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Abstract: Background: Previous studies have reported that abnormal glucose metabolism is asso-
ciated with poor cancer outcomes. Glycated hemoglobin A1c (HbA1c) is an important indicator of
glucose metabolism. This study aimed to investigate the relationship between nondiabetic HbA1c
levels and cancer-related mortality. Methods: This was a retrospective cohort study of Koreans who
attended an annual or biennial health checkup program. The study group was categorized based
on the quintile of HbA1c level (Q1, 3.0–5.1%; Q2, 5.2–5.3%; Q3, 5.4%; Q4, 5.5–5.6%, Q5, 5.7–6.4%).
Cancer-related mortality was determined using the mortality data from the Korea National Statistical
Office. Participants with an established diagnosis of diabetes or cancer were excluded. Cancer-
related mortality was assessed depending on each HbA1c level with adjustment for factors that could
influence mortality. Results: A total of 589,457 participants were included in this study. During
a median follow-up duration of 6.99 years, 1712 cancer-related deaths were reported. The risk of
cancer-related mortality was significantly higher in the Q5 group (hazard ratio (HR) 1.23, range
1.02–1.47 in model 1; HR 1.25, range 1.04–1.50 in model 2). HbA1c levels were linearly associated
with cancer-related deaths (Ptrend = 0.021 in model 1; 0.013 in model 2). HbA1c level and colorectal,
stomach, and lung cancer mortality exhibited a positive relationship, whereas liver cancer-related
mortality showed an inverse relationship with HbA1c level (Ptrend = 0.001). Conclusions: Our study
showed that abnormal glucose metabolism is significantly associated with cancer-related mortality,
and its relationship varies with each type of cancer.

Keywords: HbA1c; cancer; mortality; prediabetes

1. Introduction

Diabetes and cancer are very prevalent diseases worldwide, which seriously affect
patients’ health status [1]. In 2020, an estimated 19.3 million new cancer cases and 10 million
cancer deaths were reported worldwide [2]. Meanwhile, newly diagnosed cancer cases and
deaths from cancer were predicted as 243,263 and 80,546, respectively, with lung, stomach,
thyroid, colorectal, and breast cancers as the most common types of cancer in Korea [3].
Abnormal glucose metabolism is a widespread chronic condition worldwide [4]. In 2018,
13.8% of Korean adults aged ≥30 years had diabetes, and the prevalence of impaired fasting
glucose was 26.9% in adults aged ≥30 years [5].

Glycated hemoglobin A1c (HbA1c) is an established indicator of average blood glu-
cose concentrations for 2–3 months, with low within-person variability [6]. In addition,
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HbA1c assays are well-standardized [7]. An HbA1c level of 48 mmol/mol (6.5%) has been
approved for the diagnosis of type 2 diabetes [8]. Large epidemiologic studies have demon-
strated strong links between HbA1c level and complications, with stronger associations
than those observed for standard glucose measures, leading HbA1c levels to become a
treatment target for diabetes control [9].

Although diabetes and cancer share many common risk factors [10], existing studies on
the relationship between HbA1c level and cancer have reported conflicting results [11,12].
Goto et al. reported that higher HbA1c levels in Japanese individuals without known
diabetes are associated with the risk of all types of cancers, but liver cancer incidence
showed an inverse relationship [12]. A recent study using the UK biobank reported that,
apart from pancreatic cancer, no positive association between HbA1c levels and cancer risk
was found [13]. Another study conducted in a Chinese population reported no relationship
between HbA1c levels and cancer incidence [14].

Furthermore, previous studies on HbA1c levels and cancer mortality have also been
conflicting. Multiple studies have reported that HbA1c level is associated with an in-
creased risk of poor cancer outcomes at several anatomical sites, including the breast
and colon [15–18]. A study conducted among Singaporean Chinese also reported that
HbA1c was related to cancer mortality [19]. However, those studies included confirmed
type 2 diabetes cases or HbA1c levels ≥ 6.5%. Although a prospective cohort study among
Japanese workers showed that the prediabetes population was associated with a signif-
icantly increased risk of death from cancer [20], only a few studies have examined the
relationship between HbA1c levels and cancer mortality in a population without dia-
betes [21]. Therefore, this study aimed to investigate the relationship between HbA1c levels
and cancer-related mortality among a population without a previous history of cancer
and diabetes.

2. Materials and Methods
2.1. Study Population and Study Period

This retrospective study was performed using a subsample from the Kangbuk Sam-
sung Health Study. This was a cohort study of Korean men and women who attended
an annual or biennial health checkup program at one of the Kangbuk Samsung Hospital
Total Healthcare Centers in Seoul and Suwon, South Korea, between 2 March 2005, and 29
December 2018 (n = 627,315). The institutional review board of Kangbuk Samsung Hospital
approved this study (IRB no. KBSMC 2013-01-010-018). In addition, the requirement
for informed consent was waived due to the following reasons: the use of anonymized
retrospective data collected as a routine part of the health checkup program, and all data
were already linked to mortality data from the Korea National Statistical Office (KNSO).

