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The Correlation between Carotid Intima-
Media Thickness and Neutrophil to
Lymphocyte Ratio in Prediabetes
Patients
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Department of Family Medicine, Hallym University Dongtan Sacred Heart Hospital, Hwaseong, Korea

Background: Prediabetes is a metabolic state between normoglycemia and diabetes and is known to carry a higher
risk of developing overt diabetes and cardiovascular disease (CVD). The relative and absolute risks of all-cause
mortality, CVD, coronary heart disease, and stroke in prediabetes patients, as well as in diabetic patients, is higher
than that in patients with normoglycemia. Carotid intima-media thickness (cIMT) is a method used to stratify CVD
risk. In this study, we aimed to determine whether the neutrophil-to-lymphocyte ratio (NLR) correlates with cIMT
in prediabetes patients.

Methods: From January 1, 2016, to February 20, 2021, 581 adults their 30s-70s who underwent carotid ultrasonog-
raphy as part of a comprehensive medical examination at the Dongtan Sacred Heart Hospital were enrolled. Statis-
tical analysis using SPSS presented t-test and chi-square test significance levels into a group with normal cIMT
(nIMT; cIMT <1 mm) and a group with thick cIMT (tIMT; cIMT =1 mm). Binary logistic regression analysis was
performed to confirm the correlation between NLR and cIMT.

Results: In prediabetic adults, age, hemoglobin Alc (HbAlc), systolic blood pressure, and NLR were significantly
higher in the tIMT group than in the nIMT group. In the regression analysis, NLR, age, and HbA1c were significantly
correlated with cIMT.

Conclusion: NLR was significantly higher in the tIMT group than in the nIMT group; therefore, NLR may be used to
assess CVD risk in prediabetes patients.

Keywords: Prediabetic State; Neutrophils; Lymphocytes; Carotid Intima-Media Thickness; Cardiovascular Diseases

Received: March 31, 2021, Revised: July 28, 2021, Accepted: August 27, 2021
*Corresponding Author: Jong Lull Yoon  https://orcid.org/0000-0001-8931-0256
Tel: +82-31-8086-2390, Fax: +82-31-8086-2709, E-mail: lull@hallym.orkr

Copyright © 2021 The Korean Academy of Family Medicine
This is an open-access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/licenses/by-nc/4.0)
which permits unrestricted noncommercial use, distribution, and reproduction in any medium, provided the original work is properly cited.


http://crossmark.crossref.org/dialog/?doi=10.4082/kjfm.21.0070&domain=pdf&date_stamp=2021-11-20

Dayoung Lee, etal. ® Carotid IMT and Neutrophil to Lymphocyte Ratio in Prediabetes

INTRODUCTION

In 2018, the prevalence of diabetes mellitus, commonly known as dia-
betes, in Korea, was 13.8% in adults aged 30 years or older and 27.6%
in adults aged 65 or older, increasing with age in both men and wom-
en.” The prevalence of prediabetes was 26.9% in adults aged 30 years
or older and 29.6% in adults aged 65 or older, and men had a higher
prevalence than women by age group.” Prediabetes is a metabolic
state between normoglycemia and diabetes. Similar to diabetes, pre-
diabetes is also a risk factor for cardiovascular disease (CVD). In sever-
al studies, a 1% increase in hemoglobin Alc (HbAlc) within the nor-
mal range resulted in increased 10-year cardiovascular mortality, and
CVD mortality doubled in the impaired glucose tolerance (IGT) group
compared with the normal glucose tolerance (NGT) group.? In other
studies, the incidence of unrecognized myocardial infarction in the
prediabetic state was 3 times higher than that in the normal group, and
it was proven that patients with diabetes and prediabetes had a poor
prognosis 30 days after acute ischemic stroke.?

CVD or stroke is a disease caused by the interaction of several risk
factors, including diabetes and genetic predisposition.” It is the most
common cause of death worldwide.” Carotid intima-media thickness
(cIMT) is an early marker for the development and progression of ath-
erosclerosis.” The pathophysiology of atherosclerosis is attributed to
inflammation.® Chronic inflammation in the blood vessel wall is
thought to play an important role in the development and progression
of atherosclerosis, and leukocytes and platelets are important factors
in the occurrence of atherosclerosis.””

