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Depression is a common psychiatric disorder among patients undergoing maintenance haemodialysis
(MHD). Depression may reportedly contribute to poor prognosis in several ways, including its effects
on platelet function. We hypothesised that depression contributes to the occurrence of cardiocerebral
vascular events (CCVE) and dysfunction of arteriovenous fistula (DAVF) in patients undergoing

MHD through its effects on platelets. In this prospective cohort study, patients undergoing MHD

were recruited and divided into depression and non-depression groups according to their Hamilton
Depression Scale (HAMD) scores. The 286 enrolled patients had 103 occurrences of depressive
symptoms (prevalence =36.01%). Compared with the non-depression group, depression group had a
significantly higher cumulative prevalence of CCVE and DAVF during follow-up. Cox regression analysis
indicated that higher HAMD scores and lower plasma platelet distribution width (PDW) were common
risk factors for CCVE and DAVF. Furthermore, HAMD scores were significantly negatively correlated
with plasma PDW and was the main variable affecting changes in PDW, as indicated by multiple linear
regression analysis. Depression may increase the risk of CCVE and DAVF in patients undergoing MHD
by activating platelets. Plasma PDW may be a convenient indicator of platelet activation status and
may predict the risk of CCVE and DAVF.

Keywo rds Depression, Haemodialysis, Cardiocerebral vascular events, Arteriovenous fistula dysfunction,
Platelet

Cardiocerebral vascular events (CCVE) and dysfunction of arteriovenous fistula (DAVF) are two major catego-
ries of adverse events of concern for nephrologists. CCVE are the leading cause of death in patients undergoing
maintenance haemodialysis (MHD). Its prevention and treatment are limited to the management of traditional
risk factors such as hypertension, hyperlipidaemia, and diabetes mellitus etc. However, the efficacies of these
approaches are considered insufficient. Other factors, such as depression, are also thought to be associated with
cardiovascular mortality. Arteriovenous fistula (AVF) is the most popular vascular access currently used for hae-
modialysis. Compared with other vascular access, it can improve the prognosis for patients undergoing MHD'.
Therefore, increasing the rate of AVF use and maintaining patency are particularly important. The Dialysis
Outcomes and Practice Patterns Study has indicated that the primary patency rate (from establishing AVF to its
dysfunction) in two years is only approximately 50% in many developed countries?. To better combat CCVE and
DAVF beyond the management of traditional risk factors, identifying and actively preventing nonconventional
risk factors for CCVE and DAVF may help achieve breakthroughs.
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Depression is a common complication in patients undergoing MHD, accounting for 20-40% of all patients®. It
may serve as a non-conventional risk factor for CCVE*. Depression diminishes patients’ adherence to treatment
as well as beneficial diets and lifestyles®. Long-term depression may also lead to unfavourable pathological and
physiological changes within the patient’s body®.

Platelets are involved in arteriovenous thrombosis and inflammatory responses, and their dysfunction is
closely associated with the development of CCVE or DAVF”?. Like neuronal cells, platelets contain signalling
molecules that play important roles in the progression of depression, including 5-hydroxytryptamine (5-HT)
transporter and brain-derived neurotrophic factor’. Increased 5-HT2A receptors'®'! and decreased 5-HT
transporters'? have also been found in platelets of patients with depression, which may affect platelet transport,
storage, and response to 5-HT. Mutations in the brain-derived neurotrophic factor gene are often accompanied
by enhanced platelet aggregation capacity and an increased risk of thrombosis'’. Based on the same material
basis as platelets and central nervous system neurons, many clinical studies have shown an increase in platelet
activation markers in patients with depression 11'*716, In a study involving 300 patients with cardiovascular dis-
ease comorbid with depression, it was noted that patients had higher serotonin receptor levels and more platelet
aggregation compared to those with uncomplicated depression!!. Similarly, some studies also confirmed that
patients with coronary artery disease combined with depression had elevated platelet specific volume and higher
levels of platelet activation markers'”!®. It is suggested that depression-induced platelet activation triggers the
release of related factors that exacerbate the progression of atherosclerosis, thereby increasing the risk of adverse
cardiovascular events. Based on these findings, it is plausible to hypothesize that depression is also associated
with platelet activation in patients undergoing MHD, which may further worsen cardiovascular outcomes.

