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Abstract

Background Inflammatory biomarkers are elevated in patients with CKD and associated with poor outcomes.
Major depressive disorder (MDD) is prevalent in CKD and associated with inflammation. No studies investigated
the effect of MDD treatment on plasma inflammatory biomarkers in patients with nondialysis CKD.

Methods In a prespecified analysis of the randomized, double-blind CKD Antidepressant Sertraline Trial, we
investigated whether treatment with sertraline versus placebo or response to treatment would affect plasma levels
of albumin, prealbumin, IL-6, and high-sensitivity C-reactive protein (hsCRP), measured at baseline and after
12 weeks of treatment. We also explored whether somatic versus nonsomatic depressive symptoms, measured
using the Quick Inventory of Depressive Symptomatology, and quality-of-life subscales, measured using the
Kidney Disease Quality of Life Short Form, were associated with baseline levels of these inflammatory
biomarkers.

Results Of the 193 participants, mean age was 58.4 (SD 13) years and 58% were black, 42% were white, and 18%
were Hispanic. Higher baseline hsCRP correlated with somatic depressive symptoms (r=0.21; P=0.01), fatigue
(r=0.22; P=0.005), and poorer physical functioning (r=—0.26; P=0.001). There was no change in hsCRP in the
sertraline group. hsCRP increased in placebo nonresponders from baseline (median, 3.7 mg/L; interquartile range
[IQR], 1.7-10.0 mg/L) to exit (median, 4.9 mg/L; IQR, 1.8-8.8 mg/L; P=0.01). The change from baseline to exit
differed between placebo responders (median, —0.4 mg/L; IQR, —9.3 to 0.2 mg/L) and nonresponders (median,
0.8 mg/L; IQR, —0.1 to 3.9 mg/L; P=0.008). There were no differences in changes in albumin, prealbumin, or IL-6
from baseline in any group.

Conclusions Among patients with CKD and MDD, hsCRP correlated with somatic symptoms of depression and
fatigue, but not with nonsomatic symptoms. Sertraline treatment was not associated with a longitudinal change in
hsCRP from baseline regardless of treatment effect on depressive symptoms, but those who failed to respond to
placebo had an increase in hsCRP over time. This area deserves further investigation.

Clinical Trial registry name and registration number: CKD Antidepressant Sertraline Trial (CAST), NCT00946998.
KIDNEY360 1: 436446, 2020. doi: https://doi.org/10.34067 /KID.0000062020

Introduction

Major depressive disorder (MDD) is prevalent in ap-
proximately 20% of individuals with CKD, a rate dis-
proportionately higher than in the general population,
and is associated with death, cardiovascular events,
hospitalization, and dialysis initiation (1-5). The CKD
Antidepressant Sertraline Trial (CAST) demonstrated
that treatment of MDD with sertraline versus placebo
for 12 weeks was not associated with an improvement
in depressive symptoms, but did cause greater gastro-
intestinal side effects in individuals with CKD stages
3-5 (6). This trial added to a growing literature base
demonstrating a lack of efficacy of selective serotonin
reuptake inhibitors (SSRIs) in individuals with comorbid

medical illnesses such as heart failure, acute coronary
syndrome, and asthma (7-10).

It has been postulated that chronic inflammation
associated with CKD and other chronic diseases may
mediate comorbid MDD, the association of MDD with
long-term adverse outcomes, and resistance to treat-
ment with first-line antidepressant medications that
were shown to be effective in the general population
(1,11). One study in 28 patients with ESKD treated with
chronic hemodialysis reported that lower plasma IL-6
at the time of fluoxetine initiation for treatment of
depression was associated with improvement in de-
pressive symptoms (12). However, in the general pop-
ulation, elevation of plasma levels of the inflammatory
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biomarker IL-17 was associated with improvement in de-
pression symptom severity after combined antidepressant
treatment with bupropion and SSRIs (13). These data raise
the question of whether treatment with sertraline versus
placebo affects inflammatory biomarkers, and whether
those effects associate with treatment response. Prior studies
of this question in patients with ESKD on hemodialysis or
peritoneal dialysis presented variable results, but were lim-
ited by small sample sizes, short antidepressant treatment
duration, or inadequate SSRI dose (12,14-18). None have
addressed this question in patients with nondialysis CKD.

The first aim of this prespecified secondary analysis of
CAST was to determine associations of plasma inflamma-
tory biomarkers with depression severity, somatic versus
nonsomatic symptoms of depression, and quality of life at
baseline. The second aim was to determine whether treat-
ment with sertraline versus placebo or response to treatment
was associated with a change in the levels of these plasma
inflammatory biomarkers.