KNSO is a national civil registry for death, containing information about the age,
causes, date, and time of death. KNSO provides valid information as it is mandatory
to report the death to the local government according to the family register law and the
Statistics law regardless of the place of death in South Korea [22]. In South Korea, physicians
are legally required to complete death certificates, which include information on the disease
directly leading to death, antecedent causes, and other major conditions contributing to
death [22]. Each local government sends the data to the KNOS, where all the transmitted
data are reviewed [22,23]. The cause of death is classified and coded according to the World
Health Organization definition and ICD-10 [23]. The coding is reviewed and finalized by
the committee. Nationally, almost 100% of deaths were certified by 2007 [22].

2.2. Laboratory Assays

Blood samples were collected from the antecubital vein after at least a 10-h fast for
HbA1c and fasting glucose (mg/dL) levels during the health checkup. HbA1c levels
were measured using a turbidimetric inhibition immunoassay with a Cobas c513 analyzer
(Roche Diagnostics, Tokyo, Japan), with a reference value <5.7%, following the International
Federation of Clinical Chemistry methods, the Diabetes Control and Complications Trial
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standards, and the National Glycohemoglobin Standardization Program. The intra-assay
coefficient of variation was 2.3%, and the inter-assay coefficient of variation was 2.4% during
the study period. Serum glucose level was measured using a Cobas Integra 800 apparatus
(Roche Diagnostics, Basel, Switzerland), using the hexokinase method. HbA1c collected at
study inclusion was used for the analysis. The Kangbuk Samsung Hospital’s Laboratory
Medicine Department in Seoul, Korea, has been accredited by the Korean Association of
Quality Assurance for Clinical Laboratories and the Korean Society of Laboratory Medicine.
In addition, the laboratory participated in the College of American Pathologists’ Survey
and Proficiency Testing program.

2.3. Cancer Outcomes

Cancer-related mortality was defined as the direct cause of death based on the Interna-
tional Classification of Disease (ICD)-Tenth Edition code for cancer from the KNSO. All
cancer-related death was assessed. In addition, the cancer-related deaths owing to common
cancer types in Korea were considered primary outcomes of interest, including stomach
(C16), lung (C34), colorectal (C18–21), breast cancer (C50), and liver cancer (C22), as well as
cervical cancer (C53) and prostate cancer (C61), which were also prevalent in women and
men. Pancreatic cancer-related death according to sub-diabetic HbA1c level was assessed
in the previous study using the Kangbuk Samsung Health Study [24]. We conducted an
analysis for pancreatic cancer (C25)-related mortality in our cohort to compare with other
cancer mortalities.

2.4. Covariates

The following variables were extracted from the health checkup results and self-reports
during the checkup: demographic and socioeconomic data (age, sex, education level (uni-
versity, community college graduate or higher)), BMI (kg/m2, continuous), lifestyle be-
haviors such as smoking status (current smoker, former smoker, nonsmoker) and alcohol
consumption (g/day), regular exercise (75 min per week engaging in vigorous physical
activities and 150 min per week of moderate physical activities), and lab results (fasting
glucose (mg/dL) and HbA1c (%) levels) [25]. Current smokers were defined as those who
smoked more than 5 packs (more than 100 cigarettes) in their lifetime and who currently
smoked cigarettes [26]. Former smokers were defined as those who had smoked more than
100 cigarettes in their lifetime but who had quit smoking at the time of checkup [26]. The
health questionnaire conforms to international standards and uses standardized question-
naire tools in Korea.

The questionnaire incorporates multi-level questions for each condition to ensure that
participants provide detailed medical history. For example, diabetes-related questionnaires
are constructed as follows. If a participant answered “Yes” to the question “Have you ever
been medically diagnosed with diabetes by your doctor?” a participant was directed to
answer the next question, “if you were ever diagnosed with diabetes, what is the current
status?”. Participants could choose one of the four answers, including currently under
treatment, underwent treatment in the past but not currently, never underwent treatment,
or treatment terminated. Those who answered “Yes” to an initial question about diabetes
were considered to have a history of diabetes, regardless of their current treatment status.
Those who responded “Yes” to an initial inquiry and checked “currently under treatment”
were counted as a diabetes on medical treatment and were excluded from the analysis. For
the history of cancer, there was a separate sheet in the questionnaire. The first question
was “Have you ever been diagnosed with cancer?” and if a participant answered “Yes”, a
participant was directed to mark the type of cancer diagnosed and then the diagnosis age.
If a participant answered “Yes” to an initial question about cancer, they were considered
to have a history of cancer and excluded from the analysis. Among 627,315 participants
eligible for study inclusion, fasting glucose level (n = 6, 0.00%), alcohol consumption
(n = 38,473, 0.06%), and BMI (n = 158, 0.03%) were missing.
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2.5. Statistical Analysis

