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Purpose: Psoriasis patients often suffers from anxiety and depression. Inflammation, anxiety, and depression have been associated 
with each other, but the relationship has not been examined in subjects with psoriasis. The primary objective was to investigate the 
relationship between the C-reactive protein (CRP) and the erythrocyte sedimentation rate (ESR) and depression among patients with 
psoriasis.
Methods: In this case-control, cross-sectional study, 239 individuals with psoriasis and 142 with healthy controls (HCs) were 
recruited. Psychological as well as clinical, and laboratory data were collected.
Results: 50.2% of subjects with psoriasis reported depressive symptoms, compared with 26.8% of HCs. 39.7% and 17.6% observed 
anxiety symptoms in psoriasis patients and HCs. The odds of anxiety (AOR= 3.123; 95% CI = 1.851–5.269) and depression (AOR= 
2.698; 95% CI = 1.690–4.306) were higher in psoriasis patients relative to HCs. Furthermore, the elevated CRP (AOR =2.139; 95% CI 
= 1.249–3.663) and ESR (AOR =1.827; 95% CI = 1.078–3.096) were the risk factors of depression in patients with psoriasis. The 
threshold for distinguish psoriasis patients in depression was 3.24 (area under the curve [AUC], 0.605; sensitivity, 0.57; specificity, 
0.64) for CRP and 26.5 (AUC, 0.632; sensitivity, 0.52; specificity, 0.73) for ESR.
Conclusion: A substantial prevalence of anxiety and depression symptoms was observed in Chinese psoriasis subjects, and the odds 
were much higher in psoriasis patients relative to HCs. The elevated CRP and ESR level was significantly associated with depression 
in psoriasis patients. Besides, the discrimination capability of CPR and ESR on depression further indicates the extra value of 
inflammatory biomarkers in the management of psoriasis patients.
Keywords: psoriasis, depression, anxiety, C-reactive protein, erythrocyte sedimentation rate

Introduction
Psoriasis is a common, chronic inflammatory psycho-physiological disease, affecting approximately 0.1–11.4% of the 
general global population and 0.47% of the Chinese.1–3 Recent systemic review indicated the prevalence of comorbid 
depression up to 62%4 and anxiety up to 32%5 in psoriasis, and our previous research also found a high prevalence of 
depression in psoriasis.6 Moreover, psychological disorders were proved to be more prevalent in patients with psoriasis 
than in healthy controls.7,8 Therefore, those mental disorders may independently predispose patients to the development 
of psoriasis, resulting in a substantial burden for individuals and society.4,9 Although there is an unequivocal link 
between depression/anxiety and psoriasis, the direction of this association remains unclear.

Recently, guidelines recommended depression and anxiety screening by dermatologists,10 yet underscreening of 
mental health in outpatients with psoriasis has been reported recently.11 A growing body of research investigate the 
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correlation between demographic characteristic, clinical data, disease activity and anxiety and depression in psoriasis, but 
few focused on laboratory parameters. Recent research supposed that the possible cause is the overlap of peripheral 
inflammatory biomarkers in the pathogenesis of psoriasis and those psychological disorders. Despite a known correlation 
between inflammatory biomarkers such as CRP and ESR and depression,12,13 this relationship has not been reported in 
patients with psoriasis. Moreover, limited data is available on the relation of CRP or ESR to anxiety in psoriasis.14

Hence, investigation of the correlation between inflammation and depression and characterization of the burden of 
depression and anxiety using validated patient-reported measurements are urgently needed for patients with psoriasis in 
China. The present work aimed to describe the prevalence of depression and anxiety in subjects with psoriasis and assess 
the odds of depression and anxiety in adults with psoriasis compared with healthy controls (HCs). In addition, to identify 
the association between demographic and clinical factors, especially CRP and ESR, and anxiety and depression in 
psoriasis. Moreover, to evaluate whether the level of CRP or ESR could discriminate those disorders in psoriasis.