Materials and Methods
Study Participants

This analysis used data from the CAST parallel-arm,
randomized clinical trial, the methods of which were pre-
viously published (19). Participants were adults aged at
least 21 years with CKD stages 3-5, defined as an
eGFR<60 ml/min per 1.73 m? not requiring mainte-
nance dialysis or kidney transplantation. Individuals were
recruited from outpatient nephrology clinics at the Univer-
sity of Texas Southwestern, Parkland Hospital, and the
Veterans Affairs North Texas Health Care System Hospital
in Dallas, Texas. All participants met criteria for current
MDD as diagnosed by the Mini International Neuropsychi-
atric Interview (MINI), which is a gold-standard tool on the
basis of the Diagnostic and Statistical Manual of Mental
Disorders, Fourth Edition (20,21). Exclusion criteria in-
cluded psychosis or mania, current drug treatment or psy-
chotherapy for depression, maintenance dialysis or with
a functioning kidney transplant, and inability to provide
consent. The study was reviewed and approved by the
institutional review boards at each recruitment site, and
informed consent was obtained from participants according
to the Declaration of Helsinki prior to any research proce-
dures. Participants were randomized to receive a 12-week
course of either sertraline or placebo, which was dose-
escalated from 50 mg to 200 mg once daily, as tolerated.

Clinical and Laboratory Variables

Demographic variables, past medical history, and med-
ication data were collected at the time of enrollment. Se-
verity of depression symptoms was quantified using the
clinician-rated Quick Inventory of Depressive Symptom-
atology (QIDS-Cy6), a 16-item questionnaire that measures
the nine domains of MDD and has been validated in indi-
viduals with CKD (22,23). Somatic symptoms were defined
a priori as the items addressing sleep, appetite/weight,
concentration, fatigue, and psychomotor agitation/retarda-
tion on the QIDS-C;4, whereas nonsomatic symptoms were
defined as items addressing sadness, self-perception, sui-
cide, and anhedonia. The Kidney Disease Quality of Life
Short Form (KDQOL-SF), version 1.3, was administered at
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baseline to quantify quality of life as related to physical
symptoms, mental symptoms, kidney disease, and overall
health on a scale of 0-100, with higher numbers indicating
better quality of life. The Charlson Comorbidity Index
quantified medical comorbidities, with a higher score in-
dicating greater burden of comorbidity.

The main predictor variables were treatment assignment
to sertraline or placebo and achievement of treatment re-
sponse or improvement in depressive symptoms. The QIDS-
C;6 was completed at baseline and at each of six study visits
for the 12-week treatment course. Treatment response was
defined as a decrease of at least 50% from baseline QIDS-C¢
score. Symptom improvement was defined as a decrease of
at least three points from baseline QIDS-C;4 score, which is
equivalent to one domain of the QIDS-C;¢. Improvement
and response were defined on the basis of the change from
baseline to exit (last available visit during the 12-week
treatment phase of the trial). If the criteria for response or
improvement were met and then lost by the final visit, that
individual was not counted as a responder or improver.

Outcome Measures

The primary outcome measure, determined a priori, was
the change in plasma high-sensitivity C-reactive protein
(hsCRP) from baseline to exit. Secondary outcomes were
changes in plasma levels of IL-6, albumin, and prealbumin
from baseline to exit. Blood and urine samples were col-
lected at randomization and after 12 weeks of sertraline or
placebo. Blood was centrifuged immediately after phlebot-
omy and stored at 4°C for up to 4 hours. IL-6 was measured
by a highly sensitive ELISA assay (Quest Diagnostics, San
Juan Capistrano, CA), and C-reactive protein was measured
by a high-sensitivity assay (Quest Diagnostics, Irving, TX).
Albumin was measured using the bromocresol green assay.

Statistical Analyses

Baseline characteristics were compared between treat-
ment responders and nonresponders in the sertraline and
placebo groups using chi-squared tests for categorical
and ¢ tests for Gaussian and Wilcoxon rank-sum tests for
non-Gaussian continuous variables. Spearman correlations
assessed associations between inflammatory biomarkers
and depressive symptoms and quality-of-life subscales at
baseline. Wilcoxon signed-rank and rank-sum tests were
used to compare baseline and exit biomarker levels and
investigate whether the changes from baseline in each
biomarker differed for sertraline versus placebo groups,
improvers versus nonimprovers, and responders versus
nonresponders to treatment. The interaction between treat-
ment group and improver or responder status was tested
using two-way ANOVA applied to the ranks rather than the
raw data, owing to the non-normal distribution of the data.
A P value <0.1 was considered statistically significant for
interaction terms.

Results
Baseline Characteristics

Of the 201 participants randomized, 102 were assigned to
sertraline and received sertraline and 99 were assigned to
placebo and received placebo (Figure 1). Of those, 193 (97 in
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the sertraline and 96 in the placebo group) were included in
the modified intention-to-treat analysis, given that five par-
ticipants in the sertraline and three in the placebo group
exited before the first ascertainment of depressive symp-
toms after treatment initiation (6). The mean (SD) age of the
193 participants was 58.4 (13) years and the sample com-
prised 58% black, 42% white, and 18% Hispanic individuals.
The proportions with CKD stages 3a, 3b, 4, and 5 were 11%,
36%, 36%, and 17%, respectively. Median hsCRP was 3.2
(interquartile range [IQR], 1.2-8.0) mg/L (normal range:
0.0-3.0 mg/L) and median IL-6 was 3.9 (IQR, 2.3-7.0)
pg/ml (normal range: 0.31-5.00 pg/ml).

