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INTRODUCTION: Long-term glycemic variability is associated with various adverse health outcomes in patients with

diabetes mellitus (DM). However, the relationship between glycemic variability and gastric cancer

remains unclear. We aimed to investigate the association between glycemic variability and gastric

cancer incidence in individuals without DM.

METHODS: We used the Korean National Health Insurance Service data sets of claims and health checkups and

included 202,562 individuals without DM. Fasting plasma glucose (FPG) variability was measured

using the variability independent of the mean (VIM), coefficient of variation, SD, and average

successive variability. The association between FPG variability and gastric cancer incidence was

analyzed using Cox regression adjusting for age, sex, body mass index, smoking status, alcohol

consumption, regular exercise, income level, family history of cancer, mean FPG level, and number/

mean interval of FPG measurements.

RESULTS: In total, 1,920 patients developed gastric cancer (0.95%) within a median follow-up of 5.6 (5.3, 6.4)

years. The fully adjusted hazard ratio and 95% confidence interval for gastric cancer were 1.26 and

1.18–1.34, respectively, in the highest quartile of FPG variability assessed by VIM comparedwith that in

the lowest quartile. Similar results were obtained in the normal and impaired fasting glucose groups and

when using the variability indexes, including coefficient of variation, SD, and average successive

variability. There was a sequential increase in the incidence of gastric cancer according to the increase in

the deciles of FPG variability (P for linear trend <0.001). A 1-SD increase in FPG variability assessed by

VIMwas significantly associated with a 10.0% increase in gastric cancer risk in the fully adjustedmodel.

DISCUSSION: In a DM-free population, high variability in visit-to-visit FPG levels was independently associated with

an increased risk of gastric cancer.

SUPPLEMENTARY MATERIAL accompanies this paper at http://links.lww.com/CTG/A368, http://links.lww.com/CTG/A369
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INTRODUCTION
Gastric cancer is the fifth commonest type of cancer and the
second leading cause of cancer-related deaths worldwide (1,2).
Despite a recent increase in the number of tests performed for
screening gastric cancer, including endoscopic examinations and
measurement of serum carcinoembryonic antigen levels, the
gastric cancer mortality rate has not decreased significantly (3).
Thus, early detection of and risk stratification for gastric cancer
are necessary to reduce morbidity and mortality.

There are several known risk factors for gastric cancer: sex, age,
ethnicity, smoking status, andHelicobacter pylori infection (4,5). In
addition, metabolic disturbances such as obesity, metabolic syn-
drome, and diabetesmellitus (DM) also increase gastric cancer risk
(6–9). Their common pathological conditions, including hyper-
glycemia and hyperinsulinemia (or insulin resistance), increase cell
proliferation, angiogenesis, and oxidative DNA damage (6,8,10).
Hyperglycemia itself promotes epithelial mesenchymal transition,
which is associated with cancer progression and metastasis (11).
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Beyond hyperglycemia, growing evidence has emphasized the
influence of glycemic variability on the incidence of diabetic
complications and all-cause or cardiovascular mortality in-
dependent of glycemic control in individuals with DM (12).
Fluctuations in glucose levels increase oxidative stress, endothe-
lial dysfunction, and subclinical inflammation, promoting organ
damage (13). However, whether glycemic variability increases
gastric cancer risk in individuals without DM remains unknown.

We aimed to examine the relationship between visit-to-visit
glycemic variability and gastric cancer risk in adults without DM
using a large nationwide population-based cohort.

METHODS
Data source

Claims and health checkup data from the National Health In-
surance Service–National Sample Cohort (NHIS-NSC) were
used. TheNHIS is a single-payer health care system for all Korean
residents managed by the Korean government, covering ap-
proximately 98% of the Korean population (14). The NSC is a
representative sample cohort of about 2.2% of the total Korean
population, allocated using systematical stratified random sam-
pling. Biannual health checkups are provided without additional
cost to those aged at least 40 years. All employers are responsible
for arranging examinations; for self-employed individuals, a post
mail is sent biannually instructing them to visit the assigned
health examination center after overnight fasting for at least 8
hours (14). Detailed information and the quality of this cohort
have been reported previously (14–18). The claims data set
comprises data on sociodemographic variables; diagnosis state-
ments defined by the International Classification of Diseases, 10th
Revision (ICD-10); prescriptions; and hospital visit dates. The
health checkup data set includes data of biannual health exami-
nations for all eligible participants, including anthropometric
measurements, questionnaires on lifestyle and behavior, and
regular blood test parameters (including fasting glucose levels).
Researchers can analyze NHIS-NSC data if their study is ap-
proved by the review committee.

