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Glycated hemoglobin Alc is superior to fasting plasma glucose
as an independent risk factor for colorectal neoplasia
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Abstract

Objective To investigate which glycemic index is more
strongly associated with colorectal neoplasia.

Method This cross-sectional study enrolled 2,776 partic-
ipants in a comprehensive health management program
which included measurement of fasting plasma glucose and
HbAlc, along with screening colonoscopy. Primary out-
come was colorectal adenoma with or without dysplasia.
Risk factors for colorectal neoplasia were determined by
the multivariate regression analysis, which evaluated the
interrelationship among different glycemic indices in a
hierarchical way.

Results Colorectal neoplasms were found in 605
(21.79%) examinees, 68 (2.45%) of whom had high-risk
tumors. Glycemic indices including diagnosis of diabetes
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mellitus, fasting plasma glucose, and HbAlc were all
associated with colorectal tumors in the univariate analysis.
However, HbAlc outperformed the other two markers as
an independent risk factor (adjusted odds ratio, 1.22; 95%
confidence interval, 1.10-1.36%) for colorectal neoplasia.
Moreover, only HbAlc remained independently associated
with colorectal tumor after patients with established diag-
nosis of diabetes (n = 132) were excluded. We also iden-
tified age, male gender, and smoking were independent risk
factors for colorectal neoplasia.

Conclusion HbAlc as compared with fasting plasma
glucose is more strongly and independently associated with
colorectal neoplasia. Further research is warranted to elu-
cidate the value of HbAlc in stratifying risk of colorectal
cancer.

Keywords Glycated hemoglobin - Fasting plasma
glucose - Diabetes mellitus - Colorectal neoplasia

Introduction

Colorectal cancer is a leading cause of morbidity and
mortality in the West and has become more and more
prevalent in the developed Asia [1, 2]. Since most colo-
rectal cancers transform from adenomatous polyps [3], and
endoscopic removal of colorectal adenoma and early can-
cer has been proven effective for cancer prevention [4], it is
imperative to identify risk factors for colorectal neoplasia.
Although epidemiological surveys have identified diabetes
mellitus (DM) as a risk factor for colorectal cancer [5, 6],
studies that investigated association between different
markers of hyperglycemia and colorectal neoplasia repor-
ted conflicting results [7—16]. It remains unknown which
glycemic index is a more robust and independent risk
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factor for colorectal neoplasia. Specifically, glycated
hemoglobin (HbAlc) has not been compared directly
against fasting plasma glucose (FPG) in assessing risk of
colorectal neogrowth.

HbAlc is a validated biomarker that reflects average
concentration of blood glucose over the preceding
6-8 weeks [17]. It has been recommended as the major
indicator for monitoring glucose control in diabetic patients
[18] and has been adopted by the American Diabetes
Association as one of the diagnostic tests for DM, which
historically depended exclusively on measurement of
plasma glucose, particularly that measured in the fasting
state [18]. As a diagnostic test, HbAlc has the advantages
over plasma glucose in terms of higher reliability in
repetitive examinations and feasibility of measurement in
non-fasting conditions [19]. In a large longitudinal study
observing a cohort without prior diagnosis of DM, Selvin
et al. [20] demonstrated superiority of HbAlc over FPG in
risk assessment of cardiovascular outcomes as well as in
prediction of mortality.

We undertook this study to explore the respective asso-
ciations of and mutual interrelations between HbAlc and
FPG with colorectal neoplasia. We hypothesized that HbAlc
as compared with FPG was a stronger and more independent
risk factor associated with colorectal neoplasia.

Materials and methods
Setting and participants

This study analyzed cross-sectional sample of consecutive
participants in a voluntary health check-up program (Impe-
rial Clinic, Taipei, Taiwan) during a 2-year period. All
subjects submitted written informed consent upon entry, and
the study protocol was approved by the institutional review
board of Taipei Medical University. This program com-
prised review of personal history, physical examination,
laboratory examination, radiography, and upper as well as
lower gastrointestinal endoscopy. All study participants
joined in the program for the purpose of comprehensive
health examination, instead of seeking care for a specific
illness or discomfort. Those whose colonoscopy failed cecal
intubation were excluded from analysis (Fig. 1).

