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Abstract
Background  The neutrophil-lymphocyte ratio (NLR) is a novel hematological parameter to assess systemic 
inflammation. Prior investigations have indicated that an increased NLR may serve as a potential marker for 
pathological states such as cancer and atherosclerosis. However, there exists a dearth of research investigating the 
correlation between NLR levels and mortality in individuals with diabetes and prediabetes. Consequently, this study 
aims to examine the connection between NLR and all-cause as well as cardiovascular mortality in the population of 
the United States (US) with hyperglycemia status.

Methods  Data were collected from a total of 20,270 eligible individuals enrolled for analysis, spanning ten cycles of 
the National Health and Nutrition Examination Survey (NHANES) from 1999 to 2018. The subjects were categorized 
into three groups based on tertiles of NLR levels. The association of NLR with both all-cause and cardiovascular 
mortality was evaluated using Kaplan-Meier curves and Cox proportional hazards regression models. Restricted 
cubic splines were used to visualize the nonlinear relationship between NLR levels and all-cause and cardiovascular 
mortality in subjects with diabetes after accounting for all relevant factors.

Results  Over a median follow-up period of 8.6 years, a total of 1909 subjects with diabetes died, with 671 deaths 
attributed to cardiovascular disease (CVD). And over a period of 8.46 years, 1974 subjects with prediabetes died, 
with 616 cases due to CVD. The multivariable-adjusted hazard ratios (HRs) comparing high to low tertile of NLR in 
diabetes subjects were found to be 1.37 (95% CI, 1.19–1.58) for all-cause mortality and 1.63 (95% CI, 1.29–2.05) for 
CVD mortality. And the correlation between high to low NLR tertile and heightened susceptibility to mortality from 
any cause (HR, 1.21; 95% CI, 1.03–1.43) and CVD mortality (HR, 1.49; 95% CI, 1.08–2.04) remained statistically significant 
(both p-values for trend < 0.05) in prediabetes subjects. The 10-year cumulative survival probability was determined to 
be 70.34%, 84.65% for all-cause events, and 86.21%, 94.54% for cardiovascular events in top NLR tertile of diabetes and 
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Background
The increasing rates of diabetes worldwide and the high 
number of diabetes-related deaths, especially from car-
diovascular issues, have led to a focus on identifying 
factors that can predict mortality in individuals with dia-
betes [1–3]. Extensive research has consistently revealed 
a strong association between cardiovascular disease and 
inflammatory biomarkers [4, 5]. The body’s innate (neu-
trophils) and adaptive (lymphocytes) immune responses 
are balanced by the neutrophil-to-lymphocyte ratio [6]. 
It has recently gained recognition as a valuable indicator 
of systemic inflammation, encompassing both infectious 
and non-infectious conditions, such as cardiovascular 
disease [7, 8], tumors [9–12], septicemia [13, 14], and 
mental disorders [15, 16]. The development of diabetes 
may be caused by chronic inflammation, according to 
research [17, 18].

However, because of the related costs and measure-
ment challenges, the use of several inflammatory mark-
ers in ordinary clinical practice has been restricted. 
Neutrophils’ negative effects on blood vessel linings are 
measured with NLR, an easy-to-use, affordable test based 
on well-studied white blood cell traits. Few cohort stud-
ies have examined the relationship between NLR levels 
and long-term health effects [19–22]. Regrettably, most 
of these studies have mainly concentrated on investigat-
ing the correlation between NLR and diabetes-related 
complications. To date, there has been limited scholarly 
investigation into the correlation between NLR and mor-
tality among individuals with diabetes and prediabetes. 
Thus, the goal of this study is to look at the relationship 
between NLR and cardiovascular and overall mortality in 
US adults with hyperglycemia.

Methods
The design and population of the study
A population-based cross-sectional survey, the NHANES 
was created expressly to collect detailed information on 
the health and nutritional status of US households. The 
NHANES interview component encompasses inquiries 
on demographics, socioeconomic factors, dietary habits, 
and health-related matters and is accessible to external 

researchers. The NHANES study methodology has been 
extensively described by the US Centers for Disease Con-
trol and Prevention [23]. The National Center for Health 
Statistics granted approval for NHANES, and each par-
ticipant gave written consent. Data from 10 cycles of 
NHANES conducted between 1999 and 2018 were uti-
lized. Initially, a total of 52,398 individuals aged 20 years 
and above were included. Subsequently, 1159 cases of 
pregnant women were excluded, screening out 9433 dia-
betes cases and 17,200 prediabetes cases according to 
diagnosis standards. Then we exclude cases without com-
plete data on NLR and within 1% extreme of NLR. To 
consider the possible influence of glucocorticoid-steroid 
usage on neutrophil and lymphocyte levels, extra indi-
viduals who had consumed oral or inhaled cortisol in the 
previous month were not included. Furthermore, cases 
were excluded due to factors such as inadequate follow-
up time, and mortality within two years. In the analysis, 
a grand total of 7246 cases of eligible diabetes and 13,024 
cases of eligible prediabetes were ultimately considered 
(refer to Fig. 1).

