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Background/Aims: The relationship between fasting blood glucose (FBG) variability and 
colorectal cancer (CRC) remains ill-defined. This study aimed to evaluate the association of FBG 
variability with CRC risk in the healthy population without overt diabetes. 
Methods: In the data from the Korean National Health Insurance Service-Health Screening Co-
hort, we included individuals examined by FBG testing at least 3 times between 2002 and 2007. 
FBG variability was calculated using standard deviation (SD) and coefficient of variation (CV). 
Results: Regarding FBG variability, an increase in the quintile of SD or CV was independently 
associated with CRC risk (all p for trend <0.01). When the change in FBG was classified into six 
trajectory patterns, unfavorable trajectory patterns (high stable and upward) were significantly 
associated with increased CRC risk (hazard ratio [HR] 2.30, p=0.003; HR 1.19, p=0.007, re-
spectively). In subgroup analyses according to the sex, a significant association between FBG 
variability (SD or CV) and CRC risk was observed in men but not in women. The high stable and 
upward pattern were also associated with CRC risk in men (HR 2.47, p=0.002; HR 1.21, p=0.012) 
but not in women.
Conclusions: This study identified that FBG variability and unfavorable trajectory patterns were 
significantly associated with increased CRC risk in the healthy population without overt diabetes. 
Our findings suggest that FBG variability as well as FBG itself may be a predictive factor for the 
development of CRC. (Gut Liver 2022;16:423-432) 
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INTRODUCTION

Colorectal cancer (CRC) is one of the most frequent 
malignancies worldwide. According to the reports of the 
Global Burden of Disease Study, CRC-related mortalities 
are steadily increasing annually worldwide.1 There have 
been many studies that suggest that the development of 
CRC is associated with abnormal metabolic conditions, 
such as obesity, diabetes mellitus (DM), and metabolic 
syndrome.2-4 However, the exact underlying mechanisms 
still remain unclear.

Meanwhile, DM incidence has been greatly increasing 
in most countries, including Korea.5,6 The mortality rate 

from DM and its complications are also increasing in Ko-
rea.6 To date, several studies have investigated the associa-
tion between DM and CRC. Some studies have shown that 
DM is associated with increased risk of CRC or that DM is 
related to higher CRC-related mortality.7-11 Common iden-
tified risk factors for both DM and CRC are Westernized 
diet, obesity, smoking, and lack of physical activity.12 Re-
cently, fasting blood glucose (FBG) variability has emerged 
as a considerable risk factor for long-term diabetic com-
plications.13 The Verona Diabetes Study has shown that 
long-term variability of FBG was significantly predictive of 
cardiovascular events and mortality in type 2 DM patients 
who were followed for 10 years.14 However, few studies 
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have investigated the relationship between FBG variability 
and cancer risk.14 

Therefore, we aimed to investigate the association of 
FBG variability with CRC risk in Korean men and women 
without overt DM using the nationwide health screening 
cohort. 

MATERIALS AND METHODS

1. Data source 
This study was performed using the data from the Ko-

rean National Health Insurance Service-Health Screening 
Cohort (NHIS-Health Screening Cohort), which includes 
514,866 Koreans (aged 40 to 79 in 2002) who were ran-
domly selected 10% among the national health screening 
participants during 2002 to 2003. It is a national database 
established in 2015 by the NHIS. All Koreans have an obli-
gation to join the NHIS, a single health insurance system, 
and all data related to insurance eligibility and medical 
claims are stored in the NHIS database. We used data from 
the general health screening program, which can be ap-
plied at least once every 2 years for the aged Korean popu-
lation (40 years or older). It includes data on demographic 
variables, bioclinical laboratory results, and questionnaires 
about risk factors, such as smoking status. NHIS-Health 
Screening Cohort contains data for all participants fol-
lowed up until December 31, 2015. Detailed information 
of the cohort can be found in the cohort profile paper.15

