
Frontiers in Endocrinology

OPEN ACCESS

EDITED BY

Paola Di Pietro,
University of Salerno, Italy

REVIEWED BY

Cosmin Mihai Vesa,
University of Oradea, Romania
Antonietta Franco,
Washington University in St. Louis,
United States

*CORRESPONDENCE

Weidong Ma

316759402@qq.com

Feng Wu

124892489@qq.com

†These authors have contributed equally to
this work

RECEIVED 17 February 2024
ACCEPTED 02 April 2024

PUBLISHED 15 April 2024

CITATION

Wang L, Gao J, Liu B, Fu Y, Yao Z, Guo S,
Song Z, Zhang Z, He J, Wang C, Ma W and
Wu F (2024) The association between
lymphocyte-to-monocyte ratio and all-cause
mortality in obese hypertensive patients with
diabetes and without diabetes: results from
the cohort study of NHANES 2001–2018.
Front. Endocrinol. 15:1387272.
doi: 10.3389/fendo.2024.1387272

COPYRIGHT

© 2024 Wang, Gao, Liu, Fu, Yao, Guo, Song,
Zhang, He, Wang, Ma and Wu. This is an open-
access article distributed under the terms of
the Creative Commons Attribution License
(CC BY). The use, distribution or reproduction
in other forums is permitted, provided the
original author(s) and the copyright owner(s)
are credited and that the original publication
in this journal is cited, in accordance with
accepted academic practice. No use,
distribution or reproduction is permitted
which does not comply with these terms.

TYPE Original Research

PUBLISHED 15 April 2024

DOI 10.3389/fendo.2024.1387272
The association between
lymphocyte-to-monocyte ratio
and all-cause mortality in obese
hypertensive patients with
diabetes and without diabetes:
results from the cohort study
of NHANES 2001–2018
Lixia Wang1†, Jie Gao1†, Bing Liu1, Youliang Fu1, Zhihui Yao2,
Shanshan Guo1, Ziwei Song1, Zhaoyuan Zhang1, Jiaojiao He1,
Congxia Wang2, Weidong Ma2* and Feng Wu1*

1Department of Cardiology, Xi’an International Medical Center Hospital, Xi’an, Shaanxi, China,
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Shaanxi, China
Objective: Obesity, hypertension and diabetes are high prevalent that are often

associated with poor outcomes. They have becomemajor global health concern.

Little research has been done on the impact of lymphocyte-to-monocyte ratio

(LMR) on outcomes in these patients. Thus, we aimed to explore the association

between LMR and all-cause mortality in obese hypertensive patients with

diabetes and without diabetes.

Methods: The researchers analyzed data from the National Health and Nutrition

Examination Survey (2001-2018), which included 4,706 participants. Kaplan-

Meier analysis was employed to compare survival rate between different groups.

Multivariate Cox proportional hazards regression models with trend tests and

restricted cubic splines (RCS) analysis and were used to investigate the

relationship between the LMR and all-cause mortality. Subgroup analysis was

performed to assess whether there was an interaction between the variables.

Results: The study included a total of 4706 participants with obese hypertension

(48.78% male), of whom 960 cases (20.40%) died during follow-up (median

follow-up of 90months). Kaplan–Meier curves suggested a remarkable decrease

in all-cause mortality with increasing LMR value in patients with diabetes and

non-diabetes (P for log-rank test < 0.001). Moreover, multivariable Cox models

demonstrated that the risk of mortality was considerably higher in the lowest

quartile of the LMR and no linear trend was observed (P > 0.05). Furthermore, the

