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Objective To identify factors contributing to cognitive impairment in children with lupus nephritis.
Study design A cross-sectional analysis of a large multicenter national cohort of children with chronic kidney
disease (CKD) using standardized measures to determine baseline neuropsychiatric function and health-related
quality of life (HRQoL) in children with lupus nephritis (n = 34), and to compare baseline function with that in chil-
dren with other forms of glomerular CKD (gCKD; n = 171). We used inverse probability weighting via a logistic model
for propensity score analysis to achieve balance between children with lupus nephritis and those with other glo-
merular causes of CKD, adjusting for known confounders. We used linear regression models to compare neurocognitive
outcomes between exposure groups, adjusting for current prednisone use and testing for an interaction between
current prednisone use and lupus nephritis, and to test for an association between cognitive function and HRQoL.
Results Current prednisone use was independently associated with worse attention (P < .01) and better adap-
tive skills (P = .04), and there was a significant interaction between current prednisone use and lupus nephritis for
internalizing problems, with worse parent-reported internalizing problems in children with lupus nephritis on pred-
nisone (P = .047). Better parent-reported HRQoL was associated with better visual memory (P = .01), and better
child-reported HRQoL was associated with better attention (P < .01) and inhibitory control (P < .01). Both parent
and child HRQoL were associated with better measures of executive function (P = .02 and < .001, respectively).
Conclusion Children with lupus nephritis have comparable or better cognitive function than their peers with
other gCKDs, which is reassuring given the multiorgan and lifelong complications associated with lupus.
(J Pediatr 2017;189:181-8).

C hildren with chronic kidney disease (CKD) are at risk for poor clinical and psychosocial outcomes because of kidney
dysfunction, living with childhood chronic illness, and effects of treatments. Cognitive impairment in children with
CKD is a known comorbidity, and studies indicate impaired function across several neurocognitive domains, includ-

ing IQ, memory, and executive function.1-3 Psychosocial functioning also may be adversely impacted in children with CKD, who
suffer from higher rates of depressive and anxiety symptoms4-8 and exhibit poorer health-related quality of life (HRQoL) com-
pared with healthy peers.9 Cognitive and behavioral dysfunction may adversely impact HRQoL, but little is known about this
potential impact in children with CKD. Glomerular CKD (gCKD) may arise from several etiologies that may differentially impact
cognitive and psychosocial functioning. Understanding these differences may yield insight into the pathophysiological mecha-
nisms of cognitive and psychosocial dysfunction, as well as inform interventions
to improve overall functioning and HRQoL in these children.

Fifty-five percent of children with systemic lupus erythematosus have gCKD,10

and >20% exhibit moderate renal impairment by 10 years after diagnosis.11

Children with lupus nephritis also may have central nervous system (CNS)
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involvement, including neurocognitive impairment in up to
50%.12-14 Inflammation of both the kidney and brain in chil-
dren with lupus nephritis may exert concurrent adverse effects
on cognitive and psychosocial function, and higher disease ac-
tivity is associated with depression, anxiety, and poor HRQoL
in these patients.15,16 In addition, management of lupus ne-
phritis carries a high burden of immunosuppressive medica-
tion use17 and of psychosocial stress due to uncertainty resulting
from the episodic nature of lupus and the potential for stigmati-
zing skin lesions.18-21 Thus, children with lupus nephritis may
have worse cognitive and psychosocial impairment than chil-
dren with other forms of gCKD, but this has not been examined.

The Chronic Kidney Disease in Children (CKiD) prospec-
tive cohort study is a multicenter longitudinal investigation of
children with mild-to-moderate CKD.22 A primary goal of the
CKiD study is to determine how a decline in kidney function
affects neurocognitive function and behavior. As such, par-
ticipants entered in CKiD undergo a battery of neurocognitive
and behavioral tests, as well as repeated HRQoL assessments.
Given the myriad of neuropsychiatric comorbidities associ-
ated with both CKD and lupus nephritis, we aimed to (1) de-
termine whether children in the CKiD study with CKD
secondary to lupus nephritis exhibit worse neurocognitive and
psychosocial functioning and HRQoL compared with chil-
dren with other forms of gCKD, and (2) examine the asso-
ciation of HRQoL with neurocognitive and behavioral
functioning in children with lupus nephritis and other causes
of gCKD.