The neutrophil-to-lymphocyte ratio (NLR) has been studied as a
prognostic factor in CVD, lung disease, infection, endocrine disease,
and some malignancies.” Although the correlation between NLR and
CVD has not been fully established, systemic factors such as inflam-
mation, vascular endothelial cell dysfunction, and oxidative stress are
thought to have an effect."” A higher NLR is expected to lead to faster
development and progression of atherosclerosis, and a higher NLR is
associated with a higher mortality rate or can be used as a prognostic
factor in patients with acute coronary syndrome or percutaneous car-
diovascular intervention.®'"'?)

The development of atherosclerosis begins with prediabetes.'” The
length of the asymptomatic period in diabetes or prediabetes exposes
patients to cardiovascular risk factors and increases the incidence of
coronary artery disease; therefore, early diagnosis and prevention
through appropriate screening is important.'” This study was designed
to investigate whether NLR as a predictive marker correlates with

cIMT in prediabetes patients.

METHODS

1. Study Population
This retrospective observational study was conducted on patients who
underwent a comprehensive medical examination and agreed to

share their data for research purposes at the Dongtan Sacred Heart
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Hospital from January 1, 2016, to February 20, 2021. In this study, 581
adults aged between 30 and 80 years who underwent carotid ultra-
sound to evaluate cIMT were enrolled. None of the participants had
been diagnosed with diabetes. Participants with malignancy, inflam-
matory or autoimmune diseases such as rheumatoid arthritis, osteo-
arthritis, ankylosing spondylitis, Crohn’s disease, cardio-cerebrovascu-
lar disease, and thyroid disease, which may affect NLR levels, were ex-
cluded. Patients who took drugs including antiplatelet agents such as
aspirin or anti-thrombotic agents or white blood cell (WBC) count
>10,000/puL were also excluded (Figure 1). This study was approved by
the institutional review board of the Hallym University Dongtan Sa-
cred Heart Hospital (IRB approval no., HDT 2021-07-015) and omis-
sion of informed consents were allowed because of the retrospective

design of this study.

2. Materials and Methods

The results of all blood tests and anthropometric tests were collected
using the results of the comprehensive medical examination at the
hospital; and the participants’ past history, current medical history
(e.g., whether they had been diagnosed with hypertension (HTN),
dyslipidemia, diabetes, or other diseases described above, are under
treatment, or on medicines) and smoking history were also identified
using the interview data obtained during the examination. The diag-
nosis of metabolic syndrome was defined as having three or more di-
agnostic criteria using the data on abdominal circumference (AC),
fasting blood glucose (FBG), blood pressure, triglyceride (TG), and
high-density lipoprotein cholesterol (HDL-C).

All subjects fasted for at least 8 hours before examination, and blood
tests were taken from the antecubital vein. The complete blood count
(CBC) test was performed using a Sysmex XN-3000 automatic hema-
tology analyzer (Sysmex Corp., Kobe, Japan). The absolute neutrophil
count (ANC) and absolute lymphocyte count (ALC) were obtained by
multiplying the WBC count by the percentage of neutrophils and lym-
phocytes, respectively, in the CBC test. The NLR was obtained by di-
viding the ANC by ALC. Chemistry tests such as FBG, total cholesterol
(TC), TG, low-density lipoprotein cholesterol (LDL-C), and HDL-C
were analyzed using the Cobas c702 module in the Cobas 8000 modu-
lar analyzer series (Roche Diagnostics, Mannheim, Germany). HbAlc
was analyzed using the Bio-Rad D-100 hemoglobin testing system or
the Variant II turbo analyzer 2.0 (Bio-Rad Laboratories, Hercules, CA,
USA). The weight and height were obtained using an InBody 720 (Bio-
space Co. Ltd., Seoul, Korea), and the AC was measured by a nurse at
the institution using a tape measure at the level of the belly button.

Carotid ultrasound was performed by radiology specialists using the
1U-22 Philips ultrasound system (Philips Healthcare, Bothell, WA,
USA) or GE LOGIQ E10 Ultrasound (GE Healthcare, Wauwatosa, WI,
USA), and the cIMT was measured at the common carotid artery.
Thickening was defined as a cIMT of 1 mm or more. Based on these
criteria, the patients were divided into two groups: normal cIMT
(nIMT <1 mm) and thick cIMT (tIMT =1 mm).
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Agreement for study
(n=11,407)

With carotid sonography
(n=1,908)
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No agreement
(n=16,297)

Without carotid sonography

Prediabetes
(n=635)

(n=9,499)

Not prediabetes
including known DM
(n=1,273)

.