RCS analysis indicated a non-linear decline in the risk of death as LMR values

increased (P for nonlinearity < 0.001).
frontiersin.org01

https://www.frontiersin.org/articles/10.3389/fendo.2024.1387272/full
https://www.frontiersin.org/articles/10.3389/fendo.2024.1387272/full
https://www.frontiersin.org/articles/10.3389/fendo.2024.1387272/full
https://www.frontiersin.org/articles/10.3389/fendo.2024.1387272/full
https://www.frontiersin.org/articles/10.3389/fendo.2024.1387272/full
https://www.frontiersin.org/articles/10.3389/fendo.2024.1387272/full
https://www.frontiersin.org/articles/10.3389/fendo.2024.1387272/full
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org
http://crossmark.crossref.org/dialog/?doi=10.3389/fendo.2024.1387272&domain=pdf&date_stamp=2024-04-15
mailto:316759402@qq.com
mailto:124892489@qq.com
https://doi.org/10.3389/fendo.2024.1387272
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/endocrinology#editorial-board
https://www.frontiersin.org/journals/endocrinology#editorial-board
https://doi.org/10.3389/fendo.2024.1387272
https://www.frontiersin.org/journals/endocrinology


Abbreviations: LMR, lymphocyte to monocyte ratio; W

BMI, body mass index; SBP, systolic blood pressure

pressure; ALT, alanine aminotransferase; AST, aspartate

triglyceride; TC, total cholesterol; LDL-C, low density

HDL-C, high density lipoprotein cholesterol; eGFR,

filtration rate; FPG, fasting plasma glucose; HbA1c, gl

SUA, serum uric acid; DM, diabetes mellitus; HF, heart

artery disease; HTN, hypertension; hs-CRP, high-sensitiv

Wang et al. 10.3389/fendo.2024.1387272

Frontiers in Endocrinology
Conclusions: Increased LMR is independently related with reduced all-cause

mortality in patients with obese hypertension, regardless of whether they have

combined diabetes.
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Introduction

Metabolic syndrome is an increasingly common condition that

includes obesity, dyslipidemia, insulin resistance and hypertension

(1). The prevalence and incidence of obesity is on the rise and poses

a significant population health burden worldwide (2). More than

two thirds of deaths were linked to obesity (3).

Hypertension and diabetes mellitus (DM) are considered to be

serious public health problems that have a significant negative

impact on human life and increase health expenditure (4–6).

Obesity, hypertension, and DM are major risk factors for

cardiovascular disease and all-cause mortality (7–9). Therefore, it

is important to identify relevant risk factor to avoid, delay or reduce

deaths related to these diseases.

The ideal predictor should not only have good predictive value,

be easy to identify during the diagnostic process, but also be low

cost in clinical practice. The lymphocyte/monocyte ratio (LMR) is

an easily measured parameter of systemic inflammatory burden and

cellular immune response that has been studied as a factor

associated with disease severity and prognosis in several clinical

conditions (10, 11). Metabolic syndrome is a chronic, low-grade

inflammatory condition (12). In patients with diabetes,

intermediate products such as advanced glycosylation end

products and immune complexes stimulate monocyte infiltration

and aggravate cell damage, thus accelerating disease deterioration

(13, 14). Monocytes are an important part of the innate immune

system and play an active role in endogenous inflammation. It is

able to migrate from the bloodstream to different tissues and

differentiate into various types, including inflammatory dendritic

cells, macrophages, and foam cells. This process triggers the

secretion of pro-inflammatory cytokines, the production of matrix

metalloproteinases and the formation of reactive oxidizing
C, waist circumference;

; DBP, diastolic blood

aminotransferase; TG,

lipoprotein cholesterol;

estimated glomerular

ycosylated hemoglobin;

failure; CAD, coronary

ity C-reactive protein.
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substances. Therefore, the accumulation of a large number of

inflammatory cells with infiltrating ability promotes chronic

inflammatory response in the body, leading to endothelial cell

dysfunction, degradation and destruction of fibrin cytoskeleton,

insulin resistance and so on. This eventually leads to metabolic

disorders such as high blood pressure, diabetes and obesity. It had

been found that the lymphocyte count was relatively low and the

monocyte count was high in patients with cardiovascular disease,

which had predictive and prognostic value in myocardial infarction

(15, 16). Moreover, there are published studies that have found that

reduced LMR is a risk factor for cardiovascular disease (17). In

addition, the LMR was an independent predictor of re-

hospitalization and long-term major cardiovascular and

cerebrovascular adverse events in patients with myocardial

infarction with elevated ST-segment after primary percutaneous

coronary intervention (18). However, the association between LMR

and the risk of all-cause death is unclear in patients of obese

hypertension with diabetes or non-diabetes.

