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[Abstract] Objective To investigate the association between Patient Health Questionnaire-9 (PHQ-9) score
and diabetic retinopathy (DR). Methods This study was based on data from the National Health and Nutrition
Examination Survey (NHANES) conducted between 2005 and 2018, with a total of 3 742 participants enrolled.
PHQ-9 score was defined as the exposure variable, and DR diagnosis as the outcome variable. Covariates included
age, gender, ethnicity, educational level, poverty-income ratio, body mass index, smoking status, alcohol
consumption status, hypertension, diabetes duration, and glycated hemoglobin level. Weighted multivariate logistic

regression, receiver operating characteristic (ROC) curve analysis, weighted restricted cubic spline (RCS) analysis,
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Spearman rank correlation analysis, mediation effect analysis, subgroup analysis, and interaction analysis were
performed to evaluate the relationship between PHQ-9 scores and DR risk. Results  Among the enrolled
participants, 771 cases were diagnosed with DR, accounting for 18% of the total sample. After adjusting for
confounding covariates, PHQ-9 scores were positively correlated with DR (odds ratio [OR] =1. 04, 95% confidence
interval [CI]: 1.01-1.06, P<0.001). Specifically, severe depression (PHQ-9 score: 20-27) was significantly
associated with DR (OR=2.46, 95%CI:1.31-4.63, P=0.005). Moreover, individual items of PHQ-9, including
depressed mood, sleep disturbance, fatigue, and difficulty concentrating, were positively correlated with DR. The
ROC curve of the fully adjusted covariate model exhibited better predictive performance than the unadjusted and
partially adjusted models. RCS analysis indicated a linear positive correlation between PHQ-9 scores and DR risk (P
for non-linearity =0. 18). Spearman rank correlation analysis revealed varying degrees of positive correlations among
the individual items of PHQ-9 in patients with depression. Mediation effect analysis demonstrated that the poverty-
income ratio exerted a mediating effect of 10.70% on the positive association between PHQ-9 scores and DR, while
no significant mediating effects were observed for other covariates. Additionally, subgroup analyses across different
strata of age, sex, ethnicity, educational level, poverty-income ratio, body mass index, smoking status, alcohol
consumption status, hypertension, diabetes duration, and glycated hemoglobin level consistently showed positive
correlations between PHQ-9 scores and DR risk (all OR>1, all P<0.05), with no significant interaction detected
among these subgroups (all P for interaction>0.05). Conclusions PHQ-9 scores for depression are linearly and

positively correlated with the risk of DR. Depressive symptoms may serve as a risk factor for the onset and progression

.51 -

of DR, suggesting that mental health management may play an important role in DR care.
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Figure 1 Research population screening flowchart  NHANES:

National Health and Nutrition Examination Survey; PHQ-9: Patient Health

Questionnaire-9
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AR 2 IE A2 (OR=1.04,95%CI:1.02~1. 06, P<
0.001) , 7ERLAY 3 &L T, PHQ-9 PE43 432 DR iy
fE B Z (OR=1.04,95%CI;1.01 ~ 1.06, P<0.001)
(R2) ; EEMAR(20<PHQ-9<27) /& DR /& It f&

®1 DREZESR DR ZiEMMELFMAELLR

Table 1 Comparison of weighted baseline characteristics between DR patients and non-DR subjects