Methods

The CKiD study’s design and objectives have been described
previously.22 Inclusion criteria include age 1-16 years and an
estimated glomerular filtration rate (eGFR) between 30 and
90 mL/min/1.73 m2. Exclusion criteria include renal or other
solid organ, bone marrow, or stem cell transplantation, dialy-
sis treatment within the past 3 months, HIV or cancer diag-
nosis or treatment within the past 12 months, structural heart
disease, pregnancy within the past 12 months, genetic syn-
dromes involving the CNS, and history of severe to pro-
found intellectual disability. CKiD participants undergo
standardized neurocognitive testing and assessment of psy-
chosocial function at 6 months following study entry and then
every 2 years after study entry. HRQoL is assessed at 6 months
and at each annual visit thereafter. We used the baseline data
(first visit with a measurement available) from these mea-
sures to determine the outcomes for this analysis. The CKiD
study protocol was approved by the Institutional Review Boards
at all participating sites, and informed consent and assent was
obtained from all participants.

Neurocognitive and Psychosocial Outcomes
The neurocognitive outcomes of interest included intelli-
gence, measured by the Wechsler Abbreviated Scales of Intel-
ligence (WASI)23; academic achievement, measured by the
Wechsler Individual Achievement Test, Second Edition, Ab-
breviated (WIAT-II-A)24; memory, measured by the Digit Span

Forward (verbal), Digit Span Reverse (verbal working), Spatial
Span Forward (visual), and Spatial Span Reverse (visual
working) portions of the Wechsler Intelligence Scale for Chil-
dren, Fourth Edition, Integrated (WISC-IV-I)24; attention and
inhibitory control, measured by the Detectability, Response
Time Variability, and Errors of Commission subscores from
the Conners’ Continuous Performance Test, 2nd edition
(CPT-II)25; and executive function, measured by the Global Ex-
ecutive Composite score from the Behavior Rating Inventory
of Executive Function (BRIEF)26 and the Achievement and Ac-
curacy Ratio scores from Delis–Kaplan Executive Function
System (D-KEFS) Tower Test.27

The WASI is a standardized measure of intelligence, and the
WIAT-II-A is a standardized measure of academic achieve-
ment. Both tests are used for children aged ≥6 years and are
reported as standardized scores with a mean of 100 and SD
of 15; higher scores indicate better performance. The WISC-
IV-I is a measure of intelligence that also measures discrete
cognitive domains for children aged 6-16 years, with a mean
of 10 and SD of 3; higher scores indicate better performance.
The CPT-II measures attention, and the BRIEF is a parent-
completed inventory that measures executive function. They
are both validated for children aged ≥6 years and have a mean
score of 50 and SD of 10; lower scores indicate better perfor-
mance. The D-KEFS is for children aged ≥8 years and also
measures executive function, with a mean score of 10 and SD
of 3; higher scores indicate better performance.

Psychosocial outcomes of interest were assessed with the Be-
havior Assessment of Childhood Disorders, Second Edition
(BASC-2), both parent- and self-reports,28 and the PedsQL 4.0
HRQoL survey.29 Both versions of the BASC-2 yield a total Be-
havioral Symptom Index Score and scores for the Externaliz-
ing Problems, Internalizing Problems, and Adaptive Skills
indices. In addition, the child report yields the School Prob-
lems score. All scores on the BASC-2 have a mean of 50 and
SD of 10. A higher score indicates better adaptive skills, and
a lower score indicates worse behavioral symptoms, external-
izing problems, internalizing problems, and school prob-
lems. HRQoL was assessed by the parent and self-report of the
PedsQL 4.0. Domains of physical, emotional, social, school, and
overall were measured. HRQoL scores range from 0 to 100, with
higher scores indicating better HRQoL.

Statistical Analyses
The primary outcomes of interest were the neurocognitive mea-
sures and BASC-2 and HRQoL scores. Descriptive statistics for
the demographic, neurocognitive, BASC-2, and HRQoL vari-
ables were generated to characterize the study sample. For ex-
amination of differences in neurocognitive and psychosocial
outcomes by disease group, the categorical exposure was lupus
nephritis vs other gCKDs. To balance covariates between groups,
we derived propensity scores from a logistic regression model
containing the following variables: age, sex, height Z-score, race,
ethnicity, maternal education, eGFR,30 urine protein/creatinine
ratio, systolic blood pressure Z-score, and anemia status. These
variables were selected a priori to be likely risk factors and con-
founders for the outcomes. Three participants with unknown
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