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A B S T R A C T

Background. Two genetic variants in apolipoprotein L1
(APOL1) are associated with increased risk of focal segmental
glomerulosclerosis as well as other glomerular phenotypes.
These risk variants are common in individuals of African ances-
try but absent in other racial groups. Yet, the majority of indi-
viduals with two APOL1 risk alleles [high-risk (HR) genotype]
do not have renal disease. It is critical to identify environmental
and secondary genetic influences that, when combined

with these alleles, lead to kidney disease. In a recent study of
black children with glomerular disease enrolled in the
Nephrotic Syndrome Study Network (NEPTUNE) and Chronic
Kidney Disease in Children Study (n¼ 104), we found that sub-
jects with an HR genotype had a 4.6-fold increase in the odds of
preterm birth as compared to those with a low risk (LR) geno-
type [odds ratio 4.6 (CI 1.4–15.5)]. There are known racial dis-
parities in preterm birth, which itself is a known risk factor for
chronic kidney disease and focal segmental glomerulosclerosis.
Thus, we questioned whether an HR APOL1 genotype is||
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|associated with prematurity in the general African American

population.
Methods. We analyzed two publically available genetic datasets
of preterm birth in African Americans, including 867 infants
and 519 mothers from the Gene Environment Association
Studies (GENEVA) study of preterm delivery and 960 mothers
from the Boston Medical Center genome-wide association study
of preterm birth. We performed multivariable analyses testing
for association between HR APOL1 and birth outcomes.
Results. In both studies, there was no association between HR
APOL1 in mothers and prematurity, gestational age or birth-
weight. Additionally, in the GENEVA study, we saw no associa-
tion between infant HR APOL1 and prematurity, gestational
age or birthweight.
Conclusion. From these data, we conclude that the previously
observed association between HR APOL1 and prematurity is
specific to those with glomerular disease, suggesting prematurity
may act as an additional risk factor in APOL1-associated renal
disease.

Keywords: CKD, epidemiology, ethnicity, risk allele, pedia-
trics, prematurity

I N T R O D U C T I O N

Less than 10 000 years ago, as a result of positive selection, two
specific genetic variants in apolipoprotein L1 (APOL1), termed
G1and G2, became common in Africans [1, 2]. As a result, 13%
of all African Americans harbor two copies of G1 and/or G2
[3]. This is called a high-risk(HR) APOL1 genotype because
individuals with two copies of these alleles have a 10–20 times
increased risk of focal segmental glomerulosclerosis (FSGS) and
a 2–3 times increased risk of developing chronic kidney disease
(CKD) in general [4].

Yet, despite the greatly increased odds of kidney disease con-
ferred by an HR APOL1 genotype, it exhibits incomplete pene-
trance of the renal disease phenotype. This has led to a search
for factors that modify the penetrance of APOL1’s HR genotype.
Previously discovered modifiers include HIV [5, 6] and other
genetic variants [7].

In a recent study of black children with proteinuric disease
enrolled in the Nephrotic Syndrome Study Network
(NEPTUNE) and the Chronic Kidney Disease in Children
Study (CKiD) (n ¼ 104), we found that children with an HR
genotype had 4.6-fold increased odds of reported preterm birth
as compared to those with a low-risk (LR) genotype [odds ratio
(OR) 4.6 (CI 1.4–15.5)] [8]. These results raised the question of
whether prematurity acts as an additional risk factor that
increases the risk of an African American with an HR APOL1
genotype developing proteinuric disease. If indeed prematurity
is a risk-modifying factor for APOL1-associated glomerular dis-
ease, preterm infants with HR APOL1 may be particularly vul-
nerable to subsequent kidney disease.

At the same time, there is a known increased prevalence of
premature birth in African Americans [9, 10], and preterm chil-
dren are at a higher risk of CKD (thought to be mediated in part
through low birthweight) [11–13]. In humans, there is also high

expression of ApoL1 in the placenta [14, 15] and within the vas-
culature [16]. Furthermore, a recently created mouse model
expressing transgenic APOL1 (wild-type and with the G2 risk
variant; under the nephrin promoter) displays a pregnancy phe-
notype [17]. In this report, Bruggeman et al. [17] observe that
pregnant female mice expressing transgenic APOL1 have pla-
cental expression of APOL1 and develop preeclampsia/eclamp-
sia and fetal and neonatal demise. This phenotype was worse
with expression of the G2 variants. It is thus possible that an HR
APOL1 genotype could itself be associated with prematurity.