Based on NLR tertiles, baseline characteristics of par-
ticipants with diabetes and prediabetes were acquired. 
The study employed weighted Kaplan-Meier (KM) sur-
vival curves to investigate differences in overall and CVD 
mortality among different NLR levels. Cumulative sur-
vival rates were presented in a risk table as weighted per-
centages. Among hyperglycemia subjects, dose-response 
relationships between NLR and mortality were demon-
strated using restricted cubic splines (RCS) curves. The 
RCS curves depicted hazard ratios and 95% confidence 
intervals (CIs) through a solid line and gray shading. Any 
variants that influence neutrophil and lymphocyte counts 
were considered in our models to adjust the association 
between NLR and mortality. The models were modified 
to account for factors such as age, gender, ethnicity, level 
of education, ratio of family income to poverty, drinking 
habits, smoking habits, BMI, eGFR, HbA1c levels, dura-
tion of diabetes, medication for lowering glucose, CVD, 
hypertension, hyperlipidemia, cancer, chronic obstruc-
tive pulmonary disease (COPD), depression, and anemia. 
We further stratified different confounders to see the 

prediabetes individuals, respectively. Furthermore, each incremental unit in the absolute value of NLR was associated 
with a 16%, 12% increase in all-cause mortality and a 25%, 24% increase in cardiovascular mortality among diabetes 
and prediabetes individuals, respectively.

Conclusions  The findings of this prospective cohort study conducted in the US indicate a positive association of 
elevated NLR levels with heightened risks of overall and cardiovascular mortality among adults with diabetes and 
prediabetes. However, potential confounding factors for NLR and the challenge of monitoring NLR’s fluctuations over 
time should be further focused.

Keywords  Diabetes, Prediabetes, Neutrophil-lymphocyte ratio, All-cause mortality, Cardiovascular mortality, Cohort 
study
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interaction effect on the association of NLR with overall 
and CVD mortality.

Assessment of hyperglycemia and NLR
Diabetes was characterized by fulfilling any of the sub-
sequent conditions: surpassing 7.0 mmol/L in fasting 
plasma glucose levels, having random plasma glucose 
levels or 2 h-glucose of 75-g oral glucose tolerance above 
11.0 mmol/L, exhibiting HbA1c levels of 6.5% or greater 
(with serum hemoglobin level higher than 100 g/dL), uti-
lizing insulin or self-reporting a medical professional’s 
diagnosis. Prediabetes was diagnosed according to one 
of the following conditions: fasting plasma glucose lev-
els being 5.6-7.0mmol/L, random plasma glucose levels 
or 2 h-glucose of 75-g oral glucose tolerance being 7.8–
11.0 mmol/L, HbA1c levels being 5.7–6.4% (with serum 

hemoglobin level higher than 100 g/dL), or self-reported 
history.

Automated hematology analyzing devices were used 
to obtain the counts of lymphocytes and neutrophils, 
with the unit expressed as ×1,000 cells/mm3. To calcu-
late the neutrophil-to-lymphocyte ratio, divide the count 
of neutrophils by the count of lymphocytes. We catego-
rized NLR into tertiles to further explore the relationship 
between different levels of NLR and mortality.

All-cause and CVD mortality ascertainment
Mortality data, including all-cause and cardiovascu-
lar disease outcomes, were obtained from the National 
Death Index linked to the NHANES database until the 
end of December 2019.

Fig. 1  Flowchart about the inclusion and exclusion of eligible subjects
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The follow-up period persisted until the time of death 
or the conclusion of the period, starting from the date 
of blood analysis. The International Classification of 
Diseases, Tenth Revision (ICD-10) codes I00–09, I11, 
I13, I20–51, and I60–69 were used to identify mortality 
related to cardiovascular disease.

