
prospective cohort studies. Prediabetes was associated with an
increased risk of cancer overall (RR 1.15; 95% CI 1.06, 1.23).
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The results were consistent across cancer endpoint, age, duration of follow-up and ethnicity. There was no significant
difference for the risk of cancer with different definitions of
prediabetes. In a site-specific cancer analysis, prediabetes was
significantly associated with increased risks of cancer of the
stomach/colorectum, liver, pancreas, breast and endometrium
(all p<0.05), but not associated with cancer of the bronchus/
lung, prostate, ovary, kidney or bladder. The risks of sitespecific cancer were significantly different (p=0.01) and were
highest for liver, endometrial and stomach/colorectal cancer.
Conclusions/interpretation Overall, prediabetes was associated with an increased risk of cancer, especially liver, endometrial and stomach/colorectal cancer.
Keywords Cancer . Impaired fasting glucose . Impaired
glucose tolerance . Prediabetes . Risk factors
Abbreviations
FPG Fasting plasma glucose
IFG Impaired fasting glucose
IGT Impaired glucose tolerance
NOS Newcastle–Ottawa Quality Assessment Scale

Introduction
Prediabetes is a general term that refers to an intermediate
stage between normoglycaemia and overt diabetes mellitus. It
includes individuals with impaired glucose tolerance (IGT),
impaired fasting glucose (IFG) or a combination of the two
[1]. In 2003, the ADA redefined the range of fasting plasma
glucose (FPG) concentration for diagnosing IFG from 6.1–
6.9 mmol/l to 5.6–6.9 mmol/l in order to better identify
individuals at risk of developing diabetes [2]. However, this
change has been contentious and has not been adopted by the
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WHO Expert Group [3] or other international guidelines [4,
5]. One of the main arguments against this change is that it
greatly increases the number of individuals labelled as having
IFG, without any clear association with clinical complications.
Epidemiological studies have shown that diabetes increases the incidence and mortality of cancer in general, as
well as of some specific types of cancer [6, 7]. It has been
proposed that cancer should be considered as a new potential
complication of diabetes [6]. Some studies have suggested
that not only diabetes, but also prediabetes may be associated
with an elevated risk of cancer [8–13], although this has not
been documented in other studies [14–18]. These inconsistent
findings may arise from the use of different definitions and
thresholds for prediabetes, non-standard OGTTs, the use of
different endpoints (e.g. cancer mortality vs incidence) and
small sample sizes.
Considering these inconsistent results, a meta-analysis of
prospective cohort studies may help to clarify this issue.
Therefore, the objective of the present study was to evaluate
the putative association between different definitions of prediabetes and risk of cancer.

