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Background: This study investigated patients with diabetes mellitus (DM) and the role of 
the platelet–lymphocyte ratio (PLR) in comorbid clinically relevant depression (CRD) in 
these individuals, so as to determine the association between PLR and depression.
Material and Methods: All data used in this research is originally from the United States 
National Health and Nutrition Examination Survey (NHANES). CRD in DM patients was 
screened via a Patient Health Questionnaire-9 (PHQ-9). PLR was calculated by platelet and 
lymphocyte counts. The associations between PLR and CRD in DM patients were deter
mined using multivariable logistic regression models, weighted generalized additive models, 
and receiver operating characteristic curve (ROC). The second outcome was the relationship 
between suicide tendency and PLR.
Results: We selected 3537 DM patients from 2009 to 2016 in database. PLR was statisti
cally significantly associated with risk of CRD in diabetic patients (p trend<0.05 in non- 
adjusted and adjusted model) and had a predictive value (AUC = 0.559). We also found 
a U-shaped association between PLR and CRD in patients with DM. The break point was 
69.2. To the right of 69.2, the OR (95% CI) was 1.00 (1.00, 1.01). To the left of it, the OR 
(95% CI) was 0.97 (0.95, 1.00). We have found that PLR is not related to suicidal tendencies.
Conclusion: PLR is an independent risk factor for CRD in DM patients, and the relation
ship between them is nonlinear. When PLR was around 69.2, patients with diabetes had the 
lowest risk of depression. Further research is needed to clarify the nonlinear relationship 
between PLR and depression in DM patients.
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Background
Diabetes mellitus (DM) has emerged as a global public health problem with 
a growing incidence rate. According to the report of the International Diabetes 
Federation Diabetes Atlas, 463 million people aged 20–79 years have diabetes. DM 
is defined as a mood disorder with several symptoms that can interfere with 
cognition, emotions, and behaviors.1 DM patients are also susceptible to depression, 
and it has been previously confirmed that the comorbidity rate of depression and 
DM is extremely high. In this regard, depression was prevalent in patients with type 
1 DM (12%) and type 2 DM (19.1%),2 and the influence of comorbid depression 
and DM appears to be adverse. Depression is associated with an increased risk of 
diabetes-related complications due to poor self-control and low treatment 
adherence.3 DM patients with depression also have worse quality of life; they 
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experience disability-related work loss, increased health- 
care utilization, and a high risk of mortality.3–5 For these 
reasons, it is essential to diagnose depression in DM 
patients.

Several screening questionnaires are available in the 
medical field, including SDS and PHQ-9;6 however, most 
of them are designed for use in primary hospitals to 
diagnose patients with less complex medical diseases and 
are not readily adaptable by untrained endocrinologists. In 
DM patients, depression is difficult to diagnose because 
the two diseases share overlapping features.7 Lower extre
mity pain induced by diabetic neuropathy might also 
appear as a symptom of depression.8 Lustman also 
reported that psychiatric disorders would increase the ten
dency to complain of diabetes symptoms, which is another 
type of correlation between the two conditions.8 Yet, the 
function of early biomarkers in diagnosing depression in 
DM patients requires further investigation.

Inflammation response plays an important role in the 
pathogenesis of diabetes and depression.9–12 Some of the 
most common behaviors that are associated with DM and 
depression are irregular diet, insomnia and lack of exer
cises, which lead to chronic stress. Chronic stress caused 
by diabetes or depression would activate the hypothalamus 
pituitary adrenal axis and the sympathetic nervous system, 
inducing immune system dysfunction and eventually 
increasing pro-inflammation cytokines. High levels of 
cytokines induce insulin resistance and interferes with 
the function of pancreatic cells.13 Increased cytokines in 
the central nervous system will down regulated neuro
transmitter levels, impair synaptic plasticity, and disturb 
the neuroendocrine function of patients with depression.14 

Given the potential link between depression and DM, 
inflammation can be used as a predictive biomarker for 
diagnosing patients who are depressed and have DM.

