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Abstract
Introduction: Patients with chronic health conditions, par-
ticularly chronic kidney disease, are at heightened risk for 
psychiatric disorders; yet, there are limited data on those 
with primary glomerular disease. Methods: This study in-
cluded patients with glomerular disease enrolled in the kid-
ney research network multisite patient registry. Registry 
data include encounter, diagnoses, medication, laboratory, 
and vital signs data extracted from participants’ electronic 

health records. ICD-9/10 diagnosis codes were used to iden-
tify a subset of psychiatric disorders focused on anxiety, 
mood, and behavioral disorders. Time-varying Cox propor-
tional hazard models were used to analyze time from the 
onset of kidney disease to diagnosis of psychiatric disorder. 
Adjusted models retained significant covariates from the full 
list of potential confounders, including age, sex, race, ethnic-
ity, time-varying treatment, the estimated glomerular filtra-
tion rate, and proteinuria (urine protein-to-creatinine ratio 
[UPCR]). Analogous models examined diagnosis of psychiat-
ric disorder as a predictor of time to end-stage kidney dis-
ease (ESKD). Results: Data were available for 950 partici-
pants, with a median of 58 months of follow-up. 110 (12%) 
participants were diagnosed with psychiatric disorder dur-
ing the follow-up. The estimated rate of psychiatric diagno-
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sis after kidney disease was 14.7 cases per 1,000 person-years 
and was highest among those of adolescent age at the time 
of kidney disease diagnosis. Adjusted analyses found adoles-
cent age (vs. adult, hazard ratio [HR] = 3.11, 95% confidence 
interval [CI] 1.87–5.17) and Asian race (vs. white, HR = 0.34, 
95% CI 0.16–0.71) were associated with psychiatric diagno-
sis. A higher UPCR per 1 log unit (HR 1.13, 95% CI 1.01–1.27) 
and a higher total number of oral medications were associ-
ated with psychiatric disorder (p < 0.001). Psychiatric diag-
nosis was also associated with progression to ESKD (HR = 
2.45, 95% CI 1.53–3.92) in adjusted models. Discussion/Con-
clusion: Psychiatric disorders were documented in approxi-
mately one-eighth of patients with glomerular disease and 
correlated with clinical disease characteristics such as age, 
race, proteinuria, and oral medication burden. These find-
ings suggest mental health screening is warranted in pa-
tients of all ages with glomerular disease.

© 2021 The Author(s)
Published by S. Karger AG, Basel

Introduction

Improved outcomes in the treatment and manage-
ment of chronic illness have led to an increase in the num-
ber of children and adults living with chronic medical 
conditions. Previous research into chronic diseases, such 
as diabetes, chronic obstructive pulmonary disease, asth-
ma, and sickle cell disease, has shown that ongoing treat-
ment demands and disease progression can contribute to 
emotional and behavioral problems. Studies have dem-
onstrated that patients with chronic illnesses experience 
higher levels of depressive symptoms than their healthy 
peers [1–5]. In addition, psychological distress in a chron-
ically ill population has been consistently associated with 
poor health outcomes and an increase in somatic com-
plaints across various diseases, including diabetes, chron-
ic obstructive pulmonary disease, and sickle cell disease 
[4, 6–10].

Disease-specific differences have been reported across 
the age spectrum. For instance, youth with poorly con-
trolled asthma have significantly higher odds than those 
with mild or well-controlled asthma of experiencing af-
fective and anxiety problems as well as more frequent 
conduct disorders [11, 12]. Likewise, research has shown 
that when compared to healthy peers, children and ado-
lescents with asthma show a higher incidence of internal-
izing and externalizing behaviors [6, 7], while adults con-
sistently express higher levels of anxiety (specifically pan-
ic disorder) and depressive disorders [13–16]. In cystic 
fibrosis, depression has been documented in similar 

ranges in children (8–29%) and adolescents and adults 
(13–33%). Similarly, the proportion of children and 
adults with cystic fibrosis and anxiety ranges between 30 
and 33% [17–19]. As a comparison, healthy cohort data 
support an expected frequency of depression in 3% of 
children and adolescents and 7% of adults and of anxiety 
in 7% of children and 19% of adults [20, 21].

