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Abstract: Depression and anxiety are common comorbid symptoms among patients with diabetic
kidney disease (DKD). Little is known about the influence of poor psychological conditions on the
disease progression and quality of life (QOL) in DKD patients. This study aimed to investigate the
prevalence of, and risk factors for, depression and anxiety in Chinese DKD patients, and to analyze
their impact on the renal function, proteinuria, and QOL. A total of 620 adult patients with Type
2 diabetes and DKD being treated at a tertiary hospital in East China were recruited. Depression
and anxiety symptoms were assessed by the Zung Self-Rating Depression Scale and Anxiety Scale.
Among the DKD participants, 41.3% had symptoms of depression and 45.0% had anxiety symptoms.
A poor education, physical inactivity, stroke, low serum albumin, CKD stage 3—4, macroalbuminuria,
and a poor QOL were independent risk factors for depression in the DKD patients. Whereas a higher
education, physical inactivity, diabetic retinopathy and neuropathy, low hemoglobin, CKD stage
3-4, and a poor QOL were risk factors for anxiety. Depression and anxiety scores among the DKD
patients were negatively correlated with the eGFR and QOL scores. Moreover, depression and anxiety
symptoms were independent risk factors for DKD patients with CKD stage 3—4 and a poor QOL.
Our findings suggest a high prevalence of depression and anxiety among Chinese DKD patients,
and the severity of psychological symptoms is closely linked to the deterioration of renal function
and the QOL. The early screening and intervention of psychopathological disorders is thus strongly
recommended for improving the QOL and clinical outcomes among DKD patients.

Keywords: diabetic kidney disease; depression; anxiety; quality of life

1. Introduction

Diabetic kidney disease (DKD) is a common reno-microvascular complication of
diabetes mellitus, and 30 to 40% of people with diabetes progress to DKD [1]. According to
the report released by the International Diabetes Federation, the number of patients with
diabetes worldwide were 436 million in 2019, and this is estimated to reach 700 million by
2045 [2]. Moreover, China has currently the largest number of diabetic patients, accounting
for approximately 116 million among the general population [2]. With the continuous
increase in the incidence of diabetes, the prevalence of DKD is expected to rise. Interestingly,
it seems that the incidence of DKD in China has surpassed chronic glomerulonephritis, and
thus it has become the major contributing factor for chronic kidney disease (CKD) since
2011 [3].

Depression and anxiety are common psychological disorders in patients with chronic
illnesses. Recent studies have shown that approximately one-third of patients with diabetes
suffers from depression disorders [4]. Patients with diabetes are twice as likely to develop
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depression and anxiety, compared to the general population [5]. Of equal importance is that
diabetic complications including DKD are closely associated with depression [4]. Cohort
studies have also reported that depression in patients with DKD is at an increased risk of
progressing at a faster rate to end-stage renal disease (ESRD) [6]. Similarly, patients with
CKD are often seen to have more depressive and anxiety symptoms, which often accom-
pany adverse clinical outcomes, including the accelerated loss of kidney function, frequent
hospitalizations, and high mortality rates, as well as poor quality of life [7,8]. Previous stud-
ies which focused on patients with diabetes or CKD identified several socio-demographic
and clinical factors that could predispose these patients to developing psychopathological
distress [4,9]. However, information about the prevalence and risk factors for depression
and anxiety among DKD patients, and the association of DKD with a patient’s quality
of life (QOL) remain poorly understood, especially in China. Also, little is known about
whether and how psychopathological stress influences the progression of DKD.

Considering these findings, it seems essential to comprehensively investigate the QOL
and psychological status of patients with DKD, to implement ameliorating supportive
strategies for the prevention of depression and anxiety in these patients.

The aim of this study was to assess the prevalence and the relevant influencing risk
factors for depression and anxiety among Chinese patients with DKD, and to analyze the
predictive value of risk factors. We also explored the relationship between psychopatho-
logical issues and clinical outcomes that were adversely affected. The clinical outcomes
included renal function, albuminuria, and the QOL in DKD patients. With these results,
evidence was provided to offer suggestions for suitable and more optimal strategies for the
management of DKD patients.

2. Methods
2.1. Research Design and Participants

This cross-sectional study was conducted during the period from January 2021 to
August 2021 at the comprehensive tertiary hospital, Ningbo First Hospital. This hospital
has four branches located in four different districts of Ningbo City in East China. The
participants consisted of a total of 646 patients who were diagnosed with Type 2 dia-
betes mellitus (T2DM) and DKD. They were all regularly treated in the department of
medicine from the four branches of the Ningbo First Hospital, with data from 620 par-
ticipants included for analysis in this study. Those with incomplete or ineligible data
were not included in the study. The patients with T2DM were chosen by following the
World Health Organization’s diagnostic criteria for diabetes [10]. The diagnosis of DKD
was based on the guidelines provided in the National Kidney Foundation-Kidney Dis-
ease Outcome Quality Initiative (NKF-K/DOQI) [11]. The patients with CKD, which
was caused by diabetes, presented with major manifestations regarding the urinary albu-
min/creatinine ratio (UACR) >30 mg/g, and/or the estimated glomerular filtration rate
(eGFR) of <60 mL min~! (1.73 m?)~! symptoms for more than 3 months. The inclusion
criteria that were considered were that participants had to be at least 18 years of age with
a diagnosis of type 2 diabetes and DKD. Exclusion criteria included type 1 diabetes, past
medical history of mental illness or cognitive dysfunction, patients on dialysis, and other
types of primary or secondary renal diseases. The study was approved by the Ethics
Committee of Ningbo First Hospital (Ethics Approval No: 2021-R019), and was performed
in accordance with the Declaration of Helsinki treaty. All participants provided written
informed consent prior to the enrollment in the study.

