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ARTICLE INFO ABSTRACT
Keywords: Background: The pathogenesis of depression has not yet been fully understood. The association
Depression between platelet to lymphocyte ratio (PLR) and depression has been investigated in previous

Platelet to lymphocyte ratio

studies, however, the results were controversial. The objective of the study was to explore the
Inflammation

potential relationship between PLR and depression and symptom severity.

Methods: A cross-sectional study was conducted based on the National Health and Nutrition Ex-
amination Survey (NHANES) data from 2005 to 2018. Totally 30,032 adults were analyzed, and
2480 reported depression. Depression and symptom severity were assessed with the Patient
Health Questionnaire (PHQ-9). PLR was calculated as the ratio of platelets to lymphocytes.
Multivariable weighted-logistic regression models and generalized additive model (GAM) were
employed to evaluate the linear and nonlinear association between PLR and depression and
symptom severity.

Results: There was a negative association for Q3 (odds ratio [OR]: 0.82, 95% confidence interval
[CI]: 0.68 to 0.99) when comparing participants for Q1 between 10-PLR and depression after fully
adjusting the covariates; however, there was no significant association between 10-PLR and
symptom severity. GAM showed that 10-PLR was associated with depression and symptom
severity in a nonlinear manner. The inflection points were at 12.15. Subgroup analyses showed
nonlinear relationships only in specific subgroups. Conclusions: PLR is associated with depres-
sion among adults in the United States. U-shaped nonlinear relationships and threshold effects
were observed between 10-PLR and depression and symptom severity. Additionally, inflamma-
tory mechanisms vary in different sociodemographic subgroups.

1. Introduction

Major depressive disorder is a common [1-3], heterogeneous [4,5], recurring [6-8], and disabling disorder [9,10] with a wide
range of symptoms, including impairments in mood and cognitive abilities. Multiple factors, such as biological, psychological, and
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environmental ones, are believed to cause disease [11]. The lifetime risk of depression is 15-18% worldwide, which means that nearly
one in every five people will suffer from depression at some point in their lives [1]. Depression can limit psychosocial functioning [12],
diminish the quality of life [13], and increase suicide risk [14].

Although the pathophysiology of depression is still not fully understood, recent mounting evidence suggests that inflammation
plays a significant role in the development of depression. For example, researchers found that administering pro-inflammatory cy-
tokines in a clinical setting could induce depressive symptoms [15]. Some clinical studies have also discovered that populations with
autoimmune diseases are more likely to suffer from depression [16,17]. In addition, depressive patients frequently exhibit changes in
their peripheral and/or central inflammatory states [18,19]. And the proof-of-concept concerning the use of anti-inflammatory
treatments in depression was supported by the literature [20]. Thus, the role of inflammation in depression has garnered consider-
able attention. Some studies have investigated the association between depression and inflammatory biomarkers, such as C-reactive
protein (CRP), tumor necrosis factor-alpha (TNF-a), and interleukin-6 (IL-6) [21-23]. However, there have been no clinically reliable
predictors for depression, and the relationship between depression and inflammation remains uncertain.

As a common marker of systemic inflammation, the platelet to lymphocyte ratio has been linked to depression [24,25]. Several
studies have been conducted to determine the relationship between PLR and depression. For example, Puangsri et al. and Cai et al. both
discovered increased PLR in the depressed group compared to the healthy control [26,27]. However, in the studies by Ucar et al. and
Ozyurt et al. no significant differences were observed in PLR [28,29]. Meanwhile, another study by Kinoshita et al. demonstrated
significant differences between depressed and healthy groups, exclusively in males [30]. And among the above studies, sample sizes
ranged from 144 to 1015. A meta-analysis including 12 studies found that the PLR levels of depressed and healthy people were not
significantly different [31]. Nevertheless, subgroup analysis showed significantly higher levels of PLR in the studies conducted in
China but not in Turkey. The further limitations of prior research included statistical methods (such as handling outliers, nonlinearity,
and subgroup analysis) and insufficient adjustment for potential confounding factors. Thus, further research based on large pop-
ulations and specific subtypes is required.