The impact of disease-specific psychological stress-
ors has been a focus in the diabetes literature across the 
life span. High levels of diabetes-related stress had a sig-
nificant impact on metabolic control and adherence 
and led to worse outcomes for patients [22–24]. Addi-
tionally, diabetes has consistently been linked to a 25% 
increase in the rate of depression across the life span 
[25, 26].

While there is a body of evidence demonstrating the 
negative effect of end-stage kidney disease (ESKD) on 
overall mental health [27–29], studies focusing on pa-
tients with pre-ESKD chronic kidney disease (CKD) are 
more limited and conflicting. In community clinical set-
tings and the Veteran Affairs Health System (VAHS) set-
tings, studies have found that between 21 and 30% of in-
dividuals with pre-ESRD and CKD have depression [30, 
31]. However, a prior study using the National Health and 
Nutrition Examination Survey (NHANES) 2005–2006 
found only 7% of participants with CKD to have depres-
sion. The Chronic Kidney Disease in Children (CKiD) 
cohort found approximately 7% of participating children 
either had elevated depressive symptoms or were being 
treated for depression, and further concluded that de-
pression correlated with lower health-related quality of 
life [32].

Clearly, patients with chronic conditions are at a 
heightened risk for psychiatric disorders and there are 
disease-specific differences that may impact psycholog-
ical distress and treatment outcomes. Like many chron-
ic diseases, we hypothesized that glomerular disease has 
both a physical and psychological impact on patients. 
Possible causes of this include medication burden, side 
effects of medications, burden of dietary restrictions, 
and chronic illness fatigue. In addition, the unpredict-
able and uncertain nature of glomerular disease is a fur-
ther likely factor. Therefore, the goal of this study was 
to utilize the Kidney Research Network (KRN) patient 
registry to explore the occurrence of psychiatric disor-
ders in patients with glomerular disease, the potential 
associations between psychiatric diagnosis and demo-
graphic and clinical characteristics, and the relation-
ship between psychiatric diagnosis and progression to 
ESKD.
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Materials and Methods

Participants and Data Source
The KRN is an ongoing registry of patients with proteinuric 

kidney disease (glomerular disease) from 7 clinical centers in the 
USA that began enrollment in August 2015 [33]. Patients enrolled 
in the KRN consented to share retrospective (prior to enrollment) 
and prospective (monthly post-enrollment) data directly reported 
from study personnel as well as extracted from their electronic 
health records (EHRs). The data collection has been previously 
described and includes demographics, diagnoses including pro-
vider confirmed primary kidney diagnosis, kidney biopsy reports, 
laboratory values, vital signs, medications, and hospitalizations 
[33]. Patients could consent to join the registry at any point in their 
kidney disease course, but retrospective EHR data were available 
from the time the patient entered the participating nephrology site 
EHR environment. The study protocol was reviewed and approved 
by the University of Michigan Institutional Review Board which 
serves as IRB of record for all enrolling sites. All patient partici-
pants or legal guardians provided informed consent prior to entry 
into the study registry.

For this analysis, we excluded participants with ESKD prior to 
their first EHR data capture event in the KRN data registry. Also 
excluded were those with ANCA vasculitis or HIV-associated ne-
phropathy due to the possibility of CNS manifestations of underly-
ing disease as an unpredictable variable in this population. Addi-
tionally, while 6 of the 7 KRN sites provide EHR data extracts, as 
of this study analysis, one site provided kidney disease-focused 
data via manual data entry alone. Participants (n = 136) from this 
site were excluded due to the unlikely capture of the primary out-
come of interest. Participants with diagnosis of psychiatric disor-
der prior to the onset of kidney disease were excluded from these 
analyses.