Continuous variables were expressed as mean ± standard deviation. When variables
had right-skewed distribution, the variable was expressed as median (interquartile range).
Categorical variables are expressed as frequency (%). One-way ANOVA was used to compare
continuous variables. Pearson’s chi-square test was used to compare categorical variables,
which were expressed as percentages. A Cochran–Armitage test was performed to evaluate
the linear trend in the HbA1c group. Cox’s proportional-hazards model was used to assess
the hazard of cancer-related mortality depending on each HbA1c group (Q1–Q5, Q1 as a
reference group) after adjusting for sex, age, BMI, regular exercise, alcohol consumption,
current smoking status, and level of education (model 1). In model 2, further adjustments
were made for fasting blood glucose levels ≥ 126 mg/dL. Category numbers were used as a
continuous variable to test for the linear trend of hazard ratio. In addition, we conducted
a subgroup analysis using multiplicative interaction in the Cox regression model. The Cox
modeling excluded each corresponding subgroup variable during the subgroup analysis. In
addition, we carried out a separate analysis using participants age < 40 group and ≥40 group
to assess the impact of age on the association. Hazard ratios (HRs) and 95% CI were estimated.
The log-rank test was used to draw the Kaplan–Meier survival curve. Two-sided p values
were calculated, and the threshold for significance was set at p < 0.05. STATA (version 17.0,
StataCorp LP, College Station, TX, USA) was used for statistical analysis.

3. Results
3.1. Cohort Description

Of the 627,315 participants in a cohort study that measured HbA1c, a total of
37,858 participants were excluded because of a history of diabetes (n = 17,598), diabetes
on medical treatment (n = 12,996), history of cancer (n = 12,074), and diabetic levels
of HbA1c (≥6.5%) at baseline (n = 20,571). After exclusion, 589,457 participants were
included for the analysis. Due to the missing variables (n = 38,526), 550,931 partici-
pants were included in the adjusted analysis (model 1 and model 2) (Figure 1). Those
excluded from the analysis had higher age, male proportion, BMI, fasting glucose level,
and smoking rate than included participants (Supplemental Table S1).
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Figure 1. Flow chart for the selection of study subjects.

Table 1 presents the baseline characteristics of the participants. Participants were
categorized to five groups based on HbA1c quintiles. HbA1c was measured to 1 decimal,
and the following categorization was carried out due to the HbA1c values on cut-off:
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HbA1c levels 3.0–5.1% (n = 79,234, 13.44%), 5.2–5.3% (n = 127,430, 21.62%), 5.4% (n = 82,849,
14.06%), 5.5–5.6% (n = 153,392, 26.02%), and 5.7–6.4% (n = 146,552, 24.86%). The number of
participants in HbA1c 5.1–5.7% range is provided in a Supplemental Table S2.

Table 1. Baseline Characteristics.

Missing
Data Overall

HbA1c Category p Value
for

Trend
Q1

(3–5.1)
Q2

(5.2–5.3)
Q3

(5.4–5.4)
Q4

(5.5–5.6)
Q5

(5.7–6.4)

Characteristics 1 n = 79,234 n = 127,430 n = 82,849 n = 153,392 n = 146,552
Age (years) 39.25 ± 10.31 36 ± 7.86 36.79 ± 8.52 37.72 ± 9.23 39.27 ± 10.1 44.01 ± 11.88 <0.001
Male, n (%) 305,526 (51.83) 41,582 (52.48) 66,528 (52.21) 43,642 (52.68) 80,440 (52.44) 73,334 (50.04) <0.001

BMI (kg/m2) 158 23.25 ± 3.3 22.53 ± 2.94 22.77 ± 3.06 22.99 ± 3.17 23.28 ± 3.28 24.18 ± 3.55 <0.001
Fasting glucose

(mg/dL) 6 93.05 ± 9.05 89.68 ± 7.69 90.84 ± 7.69 91.85 ± 7.9 93.04 ± 8.15 97.46 ± 10.52 <0.001

Red blood cell count
(106/mm3) 14 4.75 ± 0.46 4.75 ± 0.48 4.75 ± 0.46 4.75 ± 0.46 4.75 ± 0.46 4.73 ± 0.45 <0.001

Alcohol amount
grams (g/day) 38,473 5 (1–14) 6 (1–15) 5 (1–14) 5 (1–14) 5 (1–14) 4 (0–14) 0.896

Regular exercise 85,659 (14.53) 10,819 (13.65) 18,302 (14.36) 11,989 (14.47) 22,380 (14.59) 22,169 (15.13) <0.001
Current smoker (%) 122,128 (20.72) 17,007 (21.46) 26,560 (20.84) 17,345 (20.94) 31,790 (20.72) 29,426 (20.08) 0.066
≥College graduate (%) 344,242 (58.4) 48,219 (60.86) 77,357 (60.71) 50,158 (60.54) 91,186 (59.45) 77,322 (52.76) <0.001

Data are expressed as mean ± standard deviation or median (interquartile range). Abbreviations: BMI, body mass
index. 1 Baseline characteristics were compared among groups using ANOVA test for continuous variables and
Pearson’s Chi-square test for categorical variables.

Individuals with higher HbA1c levels were observed to have an increased age, higher
male percentage, higher BMI, higher fasting glucose level, higher physical activity level,
and lower college education rates (Ptrend < 0.001). In addition, participants with higher
HbA1c quintile showed a higher rate of progression to diabetes (Supplemental Table S3).