Study population

Since these cohort data were obtained in 2002, to maximize the
number of participants and to minimize the differences in du-
ration variability measurement, we selected individuals aged$40
years at baseline who underwent at least 1 health checkup be-
tween 2006 and 2008 (index year) and had more than 2 health
checkups during the 5 years before the index year. The time point
of the last health checkup between 2006 and 2008 was considered
as the baseline. Of the 300,241 patients within the index year, we
excluded those previously diagnosed with DM (n5 70,569), with
any type of cancer (n5 18,662), and withmissing data for at least
1 variable (n5 19,533); thus, 202,562 individuals were eligible for
inclusion (see Figure 1, Supplementary Digital Content 1, http://
links.lww.com/CTG/A368). The protocols were approved by the
NHIS review committee and the Korea University institutional
review board (IRB no. 2019GR0038). The requirement for
obtaining informed consent was waived by the IRB because the
NHIS provided the researchers with anonymous, deidentified
information.

Assessment of glycemic variability

Glycemic variability was determined as visit-to-visit intra-
individual fasting plasma glucose (FPG) variability during the 5

years before the baseline. Fasting glucose levels were measured in
all participants at least thrice. We used 4 variability indexes to
verify the consistency of the hypothesis: (i) variability in-
dependent of the mean (VIM), determined using the following
formula: 1003 SD/meanb (b; the regression coefficient based on
the natural logarithm of the SD over the natural logarithm of the
mean), (ii) coefficient of variation (CV), (iii) SD, and (iv) average
successive variability (ASV), which is the average absolute dif-
ference between successive values and was determined using the
following formula: |Glu12Glu2|1 |Glu22Glu3|1 ···1 |GluN-1
2 GluN|/N 2 1 (N, the number of measurements) (19). The
higher the values of FPG-SD, CV, VIM, and ASV, the greater is
the visit-to-visit glycemic fluctuation.

Definitions and measurements

DM was defined using ICD-10 codes E10–14 or a fasting glucose
level$126 g/dL. Cancer was defined as at least 1 claim for any type
of cancer, with an ICD-10 code beginning with the letter C. Gastric
ulcers were defined under the ICD-10 code K25 and duodenal
ulcers under the code K26. Normal fasting glucose (NFG) levels
were defined as fasting glucose levels ,100 mg/dL, whereas im-
paired fasting glucose (IFG) levels were defined as fasting glucose
levels between 100 and 125 mg/dL at baseline. The mean fasting
glucose level was defined as the average of all fasting glucose
measurements in the index year and within the previous 5 years.

Self-report questionnaires were used to evaluate smoking
status, alcohol consumption, regular exercise, and family history
of any cancer type. Current smoking was defined as the use of any
tobacco product in the index year. Heavy alcohol consumption
was defined as alcohol consumption on at least 3 d/wk. Regular
exercise was defined as moderate-intensity exercise performed at
least 3 d/wk. Low income was defined as a monthly income in the
lowest 20% of the total population distribution. All participants
underwent physical examinations (height, weight, and blood
pressure); venous blood samples were drawn for glucose mea-
surements after overnight fasting for at least 8 hours. Hospitals
conducting the examinations underwent regular quality control
checks by external quality assessment supervised according to the
Korean Association of Quality Assurance for Clinical Laboratory
guidelines (11).

Outcomes and follow-up

The end point was gastric cancer incidence based on hospitaliza-
tion records for gastric cancer (ICD-10 C16) as a major diagnosis.
Gastric cancer subsites were identified as noncardia (ICD-10
C16.0) or cardia (C16.1–16.9). The study population was followed
up from the baseline to the date of gastric cancer diagnosis, death,
or the end of the study period (December 31, 2013).