2.2. Data Collection

Socio-demographic and clinical data of the participants were collected during their
visit for psychological assessment. The renal function was evaluated for the estimated
glomerular filtration rate (eGFR), which was calculated using the Chronic Kidney Disease
Epidemiology Collaboration (CKD-EPI) equation [12]. DKD was categorized into five CKD
stages based on the eGFR. According to the Kidney Disease Improving Global Outcomes
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(KDIGO) guidelines [13], CKD stages 1-2 were defined as an eGFR of >60 mL/min/1.73 m?
and CKD stages 3—4 as an eGFR of 15-59 mL/min/1.73 m2. The stages of albuminuria based
on the UACR were determined as follows: normoalbuminuria, UACR < 30 mg/g Cr; mi-
croalbuminuria, 30 < UACR < 300 mg/g Cr; and macroalbuminuria, UACR > 300 mg/g Cr.
The criteria for physically active patients were that participants were considered physically
active if they were able to walk for at least 30 min per day [14]. Body mass index (BMI) was
computed as the ratio of body weight to the square of height (kg/m?).

2.3. The Assessment of Depression and Anxiety Symptoms

Depression and anxiety symptoms were assessed using self-questionnaires, according
to the Zung Self-Rating Depression Scale [15] (SDS) and the Self-Rating Anxiety Scale
(SAS) [16], respectively. The Chinese version of these two scales has a high validity and
reliability and has been widely used in the Chinese population, including for patients with
diabetes or kidney diseases [17,18]. Both questionnaires consisted of 20 items which were
scored on a scale of 1 to 4. The original score for the 20 questions was multiplied by 1.25,
and the integer portion was retained as a standard score. Higher scores indicated higher
levels of anxiety or depression. The cut-off value of the SDS standard score was 53 points,
and 53-62 points was defined as mild depression, 63-72 points was defined as moderate
depression, and >73 points was defined as severe depression. The cut-off value of the
SAS standard score was 50 points, of which a score of 50-59 was defined as mild anxiety, a
score of 60-69 was defined as moderate anxiety, and a score of >70 was defined as severe
anxiety [15].

2.4. The Assessment of Quality of Life

The health-related quality of life (QOL) was measured using the EuroQoL five-
dimensional three-level (EQ-5D-3L) instrument, which contains a health state descrip-
tion. The health state description covers three levels of the five dimensions, resulting in
243 possible health states. Each health state can be transformed into a health utility score
(i.e., EQ-5D-3L index score) that ranges from —0.149 to 1.0; the Chinese version of the
EQ-5D-3L value sets were used in this study [19]. In general, the higher the EQ-5D-3L
index score, the better is the individual’s QOL. Based on the EQ-5D-3L index score, we
defined the normal quality of life as an EQ-5D-3L index of >0.665, and a low or poor
quality of life as an EQ-5D-3L index of <0.665; this formulation has been applied in a
previous study of the Chinese population [20].

2.5. Statistical Analysis

All the data were analyzed with the STATA 16.0 software. The continuous variables
were expressed as the mean =+ SD, while categorical variables were described as percentages,
as appropriate. The groups were compared using an independent t-test, a Mann-Whitney U
test and a chi-square test analysis, as considered appropriate. A multiple logistic regression
was employed to identify independent risk factors that are associated with depression and
anxiety among DKD patients, and a receiver operating characteristic (ROC) curve was used
to evaluate the prediction effect of these risk factors on the psychological status of the DKD
patients. To further investigate whether poor psychological conditions affected the eGFR,
UACR, and QOL in patients with DKD, we performed a Kendall Rank correlation analysis
using the eGFR, UACR, and EQ-5D-3L index scores as the dependent continuous variables,
as well as a multiple logistic regression analysis defining the eGFR as >60 mL/min/1.73 m?
or 15-59 mL./min/1.73 m?%, UACR as >300 mg/g or <300 mg/g, and the EQ-5D-3L index
score as >0.655 or <0.665 as dependent binary variables, respectively. All tests were
two-tailed with the significance considered as p < 0.05.
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3. Results
3.1. General Characteristics of Participants