3.2. Cancer Mortality

Among 589,457 individuals with a median follow-up of 6.99 years for a total of 4,213,135.7
person-years (PY), 1,712 (0.29%) individuals had cancer-related mortalities (incidence rate,
4.06 per 104 PY); lung cancer (ICD topology code: C34), 372 cases (incidence rate, 0.88
per 104 PY); liver cancer (C22), 215 cases (incidence rate, 0.51 per 104 PY); stomach cancer
(C16), 172 cases (incidence rate, 0.41 per 104 PY); colorectal cancer (C18–21), 118 cases (inci-
dence rate, 0.28 per 104 PY); breast cancer (C50), 70 cases (incidence rate, 0.17 per 104 PY);
prostate cancer (C61), 25 cases (incidence rate, 0.06 per 104 PY); cervical cancer (C53), 16 cases
(incidence rate, 0.04 per 104 PY); and other sites, 720 cases (incidence rate, 1.71 per 104 PY).

Table 2 shows the cancer-related mortality according to the HbA1c category. Compared
with participants with lower HbA1c levels (Q1–Q4, HbA1c level 3.0–5.6%), those with
higher levels of HbA1c (Q5) had a higher risk of all-cancer-related mortality (HR 1.19; CI
1.00–1.41). This tendency remained constant after the adjustment (model 1, HR 1.23; CI
1.02–1.47, Ptrend = 0.021 and model 2, HR 1.25; CI 1.04–1.50; Ptrend = 0.013). Even after
excluding death within <1 year of follow-up, the higher HbA1c level group (Q5) consistently
showed increased cancer mortality (model 1, HR 1.21; CI 1.01–1.46; Ptrend = 0.045 and
model 2, HR 1.23; CI 1.02–1.49; Ptrend = 0.027, Figure 2). When we assessed the relationship
in the age < 40 group, there was no significant difference in mortality among the HbA1c
quintile (Supplemental Table S4). However, when we assessed the relationship in age ≥ 40
group, those with higher levels of HbA1c (Q5) had a higher risk of all-cancer-related
mortality (Supplemental Table S5), Table 3 shows the relationship between cancer-related
mortality and HbA1c level. High HbA1c levels (Q5) were associated with a low risk of liver
cancer-related mortality (HR 0.48; CI 0.30–0.76; Ptrend = 0.001 in model 1 and HR 0.49; CI
0.31–0.78; Ptrend = 0.001 in model 2), whereas higher HbA1c (Q5) levels were associated
with an increased risk of lung cancer (model 1, HR 1.81; 95% CI 1.19–2.77; Ptrend = 0.002;
model 2, HR 1.84; 95% CI 1.2–2.81; Ptrend = 0.002), colorectal cancer (model 1, HR 3.30; 95%
CI 1.28–8.50; Ptrend = 0.017; model 2, HR 3.48; 95% CI 1.35–8.98; Ptrend = 0.011), pancreatic
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cancer (model 1, HR 2.06; 95% CI 1.07–3.99; model 2, HR 1.99; 95% CI 1.02–3.86). Stomach
cancer showed an increasing trend of association in the higher HbA1c quintile (model 1,
Ptrend = 0.044; model 2, Ptrend = 0.034).

Table 2. All cancer-related mortality according to HbA1c level of participants.

HbA1c Category Person-Years Cancer
Mortality

Incidence Rate
(per 104 PY)

Age- and Sex Adjusted
HR (95% CI) Model 1 Model 2

Total period 4,213,135.7 1,712 4.06 (3.88–4.26)
Q1 616,081.62 170 2.76 (2.37–3.21) 1 (reference) 1 (reference) 1 (reference)
Q2 917,985.11 262 2.85 (2.53–3.22) 1.03 (0.85–1.25) 1.02 (0.84–1.25) 1.02 (0.84–1.25)
Q3 581,155.08 210 3.61 (3.16–4.14) 1.2 (0.98–1.46) 1.22 (0.99–1.5) 1.22 (0.99–1.5)
Q4 1,067,645.1 401 3.76 (3.41–4.14) 1.07 (0.89–1.28) 1.04 (0.86–1.25) 1.04 (0.86–1.26)
Q5 1,030,268.8 669 6.49 (6.02–7) 1.19 (1.00–1.41) 1.23 (1.02–1.47) 1.25 (1.04–1.50)

p value for trend 0.043 0.021 0.013
Excluding death

within 1 year cases 3,644,481.4 1634 4.48 (4.27–4.71)

Q1 541,105.56 164 3.03 (2.6–3.53) 1 (reference) 1 (reference) 1 (reference)
Q2 796,118.44 255 3.2 (2.83–3.62) 1.05 (0.86–1.27) 1.03 (0.85–1.27) 1.04 (0.85–1.27)
Q3 501,217.89 202 4.03 (3.51–4.63) 1.21 (0.98–1.48) 1.22 (0.99–1.51) 1.23 (0.99–1.52)
Q4 918,578.41 384 4.18 (3.78–4.62) 1.08 (0.9–1.3) 1.04 (0.86–1.26) 1.05 (0.86–1.27)
Q5 887,461.14 629 7.09 (6.55–7.66) 1.19 (0.99–1.42) 1.21 (1.01–1.46) 1.23 (1.02–1.49)

p value for trend 0.060 0.045 0.027

Data are expressed as hazard ratios (95% confidence intervals). Model 1 was adjusted for sex, age, BMI (kg/m2, con-
tinuous), education level (university, community college graduate or higher), smoking status (smoker or nonsmoker),
alcohol consumption (g/day), regular exercise. Model 2 was further adjusted for fasting glucose ≥ 126 mg/dL.
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Table 3. Specific cancer-related mortality according to HbA1c level of participants.