The platelet aggregation test is the gold standard for detecting platelet function, but its cost is high in clini-
cal practice, and patient compliance is poor. Decreased platelet distribution width (PDW) is associated with
platelet activation'®. Clinical studies have shown that PDW may be a sensitive diagnostic indicator for certain
cardiovascular events in patients with chronic kidney disease?>*!, which is also convenient and inexpensive. The
impact of depression on platelet function, CCVE, and DAVF in patients undergoing MHD is currently unclear.
This study aimed to conduct a preliminary exploration based on actual data from patients undergoing MHD at
our blood purification centre.

Materials and methods

Study population

Patients undergoing MHD were recruited from the First Affiliated Hospital of Chongqing Medical University,
China, between June 2022 and August 2023. These patients underwent dialysis for more than three months. At
enrolment, their medical status was stable, and their expected survival period exceeded one year. The exclusion
criteria were as follows: (1) patients with communication disorders or mental illnesses other than depression;
(2) patients with cirrhosis, lymphoma, thrombocytopenic purpura, or other diseases that significantly affected
platelet function; (3) patients with advanced malignant tumours, severe heart failure, or unstable medical con-
ditions whose life expectancy did not exceed one year; and (4) patients unable or unwilling to cooperate with
the researchers. All enrolled patients underwent routine haemodialysis through an AVF for 3-4 h, three times
per week, and were routinely anticoagulated with unfractionated heparin or low-molecular-weight heparin
in each dialysis session. Patients were administered other therapeutic medications, such as antihypertensive,
anaemia-correcting, and phosphorus-reducing agents, according to their specific medical situations. This study
was registered with the Clinical Trial Centre (NCT06070805) and approved by the Ethics Committee of the First
Affiliated Hospital of Chongqing Medical University (permission number 2022-103). The study complied with
the Declaration of Helsinki, and written informed consent was obtained from all participants.

Grouping methods

The Hamilton Rating Scale for Depression (HAMD) was used to assess the depressive status of all enrolled
patients. The HAMD Depression Scale, developed by Hamilton in 1960, has good reliability and validity and can
be used to diagnose depression, assess severity, and measure treatment effectiveness®. The scale mainly includes
cognitive disturbance, sleep disturbance, anxiety/somatisation, weight, diurnal variation, retardation, and other
dimensions, and the 24 items cover almost all symptoms of depression®. Depression scoring was performed
by a trained researcher during dialysis through observation and communication. Patients were assigned to the
non-depression (NDP) group if their HAMD score was <8 or to the depression (DP) group if their HAMD
score was = 8.

Data collection

General clinical data, including sex, age, primary disease, duration of dialysis, blood pressure, body mass index,
history of alcohol consumption or smoking, comorbidities (including history of cardiocerebrovascular dis-
ease, diabetes, and stroke), and use of platelet inhibitor medications, were collected. Several laboratory tests
were conducted during the enrolment and study period, including platelet count, mean platelet volume, PDW,
platelet-large cell ratio, platelet crit, haemoglobin, calcium, phosphorus, intact parathyroid hormone, creatinine,
triglyceride, total cholesterol, high-density lipoprotein, low-density lipoprotein, C-reactive protein (CRP), and
beta-2 microglobulin. Based on the results of the repeated examinations conducted over the entire study period,
the mean value of each index was calculated for the final analysis.

Follow-up and definition of endpoints
The patients were monitored for health changes during each dialysis session, and information regarding the
occurrence of CCVE and DAVF during the follow-up period was collected and compared between the groups.
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CCVE were defined as the first occurrence of angina pectoris, myocardial infarction, episodes of heart failure
requiring clinical intervention, arrhythmic episodes with clinically significant symptoms, transient ischaemic
attack, cerebral infarction, or cerebral haemorrhage during the observational period. DAVF was diagnosed if a
patient presented with one or more of the following conditions rendering the AVF unsatisfactory for effective
haemodialysis: (1) loss of AVF murmur on clinical auscultation; (2) notable weakening or disappearance of
pulsation in the AVF; (3) echocardiography showing interruption of blood flow, thrombosis within the fistula,
or stenosis of the venous outflow tract at or near the anastomotic site; or (4) maximum blood flow < 200 mL/
min in the AVF during dialysis.