Socio-demographic and clinical characteristics of the study participants are included
in Table 1. Among 620 participants with T2DM and DKD, 323 (52.1%) were male and
297 (47.9%) were female. Most of the patients were aged 50 and older (79.0%) and48.7%
of the participants had poor education and were defined as having primary education
or less, while 10.2% of the patients had high education level, and they had attained col-
lege education or above. Current smokers and alcohol drinkers comprised 26.8% and
17.1% of the participants, respectively. The prevalence of other diabetic complications and
comorbidities among DKD patients was as follows: 81.5% were diagnosed with hyper-
tension, 46.6% developed diabetic retinopathy, 71.1% had diabetic neuropathy, 33.7% had
cardiac disease, and 10.5% had had a stroke. The distributions of DKD patients by the
CKD staging parameters were 61.0 % for stages 1-2 and 39.0 % for stages 3—4. The mean
serum albumin level was 37.16 g/L (37.16 4 4.82 g /L), the mean levels of the eGFR and
UACR were 70.22 mL/min/1.73 m? (70.22 + 28.56 mL/min/1.73 m?) and 344.81 mg/g
(344.81 £ 368.12 mg/g), respectively. The QOL score showed that 24.8% of the patients
with EQ-5D-3L had an index score < 0.655.
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Table 1. Socio-demographic and clinical characteristics of the participants (n = 620).

Characteristics

Total (n = 620)

Age group, years, n (%)

<50 130 (21.0)

50-60 161 (26.0)

60-70 170 (27.4)

>70 159 (25.7)
Gender, n (%)

Male 323 (52.1)

Female 297 (47.9)
Education level, n (%)

Low, primary school and below 302 (48.7)

Medium, junior and high school 255 (41.1)

High, college and above 63 (10.2)
BMI level, kg/m?, n (%)

<24 300 (48.4)

24-27.9 (Overweight) 239 (38.6)

>28 (Obese) 81 (13.1)
Smoking, n (%) 166 (26.8)
Alcohol use, n (%) 106 (17.1)
Physical activity, n (%) 224 (36.1)
Comorbidities and complications, n (%)

Hypertension 505 (81.5)

Retinopathy 289 (46.6)

Neuropathy 441 (71.1)

Cardiac disease 209 (33.7)

Stroke 65 (10.5)
eGFR, mL/min/1.73 m? 70.22 + 28.56
CKD stage, n (%)

CKD1-2 (>60 mL/min/1.73 m?) 378 (61.0)

CKD3—4 (15-59 mL/min/1.73 m?) 242 (39.0)

UACR, mg/g 344.81 + 368.12
UACR stage, n (%)

30 <UACR <300 mg/g 374 (60.3)

UACR > 300 mg/g 246 (39.7)
HbAlc,% 8.15 £2.04
Hemoglobin, g/L 120.18 £ 45.79
Serum albumin, g/L 37.16 +4.82
Uric Acid, mmol/L 367.18 £+ 110.83
BUN, mmol/L 8.30 + 14.73
TG, mmol/L 1.95+ 343
TC, mmol/L 430+ 1.41
HDL, mmol/L 1.11 £ 0.32

Table 1. Cont.

Characteristics Total (n = 620)
LDL, mmol/L 2.99 4+ 1.05
EQ-5D-3L index score
EQ-5D-3L > 0.655 466 (75.2)
EQ-5D-3L < 0.655 154 (24.8)

Abbreviations: BMI, body mass index; eGFR, estimated glomerular filtration rate; CKD, chronic kidney disease;
UACR, urine albumin to creatinine ratio; HbAlc, hemoglobin Alc; BUN, blood urea nitrogen; TG, Triglyceride;
TC, Total cholesterol; HDL, high-density lipoprotein; LDL, low-density lipoprotein. EQ-5D-3L, EuroQol Five-
Dimensional Three-Level Health Questionnaire. The continuous variables are shown as the mean + SD and the
categorical variables are shown as a number (percentage).
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3.2. The Prevalence of Symptoms of Depression and Anxiety

Among the total of 620 DKD patients, 256 (41.3%) had symptoms of depression,
whereas 279 (45.0%) had anxiety symptoms, and 196 (31.6%) had both symptoms of de-
pression and anxiety. Moderate to severe depression and anxiety status were noted in 131
(21.1%) and 128 (20.6%) of the patients, respectively, as shown in Table 2. These results
indicated that almost half of the participants with DKD have a certain degree of depression
or anxiety, suggesting a wide prevalence of impaired psychological well-being in the DKD
patients. Therefore, adding a psychological scale for evaluation may facilitate the early
detection of comorbid psychopathological symptoms in patients with DKD [21].

Table 2. The prevalence of symptoms of depression and anxiety among the DKD patients (n = 620).

Depression or Anxiety Present, n (%)

Average Score Normal, n (%)

Total Mild Moderare Severe
Depression 48.6 + 20.6 364 (58.7) 256 (41.3) 125 (20.2) 102 (16.5) 29 (4.7)
Anxiety 485 +12.1 341 (55.0) 279 (45.0) 151 (24.4) 101 (16.3) 27 (4.4)

3.3. Risk Factors for Depression and Anxiety in Patients with DKD

Univariate logistic regression analyses examining the risk factors related to depression
and anxiety among participants are presented in Table 3. Compared with the non-depressed
patients, those with symptoms of depression had certain characteristics including an
older age, a lack of physical activity, a low education level, and diabetic comorbidities
and complications, with more advanced CKD Stages (3—4 vs. 1-2), macroalbuminuria
(UACR > 300 mg/g), and they also happened to have a poor QOL (EQ-5D-3L < 0.665).
Depressed patients also had lower levels of hemoglobin and serum albumin, and had higher
BUN levels, compared with those without depression. Similar characteristics were found in
the DKD patients who were comorbid with anxiety. The participants who were older and
showed a lack of physical activity, had diabetic comorbidities and complications with CKD
Stages 3—4, macroalbuminuria (UACR > 300 mg/g), and a poor QOL (EQ-5D-3L < 0.665)
and they were more likely to show anxiety symptoms (p < 0.05). In addition, higher uric
acid and BUN levels and a lower hemoglobin and serum albumin were also significantly
associated with anxiety (p < 0.05).