Assessment of personal information
and anthropometric measurement

All examinees completed structured questionnaires to
obtain relevant personal information. The diagnosis of DM
and hypertension was based on self-reported history or use
of relevant medications. Participants who had any first-
degree relative with colorectal cancer were defined as
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2854 examinees in a health checkup program
between January 2008 and December 2009

Colonoscopy not performed
in 27 subjects

A

2827 participants underwent total colonscopy
and all other examinations

Cecal intubation not achieved in
50 (1.8%) examinees

Missing data in one subject

A 4

2776 (98.2%) participants included into

analysis

Fig. 1 The flowchart of patient identification and enrollment

positive for family history [21]. Cigarette smokers were
defined as those who had been smoking for at least 1 year
with a minimum of one pack per day. Excessive alcohol
drinkers were those whose daily consumption converted to
more than 40 mL of pure ethanol. Physical activity was
categorized into 3 levels according to the frequency of
exercise of at least moderate intensity for more than
30 min: less than once per week, once to twice per week,
and more than twice per week.

Body weight and height were measured with uniform
light clothes on and shoes off. Body mass index (BMI) was
calculated as the individual’s body weight in kilograms
divided by the square of his or her height in meters. Waist
circumference was determined with a tap measuring
around the midline between top of the hip bones and bot-
tom of the thoracic cage [22]. Blood pressure was mea-
sured by sphygmomanometer with hypertension defined as
systolic pressure more than 140 mmHg or diastolic pres-
sure more than 90 mmHg.
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Laboratory tests and colonoscopy procedures

All blood samples were collected in the morning after an
overnight fast. Percentage of HbAlc was assayed with
high-performance liquid chromatography method (AU2700
analyzer, Olympus, Tokyo, Japan). Concentration of
plasma glucose was measured using hexokinase method
with ultraviolet detection at 340 nm (AU2700 analyzer,
Olympus, Tokyo, Japan). Other blood examinations
inclusive of total cholesterol, high-density lipoprotein
(HDL), low-density lipoprotein (LDL), triglyceride, and
C-reactive protein (CRP) were performed according to
standardized protocols. This laboratory randomly dupli-
cated sample assays and analyzed intra-assay variation as a
routine procedure of quality control.

All colonoscopy procedures were carried out by a single
endoscopist (HSL) who had previously performed more
than 10,000 colonoscopies. Resected colorectal lesions
were interpreted by experienced pathologists in accordance
with classification system of World Health Organization.
Advanced adenoma was defined as those with diameter
larger than 10 mm, with villous component, with high-
grade dysplasia, or had invasive features [23]. Subjects
with high-risk neoplasia were defined as those with mul-
tiple (n = 3) or at least one advanced adenoma [24]. Both
the endoscopist and pathologist were blinded to results of
all blood examinations.

Statistical analysis

Study participant with any colorectal neoplasia and those
with high-risk neoplastic lesions were considered as pri-
mary and secondary outcome of this study, respectively.
Continuous variables were expressed with mean =+ stan-
dard error of mean (SEM), and categorical variables were
expressed with percentage of occurrence, unless otherwise
specified. For univariate comparison, independent ¢ test
was used to compare sets of continuous variables, and
Fisher’s exact test for proportions.

We conducted multivariate logistic regression analysis
with stepwise method to evaluate independent risk factors
associated with colorectal neoplasia. Three regression
models were developed in a hierarchical way to elucidate
the interrelationship among different hyperglycemic indi-
ces. In all three models, biologically plausible factors that
included age, gender, BMI, waist circumference, diagnosis
of DM, hypertension, smoking, alcohol drinking, level of
physical exercise, family history of colorectal cancer,
serum concentration of cholesterol, LDL, HDL, triglycer-
ide, CRP, and blood leukocyte count were tested as pos-
sible explanatory variables [5, 14, 25, 26]. FPG was added
in the model 2, and both FPG and HbAlc were added in
the model 3. Variance inflation factors (VIF) of each

independent variable in all developed models were calcu-
lated. A VIF >5 is considered significant for multicollin-
earity. All statistical analyses were two-tailed and
performed by commercial software (Stata, 9.1; College
Station, Texas, USA). The results were considered statis-
tically significant if p values were less than 0.05.

Results
Characteristics of the enrolled participants

Among 2,854 participants in the health management
program between January 2007 and January 2009, a total
of 2,776 (98.20%) participants (aged 18-86 years) were
included into analysis (Fig. 1). One hundred and thirty-
two subjects (4.8%) reported past history of DM or used
diabetic medications (Table 1). The average percentage
of blood glycated hemoglobin was 5.73% with SEM of
0.015. Colorectal neoplasia was found in 605 (21.79%)
examinees, 68 of whom had high-risk lesions (2.45%).
There were two cases of colorectal cancer found in this
program.