Outcomes
The primary outcome of interest was psychiatric disorder diag-

nosis. Psychiatric diagnoses were limited to anxiety (adjustment 
disorder, generalized anxiety disorder, obsessive compulsive dis-

order, panic disorder, post-traumatic stress disorder, and other/
unspecified anxiety disorder), mood disorders (bipolar disorder, 
depressive disorders, and other/unspecified mood disorder), and 
behavioral disorders (attention deficit hyperactivity disorder, con-
duct disorder, intermittent explosive disorder, oppositional defi-
ant disorder, and other/unspecified behavioral disorder). Diagno-
sis was defined as the date of the first occurrence of psychiatric 
disorder ICD-9/10 code (details in online suppl. Table 1; see www.
karger.com/doi/10.1159/000516359 for all online suppl. material).

Secondary analyses examined diagnosis of psychiatric disorder 
during the period of observation as a potential predictor of pro-
gression to ESKD, defined as initiation of chronic dialysis (≥60 
days), kidney transplant, chronically low estimated glomerular fil-
tration rate (eGFR) (eGFR <15 for ≥60 days), or ICD-9/10 codes 
of stage 5 CKD. An eGFR was calculated using the creatinine-
based modified CKiD formula in children and the CKD-EPI equa-
tion in adults [34, 35].

Statistical Analyses
The cohort was described using frequencies and percentages 

for categorical variables and medians with interquartile ranges for 
continuous variables. Stratified summary descriptions were pro-
vided by occurrence of psychiatric diagnosis after the onset of kid-
ney disease. p values comparisons were made with χ2 tests for cat-
egorical and Kruskal-Wallis tests for continuous characteristics. 
Kaplan-Meier plots were used to display the time from the onset 
of kidney disease to diagnosis of psychiatric disorder by age, and 
subset analyses were repeated for (1) anxiety disorder, (2) mood 
disorder, and (3) behavioral disorder. Incidence of diagnosis was 
quantified using a person-time denominator.

Time-varying Cox proportional hazard models were used to 
test for predictors of psychiatric diagnosis. Predictors of interest 
included age, sex, race, ethnicity, kidney diagnosis (focal segmen-
tal glomerulosclerosis [FSGS] vs. minimal change disease [MCD] 
vs. membranous nephropathy vs. nephrotic syndrome – not biop-
sied vs. IgA nephropathy vs. other), eGFR, urine protein-to-creat-
inine ratio (UPCR), immunosuppressive therapy (IST), insurance 
type, and the age-group. Participants with C1q nephropathy (n = 

Excluded (n = 223)
• No electronic medical record data (n = 136)
• ESKD at start of electronic medical record data

(n = 49)
• Unknown date of psychiatric disorder onset (n = 6)
• Psychiatric disorder onset prior to kidney 

disease onset (n = 25)
• Exclusion diagnosis (Vasculitis; HIV AN) (n = 7)

Kidney research network
data registry (10/2019)

(N = 1,173)

Participants included in analysis
(N = 950)

Fig. 1. Flow diagram of included partici-
pants.



Association between Psychiatric 
Disorders and Glomerular Disease

121Glomerular Dis 2021;1:118–128
DOI: 10.1159/000516359

11) were reclassified as FSGS; participants with mesangial prolif-
erative glomerulonephritis (n = 6) or IgM nephropathy (n = 17) 
were reclassified as MCD. Analyses were censored at the onset of 
ESKD. Hazard ratios (HRs) and 95% confidence intervals (CIs) are 
reported. All variables were initially tested as unadjusted, univari-
able predictors of psychiatric diagnosis. Any variable significant 
with p < 0.20 was included in a backward multivariable model se-
lection. Nonsignificant variables were removed in reverse order of 
p value until all remaining variables in the model were significant 
at p < 0.05. Given the expected correlation between age, eGFR, 
UPCR, and diagnosis, multicollinearity of these variables was as-
sessed using variance inflation factors (VIFs) from a single multi-
variable model of the 4 covariates. Any variable with VIF > 2.5 was 
excluded from model building; if all indicators showed VIF < 2.5, 
then all were included in model building. Analogous time-varying 
Cox proportional models were fit modeling time from the onset of 
kidney disease to ESKD. In these models, diagnosis of psychiatric 
disorder was included as a covariate to test for an association be-
tween psychiatric disorders and progression to ESKD. Analyses 

were completed in SAS® (version 9.4; SAS Institute Inc, Cary, NC, 
USA).