HbA1c Category Person-Years Cancer
Mortality

Incidence Rate
(per 104 PY)

Age- and Sex Adjusted
HR (95% CI) Model 1 Model 2

Lung cancer 4,213,135.7 372 0.88 (0.8–0.98)
Q1 616,081.62 27 0.44 (0.3–0.64) 1 (reference) 1 (reference) 1 (reference)
Q2 917,985.11 47 0.51 (0.38–0.68) 1.19 (0.74–1.91) 1.17 (0.72–1.88) 1.17 (0.72–1.88)
Q3 581,155.08 43 0.74 (0.55–0.998) 1.52 (0.94–2.46) 1.48 (0.91–2.41) 1.48 (0.91–2.41)
Q4 1,067,645.1 72 0.67 (0.54–0.85) 1.16 (0.74–1.81) 1.11 (0.70–1.74) 1.11 (0.70–1.75)
Q5 1,030,268.8 183 1.78 (1.54–2.05) 1.88 (1.24–2.84) 1.81 (1.19–2.77) 1.84 (1.2–2.81)

p value for trend 0.001 0.002 0.002
Colorectal cancer 4,213,135.7 118 0.28 (0.23–0.34)

Q1 616,081.62 5 0.08 (0.03–0.19) 1 (reference) 1 (reference) 1 (reference)
Q2 917,985.11 20 0.22 (0.14–0.34) 2.68 (1.01–7.16) 2.46 (0.91–6.62) 2.47 (0.91–6.65)
Q3 581,155.08 10 0.17 (0.09–0.32) 1.98 (0.67–5.79) 1.63 (0.53–4.99) 1.64 (0.54–5.03)
Q4 1,067,645.1 29 0.27 (0.19–0.39) 2.7 (1.04–7.01) 2.18 (0.82–5.80) 2.21 (0.83–5.88)
Q5 1,030,268.8 54 0.52 (0.4–0.68) 3.34 (1.31–8.51) 3.30 (1.28–8.50) 3.48 (1.35–8.98)

p-value for trend 0.018 0.017 0.011
Liver cancer 4,213,135.7 215 0.51 (0.45–0.58)

Q1 616,081.62 33 0.54 (0.38–0.75) 1 (reference) 1 (reference) 1 (reference)
Q2 917,985.11 45 0.49 (0.37–0.66) 0.91 (0.58–1.43) 0.85 (0.53–1.36) 0.85 (0.53–1.36)
Q3 581,155.08 30 0.52 (0.36–0.74) 0.85 (0.52–1.39) 0.78 (0.46–1.31) 0.78 (0.46–1.32)
Q4 1,067,645.1 48 0.45 (0.34–0.60) 0.62 (0.40–0.98) 0.64 (0.40–1.02) 0.64 (0.41–1.02)
Q5 1,030,268.8 59 0.57 (0.44–0.74) 0.50 (0.32–0.78) 0.48 (0.30–0.76) 0.49 (0.31–0.78)

p-value for trend <0.001 0.001 0.001
Stomach cancer 4,213,135.7 172 0.41 (0.35–0.47)

Q1 616,081.62 18 0.29 (0.18–0.46) 1 (reference) 1 (reference) 1 (reference)
Q2 917,985.11 17 0.19 (0.12–0.30) 0.63 (0.33–1.23) 0.65 (0.33–1.28) 0.65 (0.33–1.29)
Q3 581,155.08 27 0.46 (0.32–0.68) 1.49 (0.82–2.70) 1.62 (0.87–2.99) 1.62 (0.88–3)
Q4 1,067,645.1 52 0.49 (0.37–0.64) 1.39 (0.81–2.39) 1.43 (0.81–2.52) 1.44 (0.82–2.53)
Q5 1,030,268.8 58 0.56 (0.44–0.73) 1.13 (0.65–1.95) 1.34 (0.76–2.37) 1.38 (0.78–2.44)

p-value for trend 0.151 0.044 0.034
Prostate cancer † 4,213,135.7 25 0.06 (0.04–0.09)

Q1 616,081.62 0 - N/A N/A N/A
Q2 917,985.11 2 0.02 (0.01–0.09) 1 (reference) 1 (reference) 1 (reference)

Q3 581,155.08 4 0.07 (0.03–0.18) 2.56 (0.47–14.04) 5.33
(0.59–47.82) 5.38 (0.6–48.24)

Q4 1,067,645.1 8 0.07 (0.04–0.15) 2.15 (0.45–10.26) 4.42
(0.55–35.84)

4.51
(0.56–36.56)

Q5 1,030,268.8 11 0.11 (0.06–0.19) 1.81 (0.39–8.38) 3.85
(0.48–30.76)

4.21
(0.53–33.66)

p-value for trend 0.160 0.087 0.064
Breast cancer ‡ 4,213,135.7 70 0.17 (0.13–0.21)