We hypothesized underlying relationships between PLR and depression and the severity of symptoms. The first objective of the
present study was to investigate the independent association between them in US adults. Secondly, we aimed to explore the nonlinear
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relationship and determine the effect size. Further understanding of the relationship between PLR and clinical depression can help
identify the inflammatory pathway contributing to depression.

2. Methods
2.1. Participants

The National Health and Nutrition Examination Survey (NHANES) is a cross-sectional survey designed to assess the health and
nutrition status of the noninstitutionalized population in the United States. It is nationally representative due to its stratified,
multistage, and complex probability survey design. Sampling weights were assigned to participants to account for the different
probabilities of selection and nonresponse [32]. The NHANES database is available online to users worldwide. Our analyses were based
on the data collected from seven NHANES 2-year cycles (from 2005 to 2018).

The following were the inclusion criteria for the analyses: (1) the age was over 18 years. (2) the depression screener and complete
blood count data were available. And the exclusion criteria included: (1) currently suffering from acute inflammation (defined as a C-
reactive protein level of 10 mg/L or higher) [33]. (2) having a history of cancer or another type of malignancy. (3) taking medicine that
could influence blood cell concentration (e.g., aspirin, clopidogrel, dipyridamole, and anti-infectives).

There were 70,190 participants in the 2005-2018 cycles. We excluded 28,047 individuals younger than 18 years, 5884 with
missing data from the mental health assessment, 1511 with an unavailable complete blood count, 843 with acute inflammation, 3009
with cancer or malignancy, and 864 for taking medicine that could influence blood cell concentration. Finally, 30,032 adults were
included in the present analysis, including 2466 with depression (Fig. 1).

All participants provided written informed consent, and the US National Center for Health Statistics Research Ethics Review Board
approved the NHANES protocols (Protocol #2005-06, Protocol #2011-17, and Protocol #2018-01) (https://www.cdc.gov/nchs/
nhanes/irba98.htm).

2.2. Depression and symptoms severity assessment

The outcome variable of the study was depression. The two dimensions of depression (namely, depression diagnosis and symptom
severity) were assessed with the Patient Health Questionnaire (PHQ-9). PHQ-9 is a self-administered measure comprised of nine items
that map directly onto the Diagnostic and Statistical Manual of Mental Disorders (Fifth Edition) criteria for major depression [34]. Each
item of the questionnaire assesses the frequency of depression symptoms rated as “0" (not at all) to “3" (nearly every day) over the past
two weeks. Firstly, the data of nine items without missing was extracted systematically, and the score of PHQ-9 was obtained by the
sum of the nine items’ scores. The PHQ-9 score ranged from 0 to 27, with higher scores reflecting greater severity as a continuous
variable [34,35]. Then the PHQ-9 score was dichotomized to distinguish major depression. When the cut-off point for PHQ-9 scores is
10 or higher, the scale is a valid screening instrument for major depression with a sensitivity of 88% and a specificity of 88% [36].

2.3. Platelet to lymphocyte ratio (PLR)

The complete blood count and the distribution of blood cells were examined for all participants with the Beckman Coulter MAXM
instrument in the Mobile Examination Center. Platelet counts and lymphocyte counts were analyzed utilizing the complete blood count
with a 5-part differential, and PLR was calculated using the formula of platelet count to lymphocyte count. The NHANES laboratory/
medical technologists techniques manual contains a complete description of the analytical procedures (https://wwwn.cdc.gov/nchs/
nhanes/).