Therefore, we conducted this study to try to investigate the

association between LMR and all-cause mortality in obese

hypertensive patients.
Methods

Study population

The National Health and Nutrition Examination Survey

(NHANES) is a large cross-sectional research program that aims

to assess the health and nutritional status of residents in the United

States (USA). The program is performed by the Centers for Disease

Control (CDC) and Prevention of the USA. The data of our study

was obtained from the NHANES official website. We downloaded

data from nine cycles of NHANES (2001-2018). In order to protect

the rights of participants, NHANES has obtained the informed

written consent of all participants. The exclusion criteria were as

follows: (1) Patients without lymphocyte and monocyte data. (2)

Incomplete information on waist circumference (WC), height, or

weight. (3) Lacking of diabetes, fasting plasma glucose (FPG) or

glycated hemoglobin (HbA1c) data. (4) Patients aged < 18. (5)

Patients without follow-up data. The flowchart for patients

screening was presented in Figure 1.
frontiersin.org

https://doi.org/10.3389/fendo.2024.1387272
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org


Wang et al. 10.3389/fendo.2024.1387272
Data collection and definitions

The following covariates are collected: (1) Demographics, including

age, gender, race, smoking status (Current smokers: current smokers and

have smoked at least 100 cigarettes; Former smoker: has smoked at least

100 cigarettes but does not currently smoke; Never smoked: less than 100

cigarettes), drinking, and education; (2) Laboratory indicators, such as

alanine aminotransferase (ALT), aspartate aminotransferase (AST),

creatinine, estimated glomerular filtration rate (eGFR), total cholesterol

(TC), triglycerides (TG), low density lipoprotein cholesterol (LDL-C),

serum uric acid (SUA), FPG, HbA1c, platelet count, neutrophil count,

lymphocyte count, monocyte count, and high-sensitivity C-reactive

protein (hs-CRP); (3) Measurement indexes, including WC, height,

weight, body mass index (BMI), systolic blood pressure (SBP) and

diastolic blood pressure (DBP); (4) comorbidities, including heart failure,

DM, stroke, coronary artery disease, and hypertension; (5) Endpoint,

including follow-up survival status and duration.

Hypertension can be diagnosed if one of the following

conditions was met: (1) SBP ≥ 140 mmHg and/or DBP ≥ 90

mmHg, (2) taking antihypertensive medications. The diagnostic

criteria for obesity were: (1) BMI ≥ 30 kg/m2, or (2) WC ≥ 85.0 cm

for females and ≥ 90.0 cm for males. Obesity-hypertension referred

to the presence of both hypertension and obesity. Diabetes was

diagnosed if one of the following conditions was met: (1) FPG ≥ 7.0

mmol/L or 2-h post-meal blood glucose level of ≥ 11.1 mmol/L; (2)

random blood glucose ≥ 11.1 mmol/L; (3) HbA1c ≥ 6.5%; (4) taking

hypoglycemic drugs or using subcutaneous insulin injections; and

(5) had been told by a doctor that he had diabetes. The LMR was

calculated as lymphocyte count/monocyte count.
Outcomes

The main endpoint of this study was all-cause mortality during

follow-up.
Statistical analysis

We divided the subjects into four groups (Q1-Q4) based on the

quartile of the LMR. Continuous variables were expressed in terms of

mean and standard deviation, while categorical variables were presented
Frontiers in Endocrinology 03
in terms of frequency and percentage. Baseline characteristics were