Q1 616,081.62 7 0.11 (0.05–0.24) 1 (reference) 1 (reference) 1 (reference)
Q2 917,985.11 12 0.13 (0.07–0.23) 1.05 (0.41–2.67) 1.13 (0.42–3.06) 1.13 (0.42–3.06)
Q3 581,155.08 10 0.17 (0.09–0.32) 1.37 (0.52–3.62) 1.29 (0.45–3.73) 1.29 (0.45–3.73)
Q4 1,067,645.1 22 0.21 (0.14–0.31) 1.56 (0.66–3.67) 1.36 (0.53–3.5) 1.36 (0.53–3.5)
Q5 1,030,268.8 19 0.18 (0.12–0.29) 1.18 (0.48–2.89) 1.33 (0.51–3.49) 1.36 (0.52–3.57)

p value for trend 0.498 0.498 0.465
Cervical cancer ‡ 4,213,135.7 16 0.04 (0.02–0.06)

Q1 616,081.62 3 0.05 (0.02–0.15) 1 (reference) 1 (reference) 1 (reference)
Q2 917,985.11 3 0.03 (0.01–0.1) 0.59 (0.12–2.93) 0.91 (0.15–5.44) 0.91 (0.15–5.44)
Q3 581,155.08 1 0.02 (0–0.12) 0.30 (0.03–2.92) 0.47 (0.04–5.17) 0.47 (0.04–5.18)
Q4 1,067,645.1 2 0.02 (0–0.07) 0.31 (0.05–1.88) 0.47 (0.06–3.38) 0.47 (0.07–3.39)
Q5 1,030,268.8 7 0.07 (0.03–0.14) 0.99 (0.24–4.09) 0.94 (0.17–5.28) 0.96 (0.17–5.4)

p value for trend 0.929 0.842 0.865
Pancreatic cancer 4,213,135.7 166 0.39 (0.34–0.46)

Q1 616,081.62 12 0.19 (0.11–0.34) 1 (reference) 1 (reference) 1 (reference)
Q2 917,985.11 23 0.25 (0.17–0.38) 1.33 (0.66–2.67) 1.38 (0.67–2.85) 1.37 (0.67–2.84)
Q3 581,155.08 21 0.36 (0.24–0.55) 1.79 (0.88–3.65) 1.86 (0.89–3.89) 1.84 (0.88–3.86)
Q4 1,067,645.1 37 0.35 (0.25–0.48) 1.51 (0.78–2.91) 1.49 (0.75–2.96) 1.47 (0.74–2.93)
Q5 1,030,268.8 73 0.71 (0.56–0.89) 2.01 (1.07–3.77) 2.06 (1.07–3.99) 1.99 (1.02–3.86)

P for trend 0.022 0.028 0.044

Data are expressed as hazard ratios (95% confidence intervals). Model 1 was adjusted for sex, age, BMI (kg/m2, con-
tinuous), education level (university, community college graduate or higher), smoking status (smoker or nonsmoker),
alcohol consumption (g/day), regular exercise. Model 2 was further adjusted for fasting glucose ≥ 126 mg/dL.
† Male only. ‡ Female only.

In addition, prostate cancer risk was highest in the Q3 group, trending down from
the Q3 to Q5 group, but was not statistically significant (model 1, Ptrend = 0.087; model 2,
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Ptrend = 0.064). Breast cancer- and cervical cancer-related mortality did not show any
statistically significant correlations with HbA1c level. Table 4 shows the results of the
subgroup analysis. In all models, the subgroup with less physical activity showed signifi-
cantly increased cancer-related mortality in the Q5 group (model 1, Pinter = 0.038; model 2,
Pinter = 0.038). When we carried out the same analysis in the age < 40 group, there was no
significant difference in mortality between each HbA1c quintile and cancer mortality (Sup-
plemental Table S6). However, when we assessed the relationship in the age ≥ 40 group,
Q5 group showed an increased risk of lung cancer, colorectal cancer, pancreatic cancer
mortality, and a lower risk of liver cancer mortality (Supplemental Table S7).

Table 4. Cancer-related mortality in subgroup.

HbA1c Category p-Value for
InteractionQ1 Q2 Q3 Q4 Q5

Model 1
Sex 0.316

Male 1 (reference) 1.09 (0.86–1.38) 1.24 (0.96–1.58) 1 (0.8–1.26) 1.23 (0.99–1.53)
Female 1 (reference) 0.84 (0.58–1.23) 1.11 (0.75–1.63) 1.04 (0.73–1.46) 1.18 (0.84–1.65)

Regular exercise 0.038
No 1 (reference) 1.07 (0.85–1.35) 1.36 (1.07–1.73) 1.17 (0.94–1.46) 1.32 (1.07–1.63)
Yes 1 (reference) 0.86 (0.58–1.27) 0.8 (0.52–1.24) 0.64 (0.43–0.95) 0.96 (0.67–1.37)

Smoking status 0.096
Never/former smoker 1 (reference) 0.90 (0.71–1.15) 1.18 (0.92–1.51) 0.96 (0.77–1.21) 1.13 (0.91–1.4)