Materials and Methods
Patients and Study Design
In this cross-sectional case-controlled study, we consecutively recruited adult psoriasis patients from the outpatient 
Dermatology Department of Xiangya Hospital and healthy subjects, matching for sex and age, from the medical 
examination center of the Xiangya Hospital from January 2019 to September 2020. One or more dermatologists 
diagnosed Psoriasis Vulgaris patients according to typical clinical manifestation or histopathological examination, and 
dermatologists and rheumatologists confirmed the PsA based on Classification Criteria for Psoriatic Arthritis.15 The 
healthy controls (HCs) with a history of psoriasis were excluded. All participants accomplished a detailed interview, 
including demographic characteristics, body mass index (BMI), nine-item patient health questionnaire (PHQ-9),16 and 
seven-item Generalized Anxiety Disorder Scale (GAD-7).17 The samples with psoriasis were also completed disease 
characteristics and inflammatory and metabolic indicators, which contained the family history of psoriasis, duration of 
psoriasis, the severity of psoriasis (Psoriasis Area and Severity Index [PASI],18 Body Surface Area [BSA]), dermatology- 
specific health-related quality of life (Dermatology Life Quality Index [DLQI]),19 fasting blood glucose, uric acid, serum 
lipid level, CRP and ESR. In total, 239 patients with psoriasis and 142 with HC were involved in the present work. Our 
research meets the ethical standards of the Declaration of Helsinki and was approved by the institutional research ethics 
committees of Xiangya Hospital of Central South University, Changsha, Hunan, China (approval number:201904105). 
All subjects gave informed written consent before the investigation.

Data Collection
Depression
We selected the PHQ-9 (range, 0–27), the valid and the most widely used self-assessment instrument, to measure the 
presence and severity of depression. No depressive and depressive symptoms were defined by the score of PHQ-9 <5, 
and ≥5, respectively.16 The Chinese version of this questionnaire has been validated and has been proved to be a reliable 
measure of depression severity.20,21

Anxiety
GAD-7 (range, 0–21) was performed to screen the symptoms of anxiety, which included seven items and was proved to 
be a reliable self-report questionnaire.17 A cut-point of 5 was chosen to define symptoms of anxiety. The Chinese version 
of this questionnaire was also validated previously.22

Psoriasis Severity and Quality of Life
The severity of psoriasis and quality of life were evaluated by PASI (range, 0–72), BSA (range, 0–100%) and DLQI 
(range, 0–30), respectively. A score of PASI below 10 is considered mild psoriasis, and a score of 10 or above 10 
suggests moderate-to-severe psoriasis, with BSA (%) using the same cut-off value to distinguish severity of psoriasis. For 
DLQI, mild psoriasis and moderate-to-severe psoriasis were also defined by the cut-off of 10. These categories were 
based on values established in the literature.
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Peripheral Blood Inflammation and Metabolic Markers
The serum CRP and ESR were tested to evaluate inflammation and was expressed as milligram per liter (mg/L) and 
millimeter per hour (mm/h). The elevated CRP level was considered as >3 mg/L),23 and the elevated ESR is defined as 
>21 mm/h according to the hospital standard. The metabolic indicators include total cholesterol (TC), low-density 
lipoprotein-cholesterol (LDL-C), triglyceride (TG), and high-density lipoprotein cholesterol (HDL-C). Hyperlipidemia 
was defined as plasma TC >6.2 mmol/L), LDL-C >4.1 mmol/L), or TG >2.3 mmol/L), or HDL-C <1.0 mmol/L) or 
using lipid-lowering drugs currently with diagnosed hyperlipidemia.24 Hyperuricemia was determined by urate >420 
umol/L in male and by >360umon/L in female. Elbow vein blood was obtained under fasting status on the same day or 
within three days of completion of the clinical evaluation. The tests were conducted in the laboratory department of 
Xiangya Hospital.

Demographic, Anthropometric, and Metabolic Data
A standard Case Report Form was undertaken to gather demographic data, including age, gender, education level, marital 
status, history of smoking, and history of drinking. The body mass index (BMI) was calculated using measured weight 
and height (kg/m2). The cut-off values of 24 and 28 for overweight and obesity, respectively.25

Statistical Analysis
The Shapiro–Wilk normality test measured distribution normality. Descriptive statistics were displayed as mean (standard 
deviation) for normally distributed data and median (interquartile range, IQR) for data that were not normally distributed, 
which were properly compared using t-tests, Mann–Whitney, or Kruskal–Wallis test. Categorical variables were 
expressed as numbers (percentage) and compared with analysis of the chi-square test or Fisher’s exact test. Then, binary 
logistic regression was used to investigate the odds ratio of patients with depression and anxiety in psoriasis compared 
with the healthy control group. Moreover, multivariable logistic regression to investigate the risk factors associated with 
depression and anxiety in patients with psoriasis. Odds ratio (OR) and 95% confidence interval (CI) were used to display 
the effect size of the associations. Receiver–operator curve (ROC) was performed to determine the CRP/ESR thresholds 
for depression based on the maximal Youden’s index for sensitivity and specificity.26 We considered p < 0.05 (two-tailed) 
statistically significant and analyzed all data with SPSS 25 (IBM, SPSS Statistics 25).