Covariates assessment
Baseline data on eligible respondents were gathered using 
the Computer-Assisted Personal Interviewing (CAPI) 
system and the Family and Sample Person Demographics 
questionnaires. This data included information on age, 
gender, ethnicity, education level, family income-poverty 
ratio, smoking and drinking habits, usage of glucose-
lowering medication, healthy eating index (HEI) scores, 
and past medical history such as cardiovascular disease 
(coronary heart disease, congestive heart failure, angina, 
heart attack or stroke), hypertension, cancer, and COPD. 
The NHANES protocol was used to assign weights to all 
baseline data. Using the physical examination data from 
NHANES, the body mass index (BMI) was calculated by 
dividing the body weight (measured in kilograms) by the 
square of the height (measured in meters). The study col-
lected neutrophil, lymphocyte, and hemoglobin counts 
from a peripheral whole-blood test. Furthermore, serum 
creatinine, HbA1c, TC, LDL-C, HDL-C, TG, and fast-
ing glucose were obtained through laboratory tests. To 
guarantee precise and uniform blood test procedures, the 
NHANES followed the Laboratory Procedure Manual. 
Interviewers recorded the duration of diabetes, consid-
ering newly diagnosed cases as having a duration of 0 
year. The CKD-EPI equation was utilized to determine 
the estimated glomerular filtration rate (eGFR). Hyper-
lipidemia was characterized by fulfilling any of the sub-
sequent conditions: total cholesterol (TC) levels equal to 
or exceeding 200 mg/dL, triglyceride (TG) levels equal to 
or surpassing 150  mg/dL, high-density lipoprotein cho-
lesterol (HDL-C) levels less than or equal to 40 mg/dL in 
males and 50 mg/dL in females, low-density lipoprotein 
cholesterol (LDL-C) levels equal to or exceeding 130 mg/
dL, or self-reported utilization of medications for reduc-
ing cholesterol. The depression group was identified 
using the PHQ-9 [24]. Depression status was defined as 
having a depression score greater than four. Anemia was 
diagnosed by establishing the serum hemoglobin (Hb) 
threshold (g/dL) for different demographic groups (non-
pregnant women over 15 years old with levels below 
120  g/dL, and men over 15 years old with levels below 
130  g/dL). The HEI-2015 scores were employed as an 
indicator of dietary quality, with a higher score indicating 
a more nutritionally balanced diet [25]. MET scores were 
utilized to evaluate physical activity levels following the 
national physical activity guidelines (low physical activity 

being defined as less than 500 MET/wk and high physical 
activity being defined as 500 MET/wk or more) [26].

Statistical analysis
Cox proportional hazards regression after survey-weight 
was used to explore the association of NLR level with 
overall and CVD-specific mortality based on different 
models in diabetes and prediabetes groups. All data were 
adjusted for survey weights in accordance with the ana-
lytic guidelines provided by NHANES due to the com-
plex design. Whereas continuous data were shown as 
mean (standard error), categorical variables were shown 
as numbers (percentages). To investigate the dispari-
ties among groups in terms of baseline characteristics, 
we employed Weighted Chi-Square tests and Kruskal-
Wallis tests. Using several models in the diabetic and 
prediabetes groups, Cox proportional hazards regres-
sion was used to assess the internal connection between 
NLR levels and overall and cardiovascular-specific death. 
The hazard ratios and 95% CIs were derived through sur-
vey-weighted calculations. We conducted three models 
to explore the relationship. Model 1 took into account 
factors such as age (below 65 or over 65), sex (male or 
female), race/ethnicity (Hispanic Mexican, non-Hispanic 
Black, non-Hispanic White, or others), marital status 
(married/cohabiting, single), family income-to-poverty 
ratio (< 1.0, 1.0–3.0, or ≥ 3.0), and education level (less 
than high school, high school or equivalent, or college 
or above). Model 2 included BMI (< 30 or ≥ 30.0 kg/m2), 
smoking status (never, former, or current), drinking sta-
tus (non-drinker or ever drinker), physical activity (low 
or high), HEI scores, and cancer (no or yes) as additional 
adjustments. Model 3 further adjusted for eGFR (< 30, 
30–60, >=60 ml/min/1.73 m²), anemia (no or yes), hyper-
tension (no or yes), hyperlipidemia (no or yes), depres-
sion (no or yes), COPD (no or yes), use of hypotensive 
drug (no or yes), and use of lipid-lowering drug (no or 
yes) based on model 2. Diabetes duration, HbA1c levels, 
and use of antidiabetic drugs were adjusted additionally 
for diabetes subjects on model 3. The study employed sta-
tistical analysis to establish the first tertile of NLR as the 
reference group for evaluating the correlation between 
moderate-high NLR levels and mortality across various 
models. To handle missing values in the covariates of the 
study, we employed the technique of multiple imputation 
[27].

Weighted KM curves were employed to depict cumu-
lative overall and CVD survival probability, stratified by 
tertiles of NLR levels. The risk table presented precise 
information regarding deaths and survival probability at 
different follow-up intervals. After fully adjusting for the 
mentioned covariates, RCS curves were utilized to visu-
ally depict the nonlinear correlation between NLR levels 
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and both overall and CVD mortality in individuals with 
diabetes and prediabetes.