Statistical analyses

Baseline characteristics were presented as mean6 SD or median
(25th and 75th) for continuous variables and as numbers (%) for
categorical variables. Participants were grouped into quartiles or
deciles according to fasting glucose variability; differences in
baseline characteristics were determined using analysis of vari-
ance or x2 tests. Gastric cancer incidence was calculated as the
number of incident cases divided by the total follow-up duration
(person-years). The cumulative incidence of gastric cancer
according to FPG variability was analyzed using Kaplan-Meier
estimates. A Cox proportional hazards model was used to cal-
culate the hazard ratio (HR), with its corresponding confidence
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intervals (CIs), for gastric cancer with multivariable adjustments.
Model 1 was adjusted for age, sex, and body mass index. Model 2
was additionally adjusted for smoking status, alcohol consump-
tion, regular exercise, income level, family cancer history, mean
fasting glucose levels, and number/mean interval of FPG mea-
surements. Variance of inflation factor (VIF) was calculated to
test collinearity of independence of variables including FPG
variability and mean fasting glucose and all VIFs with variables
were ,10.0. In addition, baseline fasting glucose levels were
stratified into NFG and IFG levels, and the same analysis was
performed. We tested the proportionality of the subdistribution
hazard assumption using Schoenfeld residuals; there was no vi-
olation of the assumption.

A sensitivity analysis was conducted to test the robustness of
our results, using 5 exclusion criteria. First, we excluded indi-
viduals who developed gastric cancer within 2 years of the base-
linemeasurement tominimize the possibility of reversal causality.
Second, we excluded individuals diagnosed with gastric or duo-
denal ulcers at baseline as these can be considered as pre-
malignant lesions. Third, we excluded individuals who had IFG at
least once during 5 years before the baseline because IFG itself
might significantly increase cancer risk. Fourth, we excluded in-
dividuals who developed DM from the index year to the end of
follow-up. Fifth, we excluded individuals who developed IFG or
DM from the index year to the follow-up period. In addition, we
conducted a separate analysis of the incidence of cardia vs non-
cardia gastric cancer to determine whether glycemic variability
had a differential impact on the development of cardia and
noncardia cancer. The cardia subtype is closely related to

gastroesophageal reflux and obesity, whereas noncardia cancer is
strongly related toH. pylori infection (20). We presumed that the
association between fasting glucose variability and gastric cancer
incidence varies according to anatomical site. The Statistical
Analysis System software (Version 9.3; SAS Institute, Cary, NC)
was used to perform all analyses. A P value,0.05 was considered
significant.

RESULTS

Baseline characteristics of the study population

In total, 202,562 participants were included, of which 52,806
(26.1%) had IFG. The median follow-up duration was 5.6
(5.3–6.4) years. In over 1,175,552 person-years of observation,
1,920 participants developed gastric cancer. FPG levels of each
subject were measured 3 to 6 times (3 times n5 124,958, 4 times
22,173, 5 times 20,138, and 6 times 35,293).

Participants with higher quartiles of FPG variability had
higher baseline fasting andmean fasting glucose levels, weremore
likely to be male, had higher rates of smoking and alcohol con-
sumption, and had lower rates of regular exercise (Table 1). Total
cholesterol levels were not significantly different among the 4
groups. Baseline characteristics according to the quartiles of other
variables defined using CV, SD, and ASV showed similar trends
(data not shown). Participants who developed gastric cancer had
higher FPG variability, but fasting glucose levels were not sig-
nificantly different. Those who developed gastric cancer were
older, mostlymale, had higher systolic blood pressure, lower total
cholesterol levels, and higher rates of smoking and heavy alcohol

Table 1. Baseline characteristics of participants according to quartiles of fasting glucose variability assessed by VIM

Q1 (n5 50,646) Q2 (n5 50,635) Q3 (n5 50,641) Q4 (n5 50,640) P

FPG variability (VIM, %) 3.59 (2.33–4.85) 6.78 (5.98–7.58) 9.74 (8.79–10.69) 15.05 (11.96–18.14)

No. of FPG measurements 3.57 (2.53–4.61) 3.94 (2.72–5.16) 3.99 (2.76–5.22) 3.82 (2.66–4.98) ,0.001

Mean interval for FPG

measurements (yr)

1.82 (1.38–2.26) 1.68 (1.19–2.17) 1.66 (1.17–2.15) 1.73 (1.25–2.21) ,0.001

Fasting glucose (mg/dL) 91.2 (82.0–100.4)*†‡ 91.9 (81.8–102.0)*{§ 92.8 (81.5–104.1)†{¥ 94.8 (80.5–109.1)‡§¥ ,0.001

Mean fasting glucose (mg/dL) 91.0 (82.3–99.7)*†‡ 91.1 (82.6–99.6)*§ 91.2 (83.1–99.3)†¥ 91.8 (84.5–99.1)‡§¥ ,0.001

Age (yr) 55.9 (47.5–64.3)*†‡ 55.5 (47.3–63.7)*{§ 55.7 (47.4–64.0)†{¥ 56.7 (47.9–65.5)‡§¥ ,0.001