Methods
Search strategy and selection criteria The search strategy was
performed in accordance with the recommendations of the
Meta-analysis of Observational Studies in Epidemiology
Group [19]. Electronic databases (PubMed, EMBASE and
the Cochrane Library) were searched for prospective cohort
studies to 30 April 2014 using the terms ‘blood glucose’,
‘impaired glucose tolerance’, ‘impaired fasting glucose’,
‘prediabetes’, ‘pre-diabetes’, ‘prediabetic state’, ‘hyperglycemia’ or ‘borderline diabetes’ and ‘neoplasms’, ‘neoplasm’,
‘carcinoma’, ‘carcinomas’, ‘carcinomata’, ‘cancer’, ‘tumors’
or ‘tumor’. We restricted the search to human studies. No
language restrictions were applied. We also manually
reviewed the references cited in potentially relevant studies.
The detailed PubMed search strategy is presented in the
electronic supplementary material (ESM) Methods. The
search strategies were similar for other databases but were
adapted where necessary.
Studies were included if they met the following criteria: (1)
prospective cohort studies involving participants aged
≥18 years; (2) elevated blood glucose at baseline; (3) a duration of follow-up ≥3 years with an assessment of the risk of
cancer; and (4) adjusted RRs and 95% CIs reported for events
associated with prediabetes relative to normoglycaemia.
Prediabetes was defined as IFG (FPG in the range either
5.6–6.9 mmol/l or 6.1–6.9 mmol/l, depending on the study)
[2, 20] and/or IGT (2 h plasma glucose 7.8–11.1 mmol/l
during an OGTT) [3]. Normoglycaemia was defined as an
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FPG either <5.6 or <6.1 mmol/l, respectively [2, 20], and/or
normal glucose tolerance.
Studies were excluded if: (1) enrolment depended on having a particular condition or risk factor (e.g. cardiovascular
disease or chronic kidney disease); (2) the reported RR was
unadjusted; or (3) the data were derived from the same cohort.
If duplicate studies were derived from the same cohort and
reported the same outcome, only the most recent report was
included.
Data extraction and quality assessment Two investigators
(Y. Huang and X. Cai) conducted independent literature
searches using the strategy described above to identify potentially relevant articles. The full manuscripts of potentially
relevant studies were obtained and reviewed according to
the predefined criteria. Data, including participants’ characteristics, duration of follow-up and outcome assessment, were
recorded in a standard format. Discrepancies were resolved by
discussion with other investigators (M. Qiu and H. Tang). The
principal authors of the retrieved studies were contacted for
any additional data if required.
We assessed the quality of each study according to the
Newcastle–Ottawa Quality Assessment Scale (NOS) for cohort studies [21], in which a study was judged on three broad
perspectives as follows: selection (four items, one star each),
comparability (one item, up to two stars) and exposure/
outcome (three items, one star each). A star represents a
high-quality choice of individual study. In this analysis, a
high-quality study was defined as a study with ≥7 stars
awarded.
Data synthesis and analysis The primary outcome measure
was the risk of all cancer associated with prediabetes. The
secondary outcome measure was the RR of site-specific cancer associated with prediabetes. Subgroup analyses of the
primary outcome were conducted according to endpoints
(cancer mortality vs incidence), ethnicity (Asian vs nonAsian), sex (male vs female), participant’s age (mean age
<55 vs ≥55 years), duration of follow-up (<10 vs ≥10 years),
possibility of enrolling patients with diabetes (none enrolled
vs might be enrolled) and adjustment of risk factors (age- and
sex-adjusted vs multivariate-adjusted).
From each study, we extracted the RR and 95% CI that
were adjusted for potential confounders. We logarithmically
transformed these values (to base e) in each study and calculated the corresponding SEs to stabilise the variance and
normalise the distribution [22]. The inverse variance method
was used to combine the loge RRs and SEs using randomeffects models. We used I2 statistics to test heterogeneity.
Values of I2 >50% were considered to indicate significant
heterogeneity [23]. The test for subgroup differences was
calculated by χ2 statistics. We assessed publication bias by
inspecting funnel plots for each outcome in which the loge
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(RR) was plotted against SE, as well as Egger’s test (linear
regression method).
We also conducted sensitivity analyses in which the pooled
RR was recalculated by omitting one study at a time. All
p values are two-tailed, and statistical significance was set at
0.05. All analyses were performed with RevMan software
version 5.2 for Windows (The Cochrane Collaboration,
Copenhagen, Denmark) and Stata version 12.0 (Stata Corp,
College Station, TX, USA).

Results
Studies retrieved and characteristics A total of 13,017 manuscripts were retrieved in the initial search. After screening the
abstracts, 67 qualified for a full review. Finally, 16 prospective
cohort studies [8–18, 24–28] comprising 891,426 individuals
satisfied the study inclusion criteria and were analysed
(Fig. 1).
All studies were derived from the general population. Of
the 16 studies, four were from Asia [8, 12, 14, 15], 11 were
from the USA and Europe [9–11, 13, 17, 18, 24–28], and one
was from Africa [16]. Asians accounted for 57.3% of all
participants in the 16 studies. Three studies only enrolled
men [12, 24, 25], two studies only enrolled women [9, 26],
and the other studies included both men and women. The
duration of follow-up ranged from 3.6 to 37 years. Table 1
summarises the key characteristics of the studies included.
According to the NOS and predefined quality assessment
criteria, all studies were graded as good quality. The details

Potentially relevant articles identified and screened for retrieval (n=13,017)