Risk factors for colorectal neoplasia by univariate
and multivariate analyses

In the univariate analysis, colorectal neoplasia was asso-
ciated with advanced age, male gender, higher BMI, larger
waist circumference, life style with cigarette smoking or
alcohol drinking, frequency of physical exercise, diagnosis
of DM or hypertension, dyslipidemia with higher total
cholesterol, LDL or triglyceride, and lower HDL, elevated
blood leukocyte count and CRP level, and hyperglycemia
as represented either by FPG or HbAlc. After adjusting for
all factors listed in the Table 1, the multivariate model
revealed advanced age (adjusted OR, 1.04 per year; 95%
CI, 1.03-1.05), male gender (adjusted OR, 1.76; 95% ClI,
1.44-2.17), cigarette smoking (adjusted OR, 2.16; 95% CI,
1.74-2.69), and HbAlc (adjusted OR, 1.22; 95%,
1.10-1.36) were independent risk factors for colorectal
neoplasm (Table 2).

In the univariate analysis for high-risk colorectal neo-
plasia, the association of FPG was marginally significant
(crude OR, 1.01; 95% CI, 1.0-1.02; p = 0.026) and that of
HbA 1c was statistically insignificant (crude OR, 1.18; 95%
CI, 0.95-1.46; p = 0.138). Independent risk factors were
age (adjusted OR, 1.03 per year; 95% CI, 1.01-1.05),
smoking (adjusted OR, 2.97; 95% CI, 1.78-4.93), and
lower serum HDL (adjusted OR, 0.98 per mg/dL incre-
ment; 95% CI, 0.96-1.00) in the multivariate logistic
regression analysis. None of the glycemic indices was
independently associated with high-risk tumors.
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Table 1 Characteristics of participants according to status of colorectal neoplasia

Variables All participants With any neoplasia With high-risk Participant with no
(n = 2,776) (n = 605) neoplasia (n = 68) neoplasia (n = 2,171)

Age (year) 4537 + 0.24 50.0 £ 0.47%* 49.1 £ 1.3%* 44.1 £ 0.26
Male gender, n (%) 1,506 (54.3%) 417 (68.9%)** 44 (64.7%)* 1,089 (50.2%)
Body mass index (kg/m?) 23.14 £ 0.07 23.96 £ 0.14%* 23.81 £ 0.43* 2291 £ 0.07
Waist circumference (cm) 82.70 + 0.19 85.80 + 0.40** 85.51 + 1.26** 81.84 + 0.22
Smoker, n (%) 625 (22.5%) 208 (34.4%)** 31 (45.6%)** 417 (19.2%)
Alcohol drinker, n (%) 190 (6.8%) 57 (9.4%)** 4 (5.9%) 133 (6.1%)
Physical exercise

< once per week 1,366 (49.2%) 282 (46.7%) 35 (51.4%) 1,084 (49.9%)

1-2 times per week 461 (16.6%) 92 (15.2%) 12 (17.7%) 369 (17.0%)

=3 times per week 948 (34.2%) 230 (38.1%) 21 (30.9%) 718 (33.1%)
Hypertension diagnosis, n (%) 372 (13.4%) 121 (20%)** 14 (20.6%)* 251 (11.6%)
DM diagnosis, n (%) 132 (4.8%) 53 (8.8%)** 7 (10.3%)* 79 (3.6%)
Family history of CRC, n (%) 176 (6.3%) 39 (6.4%) 4 (5.9%) 137 (6.3%)
Cholesterol, total (mg/dL) 201.12 4+ 0.69 206.63 £+ 1.56%* 201.35 4+ 4.39 199.58 + 0.77
LDL (mg/dL) 115.65 4+ 0.58 120.32 £ 1.27%* 116.37 4+ 3.35 114.35 + 0.65
HDL (mg/dL) 55.58 £ 0.26 53.17 £ 0.52%* 50.65 £ 1.56%* 56.25 £ 0.30
Triglyceride (mg/dL) 124.37 £ 1.89 143.31 £ 4.45%* 157.99 £ 17.49%%* 119.09 £ 2.06
Leukocyte count (/mm3) 6,146 + 327 6,287 + 74* 6,953 4 242%* 6,107 &+ 36
CRP (mg/L) 0.22 + 0.012 0.28 £ 0.032* 0.27 £ 0.06 0.21 + 0.012
Fasting plasma glucose (mg/dL) 94.86 £+ 0.41 100.05 £+ 1.09%** 100.74 £+ 2.99* 93.41 £ 042

