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The association between the neutrophil-to- @
lymphocyte ratio and type 2 diabetes mellitus:
a cross-sectional study

Hai long Chen', Chunwei Wu?, Lei Cao', Ruolin Wang', Tian yang Zhang' and Ze He?'

Abstract

Background Type 2 diabetes mellitus (T2DM) is a prevalent chronic disease often accompanied by low-grade
inflammation. Recently, the neutrophil-to-lymphocyte ratio (NLR) has garnered researchers’interest as an emerging
inflammation biomarker. This study aimed to comprehensively explore the relationship between NLR and T2DM using
the National Health and Nutrition Examination Survey (NHANES) database.

Method We employed a cross-sectional study design to analyze data from five NHANES cycles from 2007 to 2016,
excluding individuals with incomplete data. This study utilized a weighted logistic regression model, subgroup
analyses, and restricted cubic spline (RCS) analysis to assess the potential relationship between NLR and T2DM.

Results A total of 9903 participants were eligible for the analysis, of which 1280 were diagnosed with T2DM.

The T2DM group exhibited significantly higher NLR levels than the non-T2DM group. After adjusting for potential
confounders, elevated NLR levels were associated with an increased risk of developing T2DM, indicated by an odds
ratio (OR) of 1.14, 95% ClI: (1.05,1.24), P=0.003. The results of the subgroup analyses revealed a significant interaction
effect between NLR and T2DM concerning race and hypertension (P for interaction < 0.05). In contrast, no significant
interactions were found for age, sex, education level, body mass index (BMI), smoking status, recreational activities,
and alcohol drinker (P for interaction > 0.05). RCS analysis showed a significant non-linear relationship between NLR
and T2DM, with an inflection point at 2.27 (all P for non-linearity <0.05).

Conclusion Our study indicates that an elevated neutrophil-to-lymphocyte ratio is associated with a higher risk of
T2DM.
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Introduction

Type 2 diabetes mellitus (T2DM), one of the most serious
and prevalent chronic diseases, can lead to a variety of
complications such as cardiovascular diseases, nephropa-
thy, neuropathy, retinopathy, lower limb amputations,
and reduced life expectancy, significantly contributing
to increased mortality rates in T2DM patients [1-3]. The
prevalence of T2DM is rising with the rapid development
of the global economy and lifestyle changes. Epidemio-
logical data indicate that, as of 2021, the global preva-
lence of T2DM among individuals aged 20-79 years was
estimated at 10.5% (536.6 million people), with projec-
tions suggesting that over 1.31 billion people worldwide
could be affected by 2050, with similar rates observed in
both genders [4].

The primary clinical criterion for diagnosing T2DM is
elevated venous blood glucose levels. T2DM comprises
90% of all cases of diabetes mellitus [5]and is associated
with several pathogenic factors, including genetic predis-
positions, immunological factors, environmental influ-
ences, insufficient physical activity, and poor lifestyle
choices [6—8]. The pathogenesis primarily involves the
relative insufficiency of insulin secretion by pancreatic
[-cells and the insensitivity of tissues and organs to insu-
lin, which triggers insulin resistance (IR). This leads to a
compensatory increase in insulin secretion, ultimately
causing pancreatic B-cell damage and failure [9, 10].

The role of inflammation in the development of T2DM
and associated metabolic disorders has garnered sig-
nificant attention [11, 12]. In recent years, the NLR has
been increasingly studied as a composite biomarker that
better reflects the systemic inflammatory state com-
pared to individual biomarkers, being cost-effective and
easy to detect [13—15]. NLR has been reported as a reli-
able inflammatory marker in type 2 DM [16] and other
inflammatory conditions including gastrointestinal dis-
eases [17], cardiac conditions [18], thyroiditis [19], thy-
roid conditions [20], irritable bowel disease [21], and
Covid-19 infection [22]. Hence, studying the association
between T2DM and NLR is reasonable. However, pre-
vious studies have been constrained primarily by their
small sample sizes, leaving the relationship between NLR
and T2DM ambiguous. Consequently, this study aims
to elucidate the potential relationship between NLR and
T2DM using a large dataset from the NHANES, seeking
to uncover new insights.