Variables that were statistically significant in the univariate analyses were selected and
further analyzed by multivariable logistic regression, to adjust the potential confounding
factors (Table 4). We observed that low education levels, physical inactivity, stroke, low
serum albumin levels, CKD Stages 3—4, macroalbuminuria, and a poor QOL were indepen-
dently associated with depression among DKD patients. Compared with the CKD stages
1-2 patients, we noted an increase of 1 in the odds ratio of depression occurring in patients
with CKD stages 3—4 (OR = 2.051, 95% CI = 1.291-3.258, p = 0.002). The risk of depression in
patients with low quality of life scores was increased five times compared to patients with
a normal quality of life (OR = 6.003, 95% CI = 3.473-10.377, p < 0.001). On the other hand,
high education levels, physical inactivity, neuropathy, retinopathy, low hemoglobin levels,
CKD stages 3—4, and a poor QOL were independently associated with anxiety. The risk
of anxiety in CKD stages 3—4 patients was 1.3 times higher in comparison to CKD stages
1-2 patients (OR = 2.282, 95% CI = 1.393-3.738, p < 0.001). Similarly, participants with low
quality of life scores were seven times more likely to present with anxiety (OR = 7.062,
95% CI = 3.976-12.544, p < 0.001).
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Table 3. Socio-demographic and clinical factors associated with depression and anxiety in the
DKD patients.

Depression Anxiety
Characteristics Present Absent p Value Present Absent p Vaule
Age group, years, n (%) <0.001 0.012
<50 32(12.5) 98 (26.9) 50 (17.9) 80 (24.5)
50-60 57 (22.3) 104 (28.6) 67 (24.0) 94 (27.6)
60-70 73 (28.5) 97 (26.6) 73 (26.2) 97 (28.4)
>70 94 (36.7) 65 (17.9) 89 (31.9) 70 (20.5)
Gender, n (%) 0.090 0.094
Male 123 (48.0) 200 (54.9) 135 (48.4) 188 (55.1)
Female 133 (52.0) 164 (45.1) 144 (51.6) 153 (44.9)
Education level, n (%) <0.001 0.003
Low, primary school and below 163 (63.7) 139 (38.2) 153 (54.8) 149 (43.7)
Medium, junior and high school 78 (30.5) 177 (48.6) 94 (33.7) 161 (47.2)
High, college and above 15 (5.9) 48 (13.2) 32 (11.5) 31 (9.1)
BMI level, kg/m2, n (%) 0.777 0.204
<24 123 (48) 177 (48.6) 145 (52.0) 155 (45.5)
24-27.9 (overweight) 102 (39.8) 137 (37.6) 103 (36.9) 136 (39.9)
>28 (obese) 31(12.1) 50 (13.7) 31(11.1) 50 (14.7)
Smoking, n (%) 67 (26.2) 99 (27.2) 0.776 71 (25.4) 95 (27.9) 0.500
Alcohol use, n (%) 42 (16.4) 64 (17.6) 0.702 45 (16.1) 61 (17.9) 0.563
Physical activity, n (%) 47 (18.4) 177 (48.6) <0.001 47 (16.8) 177 (51.9) <0.001
Comorbidities and complications, n (%)
Hypertension 225 (87.9) 280 (76.9) 0.001 240 (86.0) 265 (77.7) 0.008
Retinopathy 140 (54.7) 149 (40.9) 0.001 164 (58.8) 125 (36.7) <0.001
Neuropathy 200 (78.1) 241 (66.2) 0.001 223 (79.9) 218 (63.9) <0.001
Cardiac disease 128 (50.0) 81 (22.3) <0.001 125 (44.8) 84 (24.6) <0.001
Stroke 47 (18.4) 18 (4.9) <0.001 44 (15.8) 21(6.2) <0.001
eGFR, mL/min/1.73 m? 54.36 £ 24.22 81.37 £ 26.02 <0.001 58.1 £ 26.69 80.14 + 26.14 <0.001
CKD stage <0.001 <0.001
CKD1-2 (>60 mL/min/1.73 m?) 93 (36.3) 285 (78.3) 112 (40.1) 266 (78)
CKD3—4 (15-59 mL/min/1.73 m?) 163 (63.7) 79 (21.7) 167 (59.9) 75 (22)
UACR, mg/g 477.25 £ 381.47 251.67 £ 328.31 <0.001 445.25 + 381.20 262.64 + 335.94 <0.001
UACR stage, n (%)
UACR <300 mg/g 100 (39.1) 274 (75.3) <0.001 123 (44.1) 251 (73.6) <0.001
UACR > 300mg/g 156 (60.9) 90 (24.7) 156 (55.9) 90 (26.4)
HbAlc, % 8.34 £2.05 8.02 £2.03 0.021 8.40 £2.11 7.95+1.97 0.003
Hemoglobin, g/L 111.19 + 19.03 126.50 £ 56.78 <0.001 110.13 £ 19.58 128.40 = 57.90 <0.001
Serum albumin, g/L 34.61 + 4.68 38.95 £ 4.05 <0.001 35.52 £ 4.86 38.50 + 4.35 <0.001
Uric Acid, mmol/L 375.46 + 119.87 361.37 £ 103.78 0.180 380.17 £ 122.76 356.56 + 98.94 0.024
BUN, mmol/L 8.91 £ 4.64 7.87 +18.82 <0.001 8.55 +4.38 8.10 £ 1947 <0.001
TG, mmol/L 2.0+243 1.92 +3.99 0.242 1.85+1.24 2.04 £4.49 0.194
TC, mmol/L 430 +1.41 429 + 142 0.648 430 £ 1.51 430 +1.34 0.204
HDL, mmol/L 1.11+03 1.12+0.33 0.709 1.01 +£0.30 1.12+0.33 0.619
LDL, mmol/L 299 +£1.1 298 +1.02 0.895 3.02+1.13 2.95 £ 0.98 0.602
EQ-5D-3L index score <0.001 <0.001
EQ-5D-3L > 0.655 128 (50.0) 338 (92.9) 145 (52.0) 321 (94.1)
EQ-5D-3L < 0.655 128 (50.0) 26 (7.1) 134 (48.0) 20(5.9)