Current smoker 1 (reference) 1.33 (0.9–1.95) 1.3 (0.85–1.97) 1.12 (0.76–1.64) 1.47 (1.02–2.11)
Education level 0.129
≤High school 1 (reference) 0.68 (0.46–1.02) 0.9 (0.61–1.35) 0.78 (0.55–1.1) 0.9 (0.65–1.25)

≥College graduate 1 (reference) 1.3 (0.91–1.86) 1.61 (1.11–2.34) 1.21 (0.85–1.73) 1.37 (0.97–1.95)
Obesity 0.985

BMI < 25 1 (reference) 1.03 (0.81–1.3) 1.26 (0.98–1.61) 1.06 (0.85–1.33) 1.25 (1.005–1.56)
BMI ≥ 25 1 (reference) 1.003 (0.69–1.45) 1.1 (0.74–1.62) 0.95 (0.67–1.35) 1.09 (0.78–1.51)
Model 2

Sex 0.276
Male 1 (reference) 1.09 (0.86–1.38) 1.24 (0.97–1.59) 1.01 (0.8–1.26) 1.26 (1.02–1.57)

Female 1 (reference) 0.84 (0.58–1.23) 1.11 (0.75–1.63) 1.04 (0.73–1.46) 1.18 (0.84–1.65)
Regular exercise 0.038

No 1 (reference) 1.07 (0.85–1.35) 1.36 (1.07–1.73) 1.18 (0.95–1.46) 1.33 (1.08–1.65)
Yes 1 (reference) 0.86 (0.58–1.27) 0.8 (0.52–1.25) 0.64 (0.43–0.96) 0.99 (0.69–1.42)

Smoking status 0.092
Never/former smoker 1 (reference) 0.9 (0.71–1.15) 1.18 (0.92–1.51) 0.97 (0.77–1.21) 1.15 (0.92–1.42)

Current smoker 1 (reference) 1.33 (0.9–1.95) 1.3 (0.85–1.98) 1.12 (0.77–1.64) 1.5 (1.05–2.16)
Education level 0.129
≤High school 1 (reference) 0.69 (0.46–1.02) 0.91 (0.61–1.36) 0.78 (0.55–1.11) 0.92 (0.67–1.28)

≥College graduate 1 (reference) 1.3 (0.91–1.87) 1.62 (1.11–2.35) 1.22 (0.86–1.73) 1.39 (0.98–1.97)
Obesity 0.986

BMI < 25 1 (reference) 1.03 (0.81–1.3) 1.26 (0.98–1.61) 1.06 (0.85–1.33) 1.25 (1.005–1.56)
BMI ≥ 25 1 (reference) 1.01 (0.7–1.46) 1.11 (0.75–1.64) 0.97 (0.68–1.37) 1.14 (0.82–1.58)

Data are expressed as hazard ratios (95% confidence intervals). Abbreviations: BMI, body mass index. Model 1
was adjusted for sex, age, BMI (kg/m2, continuous), education level (university, community college graduate or
higher), smoking status (smoker or nonsmoker), alcohol consumption (g/day), regular exercise. Model 2 was
further adjusted for fasting glucose ≥ 126 mg/dL.

4. Discussion

This study showed that higher HbA1c levels within the nondiabetic range (5.7–6.4%)
were independently associated with increased cancer-related mortality, especially in col-
orectal and lung cancers. In contrast, an inverse relationship was observed between HbA1c
levels and liver cancer-related mortality. Thus, the current study results suggest that glucose
metabolism might have a differential association with each type of cancer.

In this study, after adjusting for common cancer risks, the HR for all cancer-related
mortality in participants with high HbA1c levels (Q5, HbA1c level 5.7–6.4%) was signif-
icantly higher (model 1, HR 1.23; model 2, HR 1.25) than those with low HbA1c levels.
These results support the notion that abnormal glucose metabolism can affect cancer mor-
tality [27]. Moreover, this finding remained consistent after excluding death within 1 year.
This result suggests that preexisting disease is not the cause of high mortality in the Q5
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group. Of note, due to the age heterogeneity between the HbA1c quintile, we performed
a separate analysis by dividing participants into age ≥ 40 and age < 40 groups. There
was the same trend of association between the HbA1c quintile and cancer mortality in
the ≥40 age group, while the <40 age group did not show a significant difference. No
significant cancer mortality difference among HbA1c quintiles in the age < 40 group can be
explained by a relatively small number of mortality.

Although previous studies evaluated the association between HbA1c levels and the
development of lung [28] and colorectal cancers [29–31], they did not evaluate cancer-
related mortality. In addition, they were limited by the relatively small sample sizes or case
numbers or did not exclude the diabetic range of HbA1c.

Our finding is novel because we investigated the relationship between cancer-related
mortality and nondiabetic levels of HbA1c. Moreover, our study had a larger sample size
and excluded participants with preexisting diabetes and HbA1c levels ≥ 6.5%. Thus, our
findings more reliably suggest that increased HbA1c levels, even in the nondiabetic range,
can be associated with increased cancer-related mortality, especially in lung and colon
cancers. In contrast, an inverse relationship was observed between liver cancer-related
mortality and HbA1c levels.