A sensitivity analysis was conducted for the primary outcome 
of psychiatric disorder excluding the cases with lupus nephritis. 
No significant differences in estimates were identified (online sup-
pl. Table 3).

Results

Sample
As of October 2019, there were 1,173 participants en-

rolled in the KRN registry. After excluding subjects not 
fully enrolled or meeting other exclusion criteria, 950 par-
ticipants contributed to this analysis sample as shown in 
Figure 1.

Table 1. Descriptive statistics of participants by diagnosis of psychiatric disorder in the KRN registry analysis sample (n = 943)

Characteristic All patients 
(n = 950)

Ever had psychiatric 
disorder (n = 110)

Never had psychiatric 
disorder (n = 840)

p value

Age at kidney disease onset, years, median (IQR) 18 (5, 40) 15 (5, 35) 19 (4, 41) 0.004
Children (0–12 years), n (%) 395 (42) 46 (42) 349 (42)
Adolescents (13–17 years), n (%) 76 (8) 18 (16) 58 (7)
Adults (18+ years), n (%) 479 (50) 46 (42) 433 (52)

Female, n (%) 407 (43) 55 (50) 352 (42) 0.11
Race, n (%)

White 524 (55) 76 (69) 448 (53) 0.01
Black 104 (11) 10 (9) 94 (11)
Asian 156 (16) 8 (7) 148 (18)
Other 139 (15) 15 (14) 124 (15)
Unknown/missing 27 (3) 1 (1) 26 (3)

Hispanic ethnicity, n (%) 183 (19) 16 (15) 167 (20) 0.12
Diagnosis, n (%)

FSGS 264 (28) 31 (28) 233 (28) 0.003
Minimal change 161 (17) 32 (29) 129 (15)
Membranous nephropathy 93 (10) 10 (9) 83 (10)
NS-not biopsied* 143 (15) 9 (8) 134 (16)
IgA nephropathy 156 (16) 11 (10) 145 (17)
Other** 133 (14) 17 (15) 116 (14)

eGFR closest to kidney disease onset, mL/min/1.73 m2, 
median (IQR) 87 (43, 121) 102 (64, 133) 83 (39, 120) <0.001

UPCR closest to kidney disease onset, g/g, median (IQR) 2.1 (0.6, 6.2) 2.8 (0.5, 6.8) 2.1 (0.6, 6.2) 0.38
Ever treated with steroids, n (%) 743 (78) 86 (78) 657 (78) 0.66
Ever treated with other ISTs, n (%) 641 (67) 66 (60) 575 (68) 0.08
Observation duration, months median (IQR) 58 (27, 99) 86 (51, 122) 57 (23, 93) <0.001

p values from χ2 tests for categorical and Kruskal-Wallis tests for continuous characteristics. eGFR, estimated glomerular filtration 
rate; FSGS, focal segmental glomerulosclerosis; IQR, interquartile range; IST, immunosuppressive therapy; NS, nephrotic syndrome; 
UPCR, urine protein-to-creatinine ratio; KRN, kidney research network. *Renal biopsy is not always first line care for childhood NS. 
**Other diagnoses include Alport syndrome (49), SLE class V (29), C3 glomerulopathy (25), amyloidosis (5), congenital NS (5), immune 
complex-mediated glomerulonephritis (4), SLE class IV (3), fibrillary glomerulonephritis (2), interstitial nephritis (2), SLE class III (2), 
crescentic glomerulonephritis (1), glomerulonephritis with mesangial deposits and crescents (1), HSP nephritis (1), light chain nephrop-
athy (1), MPGN with cryoglobulinemic glomerulonephritis (1), SLE class II (1), SLE class VI (1).
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Characteristics of the sample are provided in Ta-
ble 1. Half of participants had the onset of kidney dis-
ease prior to age 18 years, and 43% were female. FSGS 
was the most common diagnosis (28%), the median 
eGFR closest to kidney disease onset was 87 mL/
min/1.73 m2, and the median UPCR was 2.1 g/g. Seven-
ty-eight percent of participants had steroid exposure, 
and 67% had additional exposure to any other IST. 
With a median 58 months of follow-up, 110 of 950 par-
ticipants (12%) had a diagnosis of psychiatric disorder 
during follow-up, including nonexclusive categories of 
75 (7.9%) anxiety disorder, 56 (5.9%) mood disorder, 
and 21 (2.2%) behavior disorder.