Statistical methods

Normally distributed values were assessed using histograms. Normally distributed measures are expressed as
mean * standard deviation. An independent sample t-test was used to compare two groups, and analysis of
variance (ANOVA) was used to compare multiple groups. Non-normally distributed measures are expressed as
medians. Comparisons between two groups were performed using the Mann-Whitney U test, and comparisons
among multiple groups were performed using the Kruskal — Wallis test. Categorical variables are expressed as
numbers of cases and percentages (%), and comparisons between groups were performed using the chi-square
test or Fisher’s exact test, as appropriate. Based on the analytical results of the intergroup comparisons, statisti-
cal methods such as the Cox regression model, Kaplan-Meier analysis, and multiple linear regression models
were used to analyse the risk factors for CCVE and DAVE, the effect of depression on patient survival status,
and laboratory indices associated with changes in plasma PDW levels. Statistical analyses were performed using
SPSS 26.0, and p <0.05 was considered statistically significant.

Results

Comparison of baseline characteristics between the NDP and DP groups

There were approximately 500 patients undergoing long-term dialysis in our dialysis centre, and we included all
patients who met the inclusion criteria and were willing to participate in the study. Finally, 297 patients undergo-
ing dialysis were enrolled, 286 of whom were included in the statistical analysis. Of the 11 excluded patients, six
had a significant loss of laboratory tests due to poor compliance, one underwent kidney transplantation in the
middle of follow-up, and four were transferred to other dialysis centres. According to the HAMD scores, 103
of 286 (approximately 36%) patients were assigned to the DP group, and 183 were assigned to the NDP group
(Fig. 1). The general clinical data and laboratory indicators of the groups are shown in Tables 1 and 2 separately,
and the proportion of primary diseases is shown in Fig. 2. Compared with the NDP group, the DP group expe-
rienced more cardiovascular and cerebrovascular diseases. Lower diastolic blood pressure, blood creatinine,
serum albumin, intact parathyroid hormone, and PDW were observed in the DP group compared with the NDP
group. The differences between the groups were statistically significant (p <0.05).

Comparison of CCVE and DAVF occurrence

The median follow-up duration was 274 days (237-376), during which 47 CCVE occurred, including 14 acute
coronary syndromes, 16 acute heart failures, 10 cerebral infarctions, four cerebral haemorrhages, and three other
CCVE (Fig. 3). CCVE were reported in 10% (18/183) and 28% (29/103) of patients in the NDP and DP groups,
respectively (y*=15.93, p<0.001). DAVFs were reported in 9% (17/183) and 22% (23/103) of patients in the NDP
and DP groups, respectively (y*=9.32, p=0.002). The incidence of CCVE and DAVF was significantly higher in
the DP group than in the NDP group (Fig. 4).

Analysis of risk factors for CCVE and DAVF
A multivariate Cox regression analysis model was constructed, incorporating CCVE as a dependent variable and
using the HAMD score, age, history of cardiovascular and cerebrovascular diseases, diabetes mellitus, diastolic

Total Patients Enrolled
(297)

Patients Excluded
(11)

Patients Included in Analysis
(286)

NDP Group DP Group Low PDW Middle PDW High PDW
(n=183) (n=103) (9.13-14.63fL) || (14.64-16.07fL) | | (16.08-17.93fL)
] 1
Multivariate Cox Multifactorial Linear
Regression Analysis Regression Analysis

1

The impact of depression The impact of
on CCVE and CCVE depression on PDW

Fig. 1. Flow chart for the methodology. NDP non-depression (HAMD < 8); DP depression (HAMD >8); PDW
platelet distribution width; CCVE cardio-cerebral vascular events; DAVF dysfunction of arteriovenous fistula.
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Variable All patients (n=286) | NDP group (n=183) | DP group (n=103) | t/z/y2 | p-value
Age (y) 57.64+14.44 56.83+14.29 59.09+14.65 -1.27 |0.205*
Male (%) 122 (43) 76 (42) 46 (45) 0.26 0.607°
BMI (Kg/m?) 22.47+3.35 22.59+£347 22.25+3.12 0.84 0.400*
Smoke (%) 127 (44) 79 (43) 48 (47) 032 | 0.575
Drink (%) 102 (36) 63 (34) 39 (38) 0.34 0.560°
Time on dialysis (months) 64.55+45.90 66.3+46.32 61.9+45.24 0.73 0.466°
With diabetes mellitus (%) 83 (29) 47 (26) 36 (35) 2.75 0.097°
With cardio-cerebrovascular disease (%) 129 (45) 68 (37) 61 (59) 12.96 | 0.000*
SBP (mmHg) 139.82+15.25 139.45+15.14 140.50+15.52 -0.56 | 0.576%
DBP (mmHg) 75.30+10.32 76.22+10.62 73.65+9.61 2.04 0.042%*
Antiplatelets user (%) 149 (52) 90 (49) 59 (57) 1.73 0.188°