Platelets and lymphocytes can released proinflamma
tory cytokines which are involved in the development and 
progress of inflammatory diseases. The platelet lympho
cyte ratio (PLR) was calculated by combining the ratio of 
both. This is a novel hematologic inflammatory parameter 
which was relatively cheap, easy to obtain and more stable 
than using platelet or lymphocytes alone. This method has 
been used to predict prognosis and morbidity in malignan
cies, cardiovascular and autoimmune diseases.15–20 Some 
recent studies were reported that PLR was significantly 
higher in type 2 diabetic patients and mood disorder 
patients compared to health control.21,22 We have notices 
that there are no studies that apply PLR in patients with 

depression and DM has been conducted. Therefore, inves
tigating the usage of PLR in DM patients with depression 
is worthwhile.

Materials and Methods
Data Source
The data were obtained from a freely accessible database, 
the US National Health and Nutrition Examination Survey 
(NHANES), which is a cross-sectional program designed 
to monitor health and nutrition status of a national sample 
of adults and children in the US. Since 1999, the survey 
has collected data continuously in two-year cycles, com
bining interviews and physical exams. The survey exam
ines a representative sample of 5000 individuals who are 
located in counties across the country. This survey result is 
used to measure prevalence and risk factors of major 
diseases.

Ethics Statement
The protocols for the conduct of NHANES was approved 
by National Center for Health Statistics Research Ethics 
Review Board and written informed consent was obtained. 
The protocols for this study were approved by the research 
ethics board at Yanbian University Hospital. The 
NHANES data is open to the public after anonymization. 
This allows researchers to process data in a format suitable 
for their analysis. In this research, we agree to abide by 
data usage restrictions to ensure that information is only 
used for statistical analysis, and all experiments are con
ducted in accordance with relevant guidelines and 
regulations.

Population Selection Criteria
Patients with diagnosed diabetes were defined by answers 
to questions in the diabetes questionnaire: “Doctor told 
you have diabetes”, “Taking insulin now?” and “Take 
diabetic pills to lower blood sugar”. The Patient Health 
Questionnaire (PHQ-9) was included in NHANES from 
2005 and it was used to identify depression patient from 
then.

The PHQ-9 score ranges from 0 to 27 in this database. 
According to previous research, patients with PHQ-9 
scores ≥ 10 are defined to have clinically relevant depres
sion (CRD).23 We excluded the participants who lacked 
platelet or lymphocyte count data, had >5% missing data 
and were diagnosed with hematological or malignant 
diseases.
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Data Extraction
As discussed in our previous article,19 we extracted data 
from the database using structure query language (SQL). 
Age, sex, race, education, and marital status were all 
included as variables, and for diabetes-related variables, 
diabetes family history and insulin usage are involved. The 
enrolled comorbidities included stroke, chronic heart fail
ure (CHF), coronary artery disease (CAD), and diabetic 
retinopathy (DR). The other variables we selected included 
high-sensitivity C-reactive protein (hs-CRP), systolic 
blood pressure (SBP), diastolic blood pressure (DBP), 
C-reactive protein (CRP), body mass index (BMI), PLR, 
cholesterol, PHQ-9 score, glucose, HbA1c, and waist 
circumference.

Statistical Analyses
After selecting 3537 diabetic patients from 2009 to 2016, 
they were divided into three subgroups according to PLR 
value. Patients with PLR < 101.7 were defined as a mild 
group, those with 101.8–127.25 were defined as 
a moderate group, and others were considered a severe 
group. Mean ± standard deviation or interquartile range 
(IQR) were used for continuous variables and frequencies 
for categorical data. We used Kruskal–Wallis test to com
pare differences among different groups for continuous 
variables. For categorical variables, we used χ2 or 
Fisher’s exact tests.

A multivariate logistic regression model was used to 
analyze the relationship between PLR and CRD or sui
cidal tendency in DM patients. According to PLR value, 
all diabetic patients were divided into tertiles, and the 
first of each group was selected as a reference group. 
The statistical analysis results were presented by odds 
ratios (ORs) with 95% confidence intervals (CIs). The 
confounders’ age, sex, and race were adjusted in Model 
I. The confounders’ age, stroke, sex, race, marital status, 
waist circumference, coronary heart disease, HBA1C, 
education, BMI, chronic heart failure were adjusted in 
Model II. To evaluate the performance of PLR in pre
dating diabetic patients with or without depression, 
a PLR-specific receiver operating characteristic (ROC) 
curve was established. The area under the curve (AUC) 
was used to evaluate PLR performance in distinguishing 
depression in diabetic patients.