Fasting glucose level, n (%)

<100 mg/dL 2,214 (79.8%)

100-126 mg/dL 444 (16.0%)

>126 mg/dL 118 (4.2%)
HbAlc (%) 5.73 £ 0.015
HbAlc >6.5%, n (%) 172 (6.2%)

428 (70.7%)%*
135 (22.3%)%*
42 (7.0%)**
5.96 4 0.04%*
63 (10.4%)**

41 (60.3%)%*
23 (33.8%)%*
4 (5.9%)%*
5.88 + 0.08%*
6 (8.8%)

1,786 (82.3%)
309 (14.2%)
76 (3.5%)
5.67 £ 0.02
109 (5.0%)

Continuous data were presented in mean =+ standard error of mean

*and ** p < 0.05 and p < 0.01, respectively, as compared with data from participants without any colorectal neoplasia

Interrelationship among different glycemic indices
in the association with colorectal neoplasm

When inputting pre-existing diagnosis of DM as the sole
explanatory variable representative of hyperglycemic index
(model 1), we found age, male gender, smoking habit,
waist circumference, and DM diagnosis were independent
risk factors for colorectal neoplasia (Table 3). In the model
2 in which FPG was added to all variables in model 1
(including DM diagnosis), FPG replaced the diagnosis of
DM as the glycemic index associated with colorectal
neoplasia and attenuated the effect of waist circumference.
Age, male gender, and cigarette smoking remained inde-
pendently associated with colorectal tumor in the model 2.
If all three hyperglycemic indices (DM diagnosis, FPG and
HbAIc) were examined as competing covariates (model 3),
HbAlc outperformed the other two markers in the inde-
pendent association of colorectal neoplasia. The link with
age, gender, and smoking habit was not changed. When
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FPG was constrainedly retained as an explanatory covari-
ate, the independent association between HbAlc and
colorectal neoplasia remained significant (adjusted OR,
1.25; 95% CI, 1.03-1.51; p = 0.02) despite forced
adjustment for FPG (model 4).

In the multivariate regression analysis restricted to 2,644
participants without known diagnosis of DM (Table 4),
FPG was not an independent risk factor for colorectal
neoplasia among participants without known diagnosis of
DM, even if HbAlc was included as a competing variable
(model A). In contrast, HbAlc remained independently
associated with colorectal tumor in this sensitivity analysis
(model B).

Discussion

Although the association between hyperglycemic state and
colorectal adenoma-carcinoma development has been
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Table 2 Risk factors associated with colorectal neoplasia examined by univariate and multivariate analyses
Variable Univariate analysis Multivariate analysis
OR 95% CI p Adjusted OR 95% CI p

Age (year) 1.040 1.032-1.047 <0.001 1.040 1.032-1.049 <0.001
Male gender 2.204 1.820-2.669 <0.001 1.764 1.436-2.168 <0.001
BMI (kg/m?) 1.089 1.062-1.118 <0.001
Waist (cm) 1.039 1.029-1.048 <0.001
Smoker 2.201 1.804-2.686 <0.001 2.162 1.736-2.691 <0.001
Alcohol drinker 1.592 1.151-2.202 0.005
Physical exercise

< once per week 1

1-2 times per week 0.958 0.737-1.247 0.752

=3 times per week 1.231 1.010-1.501 0.039
Hypertension 1.911 1.505-2.427 <0.001
Diabetes diagnosis 2.541 1.772-3.644 <0.001
Family with CRC 1.023 0.708-1.478 0.904
Cholesterol (mg/dL) 1.005 1.003-1.008 <0.001
LDL (mg/dL) 1.006 1.003-1.009 <0.001
HDL (mg/dL) 0.983 0.976-0.990 <0.001
Triglyceride (mg/dL) 1.002 1.001-1.003 <0.001
Leukocyte (/mm?) 1.061 1.008-1.117 0.023
CRP (mg/L) 1.174 1.031-1.336 0.016
Fasting plasma glucose (mg/dL) 1.012 1.008-1.016 <0.001
Fasting glucose level

<100 mg/dL 1

100-126 mg/dL 1.823 1.451-2.290 <0.001

>126 mg/dL 2.306 1.559-3.411 <0.001
HbAlc (%) 1.452 1.305-1.615 <0.001 1.219 1.096-1.356 <0.001
HbAlc >6.5% 2.199 1.590-3.041 <0.001