Results
Characteristics of Participants
239 participants with psoriasis and 142 with HCs consecutively accepted the invitation. The median age in psoriasis was 
41.0 (IQR 32.0–50.0) and the HC was 43.0 (IQR 31.8–51.0) (p =0.935). The minority of participants were women 
(psoriasis vs HC: 81 [33.9%] vs 43 [30.3%], p =0.467). Both groups were similar in demographic variables, with the 
exceptions of educational level, history of smoking, and BMI (p =0.037, p =0.011, and p =0.020, respectively). As 
expected, the median (IQR) scores of PHQ-9 and GAD-7 were higher in subjects with psoriasis compared with the HCs 
group (5 [IQR, 2–8] vs 2 [IQR, 0–5]; p<0.001) and (4 [IQR, 1–6] vs 2 [IQR, 0–5]; p=0.001), respectively (Table 1).

Table 1 Characteristics of the Cases and Healthy Controls

Variables Psoriasis  
n=239

Control  
n=142

p

Age 41 (32.0–50.0) 43 (31.8–51.0) 0.935

Female 81 (33.9) 43 (30.3) 0.467

Education level 0.037
Elementary school and lower 99 (41.4) 49 (34.5)

(Continued)
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Prevalence and Risk of Depression and Anxiety Were Higher in Patients with Psoriasis
The percentage of depression (PHQ-9 ≥5) and anxiety (GAD-7 ≥5) was 120 of 239 (50.2%) and 95 of 239 (39.7%), 
which were significantly higher than that of the HCs group (38/142 [26.8%] for depression and 25/142 [17.6%] for 
anxiety). Further multivariable analysis with adjustments indicated that the risk of depression in the psoriasis group was 
2.698 times (adjusted OR [AOR] = 2.698; 95% CI = 1.690–4.306) and anxiety was 3.123 times (AOR =3.123; 95% CI = 
1.851–5.269) higher than that in the healthy group (Table 2).

Comparison of Demographics, Disease Characteristics, and Laboratory Parameters in 
Psoriasis Regarding Depression and Anxiety
Then, we compared the demographics, disease characteristics, and laboratory parameters regarding depression and anxiety in 
psoriasis. Gender, duration of psoriasis, PASI, BSA, DLQI, CRP, and ESR were significantly different between patients with 
depression and those without. The proportion of adults with depression was significantly higher in PASI ≥ 10 (55.0.2% VS 
42.0%, p=0.045), BSA ≥10 (57.8% VS 42.2%, p=0.012), DLQI ≥10 (34.2% VS 18.5%, p=0.003), CRP levels >3 mg/L 
(60.0% VS 42.0%), and ESR >21 mm/h (59.2% VS 42.0%). No statistical differences were found for age, educational level, 
marital status, history of smoking, history of drinking, BMI, psoriasis subtype, family history of psoriasis, BSA, uric acid, 
presence of hyperuricemia, TG, TC, HDL, LDL, and presence of hyperlipidemia between depression status. Significant 
differences between the anxiety and no anxiety groups were recognized for PASI and DLQI. Additionally, the anxiety group 
had more percentage of PASI ≥10 (36.8% VS 19.4%, p=0.037), BSA ≥10 (62.1% VS 47.9%, p=0.031) and DLQI ≥10 (60.0% 
VS 42.0%, p=0.003) than the no anxiety group. Other variables showed a similar trend in the anxiety and no anxiety group 
(Table 3). Further logistic analysis suggested that only DIQI was associated with the increased risk of anxiety (Table S1).

Table 1 (Continued). 