Male 24,949 (49.3) 27,610 (54.5) 29,236 (57.7) 30,288 (59.8) ,0.001

Body mass index (kg/m2) 23.8 (21.0–26.6)*†‡ 23.8 (21.0–26.6)*§ 23.9 (21.1–26.7)† 23.9 (21.1–26.7)‡§ ,0.001

Systolic blood pressure (mm Hg) 123.7 (108.2–139.2)*†‡ 124.1 (108.8–139.4)*{§ 124.9 (109.4–140.4)†{¥ 126.0 (110.2–141.8)‡§¥ ,0.001

Diastolic blood pressure (mm Hg) 77.1 (66.9–87.3)*†‡ 77.5 (76.4–78.6)*{§ 78.0 (67.8–88.2)†{¥ 78.6 (68.3–88.9)‡§¥ ,0.001

Hemoglobin (g/dL) 13.8 (12.3–15.3)*†‡ 13.9 (12.4–15.4)*{§ 13.9 (12.4–15.4)†{ 13.9 (12.4–15.4)‡§ ,0.001

Total cholesterol (mg/dL) 198.7 (163.5–233.9)* 198.6 (163.2–234.0)† 199.0 (163.2–234.8) 199.3 (162.5–236.1)*† 0.010

Current smoking 7,435 (14.7) 8,744 (17.3) 9,876 (19.5) 10,726 (21.2) ,0.001

Heavy alcohol consumption 3,776 (7.5) 4,259 (8.4) 4,780 (9.4) 5,673 (11.2) ,0.001

Regular exercise 13,005 (25.7) 12,445 (24.6) 11,934 (23.6) 11,358 (22.4) ,0.001

Low income level (lower 20%) 5,629 (11.1) 6,312 (12.5) 6,790 (13.4) 7,418 (14.7) ,0.001

Family history of cancer 13,632 (26.9) 13,297 (26.3) 12,805 (25.3) 12,174 (24.0) ,0.001

Values are presented as mean 6 SD or n (%).
The superscripts (*†‡{§¥) indicate the pair of values that were significant in post hoc analysis.
FPG, fasting plasma glucose; VIM, variability independent of the mean.
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consumption (see Table 1, Supplementary Digital Content 2,
http://links.lww.com/CTG/A368).

Gastric cancer risk according to glycemic variability

In total, 1,920 (0.95%) patients had newly diagnosed gastric cancer
within a median follow-up of 5.6 years. Kaplan-Meier curves
demonstrated that the cumulative gastric cancer incidence in-
creased progressivelywith increasing quartiles of FPGvariability in
individuals without DM; similar trends were seen in both the NFG
and IFG groups (Figure 1). Gastric cancer risk progressively in-
creasedwith increasing quartiles of FPG variability, comparedwith
the lowest quartile, after fully adjusting for confounding factors,
including age, sex, and body mass index (HR: 1.30, 95% CI:
1.22–1.39, model 1) (Table 2). Similar trends of increasing gastric
cancer incidencewere seen after additionally adjusting for smoking
status, alcohol consumption, regular exercise, income level, family
cancer history, mean fasting glucose levels, and number/mean
interval of FPGmeasurements (HR: 1.26, 95%CI: 1.18–1.34,model
2). The HR for gastric cancer increased in both the NFG and IFG

groups along with the quartiles of FPG variability after full ad-
justment for confounding factors, including baseline glucose levels.
Similar results were obtainedwhen the attained agewas used as the
time scale (see Table 2, Supplementary Digital Content 2, http://
links.lww.com/CTG/A368). Similar trends were observed when
using other indexes of variability, such as CV, SD, and ASV (see
Tables 3–5, Supplementary Digital Content 2, http://links.lww.
com/CTG/A368).

We also analyzed gastric cancer incidence according to deciles
of FPG variability to confirm the linear association (Figure 2).
Those in the highest decile of FPG variability showed a 35.6%
increased risk of gastric cancer (HR: 1.36, 95% CI: 1.23–1.50)
compared with those in the lowest quartile after full adjustment
for confounding factors. The risk increased by 60% in the IFG
group (HR: 1.60, 95% CI: 1.33–1.93) (see Table 6, Supplementary
Digital Content 2, http://links.lww.com/CTG/A368). Similar re-
sults were obtained when variability was analyzed using CV, SD,
and ASV (see Tables 7–9, Supplementary Digital Content 2,
http://links.lww.com/CTG/A368). Furthermore, the fully adjusted

Figure 1. Cumulative incidence of gastric cancer according to quartiles of fasting glucose assessed by VIM, CV, SD, and ASV in the (a) total (b) NFG and (c)
IFG groups. ASV, average successive variability; CV, coefficient of variation; IFG, impaired fasting glucose; NFG, normal fasting glucose; VIM, variability
independent of the mean.
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HR for gastric cancer development was 1.10 (95% CI: 1.07–1.12,
P, 0.001) according to a 1-SD increase in FPG variability assessed
using VIM.

