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Purpose: Adults with spina bifida (SB) may be susceptible to accelerated progression of chronic kidney
disease (CKD) to advanced stages. However, little is known regarding risk of advanced CKD for this
underserved population. The objective was to estimate the risk of advanced CKD among adults with vs.
without SB.
Methods: Data were from Optum Clinformatics Data Mart. Adults (18þ years) without advanced CKD
(CKD stages 4þ) in 2013 were followed from 01/01/2014 to advanced CKD, death, loss to follow-up, or 12/
31/2017. Diagnostic, procedure, and diagnosis-related group codes were used to identify SB, advanced
CKD, and baseline cardiovascular diseases, hypertension, and diabetes. Incidence rate (IR) and IR ratio
and their 95% confidence intervals (CIs) of advanced CKD were estimated. Cox regression estimated
adjusted hazard ratio (HR) for incidence of advanced CKD.
Results: The crude IR of advanced CKD was 7.40 for adults with SB (n ¼ 4295) and 6.25 for adults without
SB (n ¼ 6.6 M). After adjusting for demographics, adults with SB had greater risk of advanced CKD
compared to adults without SB (HR ¼ 2.12; 95% CI ¼ 1.72e2.60), which remained elevated with further
adjustment for cardiovascular diseases, hypertension, and diabetes (HR ¼ 1.91; 95% CI ¼ 1.55e2.35).
Conclusions: Adults with SB may have greater risk of advanced CKD incidence compared to adults
without SB.

© 2020 Elsevier Inc. All rights reserved.
Introduction

Spina bifida (SB) is a birth defect resulting from incomplete
closure of the neural tube and is associated with various compli-
cations early in life (e.g., motor impairment, learning disabilities).
Individuals with SB are living longer than before, with an estimated
166,000 people in the United States living with SB [1]. However,
their lifespan is still shorter compared to the general population [2].
Most individuals with SB experience neurogenic bladder which can
result in incontinence, recurrent infections, and renal deterioration
throughout the lifespan,[3] thus increasing risk of chronic kidney
disease (CKD) [4,5]. Advanced stages of CKD are among the most
common causes of mortality for this adult population [6,7].

Little attention has been given to estimating the incidence of
CKD for adults with SB or relative risk of CKD compared to the
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general population, especially advanced stages of CKD. Only one-
third of individuals with SB meet recommended urologic follow-
up and surveillance [8]. By not knowing incidence or risk of
advanced CKD among adults with SB, clinicians may miss critical
windows to prevent CKD onset or mitigate progression to advanced
stages that are irreversible, costly, and fatal. Therefore, character-
izing the incidence of advanced CKD among adults with SB could
inform early patient and clinical decision-making processes to
prevent or lessen the burden of CKD. The primary objective of this
study was to estimate the incidence rate of advanced CKD among
adults with SB and to compare that rate with the incidence rate
among adults without SB. We hypothesized that adults with SB are
at greater risk of advanced CKD compared to adults without SB.

Materials and methods

Data from 2013 to 2017 were used from Optum Clinformatics
Data Mart Database (OptumInsight, Eden Prairie, MN), which is a
U.S. nationwide deidentified single private payer administrative
claims database. The claims data include all health service
ney disease among adults with spina bifida, Annals of Epidemiology,
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Table 1
Baseline descriptive characteristics of adults with and without spina bifida (SB)

Variable With SB
(n ¼ 4295)

Without SB
(n ¼ 6,562,953)

n (%) n (%)

Demographic characteristics d d

Age, mean (SD) 45.7 (17.6) 52.8 (19.0)
Sex
Women 14,812 (44.1) 3,562,830 (54.5)
Men 18,749 (55.9) 2,970,857 (45.5)

Race d d

White 21,626 (64.4) 4,194,405 (64.2)
Black 3333 (9.9) 510,358 (7.8)
Hispanic 2733 (8.1) 621,366 (9.5)
Asian 1064 (3.2) 277,725 (4.3)
Unknown/missing 4805 (14.3) 929,833 (14.2)

U.S. region d d

West 7996 (23.8) 1,634,488 (25.0)
Midwest 8842 (26.4) 1,686,053 (25.8)
South 12,219 (36.4) 2,468,408 (37.8)
Northeast 4504 (13.4) 744,738 (11.4)

Chronic disease comorbidities d d

Hypertension 9420 (28.1) 2,029,184 (31.1)
Diabetes 4832 (14.4) 855,747 (13.1)
Ischemic heart disease 1783 (5.3) 418,310 (6.4)
Heart failure 1148 (3.4) 147,606 (2.3)
Cerebrovascular disease 1221 (3.6) 179,188 (2.7)
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utilization (e.g., inpatient, outpatient) for each beneficiary
throughout enrollment, as previously described [9]. Research teams
using this database are allowed either the Date of Death or Socio-
economic Status table to preserve patient identity. Because this
study was part of a larger study that examined mortality, the Date
of Death table was selected and therefore some information
regarding socioeconomic status was not available, such as income
and education level. The university Institutional Review Board
approved this study as nonregulated.