A total of 31 (32%) of the sertraline group and 24 (25%) of
the placebo group achieved response (P=0.28). Among the
sertraline group, there were no significant differences in
demographic characteristics between responders and non-
responders, except that responders were older with a higher
proportion of black and male participants. Median baseline
hsCRP was 5.0 (IQR, 2.0-14.6) mg/L in sertraline respond-
ers and 2.7 (IQR, 0.8-6.0) mg/L in sertraline nonresponders
(P=0.03) (Table 1). Median hsCRP was also higher in those
who did versus did not achieve improvement in the sertra-
line group (5.0 [IQR, 1.7-8.6] versus 1.4 [IQR, 0.6-3.7] mg /L,
respectively; P=0.005). In the placebo group, baseline levels
of inflammatory biomarkers were not significantly different
according to response or improvement status. There were
no differences in comorbid medical conditions, baseline
eGFR, urinary albumin-to-creatinine ratio, serum albumin,
prealbumin, and plasma IL-6 between responders and non-
responders in either treatment group (Table 1).

No significant differences were observed in the severity of
baseline depressive symptoms as measured by the total
QIDS-Cy¢ score or in the somatic or nonsomatic subscales in
responders versus nonresponders in either group (Table 2).

In the sertraline group, there were no significant differences
in quality-of-life scores such as physical functioning by the
KDQOL-SF. However, compared with nonresponders, res-
ponders in the placebo group had higher scores (indicating
better perceived quality of life at baseline) on several mea-
sures, including burden and effects of kidney disease, cog-
nitive function, physical role limits, emotional wellbeing,
social function, and energy/fatigue (Table 2).

Association of Inflammatory Biomarkers and Clinical
Variables

Age correlated with lower prealbumin and higher IL-6,
but not with other inflammatory biomarkers (Table 3). Base-
line eGFR correlated with albumin and IL-6, but not with
hsCRP or prealbumin. Increased severity of medical comor-
bidity by the Charlson Comorbidity Index correlated neg-
atively with albumin and prealbumin and positively with
IL-6. Baseline severity of depressive symptoms by QIDS-C;¢
correlated positively with hsCRP, but not with the other
inflammatory biomarkers. Higher hsCRP levels correlated
with worse physical symptoms, including the QIDS-C;¢
somatic subscale, which appeared to be primarily driven
by the fatigue item, and the KDQOL-SF Physical Func-
tioning, Overall Health, and Physical Composite scores
(Table 3).

Effect of Treatment on Depressive Symptoms and
Inflammatory Biomarkers

There was a significant decrease in depressive symptoms
as measured by the QIDS-C;4 score over 12 weeks in both
the sertraline and placebo groups that was not different on
the basis of treatment assignment (Supplemental Table 1).
Measured levels of plasma albumin, prealbumin, IL-6, and

Completed screening with
QIDS-SR;4 (n=14,658)

Excluded (n=14,457)

Did not meet screening criteria for
MDD (n=13,661)

Declined to consent (n=697)

Met at least one exclusion criterion

Y

Y

(n=39)
Failed placebo run-in phase (n=21)

| Randomly assigned (n=201) |

Excluded for other reasons (n=39)

{

}

Sertraline
Assigned (n=102)

Placebo
Assigned (n=99)

Received drug (n=102)

Received drug (n=99)

l

l

Lost to follow-up (n=8)
Discontinued trial (n=7)

Lost to follow-up (n=6)
Discontinued trial (n=7)

l

l

Intent-to-treat analysis (n=97)
Excluded from analysis (exited
before outcome data) (n=5)

Intent-to-treat analysis (n=96)
Excluded from analysis (exited
before outcome data) (n=3)

Figure 1. | Flow of participants through the study. MDD, major depressive disorder; QIDS-SR;¢, 16-Item Quick Inventory of Depressive

Symptomatology-Self-Report.
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Table 1. Baseline characteristics

Variables, Median (IQR) or N (%)

Sertraline

Placebo

Responders, n=31

Nonresponders, n=66

Responders, n=24

Nonresponders, n=72

Demographic factors

Laboratory measurements
eGFR, ml/min per 1.73 m?
ACR, mg/g

30.0 (18.0-39.0)

803.5 (1171.7) 13

26.5 (16.0-35.0)
64.5 (2097.8)

35.0 (15.5-43.0)
1089.9 (1313.3)

Age, yr 59.0 (12.4) 57.1 (15.4) 58.4 (12.6) 59.3 (12.2)
Male sex 25 (80.7) 49 (74.2) 21 (87.5) 45 (63.4)%
Race

Black 22 (71.0) 34 (48.5) 17 (70.8) 38 (52.8)