Subgroup analyses were performed to look at the rela-
tionship between NLR levels and death in people with 
diabetes and prediabetes. The subgroups were catego-
rized using a variety of clinical and demographic charac-
teristics, including age, gender, ethnicity, education, BMI, 
drinking and smoking habits, physical activity levels, and 
the occurrence of cancer, hypertension, and CVD. To 
ensure the strength of our findings, we performed sen-
sitivity analyses. A particular analysis was carried out 
on individuals who had a prior record of cardiovascular 
disease or not. Following that, individuals who reported 
having no CVD and cancer at the baseline condition were 
also analyzed. The data underwent analysis using R soft-
ware version 4.2.2 (R Foundation for Statistical Comput-
ing, Vienna, Austria), and a two-sided P-value < 0.05 was 
utilized to ascertain statistical significance.

Results
Baseline characteristics analyses
Our study included a total of 7246 and 13,024 adults aged 
20 years or older who had been diagnosed with diabe-
tes and prediabetes, respectively. In the diabetes group, 
the participants’ average age was 58.6 years, with males 
accounting for 51.50% and whites representing 35.59%. In 
the prediabetes group, the participants’ average age was 
52.0 years, with males accounting for 52.62% and whites 
representing 41.75%. For all-cause mortality, approxi-
mately one-third of the subjects died from cardiovascu-
lar disease both in the diabetes and prediabetes group. 
Therefore, we conducted an analysis of hazard ratios for 
both all-cause and CVD mortality. The subjects were cat-
egorized into three groups based on tertiles of NLR lev-
els: tertile 1 (0.68–1.71), tertile 2 (0.71–2.48), and tertile 3 
(2.48–7.58) for diabetes subjects and tertile 1 (0.62–1.60), 
tertile 2 (1.60–2.29), tertile 3 (2.29–6.23) for prediabe-
tes subjects. For diabetes subjects, in comparison to the 
lower tertile of NLR, individuals in the upper tertile of 
NLR exhibited characteristics such as advanced age, male 
gender, non-Hispanic white ethnicity, higher educational 
attainment, and lower HbA1c levels. Additionally, they 
demonstrated a greater prevalence of alcohol consump-
tion, smoking, hypertension, CVD, cancer, COPD, and 
anemia. Furthermore, this group displayed moderate 
family income, BMI, and eGFR. Such a trend was seen in 
prediabetes subjects, as indicated in Table 1.

All-cause and CVD mortality with tertiles of NLR levels and 
survival analyses
Over a period of 8.0 years, 1909 people with diabetes 
died, with 671 cases attributed to cardiovascular causes, 
305 cases to cancer, and 933 cases to other causes. And 
over a period of 8.46 years, 1974 people with prediabetes 

died, with 616 cases attributed to cardiovascular causes, 
479 cases to cancer, and 879 cases to other causes. The 
hazard ratios for all-cause and CVD mortality among 
individuals with diabetes and prediabetes, based on 
tertiles of NLR levels, are presented in Table  2a and 
Table 2b, respectively.

After adjusting for potential confounders, every unit 
increment in the absolute value of NLR, equivalent to 
50SD in diabetes subjects or 100SD in prediabetes sub-
jects, resulted in a 16% higher risk of mortality from any 
cause (HR, 1.16; 95% CI, 1.10–1.23) and a 25% higher risk 
of mortality from cardiovascular disease (HR 1.25; 95% 
CI 1.14–1.37) in diabetes subjects, and a 12% higher risk 
of mortality from overall cause (HR, 1.12; 95% CI, 1.05–
1.19) and a 24% higher risk of mortality from cardiovas-
cular disease (HR 1.24; 95% CI 1.11–1.37) in prediabetes 
subjects. The hazard ratios for all-cause mortality and 
CVD mortality after multiple adjustments in diabetes 
subjects, comparing high to low NLR tertile, were found 
to be 1.37 (95% CI, 1.19–1.58) and 1.63 (95% CI, 1.29–
2.05), respectively. And the correlation between high to 
low NLR tertile and heightened susceptibility to mor-
tality from any cause (HR, 1.21; 95% CI, 1.03–1.43) and 
CVD mortality (HR, 1.49; 95% CI, 1.08–2.04) remained 
statistically significant (both p-values for trend < 0.05) in 
prediabetes subjects.

The Kaplan-Meier survival curves, adjusted for weights, 
were analyzed based on tertiles of NLR. The findings 
indicated that individuals in the highest tertile of NLR 
exhibited the lowest cumulative probability of survival 
for both all-cause and cardiovascular events, as depicted 
in Fig. 2. Specifically, when NLR levels exceeded 2.48 in 
diabetes participants, the 10-year cumulative survival 
probability was determined to be 70.34% for all-cause 
events and 86.21% for cardiovascular events. And when 
NLR levels exceeded 2.29 in prediabetes participants, the 
10-year cumulative survival probability was found to be 
84.65% for all-cause events and 94.54% for cardiovascular 
events.