A weighted generalized additive model was built to 
find the relationship between depression in diabetic 
patients and PLR. Subsequently, we used the penalized 

spline method to draw a smooth curve fit. The break 
points were found through a recursive algorithm, and 
a weighted two-piecewise linear regression model was 
established.

We used R software to calculate the statistical analyses 
and considered p < 0.05 as statistically significant.

Results
Subject Characteristics
We enrolled 3537 patients and divided them into three 
groups according to the value of PLR. Table 1 summarizes 
each group’s general characteristics. Overall, diabetic 
patients with a high level of PLR tended to be unmarried, 
young, female, minority ethnicities, obese, hyperlipidemia, 
having a high level of system inflammation without 
a history of CHF and HF.

PLR and CRD in DM Patients
The relationship between PLR and depression preva
lence in diabetic patients is demonstrated in Table 2. 
The OR (95% CI) of PLR about diabetic patients with 
depression was 1.01 (1.00, 1.01) for an unadjusted 
model. The same result was found in models I and II. 
To further research the association between PLR and 
depression, we divided the patients into three groups. 
According to tertiles, the ORs (95% CI) for the second 
(101.8–127.25) and the third (127.35–221.65) groups 
were 1.16 (0.90, 1.49) and 1.55 (1.22, 1.97), respec
tively, compared to the first group (14.8–101.7). In 
model I, the ORs (95% CI) of CRD in DM patients 
for the second (101.8–127.25) and the third (127.35– 
221.65) groups were 1.13 (0.88, 1.46) and 1.51 (1.18, 
1.93), compared to the first group (14.8–101.7), respec
tively. In model II, the ORs (95% CI) for the second 
(101.8–127.25) and the third (127.35–221.65) groups 
were 1.13 (0.87, 1.48) and 1.47 (1.13, 1.92) compared 
to the reference group (9.25–101.5), respectively. 
Quartile analyses provided a similar result. The fourth 
(136.2–221.65) group had the highest OR (95% CI) of 
1.71 (1.29, 2.25) for the unadjusted model. The ORs 
(95% CI) of the third (113.7–136.15) and the second 
(95.2–113.65) groups were 1.37 (1.03, 1.83) and 1.14 
(0.85, 1.54) for unadjusted model. To evaluate the per
formance of PLR in predating diabetic patients with or 
without depression, we performed ROC curve (Figure 1) 
and evaluated the value of AUC as 0.559.
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PLR and Suicide Tendency in Diabetes 
Patients
The relationship between PLR and suicide tendency in 
depression diabetic patients is shown in Table 3. The 
OR (95% CI) of PLR about suicide tendency was 1.000 
(0.995, 1.006) in unadjusted model, 1.000 (0.994, 
1.005) in model I and 0.998 (0.992, 1.005) in model 
II. This result confirmed that no significant relationship 
was found between PLR and suicide tendency in 

diabetic patients; even when they were divided into 
three groups, the relationship was statistically non- 
significant.

Nonlinear Association Between PLR and 
Depression in Diabetics
For more investigation, the smooth curve fit was per
formed, resulting in a U-shaped line (Figure 2). The 
curve suggested that a relationship between PLR and 

Table 1 Characteristics of the Enrolled Patients According to PLR

Characteristics <101.7 101.8–127.25 >127.25 P value

N, participants (%) 1178 1176 1183

Demographics

Age, years 64.7 ± 12.3 60.5 ± 13.4 56.8 ± 13.9 <0.001

Sex, n (%) <0.001

Male 794 (67.4) 649 (55.2) 435 (36.8)

Female 384 (32.6) 527 (44.8) 748 (63.2)

Race, n (%) 0.011

Non-Hispanic White 397 (33.7) 346 (29.4) 316 (26.7)
Non-Hispanic Black 301 (25.6) 309 (26.3) 324 (27.4)

Mexican American 205 (17.4) 216 (18.4) 205 (17.3)

Other 245 (23.3) 305 (26) 338 (28.5)

Marital status, n (%) 0.003

Married/Living with partner 711 (60.4) 701 (60.0) 658 (56.0)
Widowed/Divorced/Separated 364 (30.9) 363 (31.1) 365 (31.0)

Never married 102 (8.7) 104 (8.9) 153 (13.0)