Records after duplicates removed (n=1,608)
Potentially relevant articles (n=11,409)
Not associated with blood glucose and mortality by review of
abstracts (n=11,342)
Potential articles for detailed evaluation (n=67)
Full-text articles excluded (n=51)
Not comparing prediabetes vs normoglycaemia (n=36)
Not standard definition of prediabetes or not standard OGTT
test (n=7)
No reported RRs and 95% CIs (n=2)
From the same cohorts (n=4)
No prospective studies (n=2)

Articles included in the meta-analysis (n=16)

Fig. 1 Flow of papers through the review
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of the quality assessment are presented in ESM Table 1. All
the included studies excluded individuals with an FPG
≥7.1 mmol/l. Seven studies only measured FPG at baseline
without performing OGTTs; therefore, these studies possibly
enrolled patients with a 2 h plasma glucose ≥11.1 mmol/l [9,
10, 12, 14, 15, 25, 26].
Association between prediabetes and risk of all cancer Five
studies reported data for an IFG of 5.6–6.9 mmol/l [8, 12, 14,
15, 26], six studies reported data for an IFG of 6.1–6.9 mmol/l
[9–11, 16, 18, 25], six studies reported data for IGT [8, 11, 16,
24, 27, 28], and two studies combined IFG 6.1–6.9 mmol/l
and/or IGT [13, 17]. No studies assessed the risk of cancer in
prediabetes defined as a combined IFG of 5.6–6.9 mmol/l and/
or IGT. There was no significant heterogeneity among all the
studies or among studies with different definitions of prediabetes (all I2 <50%). Therefore, fixed-effects models were used
for the analyses.
Prediabetes was associated with an increased risk of cancer
overall (RR 1.15; 95% CI 1.06, 1.23). The risks were also
significant when prediabetes was defined as an IFG 5.6–
6.9 mmol/l (RR 1.49; 95% CI 1.05, 2.11), IFG 6.1–
6.9 mmol/l (RR 1.11; 95% CI 1.01, 1.22), IGT (RR 1.25;
95% CI 1.02, 1.53) or combined IFG 6.1–6.9 mmol/l and/or
IGT (RR 1.11; 95% CI 1.02, 1.22) (Fig. 2). There was no
significant difference for the risk of cancer between different
definitions of prediabetes (I2 =15.1%, p=0.32). No evidence
of publication bias was identified by visual inspection of the
funnel plot (Fig. 3) or indicated by Egger’s test (p=0.95).
Association between prediabetes and the risk of site-specific
cancer In the secondary outcome analyses, prediabetes was
significantly associated with increased risks of cancer of the
stomach/colorectum, liver, pancreas, breast and endometrium
(all p<0.05), but was not associated with cancer of the bronchus/lung, prostate, ovary, kidney or bladder. The risks of sitespecific cancer were significantly different (p=0.01) and were
highest for liver, endometrial and stomach/colorectal cancer
(Fig. 4).
Subgroup analyses In the subgroup analyses, prediabetes
was associated with a significantly higher cancer risk
across subgroups conducted according to specific endpoints (cancer mortality vs cancer incidence), ethnicity
(Asian vs non-Asian) and duration of follow-up (<10 vs
≥10 years). The relative risk was higher for Asian than
non-Asian individuals (p=0.03). Although the associations between prediabetes and risk of cancer were not
significant in the subgroups that included participants
aged ≥55 years and female participants, were only
age- and sex-adjusted, and might have enrolled patients
with diabetes, there were no significant differences between comparisons of subgroups (Table 2).
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Fig. 2 Forest plot of the
comparison between prediabetes
and normoglycaemia for an
outcome of risk of all cancers.
Plotted on a non-linear scale.
IV, inverse variance

Sensitivity analyses Sensitivity analyses were conducted
using several methods, and these analyses confirmed that the
primary results were not influenced by the use of fixed-effects
models compared with random-effects models, and ORs compared with RRs, or by recalculating the RRs by omitting one
study at a time. Furthermore, as it has been reported that
obesity, an important risk factor for diabetes, is also linked
to the development of cancer, we performed a sensitivity
analysis that only included studies that adjusted for BMI in
the meta-analysis. We found that, after controlling for BMI,
0

SE(log[RR])

0.1
0.2
0.3
0.4
0.5
0.2

0.5

1

2

5

RR

Fig. 3 Funnel plot of the comparison between prediabetes and
normoglycaemia for an outcome of risk of all cancers. Subgroups: black
circle, IFG 5.6–6.9 mmol/l; red diamonds, IFG 6.1–6.9 mmol/l; green
squares, IGT; blue triangles, IFG 6.1–6.9 mmol/l and/or IGT

the presence of prediabetes remained associated with an increased risk of cancer (RR 1.22; 95% CI 1.01, 1.48) (ESM
Fig. 1).