Psychiatric Disorders
The estimated rate of psychiatric diagnosis was 14.7 

cases per 1,000 person-years. Time to diagnosis of any 
psychiatric disorder is shown as a Kaplan-Meier plot in 
Figure 2. Adolescent participants were more likely to be 
diagnosed with a psychiatric disorder (33.4 cases per 
1,000 person-years) than children (13.3 cases per 1,000 
person-years) or adults (13.2 cases per 1,000 person-
years) (log-rank p < 0.01).

Analyses were repeated for time to diagnosis in each 
disorder subcategory: anxiety shown in Figure 3, mood 
shown in Figure 4, and behavioral disorders shown in on-
line suppl. Figure 1. Adolescents had a significantly high-
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Fig. 2. Time to diagnosis of any psychiatric 
disorder (n = 950 participants; n = 110 
events; rate = 14.7 cases per 1,000 person-
years).
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Table 2. Adjusted model results assessing the relationship between demographic and clinical characteristics and psychiatric diagnosis 
outcome

Variable Unadjusted models Final adjusted

HR 95% CI p value HR 95% CI p value

Age <0.001 <0.001
Children (0–12 years) 0.68 0.41–1.11 0.12 1.30 0.77–2.20 0.32
Adolescents (13–17 years) 2.28 1.45–3.62 0.001 3.11 1.87–5.17 <0.001
Adults (18+ years) REF REF REF REF REF REF

Female versus male 1.32 0.91–1.93 0.15 – – –
Race 0.05 0.03

White REF REF REF REF REF REF
Black 0.78 0.40–1.53 0.50 0.70 0.35–1.40 0.32
Asian 0.36 0.17–0.74 0.001 0.34 0.16–0.71 0.004
Other 0.89 0.51–1.55 0.68 0.74 0.41–1.32 0.31

Hispanic versus non-Hispanic 0.73 0.43–1.25 0.25 – – –
Diagnosis 0.07

FSGS REF REF REF – – –
MCD 1.41 0.86–2.29 0.17 – – –
MN 1.00 0.49–2.02 0.99 – – –
NS-NOS 0.59 0.28–1.26 0.17 – – –
IgA 0.54 0.27–1.08 0.08 – – –
Other 0.97 0.53–1.77 0.91 – – –

Insurance 0.48
Private REF REF REF – – –
Public 0.75 0.43–1.32 0.32 – – –
Uninsured 0.52 0.10–2.76 0.44 – – –

eGFR per 30 mL/min/1.73 m2* 1.08 0.99–1.19 0.08 – – –
UPCR per 1 log 1.11 0.98–1.27 0.10 1.13 1.01–1.27 0.03
Steroid treatment 1.97 1.33–2.90 <0.001 – – –
Steroid dose per mg/kg/day 1.55 0.97–2.53 0.06 – – –
Cumulative months of steroid treatment 1.41 0.31–6.47 0.68 – – –
CNI treatment 1.29 0.81–2.07 0.28 – – –
CTX treatment 0.67 0.26–1.77 0.42 – – –
MMF treatment 1.28 0.77–2.12 0.33 – – –
Rituximab treatment 2.13 0.97–4.72 0.06 – – –
Cumulative months of nonsteroid IST treatment 1.89 0.36–10.82 0.41 – – –
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er rate of anxiety diagnosis compared to children and 
adults (children = 8.5 vs. adolescents = 21.8 vs. adults = 
9.3 cases per 1,000 person-years respectively, log-rank p 
< 0.01). There was no difference in the rate of mood diag-
nosis by age (children = 5.3 vs. adolescents = 12.4 vs. 
adults = 8.5 cases per 1,000 person-years, log-rank p = 
0.11). Children and adolescents had higher rates of be-
havioral diagnosis, though this was based on a small (n = 
21) number of events (children = 4.2 vs. adolescents = 3.5 
vs. adults = 1.1 cases per 1,000 person-years respectively, 
log-rank p = 0.03).