Table 1. Basic information of the included patients undergoing MHD according to the HAMD scores. Data
are shown as numbers (percentages) or X+s. NDP non-depression (HAMD < 8); DP depression (HAMD > 8);
SBP systolic BP; DBP diastolic BP. *p-value < 0.05 shows a statistically significant difference. a, Independent
samples t-test; b, Chi-square test; c, Mann-Whitney U test.

Variable All patients (n=286) NDP group (n=183) DP group (n=103) t/z p-value
B 2 M(mg/L) 33.50 (27.70, 39.40) 34.10 (27.80, 39.40) 33.36 (27.00, 40.30) -0.36 | 0.723¢
TG (mmol/L) 1.52 (0.99, 2.13) 1.51 (0.96, 2.15) 1.58 (1.17,2.13) -1.25 | 0.212°¢
TC (mmol/L) 3.71 (3.09, 4.48) 3.69 (3.17,4.37) 3.88 (3.03,4.59) -0.09 | 0.930¢
LDL-C (mmol/L) 1.97 (1.47,2.51) 2.01 (1.54, 2.58) 1.92 (1.38, 2.44) -1.52 | 0.129¢
HDL-C (mmol/L) 1.11 (0.89, 1.35) 1.09 (0.89,1.32) 1.07 (0.84,1.35) -0.08 | 0.936°
Cr (pmol/L) 966.15+252.68 991.61+£256.78 920.58 £239.71 2.27 0.024*
BUN (mmol/L) 21.93+6.50 22.07+6.21 21.67+7.00 0.50 0.618*
Alb (g/L) 41.62+3.98 42.24+3.74 40.52+4.17 3.59 0.000a*
CRP (mg/ml) 3.38 (2.04, 6.36) 3.20 (2.04, 3.20) 3.80(2.17,6.77) -1.49 | 0.136°
iPTH (pg/ml) 293.30 (178.50, 457.40) | 332.00 (178.53, 458.67) | 266.13 (162.07, 457.40) | -2.32 | 0.020c*
Ca (mmol/L) 2.17+0.16 2.16£0.17 2.18+0.15 -0.53 | 0.596%
P (mmol/L) 1.78+0.41 1.79+0.38 1.76 £0.46 0.68 0.499*
Hb (g/L) 114.99+14.11 115.61+£13.58 113.89+15.00 0.99 0.324*
PLT (x 109/L) 175.28£49.79 175.68 £48.96 174.58 £51.46 0.18 0.857*
MPV (fl) 10.14+1.03 10.08+1.01 10.24+1.08 -1.27 | 0.206%
PDW (fl) 15.63 (14.20, 16.20) 15.80 (14.30, 16.23) 15.27 (14.06, 16.10) -2.38 | 0.018¢c*
PCT (%) 0.18+0.05 0.18+0.05 0.18+0.05 -0.04 | 0.966*

Table 2. Laboratory testing parameters of the included patients undergoing MHD according to HAMD
scores. Data are shown as X+s or median. NDP non-depression (HAMD <8); DP depression (HAMD > 8);
B2M B2 Micro globulin; TG triglyceride; TC total cholesterol; LDL-C low-density lipoprotein; HDL-C high-
density lipoprotein; Cr creatinine; BUN blood urea nitrogen; Alb albumin; CRP C-reactive protein; iPTH intact
parathyroid hormone; Ca calcium; P phosphate; Hb haemoglobin; PLT platelet count; MPV mean platelet
volume; PDW platelet distribution width; P-LCR platelet-large cell ratio; PCT platelet crit. *p-value <0.05 shows
a statistically significant difference. a, Independent samples t-test; ¢, Mann-Whitney U test.

blood pressure, PDW, blood calcium, creatinine, triglycerides, intact parathyroid hormone, CRP, and albumin
as independent variables. Higher HAMD scores, advanced age, and lower PDW were independent prognostic
indicators for CCVE. Using the same Cox regression model and replacing the dependent variable from CCVE
with DAVE, we found that higher HAMD scores, hypertriglyceridaemia, and lower PDW were independent
prognostic indicators of DAVF (Table 3). Kaplan-Meier survival curves also showed a statistically significantly
greater cumulative incidence of CCVE and DAVF in the DP group than in the NDP group (Fig. 5).