The RCS curves effectively depicted the non-linear cor-
relation between NLR levels and both overall and car-
diovascular mortality among adults with diabetes and 
prediabetes, following comprehensive adjustments as 
illustrated in Fig.  3. Significantly, there was a clear cor-
relation between NLR levels and the mentioned mortality 
outcomes, demonstrating a dose-response relationship 
(P-value = 0). Furthermore, our analysis revealed a posi-
tive linear trend in the correlation between NLR lev-
els and both overall and cardiovascular death, as 
evidenced by non-significant P-values for nonlinearity 
(P-value = 0.706 and 0.997, respectively) in diabetes group 
and nonlinearity (P-value = 0.229 and 0.279, respectively) 
in prediabetes group.
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Subgroup and sensitivity analyses
A noteworthy correlation was observed between NLR 
levels and baseline history of CVD in the prediabe-
tes group for CVD mortality (P = 0.02 for interaction) 
(Fig. 4c, d). In the subset of prediabetes individuals with-
out a prior history of CVD, the modified hazard ratio 
(95% CI) for CVD mortality was 1.15 (1.08, 1.24). On the 
other hand, in the subset of prediabetes individuals who 
have a previous CVD, the CVD mortality had an adjusted 
hazard ratio (95% CI) of 1.05 (0.95, 1.17). The association 
between NLR levels and overall mortality in hypergly-
cemia subjects remained stable irrespective of different 
stratifying factors (Fig. 4a, b), including age, gender, eth-
nicity, educational attainment, family income-poverty 
ratio, alcohol consumption, tobacco use, BMI, eGFR, 
CVD, hypertension, hyperlipidemia, cancer, COPD, 
depression, anemia, use of hypotensive drug, and use of 
lipid-lowering drug. Diabetes duration, HbA1c level, and 
use of antidiabetic drug were adjusted additionally for 
diabetes subjects.

In the subgroup without prior history of CVD, the mul-
tiple-adjusted hazard ratios for all-cause mortality and 
CVD mortality in diabetes subjects, comparing high to 
low NLR tertile, were found to be 1.33(95% CI, 1.09–1.61) 
and 1.93 (95% CI, 1.34–2.78), respectively. And the cor-
relation between high to low NLR tertile and mortality 
from any cause (HR, 1.26; 95% CI, 1.04–1.54) remained 
statistically significant in prediabetes subjects (Table S1a 
and S1b). In the subgroup without a baseline history of 
CVD and cancer, the hazard ratios for overall and cardio-
vascular mortality exhibit similar significant differences 
(Table S3a and S3b). In the subgroup with a history of 
CVD, the hazard ratios for all-cause mortality after full 
adjustments in diabetes subjects, comparing high to low 
NLR tertile, were found to be 1.57 (95% CI, 1.28–1.593). 
And the correlation between high to low NLR tertile and 
mortality from CVD events (HR, 1.62; 95% CI, 1.05–2.50) 
remained statistically significant in prediabetes subjects 
(Table S2a and S2b).

Discussion
Our study included 20,270 hyperglycemia subjects with 
a longer than 8 years of follow-up period. By the conclu-
sion of the study, a total of 1909 deaths were recorded 
in the diabetes group, with 671 attributed to cardiovas-
cular causes and 1238 attributed to other diseases. And 
a total of 1974 deaths were recorded in the prediabetes 
group, with 616 attributed to cardiovascular causes and 
1358 attributed to other causes. The findings indicated 
that participants with elevated levels of NLR exhibited 
lower levels of HbA1c but a higher prevalence of cardio-
vascular disease and cancer at the beginning of the study. 
Additionally, these individuals demonstrated a higher 
incidence of both overall and cardiovascular mortality. Ch
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Consequently, it can be inferred that heightened NLR 
levels may serve as an independent prognostic factor for 
mortality from any cause and cardiovascular disease in 
hyperglycemia people.

Many investigations have explored the correlation 
between NLR and the long-term complications and prog-
nosis of diabetes [21, 22, 28]. For Scottish diabetic pop-
ulations, higher NLR levels were found to increase the 
prevalence of retinopathy [21], particularly among indi-
viduals below the age of 65 and those with well-managed 
glycemic control. A study from Rio de Janeiro [29] noted 

that elevated NLR increased all-cause mortality by up 
to 19% in patients with type 2 diabetes mellitus (at 10.5 
years of follow-up), but the sample size of the study was 
only 689 people. Through the analysis of a substantial 
sample size of 32,328 subjects from the NHANES data-
base, Chen discovered a significant association between 
elevated NLR and increased risk of overall and cardio-
vascular death in the general population [30]. When the 
NLR value was greater than 3, the general population 
had a 43% increased risk of all-cause mortality and a 44% 
increased risk of cardiovascular mortality. In contrast, 