Methods

Participant selection and process

The NHANES is a population-based, cross-sectional sur-
vey conducted by the Centers for Disease Control and
Prevention (CDC) to assess the health and nutritional
status of adults and children in the United States. The
research team includes professional health investigators,
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medical technicians, and physicians. The NHANES
database, updated biennially, comprises demographic,
dietary, examination, laboratory, and questionnaire
data. All participant data collection was conducted with
informed consent and approved by an ethical review
board. We used data from 2007 to 2016 to select par-
ticipants. We initially screened 50,588 participants, with
the specific exclusion criteria as follows: Exclude par-
ticipants <20 years old (n=21,387); Exclude participants
lacking education data (n=39); Exclude participants
missing neutrophil and lymphocyte counts (n=2,508);
Exclude participants missing diabetes data (n=608);
Exclude participants lacking other important covariate
data (n=16,143). A total of 9,903 eligible participants
were included (Fig. 1).

Detection and definition of NLR

Venous blood was collected in the morning after an
overnight fast at the Mobile Examination Centre, and a
Beckman Coulter DxH 800 instrument was utilized to
perform a complete blood count on the specimen. NLR
was determined by dividing the count of neutrophils by
that of lymphocytes [23].

Definition of T2DM, hypertension

Diagnosis of T2DM was established based on: (1) self-
report of T2DM, (2) fasting blood glucose>7.0 mmol/L,
(3) presence of T2DM symptoms with random blood
glucose>11.1 mmol/L, (4) glycosylated hemoglobin Alc
(HbA1lc)>6.5% [24]. Diagnostic criteria for hypertension:
NHANES participants were surveyed by healthcare pro-
fessionals both at home and at the Mobile Examination
Center. In the questionnaire, participants were asked,
“Have you ever been told you have high blood pres-
sure?” Response options were “Yes” or “No.” Participants
answering “Yes” were classified as having hypertension,
and those answering “No” were classified as not having
hypertension.

Covariates

The covariates comprised demographic, anthropometric,
and laboratory measures. The covariates were specified
as follows: age groups (20—39, 40-59, and =60 years), sex
(male and female), racial categories (Mexican American,
other Hispanic, non-Hispanic white, non-Hispanic black,
and other races), education levels (less than high school,
high school, or higher), and BMI, classified into three
categories: normal, overweight, and obese (<25 kg/m?
25-29.9 kg/m?, and >30 kg/m?). Smoking status was cat-
egorized as Never, Former, or Current. Participants were
queried regarding whether they had ever smoked 100 cig-
arettes in their lifetime and if they were currently smok-
ing to distinguish between current and former smokers.
Participants were classified as never smokers if they had
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consumed fewer than 100 cigarettes in their lifetime. Par-
ticipants were classified as ex-smokers if they were not
current smokers but had consumed 100 cigarettes in the
past. The activity was defined as any moderate-intensity
exercise, fitness, or recreational activity leading to a slight
increase in breathing or heart rate-such as brisk walking,
bicycling, swimming, or volleyball for at least ten con-
secutive minutes weekly. Drinkers were defined as indi-
viduals who consumed at least 12 alcoholic beverages
annually. Additionally, we included hypertension, poverty
income ratio (PIR), Total cholesterol (TCHO), triglycer-
ide (TG), Low-density lipoprotein cholesterol (LDL-C),
High-density lipoprotein cholesterol (HDL-C), HbAlc.
All covariates were sourced from the NHANES database.

Statistical analysis

DecisionLinncl.0 software was employed for data analy-
sis [25]. DecisionLinncl.0 is a platform that integrates
multiple programming language environments and
enables data processing, data analysis, and machine learn-
ing through a visual interface. We refer to the “WTME-
C2YR” weighting variable and multiply the 2-year MEC
weights by one-fifth to derive 10-year weights. Categori-
cal variables are expressed as percentages, Continuous
variables are first tested for normality. Data following a
normal distribution are represented by Mean+ Standard
Deviation, while data not following a normal distribu-
tion are often described by the median and interquar-
tile range to depict the central tendency and dispersion.
Weighted logistic regression was employed across three
distinct models to examine the relationship between NLR
and T2DM. Model 1 was not adjusted for covariates. In
Model 2, adjustments were made for age, sex, and race.
Model 3 included adjustments for sex, age, race, educa-
tion level, BMI, smoking status, recreational activities,
alcohol drinker, hypertension, PIR, TCHO, TG, LDL-C,
HDL-C, and HbA1lc. Subgroup analyses were also con-
ducted. Furthermore, RCS was utilized to explore poten-
tial non-linear relationships between NLR and T2DM
risk. P<0.05 was considered statistically significant.