Analysis of relevant factors affecting changes in plasma PDW levels

We categorised all patients into three groups according to plasma PDW levels and analysed the differences in
laboratory parameters among the groups. Statistical analysis revealed significant differences across the subgroups
in HAMD scores, time on dialysis, intact parathyroid hormone concentrations, and diastolic blood pressure
(Table 4). Spearman’s correlation analysis indicated a negative correlation between PDW and HAMD scores
(r=-0.15, p=0.014). However, no significant correlation was observed between other platelet factors and HAMD
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Fig. 2. The proportion of primary disease in the NDP and DP groups. NDP non-depression (HAMD < 8); DP
depression (HAMD >38).
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Fig. 3. The composition of cardiocerebral vascular events in all patients undergoing MHD during follow-up.
Note Data are shown as percentages. ACS acute coronary syndrome.
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Fig. 4. Comparison of the occurrence of CCVE and DVAF in the NDP and NDP groups. Note Data are
presented as percentages. The chi-square test was used for comparisons between groups. n denotes the
achievement of the patients/overall patients. NDP non-depression (HAMD < 8); DP depression (HAMD > 8);
CCVE cardio-cerebral vascular events; DAVF dysfunction of arteriovenous fistula.

scores. A multifactorial linear regression analysis model was constructed with PDW as the dependent variable
and HAMD score, time on dialysis, antiplatelet therapy use, diastolic blood pressure, intact parathyroid hormone,
CRP, albumin, BMI, and HDL-C as the independent variables. Changes in PDW were significantly correlated
with HAMD scores, dialysis duration, and diastolic blood pressure (Table 5).

Discussion

CCVE and DAVF are the most concerning clinical events in patients undergoing MHD, while the former is the
leading cause of death in over 50% of patients undergoing MHD who ultimately die?*, and the latter directly
shuts down the “lifeline” to regular dialysis. Given that patients have a limited number of vessels suitable for
AVFE, preventing DAVF and maximising longevity are important. CCVE and DAVF are closely associated with
vasculopathy and varying degrees of coagulopathy, as well as related conditions, such as stenosis, embolism, or
haemorrhage, in patients undergoing dialysis. Currently, clinical measures for the prevention and management of
CCVE and DVAF include controlling blood pressure and glucose levels, lowering blood lipids, and using platelet
inhibitors. However, these therapeutic measures predominantly focus on managing traditional risk factors and
exhibit limited efficacy. The effects of nonconventional risk factors, such as depression, have not received suf-
ficient attention from the public.
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Table 3. Univariate and multivariate Cox regression predicting CCVE and DAVF in patients undergoing
MHD. CCVD cardiovascular and cerebrovascular diseases; DM diabetes mellitus; DBP diastolic BP; PDW
platelet distribution width; Ca calcium; Cr creatinine; TG triglyceride; iPTH intact parathyroid hormone; CRP
C-reactive protein; Alb albumin. *p-value <0.05 shows a statistically significant difference.
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Fig. 5. Cumulative incidence curves for CCVE (a) and DAVF (b) for patients undergoing MHD with different
patterns of depressive symptoms. NDP non, depression (HAMD < 8); DP depression (HAMD >8); CCVE
cardiocerebral vascular events; DAVF dysfunction of arteriovenous fistula.

Depression is a common psychiatric disorder among patients undergoing MHD. Several studies have indi-
cated that depression may promote CCVE through its effect on platelet function®. The present study also reported
depressive symptoms in 36% of the patients undergoing MHD. Compared with non-depressed patients, depressed
patients experienced a greater rate of comorbid cardiovascular disease; significantly lower levels of blood creati-
nine, albumin, parathyroid hormone, PDW, and diastolic blood pressure; and higher cumulative incidence rates
of CCVE and DAVF during follow-up. Cox regression analysis indicated that higher HAMD scores and lower
plasma PDW levels were common risk factors for CCVE and DAVF in patients undergoing MHD. Studies have
shown that PDW is a marker of inflammatory thrombosis in several diseases?®-2%. In this study, changes in plasma
PDW were significantly and negatively correlated with HAMD scores in patients undergoing MHD. Previous
studies have also reported that plasma PDW levels are negatively correlated with platelet p-selectin, platelet/
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Low PDW group Middle PDW group High PDW group