2.4. Covariates

The following covariates were selected based on the previous research and/or plausible biological relations: age, sex, ethnicity,
education, marital status, poverty income ratio, body mass index (BMI), cardiovascular disease, hypertension, diabetes, dyslipidemia,
physical activity, sleep duration, alcohol use, smoking status, and antidepressant use [37,38]. The poverty income ratio was an index
for the family income ratio to poverty. It was calculated by dividing the family’s income by the federal poverty guidelines. BMI was
computed as weight in kilograms divided by height in meters squared. Cardiovascular disease was defined as having a history of
congestive heart failure, coronary heart disease, angina pectoris, a heart attack, or a stroke. Three consecutive blood pressure readings
were taken by trained personnel, and the mean blood pressure was calculated as the average of the three readings. Hypertension was
defined as a history of taking antihypertensive drugs or having a blood pressure greater than 130/80 mmHg [39]. Diabetes mellitus
was defined as having a history of diagnosis, taking insulin or diabetes pills, or having a hemoglobin Alc level of 6.5% or a fasting
plasma glucose level of 126 mg/dL [40]. Dyslipidemia was defined as having a diagnosis history, taking lipid-lowering drugs in the
past, or having a triglyceride level >150 mg/dL or a high-density lipoprotein cholesterol level <40 mg/dL [41]. Physical activity was
classified as inactive, moderate, and vigorous based on the two following questions: “Do any moderate-intensity sports, fitness, or
recreational activities that cause a small increase in breathing or heart rate, such as brisk walking, bicycling, swimming, or golf for at
least 10 min continuously” and “Do any vigorous-intensity sports, fitness, or recreational activities that cause large increases in
breathing or heart rate, like running or basketball for at least 10 min continuously”. Excessive alcohol use was defined as drinking five
drinks per day on average in the past 12 months. Smoking status was categorized as “never smoker,” “former smoker,” or “current
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smoker.” A “never smoker” is an adult who has never smoked or who has smoked fewer than 100 cigarettes in their lifetime. A “former
smoker” is an adult who has smoked at least 100 cigarettes in their lifetime but had quit smoking at the time of the interview. A
“current smoker” is an adult who has smoked 100 cigarettes in their lifetime and who currently smokes cigarettes.

Table 1

Baseline characteristics of study participants in NHANES 2005-2018, weighted.

Characteristic

No. (%) of Participants

Total (n = 30,032)

Non-depression (n = 27,552)

depression (n = 2480)

Age, median(IQR), years
18 to <39
40 to <59
60 to <79
>80
Sex
Male
Female
Race/ethnicity

Mexican American/Other Hispanic

Non-Hispanic White
Non-Hispanic Black
Other race
Education
Below high school
High school
Above high school
Marital
Married/Living with partner
Never married
Divorced/Separated/Widowed
Poverty income ratio
< 1 (lowest income)
1to2
2to 4
>4 (highest income)
BMI, mean(SE),kg/m**2
<18.5
18.5to < 25
25 to 30
>30
Cardiovascular disease
Yes
No
Hypertension
Yes
No
Diabetes
Yes
No
Dyslipidemia
Yes
No
Physical activity
Inactive
Moderate
Vigorous
Sleep duration, mean(SE),h
Excessive alcohol use
Yes
No
Smoking status
Never
Former
Current
Antidepressant

44.00 (30.00,57.00)
11,901 (40.16)
9724 (37.63)

7060 (19.13)

1347 (3.09)

14,895 (49.74)
15,137 (50.26)

8157 (15.10)
11,974 (66.08)
6546 (11.26)
3355 (7.57)

6840 (15.74)
6459 (23.44)
14,779 (60.82)

16,890 (63.32)
5869 (19.58)
5796 (17.10)

6139 (14.60)
7292 (20.24)
7194 (28.80)
6928 (36.36)

531 (1.71)
8626 (29.49)
9746 (32.87)
10,867 (35.93)

2151 (5.95)
25,932 (94.05)

13,311 (42.04)
16,239 (57.96)

4401 (10.97)
25,631 (89.03)

7777 (25.81)
21,883 (74.19)

14,462 (42.44)
7583 (27.36)
7987 (30.21)
7.09 (0.01)

4070 (15.64)
20,667 (84.36)

16,434 (56.56)
6347 (22.96)
5997 (20.48)

2771 (11.64)
27,261 (88.36)
125.09 (0.49)

44.00 (30.00,57.00)
11,002 (40.28)
8785 (37.33)

6496 (19.24)

1269 (3.16)

13,969 (50.73)
13,583 (49.27)

7412 (14.93)
11,006 (66.48)
5972 (11.01)
3162 (7.58)

6002 (14.97)
5896 (23.18)
13,831 (61.85)

15,822 (64.58)
5321 (19.28)
5040 (16.15)

5287 (13.51)
6572 (19.51)
6759 (29.23)
6683 (37.75)

479 (1.66)

8022 (29.76)
9107 (33.40)
9714 (35.18)