Disentangling these relationships between black race, prema-
turity, kidney disease and risk genotypes could increase our
understanding of the biologic mechanisms underlying HR
APOL1’s harm and its clinical consequences. To this end, we
used existing genotype and clinical data from African
Americans in two general population cohorts of mothers and
infants to evaluate the association between the maternal or
infant APOL1 genotype and birth outcomes as well as the same
associations with joint mother–infant APOL1 status. In this
way, we describe whether either maternal or infant genotype
status was associated with preterm birth or birthweight.

M A T E R I A L S A N D M E T H O D S

Description of parent studies

Genotype and phenotype data from two independent case–
control genome-wide association studies (GWASs) of preterm
birth and other birth-related outcomes were downloaded from
the Database of Genotypes and Phenotypes (dbGaP).

BMC. The GWAS of Preterm Birth (‘BMC’) (dbGaP Study
ID: phs000332) was a matched case–control study of preterm
birth in 1028 African American mothers that sought to deter-
mine genetic factors associated with preterm birth. Recruitment
of BMC subjects began in 1998 and included mothers who
delivered babies at the Boston Medical Center, excluding preg-
nancies involving (i) multiple gestations (i.e. twins, triplets), (ii)
in vitro fertilization, (iii) chromosomal abnormalities or major
birth defects, (iv) congenital or acquired uterine lesions or
known history of incompetent cervix or (v) preterm birth due
to maternal trauma. Control mothers were defined as mothers
with no gestational complications who delivered normal birth-
weight (>2500 g) infants at 38–42 weeks of gestation. Cases and
controls were 1:1 frequency matched based on maternal age
(65 years), parity and year of delivery.

GENEVA. As part of the Gene Environment Association
Studies (GENEVA) initiative, a GWAS of prematurity using
2141 African American infants and mothers was designed to
identify novel genetic factors contributing to preterm birth
(dbGaP Study ID: phs000353). A subaim of this study was
designed to specifically address prematurity and its complica-
tions in African Americans. To achieve this, term and preterm
mothers and infants were recruited from multiple sites and cen-
ters across the USA, typically as part of ongoing studies of pre-
term birth. In total, subjects were recruited from six primary
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|sites. Cases and controls were not matched and case–control

status was not balanced across sites. Enrollment criteria details
at each GENEVA site are presented in Supplementary data,
Table S1.

Genotyping and imputation

Details about the genotyping platforms and quality filtering
used by the GENEVA and BMC studies are provided in
Supplementary data, Note 1. In GENEVA, both single-
nucleotide polymorphisms (SNPs) that make up the G1 haplo-
type (rs73885319 and rs60910145) were directly genotyped,
while genotypes for the 6 base pair deletion (G2; rs71785313)
were imputed. In BMC, rs73885319 was directly genotyped,
while rs60910145 and G2 were imputed. Details on imputation
methods and quality metrics are presented in Supplementary
data, Note 2 and Tables S2 and S3.

Inclusion criteria for APOL1 study

Details on inclusion criteria for GENEVA and BMC partici-
pants as a function of genotype quality, relatedness and African
ancestry are presented in Supplementary data, Notes 1 and 3. In
GENEVA, three sets of subjects were identified for analysis: (i)
unrelated mothers, (ii) unrelated infants and (iii) unrelated
mother–infant pairs. Of these, we excluded any subjects for
whom data were missing on preterm birth, gestational age,
birthweight, maternal age at birth or type of delivery (vaginal
versus cesarean). For BMC, only maternal DNA was collected;
thus our cohort consisted of unrelated mothers of African
ancestry. Mothers were excluded from analyses when data were
missing on any of the following clinical variables: preterm birth,
gestational age, birthweight, type of delivery, parity, maternal
age, body mass index (BMI), preeclampsia, eclampsia, chronic
hypertension (HTN), HELLP (hemolysis, elevated liver
enzymes and low platelet count) syndrome, smoking status in
the second and third trimester and second-hand smoke
exposure.

Classifying APOL1 risk status

Subjects were categorized with zero (G0G0), one (G1G0 or
G2G0) or two (G1G1, G2G2 or G1G2) risk alleles. Subjects
were classified as high risk (HR) if they harbored two risk alleles
and low risk (LR)if they had zero or one risk allele. Primary
analyses were performed using the recessive model (LR versus
HR). We explored an additive model for two major outcomes.