" Known malignancy, CVD, cerebrovascular

diseases, inflammatory or autoimmune diseases,

A4

Total study participants (n=581)
tIMT (cIMT >1 mm): n=151
nIMT (cIMT <1 mm): n=430

thyroid disease or other diseases affecting NLR
Taking antiplatelet or antithrombotic agents
Over age 80 years under age 30 years
WBC count >10,000/uL

(n=54)

Table 1. Baseline characteristics in all participants and comparison between two groups according to cIMT

Figure 1. Flowchart of the participants in the
study. In total, 581 participants were included.
They were divided into two groups according
to carotid intima-media thickness (cIMT).
Where the cIMT was 1 mm thick or more, it
as categorized as thick cIMT (tIMT). Where the
cIMT was less than 1 mm thick, it was
categorized as normal cIMT (nIMT). Of these,
430 and 151 were in the nIMT and tIMT
groups, respectively. DM, diabetes mellitus;
CVD, cardiovascular disease; NLR, neutrophil
to lymphocyte ratio; WBC, white blood cell.

Characteristics Total (n=581) ot P-value’
nIMT (n=430) tIMT (n=151)

Sex 0.696
Male 434 (74.7) 323 (75.1) 111 (73.5)
Female 147 (25.3) 107 (24.9) 40 (26.5)

Age () 53.55+9.29 52.48+9.29 56.59+8.62 0.000
30-39 35 (6.0) 31(7.2) 4(2.6)
40-49 169 (29.1) 144 (33.5) 25 (16.6)
50-59 233 (40.1) 166 (38.6) 67 (44.4)
60-69 113 (19.4) 69 (16.0) 44 (29.1)
70-79 31 (5.3 20 (4.7) 11 (7.3

Hypertension 0.097
None 462 (79.5) 349 (81.2) 113 (74.8)
Diagnosed 119 (20.5) 81(18.9) 38(25.2)

Dyslipidemia 0.413
None 488 (84.0) 358 (83.3) 130 (86.1)
Diagnosed 45(7.7) 72 (16.7) 21(13.9

MS* 0.608
None 343 (59.4) 258 (60.0) 87 (57.6)
Diagnosed 236 (40.6) 172 (40.0) 64 (42.4)

Smoking 0.983
None 257 (44.2) 190 (43.9) 67 (44.4)
Current 148 (25.5) 109 (25.5) 39 (25.8)
Past 176 (30.3) 131 (30.6) 45 (29.8)

Values are presented as number (%) or mean=standard deviation.
clMT, carotid intima-media thickness; nIMT, normal carotid intima-media thickness; tIMT, thick carotid intima-media thickness; MS, metabolic syndrome.

*cIMT less than 1 mm defined as nIMT and cIMT 1 mm or over defined as tIMT. fThe P-value of all variables except mean of age was presented using chi-square analysis. The
mean and standard deviation value of age was analyzed using t-test. *The diagnosis of MS was defined as having three or more diagnostic criteria including abdominal
circumference, fasting blood glucose, blood pressure, triglyceride, and high-density lipoprotein cholesterol.
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3. The Definition of Prediabetes

Prediabetes can be mainly divided into impaired fasting glucose (IFG)
and IGT, and the criteria for HbAlc have been added.’'® IFG is de-
fined as FBG between 100 and 125 mg/dL, IGT is defined as PP2 be-
tween 140 and 199 mg/dL 2 hours after the oral glucose tolerance test
(OGTT), and HbA1lc between 5.7% and 6.4%." Because there were in-
sufficient data on OGTT, in this study, prediabetes was defined using
cases of IFG between 100 and 125 mg/dL or HbAlc between 5.7% and
6.4%.

4. Statistical Analysis

Continuous variables, such as blood tests, were presented as mean
and standard deviation. The normality assumption was evaluated us-
ing the Shapiro-Wilk test, and the homogeneity of variance was evalu-
ated using Levene’s test. Variables that were not satisfied with the nor-
mality assumption were log-transformed, a t-test was conducted, and
the P-value was subsequently presented. Categorical variables such as
gender, smoking history, and disease history were presented as num-
bers with percentiles and compared by performing a chi-square test.
Binary logistic regression was performed to confirm the correlation
between cIMT and NLR by adjusting for sex, age, high-sensitivity C-re-
active protein (hs-CRP), FBG, HbAlc, HDL-C, AC, HTN or dyslipid-
emia diagnosis, and current smoking status. The odds ratios (ORs) of
all variables were presented in three cases (i.e., unadjusted, model I,
and model II) using logistic regression analysis; age and sex were ad-
justed in model I, and all variables were adjusted in model II. All statis-

tical analyses were performed using IBM SPSS Statistics for Windows
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ver. 26.0 (IBM Corp., Armonk, NY, USA). All significance tests were

2-tailed, and values of P<0.05 were considered significant.