1818 (5.52)
23,916 (94.48)

12,123 (41.66)
14,993 (58.34)

3889 (10.57)
23,663 (89.43)

7005 (25.41)
20,212 (74.59)

12,785 (40.73)
7115 (27.84)
7652 (31.43)
7.12 (0.01)

3451 (14.45)
19,180 (85.55)

15,408 (57.84)
5855 (23.15)
5115 (19.01)

2063 (9.97)
25,489 (90.03)
125.20 (0.51)

44.00 (31.00,55.00)
899 (38.64)

939 (41.51)

564 (17.67)

78 (2.18)

926 (37.14)
1554 (62.86)

745 (17.32)
968 (60.95)
574 (14.38)
193 (7.35)

838 (25.59)
563 (26.74)
948 (47.67)

1068 (47.18)
548 (23.46)
756 (29.36)

852 (28.67)
720 (29.55)
435 (23.24)
245 (18.54)

52 (2.35)
604 (26.06)
639 (26.12)
1153 (45.47)

333 (11.45)
2016 (88.55)

1188 (46.88)
1246 (53.12)

512 (16.10)
1968 (83.90)

772 (30.91)
1671 (69.09)

1677 (64.30)
468 (21.12)
335 (14.58)
6.70 (0.06)

619 (30.62)
1487 (69.38)

1026 (40.20)
492 (20.57)
882 (39.23)

708 (33.13)
1772 (66.87)
123.71 (1.17)

Abbreviation: interquartile range (IQR), standard error (SE), body mass index (BMI), platelet to lymphocyte ratio (PLR).



M. Shan et al. Heliyon 9 (2023) 20127
2.5. Statistical analysis

Following the analytic guidelines of NHANES, 14-year sample weights were applied to account for the oversampling of minorities.
We first visualized the distribution of PLR using boxplots and replaced any outliers at three standard deviations and above via win-
sorization. Then the normality tests of PLR and PHQ-9 score were performed. PLR was divided into quartiles as a categorical variable.
Continuous variables were presented as a mean + standard error [SE] or median with interquartile range (IQR), and categorical
variables were presented as frequencies and percentages. Group comparisons were performed with ANOVA analysis or the Chi-squared
test. Univariable and multivariable weighted-logistic regression models were applied to evaluate the association between PLR and
depression and symptom severity. The variance inflation factors (VIF) were used to evaluate the multicollinearity among all variables.
If a variable changed the estimates of the PLR on depression by more than 10% or was significantly associated with depression or
symptom severity in univariable analysis (p < 0.1), it was included in the final multivariable model as a potential confounder. Three
multivariable logistic regression models were built in order to compare the coefficients of the various models and account for possible
confounding factors. In the crude model, no confounder was adjusted. In model I, sociodemographic factors (age, sex, race, education
level, marital status, and poverty income ratio) were adjusted. In model II, BMI, physical activity, sleep duration, smoking status,
alcohol use, antidepressant use, cardiovascular disease, hypertension, diabetes, and dyslipidemia were adjusted on the basis of model I.
The generalized additive model (GAM) was employed to visually confirm the nonlinear relationship between PLR and depression and
the severity of symptoms. A two-piecewise linear regression mode was constructed to figure out the threshold effect if the nonlinear
relationship was detected. When adjusting for the covariates, continuous variables were treated as linear by default. And GAM was
performed to examine any potential nonlinear correlations in the adjusted variables. In addition, nonlinear relations between sub-
groups stratified by sociodemographic characteristics (age, sex, and race) were investigated to determine heterogeneity.

All the analyses were performed using the R software package (version 4.2.0, http://www.R-project.org). A 2-sided p value < 0.05
was considered statistically significant.

3. Results
3.1. Baseline characteristics of participants

Table 1 lists the weighted baseline characteristics of the participants. The median age was 44 years (IQR: 30-57), and 14,895
(49.74%) were male. 8157 (15.10%) were Mexican American or other Hispanic, 11,974 (66.08%) were non-Hispanic white, 6546
(11.26%) were non-Hispanic black, and 3355 (7.57%) were other races. 6840 (15.74%) were below high school, 6459 (23.44%)
graduated from high school, and 14,779 (60.82%) were above high school. 16,890 (63.32%) were married or lived with a partner,
5869 (19.59%) were never married, and 5796 (17.10%) were divorced, separated, or widowed.

