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Abstract
Background Depression acts as a noteworthy worldwide public health challenge. Identifying accessible biomarkers 
is crucial for early diagnosis and intervention. The relationship between depression in adult Americans and the 
neutrophil to high-density lipoprotein cholesterol ratio (NHR) was investigated in this research.

Methods The relationship between NHR and depressive symptoms was analyzed utilizing National Health and 
Nutrition Examination Survey data from 2005 to 2018 and the Patient Health Questionnaire-9. The study included 
33,871 participants with complete NHR and depression data. Adjusted multivariable logistic regression models were 
used to account for possible confounders, and subgroup analyses were conducted to investigate effect changes.

Results Elevated NHR levels were positively correlated with a heightened risk of depression (OR = 1.03, 95% CI: 
1.01–1.05, P < 0.0005). After the NHR was divided into tertiles, those in the top tertile had an 18% higher chance of 
developing depression than those in the bottom tertile (OR = 1.18; 95% CI: 1.05–1.32; P for trend = 0.0041). Subgroup 
analyses revealed variations in this association based on race and marital status. Additionally, the relationship between 
NHR and depression demonstrated a U-shaped pattern, with a significant breakpoint identified at an NHR of 6.97.

Conclusion These results imply that the NHR may be a potential biomarker for depression risk, with implications for 
early detection and personalized treatment. Further research is needed to elucidate the mechanisms underlying the 
NHR-depression link and establish causality.
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Background
Depression, characterized by persistent feelings of sad-
ness, despair, and reduced self-esteem, is a prevalent 
psychiatric disorder leading to a lack of interest in once-
pleasurable activities [1–3]. This change severely disrupts 
psychosocial functioning and diminishes the quality of 
life, adversely affecting various aspects of daily life such 
as work and interpersonal relationships in younger indi-
viduals [4], and significantly impairing the overall well-
being and life satisfaction of older adults [5]. Globally, 
depression has reached epidemic levels, impacting over 
300  million individuals, with a considerable portion in 
the Americas. By 2023, it emerged as a major contributor 
to global disability, alongside other mental disorders [6, 
7]. This condition not only hampers individual psycho-
social functioning but also burdens society immensely 
by straining healthcare systems, misallocating public 
resources, and impeding social progress and productiv-
ity [8]. Consequently, identifying accessible and predic-
tive biological markers for depressive symptoms is vital 
for effective prevention, diagnosis, and treatment [9–11]. 
Such markers can enable healthcare professionals to tai-
lor interventions and offer targeted support to at-risk 
individuals [12].

In several recent studies, the neutrophil to high-density 
lipoprotein cholesterol ratio (NHR) has shown potential 
as a biomarker [13–15]. The NHR, being a marker of both 
inflammation and lipid metabolism, enables a thorough 
analysis of these separate impacts and a more profound 
comprehension of their interplay, thereby shedding light 
on the complex mechanisms of these bodily functions 
[16]. Previous research has demonstrated the NHR’s 
remarkable predictive accuracy in various systemic con-
ditions, including hepatocellular carcinoma, hyperten-
sion, cardiovascular risk, and acute biliary pancreatitis 
[13, 17–19]. While these findings highlight NHR’s sen-
sitivity, they raise concerns about its specificity for diag-
nosing depression. To enhance specificity, future studies 
should validate NHR in combination with other biomark-
ers and clinical assessments for a more precise diagnostic 
tool. In psychiatry, NHR has shown considerable prom-
ise as a biomarker, Moreover, NHR appears to be altered 
differently in distinct mental disorders. For instance, the 
findings by Wei et al. suggest a stronger association of 
NHR with schizophrenia and the manic phase of bipo-
lar disorder compared to the depressive state of bipolar 
disorder [20]. This distinction further highlights the need 
for specific validation studies on NHR’s prognostic capa-
bilities about depression, which remains limited.

This analysis aims to explore the potential of NHR 
as a biomarker within the context of depression. The 
hypothesis that an elevated neutrophil to high-density 
lipoprotein cholesterol ratio (NHR) is correlated with an 
increased likelihood of developing depression was tested. 