Vital signs

SBP, mmHg 133.8 ± 20.0 131.1 ± 18.7 130.8 ± 19.2 <0.001

DBP, mmHg 68.0 ± 14.9 69.1 ± 13.7 70.0 ± 14.3 0.006

Body mass index, kg/m2 31.4 ± 6.9 32.7 ± 7.4 33.5 ± 8.2 <0.001

Waist circumference, cm 108.2 ± 15.2 109.7 ± 15.8 110.2 ± 16.7 0.011

Laboratory parameters
Total cholesterol, mg/dL 176.4 ± 45.2 187.2 ± 45.4 193.8 ± 49.0 <0.001

LDL cholesterol, mg/dL 99.9 ± 35.7 108.9 ± 36.5 112.5 ± 38.9 <0.001

CRP, mg/dL 0.4 ± 0.5 0.5 ± 0.7 0.7 ± 1.0 <0.001
hs-CRP, mg/L 4.7 ± 8.7 5.4 ± 11.7 9.1 ± 13.3 <0.001

PLR 83.5 ± 14.7 113.7 ± 7.3 152.6 ± 21.0 <0.001

Depression-related variables, n (%)

Suicidal ideation 55 (4.7) 57 (4.9) 54 (4.6) 0.948

Clinically relevant depression 130 (11.0) 148 (12.6) 191 (16.1) <0.001

Comorbidities, n (%)

Chronic heart failure 155 (13.3) 83 (7.1) 59 (5.0) <0.001
Coronary heart disease 178 (15.3) 93 (8.0) 61 (5.2) <0.001

Stroke 90 (7.7) 100 (8.5) 76 (6.5) 0.159

Abbreviations: PLR, Platelet to Lymphocyte Ratio; CRP, C-Reactive Protein; hs-CRP, High-Sensitivity C-Reactive Protein; SBP, systolic blood pressure; DBP, diastolic blood 
pressure; LDL, cholesterol low density lipoprotein cholesterol.
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the risk of CRD in DM patients appeared to be non
linear. We then established a two-piecewise linear 
regression model (Table 4). We found that the break 
points was 69.2, and when PLR value was higher than 
69.2, the OR (95% CI) was 1.00 (1.00, 1.01). 
Meanwhile, when the value was lower than 69.2, the 
OR (95% CI) was 0.97 (0.95, 1.00).

Discussion
We investigated the association between PLR and depres
sion in diabetic patients in a cohort of the United States 
population. PLR was considered an independent risk factor 
for CRD in DM patients. The prevalence of depression in 
diabetic patients manifested a nonlinear correlation with 
PLR, and a nonlinear relationship was observed with 
increasing PLR value. When the value of PLR was around 
69.2, the risk of CRD was the lowest. The risks increased 

in patients with PLR values that were higher or lower PLR 
than 69.2. We have also explored the relation between 
PLR and suicidal tendencies, and found no direct associa
tion between both.

High value of PLR had been used to predict poor 
state and to do the prognosis of malignancies, mental 
disorders and cardiovascular diseases.24–26 Ozdin and 
colleagues reported that PLR values were higher in 
patients with bipolar disorder and schizophrenia than 
patients in controls.27 Higher values of PLR were also 
found in patients who had major depression with psy
chotic features.28 While low value of PLR also helped 
predicting and delimitating the prognosis value of some 
diseases. Önalan et al found that hypothyroidism 
patients had lower PLR than individuals with subclini
cal hypothyroidism.29 PLR was negative associated 
with the duration of alcohol use in patients with 
a history of substance abuse.30 Those studies partly 
supported our conclusion that high and low values of 
PLR all increased risk of depression in diabetes 
patients.

As mentioned above, inflammation play a key role in 
the pathogenesis of diabetes and depression. 
Inflammation activation is often followed by high corti
sol levels that may suppress the inflammation and pro
duction of lymphocytes.31 Zorrilla et al found that 
depressed patients had decreased proliferative responses 
to lymphocytes.32 Reduced lymphocyte counts caused 
by stress-induced immune dysfunction indicated poor 
state of health and psychological pressure. Since plate
lets act as a modulator in the immune system. The 
uptake and release of serotonin by platelets is an 
immune modulator for immunocytes.33–35 It has been 
verified that serotonin reduced the proliferation of lym
phocytes, decreased the production of proinflammatory 
cytokines, and increase the levels of anti-inflammatory 