Results of unadjusted Cox proportional hazard models 
are reported in Table  2. Adolescent age was associated 
with increased likelihood of psychiatric diagnosis com-
pared with adults (HR = 2.28, 95% CI = 1.45–3.62). By 
race, Asians were less likely to be diagnosed with a psy-
chiatric disorder compared with whites (HR = 0.36, 95% 
CI = 0.17–0.74). The onset of steroid treatment was also 
associated with diagnosis of psychiatric disorder (HR = 
1.97, 95% CI = 1.33–2.90) but cumulative steroid dose 
and duration of steroid exposure were not (Table 2). Ka-
plan-Meier plots are shown with unadjusted analysis of 
anxiety, mood, and behavior outcomes by age in Figures 
3 and 4 and online suppl. Figure 1, respectively.

Out of the 950 cases in this analysis, insurance status 
within 1 year of kidney diagnosis was only available in 

486. While those with public insurance and the uninsured 
had lower onset of mood disorders, which was nonsig-
nificant in this subanalysis, and insurance was not includ-
ed in the multivariable model. There was no evidence of 
multicollinearity by age, eGFR, UPCR, and diagnosis, 
and all were included as independent variables in model 
selection (VIF: age = 1.50, eGFR = 1.41, UPCR = 1.05, 
MCD = 1.01, membranous nephropathy = 1.15, nephrot-
ic syndrome – not otherwise = 1.02, IgA = 1.10, diagnosis 
– other = 1.00, and FSGS = reference).

The final multivariable model was generated using 
backward selection for time to diagnosis of psychiatric 
disorder and results are shown in Table 2. Adolescents 
were more likely (HR = 3.11, 95% CI = 1.87–5.17) than 
adults to be diagnosed with psychiatric disorders. The 
differences by race persisted in this model, where Asians 
appeared to be at the lowest risk when white was used 
as the reference (HR 0.34, 95% CI = 0.16–0.71). Increas-
ing UPCR was associated with an increase in risk for 
psychiatric disorder (HR 1.13, 95% CI 1.01–1.27, per 1 
log increase). The total number of oral medications per 
day was also associated with higher risk. In this multi-
variable model, steroid and other IST, kidney diagnosis, 
and eGFR were not associated with psychiatric disorder 
risk.

Variable Unadjusted models Final adjusted

HR 95% CI p value HR 95% CI p value

Number of IST treatments (per 1 medication) 1.14 1.00–1.31 0.06 – – –
Steroid response pattern 0.84

Sensitive REF REF REF – – –
Dependent 0.84 0.43–1.66 0.62 – – –
Resistant 1.22 0.60–2.50 0.58 – – –
Intolerant N/A (no 

events)
N/A (no  
events)

0.99 – – –

Number of oral medications/day <0.001 <0.001
0 REF REF REF REF REF REF
1 3.33 1.41–7.81 0.006 3.36 1.41–8.02 0.006
2 2.67 1.01–7.11 0.05 3.00 1.12–7.97 0.03
3–5 7.33 4.11–13.06 <0.001 8.23 4.53–14.94 <0.001
6–10 8.06 4.52–14.37 <0.001 9.39 5.25–16.79 <0.001
11+ 11.14 6.34–19.58 <0.001 13.34 7.18–24.80 <0.001

Analysis method: adjusted time-varying Cox proportional hazards model (n = 943 participants; n = 109 events). FSGS, focal segmen-
tal glomerulosclerosis; MCD, minimal change disease; MN, membranous nephropathy; NS-NOS, nephrotic syndrome-not otherwise 
specified/unbiopsied; eGFR, estimated glomerular filtration rate; UPCR, urine protein-to-creatinine ratio; CNI, calcineurin inhibitors; 
CTX, Cytoxan; MMF, mycophenolate mofetil; IST, immunosuppressive therapy; HR, hazard ratio; CI, confidence interval. *HR reflects 
the hazard ratio of a +30 mL/min/1.73 m2 difference in eGFR.