The main goal was to use rigorous statistical approaches 
to account for possible confounders while analyzing 
cross-sectional data from the National Health and Nutri-
tion Examination Survey (NHANES) from 2005 to 2018 
to validate this hypothesis.

Methods
Study population
The National Health and Nutrition Examination Survey 
(NHANES) gives a thorough assessment of Americans’ 
health and nutritional status, correctly representing the 
country’s population, via the use of a rigorous, multi-
stage, probabilistic sampling approach [21]. Written 
consent was obtained from each participant before their 
involvement, and this research involving human indi-
viduals was authorized by the NHANES Research Eth-
ics Review Board. The NHANES collects a wide array of 
data through surveys on demographics, socioeconomic 
status, nutrition, and health. These are complemented by 
physical assessments in mobile examination centers and 
in-home interviews [22]. To get more information on the 
NHANES survey, visit the website https://www.cdc.gov/
nchs/nhanes/index.htm.

A cross-sectional approach was utilized, employing 
NHANES data from 2005 to 2018 and focusing on par-
ticipants with complete information on NHR and depres-
sion. Of an initial pool of 70,190 individuals, those under 
18 years (28,047 individuals), pregnant women (737), 
individuals who did not complete the Patient Health 
Questionnaire-9 (PHQ-9) screening for depression 
assessment (5,629), and those without NHR data (1,906) 
were excluded. The final analysis included 33,871 partici-
pants (refer to Fig. 1 for further breakdown).

Assessment of depressive symptoms
When screening for depression, the Patient Health 
Questionnaire (PHQ-9) is a viable and trustworthy 
instrument and is widely used in primary healthcare, 
outpatient clinics, and research settings [23]. This nine-
item measure evaluates depression symptoms that have 
occurred throughout the last 2 weeks [24]. A total score 
ranging from 0 to 27 is obtained by having participants 
rank each item on a scale from “0” (no incidence) to “3” 
(nearly daily occurrence) [25]. Scores below 10 typically 
indicate the absence of depression, whereas scores of 10 
or higher often suggest the presence of depressive symp-
toms, warranting further evaluation [26]. The PHQ-9 has 
shown remarkable sensitivity (88%) and specificity (88%) 
in identifying depression [24].

Assessment of NHR
The neutrophil count (10^3 cells/µL) divided by the high-
density lipoprotein cholesterol (HDL-C) value (mmol/L), 
both acquired via laboratory testing, yields the neutrophil 

https://www.cdc.gov/nchs/nhanes/index.htm
https://www.cdc.gov/nchs/nhanes/index.htm
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Fig. 1 Flowchart of participant selection. NHANES, National Health and Nutrition Examination Survey
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NHR [27]. For precise determination of Complete Blood 
Count (CBC) parameters, the Beckman Coulter DxH 800 
analyzer system utilizes sophisticated counting and siz-
ing technologies, supplemented by an automated appa-
ratus for diluting and mixing samples, and a single-beam 
photometer for measuring hemoglobin. This equipment, 
deployed in the NHANES mobile examination centers, 
generates detailed CBC reports and cellular distributions 
for each participant, thus ensuring high precision and 
consistency in hematological assessments. Using enzy-
matic tests on Roche Modular P and Roche Cobas 6000 
chemistry analyzers, HDL cholesterol levels are precisely 
determined, renowned for their precise biochemical 
measurements. These processes align with the standard-
ized protocols specified in the NHANES CBC Profile, 
guaranteeing that the measurements are both accurate 
and replicable.

Covariables
Data on numerous demographic and risk factors poten-
tially affecting the relationship between depression and 
NHR were collected. These included age (in years), eth-
nic background, level of education attained, body mass 
index (BMI), waist circumference, poverty-to-income 
ratio (PIR), smoking habits, and comorbidities like dia-
betes, hypertension, hyperlipidemia, coronary heart dis-
ease, and stroke. White blood cell count (1000 cells/uL), 
individual cell counts for lymphocytes, monocytes, neu-
trophils, eosinophils, and basophils (1000 cells/uL), and 
total cholesterol (TC) concentration (mg/dL), triglyceride 
(TG) concentration (mmol/L), and HDL-C concentration 
(mmol/L) are examples of biochemical indicators. BMI 
was categorized as underweight (BMI < 25 kg/m²), over-
weight (BMI 25–30  kg/m²), or obese (BMI > 30  kg/m²). 
For more information on the study variables, please refer 
to www.cdc.gov/nchs/nhanes.