RESULTS

1. Baseline Characteristics
The baseline characteristics and blood test results of the study partici-
pants are shown in Tables 1 and 2. Among the 581 study participants,
434 (74.7%) were male and 147 (25.3%) were female, with an average
age of 53.55+9.29 years. There were 151 participants with a tIMT and
430 participants with nIMT. There were 111 male participants in the
nIMT group and 323 male participants in the tIMT group; whilst there
were 40 and 107 female participants in the two groups, respectively.
Regarding the characteristics of the subjects according to cIMT, the
average age of the tIMT group was 56.59+8.62 years, which was higher
than the 52.48+9.29 years of the nIMT group (P<0.001). For men, the
average age of the tIMT group was 55.62+8.85 years, which was higher
than the 51.11+8.88 years of the nIMT group. For women, the average
age of each group was 59.28+7.40 years and 56.61+9.31 years, respec-
tively. NLR was 1.89+0.90 in the tIMT group and 1.71+0.69 in the nIMT
group. NLR was significantly higher in the tIMT group than in the
nIMT group (P=0.018). For men, NLR was 1.91+0.88 in the tIMT group
and 1.7240.70 in the nIMT group. For women, the NLR was 1.84+0.97
and 1.65+0.63 in each group, respectively. FBG and HbAlc were
105.54+11.05 mg/dL and 5.85%0.35%, respectively, in the tIMT group,
and 104.30+10.45 mg/dL and 5.71%:+0.34% in the nIMT group. HbAlc
was significantly higher in the tIMT group than in the nIMT group

Table 2. Laboratory results in all participants and comparison between two groups according to cIMT

Variable Total (n=581) T P-valuet
nIMT (n=430) tIMT (n=151)
White blood cell (x10%puL) 5.63+1.39 5.59+1.42 5.75+1.32 0.145
Absolute neutrophil count (/L) 3,128.20+1,042.63 3,078.11+1,022.66 3,270.85+1,088.39 0.057
Absolute lymphocyte count (/L) 1,886.97+523.72 1,901.64+536.50 1,845.18+484.74 0.357
Neutrophil to lymphocyte ratio 1.75+0.75 1.71+£0.69 1.89+0.90 0.018
Hemoglobin (g/dL) 14.73+1.30 14.74+1.33 14.69+1.21 0.741
Platelet (x10%/pL) 244.76+51.38 245.60+51.99 242.38+49.71 0.488
Fasting blood glucose (mg/dL) 104.63+10.62 104.30+10.45 105.54+11.05 0.230
Total cholesterol (mg/dL) 196.65+39.67 196.39+39.23 197.37+41.02 0.907
Triglyceride (mg/dL) 153.74+99.20 151.78+95.62 159.33+108.88 0.288
High-density lipoprotein cholesterol (mg/dL) 52.30+13.34 52.56+13.12 51.56+13.94 0.340
Low-density lipoprotein cholesterol (mg/dL) 133.84+37.32 132.72+36.73 137.02+38.90 0.329
Hemoglobin A1c (%) 5.74+0.34 5.71+0.34 5.85+0.35 0.000
Erythrocyte sedimentation rate (mm/h) 12.86+10.29 12.64+10.08 13.47+£10.88 0.209
High-sensitivity C-reactive protein (mg/L) 1.23+2.40 1.22+2.44 1.28+2.28 0.218
Height (cm) 167.54+8.84 167.93+8.75 166.43+9.02 0.072
Weight (kg) 72.07+13.30 72.48+13.45 70.93+12.83 0.229
Body mass index (kg/m? 25.54+3.44 25.57+3.49 25.47+3.31 0.821
Abdomen circumference (cm) 87.38+9.26 87.36+9.07 87.44+9.82 0.999
Systolic blood pressure (mm Hg) 121.78+14.40 120.65+13.50 124.99+16.31 0.002
Diastolic blood pressure (mm Hg) 73.87+11.07 73.73+10.74 74.26+11.99 0.700

Values are presented as mean=standard deviation.

