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INTRODUCTION

Colorectal cancer (CRC) is 
the third most common cancer 
worldwide, and second only to 
lung cancer in cancer-related 
deaths with over 1.9 million 
new cases and almost 1 million 
deaths worldwide [1, 2]. More 
than 50% of cases and deaths are 
attributable to modifiable risk 
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ABSTRACT

Background & Aims: Prediabetes is often underdiagnosed and underreported due to its asymptomatic state 
in over 80% of individuals. Considering its role in promoting cancer incidence and limited evidence linking 
prediabetes and colorectal cancer (CRC), we conducted a systematic review and meta-analysis to evaluate 
the incidence of colorectal cancer in people with prediabetes.
Methods: A comprehensive search through PubMed/Medline, Embase, Scopus, and Google Scholar was 
performed until June 1, 2022, to screen for studies reporting CRC incidence/risk in prediabetics. Binary 
random-effects models were used to perform meta-analysis and subgroup analyses. Sensitivity analysis was 
done using leave-one-out method. The quality of the studies was assessed by the Newcastle Ottawa Scale for 
observational studies. 
Results: Seven prospective and one retrospective study comprising 15 cohorts and a pooled number of 854,876 
cases and 219,0511 controls were included in the analysis (2 Japan, 2 Korea, 1 Sweden, 1 UK, 1 China, and 
1 USA). After combining all the studies, the forest plots for adjusted analysis shows a statistically significant 
increase in odds of having CRC with prediabetes (OR=1.16; 1.08–1.25, p< 0.01; I2=56.06%) and unadjusted 
analysis also shows a statistically significant increase in odds of having CRC with prediabetes (OR=1.62; 
1.35–1.95, p< 0.01; I2=85.72% ). Sensitivity analysis using the Leave-one-out method did confirm equivalent 
results. Subgroup analysis based on type of study, the odds of developing CRC was higher in prospective 
studies (OR=1.175; 1.065-1.298) (p=0.001) than retrospective studies (OR=1.162; 1.033- 1.306) (p=0.012). 
The odds of developing CRC were not significantly higher in ages >60 (OR=1.446; 0.887-2.356) (p=0.139) 
compared to less than 60 years. The strongest association b/w prediabetes and CRC was found on a median 
5-10 years (aOR=1.257; 1.029-1.534) (p=0.025) follow-up compared to < 5 years and 10 years and higher.
Conclusions: This study showed that the odds of developing CRC is 16% higher in patients with prediabetes 
than those with normal blood glucose. Lifestyle modifications such as weight loss, proper diet, and exercise 
are essential to control prediabetes. This study further warrants a specific prediabetes screening for patients 
already at high risk of colorectal cancer with other risk factors. 

Key words: prediabetes − hyperglycemia − colon cancer − colorectal cancer − meta-analysis − long-term.

Abbreviations: CI: confidence interval; DM: diabetes mellitus; HR: hazard ratio; CRC colorectal cancer; OR: 
odds ratio; RR: relative risk.

factors such as a sedentary lifestyle, smoking, or having an 
unhealthy diet [3]. Regular screening and accessible treatment 
have evidently reduced or even prevented a large proportion 
of its incidence and resultant mortality [4]. Men (4.4%) are 
at a higher risk of developing CRC than women (4.1%) [5]. 

Surveillance, Epidemiology, and End Results (SEER) data 
revealed that there is a 3.3% annual decline in incidence rate 
of CRC among those older than age 65, between 2012 and 
2016. Though the incidence of young-onset CRC, i.e. ages 
<50, decreased from 1975 to 1990, a subsequent annual rise 
of 2.2% was seen with the most significant increase among 
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patients between the ages of 20 to 34 [6]. This rise in annual 
CRC incidence in the young population is of prime concern. 
This was seconded by a systematic review which included 94 
studies, demonstrating the increasing incidence of young-onset 
colorectal cancer [7, 8]. 