Statistical analysis
For continuous data, means and standard deviations were 
computed, whereas percentages were used to represent 
categorical variables [28]. When comparing groups with 
(PHQ-9 scores ≥ 10) and without (PHQ-9 scores < 10) 
depression, the weighted Student’s t-test was used to 
find differences, and the weighted chi-square test was 
used for categorical variables. The correlation between 
NHR and depression was also explored using multivari-
ate logistic regression analysis across three models: The 
three models are the unadjusted baseline (Model 1), the 
demographically adjusted Model 2 (adjusted for age, 
race, and sex), and the further adjusted Model 3 (adjusted 
for education, income, PIR, smoking status, diabetes, 
heart disease, stroke, and hypertension). This rephras-
ing maintains the original sentence’s technical details and 
meaning while adopting an objective tone for scientific 

reporting. To investigate the threshold effects and trends 
in the NHR-depression association, a two-piecewise lin-
ear regression model was used. Interaction testing and 
subgroup analyses were conducted across various demo-
graphic subgroups, including age, sex, educational level, 
race, marital status, diabetes, BMI, hypertension, hyper-
lipidemia, coronary heart disease, stroke, and smoking 
status. For statistical significance, a P-value of less than 
0.05 was used. The ‘nhanesA’ package in the R program-
ming language (https://github.com/cjendres1/nhanes) 
and the Empower Stats software (http://www.empower-
stats.com) were employed for all analyses [29].

Results
Baseline characteristics of participants
The research cohort consisted primarily of non-Hispanic 
Whites, accounting for 42.60% of the total sample popu-
lation. Within this subgroup, men comprised 50.17%, 
with an average age of 48.31 ± 18.67 years. The cohort 
exhibited an average depression rate of 8.97% and a mean 
NHR level of 3.45 ± 2.09. Notable differences were iden-
tified between individuals with and without depression, 
apart from age and hyperlipidemia. Those with depres-
sion were predominantly unmarried women (widowed, 
divorced, separated, or never married) from non-His-
panic White ethnic groups. These individuals had some 
college education or an associate’s degree, lower income 
levels, were smokers, and had hyperlipidemia and obe-
sity. Along with greater levels of total cholesterol, tri-
glycerides, and NHR, they also had larger numbers of 
white blood cells, lymphocytes, monocytes, neutrophils, 
eosinophils, and basophils. Nonetheless, this group did 
not often suffer from diabetes, hypertension, coronary 
heart disease, or stroke. For every relationship found, the 
P-value was less than 0.05, indicating statistical signifi-
cance (Table 1).

The association between NHR and depression
The multivariate regression analysis revealed a signifi-
cant correlation between depression and NHR (Table 2). 
These findings indicate a direct relationship between a 
higher NHR and an increased probability of depression. 
Specifically, the unadjusted model showed a 10% increase 
in the risk of depression for every unit rise in the NHR 
(OR = 1.10; 95% CI: 1.08, 1.12; P < 0.0001). A one-unit 
increase in the NHR was associated with a 3% increase 
in the risk of depression in the complete model, and this 
substantial connection remained even after adjusting for 
all variables (OR = 1.03; 95% CI: 1.01, 1.05; P < 0.0005). 
A sensitivity analysis using adjusted models and cat-
egorizing NHR levels into tertiles showed that, in the 
unadjusted model, Tertile 3 (highest NHR) had an 18% 
greater likelihood of depression than Tertile 1 (lowest 
NHR) (OR = 1.18; 95% CI: 1.05, 1.32; P for trend = 0.0003). 