Sensitivity analyses

We conducted several sensitivity analyses to establish the ro-
bustness of the association between FPG variability and gastric
cancer (Table 3). The results were nearly identical after excluding
participants diagnosed with gastric cancer within 2 years after the
baseline measurements, who were diagnosed with gastric or du-
odenal ulcers before the baseline, who had IFG at least once
during 5 years before the baseline, or who developed IFG and/or
DM from the index year to the end of follow-up. In the subgroup
analysis according to anatomical site, similar results were
obtained after adjusting for confounding factors, including mean
fasting glucose levels.

DISCUSSION
In this nationwide cohort of 202,562 individuals without DM
from the general population, we found that FPG variability
assessed using VIM was associated with an increased gastric
cancer risk for the first time. The association remained significant
after adjusting for multiple variables and using different vari-
ability indexes. Similar results were obtained after excluding in-
dividuals diagnosed with gastric cancer within 2 years after the
baseline measurements, individuals with gastric or duodenal

ulcers before the baseline measurement, or individuals with IFG
at least once during 5 years before the baselinemeasurement. This
effect was more prominent in individuals with IFG; the associa-
tion between glycemic variability and gastric cancer incidence did
not differ according to the cardia or noncardia subtypes.

In addition to the traditional risk factors of gastric cancer,
metabolic disorders including obesity, metabolic syndrome, and
hyperglycemia were presumed to affect the risks associated with
carcinogenesis of the stomach (9,21). Many studies have exam-
ined the association between DM and gastric cancer, but the
results were inconsistent and differed depending on the charac-
teristics of the study population, such as sex and ethnicity. In the
DM-free population analyzed in this study, baseline fasting glu-
cose levels were not significantly different between patients with
gastric cancer and controls. Contrastingly, glycemic variability
was significantly higher in patients with gastric cancer than in
those without. This finding implied that fasting glucose levels, per
se, have little impact, but variability in these levels may have a
significant role in the carcinogenesis of the stomach in a non-
diabetic population.

Long-term glycemic variability is a marker of glucose ho-
meostasis, and increased variability implies increased glucose
fluctuation. Glycemic variability has been extensively studied in
diabetic models; the results have indicated its impact on the de-
velopment and progression of diabetic complications and mor-
tality, similar to that seen with chronic hyperglycemia (12,22). A

Table 2. Hazard ratios and 95% confidence intervals for the incidence of gastric cancer according to quartiles of fasting glucose variability

assessed by VIM

FPG variability quartiles Events (n)

Follow-up duration

(person-years)

Incidence rate

(per 1,000 person-years) Unadjusted Model 1 Model 2

Total

Q1 (n5 50,646) 408 295,937.13 1.38 1 1 1

Q2 (n5 50,635) 464 292,827.47 1.58 1.04 (0.97–1.11) 1.06 (0.99–1.14) 1.05 (0.98–1.13)

Q3 (n5 50,641) 486 292,412.01 1.66 1.12 (1.05–1.20) 1.09 (1.02–1.17) 1.07 (0.99–1.15)

Q4 (n5 50,640) 562 294,376.09 1.91 1.52 (1.42–1.62) 1.30 (1.22–1.39) 1.26 (1.18–1.34)

P for linear trend ,0.001 ,0.001 ,0.001

NFG

Q1 (n5 37,457) 290 219,279.73 1.32 1 1 1

Q2 (n5 37,421) 334 216,933.91 1.54 1.04 (0.96–1.13) 1.06 (0.98–1.16) 1.05 (0.97–1.15)

Q3 (n5 37,439) 361 216,462.64 1.67 1.14 (1.05–1.24) 1.11 (1.02–1.20) 1.09 (1.00–1.18)

Q4 (n5 37,439) 388 217,805.39 1.78 1.49 (1.37–1.60) 1.26 (1.17–1.37) 1.23 (1.13–1.32)