Abbreviations: BMI, body mass index; eGFR, estimated glomerular filtration rate; CKD, chronic kidney disease;
UACR, urine albumin to creatinine ratio; HbAlc, hemoglobin Alc; BUN, blood urea nitrogen; TG, Triglyceride;
TC, Total cholesterol; HDL, high-density lipoprotein; LDL, low-density lipoprotein. EQ-5D-3L, EuroQol Five-
Dimensional Three-Level Health Questionnaire. The continuous variables are shown as mean + SD, categorical
variables are shown as number (percentage). The threshold of statistical significance was defined as p < 0.05.

3.4. The ROC Analysis

Based on the results of the multivariate logistic regression analysis, the receiver op-
erating characteristic (ROC) curve was plotted to analyze the predictive value of the
independent risk factors for depression and anxiety. Figure 1 represents the area under
ROC curve (AUC) as 0.870, which includes a combination of seven identified risks factors
of depression (low education levels, physical inactivity, stroke, low serum albumin levels,
CKD Stages 3—4, macroalbuminuria, and a poor QOL). As shown in Figure 2, the AUC of
those seven risk factors (high education levels, physical inactivity, neuropathy, retinopathy,
low hemoglobin levels, CKD stages 3—4, and a poor QOL) combined for predicting anxiety
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was 0.862. These results indicated a high and reliable predictive value of these identified
risk factors for depression and anxiety among the DKD patients.

Table 4. The multivariate logistic regression analysis showing risk factors associated with depression
and anxiety in the DKD patients.

Depression Anxiety

Variable OR (95% CI) p Value OR (95% CI) p Value
Education level, n (%)

Low, primary school and below 1 1

Medium, junior and high school 0.426 (0.265-0.684) <0.001 0.734 (0.464-1.162) 0.188

High, college and above 0.291 (0.130-0.649) 0.003 2.496 (1.222-5.100) 0.012
Physical activity 0.593 (0.370-0.950) 0.030 0.382 (0.242-0.601) <0.001
Neuropathy 1.910 (1.156-3.156) 0.012
Retinopathy 1.790 (1.167-2.744) 0.008
Stroke 2.409 (1.121-5.174) 0.024
Hemoglobin 0.983 (0.972-0.994) 0.003
Serum albumin 0.875 (0.826-0.926) <0.001
CKD stage

CKD1-2 (eGFR > 60 mL/min/1.73 m?) 1 1

CKD3-4 (eGFR15-59 mL/min/1.73 m?) 2.051 (1.291-3.258) 0.002 2.282 (1.393-3.738) 0.001
UACR stage

UACR <300 mg/g 1 1

UACR >300mg/g 1.718 (1.038-2.843) 0.035 1.268 (0.772-2.083) 0.348
EQ-5D-3L index score

EQ-5D-3L > 0.655 1 1

EQ-5D-3L < 0.655 6.003 (3.473-10.377) <0.001 7.062 (3.976-12.544) <0.001

Abbreviations: eGFR, estimated glomerular filtration rate; CKD, chronic kidney disease; UACR, urine albumin
to creatinine ratio; EQ-5D-3L, EuroQol Five-Dimensional Three-Level Health Questionnaire. The threshold of
statistical significance was defined as p < 0.05.