2. Study population
After excluding subjects with inconsistent date of ex-

amination, this study included 514,795 subjects who had 
taken general health screening at least once between 2002 
and 2003. For this study, we excluded subjects who be-

long to the following criteria: those with missing data for 
FBG level at baseline (n=658), those who participated in 
health screening less than 3 times between 2002 and 2007 
(n=230,778), and/or those with a history of inflammatory 
bowel disease (ICD-10: K50 and K51) (n=3,281) during 
the entire study period (between 2002 and 2015). Sub-
jects diagnosed with any type of cancer (ICD-10: C00-96) 
(n=8,458) and DM (ICD-10: E10-14 and ≥1 claim for an-
tidiabetic medication) (n=24,684) between 2002 and 2007 
were excluded. Additionally, subjects who died between 
2002 and 2007 (n=507) or those with glucose measure-
ments less than 3 times between 2002 and 2007 (n=188) 
were excluded. Finally, 246,241 subjects were included in 
this study (Fig. 1). 

Between 2002 and 2003, the date of health screening 
was considered as the index date. Regarding the incident 
case, the first hospital admission with CRC diagnostic code 
(ICD-10: C18-20) was defined as the date of CRC occur-
rence between 2008 and 2015. Thus, the follow-up period 
was defined from date of the health screening to either 
the date of CRC diagnosis or the date of the last follow-
up (12/31/2015) if CRC did not develop. This study was 
approved by the Institutional Review Board of the Ewha 
Womans University Mokdong Hospital (IRB number: 
EUMC 2018-12-007). Informed consent was waived due to 
the retrospective design of this study.

3. Variability definition
We defined FBG variability using repeatedly measured 

FBG data for each individual between 2002 and 2007. 
FBG variability was calculated using standard deviation 
(SD) and coefficient of variation (CV). The variability was 
divided into quintiles and analyzed: quintiles of SD (Q1, 
<4.97; Q2, 4.97–7.49; Q3, 7.50–10.11; Q4, 10.12–14.19; and 
Q5, ≥14.20) and quintiles of CV (Q1, <5.45; Q2, 5.45–8.18; 

514,795 Korean
NHIS-HEALS

Health screening between
2002 and 2003

280,078 Subjects

246,936 Subjects

246,241 Analyzed

658 Excluding those with missing data for FBG level at baseline
230,778 Excluding those who participated in health screening less than 3 times

between 2002 and 2007
3,281 Excluding those with a history of inflammatory bowel disease

between 2002 and 2015

8,458 Excluding those diagnosed with any type of cancer
between 2002 and 2007

24,684 Excluding those diagnosed with diabetes
between 2002 and 2007

507 Excluding those who died between 2002 and 2007
188 Excluding those with glucose measurements less than 3 times

between 2002 and 2007

Fig. 1.Fig. 1. Flow diagram of the study sub-
jects. 
NHIS-HEALS, National Health Insur-
ance Service-Health Screening Co-
hort; FBG, fasting blood glucose.
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Q3, 8.19–11.08; Q4, 11.09–15.26; and Q5, ≥15.27). Ad-
ditionally, we defined the trajectory patterns using the 
measured values in the years 2002–2003 (T1), 2004–2005 
(T2), and 2006–2007 (T3). FBG concentrations at each 
time point were divided into three levels using cutoff val-
ues of 100 mg/dL and 126 mg/dL, and then, six trajectory 
patterns were formed using the change of fasting glucose 
status (Supplementary Table 1, Supplementary Fig. 1). The 
NHIS-Health Screening Cohort provides income level data 
as medical aid beneficiaries, deciles for insured employees, 
and deciles for insured self-employed based on income-
based insurance contributions. Thus, we classified medical 
aid beneficiaries and the first and second deciles into one 
group. Sequentially, the two deciles were grouped and ap-
plied to the analysis.