Defining clinical outcomes

For both studies, preterm birth was defined as <37 weeks of
gestation and birthweight was measured in grams. Gestational
age was measured in weeks for both studies. For singletons
(nontwins, triplets, etc.), birthweight and gestational age were
used to define small for gestational age (SGA) as a birthweight
less than the 10th percentile for a given gestational age
(Supplementary data, Table S4) [18]. In GENEVA, preeclamp-
sia, eclampsia and HTN were measured as a single binary trait
indicating whether or not the mother was diagnosed with any
of the three conditions. In BMC, these conditions were recorded
separately as preeclampsia (no, mild or severe), eclampsia (no,
yes), chronic HTN (no, yes) and HELLP syndrome (no, yes).

Statistical analyses

Our main motivation in pursuing this analysis was to deter-
mine whether an HR APOL1 genotype of mother or infant is
associated with prematurity or birthweight-related outcomes.
Analyses of BMC participants solely evaluated the association
between maternal HR APOL1 and the outcome of interest. In
GENEVA, genotype data were obtained for both mothers and
infants. Thus, for each GENEVA outcome, two main analyses
were performed: (i) association between maternal HR APOL1
and the outcome and (ii) association between infant HR APOL1
and the outcome. Additionally, we analyzed the association of
combinations of maternal and infant APOL1 risk genotypes
with a subset of outcomes for mother–infant pairs in the
GENEVA study. This allowed us to investigate not only whether
an HR APOL1 genotype was associated with these outcomes,
but also how maternal, infant and combined APOL1 risk status
might each contribute to prematurity or birthweight-related
outcomes.

Univariate associations to test for association between out-
comes and HR APOL1 genotypes were evaluated using chi-
squared tests for binary outcomes (preterm birth and SGA) and
Wilcoxon rank-sum tests for continuous outcomes (gestational
age and birthweight) due to nonnormal distributions.
Multivariable regression analyses were used to test for associa-
tions between outcomes and HR APOL1 while adjusting for
potential confounders (covariates included for each multivari-
able regression are listed in Supplementary data, Tables S5–S7).
Logistic regression and ordered logistic regression were used for
binary and ordinal outcomes, respectively. Linear regression
was used for continuous outcomes. In both BMC and
GENEVA, the distribution of gestational age was nonnormal
due to study design. Therefore, model assumptions of normally
distributed residuals and constant variance were not met. To
correct for this, we analyzed term and preterm infants sepa-
rately. Similarly, to meet model assumptions, regression analy-
ses of birthweight were adjusted for gestational age and log-
transformed, as necessary.

Although the original BMC study was a matched-pair
design, matching was not preserved in this secondary analysis.
Apart from analyses described in Supplementary data, Note 5,
all analyses of both cohorts were performed using unpaired
data.

Significance of association was evaluated using a significance
threshold of P < 0.05. All statistical analyses were performed
using R version 3.2.0 [19]. Figures were generated using base R
and the package ‘ggplot2’ [20].

R E S U L T S

Overview

In GENEVA, 519 unrelated mothers and 867 unrelated
infants of genotype-based African ancestry met our inclusion
criteria (Supplementary data, Table S1). There were 412
mother-infant pairs that were analyzed jointly (Supplementary
data, Note 7). In BMC, 960 unrelated African American moth-
ers had high-quality genetic data and met inclusion criteria.

A P O L 1 r i s k g e n o t y p e a n d p r e t e r m b i r t h 2053
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Characteristics of each cohort, stratified by APOL1 status, are
summarized in Table 1 and in Supplementary data, Figure S1.

Imputation

Quality of imputation was assessed through a number of
measures that ultimately gave us confidence in our imputation
allele accuracy for G2. In addition, we performed this should
make it a better sentence sensitivity analyses in order to deter-
mine whether our conclusions could be significantly altered due
to systematic misclassification of G2 as wild-type. No results
from this sensitivity analysis raised concern about our power to
detect a true association, even with a misclassification rate of up
to 10%. See Supplementary data, Note 2 for details.

Prematurity

Infants. In GENEVA, the HR APOL1 frequency was similar
between preterm (14%) and term infants (13%) [OR 1.1 (95%
CI 0.7–1.6)]. Unconditional multivariable logistic regression of
preterm birth adjusting for maternal age, delivery type and
ancestry showed no association between prematurity and infant
APOL1 risk status [OR 1.0 (95% CI 0.7–1.5)] (Table 2 and
Supplementary data, Table S5).