cIMT, carotid intima-media thickness; nIMT, normal carotid intima-media thickness; tIMT, thick carotid intima-media thickness.
*cIMT less than 1 mm defined as nIMT and cIMT 1 mm or over defined as tIMT. *The P-value of all variables was presented using t-test.
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(P<0.001), whereas FBG levels were not significantly different between
the two groups (P=0.230). For men, HbAlc was 5.85%%0.37% in the
tIMT group and 5.69%:0.34% in the nIMT group. For women, HbAlc
was 5.84%+0.27% and 5.78%+0.31% in each group respectively. In ad-
dition, systolic blood pressure (SBP) was 124.99+16.31 mm Hg and
120.65+13.50 mm Hg, respectively, which showed higher SBP in the
tIMT group than nIMT group (P=0.002). For men, SBP was
125.39+12.97 mm Hg in tIMT group and 121.29+12.68 mm Hg in nIMT
group. For women, SBP was 123.88+23.40 mm Hg and 118.71+15.64
mm Hg in each group, respectively. There were no statistically signifi-
cant differences in the other variables.

2. The Correlation between cIMT Thickening and NLR in

Binary Logistic Regression Analysis
Tables 1 and 2 show the differences between the two groups according
to the cIMT. Variables that could affect cIMT in previous studies were
sex, age, hs-CRP, FBG, HbAlc, HDL-C, AC, HTN, dyslipidemia, current
smoking status.'”'® However, some of these factors were not signifi-
cantly correlated with cIMT in this study. Binary logistic regression
analysis with NLR was performed on the variables listed above to ad-
just for them (Table 3).

In the regression analysis, there was a statistically significant correla-
tion in age, NLR, and HbAlc according to the thickness of cIMT. The
unadjusted OR of NLR was 1.354 (95% confidence interval [CI], 1.071-
1.710) and 1.368 (95% CI, 1.078-1.737) after adjusting for age and sex
(P=0.011 and P=0.010, respectively). In model II, subjects in the tIMT
group were older and had higher HbAlc levels than those in the nIMT
group (OR, 1.046; 95% CI, 1.022-1.070; P<0.001; OR, 2.426; 95% CI,

Table 3. Binary logistic regression analysis with variables affecting cIMT

Dayoung Lee, etal. ® Carotid IMT and Neutrophil to Lymphocyte Ratio in Prediabetes

1.289-4.567; P=0.006, respectively), and NLR was higher in the tIMT
group (OR,1.334; 95% CI, 1.038-1.714; P=0.024).

DISCUSSION

In this retrospective study, we evaluated whether there was a signifi-
cant correlation between cIMT and NLR in adults who were in a pre-
diabetic state but had not been previously diagnosed with diabetes.
NLR was significantly higher in the tIMT group than in the nIMT
group, and age, HbAlc, and SBP showed the same association. In the
logistic regression analysis, NLR was independently correlated with
cIMT after adjusting for other variables, although the OR of HbAlc was
higher than that of NLR. Concerning HbAlc, the results of this study
were consistent with those of several other studies that showed that
cIMT was correlated with HbAlc in prediabetes and diabetes sub-
jects.**? Various studies and meta-analyses revealed that age, HTN,
SBP, smoking history, insulin resistance, and metabolic syndrome af-
fect cIMT, and TC or LDL-C and HDL-C, hs-CRP, fibrinogen, LOX-1,
and adiponectin were found to be related to cIMT."” However, there
was no statistically significant difference associated to some variables
in this study. This may be attributed to the characteristics of the study
participants, prediabetes, or the limited sample size. Furthermore,
certain variables showed the heterogeneity of the association with
cIMT'" and we did not exclude participants taking lipid-lowering
agents; alternatively, we adjusted for the factor by including partici-
pants diagnosed with dyslipidemia, in the logistic regression analysis.
It is known that the risk of atherosclerotic CVD is increased 2 to 4
times and cardiovascular mortality or morbidity is higher in patients

Variable B OR (95% ClI) P-value
Unadjusted
NLR* 0.303 0.119 1.354 (1.071-1.710) 0.011
Model |
Female -0.145 0.228 0.865 (0.554—1.351) 0.524
Age* 0.051 0.011 1.052 (1.030-1.075) 0.000
NLR* 0.313 0.122 1.368 (1.078-1.737) 0.010
Model Il
Female -0.120 0.265 0.887 (0.528—1.490) 0.650
Age* 0.045 0.012 1.046 (1.022-1.070) 0.000
NLR* 0.288 0.128 1.334 (1.038-1.714) 0.024
Hs-CRP (mg/L)* -0.005 0.040 0.995 (0.919-1.077) 0.898
FBG (mg/dL)* 0.006 0.009 1.006 (0.987-1.024) 0.545
HbA1c (%)* 0.886 0.323 2.426 (1.289-4.567) 0.006
HDL-C (mg/dL)* -0.004 0.008 0.996 (0.980-1.012) 0.595
AC (cm)* -0.004 0.013 0.996 (0.972-1.021) 0.737
HTN diagnosed 0.276 0.243 1.318(0.819-2.123) 0.256
DL diagnosed -0.320 0.286 0.726 (0.414-1.272) 0.263
Current smoker 0.084 0.245 1.088 (0.673-1.759) 0.732