The year 2013 was used to identify eligibility. Adults aged
�18 years without advanced CKD, who had been continuously
enrolled in a health plan, and who had at least one service utili-
zation (to limit detection bias) were included. All participants were
followed from January 1, 2014 to advanced CKD detection, death,
loss to follow-up, or end of the study period (December 31, 2017),
whichever came first. SB was identified using the International
Classification of Diseases, Ninth Revision (ICD-9), Clinical Modifi-
cation codes 741.xx and 756.17.

The outcome was incident advanced CKD from January 1, 2014
to December 31, 2017. We defined advanced CKD by using the
procedures from the United States Renal Data System for identi-
fying ESRD within the Optum Clinformatics Data Mart Database
[10] and added ICD-9 and 10 codes to identify new advanced CKD at
stage 4 or later. Specifically, advanced CKD was defined as ICD-9 or
Table 2
Incidence and risk of advanced CKD among adults with and without spina bifida (SB)

Variable Advanced CKD cases Person-years Crude IR

n Years n per 1000 years

Entire sample, �18 y d d d

Without SB 108,737 17,395,077 6.25
With SB 90 12,170 7.40

18-64 y d d d

Without SB 19,879 11,365,422 1.75
With SB 41 9848 4.16

�65 y d d d

Without SB 88,858 6,029,655 14.74
With SB 49 2322 21.10

Model 1: age, sex, and U.S. region. Model 2: age, sex, U.S. region, and baseline hypertensi
ischemic heart disease, heart failure, and cerebrovascular disease.
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10 codes for a medical diagnosis of CKD stages 4 or 5 or ESRD;
procedure codes for dialysis; or a diagnosis-related group code for
kidney transplant surgery. Identifying advanced CKD using claims
has shown up to 67% sensitivity, 95% specificity, and 76%e97%
positive predictive value [11,12].

Covariates included demographic variables and chronic disease
comorbidities, which were identified using medical claims, as
previously described [13], in the year 2013, and included hyper-
tension (ICD-9: 401-405.x), diabetes (ICD9: 249.xx, 250.xx),
ischemic heart disease (ICD-9: 410-414.x), heart failure (ICD-9:
402.01, 402.11, 402.91, 404.01, 404.03, 404.11, 404.13, 404.91,
404.93, 428.x), and cerebrovascular disease (ICD-9: 430-437.x).
Statistical analysis

Incidence rates (IRs) and IR ratios (and their 95% confidence
intervals [CIs]) of advanced CKD were estimated. Cox regression
was used to estimate hazard ratios (HRs) of advanced CKD inci-
dence, adjusting for covariates. Analyses were performed when the
number of advanced CKD events in the SB group and subgroups
were 5e9 per number of covariates, as this range provides coverage
and bias within acceptable levels, which is similar to the more
established rule of thumb of 10 or more events per number of
covariates for Cox models [14]. Individuals were right censored if
they did not develop advanced CKD, discontinued health plan
enrollment, or died before the end of the study period. Possible
interactions between exposure status (SB vs. no SB) and age or sex
were assessed by conducting separate analyses for age or sex strata
(to estimate SB effects) and by including product terms in the Cox
models (to test for interactions).

Cox regression models did not adjust for race to limit bias due to
the extent of missingness/unknown. We therefore conducted
sensitivity analyses to assess possible sources of bias by performing
two additional sets of analyses comparing adults with vs. without
SB: 1) the study population with complete data for race, but not
adjusting for race; and 2) the same study population in #1 but
adjusting for race. Results were compared from #1 and #2 to assess
possible confounding by race. Results were compared from #1 and
the primary analysis (full study population not adjusting for race)
to assess possible selection bias from exclusion of adults without
race data.