Mothers. In BMC, the frequency of HR APOL1 was 12%
among mothers of term infants and 13% among mothers of pre-
term infants [OR 1.1 (95% CI 0.8–1.6)]. Similarly, in GENEVA,
the frequency of HR APOL1 was 14% among mothers of term
infants and 15% among mothers of preterm infants [OR 1.08
(95% CI 0.6–1.8)]. For each cohort, an unconditional multivari-
able logistic regression model of preterm birth by APOL1 geno-
type was fit, adjusting for relevant covariates as available (see
Supplementary data, Tables S6 and S7 for covariates included in
all multivariable models of BMC and GENEVA mothers,
respectively). In these models, APOL1 risk genotype was not
significantly associated with prematurity in either BMC [OR 1.0
(95% CI 0.7–1.5)] or GENEVA [OR 1.1 (95% CI 0.6–1.9)]
cohorts (Table 2 and Supplementary data, Tables S6 and S7).

Gestational age

Infants. A univariate Wilcoxon rank-sum test showed no
association between gestational age and infant APOL1 risk sta-
tus (P ¼ 0.54). Additionally, infant APOL1 risk status was not
associated with gestational age in multivariable linear regression
stratified by preterm status and adjusted for relevant covariates
as available (see Methods) [b ¼ �0.5 (95% CI�1.4–0.4) among

Table 1. BMC and GENEVA preterm birth cohorts by APOL1 risk status

BMC GENEVA

Mothers
(n ¼ 960; 13% HR APOL1)

Infants
(n ¼ 867; 14% HR APOL1)

Mothers
(n ¼ 519; 14% HR APOL1)

LR APOL1a

(n ¼ 840)
HR APOL1a

(n ¼ 120)
LR APOL1
(n ¼ 749)

HR APOL1
(n ¼ 118)

LR APOL1
(n ¼ 446)

HR APOL1
(n ¼ 73)

Birth characteristics
Preterm 421 (50) 63 (53) 447 (60) 73 (62) 145 (33) 25 (34)
Gestational age (weeks) 37 (35–40) 37 (34–40) 32 (26–38) 30 (26–38) 38 (35–39) 38 (35–39)
<28 58 (7) 9 (8) 277 (37) 46 (39) 28 (6) 5 (7)
28–33 101 (12) 16 (13) 110 (15) 23 (19) 58 (13) 12 (16)
34–36 170 (20) 22 (18) 60 (8) 4 (3) 59 (13) 8 (11)
>36 511 (61) 73 (61) 302 (40) 45 (38) 301 (67) 48 (66)

Birthweight (g) 2865
(2089–3395)

2715
(2132–3246)

1773
(776–3104)

1190
(741–3164)

2989
(2363–3370)

2990
(2504–3250)

Small for gestational age 105 (13) 12 (10) 44/355 (12) 3/61 (5) 6/72 (8) 0/15 (0)
C-section 300 (36) 35 (29) 317 (42) 55 (47) 150 (34) 49 (33)

Maternal characteristics
Age at birth (years) 28 (22–33) 28 (24–34) 25 (21–30) 24 (22–30) 25 (21–30) 26 (21–30)
Smoked in 2nd trimester 115 (14) 21 (18) – – – –
Second hand smoke during pregnancy 190 (23) 32 (27) – – – –
Preeclampsia/eclampsia/HTN 86/388 (22) 12/66 (18) 5/73 (7) 1/15 (7)

Preeclam: Mild 24 (3) 5 (4) – – – –
Preeclam: Severe 79 (9) 11 (9) – – – –
Eclampsia 2 (<1) 1 (1) – – – –
Chronic HTN 49 (6) 8 (7) – – – –

HELLPb 10 (1) 1 (1) – – – –
Body mass index 26 (22–29) 25 (22–29) – – – –
Study design Matched case–control

Frequency matched on maternal
age, parity and birth year

Unmatched case–control

Study site Boston, MA, USA Multiple sites, USA
Study population ethnicity African American and Haitian African American

Data presented as median (IQR) for continuous traits and number (%) for binary traits. Data on preeclampsia/eclampsia/HTN and SGA were missing for some GENEVA subjects.
Numbers of subjects with nonmissing data for these variables are indicated in the table.
aLR APOL1 indicates subjects with a low-risk APOL1 genotype; HR APOL1 indicates subjects with a high-risk APOL1 genotype.
bHELLP stands for hemolysis elevated liver enzymes and low platelet count.
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preterm infants; b ¼ 0.2 (95% CI �0.1–0.5) among term
infants] (Table 2 and Supplementary data, Table S5).