White 9 (29.0) 32 (48.5) 7 (29.1) 33 (45.8)

Other 0 (0.0 0 (0.0 0 (0.0 1(14)
Hispanic ethnicity 4 (12.9) 17 (25.8) 2 (8.3) 12 (16.7)
Education >high school 25 (80.7) 48 (73.9) 21 (87.5) 58 (84.1)
Married 10 (34.5) 23 (35.9) 13 (56.5) 24 (33.8)
Lives alone 10 (34.5) 15 (23.4) 5 (21.7) 20 (28.2)
Employed 8 (27.6) 12 (19.1) 1(44) 10 (13.9)

Clinical factors

CKD stage at randomization

Stage 3 17 (54.8) 29 (43.9) 14 (58.3) 30 (41.7)

Stage 4 10 (32.3) 24 (36.4) 6 (25.0) 30 (41.7)

Stage 5 4 (12.9) 13 (19.7) 4 (16.7) 12 (16.7)
Charlson Comorbidity Index 5.7 (1.7) 6.0 (2.5) 6.7 (3.0) 6.1 (2.4)
Hypertension 31 (100.0) 63 (96.9) 24 (100.0) 70 (97.2)
Diabetes mellitus 19 (61.3) 39 (60.0) 16 (66.7) 39 (54.2)
Coronary artery disease 7 (22.6) 15 (23.1) 9 (37.5) 12 (16.9)
Congestive heart failure 10 (32.3) 21 (32.3) 9 (37.5) 22 (30.6)
Cerebrovascular disease 4 (12.9) 13 (20.0) 2 (12.5) 10 (13.9)
Peripheral vascular disease 6 (19.4) 11 (16.9) 1(4.2) 9 (12.9)
Liver disease 2 (6.5) 7 (10.9) 3 (12.5) 6 (8.6)
Lung disease 3 (10.0) 11 (16.9) 4 (16.7) 10 (14.3)
Cancer 3(9.7) 10 (15.4) 6 (25.0) 9 (12.7)
Drug abuse 7 (24.1) 13 (20.3) 6 (25.0) 17 (23.6)
Alcohol abuse 13 (44.8) 23 (35.9) 11 (45.8) 32 (44.4)
Tobacco use, current 6 (20.7) 14 (22.2) 6 (27.3) 16 (22.5)

26.0 (17.0-33.5)
1022.8 (1349.9)

Hemoglobin, g/dl 12.0 (1.9) 11.9 (2.2) 12.0 (2.2) 12.0 (2.2)
Albumin, g/dl 3.8 (0.5) 3.7 (0.7) 3.8 (0.5) 3.9 (0.5)
Prealbumin, mg/dl 30.1 (7.3) 325 (8.4) 29.1 (10.6) 304 (8.1)
hsCRP, mg/L 5.0 (2.0-14.6) 2.7 (0.8-6.0)° 3.2 (1.3-9.1) 3.7 (1.7-10.0)
IL-6, pg/ml 3.9 (2.5-7.0) 3.7 (2.1-8.0) 3.1 (2.3-6.8) 41 (25-6.7)

Reference ranges: albumin, 3.0-5.0 g/dl; prealbumin, 2040 mg/dl; hsCRP, 0.0-3.0 mg/L; and IL-6, 0.31-5.00 pg/ml. IQR, interquartile
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range; ACR, albumin-to-creatinine ratio; hsCRP, high-sensitivity C-reactive protein.
?P<0.05 for responders versus nonresponders in the placebo group.
PP<0.05 for responders versus nonresponders in the sertraline group.

hsCRP were similar between the sertraline and placebo
groups at baseline and exit. There were no significant differ-
ences in the changes in the levels of plasma inflammatory
markers from baseline to exit in either treatment group
(Supplemental Table 1).

Improvers in the sample taken as a whole, regardless of
treatment assignment, had higher baseline hsCRP levels
than nonimprovers (Supplemental Table 2), which was
driven by a difference observed in the sertraline but not
in the placebo subgroup (interaction P=0.04; Figure 2, A-C,
Supplemental Tables 3-5). The baseline plasma level of
hsCRP was higher in the sertraline improvers than in the
nonimprovers (median, 5.0 [IQR, 1.7-8.6] mg/L versus 1.4
[IQR, 0.6-3.6] mg/L, respectively; P=0.005) (Supplemental
Table 3). There were no differences in hsCRP at study exit
between improvers and nonimprovers. Nonimprovers had
a numerically greater increase than improvers in hsCRP
over 12 weeks of treatment in the whole sample and in the

sertraline and placebo groups, although the differences
were not significant (Figure 2, A-D, Supplemental Tables
2-5). Baseline prealbumin was marginally higher in all-
comer and sertraline nonimprovers than improvers (Sup-
plemental Tables 2 and 3). There were no other differences
in baseline, exit, or change in albumin, prealbumin, or IL-6
between improvers and nonimprovers (Supplemental
Tables 2-5).