Table 2a  Hazard ratios for all-cause and CVD mortality by tertiles of NLR levels in subjects with diabetes
NLR Per 1 unit

increment
Tertiles of NLR levels P for trend
Tertile 1 Tertile 2 Tertile 3

All-cause mortality
  No. deaths/total 1909/7246 494/2415 587/2406 828/2425
    Not adjusted 1.30(1.23, 1.37) 1.00(ref ) 1.21(1.05, 1.40) 1.82(1.58, 2.09) <0.0001
      Model1 1.22(1.16, 1.28) 1.00(ref ) 1.09(0.94, 1.27) 1.52(1.31, 1.77) <0.0001
      Model2 1.22(1.16, 1.28) 1.00(ref ) 1.11(0.95, 1.29) 1.53(1.32, 1.78) <0.0001
      Model3 1.16(1.10, 1.23) 1.00(ref ) 1.06(0.91, 1.23) 1.37(1.19, 1.58) <0.0001
CVD mortality
  No. deaths/total 671/6008 163/2006 206/2003 302/1999
    Not adjusted 1.36(1.24, 1.50) 1.00(ref ) 1.28(1.02, 1.61) 1.93(1.52, 2.45) <0.0001
      Model1 1.29(1.18, 1.41) 1.00(ref ) 1.14(0.89, 1.45) 1.65(1.32, 2.08) <0.0001
      Model2 1.30(1.20, 1.42) 1.00(ref ) 1.16(0.91, 1.48) 1.67(1.33, 2.10) <0.0001
      Model3 1.25(1.14, 1.37) 1.00(ref ) 1.16(0.91, 1.48) 1.63(1.29, 2.05) <0.0001
Model 1: Adjusted for age (< 65 or > = 65years), sex (male or female), race/ethnicity (Hispanic Mexican, non-Hispanic black, non-Hispanic white, or others), marital 
status (married/Cohabitating, not married), family income-to-poverty ratio (< 1.0, 1.0–3.0, or ≥ 3.0), education level (less than high school, high school or equivalent, 
or college or above);

Model 2: model 1 adjustments + BMI (< 30 or ≥ 30.0 kg/m2), smoking status (never, former, or current), drinking status (non-drinker or ever drinker), physical activity 
(low or high), HEI scores, cancer (no or yes);

Model 3: model 2 adjustments + eGFR (< 30, 30–60, >=60 ml/min/1.73 m²), HbA1c (< 7% or > = 7%), diabetes duration (< 10 or ≥ 10 years), anemia (no or yes), CVD (no 
or yes), hypertension (no or yes), hyperlipidemia (no or yes), depression (no or yes), COPD (no or yes), use of antidiabetic drug (no or yes), use of hypotensive drug (no 
or yes), use of lipid-lowering drug (no or yes)

Table 2b  Hazard ratios for all-cause and CVD mortality by tertiles of NLR levels in subjects with prediabetes
NLR Per 1 unit

increment
Tertiles of NLR levels P for trend
Tertile 1 Tertile 2 Tertile 3

All-cause mortality
  No. deaths/total 1974/13,024 460/4397 584/4279 930/4348
    Not adjusted 1.40(1.33, 1.48) 1.00(ref ) 1.17(0.97, 1.40) 1.83(1.59, 2.10) <0.0001
      Model1 1.20(1.13, 1.28) 1.00(ref ) 1.09(0.91, 1.29) 1.37(1.18, 1.59) <0.0001
      Model2 1.18(1.11, 1.25) 1.00(ref ) 1.06(0.90, 1.26) 1.33(1.14, 1.54) <0.0001
      Model3 1.12(1.05, 1.19) 1.00(ref ) 1.05(0.88, 1.24) 1.21(1.03, 1.43) 0.01
CVD mortality
  No. deaths/total 616/11,666 121/3911 177/3868 318/3887
    Not adjusted 1.60(1.47, 1.75) 1.00(ref ) 1.32(0.96, 1.80) 2.36(1.82, 3.06) <0.0001
      Model1 1.34(1.21, 1.48) 1.00(ref ) 1.20(0.87, 1.64) 1.66(1.24, 2.21) <0.0001
      Model2 1.33(1.20, 1.48) 1.00(ref ) 1.18(0.86, 1.61) 1.66(1.24, 2.22) <0.0001
      Model3 1.24(1.11, 1.37) 1.00(ref ) 1.21(0.88, 1.67) 1.49(1.08, 2.04) 0.01
Model 1: Adjusted for age (< 65 or > = 65years), sex (male or female), race/ethnicity (Hispanic Mexican, non-Hispanic black, non-Hispanic white, or others), marital 
status (married/Cohabitating, not married), family income-to-poverty ratio (< 1.0, 1.0–3.0, or ≥ 3.0), education level (less than high school, high school or equivalent, 
or college or above);

Model 2: model 1 adjustments + BMI (< 30 or ≥ 30.0 kg/m2), smoking status (never, former, or current), drinking status (non-drinker or ever drinker), physical activity 
(low or high), HEI scores, cancer (no or yes);