http://www.cdc.gov/nchs/nhanes
https://github.com/cjendres1/nhanes
http://www.empowerstats.com
http://www.empowerstats.com
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Table 1 Characteristics of the study population
Characteristic Total (N = 33,871) Without depression (N = 30, 832) With depression (N = 3, 039) P-value
Age(year) 48.31 ± 18.67 48.28 ± 18.80 48.63 ± 17.27 0.236
Gender (%) < 0.001
Male 16,993 (50.17%) 15,843 (51.38%) 1150 (37.84%)
Female 16,878 (49.83%) 14,989 (48.62%) 1889 (62.16%)
Race (%) < 0.001
Mexican American 5524 (16.31%) 5034 (16.33%) 490 (16.12%)
Other Hispanic 3236 (9.55%) 2848 (9.24%) 388 (12.77%)
Non-Hispanic White 14,430 (42.60%) 13,160 (42.68%) 1270 (41.79%)
Non-Hispanic Black 7112 (21.00%) 6460 (20.95%) 652 (21.45%)
Other race 3569 (10.54%) 3330 (10.80%) 239 (7.86%)
Marital status (%) < 0.001
Married or living with partner 19,125 (59.06%) 17,803 (60.44%) 1322 (45.18%)
Widowed, divorced, separated, and never married 13,258 (40.94%) 11,654 (39.56%) 1604 (54.82%)
Education level (%) < 0.001
Less Than 9th Grade 3260 (10.21%) 2818 (9.71%) 442 (15.23%)
9-11th Grade 4457 (13.96%) 3862 (13.31%) 595 (20.50%)
High school grad/GED or equivalent 7373 (23.10%) 6672 (22.99%) 701 (24.15%)
Some college or AA degree 9481 (29.70%) 8617 (29.70%) 864 (29.76%)
College graduate or above 7349 (23.02%) 7048 (24.29%) 301 (10.37%)
Body mass index(kg/m2), (%) < 0.001
< 25 9964 (29.71%) 9195 (30.11%) 769 (25.70%)
25 to < 30 10,958 (32.68%) 10,178 (33.33%) 780 (26.07%)
≥ 30 12,611 (37.61%) 11,168 (36.57%) 1443 (48.23%)
Waist circumference(cm) 98.86 ± 16.59 98.52 ± 16.38 102.33 ± 18.29 < 0.001
Income to poverty ratio 2.50 ± 1.63 2.58 ± 1.63 1.74 ± 1.39 < 0.001
Smoking status (%) < 0.001
Yes 14,578 (44.65%) 12,842 (43.25%) 1736 (58.67%)
No 18,072 (55.35%) 16,849 (56.75%) 1223 (41.33%)
Diabetes (%) < 0.001
Yes 4231 (12.50%) 3644 (11.83%) 587 (19.35%)
No 28,847 (85.23%) 26,493 (85.98%) 2354 (77.59%)
Borderline 768 (2.27%) 675 (2.19%) 93 (3.07%)
Hypertension (%) < 0.001
Yes 11,793 (34.87%) 10,394 (33.76%) 1399 (46.14%)
No 22,029 (65.13%) 20,396 (66.24%) 1633 (53.86%)
Hyperlipidemia (%) 0.261
Yes 17,551 (69.54%) 16,081 (69.64%) 1470 (68.47%)
No 7689 (30.46%) 7012 (30.36%) 677 (31.53%)
Coronary heart disease (%) < 0.001
Yes 1333 (4.19%) 1144 (3.95%) 189 (6.55%)
No 30,490 (95.81%) 27,795 (96.05%) 2695 (93.45%)
Stroke (%) < 0.001
Yes 1213 (3.80%) 982 (3.39%) 231 (7.98%)
No 30,691 (96.20%) 28,028 (96.61%) 2663 (92.02%)
White blood cell count (1000 cells/uL) 7.24 ± 3.25 7.19 ± 3.29 7.72 ± 2.74 < 0.001
Lymphocyte number (1000 cells/uL) 2.19 ± 2.32 2.18 ± 2.38 2.28 ± 1.55 < 0.001
Monocyte number (1000 cells/uL) 0.56 ± 0.21 0.56 ± 0.20 0.57 ± 0.23 < 0.001
Neutrophils number (1000 cell/uL) 4.24 ± 1.76 4.20 ± 1.74 4.60 ± 1.94 < 0.001
Eosinophils number (1000 cells/uL) 0.20 ± 0.18 0.20 ± 0.18 0.21 ± 0.16 0.001
Basophils number (1000 cells/uL) 0.05 ± 0.06 0.04 ± 0.06 0.05 ± 0.06 < 0.001
HDL-C (mmol/L) 1.36 ± 0.41 1.37 ± 0.41 1.33 ± 0.41 < 0.001
Triglyceride (mmol/L) 1.40 ± 1.13 1.39 ± 1.13 1.56 ± 1.16 < 0.001
Total cholesterol (mg/dL) 191.15 ± 41.56 190.93 ± 41.35 193.43 ± 43.65 0.009
NHR 3.45 ± 2.09 3.41 ± 2.08 3.86 ± 2.15 < 0.001
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Within the model with partial adjustments, Tertile 2 
demonstrated a 12% higher risk of depression than Ter-
tile 1 (OR = 1.12; 95% CI: 1.02, 1.24; P = 0.0001). How-
ever, there were no significant differences found between 
Tertiles 1 and 2 in the crude and fully adjusted models 
(Table 2).