4. Statistical analyses 
Descriptive results were summarized as means with SD for 

numerical data and as number of subjects with percentage for 
categorical data. The incidence rate of CRC was estimated as 
100,000 person-years. The risk of developing CRC according 
to FBG variability was estimated using the Cox proportional 
hazard model analyses, and the results were presented as haz-
ard ratio (HR) with 95% confidence interval (CI). Its assump-
tion was tested by the Schoenfeld residuals, and the assump-

tion was satisfied. We considered age, income level, body 
mass index status (<20 kg/m2, 20–24.9 kg/m2, and ≥25 kg/
m2), smoking (never, former, and current smoker), alcohol in-
take (never, 2–3 times/month, 1–2 times/week, and ≥3 times/
week), physical activity (none, 1–2 times/week, and ≥3 times/
week), and Charlson comorbidity index (CCI) as confound-
ing variables. Sensitivity analysis was performed by excluding 
subjects who had developed CRC within 2 years by adjusting 
various covariates. In addition, to visually assess the shape of 
association between FBG variability and incident CRC, re-
stricted cubic spline was used. Thus, based on the low Akaike 
information criterion values, Cox models with restricted cu-
bic spline were conducted using 3 knots at the 10th, 50th, and 
90th percentiles. All statistical analyses were conducted using 
SAS version 9.4 (SAS Institute, Cary, NC, USA), and p<0.05 
was considered significant under two-sided test. 

RESULTS

1. Baseline characteristics of the study population
The study was analyzed on a total of 246,241 subjects, 

143,623 men and 102,618 women. The mean age of the 
study population was 51.20±8.81 years (50.44±8.64 years 
in men, 52.26±8.95 in women) (Table 1). With regard to 

Table 1.Table 1. Baseline Characteristics of the Study Subjects

Characteristics
Total

(n=246,241)
Men

(n=143,623)
Women

(n=102,618)

Age, mean±SD, yr 51.20±8.81 50.44±8.64 52.26±8.95
Income level, No. (%)* Medical aid beneficiaries + ≤20th 37,455 (15.21) 15,407 (10.73) 22,048 (21.49)

21–40th 31,994 (12.99) 15,193 (10.58) 16,801 (16.37)
41–60th 37,004 (15.03) 21,916 (15.26) 15,088 (14.70)
61–80th 50,683 (20.58) 32,455 (22.60) 18,228 (17.76)
≥81th 89,105 (36.19) 58,652 (40.84) 30,453 (29.68)

Body mass index, No. (%) <20 kg/m2 19,194 (7.80) 10,531 (7.34) 8,663 (8.45)
20–24.9 kg/m2 145,825 (59.26) 84,103 (58.59) 61,722 (60.19)
≥25 kg/m2  81,053 (32.94) 48,899 (34.07) 32,154 (31.36)

Smoking, No. (%) Never 160,867 (66.45) 61,071 (43.69) 99,796 (97.54)
Previous 23,397 (9.66) 22,610 (16.17)  787 (0.77)
Current 57,840 (23.89) 56,105 (40.14) 1,735 (1.70)

Alcohol intake, No. (%) Never 128,654 (53.19) 46,447 (32.78) 82,207 (82.03)
2–3 times/mo 41,834 (17.29) 30,609 (21.61) 11,225 (11.20)
1–2 times/wk 45,160 (18.67) 39,958 (28.20) 5,202 (5.19)
≥3 times/wk 26,244 (10.85) 24,659 (17.41) 1,585 (1.58)

Physical activity, No. (%) None 130,023 (54.39) 64,469 (46.30) 65,554 (65.68)
1–2 times/wk 63,578 (26.60) 45,763 (32.86) 17,815 (17.85)
≥3 times/wk 45,453 (19.01) 29,020 (20.84) 16,433 (16.47)