3.2. Relations between variables and depression and symptom severity

The findings of the univariable analyses showed that factors such as age, sex, race, education level, marital status, poverty income
ratio, BMI, cardiovascular disease, hypertension, diabetes, dyslipidemia, physical activity, sleep duration, excessive alcohol use,
smoking status, and antidepressant use were significantly associated with depression and the severity of symptoms. Additionally, the
results of the variance inflation factors showed that none of these variables was multicollinear (VIF <5) (Supplementary Table S1 and
Supplementary Table S2).

3.3. Association between PLR and depression and severity of symptom

The relationship between PLR and depression is shown in Table 2. In the crude model, model I and model II, there was no significant
association between 10-PLR and depression or severity (all p > 0.05). When PLR was a categorical variable with a quartile, there was a

Table 2

Multivariable logistic regression analyses for 10-PLR and depression, Weighted.
Exposure Crude model Adjust model I Adjust model II

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

10-PLR(continuous) 0.99 (0.98, 1.00) 0.22 0.99 (0.98, 1.01) 0.24 0.99 (0.98, 1.01) 0.77
10-PLR(quartile/n)
Q1 ( <9.27/7506 ) Reference Reference Reference
Q2 (>9.27to 11.65/7504) 0.83 (0.71, 0.96) 0.02 0.83 (0.71,0.97) 0.02 0.89 (0.74,1.07) 0.23
Q3 (>11.65 to 14.63/7510) 0.72 (0.62, 0.84) <0.001 0.73 (0.62,0.86) <0.001 0.82 (0.68,0.99) 0.046
Q4 (>14.64/7512) 0.88 (0.77, 1.00) 0.05 0.86 (0.75,0.99) 0.04 0.95 (0.80,1.13) 0.55
p for trend 0.10 0.08 0.64

Abbreviation: platelet to lymphocyte ratio (PLR), odds ratio(OR), confidence interval (CI).

Crude model: unadjusted. Adjust model I: adjusted for age, sex, race, education level, marital status, poverty income ratio. Adjust model II: adjusted
for age, sex, race, education level, marital status, poverty income ratio, BMI, physical activity, sleep duration, smoking status, alcohol use, antide-
pressant use, cardiovascular disease, hypertension, diabetes, dyslipidemia.
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significant association for Q2 (OR: 0.83, 95% CI: 0.71 to 0.96), Q3 (OR: 0.72, 95% CI: 0.62 to 0.84), and Q4 (OR: 0.88, 95% CI: 0.77 to
1.00) compared with participants for Q1 in the crude model. In the model I, the results remained the same. After adjustment for all
confounding factors, however, only a negative association for Q3 was observed (OR: 0.82, 95% CI: 0.68 to 0.99).

Table 3 presents the relationship between PLR and the severity of symptoms. In all models, no significant association was observed
(all p > 0.05). As a categorical variable, a significant association was observed for Q2 (3: —0.24, 95% CI: —0.41 to —0.07), Q3 (:
—0.30, 95% CI: 0.44 to —0.15), and Q4 (: —0.21, 95% CI: 0.35 to —0.08) in the crude model. In model I, similar associations were
observed for Q2, Q3, and Q4 (Q1:reference vs. Q2: 3, —0.23, 95%CI: —0.40 to —0.06 vs. Q3: , —0.29, 95%CI: —0.45 to —0.13 vs. Q4: {3,
—0.23, 95%CI: —0.37 to —0.09). Nevertheless, no significant association was discovered in the fully adjusted model (Q1:reference vs.
Q2: B, —0.14, 95%CIL: —0.32 to 0.04 vs. Q3: , —0.13, 95%CI: —0.29 to 0.05 vs. Q4: 3, —0.10, 95%CI: —0.26 to 0.07).