Nonlinear relationship between NHR and depression
Using advanced statistical methodologies, to evalu-
ate the complex nonlinear link between NHR levels and 

depression, a thorough investigation was carried out. By 
employing smooth curve-fitting techniques and weighted 
generalized additive models, a significant nonlinear asso-
ciation between NHR levels and the frequency of depres-
sion was identified. Further analysis using a two-segment 
linear regression model revealed a nonlinear curve that 
describes the relationship between NHR and depression 
(Fig.  2). A statistically significant P-value of 0.005 was 
obtained using a logarithmic likelihood ratio test that 
revealed a breakpoint of 6.97 (Table 3).

Subgroup analysis
The subgroup analysis aimed to identify potential dis-
parities in the association between depression and NHR 

Table 2 The association between NHR and depression
Crude model
(Model 1)

Partially adjusted 
model (Model 2)

Fully adjust-
ed model 
(Model 3)

OR (95% CI) 
p-value

OR (95% CI) p-value OR (95% CI) 
p-value

NHR 1.10 (1.08, 
1.12) < 0.0001

1.12 (1.10, 
1.15) < 0.0001

1.03 (1.01, 
1.05) 0.0005

NHR Tertiles
Tertile 1
(<2.43)

Reference Reference Reference

Tertile 2
(2.43 to 
<3.80)

1.05 (0.95, 1.16) 
0.3174

1.12 (1.02, 1.24) 0.0215 0.93 (0.83, 
1.04) 0.2250

Tertile 3
(≥ 3.80)

1.60 (1.46, 
1.75) < 0.0001

1.83 (1.66, 
2.01) < 0.0001

1.18 (1.05, 
1.32) 0.0041

P for trend 1.17 (1.14, 
1.20) < 0.0001

1.22 (1.18, 
1.26) < 0.0001

1.07 (1.03, 
1.10) 0.0003

Model 1, no covariates were adjusted. Model 2, age, gender, and race were 
adjusted. Model 3, age, gender, race, marital status, education level, BMI, 
income-to-poverty ratio, smoking status, diabetes, coronary heart disease, 
stroke, and hypertension were adjusted. 95% CI 95% confidence interval, OR 
odds ratio

Table 3 The threshold effect of NHR on depression was analyzed 
using a two-part linear regression model
Depression Model: saturation 

effect analysis
Fitting by the standard linear model
OR (95% CI) 1.03 (1.01, 1.05)
P-value 0.0005
Fitting by two-piecewise linear model
Breakpoint (K) 6.97
OR1(< K) 1.07 (1.04, 

1.10) < 0.0001
OR2(> K) 1.01 (0.98, 1.04) 0.6718
Logarithmic likelihood ratio test P-value 0.005
Model 1, no covariates were adjusted. Model 2, age, gender, and race were 
adjusted. Model 3, age, gender, race, marital status, education level, BMI, 
income-to-poverty ratio, smoking status, diabetes, coronary heart disease, 
stroke, and hypertension were adjusted. 95% CI 95% confidence interval, OR 
odds ratio