compared between different groups using univariate ANOVA for

continuous variables and Pearson Chi-square test, corrected Chi-

square test or Fisher exact test for categorical variables. All-cause

mortality was calculated for each LMR quartile array throughout the

follow-up period. Kaplan-Meier survival analysis was performed to assess

the incidence rate of all-cause death between groups. Log-rank tests were

used to evaluate the differences we observed. To evaluate the independent

predictive value of the LMR, we developed three multivariate Cox

proportional risk models to control for confounding factors. Crude

Model was unadjusted, Adjust I Model was adjusted for age, gender, and

race, and Adjust II Model was adjusted for gender, age, race, smoking,

education, WC, BMI, SBP, DBP, AST, AST, serum creatinine, eGFR,

FPG, HbA1c, TC, TG, LDL-C, SUA, hs-CRP, heart failure, stroke and

coronary artery disease. The restricted cubic splines (RCS) analysis was

employed to further investigate the dose-effect relationship with the LMR

and the risk of all-cause mortality in patients of obese hypertension. The

receiver operator characteristic curve (ROC) analysis was used to assess

the accuracy of the LMR in predicting survival outcomes. A two-tailed p

< 0.05 indicated statistical significance.

All analyses were conducted using SPSS statistical software

(version 26.0) and R software (version 4.3.2). Moreover, GraphPad

Prism software (version 8.0) was employed to make graphs.
Results

Baseline characteristics

We eventually included 4706 subjects with obese hypertension

by inclusion and exclusion criteria. The baseline characteristics of

the study subjects were shown in Table 1, stratified by the LMR

quartile. The average age of the participants was 59.71 years old and

48.78% were male. Average LMR in the enrolled patients was 3.89 ±

1.97. According to the quartiles of the LMR, the laboratory

characteristics at baseline were shown in Table 2. Participants

with a higher LMR were more likely to be younger, female,

former smoker, non-Hispanic Black and lower education,

compared with participants in the first quartile. Moreover,

significant differences in laboratory indicators were observed

between the groups, with participants in the highest quartile

showing significantly higher levels of TC, TG, LDL-C, HbA1c and

platelet, lower levels serum creatinine, eGFR, SUA, neutrophil and

hs-CRP compared with those in the first quartile. In terms of

comorbidities, participants in the higher quartile had lower

prevalence rates of diabetes, heart failure, coronary artery disease

and stroke compared with those in the first quartile. In addition, all-

cause mortality decreased gradually (32.61% vs 21.44% vs 14.19% vs

13.04%, P < 0.001) with increasing LMR.
Correlation between the LMR and all
−cause mortality

There were 960 incident cases of all-cause mortality during

follow-up (median follow-up of 90 months). The Kaplan-Meier
FIGURE 1

The screening flowchart of participants in our study.
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survival analysis curves showed the prevalence of all-cause

mortality in several groups that have been divided based on the

LMR quartiles in Figure 2. Participants with a higher LMR

demonstrated a significantly higher survival rate compared to

those with a lower LMR in DM (P for log-rank test < 0.001)

(Figure 2A). Similarly, there was significant difference observed in

patients with non-DM (P for log-rank test < 0.001) (Figure 2B).

Further, Cox analysis revealed a significant relationship between the

LMR and all-cause mortality in the crude model [HR (95% CI): 0.78

(0.72-0.86), P < 0.001] and the adjusted models [Adjusted I: HR (95%

CI): 0.89 (0.82-0.98), P = 0.006; Adjusted II: HR (95% CI): 0.88 (0.80-
Frontiers in Endocrinology 04
0.98), P = 0.017] in patients with DM when the LMR was considered a

continuous variable. However, there was a significant association

between LMR and all-cause mortality only in the crude model [HR

(95% CI): 0.73 (0.68-0.77), P < 0.001] in patients without DM (Table 3).