CCI score, mean±SD 0.41±0.75 0.35±0.70 0.51±0.81
FBG, mean±SD, mg/dL 92.70±23.93 93.88±23.16 91.06±24.87
SD of FBG, mean±SD 10.78±13.53 11.44±13.12 9.85±14.02
CV of FBG, mean±SD 11.04±7.78 11.56±7.98 10.31±7.42

CCI, Charlson comorbidity index; FBG, fasting blood glucose; SD, standard deviation; CV, coefficient of variation.
*Income level: The National Health Insurance Service-Health Screening Cohort provides income level data as medical aid beneficiaries, deciles for 
insured employees, and deciles for insured self-employed individuals.
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body mass index, more women were underweight (<20 
kg/m2) than men (8.45% in women, 7.34% in men). Con-
versely, more men were overweight (≥25 kg/m2) than 
women (34.07% in men, 31.36% in women). Current 
smokers among men were 40.14%, being approximately 40 
times as many as women. The proportion of individuals 
consuming alcohol more than 3 times a week was much 
higher in men (17.41%) than in women (1.58%). However, 
more women did not exercise any physical activity during 
the week (65.68%) than men (46.30%). The average of FBG 
level at baseline was higher in men (93.88±23.16 mg/dL) 
than in women (91.05±24.87 mg/dL), and the indicators of 
variability, SD and CV, were also higher in men.

2. Association of FBG variability with CRC risk
The incidence of CRC during the follow-up period 

was 116.7 per 100,000 person-years (n=3,669). We evalu-
ated the effect of FBG variability on CRC risk using the 
Cox proportional hazard regression analysis (Table 2). To 
analyze the association of FBG variability, SD or CV, with 
CRC incidence, model 1 was adjusted for the age and sex 
in the crude model, and model 2 was adjusted for vari-
ous confounding factors (economic income, body mass 
index, smoking habits, alcohol intake, physical activity, 
and CCI) in model 1. The highest quintile of SD showed 
a significantly higher risk of incident CRC (HR, 1.41; 95% 
CI, 1.27 to 1.56) compared with the lowest quintile of SD. 
The significance remained after adjusting for various co-
variates (HR, 1.19; 95% CI, 1.07 to 1.32). When SD of FBG 
was divided into five quintiles, an increase in the quintile 
of SD was significantly associated with increased risk of 
CRC in the crude model (p for trend <0.001), model 1 (p 
for trend <0.001), and model 2 (p for trend=0.001). An in-
crease in the quintile of CV was also associated with CRC 
risk in the crude model (p for trend <0.001), model 1 (p 
for trend=0.001), and model 2 (p for trend=0.009). In the 
sensitivity analysis excluding subjects who developed CRC 
within 2 years, the influence of the SD or CV FBG variabil-
ity on CRC incidence remained as shown in Table 2 and 
Supplementary Table 2. Among the confounding variables, 
male, age, current smoking status, high intake of alcohol, 
high body mass index and CCI were independently as-
sociated with CRC (Supplementary Table 3). For CRC, 
there was no interactive effect between FBG variability 
and confounding variables (Supplementary Table 4). Even 
when separately evaluated for rectal cancer, the effect of 
the variability evaluated by SD and CV was similar to the 
above results (Supplementary Table 5). After the median 
value of FBG variability assessed by SD or CV, the risk of 
CRC gradually increased as the variability increased, but 
the CV-derived results showed a wider CI (Fig. 2A and B).
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When the change of FBG level was classified into six 
trajectory patterns, unfavorable patterns, namely high sta-
ble, upward, and fluctuant patterns showed a significantly 
increased risk of CRC in model 1 (HR 2.35, p=0.002; HR 
1.24, p=0.001; HR 1.15, p=0.042, respectively). In model 
2, high stable and upward trajectory patterns were sig-
nificantly associated with increased CRC risk (HR 2.30, 
p=0.003; HR 1.19, p=0.007, respectively) (Table 2). How-
ever, the association of the fluctuant pattern with CRC risk 
did not reach statistical significance in model 2 (HR 1.13, 
p=0.070). In the sensitivity analysis, a high stable trajectory 
pattern was still significantly associated with an increased 
risk of CRC, and an upward trajectory pattern was associ-
ated with a borderline significance level (Supplementary 
Table 2).