Furthermore, a retrospective analysis evaluated CRC 
in 180 patients under the age of 50, 22 (13%) developed 
recurrence and/or progression of disease to date. Three 
patients developed metachronous primary colon cancers 
within 3 to 4 years of their initial resection [9]. Additionally, 
the prognosis of sporadic CRC was relatively inferior in young 
patients because of poorer histologic differentiation and delay 
in diagnosis. Therefore, in such a population, early detection 
could confer survival benefits. It was also established that 
postoperative surveillance is essential in young patients due 
to their higher recurrence rate and metachronous cancer risk 
[10]. Demonstrated evidence exists regarding risk factors and 
their implications on cancers, with diabetes being one such 
risk factor. Cancers of the liver, pancreas and endometrium 
and their rising incidence were previously proven and 
demonstrated with the risk of diabetes melitus (DM) [11, 
12]. And of note, a meta-analysis of 14 studies, estimated that 
diabetics were more at stake than non-diabetics for colon 
cancer [relative risk (RR) =1.38, 95% confidence interval (CI): 
1.26-1.51], and for rectal cancer, (RR=1.20, 95%CI: 1.09-1.31).  
They suggested that DM is an independent risk factor for colon 
and rectal cancer [13]. Though not entirely clear, in diabetics 

mechanisms involving the insulin like growth factor (IGF) axis 
with subsequent cellular damage from inflammatory cytokines 
provide a foundation for understanding the process of cancer 
cell proliferation and metastasis [11]. 

With the rising attention to prediabetes, a precursor state 
of DM, the idea of cancer and prediabetes-related incidence 
is being explored, as they might possibly share the exact 
mechanism in causing cellular damage. In 2014 a meta-
analysis concluded that prediabetes showed an increased risk 
of cancer overall (RR=1.15; 95%CI: 1.06-1.23) with the risk of 
site-specific cancers with prediabetes being highest for liver, 
pancreas, endometrial, and stomach/colorectal cancer (p<0.05) 
[14]. As we encourage future studies, we must delve deeper into 
the association of prediabetes as a risk factor for CRC. Given 
the limited research on this topic, we explored this connection 
between prediabetes and CRC through a comprehensive 
systematic review of literature and meta-analysis. 

METHODS

Search Strategy
A comprehensive database search using PubMed/Medline, 

Embase, Scopus, and Google Scholar was performed until June 
1, 2022. Keywords and all the related synonyms were searched 
for ‘colorectal cancer’ and ‘pre-diabetes / Impaired glucose 
tolerance’. Case reports, case series and further systematic 
reviews were excluded from the search (Fig. 1).

Fig. 1. PRISMA flow diagram for study selection
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Selection of Studies
Abstracts and full texts were screened by following the 

PICO [1 - population, 2 - intervention, 3 - comparison 
group, 4 - outcome] criteria. Inlusions criteria were: 1) study 
was conducted in prediabetic adult population defined 
by fasting blood glucose between 100 and  125 mg/dl or 
2 hours postprandial glucose between 140 and 199 mg/dl 
or Hemoglobin A1C between 5.7 and 6.5% or reported as 
prediabetes; 2) screening/follow-up for prediabetes was the 
intervention/exposure that was noted in the study; 3) study 
included a comparison group of normoglycemic adults 
(without prediabetes/impaired fasting glucose/DM); 4) study 
reported CRC  as the outcome. All the studies that meet the 
PICO criteria, observational studies, case control and cohort 
studies, and studies where outcomes were reported for patients 
with the prevalence, incidence, odds ratios (ORs) / RRs / 
hazard ratios (HRs) of CRC in prediabetes were included. Case 
reports, case series, letter to editor, correspondence, animal 
studies, in-vitro studies and systematic reviews, meta-analyses 
are excluded from the study design. Screening was done by 4 
authors to assess the included 7 prospective and 1 retrospective 
studies (2 Japan, 2 Korea, 1 Sweden, 1 UK, 1 China, and 1 USA). 

Newcastle Ottawa Scale Tool for the critical appraisal of studies 
can be seen in Supplementary file (Table I).

Data Extraction and Meta-analysis
Data was extracted by 6 authors and then independently 

assessed by 2 reviewers. Data was analyzed using Open[Meta]
Analyst software. We used a Binary random-effects model 
to analyze the data with unadjusted and adjusted effect size 
(ES) (HR or OR) with 95%CI. Unadjusted and adjusted 
(multivariable regression analysis) ORs were extracted. If the 
studies reported multiple ORs, they were entered separately 
in the meta-analysis. Heterogeneity was assessed using the 
I2 statistic. The p-values less than 0.05 were considered 
statistically significant.