FE LR R AE Mk (n=3742) DR % (n=771) JC DR # (n=2971) H/X* i Pl
A 61.00(51.00,70.00) 60.00(51.00,70. 00) 61.00(51.00,70. 00) 0.08 0.93
[M(Q,, Q3), #1]°
e 0. 44 0. 64
L 1957(51%) 426(53%) 1531(51%)
ks 1785(49%) 345(47%) 1 440(49%)
R 6. 41 0.16
EVEHEF B A 1375(64%) 259(61%) 1116(64%)
PP # R A 984 (14%) 218(17%) 766(14%)
B EEEEA 657(9%) 124(8%) 533(9%)
HoAth T P A 7 374(5%) 87(5%) 287(5%)
HoAth o 5 352(8%) 83(9%) 269(8%)
HE KR 15.51 0.08
KT ILER 593(9%) 137(12%) 456(8% )
NE+—H% 628(13%) 128(15%) 500(13%)
kel 877(25%) 178(26%) 699(25%)
AT 2 L 25 1052(33%) 225(31%) 827(33%)
b R R AE D 592(20% ) 103(16%) 489(21%)
AL N4 2.57(1.32,4.56) 2.06(1.12,4.25) 2.68(1.39,4.62) 3.31 0.001
[M(Q,, 05)]"
VENEE i 31.80(27.91,37.36) 31.80(27.90,38. 18) 31.80(27.98,37.17) -0.32 0.74
[M(Q,, 05)]"
S 0.05 0. 86
B 1893(51%) 397(51%) 1496(51%)
R 1 849(49%) 374(49%) 1 475(49%)
TR E 12.01 0.015
= 2526(71%) 509(65%) 2 017(72%)
& 1216(29%) 262(35%) 954(28%)
2R 7.44 0.036
2 2 602(69% ) 575(73%) 2 027(68%)
& 1 140(31%) 196(27%) 944(32%)
Y DR A 5 8.00(3.00,15.00) 14.00(7.00,22.00) 7.00(3.00,14.00) -10. 40 <0. 001
[M(Q,, Q3), 41"
WA I 4T 2 1 7K SF 6.80(6.20,7.90) 7.30(6.30,8.50) 6.80(6.10,7.80) -5.56 <0. 001
[M(Q,, Q3), %]*
PHQ-9 ¥4 2.00(0.00,6.00) 3.00(1.00,7.00) 2.00(0.00,5.00) -3.67 <0. 001

[M(Qi, Q)]

7F : (a:Kruskal-Wallis 556 ;b : Rao & Scott £ 1F Pearson X? 06 )

Note: (a: Kruskal-Wallis test; b: Pearson X” test with Rao & Scott correction)

DR DR 4 I JE 22 5 PHQ-O - f 3 it B 7] 45 -9
DR: diabetic retinopathy; PHQ-9: Patient Health Questionnaire-9
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Table 2 Weighted multivariate logistic regression analysis between PHQ-9 score and DR

R 1 LAY 2 3
=N
A==
OR(95%CI) P OR(95%CI) P OR(95%CI) P

PHQ-9 -4 1.04(1.02-1.06) <0.001 1.04(1.02-1.06) <0.001 1.04(1.01-1.06) <0. 001
PHQ-9 #¥ 4} Bt

FEAPAREE B (PHQ-9<4) Ref Ref Ref

EAJEIAR (5<PHQ-9<9) 1.23(0.94-1.61) 0.12 1.21(0.92-1.60) 0.20 1.22(0.92-1.62) 0.20

HE AR (10< PHQ-9< 14) 1.48(1.07-2.05) 0.019  1.40(1.01-1.94) 0.047  1.33(0.96-1.83) 0.08

IS AR (15<PHQ-9<19) 1.57(0. 86-2. 86) 0. 14 1.49(0.79-2.81) 0.20 1.26(0. 68-2.36) 0.50

AR (20 < PHO-9<27) 2.50(1.32-4.75) 0.005  2.26(1.16-4.37) 0.017  2.46(1.31-4.63) 0. 005
P i <0.001 <0.001 <0.001

TE AL 1R IRRE SRS 2 B X AR IS RSN R R KT BT RO L HEAT IR R s B AR 3 AR AL 2 B0 R A b 3A B AR B R TR DR 2 PO R
A R L WO R R LA BB AL LT B P AT IR DR B PR L 0 5 A 5 PHQ-9 - S BRE (7] 45 -9 3015 OR : LU LE 5 C1 - A7 X ] s Ref : 2 i

Note: Model 1: unadjusted; Model 2: adjusted for age, gender, race, education level, and poverty-income ratio; Model 3: additionally adjusted for body

mass index, smoking status, alcohol consumption status, hypertension, diabetes duration, and glycated hemoglobin DR: diabetic retinopathy; PHQ-9: Patient

Health Questionnaire-9; OR: odds ratio; CI: confidence interval; Ref: reference
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Figure 2 ROC curves of three logistic regression models The
closer the curve to the upper-left corner, the better prediction performance
of the model Model 1: unadjusted; Model 2: adjusted for age, gender,
race, education level, and poverty-income ratio; Model 3: additionally
adjusted for body mass index, smoking status, drinking status,
hypertension, diabetes duration, and glycated hemoglobin ROC:
receiver operating characteristic; AUC: area under the curve; CI:

confidence interval
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Figure 3 Weighted RCS analysis of the dose-response relationship
between PHQ-9 score and DR  OR: odds ratio; PHQ-9: Patient
Health Questionnaire-9; RCS: restricted cubic spline; DR: diabetic
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