3. Association of FBG variability with CRC risk 
among men and women 
During the 8-year follow-up (between 2008 and 2015), 

the incidence of CRC was 135.2 per 100,000 person-years 

(n=2,487) in men and 90.5 per 100,000 person-years 
(n=1,182) in women. To evaluate whether the associa-
tion between FBG variability and CRC incidence differed 
according to the sex of the subjects, univariate (crude 
model) and multivariate analyses (model 1 and model 2) 
were carried out for male and female subjects. In men, 
an increase in the quintile of SD was significantly associ-
ated with increased risk of CRC in the crude model (p for  
trend <0.001), model 1 (p for trend <0.001), and model 
2 (p for trend=0.007). An increase in the quintile of CV 
was also associated with increased CRC risk in the crude 
model (p for trend <0.001), model 1 (p for trend=0.001), 
and model 2 (p for trend=0.027). With regard to trajec-
tory patterns, unfavorable patterns (high stable, upward, 
and fluctuant patterns) were significantly associated with 
increased CRC risk in the crude model. Compared with 
the low stable trajectory pattern, high stable and upward 
patterns were shown to significantly increase the risk of 
CRC in model 1 (HR 2.54, p=0.001; HR 1.27, p=0.001, re-
spectively). Even after adding various covariates (model 2), 
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Fig. 2.Fig. 2. Association of FBG variability assessed by SD (A) or CV (B) with incident CRC risk and association of FBG variability assessed by SD with inci-
dent CRC risk in men (C) and women (D). The solid line indicates the HR, and dashed lines indicate the 95% CI. The model was fitted by a restricted 
cubic spline with three knots located at the 10th, 50th, and 90th percentiles of the FBG variability (vertical lines). HRs with 95% CIs were obtained 
after adjusting for sex, age, income, body mass index status, smoking habits, alcohol intake, physical activity, and the Charlson comorbidity index.
FBG, fasting blood glucose; SD, standard deviation; CV, coefficient of variation; CRC, colorectal cancer; HR, hazard ratio; CI, confidence interval.
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the high stable and upward pattern was significantly asso-
ciated with increased CRC risk (HR 2.47, p=0.002; HR 1.21, 
p=0.012, respectively) (Table 3). Among the confounding 
variables, age, income level, current smoking, and high 
intake of alcohol were independently associated with CRC 
(Supplementary Table 6). In the sensitivity analysis, high 
stability and upward patterns still showed a significant as-
sociation for CRC risk (Supplementary Table 2). In addi-
tion, a positive association between rectal cancer with SD 
or CV of FBG was significant, and the risk of rectal cancer 
was significantly higher in the high-stable group compared 
to the low-stable group (HR 2.59, p=0.037) (Supplementary 
Table 5).

In women, a significant association was observed be-
tween the quintile of SD and CV and CRC incidence in 
the crude model (p for trend=0.001 and p for trend=0.014, 
respectively); however, this association did not reach statis-
tical significance in model 1 (p for trend=0.099 and p for 
trend=0.264, respectively) and model 2 (p for trend=0.067 
and p for trend=0.162, respectively). In addition, there 
was also no significant difference in the sensitivity analysis 
(Supplementary Table 2). Similarly, regarding trajectory 
patterns, there was no significant difference in CRC risk 
among the trajectory patterns in models 1 and 2 among 
women (Table 4). Among the confounding variables, age, 
physical activity level, and CCI score were independently 
associated with CRC (Supplementary Table 7). The risk of 
rectal cancer according to FBG variability was also insig-
nificant (Supplementary Table 5). In both sexes, the risk 
of CRC gradually increased after the median value of FBG 
variability assessed by SD. However, a statistical signifi-
cance was observed in men, but not in women (Fig. 2C 
and D).