Fig. 2 The association between NHR and depression. (A) The solid red line represents the smooth curve fit between variables. (B) Blue bands represent 
the 95% confidence interval from the fit
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levels among different demographic and clinical subpop-
ulations to identify influencing factors or markers useful 
for stratification. Participants were categorized according 
to age groups (< 50 and ≥ 50), sex, race, BMI categories 
(< 25, 25–30, > 30), educational attainment, marital sta-
tus, and the presence of comorbidities such as hyperten-
sion, hyperlipidemia, diabetes, coronary heart disease, 
history of stroke, and smoking status. Subgroup analyses 
and interaction tests were conducted as well. These find-
ings indicated variations in the observed correlations, 
particularly with statistically significant disparities based 
on race and marital status (P < 0.05). Regarding the other 
demographic groupings, no significant differences were 
noted. These results suggest that race and marital status 
influence the relationship between NHR and depres-
sion, emphasizing the need to consider these variables in 
future studies to achieve greater precision. Additionally, 
the data revealed that the association between depres-
sion and NHR levels remained consistent across sex, 
age, BMI, education level, and various health condition 
groups (Table 4).

Discussion
An analysis of the relationship between NHR and 
depressed symptoms was conducted by applying data 
from the NHANES database, a nationally representative 
survey of the US population from 2005 to 2018. A statis-
tically significant correlation between raised NHR levels 
and a higher risk of getting depression was discovered via 
thorough statistical research. The data revealed a nonlin-
ear positive association, with distinct patterns for NHR 
levels below and above the critical breakpoint of 6.97.

Drawing on existing data, this study represents a pio-
neering effort to explore the association between NHR 
and depression—however, the broader utility of the NHR 
as a peripheral trait biomarker in mental health. Limited 
research exists, with only one retrospective study spe-
cifically examining the NHR’s prognostic importance in 
schizophrenia and bipolar disorder rather than depres-
sion. Wei et al. conducted a cross-sectional study involv-
ing 13,329 patients with schizophrenia and 6,005 patients 
with bipolar disorder hospitalized between January 
2015 and January 2021 [20]. Through the examination of 
sociodemographic and hematological information taken 
from an electronic health record, they demonstrated that 
the NHR can be used to assist in the identification and 
differential diagnosis of patients with schizophrenia and 
bipolar disorder in the manic phase.

Although previous research has not specifically 
focused on the relationship between NHR and depres-
sion, recent investigations have explored the connection 
between depression and other hematological markers, 
particularly those related to neutrophils and HDL-C. 
According to recent research by Meng et al., the NLR 

Table 4 Association between NHR and depression in subgroups
Subgroup OR(95%CI) P for in-

teraction
Age(year) 0.2375
< 50 N = 14,478 1.05 (1.02, 1.08)
≥ 50 N = 14,556 1.03 (1.01, 1.05)
Gender 0.3728
Male N = 14,536 1.03 (1.01, 1.05)
Female N = 14,498 1.04 (1.01, 1.07)
Race 0.0443
Mexican American N = 4415 1.00 (0.96, 1.04)
Other Hispanic N = 2645 1.06 (0.99, 1.14)
Non-Hispanic White N = 13,033 1.06 (1.03, 1.09)
Non-Hispanic Black N = 5921 1.02 (0.98, 1.06)
Other race N = 3020 1.08 (1.00, 1.16)
BMI (kg/m2) 0.1318
< 25 N = 8225 1.03 (0.99, 1.07)
25–30  N = 9603 1.02 (1.00, 1.04)
> 30 N = 11,206 1.06 (1.03, 1.09)
Education level 0.1784
Less than 9th grade N = 2754 1.08 (1.01, 1.15)
9-11th Grade N = 3991 1.04 (1.00, 1.08)
High school grad/GED 
or equivalent

N = 6711 1.05 (1.01, 1.10)

Some college or AA 
degree

N = 8739 1.01 (0.99, 1.04)