When LMR was treated as a categorical variable, it was observed that,

compared with patients in the Q1 group, patients in the highest LMR

group (Q4) withDM suggested a significantly decreased risk of all-cause

mortality in three established Cox models, as showed by the following

findings: crude model [HR (95% CI): 0.46 (0.26-0.49), P < 0.001],

Adjust I model [HR (95%CI): 0.61 (0.43-0.85), P = 0.004], and Adjust II

model [HR (95% CI): 0.59 (0.39-0.86), P = 0.007]. However, there was
TABLE 1 Baseline characteristics according to the LMR quartiles.

Variable Q1
(n = 1190)

Q2
(n = 1194)

Q3
(n = 1149)

Q4
(n = 1173)

P value

Age (years) 65.26 ± 14.06 60.89 ± 14.42 57.84 ± 14.47 54.74 ± 14.59 < 0.001

Male, n (%) 755 (63.44) 629 (52.68) 519 (45.17) 392 (33.42) < 0.001

Race, n (%) < 0.001

Mexican American 98 (8.23) 149 (12.48) 180 (15.67) 190 (16.20)

Other Hispanic 71 (5.96) 85 (7.12) 100 (8.70) 98 (8.35)

Non-Hispanic White 726 (61.01) 604 (50.59) 487 (42.38) 351 (29.92)

Non-Hispanic Black 212 (17.82) 267 (22.36) 292 (25.41) 416 (35.46)

Other Race 83 (6.97) 89 (7.45) 90 (7.83) 118 (10.06)

Smoking, n (%) < 0.001

Never smoker 215 (18.07) 228 (19.10) 255 (22.19) 271 (23.10)

Former smoker 654 (54.96) 589 (49.33) 520 (45.25) 492 (41.94)

Current smoker 321 (26.97) 377 (31.57) 374 (32.55) 410 (34.95)

Drinking, n (%) 295 (24.79) 264 (22.11) 255 (22.19) 265 (22.59) 0.775

Education, n (%) 0.002

Less than high school 267 (22.44) 329 (27.47) 326 (28.37) 354 (30.18)

High school or equivalent 307 (25.80) 289 (24.20) 286 (24.89) 263 (22.42)

College or above 616 (51.76) 576 (48.24) 537 (46.73) 556 (47.40)

Anthropometric indicators

WC (cm) 107.74 ± 14.61 107.42 ± 14.05 106.98 ± 13.80 107.56 ± 14.11 0.618

BMI (kg/m2) 31.07 ± 7.06 31.55 ± 6.53 32.05 ± 6.65 32.86 ± 7.32 < 0.001

SBP (mmHg) 134.28 ± 21.11 134.87 ± 22.03 132.96 ± 18.97 133.39 ± 19.47 0.108

DBP (mmHg) 68.21 ± 16.04 71.03 ± 15.42 72.42 ± 14.07 72.77 ± 14.79 < 0.001

Comorbidities

DM, n (%) 346 (29.08) 307 (25.71) 276 (24.02) 324 (27.62) 0.033

HF, n (%) 156 (13.11) 93 (7.79) 42 (3.66) 58 (4.94) < 0.001

CAD, n (%) 168 (14.12) 135 (11.31) 69 (6.00) 53 (4.52) < 0.001

Stroke, n (%) 117 (9.83) 84 (7.04) 62 (5.40) 74 (6.31) < 0.001

Outcomes

All-cause mortality, n (%) 388 (32.61) 256 (21.44) 163 (14.19) 153 (13.04) < 0.001
fro
WC, waist circumference; BMI, body mass index; SBP, systolic blood pressure; DBP, diastolic blood pressure; DM, diabetes mellitus; HF, heart failure; CAD, coronary artery disease
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non-trend decreasing risk of mortality with elevated the LMR, as shown

by the results of the trend test (P for trend > 0.05) (Table 3). Similar

results were observed in patients without DM [crude model: HR (95%

CI): 0.31 (0.24-0.39), P < 0.001; Adjust I model: HR (95% CI): 0.74

(0.57-0.96), P = 0.021; Adjust II model: HR (95%CI): 0.71 (0.54-0.93), P

= 0.014; P for trend > 0.05] (Table 3).
The detection of nonlinear relationship

Considering that multivariate Cox proportional hazard analysis

suggested a non-linear relationship between the baseline LMR and all-
Frontiers in Endocrinology 05
cause mortality, we used RCS analysis to further explore this

association in patients with obesity-related hypertension (Figure 3).