0.50 0.75 1.00
1 | |

Sensitivity

0.25
|

0.00

T T T T T
0.00 0.25 0.50 0.75 1.00
1 - Specificity

Area under ROC curve = 0.870

Figure 1. The receiver operating characteristics for seven risk factors (low education levels, physical
inactivity, stroke, low serum albumin levels, CKD Stages 3—4, macroalbuminuria, and a poor QOL)
combined to predict depression in DKD patients. The area under the curve was 0.870.
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Figure 2. The receiver operating characteristics for seven risk factors (high education level, physical
inactivity, neuropathy, retinopathy, low hemoglobin concentration, CKD stages 34, and a poor QOL)
combined to predict anxiety in the DKD patients. The area under the curve was 0.862.

3.5. The Association of Poor Psychological Status with Kidney Function, Albuminuria, and
Quality of Life among DKD Patients

As shown in Table 5, the Kendall Rank correlation analysis revealed that the eGFR
(r=—0.588, p < 0.001) and EQ-5D-3L index scores (r = —0.690, p < 0.001) were negatively
associated with the Self-Rating Depression Scale (SDS) score. While the UACR was pos-
itively associated with the SDS score (r = 0.440, p < 0.001) when these were treated as
continuous variables. Similarly, the eGFR (r = —0.535, p < 0.001) and EQ-5D-3L index
scores (r = —0.646, p < 0.001) were also inversely correlated with the Self-Rating Anxiety
Scale (SAS) score, and the UACR was positively associated with the SAS score (r = 0.388,

p < 0.001).
Table 5. The correlation analysis between the clinical indicators and depression and anxiety in the
DKD patients.
Depression Anxiety
Variable
r p Value T p Valve
eGFR —0.588 <0.001 —0.535 <0.001
UACR 0.440 <0.001 0.388 <0.001
EQ-5D-3L index score —0.690 <0.001 —0.646 <0.001

Abbreviations: eGFR, estimated glomerular filtration rate; UACR, urine albumin to creatinine ratio; EQ-5D-3L,
EuroQol Five-Dimensional Three-Level Health Questionnaire. The threshold of statistical significance was defined
as p <0.05.

Furthermore, in a multivariable logistic regression analysis (Table 6), depression and
anxiety were confirmed to be independent risk factors for deteriorating kidney function
(eGFR 15-59 mL/min/1.73 m?), after adjustment for factors, such as, sex, age, educa-
tion, and diabetic complications that may possibly impact kidney function. As shown
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in Table 6, participants with depressive symptoms had twice the risk of deteriorating
kidney function (OR = 2.00, 95% CI = 1.20-3.34, p = 0.008), and DKD patients with anxiety
symptoms also had nearly twice the risk of deteriorating kidney function (OR = 1.82, 95%
CI =1.09-3.02 p = 0.021). However, when all of the variables were entered into the model,
depression or anxiety did not have an independent association with macroalbuminuria
(UACR > 300 mg/g). In the multivariate model, depression and anxiety were also found
to be predictors of poor quality of life (EQ-5D-3L index score < 0.065). Participants with
depressive symptoms were 4.96 times more likely to have poor quality of life, compared
with those without depression (OR = 4.96, 95% CI = 2.74-8.99, p < 0.001). Those with
anxiety symptoms were 5.90 times the odds of having poor quality of life (OR = 5.90,
95% CI = 3.25-10.71, p < 0.001).

Table 6. Multivariate logistic regression analysis of the association of poor psychological status with
deteriorating kidney function, macroalbuminuria and poor quality of life in DKD patients.

) eGFR15-59 mL/min/1.73 m> UACR > 300 mg/g EQ-5D-3L < 0.665
Variable OR (95% CI) p Value OR (95% CI) p Value OR (95% CI) p Value
depression
no 1 1 1
yes 2.00 (1.20-3.34) 0.008 1.56 (0.94-2.57) 0.083 4.96 (2.74-8.99) <0.001
anxiety
no 1 1 1
yes 1.82 (1.09-3.02) 0.021 1.18 (0.72-1.93) 0.522 (3.255;91%.71) <0.001

Abbreviations: eGFR, estimated glomerular filtration rate; UACR, urine albumin to creatinine ratio; EQ-5D- 3L,
EuroQol Five-Dimensional Three-Level Health Questionnaire. The threshold of statistical significance was defined
as p <0.05.

All these results demonstrated that the depression and anxiety scores of the DKD
patients were negatively correlated with the eGFR and quality of life scores. Depression
and anxiety symptoms were independent risk factors for patients with CKD stage 3—4 and
a poor QOL. These findings suggested that the severity of the patients” depression and
anxiety is closely linked to the deterioration of their renal function and the QOL.

4. Discussion

This study discovered that the prevalence rates of symptoms are 41.3% for depression
and 45% for anxiety, and this indicates a high prevalence of depression and anxiety states
in Chinese DKD patients. These results are comparable to those reported in a Japanese
study where 37.3% of DKD patients had depressive symptoms [4], while data pertaining
to the prevalence of anxiety in DKD patients are very limited. On the other hand, a series
of studies have shown that 11.5-26.3% of diabetes patients have depressive symptoms,
and 27.6-30.5% of diabetes patients presented with symptoms of anxiety [22-24]. Based on
these data, symptoms of depression and anxiety may be more prevalent in diabetic patients
with DKD, as compared with those without DKD [24,25]. Similarly, diabetic complications
were also found to be associated with a further reduced QOL in diabetes patients [26], all
of which indicate an additional negative impact of diabetic kidney complications on the
psychopathological state and the QOL among diabetes patients.