P for linear trend ,0.001 ,0.001 ,0.001

IFG

Q1 (n5 13,202) 118 76,484.53 1.54 1 1 1

Q2 (n5 13,201) 139 75,901.38 1.83 0.98 (0.86–1.11) 1.02 (0.90–1.16) 1.03 (0.91–1.17)

Q3 (n5 13,202) 129 75,943.21 1.70 0.96 (0.84–1.09) 1.00 (0.88–1.14) 1.03 (0.90–1.17)

Q4 (n5 13,201) 161 76,741.90 2.10 1.46 (1.30–1.64) 1.34 (1.19–1.50) 1.38 (1.22–1.57)

P for linear trend ,0.001 ,0.001 ,0.001

Model 1: adjusted for age, sex, and body mass index.
Model 2: additionally adjusted for smoking status, alcohol consumption, regular exercise, income level, family history of cancer, mean fasting glucose level, and number/
mean interval of FPG measurements.
FPG, fasting plasma glucose; IFG, impaired fasting glucose; NFG, normal fasting glucose; VIM, variability independent of the mean.
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few studies have investigated the relationship between glycemic
variability and cancer, but those studies were conducted only in
individuals with DM. Muggeo et al. (23) reported that in 1,400
patients with type 2 diabetes, glycemic variability increased the
rates of malignancy-related, all-cause, and cardiovascular
disease–related mortalities. Contrastingly, Takao et al. (24)
demonstrated that HbA1C variability was not associated with
cancer mortality but was related to all-cause and non–cancer-
related mortalities in a 16-year follow-up study of 754 patients
with type 2 diabetes. Interestingly, in the latter study, the mean
HbA1C valuewas related to cancermortality (24), suggesting that
the effect of glycemic variability on cancer progression might be
attenuated by chronic hyperglycemia in the subjects with DM. In
a recent prospective cohort analysis, the positive association be-
tween glycemic variability andmortality was significant andmore
obvious in individuals without DM than in those with DM (25).
However, no studies have investigated the association between
glycemic variability and cancer in nondiabetic populations.

Furthermore, previous studies did not determine cancer in-
cidence but instead focused only on cancermortality. The effect of
glycemic variability on cancer incidence might be different from
its effect on cancer mortality. Recently, Saito et al. (26) reported
that higher glycemic variability showed a dose-dependent asso-
ciation with later tumorigenesis in 2,640 patients with DM.
However, they evaluated all cancer types without considering
site- or organ-specific cancers and included a relatively small
sample of patients with DM.

To date, no study has examined the association between gly-
cemic variability and gastric cancer risk in a DM-free population.
Our results indicated that higher FPG variability significantly
increased gastric cancer risk in a large-scale general population
without DM after adjusting for multiple variables. There are
several possible hypotheses for this observation. First, glycemic
variability indicates the extent of oxidative stress and systemic
inflammation. Glucose oscillation induces more oxidative stress
than consistent hyperglycemia, resulting in enhanced collagen

Figure 2. Incidence and adjusted hazard ratios of gastric cancer according to deciles of fasting glucose variability assessed by VIM, CV, SD, and ASV in the
(a) total (b) NFG and (c) IFG groups. Adjusted for age, sex, body mass index, smoking status, alcohol consumption, regular exercise, income level, family
cancer history, andmean fasting glucose levels. ASV, average successive variability; CV, coefficient of variation; IFG, impaired fasting glucose; NFG, normal
fasting glucose; VIM, variability independent of the mean.
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Table 3. Sensitivity analysis: hazard ratios and 95% confidence intervals for the incidence of gastric cancer according to quartiles of FPG

variability assessed by VIM

Fasting glucose variability decile Events (n)

Follow-up duration

(person-years)

Incidence rate

(per 1,000 person-years) Unadjusted Adjusted

Excluded participants who were diagnosed

with gastric cancer within 2 yr after baseline

measurements

Q1 (n5 49,288) 250 289,391.99 0.86 1 (ref) 1 (ref)

Q2 (n5 49,291) 283 286,543.30 0.99 1.03 (0.95–1.12) 1.05 (0.96–1.14)

Q3 (n5 49,291) 281 286,330.55 0.98 1.11 (1.03–1.20) 1.06 (0.98–1.15)

Q4 (n5 49,288) 329 288,488.16 1.14 1.56 (1.44–1.68) 1.28 (1.19–1.38)