We studied the population of diabetes and non-diabetes separately. The

RCS analysis revealed a non-linear association between LMR and all-

cause mortality in both diabetic (P for non-linearity < 0.001, Figure 3A)

and non-diabetic patients (P for non-linearity < 0.001, Figure 3B).
Subgroup analysis

To evaluate the specific effect of the LMR on the outcomes,

stratification was performed according to age, gender, DM, heart
TABLE 2 Baseline levels of laboratory indicators according to the LMR quartiles.

Laboratory parameters Q1 Q2 Q3 Q4 P value

(n = 1190) (n = 1194) (n = 1149) (n = 1173)

ALT (U/L) 24.95 ± 18.55 24.89 ± 16.43 25.42 ± 14.15 24.74 ± 14.13 0.764

AST (U/L) 26.51 ± 16.81 25.74 ± 16.22 25.10 ± 11.08 24.57 ± 11.73 0.063

Scr (mg/dL) 1.14 ± 1.02 1.01 ± 0.55 0.93 ± 0.55 0.88 ± 0.35 < 0.001

eGFR (ml/min/1.73m2) 72.11 ± 23.76 78.02 ± 22.84 83.28 ± 21.57 86.07 ± 21.51 < 0.001

TC (mmol/L) 4.74 ± 1.13 4.95 ± 1.10 5.03 ± 1.05 5.03 ± 1.12 < 0.001

TG (mmol/L) 1.52 ± 1.00 1.64 ± 1.30 1.68 ± 1.31 1.69 ± 1.28 0.002

LDL-C (mmol/L) 2.71 ± 0.96 2.87 ± 0.92 2.94 ± 0.88 3.06 ± 0.95 < 0.001

HDL-C (mmol/L) 1.34 ± 0.44 1.33 ± 0.40 1.33 ± 0.40 1.34 ± 0.36 0.964

FPG (mmol/L) 6.62 ± 2.61 6.26 ± 2.18 6.58 ± 2.75 6.51 ± 2.97 0.315

HbA1c (%) 6.05 ± 1.11 6.03 ± 1.22 6.10 ± 1.35 6.21 ± 1.42 < 0.001

SUA (mg/dl) 6.24 ± 1.55 5.89 ± 1.54 5.83 ± 1.45 5.73 ± 1.41 < 0.001

PLT (1000 cells/uL) 230.79 ± 70.89 238.63 ± 65.01 246.85 ± 69.11 255.19 ± 74.66 < 0.001

Neu (1000 cells/uL) 4.75 ± 1.96 4.31 ± 1.61 4.01 ± 1.52 3.75 ± 1.48 < 0.001

Lym (1000 cells/uL) 1.48 ± 0.47 1.87 ± 0.45 2.18 ± 0.35 2.72 ± 0.63 < 0.001

Mono (1000 cells/uL) 0.70 ± 0.25 0.58 ± 0.14 0.53 ± 0.31 0.43 ± 0.18 < 0.001

LMR 2.14 ± 0.46 3.19 ± 0.25 4.09 ± 0.28 6.16 ± 0.54 < 0.001

hs-CRP (mg/L) 6.72 ± 1.92 5.70 ± 1.02 4.75 ± 1.41 4.28 ± 1.44 0.007
fro
ALT, alanine aminotransferase; AST, aspartate aminotransferase; Scr, serum creatinine; eGFR, estimated glomerular filtration rate; TG, triglyceride; TC, total cholesterol; LDL-C, low density
lipoprotein cholesterol; HDL-C, high density lipoprotein cholesterol; FPG, fasting plasma glucose; HbA1c, glycosylated hemoglobin; SUA, serum uric acid; PLT, platelet; Neu, neutrophile; Lym,
lymphocyte; Mono, monocyte; LMR, lymphocyte to monocyte ratio; hs-CRP, high-sensitivity C-reactive protein
BA