DISCUSSION

In the comprehensive health screening cohort in Korean 
men and women excluding patients with overt DM, we in-
vestigated the association of FBG variability with CRC risk. 
Multivariate analyses adjusted for several covariates found 
that FBG variability, represented by SD or CV, was signifi-
cantly associated with increased CRC risk. Regarding FBG 
trajectory patterns, unfavorable patterns (high stable and 
upward) were positively associated with increased CRC 
risk. 

Various previous studies have reported that increased 
FBG level is related with CRC incidence. It is well-known 
that DM is significantly associated with the increased risk 
of CRC.4,12,16 Type 2 DM, in particular, increases the risk 
of CRC by 1.3 times17 and is an independent risk factor for 
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mortality of several solid cancers, including colon cancer.18 
In the Korean Cancer Prevention Study-II, a large-scale 
prospective cohort study, CRC incidence was positively 
associated with increased FBG levels.19 The Framingham 
Offspring Cohort study has also shown that the presence 
of impaired fasting glucose >10 years before the event was 
correlated with increased risk of obesity-related cancers, 
particularly CRC.20 The association between increased 
FBG and CRC has been explained by several hypotheses. 
Hyperinsulinemia,21,22 hyperglycemia,22 or associated co-
factors are associated with increased risk of CRC. Hyper-
insulinemia through insulin-like growth factor system23-25 
can influence the differentiation of epithelial cells in the 
intestine and can contribute to colorectal neoplasia.26 Oth-
er factors, such as chronic inflammation,27,28 imbalanced 
intestinal microbiota,29 or delayed bowel transit,30 have also 
been proposed. 

Meanwhile, the clinical significance of FBG variability 
was found to be associated with diabetic complications or 
mortality. In the Verona Diabetes Study, long-term vari-
ability of FBG was significantly predictive of cardiovascu-
lar events and mortality in type 2 DM patients followed 
up for 10 years.14 Recently, a meta-analysis investigated 
the association of FBG variability with complications and 
mortality in five studies including patients with type 2 
DM.31 This analysis reported that high FBG variability was 
significantly associated with the risk of retinopathy (odds 
ratio, 3.68; 95% CI, 1.01 to 13.4) and all-cause mortality 
(HR, 1.28; 95% CI, 1.12 to 1.46). In Korea, one prospec-
tive cohort study (Ansung-Ansan cohort) has investigated 
the relationship between glucose variability and vascular 
adverse events in middle-aged individuals without DM at 
baseline.32 This study reported that higher FBG variability 
and post 2-hour blood glucose were predictive factors for 
macrovascular events, including coronary artery disease, 
myocardial infarction, and congestive heart failure and 
stroke but not for microvascular events.32 With regard 
to the underlying mechanisms, FBG variability may be 
associated with oxidative stress, inflammatory cytokine 
production, and some epigenetic changes such as cellular 
memory.33-37

Thus far, few studies have evaluated the association be-
tween FBG variability and cancer risk. The Verona Diabe-
tes Study identified that high FBG variability (represented 
by the CV value) was the risk factor of mortality from 
malignancies as well as all-cause or cardiovascular-related 
mortalities.14 Although this association may be explained 
by the deterioration of FBG over time in individuals with 
high CV of FBG, it has not been supported by any clinical 
or experimental studies. Similar to the Verona Diabetes 
Study, our study reports a significant association between 
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high CV (or SD) of FBG and CRC risk. In addition, high 
stable and upward FBG trajectory patterns were inde-
pendent predictors of CRC incidence. Among six FBG 
trajectory patterns in our study, high stable, upward, and 
fluctuant groups could be classified as unfavorable pat-
terns considering the long-term outcomes related to DM. 
Although the fluctuant FBG trajectory pattern tended to 
be associated with the risk of CRC, it did not reach statisti-
cal significance. To verify and confirm our results, further 
large-scale studies across different ethnic populations are 
warranted.