P value ,0.001 ,0.001

P for linear trend ,0.001 ,0.001

Excluded participants who were diagnosed

with gastric or duodenal ulcer before baseline

Q1 (n5 33,492) 290 195,758.14 1.48 1 (ref) 1 (ref)

Q2 (n5 33,496) 302 193,938.94 1.56 0.99 (0.91–1.08) 1.00 (0.92–1.10)

Q3 (n5 33,495) 354 193,376.96 1.83 1.11 (1.02–1.21) 1.06 (0.97–1.15)

Q4 (n5 33,494) 383 194,612.67 1.97 1.52 (1.40–1.64) 1.26 (1.16–1.36)

P value ,0.001 ,0.001

P for linear trend ,0.001 ,0.001

Excluded participants who had IFG at least 1

time during the previous 5 yr from baseline

Q1 (n5 22,909) 171 135,548.21 1.26 1 (ref) 1 (ref)

Q2 (n5 22,910) 207 133,874.77 1.55 1.05 (0.94–1.16) 1.08 (0.97–1.20)

Q3 (n5 22,906) 215 133,722.54 1.61 1.09 (0.98–1.21) 1.06 (0.95–1.18)

Q4 (n5 22,914) 223 134,875.32 1.65 1.31 (1.18–1.45) 1.15 (1.03–1.27)

P value ,0.001 ,0.001

P for linear trend ,0.001 0.021

Excluded participants who developed

diabetes mellitus from the index year to the

follow-up period

Q1 (n5 43,975) 317 255,909.02 1.24 1 (ref) 1 (ref)

Q2 (n5 43,973) 369 253,202.02 1.46 1.05 (0.97–1.13) 1.07 (0.99–1.15)

Q3 (n5 43,976) 404 252,699.53 1.60 1.14 (1.06–1.23) 1.10 (1.02–1.19)

Q4 (n5 43,974) 432 254,276.32 1.70 1.50 (1.40–1.62) 1.23 (1.15–1.32)

P value ,0.001 ,0.001

P for linear trend ,0.001 ,0.001

Excluded participants who developed IFG or

diabetes mellitus from the index year to the

follow-up period

Q1 (n5 30,319) 222 176,545.79 1.26 1 (ref) 1 (ref)

Q2 (n5 30,319) 259 174,823.15 1.48 1.06 (0.96–1.16) 1.06 (0.97–1.17)

Q3 (n5 30,319) 283 174,288.09 1.62 1.19 (1.09–1.31) 1.14 (1.04–1.25)

Q4 (n5 30,319) 287 175,642.87 1.63 1.45 (1.33–1.58) 1.17 (1.07–1.28)

P value ,0.001 0.003

P for linear trend ,0.001 ,0.001
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synthesis and accelerated apoptosis in human umbilical vein
endothelial cells (27). During periods of high glycemic variability,
superoxide production via NADPH oxidase activity is induced in
the mitochondria (28), and the AKT signaling pathway is
inhibited by the increase in nuclear factor kappa B and caspase-3
expression (29). Therefore, overproduction of reactive oxygen
species and inflammatory cytokines might cause DNA damage in
the gastric mucosa and interfere with repair, exacerbating the
gastric cancer risk (10). Second, high glycemic variability reflects
irregular eating habits or consumption of foods with a high gly-
cemic index. Evidence indicates that dietary factors play a critical
role in gastric oncogenesis (30). Irregular meal patterns disturb
energy metabolism, lowering postprandial energy expenditure,
although the mean energy intake does not differ (31). Augustin
et al. (32) reported that the odds ratio for gastric cancer in the
highest quartile of glycemic load was 1.99 (95% CI: 1.47–2.55)
compared with that in the lowest quartile group. Bertuccio et al.
(33) found similar results that in the highest quintile of glycemic
load: the odds ratio for gastric cancer was 2.5 (95% CI: 1.3–4.9)
compared with that in the lowest quintile. In a recent meta-
analysis, a high glycemic load increased gastric cancer risk, es-
pecially in the Asian subgroup (19). Third, glycemic variability
causes the apoptosis of pancreaticb cells (34), whichmay result in
the deterioration of glycemic control and subsequent progression
of complications.Meanwhile, glycemic instability itselfmight be a
marker ofb-cell dysfunction in at-risk individuals before diabetes
onset. Furthermore, elevated gastric cancer risk was observed in a
Japanese population with higher insulin and C peptide levels
caused by abnormal glucose homeostasis (35).