FIGURE 2

Kaplan–Meier survival analysis curves for all-cause mortality. (A) diabetes, (B) non- diabetes.
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failure and coronary artery disease in Figure 4. Although female was

a protective factor for all-cause mortality, there was no interaction

between the gender [female: HR (95% CI): 0.850 (0.782-0.931), P <

0.001; P for interaction > 0.05). Similarly, there was no significant

interaction in diabetes subgroups and other subgroups (P for

interaction > 0.05).
Frontiers in Endocrinology 06
ROC curve analysis of LMR

The ROC curve for the LMR in predicting all-cause mortality

was depicted in Figure 5. The ROC curve revealed a moderate

ability of LMR to predict mortality in obesity-related hypertension

with DM [AUC=0.618, 95% CI (0.582-0.655), P < 0.001, Figure 5A]
TABLE 3 Association between quartiles of LMR with risk of all-cause mortality.

LMR Crude

P value

Adjust I

P value

Adjust II

P valueHR (95% CI) HR (95% CI) HR (95% CI)

DM

Per 1 Unit
increase

0.78 (0.72-0.86) < 0.001 0.89 (0.82-0.98) 0.006 0.88 (0.80-0.98) 0.017

Quartiles

Q1 Ref Ref Ref

Q2 0.53 (0.40-0.71) < 0.001 0.69 (0.51-0.94) 0.018 0.64 (0.46-0.92) 0.014

Q3 0.41 (0.30-0.56) < 0.001 0.60 (0.43-0.84) 0.003 0.65 (0.44-0.92) 0.017

Q4 0.46 (0.26-0.49) < 0.001 0.61 (0.43-0.85) 0.004 0.59 (0.39-0.86) 0.007

P for trend 0.428 0.621 0.414

Non-DM

Per 1 Unit
increase

0.73 (0.68-0.77) < 0.001 0.94 (0.88-1.00) 0.060 0.95 (0.89-1.01) 0.090

Quartiles

Q1 Ref Ref Ref

Q2 0.58 (0.48-0.69) < 0.001 0.80 (0.65-0.97) 0.022 0.81 (0.65-0.98) 0.038

Q3 0.34 (0.27-0.42) < 0.001 0.58 (0.46-0.73) < 0.001 0.63 (0.48-0.80) < 0.001

Q4 0.31 (0.24-0.39) < 0.001 0.74 (0.57-0.96) 0.021 0.71 (0.54-0.93) 0.014

P for trend 0.053 0.313 0.086
CI, confidence interval; HR, hazard ratio; LMR, Lymphocyte to monocyte ratio; DM, diabetes mellitus.
Crude, Unadjusted model.
Adjust I: adjusted for gender, age, race.
Adjust II: adjusted for gender, age, race, smoking, education, WC, BMI, SBP, DBP, AST, AST, serum creatinine, eGFR, FPG, HbA1c, TC, TG, LDL-C, SUA, neutrophil count, platelet count, hs-
CRP, heart failure, stroke and coronary artery disease.
BA

FIGURE 3

Restricted cubic spline analysis of LMR with all-cause mortality. (A) diabetes, (B) non- diabetes.
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and without DM [AUC=0.643, 95% CI (0.625-0.674), P < 0.001,

Figure 5B]. The cut-off values were 3.06 and 3.25, respectively. The

sensitivity was 0.686 and 0.643, while the specificity was 0.522 and

0.595, respectively.
Discussion

The study was conducted to explore the association between the

LMR and survival outcomes in patients with obese hypertension. In

our study, among the 4706 participants from nine NHANES cycles

(2001-2018), a decreased LMR was strongly related to all-cause

mortality and was an independent risk factor for reduced survival.