Results

The characteristics of the participants

A total of 9,903 participants with complete data were
included in this analysis (Fig. 1). Of these, 8,623 were
non-T2DM, and 1,280 were T2DM. Compared to the
normoglycemic group, the diabetic group was older
(P<0.001), better educated (P<0.001), exhibited a higher
obesity rate (P<0.001), and a greater prevalence of indi-
viduals who lacked regular exercise and alcohol drinker
(P<0.001). The differences in PIR, TCHO, TG, LDL-C,
HDL-C, and HbAlc between the two groups were statis-
tically significant (P<0.001). Detailed information can be
found in Table 1.

Page 4 of 10

The relationship between NLR and T2DM

As shown in Table 2, a significant correlation was iden-
tified between NLR and T2DM. Covariates were not
adjusted for in Model 1, while Model 2 was adjusted
for age, sex, and race; Model 3 included adjustments
for all covariates. In conclusion, analyses revealed that
in Model 3, NLR remained positively associated with
T2DM (OR:1.14,95%CI:1.05-1.24, P=0.003). Subse-
quently, quartile analysis of NLR was conducted, using
Q1 as a reference, and the OR for Q4 was significantly
higher than that for Q1 (OR: 1.86, 95% CI: 1.58-2.21,
P<0.001). Following complete adjustment for all covari-
ates, Patients in the highest quartile of NLR have a risk of
developing the disease that is more than one time higher
than those in the lowest quartile (OR: 1.56, 95% CI: 1.19—
2.06, P=0.002).

Subgroup analyses

To ascertain the robustness of the association between
NLR and T2DM across various population subgroups,
subgroup analyses were conducted following Model 3.
Table 3 demonstrates that the interaction effect between
NLR and T2DM was statistically significant concerning
race and hypertension (P<0.05); in contrast, no signifi-
cant interactions were observed for age, sex, education
level, BMI, smoking status, recreational activities, and
alcohol drinker (P>0.05).

Non-linear association between NLR and T2DM
RCS was employed to demonstrate better the relation-
ship between NLR and T2DM (Fig. 2); a strong non-lin-
ear correlation was observed between NLR and T2DM,
We conducted a threshold effect analysis and found
an inflection point. The inflection points of models 1, 2,
and 3 were generally consistent. After adjusting covari-
ates according to Model 3, the inflection point was 2.27.
Observations indicate that when NLR is below the inflec-
tion point, the risk of T2DM is lower, when NLR exceeds
the inflection point, the risk increases rapidly.

Discussion

In this cross-sectional study, we utilized the NHANES
database to analyze relevant data from adult partici-
pants in the United States. We explored the relationship
between NLR and the risk of T2DM, and we concluded:
NLR levels in T2DM patients were significantly higher
than those in non-T2DM patients. There was a significant
positive correlation between NLR and the risk of T2DM,
and this relationship persisted even after adjusting for
multiple confounding factors. RCS analysis showed a sig-
nificant nonlinear relationship between NLR and T2DM,
with an inflection point at 2.27. The subgroup analyses
revealed a significant interaction effect between NLR
and T2DM concerning race and hypertension (P for
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Table 1 The characteristics of the study participants
Variable Names Overall Non-T2DM T2DM P
n 9903 8623 1280
Age (%)
20-39 3491 (35.25) 3404 (39.48) 87 (6.80) <0.001
40-59 3095 (31.25) 2685 (31.14) 410 (32.03)
> 60 3317 (33.49) 2534 (29.39) 783 (61.17)
Sex (%)
Male 4847 (48.94) 4188 (48.57) 659 (51.48) 0.055
Female 5056 (51.06) 4435 (51.43) 621 (48.52)
Race (%)
Mexican American 1480 (14.94) 1266 (14.68) 4(16.72) <0.001
Other Hispanic 1028 (10.38) 876 (10.16) 152 (11.88)
Non-Hispanic White 2 (45. 56) 4018 (46.60) 494 (38 59)
Non-Hispanic Black 1898 (19.17) 1574 (18.25) 324 (25.31)
Other Race 985 (995) 889 (10.31) 96 (7.50)
Education level (%)
< High school 2382 (24.05) 1934 (22.43) 448 (35.00) <0.001
>High school 7521 (75.95) 6689 (77.57) 832 (65.00)
BMI (%)
<25 2952 (29.81) 2783 (32.27) 169 (13.20) <0.001
25-299 3310 (3342) 2946 (34.16) 364 (28.44)
>30 3641 (36.77) 2894 (33.56) 747 (58.36)
Smoking status (%)
Never 5447 (55.00) 4785 (55.49) 662 (51.72) <0.001
Former 2437 (24.61) 2020 (23.43) 417 (32.58)
Current 2019 (20.39) 1818 (21.08) 201 (15.70)
Recreational activities (%)
Yes 4003 (40.42) 3604 (41.80) 399 (31.17) <0.001
No 5900 (59.58) 5019 (58.20) 881 (68.83)
Alcohol drinker (%)
Yes 7162 (72.32) 6347 (73.61) 815 (63.67) <0.001
No 2741 (27.68) 2276 (26.39) 465 (36.33)
Hypertension (%)
Yes 3605 (36.40) 2718 (31.52) 887 (69.30) <0.001
No 6298 (63.60) 5905 (68.48) 393 (30.70)
PIR 2.10(1.09-4.04) 2.14.(1.09-4.12) 1.82(1.02-3.32) <0.001
TCHO (mg/dL) 189 (163-216) 191 (166-218) 173 (148-204) <0.001
TG (mg/dL) 102 (71-148) 99 (69-145) 122 (87-173) <0.001
LDL-C (mg/dL) 1(89-136) 113 (91-137) 97 (74-123) <0.001
HDL-C(mg/dl) 52 (43-63) 52 (43-64) 47 (40-57) <0.001
HbATc (%) 5.50 (5.20-5.90) 540 (5.20-5.70) 6.90 (6.20-8.20) <0.001
NLR 1.91(1.43-2.56) 1.88 (1.41-2.50) 2.12(1.57-2.87) <0.001