Table 2 Associations of PLR with CRD in Diabetes Patients

Exposure Unadjusted Model I Model II

OR (95% CIs) p value OR (95% CIs) p value OR (95% CIs) p value

PLR 1.01 (1.00, 1.01) 0.0001 1.01 (1.00, 1.01) 0.0004 1.01 (1.00, 1.01) 0.0013

Tertiles 0.0002 0.0006 0.0029
14.8–101.7 Reference Reference Reference

101.8–127.25 1.16 (0.90, 1.49) 0.2444 1.13 (0.88, 1.46) 0.341 1.13 (0.87, 1.48) 0.3581

127.35–221.65 1.55 (1.22, 1.97) 0.0003 1.51 (1.18, 1.93) 0.0009 1.47 (1.13, 1.92) 0.0039

Abbreviations: PLR, Platelet to Lymphocyte Ratio; CRD, clinically relevant depression; OR, odds ratio; CI, confidence interval.

Figure 1 Performance of PLR levels in prediction of CRD in diabetes. AUC = 
0.559.
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cytokines.36 In contrast, elevated and activated platelets 
might initiate, maintain and modulate inflammatory 
responses in depressed patients.11 Dietrich-Muszalska 
et al reported that activation of platelets resulting in 
aggregation of blood platelets induced by inflammation 
mediators in patients with mental disease was higher 
than controls.37 Considering the features of platelets 
and lymphocytes together, we proposed a hypothesis. 
We regard PLR as a marker indicating the stable state 
of the immune system. Low PLR values are assumed to 
represent low capacity of immunoregulation in platelets 
or/and high levels of pro-inflammation factors caused by 
lymphocytosis. Conversely, high PLR values suggest 
that hyperactivation of platelets or/and lymphopenia 
resulting from stress system activation leads to abnormal 
immunologic functions. The results in susceptibility to 
depression. The hypothesis may partly explain why odds 

of depression followed a U-shaped curve with respect 
to PLR.

The AUC of PLR was less accurate (AUC = 0.559) 
and only had a weak predictive ability for depression in 
DM patients. This might be partly due to the nonlinear 
relationship between both. In addition, the association 
between neutrophil to lymphocyte ratio (NLR) and 
depression in DM patients has been already discussed 
in previous studies.38 We also found a nonlinear rela
tionship between NLR and depression in DM. Even 
though using NLR and PLR independently can be help
ful to predict depression, combination of both is plau
sible. Hirahara et al combined NLR and PLR into 
a single NLR-PLR score.39 They found that the NLR- 
PLR score was more effective to predict and do the 
prognostic of advanced gastric cancer.

We identified an association between PLR and depres
sion morbidity in diabetic patients. Nevertheless, there are 
some limitations in our study. First, the single database 
may introduce bias. Second, the biological mechanisms of 
the relationship between PLR and depression in diabetes 
remain to be studied. Also, we only measured PLR, so 
other inflammatory mediators were not considered. 
Various processes in the inflammatory response with dif
ferent inflammatory mediators were not addressed in this 
research.

Conclusion
PLR is an independence risk factor for CRD in DM 
patients, and the relationship between them is non
linear. The lowest risk of CRD in diabetic patients 
was found in patients with PLR around 69.2. We 
have found no relation between PLR and suicidal ten
dencies. Nevertheless, the mechanism of PLR nonlinear 
shaped associated with depression requires further 
research.

Table 3 Associations of PLR with Suicidal Tendency

Exposure Unadjusted Model I Model II

OR (95% CIs) p value OR (95% CIs) p value OR (95% CIs) p value

PLR 1.000 (0.995, 1.006) 0.87347 1.000 (0.994, 1.005) 0.85987 0.998 (0.992, 1.005) 0.62103

Tertiles 0.96262 0.70490 0.76317
14.8–101.7 Reference Reference Reference

101.8–127.25 1.002 (0.657, 1.527) 0.99245 1.193 (0.796, 1.787) 0.39309 1.129 (0.695, 1.832) 0.62392

127.35–221.65 1.234 (0.826, 1.843) 0.30392 0.933 (0.605, 1.440) 0.75530 0.935 (0.558, 1.564) 0.79674

Abbreviations: PLR, Platelet to Lymphocyte Ratio; CRD, clinically relevant depression; OR, odds ratio; CI, confidence interval.

Figure 2 Relationship of PLR with CRD in patients with diabetes mellitus. Dashed 
lines are 95% confidence intervals.
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