A significant decrease in QIDS-C;6 was seen in both
responders and nonresponders, with a greater decrease
and lower exit QIDS-C;;4 score seen in the responders (Sup-
plemental Table 6). In the sertraline group, baseline hsCRP
was higher in responders than nonresponders (median, 5.0
[IOR, 2.0-14.6] mg/L versus 2.7 [IQR, 0.8-6.0] mg/L, re-
spectively; P=0.03) (Figure 3B, Supplemental Table 7).
There were no differences in hsCRP at study exit between
responders and nonresponders overall or according to treat-
ment assignment (Figure 3, A-C, Supplemental Tables 6-9).
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Table 2. Baseline depression and quality-of-life measures

Sertraline

Placebo

Variables, Median (IQR) or N (%)
Responders, n=31

Nonresponders, n=66

Responders, n=24

Nonresponders, n=72

QIDS-Cy6

Total score 15.0 (12.0-17.0)

Somatic subscale total 9.0 (8.0-10.0)
Sleep 3.0 (2.0-3.0)
Appetite/weight 2.0 (1.0-2.0)
Concentration 2.0 (1.0-2.0)
Fatigue 2.0 (1.0-2.0)
Psychomotor agitation/retardation 1.0 (1.0-2.0)
Nonsomatic subscale total 6.0 (4.0-7.0)
Sadness 2.0 (1.0-2.0)
Self-perception 2.0 (1.0-2.0)
Suicide 0.0 (0.0-1.0)
Anhedonia 2.0 (2.0-3.0)

KDQOL-SF 1.3 subscales
Kidney disease component
Burden of kidney disease

Symptoms/problems
Effects of kidney disease
Work status
Cognitive function
Quality of social interaction 60.0 (53.3-73.3)
Sexual function 43.8 (25.0-75.0)
Sleep 50.0 (40.0-67.5)
Social support 66.7 (50.0-83.3)
Patient satisfaction 66.7 (58.3-83.3)
Physical functioning component

50.0 (25.0-68.8)
68.2 (59.1-77.3)
62.5 (43.8-81.2)
0.0 (0.0-50.0)
66.7 (46.7-80.0)

Physical functioning 37.5 (20.0-60.0)
Role limits, physical 0.0 (0.0-25.0)
Pain 35.0 (22.5-67.5)

General health

Mental functioning component
Emotional wellbeing
Role limits, emotional
Social function
Energy/fatigue
Owerall health
SF-36 physical composite
SF-36 mental composite
SF-12 physical composite
SF-12 mental composite

30.0 (15.0-45.0)

60.0 (44.0-72.0)
33.3 (0.0-66.7)

50.0 (25.0-75.0)
35.0 (20.0-50.0)
50.0 (30.0-60.0)
29.1 (26.7-35.2)
42.4 (32.2-47.0)
29.1 (26.3-39.9)
40.5 (33.6-48.0)

13.0 (12.0-15.0)
8.0 (7.0-9.0)
3.0 (2.0-3.0)
2.0 (1.0-2.0)
1.0 (1.0-2.0)
2.0 (1.0-2.0)
1.0 (1.0-1.0)
5.0 (4.0-6.0)
2.0 (1.0-2.0)
1.0 (1.0-2.0)
0.0 (0.0-1.0)
2.0 (2.0-2.0)

40.6 (25.0-62.5)
674 (56.8-77.3)
65.6 (46.9-81.2)
0.0 (0.0-50.0)
66.7 (53.3-80.0)
66.7 (53.3-80.0)
62.5 (25.0-87.5)
51.3 (40.0-62.5)
66.7 (50.0-83.3)
66.7 (50.0-83.3)

35.0 (15.0-55.0)
0.0 (0.0-0.0)
45.0 (22.5-67.5)
35.0 (20.0-45.0)

58.0 (44.0-68.0)
0.0 (0.0-66.7)
50.0 (37.5-62.5)
35.0 (20.0-46.7)
50.0 (30.0-50.0)
27.9 (24.0-35.3)
38.6 (34.5-46.5)
29.1 (25.7-36.2)
37.1 (33.0-43.9)

13.0 (11.5-15.0)
9.0 (7.0-9.0)

50.0 (37.5-65.6)
68.2 (55.1-85.2)
73.4 (60.9-90.6)
0.0 (0.0-50.0)
76.7 (60.0-96.7)
60.0 (46.7-76.7)
87.5 (25.0-87.5)
60.0 (45.0-72.5)
50.0 (33.3-83.3)
66.7 (66.7-100.0)

30.0 (20.0-67.5)
0.0 (0.0-62.5)
45.0 (22.5-80.0)
32.5 (22.5-50.0)

62.5 (50.0-74.0)
33.3 (0.0-83.3)

50.0 (37.5-87.5)
37.5 (25.0-55.0)
50.0 (35.0-50.0)
25.7 (23.8-45.0)
39.9 (36.3-50.5)
29.2 (27.3-39.7)
39.9 (34.8-49.8)