All factors were considered in the multivariate regression analysis

OR odds ration, BMI body mass index, CRC colorectal cancer, LDL low-density lipoprotein, HDL high-density lipoprotein, CRP C-reactive

protein, HbAlc glycated hemoglobin Alc

reported in the literature, which glycemic index is the
strongest and most independent risk factor has not been
elucidated. This study demonstrates for the first time that
HbA 1c outperforms both the diagnosis of DM and level of
FPG as a risk indicator for colorectal neoplasia. The asso-
ciation between colorectal tumor and HbAlc remains sig-
nificant not only after forced adjustment for FPG but also in
the sensitivity analysis restricted to participants without
history of diabetes. Findings of the present study add to the
growing body of evidence supporting that HbAlc is supe-
rior to FPG in assessing risk of complications related to
chronic hyperglycemia. Moreover, these results warrant
further research to explore the value of HbAlc in risk
stratification in the screening program for colorectal cancer.

Chronic hyperglycemia is causally associated with a
variety of long-term complications including microvascu-
lar, macrovascular, and neoplastic diseases. Glycemic
levels for the definition of DM are based on the relationship

between certain glycemic values and risk of microvascular
complications, particularly retinopathy [27]. Therefore, a
reliable biomarker standing for hyperglycemia over a
longer period of time conceivably makes a better indicator
in assessing risk of complications. The value of HbAlc in
evaluating outcomes of and in guiding therapy for diabetic
patients has long been well established [18], but not until
recently has the prognostic performance of HbAlc in non-
diabetic population been reported [20, 28]. Along these
lines of evidence, our data also support the use of HbAlc in
evaluating relevant complications associated with hyper-
glycemia in the general population.

Our results may have important implications for the
population-based colon cancer screening programs, par-
ticularly in the health care systems with relatively limited
resources. It has been demonstrated that removal of ade-
nomatous polyps effectively prevents development of
colorectal cancers [4], and screening colonoscopy may
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Table 3 Interrelation among 3 hyperglycemic indices in association
with colorectal neoplasia by hierarchical multivariate logistic
regression models

Table 4 Comparison between fasting plasma glucose and HbAlc in
association with colorectal neoplasia among participants without
diagnosis of diabetes mellitus

Adjusted 95% CI Pvariable Adjusted 95% CI Pvariable
odds ratio odds ratio
Model 1 Model A
Age, per year 1.04 1.03-1.05 <0.001 Age, per year 1.04 1.03-1.05 <0.001
Male gender 1.59 1.27-2.00 <0.001 Male gender 1.51 1.19-1.90 0.001
Smoker 2.16 1.74-2.69 <0.001 Smoker 2.10 1.68-2.63 <0.001
Waist, per cm 1.01 1.00-1.02 0.03 Waist, per cm 1.01 1.00-1.03 0.023
Diabetes diagnosis 1.52 1.04-2.23 0.03 Model B
Model 2 Age, per year 1.04 1.03-1.05 <0.001
Age, per year 1.04 1.03-1.05 <0.001 Male gender 1.69 1.37-2.09 <0.001
Male gender 1.76 1.44-2.17 <0.001 Smoker 2.10 1.67-2.63 <0.001
Smoker 2.18 1.75-2.71 <0.001 HbAlc, per % 1.30 1.10-1.53 0.002
Fasting P/ﬁ‘i“"“ glucose, 1.01 1.00-1.01 0003 14 addition to all factors listed in the Table 1, model A examined
per mg fasting plasma glucose and model B included both fasting plasma
Model 3 glucose and HbAlc for the independent association with colorectal
Age, per year 1.04 1.03-1.05 <0.001 tumors in non-diabetic population
Male gender 1.76 1.44-2.17 <0.001
Smoker 2.16 1.74-2.69 <0.001 Previ di hat i . lationship b
HbAIC, per % 122 1.10-1.36 <0.001 revious studies that investigate relations 1p. etwe.en
Model 4 HbAlc and colorectal neogrowth have reported inconsis-
tent results [7—12, 16]. Discrepancy among these studies
Age, per year 1.04 1.03-1.05 <0.001 [ . ] P y & .
may result from different study design, sample size, com-
Male gender 1.79 1.46-2.20 <0.001 .. . ...
position of study population, and definition of outcomes. It
Smoker 2.15 1.73-2.67 <0.001 .
was noteworthy that all of the researches with null results
HbA1C, per % 1.25 1.03-1.51 0.02
Fastine of | 100 0.99-1.01 079 enrolled only women, as two of them analyzed data from
fé;nri;;]imagucose, ' A ' Nurses’ Health Study, [11, 12] and the other one from