RESULTS

The analysis comprised seven prospective [15-21] and one 
retrospective studies [22] (2 Japan, 2 Korea, 1 Sweden, 1 UK, 1 
China, and 1 USA) with 15 groups and a total of 854,876 cases 
and 219,0511 controls (Table I). Analysis revealed statistically 
significant increase in unadjusted (OR=1.62; 95%CI: 1.35-

Table I. Baseline characteristics of included study population

Study Country/
region

Definition of pre 
diabetes/Impaired 
fasting glucose/Impaired 
glucose tolerance

Total 
sample 

size 

Number of 
Colorectal 

cancer 
cases

Age(years) 
Mean/

Median

Follow-
up 

duration 
in years

Study design Adjusted confounders

Itoh et al. 
[22]

Japan High normal FPG - FPG 
100-109;
IFG - FPG 110-125 
mg/dl

1,441,311 5,318 46 3.1 Retrospective Age, gender, obesity, high waist        
circumference, hypertension, 
dyslipidemia, cigarette smoking, 
alcohol consumption, and 
physical inactivity

Ke et al. 
[15]

China IFG - FPG 110-125 mg/
dL IGT= 2h plasma 
glucose 140-199 mg/L 
IFG and IGT categorized 
as prediabetes

9,224 31 58 7.5 Prospective Age and gender

Parekh et 
al [16]

USA FPG > 110 mg/dL 4,615 136 67 37 Prospective Age, gender, alcohol, smoking, 
and BMI

Stocks et 
al. [17]

Sweden IFG (6.1–6.9 mmol/L) 
and IGT (8.9–12.1 
mmol/L)

647 306 59 20 Prospective BMI

Jung et al. 
[18]

Korea High normal FPG - FPG 
100-109;               IFG - 
FPG 110-125 mg/dl

144,527 280 41 5.3 Prospective Age and gender

Goto et 
al. [19]

Japan HbA1c 5.7-6.4% 29,629 247 63 8.5 Prospective Age, public health center area, 
BMI (continuous), smoking 
status, sports and physical 
activity, alcohol consumption, 
energy-adjusted vegetable intake 
(quartiles), total energy intake 
(quartiles), coffee consumption

Jee et al. 
[20]

Korea FPG 110-125 mg/dl 1,298,385 NA 47.45 10 Prospective Age, age squared, amount of 
smoking, and alcohol use

Rentsch 
et al. [21]

UK HbA1c 6-6.4% 378,253 2,358 61 7.1 Prospective Age, gender, ethnicity, 
deprivation, BMI, physical 
activity, cardiovascular and 
diabetes diagnoses at baseline, 
smoking status, and alcohol 
consumption.

FPG: fasting plasma glucose; IFG: impaired fasting glucose; IGT: impaired glucose tolerance; BMI: body mass index.
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1.95, p< 0.01, Fig. 2a) and adjusted (OR=1.16; 95%CI: 1.08-
1.25, p<0.01, Fig. 2b) odds of having CRC with prediabetes. 
Sensitivity analysis utilizing the leave-one-out approach 
confirmed the increased risk of CRC in prediabetes (Fig. 3). 
Heterogeneity analysis for unadjusted OR had statistically 
significant heterogeneity with an overall I2 of 85.72% (p<0.01) 
whereas for adjusted OR it showed moderate heterogeneity 
with an overall I2 of 56.06% (p<0.01). Depending on the type 
of study, subgroup analysis showed an OR of 1.175 for having 
CRC in prospective studies (12 groups, 95%CI: 1.065-1.298, 
p=0.001) The OR in the only available retrospective studies 
was 1.162 (2 groups, 95%CI: 1.033-1.306, p=0.012) (Fig. 
4c). Though subgroup analysis based on age did not show 
increased CRC risk in people over 60 (2 groups, OR=1.446; 
95%CI: 0.887-2.356, p=0.139), it was increased in those under 
60 years (11 groups, OR=1.124, 95%CI: 1.066-1.186, p<0.001) 
(Fig. 4a). Subgroup analysis was also performed on the basis of 
the duration of follow-up since prediabetes diagnosis. All the 3 
sub-groups had statistically significantly higher CRC diagnosis 
risk in prediabetes than normoglycemic, i.e., 1.162 for less than 
5 years (2 groups, 95%CI: 1.033-1.306, p=0.012), 1.257 for 5-10 
years follow-up (5 groups, 95%CI: 1.029-1.534, p=0.025), 1.149 
for more than 10 years (7 groups, 1.026-1.286, p=0.016) (Fig. 
4b). The risk of bias was assessed using a funnel plot (Fig. 5).