14.0 (12.0-16.0)
9.0 (8.0-10.0)
3.0 (2.0-3.0)
2.0 (1.0-2.0)
1.0 (1.0-2.0)
2.0 (2.0-2.0)
1.0 (1.0-2.0)
5.0 (4.0-7.0)
2.0 (1.0-2.0)
1.0 (1.0-2.0)
0.0 (0.0-1.0)
2.0 (2.0-3.0)

37.5 (18.8-56.3)°
68.2 (56.8-75.0)
65.6 (43.8-78.1)°
0.0 (0.0-0.0)
60.0 (46.7-80.0)°
53.3 (46.7-66.7)
62.5 (37.5-100.0)
50.0 (37.5-60.0)
66.7 (33.3-66.7)
66.7 (50.0-83.3)

25.0 (15.0-50.0)
0.0 (0.0-0.0)°
35.0 (22.5-55.0)
30.0 (15.0-35.0)

52.0 (44.0-60.0)°
0.0 (0.0-33.3)
37.5 (25.0-50.0)°
25.0 (15.0-40.0)°
50.0 (30.0-50.0)
26.8 (23.2-34.9)
37.9 (29.2-42.8)°
28.5 (23.9-34.9)
37.7 (31.5-41.5)

IQR, interquartile range; QIDS-C, clinician-rated 16-item Quick Inventory of Depressive Symptomatology scale; KDQOL-SF 1.3,
Kidney Disease Quality of Life Survey Short Form, Version 1.3; SF-36, Short Form 36 Health Survey; SF-12, Short Form 12.
?P<0.05 for responders versus nonresponders in the sertraline group.
PP<0.05 for responders versus nonresponders in the placebo group.

In nonresponders, hsCRP increased after 12 weeks of treat-
ment, but there was no change in responders (Figure 3A).
This finding was seen in the placebo subgroup but not in the
sertraline group (interaction P=0.08; Figure 3, B and C,
Supplemental Table 9). The change in hsCRP from baseline
to study exit differed between responders and nonrespond-
ers among all participants (Supplemental Table 6) and in
those treated with placebo (Figure 3D, Supplemental Ta-
ble 8). There were no differences between responders and
nonresponders in baseline, exit, or change in albumin, pre-
albumin, or IL-6 within or between treatment groups (Sup-
plemental Tables 6-9).

Discussion
In this analysis, we observed that among individuals with
CKD and MDD, higher baseline plasma hsCRP levels

correlated with more severe somatic depressive symptoms
and fatigue, and with lower levels of physical functioning,
but not with nonsomatic symptoms. Also, failure to achieve
MDD symptom improvement or response was associated
with an increase in hsCRP, but there was no significant
change in hsCRP among improvers and responders. Finally,
sertraline treatment was not associated with a change in
hsCRP from baseline regardless of treatment effect on de-
pressive symptoms, but those who failed to respond to
placebo had an increase in hsCRP over time.

Depression comorbid with medical illnesses, especially
chronic diseases, has been shown to be associated with
inflammation (24-28). However, data are scarce to demon-
strate whether conventional antidepressant medications,
such as SSRIs, have an effect on inflammatory biomarkers
in patients with CKD and MDD. In individuals without
kidney disease, a meta-analysis of 32 available studies
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Table 3. Correlations of baseline inflammatory biomarkers with clinical variables
Vari Albumin Spearman Prealbumin Spearman hsCRP Spearman IL-6 Spearman
ariable
rho rho rho rho
Age, yr 0.029 ~0.345° 0.034 0.179°
eGFR, ml/min per 1.73 m? 0.207% 0.068 -0.020 —0.187°
CCI -0.162° -0.313* 0.095 0.2417
Albumin-to-creatinine ratio, mg/g —0.538" 0.003 0.079 0.176°
QIDS-Cy
Total score 0.051 0.041 0.162° 0.017
Somatic subscale total —0.025 —0.053 0.205° 0.036
Sleep —0.033 0.012 0.027 —0.011
Appetite/weight -0.116 —0.184° 0.080 0.051
Concentration 0.151° 0.047 0.035 —0.093
Fatigue —0.065 0.020 0.223% 0.128
Psychomotor agitation/ 0.025 0.005 0.124 0.007
retardation
Nonsomatic subscale total 0.091 0.058 0.103 0.031
Sadness 0.085 0.092 0.109 0.011
Self-perception 0.018 0.012 0.032 —0.008
Suicide 0.104 —0.083 0.047 0.002
Anhedonia 0.051 0.130 0.131 0.071
KDQOL-SF 1.3 subscales
Kidney disease component
Burden of kidney disease 0.059 —0.123 —0.041 —0.015
Symptoms/problems 0.103 —0.012 —0.008 —0.050
Effects of kidney disease 0.053 —0.085 —0.075 —0.086
Work status 0.030 0.079 ~0.160° ~0.289°
Cognitive function -0.130 -0.167 0.108 0.146"
Quality of social interaction —0.102 —0.225" 0.033 0.028
Sexual function 0.085 -0.018 -0.152 -0.319°
Sleep 0.012 —0.143 —0.123 —0.021
Social support —0.030 0.017 —0.056 —0.052
Patient satisfaction —0.024 —0.067 —0.038 —0.022
Physical functioning component
Physical functioning 0.212% 0.111 —0.263% —-0.213°
Role limits, physical 0.032 —0.040 0.000 —0.024
Pain 0.095 —0.078 —0.125 —0.148"
General health 0.111 ~0.067 ~0.157° ~0.018
Mental functioning component
Emotional wellbeing —0.075 —0.090 0.003 —0.026
Role limits, emotional —0.003 —0.045 0.009 —0.000
Social function —0.094 —-0.202% —0.042 —0.014
Energy/fatigue —0.029 —0.017 —0.121 —0.109
Overall health 0.119 0.013 —0.250° -0.168"
SF-36 physical composite 0.209° 0.006 -0.198" —0.160°
SF-36 mental composite —0.100 —0.107 —0.002 —0.002
SF-12 physical composite 0.145 —0.030 -0.182° —0.130
SF-12 mental composite —0.073 —0.087 —0.043 —0.061
hsCRP, high-sensitivity C-reactive protein; CCI, Charlson Comorbidity Index; QIDS-Cyg, clinician-rated 16-item Quick Inventory of
Depressive Symptomatology scale; KDQOL-SF 1.3, Kidney Disease Quality of Life Survey Short Form, Version 1.3; SF-36, Short Form 36
Health Survey; SF-12, Short Form 12.
2P<0.01.
P<0.05.