Notes Median (interquartile range) for continuous variables and % for categorical variables. BMI, body mass index; PIR, poverty income ratio; TCHO, Total cholesterol;
TG, triglyceride; LDL-C, Low-density lipoprotein cholesterol; HDL-C, High-density lipoprotein cholesterol; HbAlc, glycated hemoglobin Alc; NLR, neutrophil-to-

lymphocyte ratio

interaction<0.05). In contrast, no significant interactions
were found for age, sex, education level, BMI, smoking
status, recreational activities, and alcohol drinker (P for
interaction>0.05).

T2DM represents a prevalent endocrine system dis-
order characterized by multiple metabolic disturbances
that induce a state of chronic hyperglycemia [11, 24]. Evi-
dence suggests that low-grade inflammation plays a cru-
cial role in the pathogenesis of T2DM [26], and HbAlc,

a commonly used laboratory marker for diagnosing
T2DM, reflects the average blood glucose levels of the
human body over three months, facilitating the monitor-
ing of these levels [27]. However, HbAlc does not assess
changes in the body’s inflammatory state. The NLR can
effectively recognize such changes [28]. In clinical prac-
tice, blood counts can be easily tested, offering rapid
and cost-effective results. NLR, as a ratio of neutrophils
to lymphocytes, provides greater accuracy than a single
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Table 2 The association between NLR levels and prevalence of T2DM by logistic regression analyses

Model 1 Model 2 Model 3

OR (95% Cl) P -value OR (95% Cl) P-value OR (95% Cl) P -value
NLR 1.27(1.20,1.35) <0.001 1.20(1.13,1.27) <0.001 14(1.05,1.24) 0.003
NLR (quartile)
Q1 11+0.24 reference reference reference
Q2 1.67+0.14 1.13(0.94,1.36) 0.180 1.18(0.98,1.43) 0.086 1.08(0.83,1.40) 0.566
Q3 2.20+0.19 145(1.22,1.73) <0.001 1.52(1.26,1.83) <0.001 1.37(1.06,1.77) 0.015
Q4 3.66+1.58 1.86(1.58,2.21) <0.001 1.76(1.47,2.12) <0.001 1.56(1.19,2.06) 0.002
P for trend <0.001 <0.001 <0.001

95% Cl: 95% confidence interval

Model 1: no covariates were adjusted

Model 2: adjusted for age, sex, race

Model 3: adjusted for age, sex, race, education level, BMI, smoking status, recreational activities, Alcohol drinker, hypertension, PIR, TCHO, TG, LDL-C, HDL-C, HbA1c