Variables Psoriasis  
n=239

Control  
n=142

p

High school 52 (21.8) 22 (15.5)
College and higher education 88 (36.8) 71 (50.0)

Marital status 0.066

Married 203 (84.9) 110 (77.5)
Divorced or living alone 36 (15.1) 32 (22.5)

History of smoking 111 (46.4) 47 (33.1) 0.011

History of alcohol drinking 91 (38.1) 50 (35.2) 0.576
BMI 23.4 (21.5–25.3) 23.3 (21.0–25.4) 0.020

PHQ-9 5 (2–8) 2 (0–5) <0.001

GAD-7 4 (1–6) 2 (0–5) 0.001

Notes: Continuous variables are presented as median (P25-P75); Categorical variables were calculated and 
summarized as counts (percentages). 
Abbreviations: BMI, Body mass index; PHQ-9, nine-item Patient Health Questionnaire; GAD-7, seven-item 
Generalized Anxiety Disorder Scale.

Table 2 The Association Between Depression and Anxiety of the Participants Among Psoriasis and Control Group 
Based on the Questionnaires

Control Psoriasis

n (%) n (%) OR (95% CI) AOR (95% CI)a p

PHQ-9≥5 38 (26.8) 120 (50.2) 2.760 (1.760–4.327) 2.698 (1.690–4.306) <0.001

GAD-7≥5 25 (17.6) 95 (39.7) 3.087 (1.866–5.109) 3.123 (1.851–5.269) <0.001

Note: aAdjusted for gender, age, education level, history of smoking and Body mass index. 
Abbreviations: PHQ-9, nine-item Patient Health Questionnaire; GAD-7, seven-item Generalized Anxiety Disorder Scale; OR, unadjusted odds ratio; 
AOR, adjusted odds ratio; CI, confidence interval.
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Table 3 Comparison of Demographics, Disease Characteristics, and Laboratory Parameters in Psoriasis with Regard to Depression 
and Anxiety

Variables No Depression Depression p No anxiety Anxiety p
PHQ-9<5 

(n=119,49.8%)
PHQ-9≥5 

(n=120,51.2%)
GAD-7<5 

(n=144,60.3%)
GAD-7≥5 

(n=95,39.7%)

Female 33 (27.7) 48 (40.0) 0.045 46 (31.9) 35 (36.8) 0.434
Age 41 (32–49) 43 (31–51) 0.511 43 (34–50) 42 (31–50) 0.689

Educational level 0.093 0.434

Elementary school and lower 41 (34.5) 58 (48.3) 55 (38.3) 44 (46.3)
High school 29 (24.4) 23 (19.2) 34 (23.6) 18 (18.9)

College and higher 49 (41.2) 39 (32.5) 55 (38.2) 33 (34.7)

Marital status 0.156 0.320
Married 105 (88.2) 98 (81.7) 125 (86.8) 78 (82.1)

Divorced or living alone 14 (11.8) 22 (18.3) 19 (13.2) 17 (17.9)

History of smoking 59 (49.6) 52 (43.3) 0.333 40 (48.6) 41 (43.2) 0.408
History of alcohol drinking 51 (42.9) 40 (33.3) 0.129 58 (40.3) 33 (34.7) 0.388

BMI 23.6 (22.0–26.0) 23.4 (21.1–25.4) 0.254 23.5 (21.8–25.9) 23.3 (21.0–25.7) 0.296

<24 64 (53.8) 72 (60.0) 0.486 80 (55.6) 56 (58.9) 0.521
≥24, <28 39 (32.8) 37 (30.8) 45 (31.3) 31 (32.6)

≥28 16 (13.4) 11 (9.2) 19 (13.2) 8 (8.4)

Psoriasis subtype 0.437 0.955
Psoriasis vulgaris 82 (68.9) 77 (64.2) 96 (66.7) 63 (66.3)

Psoriasis arthritis 37 (31.1) 43 (35.8) 48 (33.3) 32 (33.7)

Family history of psoriasis 21 (17.6) 19 (15.8) 0.707 22 (15.3) 18 (18.9) 0.457
Duration of psoriasis 7 (2.0–15.0) 10 (4.0–15.8) <0.05 7 (3–15) 9 (3–16) 0.205