Only a few studies have evaluated the association between Hba1c levels and the
mortality of multiple cancers [20,32–34]. A previous study with 2,686 participants without
a history of diabetes and a mean duration of follow-up of 7.54 ± 2.1 years failed to show
any significant increase in cancer mortality in the HbA1c < 6.5% group [33]. However, the
study lacked information about participants’ alcohol consumption and education level,
raising concerns about residual confounding. In addition, most of the cohort in the study
had coronary artery disease at baseline, raising concern about whether the study results
can be applied to the general population.

In the Atherosclerosis Risk in Communities Study (ARIC) with 12,792 White and Black
participants with a median follow-up of 15 years, cancer mortality was elevated among
women at risk for diabetes (≥5.7–6.4% HR, 1.62; 96%CI, 1.24–2.11) [32]. In contrast, a
significant difference in cancer mortality based on sex was not observed. Considering
that HbA1c levels may vary with ethnicity [35], the different study populations in our
study can explain these different results. Therefore, further studies incorporating more
diverse ethnicities are needed to determine the association between HbA1c levels and
cancer-related mortality.

The most significant group at risk in our study was the subgroup with HbA1c 5.7–6.4.
This finding aligns with recent research that evaluated the relationship between prediabetes
HbA1c level (5.7–6.4%) and cancer mortality in the Japanese population [20]. In addition,
a study carried out in a pooled European cohort showed an increased risk of cancer
death in the prediabetes population [36]. Several biologic mechanisms can explain this
finding. Hyperglycemia in prediabetes can increase proinflammatory factor secretion,
leading to oncogene expression and cancer metastasis [20,37,38]. Additionally, insulin
resistance in prediabetes stimulates cancer cell proliferation, thereby increasing cancer
mortality [36,39,40].

A unique result of this study was the relationship between HbA1c levels and liver
cancer. Unlike other carcinomas, in liver cancer, the group with the lowest HbA1c level
(Q1, 3–5.1%) had the highest cancer-related mortality, showing an inverse relationship.
This can be caused by a decrease in HbA1c level because of increased destruction of RBCs
caused by hypersplenism [41], which frequently accompanies liver cancer patients [12].
In addition, the liver is an organ where gluconeogenesis occurs [42,43]. As liver cancer
progresses, hepatic gluconeogenesis is downregulated [44]. As a result, HbA1c levels, a
marker of blood sugar level, might decrease with liver cancer progression.

Multiple studies have shown a varying relationship between gastric cancer-, prostate
cancer-, breast cancer-, and cervical cancer-related mortalities and HbA1c levels or preexist-
ing diabetes [45–48]. Our study showed a positive relationship between nondiabetic levels
of HbA1c and gastric cancer-related mortality, whereas no association was found in those
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with prostate cancer, breast cancer, and cervical cancer. In addition, our study showed a
significant association between the highest HbA1c quintile and pancreatic cancer mortality,
consistent with a previous finding from Kangbuk Samsung Health Study [24]. Overall,
these results suggest that abnormal glucose metabolism may have different relationships
with each type of cancer.

One important finding of our subgroup analysis was that reduced physical activity was
an independent risk factor for cancer mortality. This finding supports the previous notion
that decreased physical activity is associated with increased cancer-related mortality [49].

The strengths of this study includes the large sample size and the large number of
cancer cases, standardized HbA1c values, exclusion of preexisting diabetes and diabetic
HbA1c level range, and the use of a nationwide database for cancer-related mortality.
Despite these strengths, this study has several limitations. First, most of the participants
were young white-collar workers in the Samsung group. Advanced age is an established
risk factor for all cancers [50], which can affect cancer and cancer-related mortality among
the study population. Second, it was a single-center study, and most participants were
Korean, with a single ethnicity. Third, a history of hepatitis and cirrhosis was not recorded
in the present study, which might confound the effect of glucose metabolism. Fourth, we
used a self-report questionnaire to collect baseline medical history. Self-report bias should
be considered. Fifth, participants with fasting glucose levels > 100 mg/dL did not have a
confirmatory oral glucose tolerance test. It is possible that the diagnosis of diabetes was
missed in this population. Sixth, some patients in the cohort developed diabetes during the
follow-up period. As our study aimed to investigate the association between HbA1c level
at baseline and cancer mortality, those who developed diabetes were not removed from the
analysis. However, this could have affected our results. We tried to modify these limitations
by adjusting fasting glucose level ≥ 126 mg/dL in model 2. Sixth, the association was seen
only in the ≥40-year-old group, suggesting age as an effect modifier of the relationship.
This needs to be considered in the interpretation of the result. Lastly, though we adjusted
multiple potential confounders, other potential confounders may affect the results.

Despite these limitations, this study is novel. Unlike most previous studies, the
association between nondiabetic HbA1c levels in participants without diabetes and cancer-
related mortality was examined. Further prospective studies are needed to determine the
effects of abnormal glucose metabolism and its association with cancer mortality.

5. Conclusions

In conclusion, higher HbA1c levels within the nondiabetic ranges in individuals
without diabetes are associated with an increased risk of cancer-related mortality, and their
relationship varies with each type of cancer.
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