One of the biggest strengths of this study is that it examined a
nationwide population. Furthermore, variability was examined

over 5 years from the index year, with a subsequent follow-up
period of .5 years for gastric cancer incidence. Moreover, we
used several indexes of variability, which have distinct charac-
teristics. VIM is independent of themean level but dependent on
the sample size. CV is a unitless measure of standardized vari-
ation, SD is a measure of absolute variation, and ASV is rela-
tively stable in sample size (36–38). These consistent results
using different indexes of variability strongly suggest that gly-
cemic variability might have an impact on gastric cancer
incidence.

There are several limitations to this study. First, because we
used health insurance claims data, there could be a discrepancy
with the actual diagnosis. Nevertheless, in Korea, cancer regis-
tration is strictly performed by a specially trained registry staff,
and several studies have validated the accuracy of cancer di-
agnosis using ICD-10 codes and demonstrated high sensitivity
and specificity (39,40). Second, although the results were adjusted
for possible factors affecting gastric cancer, there are several other
factors thatwe did not adjust for, includingH. pylori infection, use
of medical drugs (proton pump inhibitors), HbA1C levels, and
diet pattern. To minimize their effects, we adjusted for the mean
fasting glucose levels and performed several sensitivity analyses,
leading to similar results. Third, only participants older than 40
years who underwent regular health checkups in Korea were in-
cluded; thus, it is hard to generalize these findings to other pop-
ulations or consider it as representative of the Korean population.
Finally, this study was a retrospective cohort study and not an
intervention study; hence, we could not conclude whether im-
proving diet, modifying lifestyle, performing regular exercise, and
stopping smoking can improve FPG variability and reduce gastric
cancer risk.

Table 3. (continued)

Fasting glucose variability decile Events (n)

Follow-up duration

(person-years)

Incidence rate

(per 1,000 person-years) Unadjusted Adjusted

Included participants who developed gastric

cancer at cardia only

Q1 (n 5 50,181) 17 294,375.48 0.06 1 (ref) 1 (ref)

Q2 (n 5 50,189) 18 291,570.06 0.06 0.99 (0.92–1.08) 1.02 (0.94–1.10)

Q3 (n 5 50,176) 22 291,072.04 0.08 1.10 (1.01–1.19) 1.05 (0.97–1.14)

Q4 (n 5 50,181) 28 293,372.80 0.10 1.57 (1.45–1.69) 1.27 (1.18–1.37)

P value ,0.001 ,0.001

P for linear trend ,0.001 ,0.001

Included participants who developed gastric

cancer at noncardia only

Q1 (n 5 50,613) 391 295,807.88 1.32 1 (ref) 1 (ref)

Q2 (n 5 50,625) 446 292,825.85 1.52 1.04 (0.97–1.11) 1.05 (0.98–1.13)

Q3 (n 5 50,620) 464 292,367.08 1.59 1.12 (1.04–1.20) 1.07 (1.00–1.14)

Q4 (n 5 50,619) 534 294,344.42 1.81 1.52 (1.42–1.62) 1.25 (1.17–1.34)

P value ,0.001 ,0.001

P for linear trend ,0.001 ,0.001

Adjusted for age, sex, body mass index, smoking status, alcohol consumption, regular exercise, income level, family history of cancer, and mean fasting glucose level.
FPG, fasting plasma glucose; IFG, impaired fasting glucose; VIM, variability independent of the mean.
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In conclusion, higher FPG variability significantly increased
the development of gastric cancer in individuals without DM
independent of other risk factors, including mean fasting glucose
levels. Our results indicate that reducing glycemic variability
might be important in preventing gastric cancer, even in the
general population. Further studies are warranted to validate
these results and explore the underlying mechanisms mediating
FPG variability and gastric cancer risk.
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Study Highlights

WHAT IS KNOWN

3 Metabolic disturbances such asDMandmetabolic syndrome
increase the risk of gastric cancer.

3 Long-term glycemic variability is associated with various
adverse health outcomes in patients with DM.

3 The relationship between glycemic variability and gastric
cancer remains unclear in individuals without DM.

WHAT IS NEW HERE

3 This is the first study to demonstrate that higher glycemic
variability significantly increased gastric cancer risk in
individuals without DM.

3 The association remained significant after adjusting for
multiple variables and using different variability indexes.

3 The effect was more prominent in individuals with IFG.
3 No differences were observed in glycemic variability and

gastric cancer incidence according to cardia or noncardia
subtypes.

3 Reducing glycemic variability might prevent gastric cancer
even in individuals without DM.
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