Model 3: model 2 adjustments + eGFR (< 30, 30–60, >=60 ml/min/1.73 m²), anemia (no or yes), hypertension (no or yes), hyperlipidemia (no or yes), depression (no or 
yes), COPD (no or yes), use of hypotensive drug (no or yes), use of lipid-lowering drug (no or yes)
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the NLR levels in our study were divided by tertiles, and 
when the NLR value was greater than 2.48, the diabetic 
population had a similar risk of all-cause mortality as the 
general population, but a higher risk of cardiovascular 
mortality. Such a trend was also significant in subjects 
with prediabetes. By analyzing seven cycles of 3251 dia-
betic patients in the NHANSE database, Dong et al. found 
a strong link between high NLR levels and increased risks 
of death and heart-related death in people with diabe-
tes [31]. When the NLR was greater than 3.48, diabetic 
patients had a doubled risk of all-cause mortality and a 

1.8-fold increase in cardiovascular mortality. However, 
this study failed to adequately incorporate covariates that 
affect the outcome, such as underlying cardiovascular 
disease, history of cancer, lifestyle, and medication use, 
and did not take into account subjects with prediabe-
tes. While most studies have focused on the association 
of NLR with complications and poor prognosis of dia-
betes, few studies have been conducted on the associa-
tion of NLR with poor prognosis of prediabetes. To our 
current understanding, our study represents the initial 
comprehensive examination of the relationship between 

Fig. 2  Weighted Kaplan–Meier survival curves for all-cause mortality for diabetes (a) and prediabetes (b) subjects according to tertiles of NLR. Tertiles of 
NLR in diabetes subjects: Tertile 1: 0.68–1.71; Tertile 2: 1.71–2.48; Tertile 3: 2.48–7.58; Tertiles of NLR in prediabetes subjects: Tertile 1: 0.62–1.60; Tertile 2: 
1.60–2.29; Tertile 3: 2.29–6.23. Weighted Kaplan–Meier survival curves for CVD mortality for diabetes (c) and prediabetes (d) subjects according to tertiles 
of NLR. Tertiles of NLR in diabetes subjects: Tertile 1: 0.68–1.68; Tertlie 2: 1.68–2.42; Tertile 3: 2.42–7.58; Tertiles of NLR in prediabetes subjects: Tertile 1: 
0.62–1.58; Tertile 2: 1.58–2.25; Tertile 3: 2.25–6.23
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NLR levels and mortality in both diabetes and prediabe-
tes populations after full consideration of multivariable 
adjustments.

Our research found that diabetes individuals with NLR 
levels above 2.48 had a significantly higher risk of mor-
tality from any cause (37%) and cardiovascular disease 
(63%) compared to those with lower NLR levels. Addi-
tionally, our dose-response analysis demonstrated a posi-
tive correlation between NLR levels and both all-cause 
and CVD mortality. After accounting for confounding 
factors in diabetes subjects, there was a 16% increased 
risk of all-cause mortality and a 25% increased risk of 
CVD mortality for every unit increase in the absolute 
value of NLR. The Kaplan-Meier survival plots indicated 
a notable correlation between heightened NLR levels and 
heightened susceptibility to mortality from any cause and 
cardiovascular disease. These findings provide compel-
ling evidence for the close correlation between elevated 

NLR levels and unfavorable outcomes in terms of over-
all and cardiovascular mortality. In our study, prediabe-
tes has a higher risk of death due to its progression to 
diabetes, highlighting the importance of inflammatory 
markers in predicting poor outcomes in those with high 
blood sugar. Therefore, it is plausible that NLR, serving 
as an inflammation marker, may possess intrinsic abilities 
to predict the probability of all-cause and cardiovascular 
mortality in individuals with diabetes and prediabetes. 
The evaluation of the NLR is subject to various influ-
encing factors, including age, race, corticosteroid usage, 
and the presence of chronic diseases such as cancer, 
diabetes, obesity, depression, neoplasms, heart disease, 
and anemia. These factors impact the function, activ-
ity, behavior, and dynamic changes of neutrophil and 
lymphocyte counts [32–34]. Utilizing the extensive and 
reliable NHANES database, this study comprehensively 
accounted for confounding variables related to NLR. It 