showed that treatment with common antidepressant med-
ications led to decreases in the plasma levels of IL-6, IL-4,
and IL-10, a marginal decrease in IL-1, and no effect on CRP
(29). To our knowledge no prior studies have investigated
the change in inflammatory biomarkers with SSRI therapy
in patients with nondialysis CKD, and only six studies
investigated this question in patients with ESKD. Existing
studies in patients with ESKD were limited by small sample
sizes, with some as small as nine or ten total participants
(14,15). Most used low doses or short treatment durations of
SSRIs that may not have been sufficient to see a clinical effect
(12,14-17). Only two included a control group to assess

whether changes in biomarkers were because of SSRI treat-
ment (17,18). Furthermore, only two of the studies used
gold-standard criteria to diagnose depression (14,15),
whereas the others used variable cut-offs of self-reported
depression scales such as the Beck Depression Inventory
(12,16-18). With these limitations in mind, the variable
results of the studies are not surprising, with no consistent
findings suggesting an effect of SSRI therapy on inflamma-
tory biomarkers including albumin, CRP by the regular or
high-sensitivity assay, or IL-6.

Furthermore, previous studies investigating the associa-
tions of depressive symptoms in patients with nondialysis
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Figure 2. | Baseline hsCRP was higher in those with than without improvement in depressive symptoms, and hsCRP increased from baseline to
exit in those without improvement in depressive symptoms. Comparison of hsCRP at baseline and study exit among (A) all participants, (B) the
sertraline group, and (C) the placebo group, and (D) the change in hsCRP from baseline to study exit between those who achieved a three-point
improvement in depressive symptoms (black) and those who did not (gray). *P<0.05 for the indicated between-groups comparison at baseline;
**P<0.05 for the indicated within-group comparison from baseline to study exit. hsCRP, high-sensitivity C-reactive protein; IQR, interquartile
range; QIDS-C, clinician-rated Quick Inventory of Depressive Symptomatology.

CKD were frequently small, included patients with ESKD in
addition to nondialysis CKD, and only measured two or
three inflammatory biomarkers each. Studies in participants
with ESKD are more extensive but were mostly limited by
small sample size and presented heterogeneous results.
Although several studies showed that hsCRP was associ-
ated with depressive symptom severity and somatic symp-
toms in patients receiving chronic dialysis, this has not
previously been demonstrated in individuals with nondial-
ysis CKD (25,27,30-34). Our study adds to the literature
a large sample comprised exclusively of participants with
nondialysis CKD, as well as measurement of several in-
flammatory biomarkers. These findings support that inflam-
mation may be an important mediator or confounder of the
associations of depression and fatigue with long-term death,
hospitalization, and dialysis initiation that our group previ-
ously reported among patients with nondialysis CKD (2,3,35).