3.4. Nonlinear relation between PLR depression and severity of symptom

GAM was used to visually assess functional relationships between PLR and depression and symptom severity. When continuous
variables are treated as linear by default, the results of GAM estimation indicated that 10-PLR was associated with depression and
symptom severity in a nonlinear manner after adjusting for all covariates (Fig. 2A and B). Consequently, piecewise linear regression
was utilized to conduct a threshold analysis. As shown in Table 4, the inflection points were 12.15. And when GAM was performed to
examine any potential nonlinear correlations in the adjusted variables, the same trends were observed (both p < 0.05, both edf >2)
(Supplementary Fig. S1).

3.5. Subgroup analyses

The results showed no interaction between PLR and depression or symptom severity in all subgroup analyses (all p values > 0.05)
(Supplementary Table S3). Subgroup analysis visually revealed nonlinear relationships among participants aged 18 to 39 (p = 0.09),
females (p = 0.046), and non-Hispanic white (p = 0.01) groups between PLR and depression (Supplementary Fig. S2). Participants in
the 18- to 39-year-old (p = 0.009), female (p = 0.004), and non-Hispanic white (p = 0.03) groups were found to have nonlinear
relationships between PLR and the severity of depression (Supplementary Fig. S3).

4. Discussion

This cross-sectional survey study investigated the associations between PLR and depression from two perspectives: depression
diagnosis and symptom severity. The results showed that 10-PLR (which ranged from 11.65 to 14.63) was associated with depression,
but there was no association between 10-PLR and the severity of symptoms after adjusting for all confounding factors. Also, U-shaped
nonlinear relationships and threshold effects were observed between 10-PLR and depression and symptom severity. In further sub-
group analyses, nonlinearity was observed only in specific subgroups.

Platelets get involved in the first-line inflammatory response to modulate the recruitment of neutrophils, macrophages, and their
effectors, as well as endothelial permeability. The lymphocyte is a specific inflammatory mediator that serves as a regulator in the
adaptive immune response. The activation of platelets is stimulated through different inflammatory elements, including cytokines,
epinephrine, serotonin, glutamate, dopamine, and P-selectin. Hence, PLR reflects the level of systemic inflammation. Researchers from
various nations examined the relationship between PLR and depression and symptom severity in earlier studies, but came to conflicting
conclusions. A few studies from Asia all found that people with depressive disorders had a higher PLR than people who were healthy
[26,27,42,43]. In contrast, Okan Ekinci et al. and Halit Necmi Ucar et al. both reported no significant association [28,44]. The
relationship between PLR and the severity of symptoms was investigated in the limited studies. Fatih Kayhan et al. discovered a higher
PLR in patients with severe major depression and psychotic features [45], while Afsane Bahrami et al. reported that higher depression
scores were associated with an increased PLR [46]. Our results supported the hypothesis that PLR is associated with depression among
adults in the United States. We also determined U-shaped relationships between PLR and depression and symptom severity. The

Table 3

Multivariable logistic regression analyses for 10-PLR and depression severity, Weighted.
Exposure Crude model Adjust model I Adjust model II

3 (95%CI) p value 8 (95%CI) p value 3 (95%CI) p value

10-PLR(continuous) —0.01 (—0.02, 0.001) 0.07 —0.01 (—0.02, 0.001) 0.08 —0.004 (—0.02, 0.01) 0.57
10-PLR (quartile/n)
Q1 ( <9.27/7506 ) Reference Reference Reference
Q2 (>9.27to 11.65/7504) —0.24 (-0.41, —0.07) 0.006 —0.23 (-0.40,-0.06) 0.01 —0.14 (-0.32,0.04) 0.14
Q3 (>11.65 to 14.63/7510) —0.30 (-0.44, —0.15) <0.001 —0.29 (-0.45,-0.13) <0.001 —0.12 (-0.29,0.05) 0.16
Q4 (>14.63/7512) —0.21 (-0.35, —0.08) 0.002 —0.23 (-0.37,-0.09) 0.002 —0.10 (-0.26,0.07) 0.24
p for trend 0.01 0.01 0.41

Abbreviation: platelet to lymphocyte ratio (PLR), odds ratio(OR), confidence interval (CI).