Mothers. In univariate analyses, gestational age in weeks did
not differ significantly as a function of mother’s APOL1 geno-
type status in either cohort (Wilcoxon rank-sum test: P ¼ 0.98
in BMC and P¼ 0.59 in GENEVA). Multivariable linear regres-
sion models of gestational age were fit stratified by preterm sta-
tus (see Methods). No significant associations were observed
between maternal APOL1 risk status and gestational age in these
analyses (Table 2 and Supplementary data, Tables S6 and S7).

Birthweight

Infants. The median birthweight was higher in LR APOL1
(1773 g) than HR APOL1 (1190 g) GENEVA infants (Table 1),
but the difference was not statistically significant (P ¼ 0.70). A
linear regression model was fit with log birthweight as the
dependent variable and HR APOL1, gestational age, maternal
age, delivery type and ancestry as independent variables. In this
multivariable model, birthweight was not associated with infant
APOL1 genotype [exp(b) ¼ 1.01 (95% CI 0.99–1.06), where
exp(b) is the fold change in birthweight in HR versus LR sub-
jects—see Methods]. Within discrete gestational age ranges,
birthweight was not associated with APOL1 risk genotype for
GENEVA infants (Figure 1).

Mothers. In BMC, the median birthweight of infants of LR
and HR genotype mothers was 2865 and 2715 g, respectively
(Table 1) (P ¼ 0.41). Likewise, in GENEVA, the median birth-
weight was essentially the same in infants of LR and HR moth-
ers; 2989 versus 2990 g, respectively (Table 1) (P ¼ 0.67).
Additionally, in multivariable linear regression, birthweight was
not associated with maternal APOL1 risk status in BMC [b ¼
�18 (95% CI �98–62)] or GENEVA [b ¼ 18 (95% CI �80–
116)] cohorts (Table 2 and Supplementary data, Tables S5 and
S6). Within discrete gestational age ranges, birthweight was not
associated with APOL1 risk genotype of BMC or GENEVA
mothers (Figure 1).

Small for gestational age

In both studies, a binary indicator of SGA was calculated for
singletons.

Infants. SGA could be calculated for 355 LR APOL1 infants
and 61 HR APOL1 infants. The percent of infants that were
SGA was 12% (44/355) and 5% (3/61) among LR and HR
APOL1 infants, respectively (Table 1) [OR 0.37 (95% CI ¼ 0.1–
1.2)]. There was no association between infant APOL1 risk sta-
tus and SGA, when adjusting for the maternal age, delivery type
and ancestry [OR 0.4 (95% CI 0.1–1.2)] (Table 2 and
Supplementary data, Table S7).

Mothers. In BMC, the frequency of SGA was similar in infants
of HR and LR mothers [OR 0.8 (95% CI 0.4–1.5)] (Table 1). In
BMC mothers, a multivariable logistic regression model showed
no association of SGA and HR genotype [OR 0.7 (95% CI 0.4–
1.4)] (Table 2 and Supplementary data, Table S5). Due to missing
data on multiple births in the GENEVA cohort, SGA could only
be calculated for 72 LR and 15 HR GENEVA mothers. Of these,
6/72 (8%) LR mothers had infants that were SGA, while none (0/
15) of the HR mothers had infants that were SGA (Table 1).

Additive risk inheritance model

Under an additive model of risk inheritance, where APOL1
risk was coded as 0, 1 or 2 risk alleles, there was no association
between risk alleles and either preterm status or birthweight
(Supplementary data, Note 8 and Tables S13–S15).

Additional analyses

We performed several additional analyses to address out-
standing questions. We investigated a potential role for APOL1
risk genotypes in gestational complications, such as preeclamp-
sia, eclampsia and chronic hypertension. There were no signifi-
cant associations (see Supplementary data, Note 4). To gain
potential increased efficiency, we used a matched study design
to examine APOL1 genotypes and preterm birth and did not
find any significant associations (Supplementary data, Note 5).