College graduate or 
above

N = 6826 1.06 (1.00, 1.13)

Marital status 0.0099
Married/living with 
partner

N = 17,420 1.07 (1.04, 1.10)

Widowed/divorced/sep-
arated/ Never married

N = 11,606 1.02 (1.00, 1.04)

Hypertension 0.2763
Yes N = 10,547 1.03 (1.01, 1.05)
No N = 18,446 1.05 (1.02, 1.08)
Hyperlipidemia 0.8709
Yes N = 15,846 1.03 (1.01, 1.05)
No N = 6596 1.03 (1.00, 1.07)
Diabetes 0.0653
Yes N = 3750 1.08 (1.03, 1.13)
No N = 24,579 1.02 (1.01, 1.04)
Borderline N = 690 1.10 (0.98, 1.24)
Coronary heart disease 0.2494
Yes N = 1197 1.09 (1.00, 1.18)
No N = 27,744 1.03 (1.01, 1.05)
Stroke 0.6017
Yes N = 1068 1.05 (0.98, 1.12)
No N = 27,935 1.03 (1.01, 1.05)
Smoking status 0.1253
Yes N = 13,264 1.05 (1.02, 1.07)
No N = 15,756 1.02 (1.00, 1.04)
The results show that the subgroup analysis was adjusted for all presented 
covariates except theeffect modifier. 95% CI 95% confidence interval, OR odds 
ratio
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exhibited a significant and complex nonlinear associa-
tion with depression, even after accounting for potential 
confounders [30]. Using data from the NHANES, their 
comprehensive cross-sectional study evaluated 34,324 
individuals, revealing that 3009 of them had been diag-
nosed with major depression. Shin et al. carried out a 
cross-sectional investigation to investigate HDL-C levels 
in a representative group of 8,207 Koreans aged between 
40 and 64 [31]. Through a rigorous investigation, they 
discovered a linkage between higher HDL-C concentra-
tions and an amplified susceptibility to depressive symp-
toms in this specific middle-aged Korean population. 
Furthermore, Chen and colleagues investigated a novel 
inflammatory marker, the lymphocyte-to-high-density 
lipoprotein ratio (LHR), in a representative sample of 
4,216 Americans using NHANES data [32]. Through 
their investigation, they uncovered a significant asso-
ciation between elevated LHR values and a heightened 
likelihood of depression development. This research 
aligns with these studies, indicating a direct correlation 
between hematologic indicators involving NHR and an 
increased likelihood of depression.

Several potential pathways are essential for compre-
hending the relationship between NHR and depression, 
even if the precise processes underlying this correla-
tion are still unclear. The NHR, known for its role as an 
inflammatory biomarker, is believed to influence psy-
chological states and behavior through cytokine-medi-
ated pathways, potentially affecting the central nervous 
system (CNS) [33, 34]. Elevated cytokine levels due to 
increased neutrophil activity are thought to substantially 
affect the CNS [35, 36]. Upon entering the brain, these 
cytokines can intensify CNS inflammation and provoke a 
neuroinflammatory response, particularly when interact-
ing with microglia [37, 38]. This inflammation is associ-
ated with the dysregulation of neurotransmitters, such as 
reduced serotonin levels and increased dopamine turn-
over, both of which are vital for mood regulation [39, 
40]. Additionally, HDL-C interacts with endothelial cell 
membranes, reducing their activation and the expression 
of inflammatory mediators [41]. HDL-C also has anti-
oxidant properties, neutralizes free radicals, and dimin-
ishes oxidative stress [42]. Since oxidative stress can 
trigger inflammatory pathways, the antioxidant function 
of HDL-C may indirectly reduce inflammation [43]. This 
decrease in inflammation can subsequently mitigate the 
negative effects of inflammatory cytokines on the CNS, 
thereby modulating mood disturbances linked to depres-
sion [44]. Moreover, HDL-C is increasingly recognized 
for its neuroprotective benefits [45]. It is essential for 
preserving the integrity of the blood-brain barrier as well 
as the makeup and operation of lipid rafts [46, 47]. These 
structures are essential for neuronal plasticity, which 
is crucial for operating neurotransmitter receptors and 

transmitting neural signals [48]. Lipid rafts also regulate 
various intracerebral signaling pathways, which are fun-
damental for emotional regulation and the maintenance 
of cognitive function maintenance [49].