Dependent variable: cIMT (normal cIMT is reference group). Model I: adjusted for sex and age; model II: adjusted for sex, age, hs-CRP, FBG, HbA1c, HDL-C, AC, history of HTN

and DL, and smoking status.

cIMT, carotid intima-media thickness; SE, standard error; OR, odds ratio; CI, confidence interval; NLR, neutrophil to lymphocyte ratio; hs-CRP, high-sensitivity C-reactive
protein; FBG, fasting blood glucose; HbA1c, hemoglobin Alc; HDL-C, high-density lipoprotein cholesterol; AC, abdomen circumference; HTN, hypertension; DL, dyslipidemia.

*Continuous variables.
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with type 2 diabetes mellitus than in those without diabetes.'® Accord-
ing to a recent meta-analysis, the relative risk of all-cause mortality,
composite CVD, coronary heart disease (CHD), and stroke were high-
er in prediabetes patients than in those with normoglycemia, and the
absolute risk was also higher in prediabetes patients.”) Even in pa-
tients with atherosclerotic CVD, patients with prediabetes were at a
higher risk of all-cause mortality, composite CVD, and CHD than
those with normoglycemia.*” In many large-cohort studies that have
studied the relationship between cIMT and the risk of developing CVD
and stroke, it has been found that cIMT helps stratify the risk of CVD."?
In a systematic review, cIMT was found to be thicker in patients with
diabetes or IGT than in the control group.'”

Li et al."” found that a high NLR was correlated with thick cIMT in
diabetic patients and that NLR could be used as an independent risk
factor for the development of asymptomatic atherosclerosis. Few stud-
ies have confirmed the relationship between NLR and cIMT in predia-
betes. According to a previous Korean study, cIMT was significantly re-
lated to age and HbAlc in men with a HbAlc lower than 6.5%, whilst
in women, there was a significant correlation with age; however, NLR
was not evaluated in that study.” The strength of this study is that it
revealed the association between NLR and cIMT in prediabetes pa-
tients, rather than diabetes patients, which is an understudied area.
The mechanism by which NLR influences cIMT is not yet known.
Chronic inflammation is known to play an important role in diabetes
complications as well as in the development and progression of diabe-
tes and prediabetes.?® Several studies have shown increased levels of
proinflammatory cytokines in prediabetic and diabetic patients.>*>" It
has been found that the hyperglycemic state continuously activates
neutrophils,® and activated neutrophils attach to vascular endothelial
cells, causing damage to vascular endothelial cells.”® Lymphocytope-
nia is also considered an inflammatory marker, and when corticoste-
roid levels increase in response to stress, inflammatory reactions and
lymphocyte apoptosis occur, leading to lymphocytopenia.””

This study has some limitations. First, it may be difficult to general-
ize to the public population due to the sample size and the fact that the
study data were obtained from a single medical institution. Second,
there may be limitations in identifying a participant’s entire medical
history through questionnaires and interviews, which could have led
to missing information. Third, IGT could not be included because
there were insufficient OGTT records in the comprehensive examina-
tion. Fourth, the linear relationship could not be confirmed because
some cIMT data could not be quantified. Fifth, except for the blood
tests analyzed in this study, we did not exclude cases with abnormali-
ties in liver, renal function or thyroid function tests (TFTs) that could
cause chronic inflammation, thereby affecting cIMT results. in some
studies, there was a significant positive correlation between alanine
aminotransferase, y-glutamyl transpeptidase, and cIMT and a negative
correlation between eGFR and cIMT.***) There was a significant differ-
ence in cIMT according to TFT, and cIMT was higher in subclinical hy-
pothyroidism than in the euthyroid state.*”

In this study, the NLR was found to be higher in prediabetic adults
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with thick cIMT. In the logistic regression analysis, NLR showed an
equal correlation with cIMT to an independent factor. Compared to
other blood tests, NLR is a cost-effective means of evaluating CVD in
primary care, and it is expected that NLR will be used as an indicator
for predicting the risk of CVD in patients with prediabetes. Therefore,
further research including large-scale prospective cohort studies are

required to confirm the results of our study.
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