Table 2 (continued)
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End-Stage Kidney Disease
Unadjusted and adjusted results of time to ESKD, in-

cluding 330 ESKD events, are found in online suppl. Ta-
ble 2 and Table 3, respectively. In univariate analysis, chil-
dren were less likely to progress to ESKD (vs. adults,  
HR = 0.46, 95% CI = 0.36–0.59), as were those with high-
er eGFR at onset (HR per 30 mL/min/1.73 m2 = 0.59, 95% 
CI = 0.54–0.64). After adjustment for glomerular diagno-
sis, the eGFR at onset, UPCR over time, onset of steroid 
therapy, and onset of psychiatric disorder was associated 
with progression to ESKD (HR = 2.45, 95% CI = 1.53–
3.92).

Discussion/Conclusion

This study was conducted to better understand the 
psychiatric disease burden, associated demographic and 
clinical variables, and relationship to ESKD in patients 
with glomerular disease. We found approximately 1 in 8 
patients were diagnosed with a psychiatric disorder after 
the onset of kidney disease, and the rate was highest 
among adolescents (HR 3.11, 95% CI 1.87–5.17). The HR 
of ESKD was greater following a psychiatric diagnosis, 
after adjusting for demographic and clinical characteris-
tics (HR = 2.45, 95% CI 1.53–3.9239).

To the best of our knowledge, this study represents the 
first investigation into the incidence psychiatric disorders 

among patients with nondiabetic glomerular diseases. 
The 12-month point prevalence of mood disorders is 9.5% 
in the USA for 18 years and older as reported by the Na-
tional Comorbidity Survey Replication (NCS-R) [36]. 
Based on a previous systematic review and meta-analysis 
of interview-based depression diagnosis with a combined 
sample of roughly 56,000 participants [37], the prevalence 
of depression in advanced CKD stage 5 is approximately 
22.8%. Depression and CKD have been associated with 
poor outcomes including lower quality of life and death 
[29, 38]. Previous population studies of patients with oth-
er chronic illnesses, including asthma and sickle cell dis-
ease, have found an increased prevalence of psychiatric 
disorders compared to the general population [39, 40].

In the current study, those of adolescent age at the time 
of kidney disease diagnosis showed the highest rate of 
psychiatric disorders: 33.4 cases per 1,000 person-years 
compared with other age-groups (children 13.3 and 
adults 13.2 cases per 1,000 person-years) as shown in Fig-
ure 2. The increased prevalence of psychiatric disorders 
among adolescents is seen in the general population as the 
proportion of adolescents age 13–18 years with mood dis-
orders is 14.3%, as reported by the NCS-R-Adolescent 
supplement [41]. According to the World Health Orga-
nization, adolescence is a critical time period for develop-
ing healthy social and emotional habits to support mental 
well-being. We posit that the additional stress of manag-
ing a chronic disease during adolescence places the popu-

Adjusted model ESKD
HR

95% CI p value

Onset of psychiatric disorder 2.45 1.53–3.92 <0.001
Diagnosis 0.008

FSGS REF REF REF
MCD 0.65 0.41–1.05 0.08
MN 0.69 0.44–1.10 0.12
NS-NOS 0.31 0.15–0.61 0.001
IgA 0.71 0.53–0.96 0.03
Other 0.77 0.54–1.11 0.17

eGFR at onset per 30 mL/min/1.73 m2* 0.64 0.58–0.71 <0.001
UPCR over time per 1 log increase 1.10 1.05–1.16 <0.001
Steroid treatment 0.61 0.47–0.81 <0.001

Analysis method: adjusted time-varying Cox proportional hazards model (n = 943 
participants; n = 329 events). ESKD, end-stage kidney disease; FSGS, focal segmental glo-
merulosclerosis; MCD, minimal change disease; MN, membranous nephropathy; NS-
NOS, nephrotic syndrome-not otherwise specified/unbiopsied; IgA, IgA nephropathy; 
eGFR, estimated glomerular filtration rate; UPCR, urine protein-to-creatinine ratio; HR, 
hazard ratio; CI, confidence interval. *HR reflects the hazard ratio of a +30 mL/min/1.73 
m2 difference in eGFR.