In our current model, low education levels, physical inactivity, stroke, lower serum
albumin levels, CKD Stages 3—4, macroalbuminuria, and a poor QOL were identified as the
risk factors that were significantly associated with depression in DKD patients, while factors
notably associated with anxiety were high education level, physical inactivity, neuropathy,
retinopathy, lower hemoglobin levels, CKD stages 3—4, and a poor QOL. To our knowledge,
this is the first study identifying the independent risk factors associated with depression
and anxiety symptoms in Chinese patients with DKD. To further confirm the prediction
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efficiency of the combination of risk factors, we drew the ROC curve, and both of the AUC
were greater than 0.7, which indicated that the above-identified risk factors have a relatively
good predictive value for the occurrence of psychopathological disorders in DKD patients.
Moreover, our study demonstrated that depression and anxiety were both associated with
deteriorating kidney function and a poor QOL, indicating that a poor psychopathological
state may be an important factor that exacerbates somatic symptoms and the deterioration
of kidney function in DKD patients as well as impairing the health-related quality of life.

Several studies have been performed to explore the risk factors for anxiety and de-
pression in patients with diabetes or CKD. Consistent with previous findings [9,27], we
observed that patients with a lower educational level were more likely to develop de-
pressive symptoms; whereas a higher education level increases the risk of having anxiety
symptoms. Less-educated individuals may lack the accessibility to reliable information
about diabetes and its complications, and this may cause them to worry about their disease
status, thereby increasing the risk of developing depression [9]. Pu et al. speculated that
patients with a higher education may be more capable of perceiving and recognizing the
risk of DKD and they might at times be misled by misinformation, which may cause them to
be vulnerable to anxiety [28]. Therefore, for patients with chronic diseases, including DKD,
it is important that physicians provide more comprehensive and educational information in
order to improve the awareness of the relevant disease and also the potential psychological
repercussions. Generally, it is well recognized that lifestyle modification is strongly related
to less psychological distress [25]. Our findings complement other studies showing that the
lack of physical activity is closely associated with an increased risk of both depression and
anxiety among patients with DKD. Cumulative evidence suggests that immune system
malfunctions and chronic inflammation are linked to the development of depression [25,29].
In this regard, the protective effect of regular physical exercise on mental disorders in
patients with chronic diseases may be attributed to the potential anti-inflammatory and
immune function-boosting effects [29].

Among the clinical factors we studied, diabetic retinopathy was associated with a
higher risk of anxiety, this might be because vision impairment has a detrimental impact
on daily activities, social life, and quality of life [30]. Rajput et al. also observed that
nephropathy, retinopathy, and ischemic heart disease were significantly associated with
depression and anxiety [24]. In addition, we observed that a comorbid stroke influenced
mental well-being and increased depression levels in DKD patients. Similarly, a recent
study from China has demonstrated that cerebrovascular disease in CKD populations was
associated with the increased incidence of depressive symptoms [28]. This correlation
may be related to inflammation, autonomic nervous system dysfunction, and platelet
aggregation enhancement, all of which have been proposed to explain the link between
depression and strokes [31,32]. In this study, a low serum albumin level was noted to
be a predictive factor for depression among participants. A low level of serum albumin
may reflect malnutrition, which has previously also been shown to be associated with
depression and poor clinical outcomes in dialysis patients [33]. Similarly, the present study
revealed that low hemoglobin levels were independently correlated with a high anxiety
rate, which concurs with several previous studies [34,35]. A low serum hemoglobin, often
classified as anemia, which is an important complication of CKD that increases fatigue
and dyspnea and negatively affects social activity, may thus be linked to psychological
disorders [28,35].