It is noteworthy that NHR levels were reported to be 
higher in unipolar depression with psychotic symptoms 
than in those without by Wei et al. This research raises 
the possibility that psychotic and non-psychotic states 
vary biologically. In the study, depressive symptoms were 
significant even compared to individuals with only mild 
symptoms or no symptoms at all, highlighting the rel-
evance of NHR in detecting varying degrees of depres-
sive symptoms in the general population. Psychotic 
disorders or symptoms may be associated with even 
more disrupted inflammatory pathways [50], contribut-
ing to the observed differences between psychotic and 
non-psychotic states. Psychotic symptoms might exac-
erbate inflammatory responses, leading to higher lev-
els of pro-inflammatory cytokines [51]. This heightened 
inflammatory state could further disrupt neurotransmit-
ter systems, crucial for mood regulation, and perpetuate 
a cycle of neuroinflammation. The chronic stress often 
associated with psychotic disorders can also perpetuate 
inflammation [52], potentially explaining the elevated 
NHR levels observed in these conditions.

Strengths and limitations
This research offers several significant advantages. Nota-
bly, a nationally representative sample that represents the 
demographic variety of the adult U.S. population is used, 
making it noteworthy that it leads the investigation of the 
relationship between the NHR and the risk of depres-
sion. This extensive and varied sample base enhances the 
external validity of the findings. Additionally, the robust-
ness of this study is bolstered by meticulous subgroup 
analysis and the adjustment of critical covariates, which 
substantiates the reliability of conclusions. Emphasis 
was also placed on investigating the non-linearity of the 
NHR-depression link and conducting threshold analyses, 
providing a more nuanced understanding of the complex 
interplay between these variables.

Nonetheless, it is critical to recognize the limita-
tions that this research has. Firstly, the cross-sectional 
design makes the results susceptible to the possibility of 
reverse causality, as it provides a single-instance assess-
ment rather than a longitudinal perspective. Secondly, 
the reliance on self-reported questionnaires rather than 
in-depth psychiatric evaluations introduces the potential 
for recall bias and response bias. It may not fully capture 
clinical diagnoses of depression [53]. Thirdly, the conclu-
sions cannot be broadly applied to other groups since 
the relevance of these findings is limited to the Ameri-
can demography. Fourthly, the study cohort consisted of 
participants from the general population, not individuals 
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with clinically diagnosed psychiatric conditions. Thus, 
it is unclear if the observed associations between NHR 
and depressive symptoms apply to a clinical population 
with major depressive disorder. Fifthly, we lack detailed 
information on the duration and stage of depressive epi-
sodes at the time of NHR measurement, which is crucial 
for understanding the relationship between NHR and 
depression severity. Future studies should include clini-
cally diagnosed patients and detailed episode informa-
tion. Sixthly, this study does not elucidate the underlying 
molecular mechanisms that associate the observed NHR 
with the risk of depression, thereby limiting our under-
standing of the causal relationship. Seventhly, an exclu-
sive focus on NHR as a putative biomarker for depression 
risks neglecting other significant biomarkers or marker 
combinations that could offer a more holistic appraisal of 
the risk profile for depression. Eighthly, despite account-
ing for numerous significant confounding factors, there 
remains a risk that unmeasured confounders, such as 
the age of onset for depression, the chronicity of depres-
sive episodes, and specifics regarding the use of antide-
pressant medications, may influence the outcomes [54]. 
Ultimately, while a significant nonlinear relationship is 
identified, the clinical implications necessitate further 
exploration for practical application in clinical settings 
[55–57].

Conclusion
This research identified a significant link between high 
NHR levels and an increased likelihood of depression, 
underscoring NHR’s potential as a novel biomarker for 
mental health conditions. This highlights its importance 
in identifying depression and tailoring patient-specific 
treatment strategies.
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