Discussion
In this meta-analysis of 16 prospective cohort studies comprising more than 890,000 individuals, we found that the
presence of prediabetes at baseline was significantly associated with increased risks of cancer in the general population,
particularly for liver cancer and stomach or colorectal cancer.
The risks were increased when a lower FPG value of 5.6–
6.9 mmol/l was used, according to the current ADA definition
of IFG, as well as in participants with IGT. The results were
consistent across cancer endpoints, age, study characteristics,
follow-up duration and ethnicity.
The lower threshold ADA definition of IFG released in
2003 resulted in a twofold to fivefold increase in the prevalence of IFG in most populations [5]. The lower cut-off point
has been controversial [29] and has not been adopted by other
guidelines, which have retained the threshold of 6.1–
6.9 mmol/l [3]. One of the most important arguments against
using the lower threshold is that it greatly increases the
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Fig. 4 Forest plot of the
comparison between prediabetes
and normoglycaemia for an
outcome of site-specific cancer
risk. Plotted on a non-linear scale.
IV, inverse variance

prevalence of IFG, but without enough data to support the
clinical prognostic implications [30]. In this study, there was
sufficient power to show that prediabetes defined as IFG 5.6–

6.9 mmol/l, IFG 6.1–6.9 mmol/l, IGT or combined IFG 6.1–
6.9 mmol/l and/or IGT was associated with increased risks of
cancer. The results were consistent across specific endpoints,
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Table 2 Subgroup analyses of the association between prediabetes and
risk of all cancers
Subgroup

Number RRs (95% CIs)
of studies

Endpoints
Cancer mortality 9
1.14 (1.04, 1.25)
Cancer incidence 1
1.17 (1.03, 1.32)
Sex
Men
5
1.17 (1.08, 1.26)
Women
3
1.10 (0.99, 1.22)
Both
8
1.15 (1.08, 1.22)
Race/ethnicity
Asian
1
1.50 (1.17, 1.94)
Non-Asian
9
1.12 (1.06, 1.19)
Participant’s average age (years)
<55
5
1.14 (1.06, 1.22)
≥55
5
1.15 (0.90, 1.47)
Follow-up duration (years)
<10
4
1.12 (1.02, 1.22)
≥10
6
1.21 (1.06, 1.39)
Adjustment for risk factors
Age and sex
1
0.92 (0.57, 1.51)
Multivariate9
1.17 (1.08, 1.25)
adjusted
Possibility of enrolling patients with diabetes
Yes
1
1.09 (0.92, 1.29)
No
9
1.16 (1.06, 1.26)

p values p values
between
subgroups

0.007
0.01

0.73

<0.001
0.08
<0.001

0.67

0.002
<0.001

0.03

<0.001
0.20

0.92

0.01
<0.001

0.34

0.76
<0.001

0.36

0.32
<0.001

0.53

ethnicities and durations of follow-up, and after adjustment for
potential confounders. More importantly, the risks of cancer
were very similar with different definitions of prediabetes.
These findings support the lower threshold definition IFG
proposed by the ADA, and highlight the clinical value of the
early management of hyperglycaemia to prevent cancer.
Several mechanisms may be involved in the association
between prediabetes and cancer risk. First, chronic
hyperglycaemia and its related conditions, such as chronic
oxidative stress and the accumulation of advanced glycation
end-products, may act as carcinogenic factors [31]. It has been
reported that diabetes is associated with an increased production of reactive oxygen species and greater oxidative damage
to DNA [32, 33]. Recently, it has also been reported that the
overall frequency of DNA damage and cytotoxicity correlates
with the level of HbA1c in people with prediabetes [34].
Second, insulin resistance is a core defect responsible for
the development of diabetes, and is established in individuals
with prediabetes [35]. The compensatory hyperinsulinaemia
and increased level of bioavailable IGF 1 related to insulin
resistance may promote the proliferation of cancer cells and
may also relate to worsened cancer outcomes [13].
Third, genetic ‘interferences’ may also play an important
role in the development of cancer in prediabetic individuals. A
recent study has suggested that nuclear receptor coactivator 5