In this study, we also evaluated the association between 
FBG variability and CRC risk according to the sex. Conse-
quently, SD or CV of FBG was significantly associated with 
the risk of CRC in men but not in women. Some unfavor-
able trajectory patterns were also significantly associated 
with CRC risk in men (high stable and upward patterns) 
but not in women. These results are similar to the CRC risk 
in DM patients according to the sex. In the Cancer Preven-
tion Study II Nutrition Cohort, a significant association 
between type 2 DM and CRC incidence was found among 
men but not women.38 In addition, the Korean Cancer 
Prevention Study-II, a prospective cohort study of a large 
Korean population, showed that high FBG (≥100 mg/dL) 
including impaired fasting glucose correlated with the risk 
of CRC only in men.19 When analyzed according to the sex, 
the risk associated with developing CRC in study subjects 
with high FBG was statistically significant in men (HR, 1.51; 
95% CI, 1.11 to 2.05), whereas no such association was 
noted in women (HR, 1.23; 95% CI, 0.67 to 2.26).19 Another 
Korean cohort study has also reported that the association 
of impaired fasting glucose with CRC risk was observed 
only in men.39 Taken together, our results suggest that men 
are more susceptible to CRC than women if they have FBG 
variability or some unfavorable trajectory patterns.

The present study has some limitations. First, as this was 
a retrospective study, our results may have been influenced 
by the accuracy and availability of the medical records. In 
particular, a considerable number of subjects (n=230,778) 
were excluded if they participated in health screening less 
than 3 times between 2002 and 2007. This may have led to 
selection bias and caused the insufficient sample size in the 
specific groups to evaluate the association between FBG 
variability and CRC risk. Second, since the major outcome 
in our study was CRC, there may be a length time bias 
when considering the limited period of this study. Third, 
we did not reflect all the changes in various factors (drugs, 
health behaviors, etc.) during the FBG variability assess-
ment period. However, when the CCI calculated using 
the claims data for 2002 to 2007 was applied, the results 
did not change (data not shown). Fourth, regarding FBG 

trajectory patterns, the high stable group had much fewer 
cases than other groups. We excluded subjects diagnosed 
with DM between 2002 and 2007. DM was defined as 
prescribing one or more antidiabetic medications along 
with E10-14 in the ICD-10 code in our study. Accordingly, 
if any individual with FBG levels ≥126 mg/dL 3 times 
was diagnosed with DM and was prescribed antidiabetic 
medications, they were excluded from our study. However, 
despite the small sample size, the high stable trajectory pat-
tern was independently associated with the CRC risk in the 
overall and male subjects. Fifth, there was lack of informa-
tion or separate diagnostic code for family history of CRC 
or hereditary CRC syndrome in our cohort data from the 
Korean NHIS database. Thus, we could not exclude those 
with hereditary CRC syndrome or with a family history of 
CRC. In addition, we could not include the colonoscopy 
performance and polypectomy history in our study. Thus, 
further studies to conduct with more organized algorithm 
were needed to verify our result. Despite these limitations, 
it is meaningful that this study is the first to evaluate the 
association between the various indicators of FBG variabil-
ity and CRC risk and to find its sex differences.

In conclusion, in this study, we found that FBG vari-
ability and the unfavorable trajectory patterns—high stable 
and upward—were significantly associated with increased 
CRC risk in the healthy population without overt DM. The 
association of FBG variability and the unfavorable patterns 
with CRC risk persisted in men, but not in women. Thus, 
our findings suggest that FBG variability as well as FBG it-
self may be a predictive factor for the development of CRC. 
Further researches on FBG variability in a healthy popula-
tion may be used to individually tailor a CRC screening 
strategy.
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