Table 2. Multivariable linear and logistic regression analyses of birth outcomes and maternal characteristics versus APOL1 risk status

BMC GENEVA

Mothers
(n ¼ 960)

Infants
(n ¼ 867)

Mothers
(n ¼ 519)

Effect size
(HR versus LR)

95% CI Effect size
(HR versus LR)

95% CI Effect size
(HR versus LR)

95% CI

Preterm OR ¼ 1.0 0.7–1.5 OR ¼ 1.0 0.7–1.5 OR ¼ 1.1 0.6–1.9
Gestational age in preterm group (weeks) b ¼ �0.3 �1.2–0.7 b ¼ �0.5 �1.4–0.4 b ¼ �0.3 �1.9–1.4
Log birthweight (g)a exp(b) ¼ 1.0 0.96–1.03 exp(b) ¼ 1.02 0.99–1.06 exp(b) ¼ 1.0 0.96–1.04
Small for gestational age OR ¼ 0.7 0.4–1.4 OR ¼ 0.4 (n ¼ 416)

b

0.1–1.2 – –

ORs of HR versus LR APOL1 and their 95% CIs are presented for logistic regression models of binary outcomes. Estimated regression coefficients for HR APOL1 and their associated
P-values are reported for linear regression models of continuous outcomes. Parameter estimates for all dependent variables from each multivariable model are provided in
Supplementary data, Tables S5–S7.
aTo meet model assumptions of normality and constant variance, birthweight was log transformed. Effects of risk alleles on birthweight [exp(b)] are multiplicative and can be inter-
preted as fold change.
bSmall for gestational age was only explored for infants who were not multiples (twins, triplets, etc.). For BMC, not being a multiple was one of the inclusion criteria. For GENEVA
infants, only 416 of 867 subjects were known not to be multiples. For GENEVA mothers, the number of subjects who were known not to have had a multiple pregnancy was so small
(n ¼ 87)results were not reported.
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To evaluate potential bias due to six different recruitment sites
within the GENEVA study, we performed each of the multivari-
able analyses presented above using the subset of subjects solely
recruited from the GENEVA site with the largest numbers of
both cases and controls (Site 4). Results were consistent with
findings from analyses of subjects from all six sites and are pre-
sented in Supplementary data, Note 6. Finally, to investigate
potentially synergistic effects of particular combinations of
mother and infant APOL1 risk status (e.g. both mother and
infant HR, mother LR and infant HR, etc.), we tested for associ-
ations of all possible combinations of mother–infant APOL1
risk genotypes with preterm birth, gestational age and birth-
weight (Supplementary data, Note 7 and Tables S11 and S12).
We found no significant association between the combined
mother–infant APOL1 risk genotypes and any of these
outcomes.

D I S C U S S I O N

This study was motivated by our previous discovery of signifi-
cantly increased odds of preterm birth in children with glomer-
ular disease and an HR APOL1 genotype. By studying a
population cohort of mothers and infants, we aimed to deter-
mine whether an HR APOL1 genotype itself, whether in the
mother, infant or potentially both, was associated with prema-
turity and other abnormal birth outcomes. In this way we could
continue to elucidate the role of an HR APOL1 genotype in the

complex interplay between prematurity, kidney disease and
black race.

To this end, we analyzed publically available genetic and
clinical data from >2000 African American mothers and
infants from two population-based cohorts studying preterm
birth. We did not find any evidence of a direct association of
HR APOL1 genotypes with preterm birth, birthweight or other
abnormal birth outcomes.

The results of this study add to our understanding of the
relationships between high-risk APOL1 genotypes, prematurity
and kidney disease. They suggest that the association between
preterm birth and the HR APOL1 genotype is specific to sub-
jects with glomerular disease rather than evidence of direct
effects of HR genotype on preterm birth. Given this, we propose
two conceptual frameworks that could explain these
observations.