Table 3. Adjusted model results assessing 
the relationship between psychiatric 
diagnosis and ESKD outcome
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lation at increased risk of a psychiatric disorder. Popula-
tion studies of adolescents with asthma have found in-
creased likelihood of major depression (OR 1.7, 95% CI 
1.3–2.3) and anxiety disorders (OR 1.6, 95% CI 1.2–2.2) 
compared to adolescents in the general community, 
which was postulated to be, in part, attributable to child-
hood adversity or unexamined familial factors [42]. These 
findings support the need for inclusion of mental health 
screening as part of chronic disease management, par-
ticularly among adolescents.

Steroid exposure was not associated with the onset of a 
psychiatric disorder. Rather in this analysis, higher UPCR 
and medication burden were associated with psychiatric 
disorder risk. The use of steroids has previously been 
shown to adversely affect mood as has been seen with an 
increase in manic symptoms in asthmatic patients treated 
with a short duration (7 days) of steroids [43]. In adults, 
the use of steroids has been shown to induce euphoria and 
hypomania in the short term. However, in the long term, 
the effects of steroid treatment tend to skew more toward 
depressive symptoms [44]. Furthermore, steroid dosage 
has been correlated with the incidence, but not severity, of 
psychiatric episodes in adults. The literature detailing 
child and adolescent psychiatric syndromes as a result of 
steroid use is not robust. The discordance of results in this 
study related to steroid use and psychiatric disease com-
pared to prior publications may reflect the heretofore un-
derappreciated impact of daily medication burden that 
more precisely reflect the medication – psychiatric disor-
der association. In addition, the use of diagnosed psychi-
atric disorders may have resulted in a lack of sensitivity to 
psychiatric disorders that are present but not diagnosed 
when associated with steroid therapy.

Systemic inflammation has been postulated to be a 
mechanism of psychiatric disease in some settings. Renal 
diseases such as lupus nephritis are systemic inflamma-
tory diseases that can have psychiatric manifestations 
such as cognitive dysfunction, mood disorders, seizures, 
and cerebrovascular disease. Proposed mechanisms that 
cause these clinical manifestations include autoantibod-
ies cross blood-brain barrier leading to neuronal injury 
[45]. Our sensitivity analysis revealed no difference in 
psychiatric disorder risk when lupus nephritis cases were 
removed from the analysis.

Our time-varying adjusted analyses of time to ESKD 
found that the onset of a psychiatric disorder was associ-
ated with ESKD. Previous literature has reported the 
presence of major depressive episodes in patients with 
progression to ESKD [29]. A study of 70 patients with 
ESKD demonstrated 71.4% had a DSM IV diagnosis of 

depression or anxiety [46]. Our study findings are consis-
tent with the existing literature.

This study is not without limitations, namely, the reli-
ance on EHR data from the KRN nephrology sites. Pa-
tients with a diagnosis of a psychiatric disorder that was 
not entered into the KRN-associated site EHR will not be 
recognized as cases in this study. Similarly, patients with 
an undiagnosed psychiatric disease would not be includ-
ed as cases in this study. Our data collection relied on 
coded diagnoses and is likely an underrepresentation of 
the true prevalence of psychiatric disorders in our popu-
lation. The ability to explore factors relevant to psychiat-
ric diagnoses development, such as family history of psy-
chiatric disorders and patient substance abuse disorders, 
is limited as family history was not collected in the study 
database and substance abuse may not be well-docu-
mented within EHRs. Finally, our aim was to investigate 
a possible association between glomerular disease and 
psychiatric disorders. We recognize that psychiatric dis-
orders are complex and multifactorial in origin, including 
environmental, genetic, and socioeconomic factors.

Despite its limitations, this study suggests that diag-
nosed psychiatric illnesses are common in patients with 
glomerular disease. Future research and quality initia-
tives are recommended to systematically conduct mental 
health screening in patients across the age continuum 
with glomerular disease to define the true incidence and 
prevalence of psychiatric disorders in patients with glo-
merular disease and foster access clinical psychiatric sup-
port as indicated.
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