Fig. 3  Dose-response associations between NLR and all-cause mortality in diabetes (a) and prediabetes (b) subjects. Both p-values for overall was 0. 
P-value for nonlinearity in diabetes and prediabetes subjects was 0.706 and 0.229, respectively. Dose-response associations between NLR and CVD mor-
tality in diabetes (c) and prediabetes (d) subjects. Both p-values for overall was 0. P-value for nonlinearity in diabetes and prediabetes subjects was 0.997 
and 0.279, respectively. The solid line and gray shading showed hazard ratios and 95% CIs, respectively. Models were adjusted for age, sex, race/ethnicity, 
education level, family income-poverty ratio, drinking status, smoking status, BMI, eGFR, CVD, hypertension, hyperlipidemia, cancer, COPD, depression 
status, anemia, physical activity, HEI scores, use of hypotensive drug, use of lipid-lowering drug. Diabetes duration, HbA1c, and use of antidiabetic drug 
were adjusted additionally for diabetes subjects
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Fig. 4 (See legend on next page.)
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ensured the credibility of NLR’s predictive value for mor-
tality risk in hyperglycemia subjects. There is no normal 
reference range for NLR in healthy adults, and the aver-
age level of NLR is related to race [35–37]. Forget et al. 
[36] found that typical NLR values in a group of healthy, 
non-elderly people ranged from 0.78 to 3.53 in a sizable 
retrospective case-control study. In our research, we 
found a significant increase in deaths from any cause and 
cardiovascular events among diabetic adults with NLR 
levels above 2.48 and prediabetic adults with NLR levels 
above 2.29.

Our primary findings were robust and withstood rigor-
ous sensitivity analyses. Without the influence of a base-
line history of CVD and cancer, the relationship between 
different levels of NLR and mortality was still notable. In 
subgroup analyses, a noteworthy interaction is observed 
solely between NLR levels and baseline CVD history 
among prediabetes subjects. Within this subgroup, par-
ticipants lacking a history of CVD exhibit a higher risk of 
overall mortality unexpectedly. This trend persists across 
three distinct models in sensitivity analyses, particularly 
among individuals with higher tertile NLR levels. The 
improvement can likely be credited to the common use of 
certain diabetes drugs, like GLP-1R agonists and SGLT-2 
inhibitors, which have been shown to greatly enhance 
heart health and reduce death rates [38–40]. These drugs 
are often prescribed to diabetics with heart conditions, 
but people without known heart issues might not get 
them as promptly or at all. In diabetic participants with 
concurrent cardiovascular disease, the predictive value of 
NLR in determining cardiovascular mortality outcomes 
may be limited. In contrast, NLR may be more valuable 
in identifying adverse outcomes in participants who have 
not yet developed cardiovascular disease.

This prospective cohort study possesses several 
strengths. Notably, the routine administration of a 
peripheral whole blood test ensured the inclusion of a 
broader population, owing to its affordability and clinical 
relevance. As a result, the findings obtained in relation to 
the correlation between the NLR and the risk of mortality 
in individuals with diabetes and prediabetes are consid-
ered to be more reliable. Ultimately, 7246 eligible diabe-
tes subjects and 13,024 eligible prediabetes subjects were 
successfully enrolled in the study. Afterward, considering 
that NLR is susceptible to a variety of possible factors and 
that there is a correlation between overall and cardiovas-
cular mortality and hyperglycemia, we performed a thor-
ough adjustment for known confounding variables. We 

developed several clinical models to fully assess the prog-
nostic significance of NLR in the mortality of individuals 
with diabetes and prediabetes. Nonetheless, it is impor-
tant to acknowledge that this study has some limitations, 
as certain unidentified confounding variables may not 
have been accounted for during the adjustment process. 
NHANES did not provide information on acute illnesses 
during blood collection or the reliability of neutrophil 
and lymphocyte counts. Participants with extreme NLR 
values, 1%, were removed from the analysis to reduce 
disease-related distortion and improve the accuracy of 
the initial NLR assessment. It is essential to highlight 
that NLR indicates the relative equilibrium between the 
body’s bone marrow and lymphocyte profiles, and moni-
toring the dynamic changes in NLR is crucial for pre-
dicting mortality outcomes in hyperglycemia adults. The 
NHANES database did not include any follow-up data on 
neutrophils and lymphocytes, thus precluding the abil-
ity to elucidate the influence of changes in NLR on mor-
tality outcomes. Nevertheless, our study unequivocally 
demonstrates a positive association between elevated 
baseline NLR levels and increased risks of all-cause and 
cardiovascular mortality in participants with diabetes 
and prediabetes. Therefore, we expect that forthcoming 
prospective studies will be carried out to determine the 
exact significance of NLR in forecasting mortality associ-
ated with overall and cardiovascular mortality in adults 
with hyperglycemia.

Conclusions
The measurement of NLR is readily accessible and eco-
nomically viable in clinical practice. Our study has dem-
onstrated the potential of NLR as a predictive factor for 
mortality in subjects with both diabetes and prediabe-
tes. In addition to conventional risk factors, it is crucial 
to acknowledge the impact of low-grade inflammation 
on the adverse outcomes of all-cause and cardiovascular 
disease mortality in the hyperglycemia population. It’s 
crucial to explore other factors that could affect NLR and 
tackle the difficulties in tracking its changes over time.
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