Crude model: unadjusted. Adjust model I: adjusted for age, sex, race, education level, marital status, poverty income ratio. Adjust model II: adjusted
for age, sex, race, education level, marital status, poverty income ratio, BMI, physical activity, sleep duration, smoking status, alcohol use, antide-
pressant use, cardiovascular disease, hypertension, diabetes, dyslipidemia.
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Fig. 2. The nonlinear relationship between 10-PLR and depression and depression severity by smooth curve fitting.(A) The nonlinear relation
between 10-PLR and depression. (B) The nonlinear relation between 10-PLR and depression severity.

Table 4

Threshold effect analysis of 10-PLR on depression and severity of depression.
Outcome Depression Symptom severity

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

Fitting model by two-piecewise linear regression Inflection point 12.15 12.15
<12.15 0.96 (0.94, 0.98) 0.001 —0.06 (—0.09, —0.04) <0.001
>12.15 1.03 (1.01, 1.05) <0.001 0.04 (0.02, 0.06) <0.001
p for log likelihood ratio test <0.001 <0.001

Abbreviation: platelet to lymphocyte ratio (PLR), odds ratio(OR), confidence interval (CI).
Adjusted for age, sex, race, education level, marital status, poverty income ratio, BMI, physical activity, sleep duration, smoking status, alcohol use,
antidepressant use, cardiovascular disease, hypertension, diabetes, dyslipidemia.

differences in sample size and methodology might explain these diverse results. In the present study, a complex, multistage probability
sampling design was employed. And we excluded subjects who suffered from acute inflammation, cancer, or took medicine that could
influence blood cell concentration. Moreover, we conducted comprehensive sensitivity analyses to evaluate the robustness of the
association. In the future, consistent statistical methods and control variables will be required to replicate the results.

In clinical practice, a complete blood count is a convenient and low-cost routine examination. Clinicians need to pay attention to
PLR. Our results suggest that one unit increase in 10-PLR is associated with a 4% reduced risk of depression when 10-PLR is < 12.15.
When 10-PLR is > 12.15, for each additional 10-PLR, the risk of depression increases by 3%. Similarly, one unit increase in 10-PLR is
associated with a 0.06 reduction in severity score when 10-PLR is < 12.15; When 10-PLR is > 12.15, for each additional 10-PLR, the
severity score increases by 0.04. The results might help identify depression and evaluate the efficacy of treatment. Certainly, PLR is an
alternative biomarker, and a comprehensive evaluation based on multiple inflammatory markers is recommended.

One interesting finding is the different linear patterns in various subgroups. Given the high heterogeneity of depression, we
speculated that there was a complicated or even different inflammatory mechanism in different subgroups. Future research should
explore the inflammatory mechanisms of different subgroups. Meanwhile, the diagnosis of depression is currently a symptom-based
scientific classification. Analysis at the symptom level rather than the diagnostic level may move the process of immunopsychiatry
forward.

There are some strengths in the present study. Firstly, the sample size is large enough to perform subgroup analyses. Moreover, a
complex, stratified, multistage, and probability-based design is employed during the sampling. Rigorous inclusion and exclusion
criteria were set to reduce the selection bias. Secondly, we handled the outliers via winsorization, adjusted for important potential
confounding factors such as socioeconomic, medical, and behavioral variables, and evaluated the multicollinearity among variables to
ensure the reliability of the results. Finally, in the subgroup analyses, we determined the nonlinear relationships to explore subgroup
heterogeneity. Some limitations should be acknowledged. First, although the sample size and test power of this study are sufficient, we
cannot infer causality from the results due to the cross-sectional nature of our analysis. Second, depression was diagnosed with a self-
administered rating scale instead of a structured interview or a diagnosis by a clinician. Third, even though important confounding
factors were taken into account and controlled for, it is still possible that residual or unmeasured confounding factors affected the
results. Fourth, subjects suffering from hematological system diseases or other mental diseases were not considered for unavailable
data. Lastly, our results were acquired based on the United States population and can’t be extrapolated to other races. Additionally, it is
unavailable for the population suffering from acute inflammation or having a history of cancer or malignancy. In the future, more
longitudinal research based on large sample sizes will need to be replicated.

In summary, our findings suggest that PLR is associated with depression among adults in the United States. The relationship be-
tween PLR and depression, as well as depression severity, is nonlinear, and the inflection is 12.15. Additionally, inflammatory
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mechanisms vary in different sociodemographic subgroups.
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