All factors listed in the Table 1 were considered as probable covar-
iates in these four models, except for the three glycemic indices.
Model 1 tested only the diagnosis of diabetes, model 2 included
fasting plasma glucose additionally, and model 3 examined all three
glycemic markers as competing covariates. No significant multicol-
linearity was observed in these 3 models; variance inflation factors of
all variable were less than 2. Fasting plasma glucose was forced to
retain in the model 4 regardless of the statistical insignificance in
order to demonstrate the stronger and more independent association
of HbAlc with colorectal neoplasia

reduce the incidence and mortality of colorectal cancer
[29-31]. Nonetheless, screening colonoscopy in the popu-
lation level incurs huge expense and workload that cannot
be practical in most countries. For any screening program
to be cost-effective, a thorough understanding of risk
stratification is mandatory. In consistence with our find-
ings, Kim and colleagues reported that the risk of finding
colorectal adenoma in asymptomatic Korean men in forties
with HbAlc >5.4% was similar to that in those in their
fifties with average risk of colorectal cancer [16]. More
clinical research and cost-effectiveness analyses are now
warranted to further investigate whether and how HbAlc,
along with other known risk factors, may improve the
screening program.
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Women’s Health Study [10]. Selection bias related to
choosing controls is a serious concern in previous research
with retrospective case—control design [8, 9, 11, 12]. This
shortcoming is of particular importance in the studies
whose primary outcome was colorectal adenoma but did
not endoscope all individuals [11, 12]. Furthermore, none
of the prior studies has compared HbAlc against FPG and
diagnosis of DM in evaluating the independent association
with colorectal tumors.

Strengths of this study include comprehensive evalua-
tion of participants’ health status with a standardized pro-
tocol. For example, BMI and waist circumference were
exactly measured, not self-reported. This advantage not
only enables consistent definitions but also generates
credible information both for the covariates in question and
for the outcomes of interest. The fact that all subjects of
this cross-sectional sample receive complete colonoscopy
minimizes misclassification in defining cases and controls.
An exceedingly high proportion (98.5%) of the initially
screened examinees enrolled into final analysis further
mitigates concerns of selection bias. Furthermore, inter-
observer variability of detecting colorectal neoplasia can be
eliminated in that all colonoscopic procedures are carried
out by a single endoscopist. With complete data from a
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relatively large sample size of cases (n = 605) and controls
(n = 2,171), this study is statistically empowered to dis-
tinguish smaller differences between those with and with-
out colorectal neoplasia.

Several limitations merit discussion. Participants in this
clinic-based screening program are not randomly picked up
from the general population but have to volunteer to join in
the program. However, the prevalence of colorectal adenoma
and advanced tumors observed in this study are similar to
those reported in recent studies investigating average-risk
adults from Asia and Taiwan [32, 33]. Besides, these par-
ticipants do not attend this health management program
because of any illness and accordingly they should not be
regarded as a hospital-based population. Second, since
advanced colorectal neoplasm occurs rarely, the number of
patients with high-risk neoplasia (n = 68) is relatively
small, limiting statistical power. This limitation probably
explains why none of the glycemic index can be shown
independently associated with high-risk colorectal neoplasia
(type II error). Furthermore, some cases whose colorectal
adenomas were resected in previous colonoscopy would
have been misclassified as controls. However, this mis-
classification would have only underestimated the true effect
in the association between colorectal neoplasia and HbAlc,
which actually remains significant despite this possible
limitation. Finally, causality cannot be ascertained in this
cross-sectional study. Whether hyperglycemia is, in effect, a
proxy of more fundamental metabolic derangement that
more directly leads to neogrowth of colorectal epithelium is
certainly interesting [34] and deserves further exploration.

In conclusion, we demonstrate that HbAlc is superior to
FPG in assessing the association between hyperglycemia
and colorectal neoplasia. Findings of this study support that
HbAIlc is a better risk indicator for evaluating complica-
tions related to hyperglycemia, even in individuals without
the diagnosis of DM. Our study implicates that HbAlc may
be useful for screening adults at risk of colorectal neoplasia
and calls for further research to elucidate its role in pop-
ulation-based colon cancer screening programs.
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