P � 0.05 (two-tailed) was used to determine statistical signifi-
cance. Analyses were performed using SAS version 9.4 (SAS Insti-
tute, Cary, NC).
Results

Baseline descriptive characteristics of adults with and without
SB are presented in Table 1. During the follow-up period, 90 adults
IR ratio (IRR) Model 1 Model 2 Model 3

IRR (95% CI) HR (95% CI) HR (95% CI) HR (95% CI)

d d d d

Reference Reference Reference Reference
1.18 (0.96, 1.46) 2.12 (1.72, 2.60) 1.94 (1.58, 2.39) 1.91 (1.55, 2.35)
d d d d

Reference Reference Reference Reference
2.38 (1.75, 3.23) 3.08 (2.27, 4.18) 2.53 (1.86, 3.44) 2.31 (1.70, 3.14)
d d d d

Reference Reference Reference Reference
1.43 (1.08, 1.90) 1.69 (1.23, 2.23) 1.59 (1.20, 2.10) 1.58 (1.19, 2.09)

on and diabetes. Model 3: age, sex, U.S. region, and baseline hypertension, diabetes,
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Table 3
Advanced CKD incidence among adults with and without spina bifida (SB) with complete race data

Variable Advanced CKD cases Person years Crude IR IR ratio (IRR)

n Years n per 1000 person years RR (95% CI)

Without SB 93,029 14,912,984 6.24 Reference
With SB 78 10,247 7.61 1.22 (0.98, 1.52)
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with SB (2.10% of sample) and 108,737 adults without SB (1.66% of
sample) developed advanced CKD. Baseline descriptive character-
istics of those that developed advanced CKD are presented in
Table A.1, which highlights the younger age of advanced CKD onset
by 10 years for adults with vs. without SB.

IR and adjusted risk of advanced CKD is presented in Table 2. The
crude IR was greater for adults with vs. without SB (IRR ¼ 1.18; 95%
CI ¼ 0.96e1.46), but this was not statistically significant. After
adjusting for demographic variables, risk of advanced CKD
compared to adults without SB was greater for adults with SB
(HR ¼ 2.12; 95% CI ¼ 1.72e2.60) and remained elevated after
further adjustment for chronic diseases (HR ¼ 1.91; 95%
CI ¼ 1.55e2.35).

The SB group by sex interaction was not significant (P ¼ .641),
but the SB group by age interaction was significant (P < .001). We
therefore stratified age by < 65 and � 65 years to enhance model
parsimony (Table 2). The crude IR was greater for adults with vs.
without SB for <65 years (IRR ¼ 2.38; 95% CI ¼ 1.75e3.23) and
�65 years (IRR ¼ 1.43; 95% CI ¼ 1.08e1.90). After adjusting for
demographic variables, risk of advanced CKD compared to adults
without SB was greater for both age-stratified groups and remained
elevated for both age-stratified groups after further adjustment for
chronic diseases.

Incidence rate of advanced CKD for individuals with complete
data on race (n¼ 5,632,610) is presented in Table 3. Adjusted risk of
advanced CKD for individuals with complete data on race is pre-
sented in Table A.2. The sensitivity analyses suggest that omission
of race in the primary analysis did not bias results.
Discussion

The main finding of this study is that privately insured adults
with SB had greater risk of developing advanced CKD in a recent 4-
year period compared to adults without SB. This study adds to the
growing body of literature regarding unhealthful aging for adults
with SB by providing empirical evidence for greater risk of
advanced CKD incidence, which is a high burden condition for the
patient, their caregivers, and the health care system.

Study findings are highly concerning. Although advanced CKD
affects a small portion of the population, the patient burden (e.g.,
dialysis ~4 h/day 3x/wk) and societal costs are exceedingly high [10].
In the present study, we found that adults with SB had greater crude
IR of advanced CKD compared to adults without SB. However, the
sample with SB was considerably younger and had higher propor-
tion of men compared to the sample without SB. After adjusting for
age, sex, and U.S. region, the risk of advanced CKD was greater and
increased from the crude analysis. After further adjustment for hy-
pertension, diabetes, and cardiovascular disease, known risk factors
for CKD, the greater risk of advanced CKD decreased but still
remained elevated for adults with SB. However, this population may
have unique physiological processes leading to advanced CKD.
Ouyang et al.[15] reported that causes of end-stage renal disease
were more likely to be due to urological issues (e.g., recurrent py-
elonephritis) among adults with vs. without SB. Future studies are
needed to determine if treating cardiometabolic and urological
medical conditions can offset or delay CKD onset and progression.
Please cite this article as: Whitney DG et al., Risk of advanced chronic kid
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It is important to note that the advanced CKD incident rate re-
ported in this study may be underestimating the extent of the
problem for the adult population with SB. This study leveraged a
nationwide private insurance database and may represent a
healthier and higher functioning segment of the SB population
[9,16]. We have recently reported that while 18- to 64-year-old
adults with pediatric-onset disabilities (including SB) had higher
prevalence of CKD stages 1e5 and several other high burden
medical conditions compared to 18e64 year olds without
pediatric-onset disabilities, the prevalence of these high-burden
medical conditions tended to be more pronounced for those that
had public vs. private insurance [16].