Table 3 The results of subgroup analyses

Character OR (95%(Cl) Pvalue Pforinteraction
Age 0.057
20-39 1.29(1.02,1.65) 0.037
40-59 1.12(0.99,1.27)  0.081
> 60 1.29(1.02,1.67)  0.010
Sex 0.554
Male 1.08(1.01,1.23)  0.030
Female 1.13(1.03,1.23)  0.008
Race 0.018
Mexican American 0.97(0.87,1.09) 0.644
Other Hispanic 1.19(0.95,1.51) 0.135
Non-Hispanic White  1.13(1.04,1.22)  0.004
Non-Hispanic Black ~ 1.25(1.07,1.47)  0.005
Other Race 1.51(1.10,2.08) 0.012
Education level 0.247
< High school 1.15(1.02,1.30)  0.026
>High school 1.09(1.02,1.16)  0.007
BMI (kg/m?) 0.282
<25 1.12(0.98,1.28)  0.095
25-29.9 1.04(0.96,1.13)  0.301
>30 1.16(1.06,1.27)  0.002
Smoking status 0.939
Never 1.09(1.00,1.19)  0.049
Former 1.12(1.021.22) 0017
Current 1.13(0.97,1.30) 0.112
Recreational activities 0.894
Yes 1.12(0.99,1.26) 0.081
No 1.10(1.03,1.17)  0.003
Alcohol drinker 0373
Yes 1.15(1.06,1.24)  <0.001
No 1.06(0.98,1.15)  0.171
Hypertension 0.008
Yes 1.08(1.01,1.15)  0.028
No 1.20(1.07,1.34)  0.001

Notes Subgroup analysis of the association between NLR and T2DM; BMI=

mass index

body

measurement and effectively reflects the systemic inflam-
matory response [29]. Neutrophils and T-lymphocytes
are pivotal in the development and progression of diabe-
tes. It has been reported that hyperglycemia affects the
number and function of circulating neutrophils. How-
ever, neutrophils in TIDM and T2DM patients exhibit
different characteristics, with increased neutrophil
counts observed only in T2DM patients [30]. It has been
demonstrated that in patients with T2DM, the expres-
sion of activation markers on neutrophil membranes dif-
fers from that in healthy controls. This is evidenced by a
decreased expression of the adhesion molecule LFA-3,
increased levels of activation markers such as CD11B and
CD66B, and increased adhesion of neutrophils to endo-
thelial cells, leading to systemic inflammation and endo-
thelial damage [31-33].In preclinical models, research
has demonstrated that neutrophils can induce the
release of IL-1f and neutrophil elastase (NE) through the
NF-«B pathway, disrupting insulin signaling and degrad-
ing insulin receptor substrate-1 (IRS-1), respectively,
thereby contributing to IR [34, 35]. Th17 represents a
subset of CD4+T cells characterized by the secretion of
pro-inflammatory factors, including IL-17. Studies have
indicated that IL-17 can stimulate the production of
TNF-a and is implicated in the development of IR [36].
Regulatory T (Treg) cells constitute a minor subset of T
lymphocytes known for their pivotal role in suppress-
ing inflammatory responses [37]. During the progres-
sion of diabetes, Treg cells can inhibit Th1 and Th17 cell
responses through the regulation of the microenviron-
ment and alteration of surface receptor expression, con-
sequently ameliorating IR [38]. Nonetheless, diabetic
patients exhibit a significant reduction in the number of
Treg cells [39].

Recently, the NLR has emerged as a novel indica-
tor of inflammation across a spectrum of diseases, with
several reports demonstrating its elevation in condi-
tions such as prostate cancer [40], COVID-19 infection
[41], and chronic obstructive pulmonary disease [42].
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Furthermore, some scholars have extensively studied the
application value of NLR in diabetes and its complica-
tions. Mohammed et al. conducted a case-control study
with 160 T2DM patients and 132 non-T2DM patients