is a haploinsufficient tumour suppressor, and that a deficiency
of nuclear receptor coactivator 5 increases susceptibility to
both glucose intolerance and hepatocellular carcinoma, partially by increasing IL-6 expression [36]. In contrast, epidemiological studies have suggested that men with diabetes are
less likely to develop prostate cancer than non-diabetic men
[37], possibly because of a genetic mechanism linked to the
HNF1β gene (also known as TCF2), which predisposes to
diabetes but may protect men from prostate cancer [38]. It is
interesting that in our study, prediabetes was most strongly
associated with liver cancer, but not associated with prostate,
kidney or bladder cancer. Although these results are unlikely
to completely explain the epidemiological association between prediabetes and site-specific cancer, they provide a
new insight into a possible direct causal link.
These findings have important clinical and public health
implications. In the US population aged ≥18 years, the ageadjusted prevalence of prediabetes increased from 29.2% in
1999–2002 to 36.2% in 2007–2010 [39]. Considering the
high prevalence of prediabetes, as well as the robust and
significant association between prediabetes and cancer demonstrated in our study, successful intervention in this large
population could have a major public health impact. The ADA
suggest that lifestyle intervention is the mainstay of treatment
for prediabetes in the general population, and metformin is
recommended for delaying progression to overt diabetes if
individuals present with other related risk factors, such as a
BMI ≥35 kg/m2, dyslipidaemia, hypertension, a family history
of diabetes or an HbA1c >6% (42 mmol/mol) [40]. It should be
noted that metformin is now considered as having some
‘protective’ anticancer properties. Notably, metformin mediates an approximately 30% reduction in the lifetime risk of
cancer in diabetic patients [41]. However, whether this is true
in prediabetic individuals is not yet known. Long-term, largescale studies of high-risk individuals, especially those with
IGT or a combination of IGT and IFG, are urgently needed to
explore the effects of metformin interventions on the risk of
cancer in people with prediabetes.
The main strengths of this meta-analysis are its very large
sample size, with more than 890,000 participants.
Furthermore, we only included prospective cohort studies that
reported adjusted RRs. Prediabetes is associated with obesity
and overweight [1], which are also acknowledged as risk
factors for cancer. In the sensitivity analyses, we found that,
in studies that adjusted for BMI, prediabetes remained associated with an increased risk of cancer.
This meta-analysis has some limitations. First, individuals
with prediabetes are more likely to progress to diabetes than
those with normoglycaemia, but most of the studies included
did not adjust for subsequent blood glucose levels or interventions. Nevertheless, our study indicates that, on the basis
of a snapshot blood glucose measurement, prediabetes is
associated with an increased risk of cancer. Second, the
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ADA recently recommended an HbA1c of 5.7–6.4% (39–
46 mmol/mol) as another diagnostic marker for prediabetes
[42]. We did not include this criterion in our study because few
of the retrieved articles reported it. Future prospective cohort
studies that include testing of HbA1c may provide more information on the association between prediabetes and cancer.
Third, the adjusted confounders in the studies included were
inconsistent. The heterogeneity in adjustment is a potential
source of bias in our study. The number of studies included in
subgroup analyses and the site-specific cancer analyses was
limited, and there was significant heterogeneity in some of the
subgroups. Finally, although we found that, after controlling
for BMI, the presence of prediabetes remained associated with
an increased risk of cancer, residual confounding by body fat
distribution (instead of overall fatness reflected by BMI) still,
however, remains.
In conclusion, this meta-analysis revealed that prediabetes
was associated with an increased risk of cancer. The risk
increased in people with an FPG as low as 5.6 mmol/l.
These results reaffirm the importance of screening for prediabetes using the ADA criteria, with a view to cancer prevention. This information is important to health professionals and
those engaged in the prevention of cancer.
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