DISCUSSION

Previous studies show that both DM and prediabetes are 
reported as metabolic risk factors for cancer incidence and 

prevalence. DM has been studied at length for its association 
with CRC, but there is a lack of data to prove the impact of 
prediabetes on CRC incidence. Our novel and unique meta-
analysis utilizing publicly available databases with a systematic 
approach investigated the link between prediabetes and 
CRC.  The results of our analysis are 1) a positive association 
between CRC and prediabetes; 2) young population i.e. age 
< 60 showed a statistically significant association than age > 
60, for prediabetes & CRC; 3) individuals with prediabetes 
requiring both short & long-term follow-ups had a higher risk 
for a CRC diagnosis. 

Several researchers contributed to developments in 
connecting DM and CRC. In 1995, Giovannucci et al. [23] 
hypothesized that DM might be a risk factor for developing 
CRC [23]. Later in 2014, Huang et al. [14] researched the risk 
of CRC in prediabetes in their meta-analysis. Following this, 
the growing interest worldwide led to studying not just DM 
but also hyperglycemia in relation to various cancers and their 
incidence. Systematic reviews by Shen et al. [24] in 2021 and 
Teymoori et al. [25] in 2022, investigated and reported a higher 
risk of CRC in metabolic syndrome and a positive association 
between CRC mortality and higher dietary insulin load.

In our meta-analysis, we included all recent studies from 
2013 onwards except Jee et al. [20] from 2005. GLOBOCON 2018 
stated that developed countries are at the highest risk of CRC. 
For colon cancer, Southern Europe, Australia/New Zealand, and 
Northern Europe are the regions of highest incidence and for 
rectal cancer, incidence was higher in Eastern Europe, Australia/
New Zealand, and Eastern Asia [26]. GLOBOCON 2020 

Fig. 2a. Unadjusted pooled odds of colorectal cancer in patients with prediabetes vs. 
normoglycemic population.

Fig. 2b. Adjusted pooled odds of colorectal cancer in patients with prediabetes vs. normoglycemic 
population.
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stated that China and the United States would have the highest 
estimated number of new CRC cases in the next 20 years [27]. 
Our included studies were reported from Japan, Korea (eastern 
Asia), the UK, China, the USA, and Sweden.

With the exception of the study by Rentsch et al. [21], 
all other research investigations provided adjusted ORs. 
Among these studies, the Japanese studies exhibited the most 

comprehensive adjustment for various factors. Specifically, 
Itoh et al. [22] reported HRs, which were adjusted for 
age, sex, obesity, high waist circumference, hypertension, 
dyslipidemia, cigarette smoking, alcohol consumption, and 
physical inactivity. In contrast, Gota et al. [19] additionally 
incorporated adjustments for public health centers and a 
history of cardiovascular disease into their analysis. 

Fig. 3. Sensitivity analysis using leave-one-out method confirming equivalent results.

Fig. 4a. Subgroup analysis by mean/median age of population (age ≥ 60 years vs age < 60 years).

Fig. 4b. Subgroup analysis by Median Duration of Follow-up (years).
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The American study conducted by Parekh et al. [16] adjusted 
for age, sex, alcohol consumption, smoking, and body mass index. 
Korean studies conducted by Jung et al. [18] and Jee et al. [20], as 
well as Chinese studies conducted by Ke et al. [15], focused their 
adjustments solely on age and gender. Meanwhile, a Swedish study 
by Stock et al. [17] reported body mass index-adjusted ORs for 
CRC risk after controlling for variables such as case-control status, 
sex, age, smoking status, and fasting time before blood draw.

Islami et al. [3] have provided valuable insights into the 
risk factors associated with CRC. The availability of adjusted 
effect sizes for various risk factors emphasizes the significance 
of our own research findings in this context.

Colorectal cancers emerge as a consequence of the clinical 
evolution of precancerous lesions, following a simplified 
morphological sequence that progresses from normal tissue 
to adenomatous polyps, then to dysplasia, and ultimately 
culminates in CRC. This transformation is primarily driven by 
genetic mutations, alterations in signal molecules, and changes 
in cytokines, collectively contributing to the shift in tissue 
morphology that promotes CRC development. The initiation 
of inflammation, followed by the establishment of chronic 
inflammation within the tissue microenvironment, further 
accelerates the genetic changes conducive to oncogenesis. 
Numerous studies have explored and reported on the potential 
association between DM and its role as a precursor, favoring 
inflammatory pathways that promote the onset of cancer [28]. 