Moreover, there was a non-linear relationship between LMR and

all-cause mortality in both diabetic and non-diabetic patients.

Since LMR consists of lymphocyte and monocyte counts, it has

the advantage of being relatively inexpensive and can be obtained

routinely. A low lymphocyte count indicates a persistent, relatively

deficient immune state, and a high monocyte count indicates a non-

specific or systemic inflammatory state (19–22). As a composite

parameter reflecting two opposing immune and inflammatory
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pathways, LMR is more predictive than lymphocyte or monocyte

alone. Inflammation plays an important role in the pathophysiology

of many metabolic diseases (23). Moreover, previous studies

demonstrated that activation of the immune system and chronic

inflammation were involved in the occurrence and development of

these diseases (24). LMR has been reported to be associated not only

with an increased risk of death from multiple malignant diseases, but

also with a poor prognosis for coronary artery disease (25–27).. In our

study, compared with participants of the higher LMR, the lower LMR

had higher levels of neutrophil and hs-CRP and a higher prevalence

of metabolic disorders such as diabetes, heart failure and coronary

artery disease. This suggested that lower LMRmay be associated with

higher levels of inflammation and adverse outcomes.

Our findings of association between the LMR and all-cause

mortality in the obese hypertension patients were somewhat

consistent with recent studies (28–31). Previous study has

demonstrated that the lower LMR was associated with

cardiovascular mortality and all-cause mortality in adult asthma

patients (28). In another study, the researchers found that patients

with pulmonary embolism had a significantly increased risk of 30-

day all-cause mortality with the reduction of LMR (29).

Furthermore, poor overall survival was strongly associated with

low LMR in patients with thyroid cancer (30). A study on the

prognosis of patients with heart failure also showed that a lower

LMR significantly increased the risk of all-cause death within 6

months (31). Notably, they did not further explore the specific

correlation between LMR and mortality, whereas our study

demonstrated that a non-linear relationship between the LMR

and all-cause mortality. The possible mechanism of the above

findings is: proinflammatory cytokines activate lymphocytes and

monocytes (32). This activated cell is a potential source of pro-

inflammatory cytokines, leading to further activation of these cells,

which contributes to systemic inflammation in obese hypertensive

patients. High levels of proinflammatory cytokines may cause some

adverse effects in patients, including myocardial remodeling and

promoting arrhythmia (33). Ultimately, there was an increased risk

of adverse outcome events.
BA

FIGURE 5

ROC Curve analysis for LMR predicted all-cause mortality. (A) diabetes, (B) non- diabetes.
FIGURE 4

Subgroup analysis of the association between LMR and all-cause
mortality. Adjusted for age, gender, race, smoking, education, WC,
BMI, SBP, DBP, AST, AST, serum creatinine, eGFR, FPG, HbA1c, TC,
TG, LDL-C, SUA, neutrophil count, platelet count, hs-CRP, heart
failure, stroke and coronary artery disease.
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To our knowledge, this was the first study that explored the

prognostic effect of LMR on patients with obese hypertension.

However, there are some limitations in this study. Firstly, this was a

single-center retrospective study, so potential bias could be present.

Moreover, the sample size was not particularly large, and the incidence

of death was relatively low. Future large-sample and prospective studies

are warranted to strengthen our findings. Finally, there were no other

indicators of inflammation levels or immune status except hs-CRP.

Thus, we cannot reveal the exact pathophysiological mechanisms

underlying LMR. Therefore, basic experiments or animal

experiments are needed to further explore the specific mechanism.
Conclusions

We found that LMR is a valuable tool for predicting the risk of all-

cause mortality in patients with obese hypertension combined with

diabetes or without diabetes, and that the relationship between LMR

and mortality is non-linear. Thus, LMR may be helpful in predicting

risk and assessing prognosis in these patients. In addition, more

research is needed to explore whether intervening with LMR can

contribute to improve clinical outcomes for these patients.
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