Notably, the correlation we observed between higher
levels of baseline plasma hsCRP and depressive symptoms
was primarily driven by the burden of somatic symptoms,
especially fatigue. Baseline hsCRP was associated with
a higher burden of the physical symptoms associated with
depression and low quality of life, such as fatigue, poor
overall physical functioning, and physical composite scores,
but not with the nonsomatic mental symptoms such as
suicidality, social functioning, or emotional wellbeing. It
is possible that the observed association of higher baseline
hsCRP with depressive symptom improvement and re-
sponse to sertraline may represent associations of somatic
symptoms of depression with favorable response to treat-
ment. As decreases in depressive symptoms with sertraline
were not associated with longitudinal changes in hsCRP
from baseline, perhaps the phenotypic characteristics of
a patient’s depressive symptoms (such as predominance
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Figure 3. | Baseline hsCRP was higher in sertraline responders than non-responders, and hsCRP increased from baseline to exit in those
without placebo response. Comparison of at baseline and study exit among (A) all participants, (B) the sertraline group, and (C) the placebo
group, and (D) the change in hsCRP from baseline to study exit between those who achieved depression treatment response (black) and those
who did not (gray). *P<0.05 for the indicated between-groups comparison at baseline; **P<<0.05 for the indicated within-group comparison
from baseline to study exit; ***P<0.05 for the indicated between-groups comparison of the change in hsCRP from baseline to study exit.

of somatic rather than nonsomatic symptoms, which corre-
lated with a heightened inflammatory state manifested as
elevated hsCRP), may affect responsiveness to sertraline.
Alternatively, it is possible that improvement in other phys-
ical conditions contributing to elevated inflammation may
confound the relationship between the change in inflam-
mation and somatic depressive symptoms. These explana-
tions could fit with prior studies in patients with ESKD that
found baseline associations between inflammation and de-
pression but no longitudinal changes in inflammatory bio-
markers, as observed in our analysis (36).

In our study, although baseline hsCRP was higher in
those with a favorable sertraline response, there was no
change in hsCRP or other inflammatory biomarkers from
baseline to study exit in those treated with sertraline, re-
gardless of change in depressive symptoms. This is consis-
tent with prior data in patients with ESKD, in which three
studies showed no difference in CRP or hsCRP after SSRI

therapy (12,15,17). The one study that did show a differ-
ence included only individuals with a very high baseline
CRP >5 mg/dl (16). The interaction effect of treatment
group on baseline and change in hsCRP may be related
to anti-inflammatory effects of sertraline (29,37). The data in
patients with ESKD and in our study indicate that further
study in those with elevated baseline CRP or hsCRP could
be a promising area of investigation.

Importantly, we also identified that nonresponse to
treatment, in particular to placebo, was associated with an
increase in hsCRP levels from baseline, whereas placebo
responders trended toward a decrease in hsCRP. To our
knowledge, no studies have tracked the change in inflam-
matory biomarkers over time during a major depressive
episode. This may suggest that in the natural course of
untreated MDD, hsCRP may increase earlier in the course
and decrease as depressive symptoms improve. We did not
collect data about the duration of the participants” major
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depressive episodes to further evaluate this hypothesis, but
this could be an interesting area for future study.

Our study has several limitations. Our data showed that
although median hsCRP did not change from baseline to
study exit in sertraline or placebo groups, the IQR became
narrower in the improvers and responders regardless of
treatment assignment, suggesting that individuals with
high baseline hsCRP may have a greater improvement in
inflammation with treatment than those with lower baseline
hsCRP. It is possible that we did not enroll enough partic-
ipants with higher levels of baseline hsCRP to robustly
examine this subgroup and show a difference. Alternatively,
the sertraline and placebo improver and responder sub-
groups may have been underpowered to demonstrate
a change in hsCRP from baseline to study exit. The changes
in hsCRP observed, although statistically significant, were
modest and may not be clinically relevant. Spurious find-
ings owing to multiple comparisons cannot be ruled out.
Finally, depressive and somatic symptoms are likely mul-
tifactorial in patients with CKD, particularly given the over-
lap in symptoms of depression and uremia (e.g. fatigue,
weight changes), and may not closely correlate with changes
in circulating inflammatory biomarkers. Sertraline respon-
siveness is also likely multifactorial. For example, sertraline
responders had nonsignificantly lower urinary albumin-to-
creatinine ratio at baseline than nonresponders, and given
sertraline’s high level of plasma protein binding, albumin-
uria could potentially affect drug pharmacokinetics. How-
ever, our findings in the context of the larger literature
base suggest a relationship between inflammation and
depression that may reveal future promising intervenable
targets to improve outcomes in patients with CKD
and MDD.

In conclusion, in patients with CKD and MDD, higher
plasma hsCRP levels correlated with somatic symptoms
of depression such as fatigue and physical functioning,
but not with mental symptoms such as anhedonia or sad-
ness. Although elevated hsCRP at baseline was associated
with improvement in depressive symptoms and response
to sertraline treatment, sertraline treatment response was
not associated with a longitudinal change in hsCRP or other
inflammatory biomarkers from baseline. However, there
was an increase in hsCRP in those who failed to respond
overall, and to placebo specifically, which may indicate that
hsCRP increases as part of the natural history of a major
depressive episode left untreated. Further studies enrolling
only individuals with elevated baseline hsCRP may be use-
ful for determining whether those with high hsCRP are
more likely to experience a decrease in levels with sertraline
or placebo treatment.
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