Page 7 of 10

to assess the potential role of NLR in predicting T2DM
progression and treatment. The results indicated a sig-
nificant difference in NLR values between T2DM and
non-T2DM patients (4.1891+4.154 vs. 4.095%8.851,
P=0.009). NLR exhibits high sensitivity and specific-
ity, which assists in the management of T2DM and the
prediction of long-term complications [43]. Hussain et
al. evaluated the relationship between NLR and different
levels of glycemic control in T2DM patients, randomly
dividing 330 T2DM patients into three groups based on
glycemic control. The results showed that higher NLR
levels were related to elevated HbA1lc and poor glycemic
control in T2DM patients. Additionally, NLR can serve
as an indicator for monitoring glycemic control in diabe-
tes [44]. Adane et al. explored the relationship between
NLR and glycemic control in T2DM patients. Thirteen
studies were included, and the results showed a correla-
tion between high NLR values and increased HbAlc in
T2DM patients. Hence, NLR should be regarded as a
marker of glycemic control in T2DM patients [45]. NLR
not only predicts T2DM progression and monitors glyce-
mic control but also plays an important role in identify-
ing diabetic complications. Liu et al. demonstrated that
T2DM patients with elevated NLR levels are more likely
to develop diabetic peripheral neuropathy. NLR can help
doctors understand the progression of diabetic periph-
eral neuropathy [46]. Li et al. suggested that NLR might
be an effective potential inflammatory marker for identi-
fying the risk of diabetic kidney disease in T2DM patients
in the United States. T2DM patients with elevated NLR
levels should have their potential risk to kidney function
closely monitored [47]. Studies have also found that NLR
is highly valuable in diagnosing diabetic retinopathy [48].
The above reports indicate that NLR, as an inflammatory
marker, has positive potential applications in predict-
ing and managing diabetes and its complications. Our
research also confirmed a significant positive correlation
between NLR levels and T2DM risk, further demonstrat-
ing that NLR could be an effective indicator for predict-
ing early T2DM risk in clinical settings.

Our subgroup analyses revealed that the prevalence
of T2DM was higher in women than in men for each
unit increase in NLR, and the prevalence of T2DM was
higher in the obese population compared to the normal-
weight and overweight populations. This sex disparity
could be attributed to physiological and psychosocial
factors, with women exhibiting greater susceptibility to
T2DM than men, particularly in relation to psychoso-
cial stress [49]. Additionally, sex differences have been
linked to variations in fat distribution within adipose
tissue among both women and men [50]. Obesity rep-
resents a pivotal risk factor for the onset of T2DM [51],
with the intricate mechanisms bridging the two condi-
tions remaining complex and ambiguous. Numerous
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studies have demonstrated that adipose tissue releases
surplus circulating fatty acids, glycerol, hormones, and
pro-inflammatory cytokines, potentially interfering with
cellular insulin signaling and exacerbating IR [52]. Addi-
tionally, we found that the association between NLR and
T2DM remained unaffected by age, sex, education level,
BMI, smoking status, recreational activities, and alcohol
drinker, indicating that NLR may serve as a reliable pre-
dictor of T2DM risk across diverse populations. None-
theless, the association between NLR and T2DM may
vary by race, particularly among Non-Hispanic White,
Non-Hispanic Black, and Other Race groups, possi-
bly attributed to differences in body mass across racial
demographics. In a cross-sectional study, it was observed
that 263 Non-Hispanic Black and Non-Hispanic White
adults with lung cancer were included, during which the
level of inflammation and prevalence was evaluated using
NLR as a biomarker. The results indicated that the level
of inflammation and prevalence appeared to be lower in
Non-Hispanic Black compared to Non-Hispanic White
individuals [53]. This suggests that racial differences may
influence NLR levels in inflammatory diseases. Moreover,
we employed weighted logistic regression to investigate
the relationship between NLR and T2DM, discovering a
positive correlation between NLR and T2DM in the gen-
eral population (OR: 1.27, 95% CI: 1.20-1.35, P<0.001).
In Model 3, after adjusting for all covariates, we found
that NLR remained significantly associated with T2DM
risk (OR: 1.14, 95% CI: 1.05-1.24, P=0.003). This model
suggests that for every 1 unit increase in NLR, the risk of
developing T2DM increases by 14%. Based on the RCS,
we observed that as NLR levels increase, the prevalence
of T2DM also rises. When NLR exceeds 2.27, the risk
of T2DM increases significantly. The aforementioned
research results indicate that NLR can assist doctors in
effectively identifying the risk of T2DM, contributing to
its prevention and management.

The strength of our study lies in the utilization of a sub-
stantial sample size sourced from the NHANES database,
and the statistical findings are compelling. Additionally,
the NLR serves as a readily accessible laboratory indica-
tor, aiding clinicians in identifying patients at high risk
for T2DM. Nonetheless, limitations exist in this current
cross-sectional study, including the reliance on partici-
pants’ self-reported diagnoses rather than diagnoses con-
firmed by medical professionals, potentially introducing
bias into the results. Furthermore, despite controlling for
multiple confounders, the interference of unknown con-
founders remains a possibility. Lastly, the causal relation-
ship between the NLR and T2DM cannot be established
in this study, necessitating further research.
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Conclusion

Our findings indicate a significant positive correlation
between neutrophil-to-lymphocyte ratio levels and the
risk of T2DM. However, current results cannot deter-
mine a causal relationship between the two, further pro-
spective studies are needed to confirm their relationship.
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