PASI 6.7 (2.8–14.5) 11 (5.3–19.1) 0.003 7.3 (3.7–15.4) 11.2 (4.6–20.0) 0.030

PASI<10 69 (58.0) 50 (42.0) 0.045 82 (56.9) 41 (43.2) 0.037
PASI≥ 10 50 (42.0) 66 (55.0) 62 (43.1) 54 (56.8)

BSA (%) 6.7 (2.0–25.1) 15.1 (3.9–33.5) 0.010 9.2 (2.6–25.9) 14.2 (2.9–33.6) 0.129
BSA<10 65 (58.6) 46 (41.4) 0.012 75 (52.1) 36 (37.9) 0.031

BSA≥ 10 54 (42.2) 74 (57.8) 69 (47.9) 59 (62.1)

DLQI 5 (2.0–8.0) 7 (4.0–11.8) <0.001 5.0 (2.0–8.0) 8.0 (4.0–12.0) <0.001
DLQI<10 97 (81.5) 79 (65.8) 0.003 116 (80.6) 60 (63.2) 0.003

DLQI≥10 22 (18.5) 41 (34.2) 28 (19.4) 35 (36.8)

Uric acid 363.6 (302.0–411.7) 359.1 (309.4–406.8) 0.513 364.6 (313.7–409.0) 354.4 (287.1–414.8) 0.319
Hyperuricemia 30 (25.2) 35 (29.2) 0.492 40 (27.8) 25 (26.3) 0.804

Fasting blood-glucose 5.4 (5.0–6.1) 5.5 (5.0–5.9) 0.651 5.5 (5.0–6.2) 5.5 (5.0–5.9) 0.469

Hyperglycaemia 29 (24.4) 27 (22.5) 0.773 37 (25.7) 19 (20.0) 0.309
TG 1.5 (1.1–2.5) 1.6 (1.1–2.4) 0.920 1.6 (1.1–2.3) 1.5 (1.1–2.5) 0.874

TC 5.1 (4.3–5.6) 5.0 (4.3–5.7) 0.877 5.15±1.00 5.00±1.00 0.213

HDL-C 1.1 (1.0–1.3) 1.13 (1.0–1.3) 0.946 1.1 (1.0–1.3) 1.1 (1.0–1.3) 0.827
LDL-C 3.2 (2.8–3.6) 3.1 (2.7–3.7) 0.961 3.2 (2.8–3.7) 3.1 (2.7–3.6) 0.204

Hyperlipidemia 57 (47.9) 63 (52.5) 0.477 70 (48.6) 50 (52.6) 0.543

CRP 2.5 (1.5–4.8) 3.6 (2.0–9.5) 0.005 2.9 (1.5–5.9) 3.3 (1.9–7.7) 0.353
CRP≤3 69 (58.0) 48 (40.0) 0.005 75 (52.1) 42 (44.2) 0.233

CRP>3 50 (42.0) 72 (60.0) 69 (47.9) 53 (55.8)

ESR 19 (12.0–29.0) 27 (17–50) <0.001 20 (13–39.5) 25 (17–41) 0.192

ESR≤21 69 (58.0) 49 (40.8) 0.008 78 (54.2) 40 (42.1) 0.068

ESR>21 50 (42.0) 71 (59.2) 66 (45.8) 55 (57.9)

Notes: Continuous variables are presented as median (P25-P75); Categorical variables were calculated and summarized as counts (percentages). 
Abbreviations: BMI, Body mass index; PASI, Psoriasis Area and Severity Index; BSA, Body Surface Area; DLQI, Dermatology Life Quality Index; TG, triglyceride; TC, total 
cholesterol; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein-cholesterol; CRP, C-reactive protein; ESR, Erythrocyte sedimentation rate.
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Elevated CRP and ESR Were the Risk Factor for Depression in Psoriasis
Furthermore, to investigate the association between elevated CRP and ESR and depression among psoriasis, the above- 
mentioned significant variables were selected to perform logistic regressions with adjustments of sex, duration of 
psoriasis, PASI, and DLQI. As we expected, high CRP level (CRP>3 mg/L: AOR =2.049; 95% CI = 1.190–3.527) 
was the strongest factor correlated with depression. In addition, to a lesser extent, we identified elevated ESR (AOR 
=1.827; 95% CI = 1.078–3.096) as a significant factor associated with the depression of psoriasis (Table 4). Further 
subgroup analysis of those patients with psoriasis vulgaris shown the similar trend (Table 5). Due to the CRP and ESR 
levels being similar in the anxiety and no anxiety group, we did not perform the multivariable analyses to evaluate the 
association between CRP, ESR and anxiety.