One possibility is that prematurity could act as an additional
risk factor to an HR APOL1 genotype and increase susceptibility
to glomerular disease (Figure 2A). In a second scenario, other
stresses leading to increased risk of prematurity could them-
selves be additional risk factors in the process leading to
APOL1-associated nephropathy (Figure 2B). Such stresses,
which in this scenario would also directly affect the kidney,
could include maternal health conditions prior to conception,
socioeconomic factors, congenital endophenotypes or other
genetic susceptibility alleles. Indeed, as reviewed by Freedman
and Skorecki [21], a number of studies have sought to identify
gene–gene and gene–environment interactions with an HR

FIGURE 1: Birthweight in grams (y-axis) versus APOL1 risk group (x-axis) stratified by weeks of gestation. There is no evidence that for a
given gestational age range, birthweight is lower in infants with HR APOL1 or infants whose mother carries HR APOL1.
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APOL1 genotype that modify its phenotypic manifestation of
progressive kidney disease. The same pursuit may be fruitful
when considering the preterm phenotype. Further characteriza-
tion of the molecular pathways leading to prematurity and
underlying APOL1-associated nephropathies should help us
understand whether there are shared or complementary patho-
mechanisms converging ultimately upon damage to the glomer-
ular filtration barrier.

There were some limitations to this study, which are particu-
larly important to discuss here given that we are reporting a lack
of association between the HR APOL1 genotype status and birth
outcomes. First, while the sample size and point estimates of the
associations between HR genotype and both preterm status and
birthweight give us confidence in the stability of our results, we
had 80% power to detect a 1.7–1.9 increased odds of prematur-
ity and a 2.0–2.1 increased odds of SGA status (Supplementary
data, Table S16). Thus, we would be underpowered to detect
modestly different odds of preterm birth or SGA status by risk
genotype. Second, we did not have a large number of observa-
tions for maternal outcomes such as eclampsia/preeclampsia
nor many maternal–infant pairs who both harbored the HR
genotype. Consequently, we are underpowered to detect associa-
tions with these particular exposures and outcomes
(Supplementary data, Note 9). The maternal studies primarily
consisted of mothers of moderately preterm (gestational age
>32 weeks) infants (Supplementary data, Figure S1).
Consequently, signals involving maternal HR APOL1 specific to
preterm births <32 weeks may be undetectable. Finally, both
GENEVA and BMC were large cohorts that aimed to under-
stand the genetic determinants of preterm birth and conse-
quently collected relevant clinical and genetic data useful for our
APOL1 specific question. However, we are cognizant that our
study was a secondary analysis of these existing datasets. A study
prospectively designed to specifically describe the association

between APOL1 genotype and birth outcomes would mitigate
many of the general challenges of secondary data analysis.

Even in the absence of association with clinical outcomes,
the HR APOL1 genotype may still be associated with intermedi-
ate biologic phenotypes that impact birth outcomes. It would be
particularly interesting to determine if the HR APOL1 genotype
is associated with abnormalities of the highly vascular placenta,
given that APOL1 is highly expressed within it [14, 15] and is
also localized to the vascular endothelium of the kidney in dis-
ease states [16].

The results of this study suggest that an important next step
would be to determine if preterm babies harboring the HR
APOL1 genotype have an increased lifetime risk of glomerular
disease. The answer to this question could have important clini-
cal implications, including decisions surrounding whether pre-
term black children should be APOL1 genotyped or whether
HR preterm babies should be more routinely screened with
blood pressure measurements and urinalyses. It may also con-
tribute to ongoing conversations regarding decisions surround-
ing living donor transplantation [22, 23]. Ultimately, clarifying
these relationships should allow us to improve our ability to
identify African American children or mothers at highest risk
for poor outcomes (whether prematurity, CKD or both) and
devise interventions that either reduce their incidence or
improve the care of those children already affected.
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Supplementary data are available online at http://ndt.oxfordjour
nals.org.
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FIGURE 2: Proposed conceptual frameworks in which APOL1 risk
alleles are associated with prematurity in individuals with glomerular
disease. (A) Prematurity increases the penetrance of HR APOL1,
leading to glomerular disease. (B) A third factor increases both the
risk of prematurity and the penetrance of HR APOL1, leading to a
concurrent increase in susceptibility to prematurity and glomerular
disease.
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A B S T R A C T

Background. Masked uncontrolled hypertension (MUCH) is
associated with greater target organ damage such as left ventric-
ular hypertrophy, increased arterial stiffness and albuminuria.
Whether MUCH independently associates with greater cardio-
vascular end-organ damage or kidney damage is unclear. The

objective of this study was to assess the strength of the relation-
ship of MUCH (awake ambulatory blood pressure �135/85
mmHg and clinic blood pressure <140/90 mmHg) with target
organ damage.
Methods. In a cross-sectional study at a veterans’ administra-
tion medical center, clinically normotensive veterans without
chronic kidney disease (CKD) (n ¼ 29) and 287 patients with||
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