The limitations must be discussed. First, using claims data to
identify medical conditions is limited, as previous studies have
shown up to 67% sensitivity, 95% specificity, and 76%e97% positive
predictive value for identifying advanced CKD [11,12]. It is unknown
if detection bias differs by presence of SB. On one hand, adults with
SB are more likely to use health care services which presents with
more opportunities for advanced CKD to be identified and/or re-
ported on a claim. On the other hand, adults with disabilities are less
likely to be screened for chronic conditions or given a comprehen-
sive medical examination [17,18], which may limit opportunities for
advanced CKD to be identified and/or reported on a claim. This
source of bias was not able to be addressed in the present study and
may render limitations in interpretation. Second, as previously dis-
cussed, this sample of adults with SBmay reflect a healthier segment
of the SB population. It is therefore possible that advanced CKD
incidence for adults with SB is a bigger public health issue thanwhat
the present study can capture. Third, the sample size was relatively
small for the number of cases with advanced CKD for the SB group.
This may impact the reliability of the point estimates and the con-
fidence bounds, and we urge caution in interpretation. Fourth, we
were not able to reliably determine severity or type of SB, which
could have provided further clinical interpretation. Fifth, the retro-
spective observational design of the study introduces inherent bias
due to unmeasured confounding. To estimate the extent of unmea-
sured confounding, we computed e-values, which determines the
minimum strength of association with the exposure and outcome
needed to fully explain away a specific exposure-outcome associa-
tion, conditional on the set of covariates [19,20]. The estimated e-
value (lower 95% CI) needed to fully explain away the effect for the
SB group variable after adjusting for all covariates in the Cox
regression model 3 was 3.23 (2.47) for the entire sample, 4.05 (2.79)
for the sample <65 years, and 2.54 (1.67) for the sample �65 years.
Given the large e-values, it is unlikely that unmeasured confounding
largely biased the effect estimates. Sixth, information on how CKD
diagnoses were made is not available in claims data. Typical
assessment is by serum creatinine. However, this is a poor measure
of kidney function in SB due to their lowmuscle mass, and therefore,
underdetection of advanced CKD may be more problematic for
adults with vs. without SB.
Conclusions

Privately insured adults with SB have greater risk of advanced
CKD compared to adults without SB. Given the large effect sizes and
ney disease among adults with spina bifida, Annals of Epidemiology,
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implications for clinical practice, conducting similar analyses in
nonprivately insured populations is warranted as it may reveal
larger disparities than what was captured in this study.
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Appendix A
Table A.2
Risk of advanced chronic kidney disease (CKD) among adults with spina bifida (SB) compared to adults without SB with complete data on race

Model 1 Model 1 + race Model 2 Model 2 + race Model 3 Model 3 + race

HR (95% CI) HR (95% CI) HR (95% CI) HR (95% CI) HR (95% CI) HR (95% CI)

Without SB Reference Reference Reference Reference Reference Reference
With SB 2.20 (1.78, 2.77) 2.21 (1.77, 2.76) 2.04 (1.63, 2.54) 2.02 (1.62, 2.53) 2.00 (1.61, 2.50) 2.00 (1.60, 2.50)

Model 1: age, sex, and US region. Model 2: age, sex, US region, and baseline hypertension and diabetes. Model 3: age, sex, US region, and baseline hypertension, diabetes,
ischemic heart disease, heart failure, and cerebrovascular disease.

Table A.1
Baseline descriptive characteristics of adults with and without spina bifida (SB) that developed advanced chronic kidney disease

With SB (n ¼ 90) Without SB (n ¼ 108,737)

N (%) N (%)

Demographic characteristics
Age, mean (SD) 63.7 (15.8) 73.7 (11.9)
Sex
Women 50 (55.6) 54,249 (49.9)
Men 40 (44.4) 54,488 (50.1)

Race
White 61 (67.8) 66,168 (60.9)
Black 10 (11.1) 12,383 (11.4)
Hispanic 5 (5.6) 11,350 (10.4)
Asian 2 (2.2) 3,128 (2.9)
Unknown/missing 12 (13.3) 15,708 (14.5)

US region
West 22 (24.4) 32,840 (30.2)
Midwest 17 (18.9) 23,311 (21.4)
South 43 (47.8) 38,461 (35.4)
Northeast 8 (8.9) 14,125 (13.0)

Chronic disease comorbidities
Hypertension 68 (75.6) 84,222 (77.5)
Diabetes 32 (35.6) 49,886 (45.9)
Ischemic heart disease 20 (22.2) 28,560 (26.3)
Heart failure 13 (14.4) 18,548 (17.1)
Cerebrovascular disease 9 (10.0) 11,669 (10.7)

Please cite this article as: Whitney DG et al., Risk of advanced chronic kidney disease among adults with spina bifida, Annals of Epidemiology,
https://doi.org/10.1016/j.annepidem.2020.01.003
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