Diagnostic Efficacy of CRP or ESR on Depression in Psoriasis
ROC was conducted to determine the diagnostic efficacy of CRP or ESR on depression in psoriasis based on the maximal 
Youden’s index for sensitivity and specificity. The threshold for CRP was 3.24 in differentiating psoriasis cases in 
depression from those not (Figure 1A). The area under the curve (AUC) was 0.605 (95% CI = 0.533–0.677) with 
a sensitivity of 0.57 and specificity of 0.64. The cut-off value of ESR was calculated to be 26.5, and the AUC was 0.632 
(95% CI = 0.562–0.703) with a sensitivity of 0.52 and specificity of 0.73 (Figure 1B). Thus, CRP and ESR had limited 
ability to distinguish between depression and no depression among psoriasis.

Discussion
We conducted a cross-sectional case-controlled work and found a high rate of 50.2% for depression symptoms and 39.7% 
for anxiety symptoms in psoriasis. And the risk of depression and anxiety in psoriasis was 2.698 times and 3.123 times 
higher than in controls. Additionally, the elevated CRP level (>3 mg/L), to a lesser extent, and the elevated ESR level 
(>21 mm/h) were associated with the increased risk of depression in psoriasis. Both the CRP and ESR showed limited 
capability in distinguishing depression symptoms from those not in psoriasis patients.

Based on the PHQ-9 and GAD-7, validated structured questionnaires, the current study discovered that the percentage 
of depression and anxiety symptoms were 50.2% and 39.7% in psoriasis and 26.8% and 17.6% in matched non-psoriasis 
cases, respectively. Consequently, the prevalence of depression and anxiety were higher in participants with psoriasis 

Table 4 Factors Associated with Depression in Psoriasis

Variables Depression

OR (95% CI) p AOR (95% CI)a p

Abnormal CRP 2.070 (1.236–3.467) 0.006 2.139 (1.249–3.663) 0.006
Abnormal ESR 2.000 (1.195–3.346) 0.008 1.827 (1.078–3.096) 0.025

Note: aAdjusted for sex, duration of psoriasis, PASI, BSA, and DLQI. 
Abbreviations: PASI, Psoriasis Area and Severity Index; BSA, Body Surface Area; DLQI, Dermatology Life 
Quality Index; CRP, C-reactive protein; ESR, Erythrocyte sedimentation rate; OR, unadjusted odds ratio; AOR, 
adjusted odds ratio; CI, confidence interval.

Table 5 Subgroup Analysis for Factors Associated with Depression in Psoriasis Vulgaris 
(n=159)

Variables Depression

OR (95% CI) p AOR (95% CI)a p

Abnormal CRP 1.874 (0.994–3.532) 0.052 1.909 (1.000–3.642) <0.050

Abnormal ESR 2.202 (1.159–4.184) 0.016 1.997 (1.038–3.844) 0.038

Note: aAdjusted for sex, duration of psoriasis, PASI, BSA, and DLQI. 
Abbreviations: PASI, Psoriasis Area and Severity Index; DLQI, Dermatology Life Quality Index; OR, unadjusted 
odds ratio; AOR, adjusted odds ratio; CI, confidence interval.
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relative to healthy cases. Recently, a nationwide population-based cross-sectional study also reported the prevalence of 
depression was more prevalent in psoriasis than in general individuals.27 Moreover, systemic reviews have been 
separately described in psoriatic patients up to 62% for depressive symptoms and 48% of for anxiety symptoms.4,5,7,8 

The prevalence of both psychological disorders in psoriasis were slightly inconsistent with previous study, which could 
be explained in each case by methodological and sample factors. Additionally, psoriasis with an adjusted prevalence ratio 
of 2.698 (95% CI 1.690–4.306) regarding depression and 3.123 (95% CI 1.851–5.269) regarding anxiety compared with 
general population. Therefore, the relationship between depression and anxiety and psoriasis persists after adjusting 
lifestyle and demographic factors, which conforms previous study and systematic review.8,27 Nevertheless, the data 
reported in the current work was slightly different from previously reported in our team.6 The main reason for this 
discrepancy was the stricter definition conducted in the preceding research. Additionally, most of the participants 
experienced the Coronavirus disease 2019 epidemic, and mental health was more prevalent during this period.28,29 