(9.13-14.63fL) (14.64-16.07fL) (16.08-17.93fL) p-value
HAMD 4.00 (1.00, 11.25) 4.00 (2.00, 10.00) 3.00 (1.00, 9.75) 0.044c*
Age (y) 57.11+16.34 58.32+13.12 57.81+13.62 0.849%
Time on dialysis (months) 42.00 (15.00, 64.00) 64.50 (24.75, 113.75) 67.50 (39.00, 100.25) 0.000c*
SBP (mmHg) 142.11+14.42 137.70£15.28 140.41+15.80 0.093*
DBP (mmHg) 76.88+9.84 72.81+10.52 76.51+10.29 0.007a*
82 M (mg/L) 34.10 (27.35, 38.75) 32.50 (27.76, 41.00) 34.82 (28.89, 40.22) 0.730¢
TG (mmol/L) 1.53 (0.96, 2.33) 1.57 (1.17,2.15) 1.42 (0.90, 2.10) 0.160¢
TC (mmol/L) 3.68 (3.03, 4.50) 3.75 (3.28, 4.59) 3.83 (3.05,4.31) 0.544¢
LDL, C (mmol/L) 1.83 (1.46, 2.25) 2.08 (1.62, 2.68) 1.98 (1.45, 2.56) 0.309¢
HDL, C (mmol/L) 1.11 (0.93, 1.31) 1.06 (0.84, 1.32) 1.15 (0.93, 1.41) 0.105¢
Cr (pmol/L) 955.42+£239.17 962.00+237.54 982.26£283.18 0.760*
BUN (mmol/L) 21.35+6.82 22.30+6.30 22.14+6.38 0.563*
Alb (g/L) 41.16+£4.28 41.33+4.04 42.43+3.54 0.070*
CRP (mg/ml) 4.04 (2.47,7.65) 3.57 (1.79, 6.40) 2.89 (1.90, 5.95) 0.091¢
iPTH (pg/ml) 250.75 (151.73, 382.70) | 368.03 (221.43, 603.10) | 292.28 (180.40, 506.05) | 0.001c*
Ca (mmol/L) 2.15+0.15 2.19+0.16 2.17+0.18 0.357*
P (mmol/L) 1.75£0.39 1.80+0.42 1.79+0.42 0.619*
Hb (g/L) 115.29+14.19 114.31+15.13 115.52+13.40 0.859*

Table 4. MHD patients cohort characteristics by PDW tertile. PDW platelet distribution width, 32M 2
microglobulin; TG triglyceride; TC total cholesterol; LDL C, low-density lipoprotein; HDL C, high-density
lipoprotein; Cr creatinine; BUN blood urea nitrogen; Alb albumin; CRP C, reactive protein; iPTH intact
parathyroid hormone; Ca calcium; P phosphate; Hb haemoglobin. Data are shown as x+s or median.
*p-value <0.05 shows a statistically significant difference. a, ANOVA; ¢, Kruskal — Wallis test.

Variable B SE P Lower Upper
HAMD (per 1 increase) —-0.030 0.015 0.048* —-0.060 0.000
Time on dialysis (per 1 month increase) 0.010 0.002 0.000% 0.005 0.014
DBP (per 1 mmHg increase) -0.027 0.010 0.008* —-0.047 0.007
iPTH (per 1 pg/ml increase) 0.000 0.000 0.457 0.000 0.001
CRP (per 1 mg/ml increase) -0.002 0.009 0.816 -0.019 0.015
Antiplatelet drugs use (vs no) 0.060 0.206 0.772 -0.347 0.467
Alb (per 1 g/L increase) 0.052 0.028 0.064 -0.003 0.108
BMI (per 1 kg/m? increase) -0.017 0.032 0.587 -0.080 0.045
HDL, C (per 1 mmol/L increase) 0.433 0.283 0.127 -0.125 0.991

Table 5. Multivariate linear regression analysis of factors influencing PDW. DBP diastolic blood pressure;
iPTH intact parathyroid hormone; CRP C-reactive protein; Alb albumin; HDL, C, high-density lipoprotein. f3,
Regression coeflicient; SE, standard error of B; Lower and upper, 95% confidence interval. *p-value < 0.05 shows
a statistically significant difference.

leukocyte aggregates, and vascular hemophilic factor levels and positively correlated with clotting time'®. These
findings suggest that diminished plasma PDW levels may be a marker of platelet activation.