DKD is typically characterized by an increased urinary albumin excretion and the
progressive deterioration in kidney function, which ultimately may result in ESRD [1]. In
the present study, comparing the DKD patients with CKD Stages 1-2 to those with CKD
Stages 3—4, we found that the latter group had a significantly higher risk of depression or
anxiety. Similarly, a cross-sectional study of 2212 diabetes patients in Japan demonstrated
that the later stages of DKD were incrementally associated with more a severe and higher
risk of depression [4]. In another study by Campbell et al., participants with a lower eGFR
category (eGFR < 29 mL/min/1.73 m?) had twice the risk of depression as compared
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to those with a high eGFR (>90 mL/min/1.73 m?) among patients with diabetes and
CKD [36]. On the other hand, we also noted that macroalbuminuria was a risk factor
that was associated with depression in DKD patients; these results are consistent with
other studies showing that there is a significant correlation between albuminuria and the
severity of depressive symptoms in patients with CKD and DKD [4,27]. On the other
hand, in the regression model, we observed that patients with DKD who had either
depression or anxiety were more likely to have advanced stages of CKD and a poor QOL.
Moreover, among the DKD patients with psychological symptoms in this study, a high
proportion of the patients suffered from both depression and anxiety. It is conceivable
that the DKD patients with a combination of depression and anxiety have a higher risk of
kidney function deterioration and a poorer QOL, as compared with those who have only
one or no psychological disorders; this speculation needs to be confirmed by further studies.
Also, although this cross-sectional study was unable to clarify the causal relationship of the
eGFR and albuminuria with depression and anxiety, several cohort studies have indicated
that depressive symptoms may accelerate the decline of kidney function and contribute
to adverse renal disease outcomes [6,37,38]. A 3-year cohort study suggested that CKD
patients with depressive symptoms had higher risk for progression to dialysis and an
all-cause mortality [37]. Horiba Y et al. reported that the presence of depression has a
potential impact on the progression to ESRD in patients with advanced DKD [6]. Zhang
Z et al. also reported that depressive symptoms in Chinese adults were significantly
associated with a higher risk of the rapid decline of kidney function [38]. The potential
mechanisms by which psychological disorders contribute to the deterioration of kidney
function were also addressed. Interestingly, several studies have indicated that depression
and anxiety may enhance the activity of the hypothalamic—pituitary—adrenal (HPA) axis,
which would further increase the glucocorticoid corticosterone levels and leading to the
impairment of immune system [39,40]. On the other hand, depressive symptoms are
also associated with higher inflammatory cytokines levels, such as C-reactive protein and
interleukin-6, which may contribute to systemic inflammation and deteriorating kidney
function [37,38]. However, the underlying mechanisms controlling the contribution of
depression and anxiety to the loss of kidney function remain largely unknown, and this is
certainly worthy of further investigation.

Health-related quality of life has increasingly become an important outcome in chronic
diseases, including DKD. In this regard, the validated EQ-5D-3L instrument has been
shown as a reliable tool to evaluate the QOL of patients with diabetes and its associated
complications [41]. Our findings indicated that a poor QOL can increase the risk of depres-
sion and anxiety symptoms in patients with DKD. A poor QOL may have a negative impact
on an individual’s independence in daily life, the ability to work and various aspects of
health, and this may further be associated with developing psychiatric disorders [8]. A
recent study using EQ-5D-3L to evaluate the QOL in diabetic patients showed that the
QOL was worse in patients with additional diabetic complications [26], and improving
the QOL may promote mental health in patients with DKD [25]. Conversely, our study
also suggested that depression and anxiety were independently related to a poor QOL.
The potential causes of depression and anxiety that adversely affect the QOL in DKD
patients are likely to be linked to medication non-compliance, poor nutrition, and negative
clinical outcomes [27,42]. These findings highlight the significant association between psy-
chological disorders and the QOL in DKD patients. Comprehensive strategies, including
early assessment and proactive treatment of depression and anxiety along with the use of
emerging medications, may substantially improve the QOL and clinical outcomes in DKD
patients (Table 7).
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Table 7. Comprehensive strategies for the management of patients with type 2 diabetes and DKD.

Ig;ﬂ:g;i;ﬂ;nary Lifestyle Modification Diabetes Management DKD Management Psychological Management
i : e UACRand eGFR ¢  Anxietyand
o Endocrinologist Diet control . Personalized blood depression assessment
08 Alcohol and glucose control SRR lity of lif
s Nephrologist smoking cessation o  Blood pressure control ~ ®  ACE inhibitor or ARB 0 e e
*  Dsychologist Weight control e  Cholesterol control e  Consider SGLT2i or assessment
* Nutritionist Physical exercises o Uric acid control GLP1-RA or * Psycholllc? gical d
Finerenone for kidney COETEIRI NS 10

protection intervention

Abbreviations: UACR, urine albumin to creatinine ratio; eGFR, estimated glomerular filtration rate; DKD, diabetic
kidney disease; ACE, angiotensin-converting enzyme; ARB, angiotensin II receptor blocker; SGLT2i, sodium-
glucose cotransporter-2 inhibitor. GLP1-RA, glucagon-like peptide 1 receptor agonist.

5. Conclusions

This study indicates that depression and anxiety symptoms have a high prevalence in
patients with DKD in China. Poor education, physical inactivity, stroke, low concentration
of serum albumin, CKD stage 34, macroalbuminuria, and a poor QOL were independent
risk factors for depression in DKD patients. The factors independently associated with
anxiety were high education level, physical inactivity, diabetic retinopathy and neuropathy,
low hemoglobin level, CKD stage 3—4, and a poor QOL. In addition, results of our study
implied that the severity of the patients” depression and anxiety are closely linked to the
deterioration of their renal function and the QOL. Therefore, it is essential to improve the
awareness of psychological comorbidities among DKD patients in China. The findings of
our study suggest the importance of endocrinologists, nephrologists, and psychologists
working together to initially screen and evaluate DKD patients for psychological distur-
bances, and take supportive measures to maintain good mental health. The comprehensive
strategies for the management of both somatic and psychological disorders may effectively
delay the disease progression, improve the QOL, and prevent adverse clinical outcomes in
DKD patients.
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