Collectively, future efforts ought to focus on improving screening for depression and anxiety comorbidity in psoriasis.11

We also showed here that the elevated serum level of CRP and ESR in psoriasis have statistically significant risk 
factors for developing depression. The present result supports and extends the previous findings that adults with high 
CRP levels were more likely to have depression symptoms than those with low CRP levels,12 as well as in psoriasis. 
There may be numerous explanations for the correlation between CRP and depression in psoriasis. Elevated inflamma-
tory mediators such as CRP seems to be present in both psoriasis and depression. The emerging evidence presented in 
recent work indicated that the possible cause of the relationship between depression and psoriasis was the overlap of 
peripheral inflammatory biomarkers in the pathogenesis of psoriasis and those psychological disorders.12,30 Moreover, 
the elevated ESR increased the risk of depression amongst psoriasis in the current study. The correlation between the 
ESR and depression was controversial. Li et al showed that no correlation between ESR and depression in rheumatoid 
arthritis.31 While Bianciardi et al reported increase of ESR serum level in perinatal women and comorbid depression, 
which was in agreement with our findings.13 However, we found that there was no statistically significant relationship 
between ESR and symptoms of anxiety in psoriasis patients, which was consistent with previous work conducted in 
Cerebral Small Vessel Disease.32 Taken together, these findings suggest a close relationship between CRP and ESR level 
and depression in psoriasis, which may encourage clinicians to screen for depression and to control inflammatory levels 
may relieve depression in psoriasis patients.

Furthermore, we demonstrated that both CRP and ESR performed a limited diagnostic efficacy of depression in 
psoriasis. Previous studies reported the ability of CRP to discriminate depression status or depression from bipolar II 
disorder, whose AUC was higher than the present work.33–35 This discrepancy may be due to the sample size and the use 

Figure 1 Depression cut-off points for the CRP and ESR scores. (A) The ROC analysis for the CRP threshold for depression. A CRP score of 3.24 best differentiated 
psoriasis patients in depression. (B) The ROC analysis for the ESR threshold for depression. A ESR score of 26.5 best differentiated psoriasis patients in depression. 
Abbreviations: CRP, C-reactive protein; ESR, Erythrocyte sedimentation rate; ROC, receiver–operator curve.
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of different questionnaires. Of note, to our knowledge, this was the first study to examine the diagnostic efficacy of ESR 
on psoriasis with mental disorder and exhibits a capability in differentiating depression. Both CRP and ESR are readily 
available, inexpensive, and reproducible, allowing us to identify depression in psoriatic patients in busy outpatient, 
intervene early, assess dynamically, and relieve patients’ disease burden.

The strength of this research was firstly represented the relationship between CRP and ESR and depression, anxiety among 
psoriasis. Beyond that, we performed a matched analysis in which we were able to determine whether psoriasis was 
significantly associated with depression and anxiety after adjusting for demographic characteristics (age, gender, education 
level, history of smoking and BMI). However, some limitations should not be ignored. Firstly, inflammation is not present in 
all cases of depression in the psoriasis setting and may not represent a causal relationship, given the cross-sectional nature of 
this study. Secondly, there might be a selection bias in more severely affected psoriasis patients seen in the large tertiary 
academic medical center. Secondly, because the participating center is a large tertiary dermatology hospital, there might be 
a potential selection bias in this study is represented by the fact that included patients were represented a more severe psoriasis. 
Given these limitations, future research would be encouraged to address these issues to generate stronger evidence.

Conclusion
In conclusion, the percentage of psoriasis subjects who have depression symptoms or anxiety symptoms was substantial, 
and the odds were much higher in psoriasis relative to matched healthy cases. Additionally, the current study demon-
strated the significant relationship between elevated CRP, ESR levels and depression in psoriasis. We revealed that 
elevated CRP levels (CRP >3 mg/L) and elevated ESR levels (ESR >21 mm/h) were associated with depression among 
psoriasis. Besides, the discrimination capability of CPR and ESR on depression further indicates the extra value of 
inflammatory biomarkers in managing psoriasis.
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