Depression often leads to decreased appetite, malnutrition, and low medication adherence, all of which are
important triggers for the development of CCVE?*”°. A prospective cohort study has reported that depression
is an independent risk factor for cardiovascular and all-cause mortality in patients undergoing MHD and that
CCVE are a direct cause of cardiovascular and all-cause mortality™, in agreement with the results of our study.
Our study also revealed notably lower serum albumin and creatinine concentrations in depressed patients than in
non-depressed patients, suggesting that depression may impair nutritional status. Malnutrition, chronic inflam-
mation, and atherosclerosis mutually reinforce clinical syndromes, leading to poor prognosis in patients undergo-
ing MHD?2. Malnutrition can exacerbate metabolic disorders, promote the progression of chronic inflammatory
states and atherosclerosis, and lead to severe cardiovascular and cerebrovascular pathologies®.

The effects of depression in patients are not restricted to malnutrition or atherosclerosis. Long-term depres-
sion may be associated with platelet activation, thus disrupting the balance of the coagulation process and
subsequently increasing susceptibility to CCVE in patients undergoing MHD?*. The dysregulated metabolism
of 5-HT in neuronal cells is a crucial mechanism in the pathogenesis of depression. The dense granules within
platelets contain most of the 5-HT in the body. Moreover, the storage, transport, and metabolism of 5-HT within
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platelets are similar to those observed in central nervous system neuronal cells and may underlie the effects of
depression on platelet function®. Platelet activation plays a very important role in chronic inflammation,
atherosclerosis, and thrombosis and may also potentially link depression, immune dysfunction, and coagulation
complications®. A study has found that patients with cardiovascular disease and higher depression scores showed
higher platelet 5-HT2A receptor density and were more likely to experience adverse cardiac events during follow-
up'!. A meta-analysis has also indicated that antidepressant use is an independent risk factor for haemorrhagic
adverse events in patients with cardiovascular disease'®. This study revealed a significant association between
higher depression scores and lower plasma PDW. It was found in the Cox risk-proportionality model that both
higher depression scores and lower plasma PDW were risk factors for the development of CCVE and DAVE,
suggesting that depression may contribute to the occurrence of CCVE and DAVE, partly by platelet activation.
Previous studies have reported that patients with emotional disorders, such as depression, have lower plasma
PDW levels than healthy controls and have demonstrated a significant negative correlation between PDW and
patient depression scores®®. Another study has reported that plasma PDW is strongly associated with the occur-
rence of ST-elevation myocardial infarction in young patients with coronary artery disease®. In patients with
chronic kidney disease not undergoing dialysis, a prospective cohort study has found that a lower PDW was an
independent risk factor for cardiovascular events?!. Based on prior findings combined with those of this study,
we believe that PDW is an affordable and easily determined parameter with high potential to serve as a useful
laboratory marker for assessing platelet function and thrombosis risk in patients undergoing MHD.

This study had some limitations. First, as this was a single-centre study with a small sample size, the findings
require further confirmation. Second, owing to the relatively short follow-up period, only CCVE and DAVF
were used as endpoints, and cardiovascular and all-cause deaths were not included in the analysis. Owing to
patient noncompliance and budget constraints, the evaluation of platelet function was relatively limited, requiring
further verification of the results through more accurate methods. This study revealed the mutual influence and
possible mechanism between depression and malnutrition inflammatory syndrome, CCVE, DAVE, and platelet
activation; however, the actual mechanism requires further confirmation.

Conclusion

This study is the first to simultaneously analyse the possible mechanisms of depression and its effects on CCVE
and DAVF in patients undergoing MHD. Our results suggest that depression may increase the risk of CCVE
and DAVF in patients undergoing MHD by activating platelets. Plasma PDW may be a convenient indicator of
platelet activation status and may predict the risk of CCVE and DAVFE. These findings provide insights in the
prevention of CCVE and DAVF in MHD patients in the future.

Data availability
All data generated or analysed during this study are included in this published article and its Supplementary
Information files.
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