Insulin resistance is a well-established characteristic 
of prediabetes. This condition leads to compensatory 
hyperinsulinemia, elevated insulin growth factors, chronic 
oxidative stress, and the accumulation of advanced glycation 
end-products, all of which collectively contribute to the 
proliferation of abnormal cells [7, 29]. As glycemic control 
worsens, an increasing amount of DNA damage caused by 
oxidative stress accumulates. If left untreated, prediabetes can 
advance to DM in approximately 4 years. However, lifestyle 
interventions alone have the potential to delay this progression 
by up to 10 years [30]. The time it takes for a precancerous 
lesion to develop into CRC can vary significantly between 
average-risk and high-risk individuals. In high-risk familial 
syndromes, this process can occur as quickly as 3 years, 
while in average-risk individuals, it may take up to 10 years 
for CRC to form. Murphy et al. [6] and Zhou et al. [7] have 
both documented a trend of CRC occurring at a younger age 
in recent years. This observation has piqued our interest in 
examining the interplay between underlying prediabetes, the 
variable duration for the progression from precancerous lesions 
to CRC, and the rising incidence of CRC among younger 
individuals. Consequently, we decided to subgroup our study 
for analysis based on age and the duration of follow-up years 
to further investigate these trends. 

Strengths and Limitations
Our research study showcases several significant strengths 

that highlight its credibility. Firstly, our study incorporated 
a meticulously executed and systematic search process, 
ensuring that we comprehensively gathered all relevant data 
and minimized the risk of bias. Secondly, the inclusion of 
prospective studies in our research design enhances the 
reliability of our results. Finally, our analysis features accurately 
adjusted effect sizes, which account for various confounding 
variables and offer a more precise understanding of the 
association between prediabetes and CRC. 

The studies included in our analysis predominantly 
originated from Asian countries, such as Japan, Korea, and 
China, with a smaller representation from Western nations 
such as the UK, Sweden, and the USA. Our meta-analysis 
revealed substantial heterogeneity among the included studies. 
Heterogeneity can potentially impact the reliability and 

Fig. 4c. Subgroup analysis by study design i.e retrospective vs prospective.

Fig. 5. Funnel plot of the included studies assessing risk of colorectal 
cancer in individuals with prediabetes.
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applicability of our results, and therefore we did the subgroup 
analysis. Although we conducted subgroup analyses based 
on the duration of follow-up since prediabetes diagnosis, we 
did not explore the underlying reasons for these variations 
in risk over time. Distinct subgroups were unavailable due to 
heterogeneous data and methods utilized in individual studies. 
Gaining a deeper understanding of the factors contributing 
to these temporal changes could further strengthen the 
conclusions drawn from our study.

While our meta-analysis identified a statistically significant 
risk of CRC in patients with prediabetes compared to 
normoglycemic population, the relatively small risk (OR 
1.16 - 1.62) identified by our study necessitates cautious 
interpretation of the results in terms of direct causality. This 
cautious interpretation is in line with the established criteria 
for causality and GRADE recommendations, which emphasizes 
considering factors beyond just statistical significance. 

Heterogeneity among studies and potential confounding 
factors highlight the complexity in relationship between 
CRC risk and prediabetes. Although our study provides 
valuable insight into the association between CRC and 
prediabetes, further high quality studies would be necessary 
to further clarify the nature of this association and underlying 
mechanisms.

CONCLUSIONS

In our comprehensive meta-analysis including studies 
spread globally, we report a 16% higher risk of CRC in patients 
with prediabetes as compared to those with normal blood 
sugar levels. High mortality, morbidity, and rise of incidence in 
younger individuals of CRC demand better understanding and 
insights into the risk factors of CRC. Efforts must be directed 
not only on early detection and aggressive management of 
prediabetes but also conscientious efforts to screen for CRC 
in these patients. Researchers and policymakers should focus 
on addressing the gaps and healthcare initiatives addressing 
prediabetes and CRC. Further research should be directed on 
the pathophysiology of insulin resistance/prediabetes in the 
initiation and progression of colorectal carcinoma and possible 
therapeutic targets. 
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