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Abstract

Objective—To examine linkages between mitochondrial genetics and preterm birth by assessing 

the risk for preterm birth associated with the inheritance of nuclear haplotypes that are ancestrally 

distinct from mitochondrial haplogroup.

Study design—Genome-wide genotyping studies of cohorts of preterm and term individuals 

were evaluated. We determined the mitochondrial haplogroup and nuclear ancestry for individuals 

and developed a scoring for the degree to which mitochondrial ancestry is divergent from nuclear 

ancestry.

Results—Infants with higher degrees of divergent mitochondrial ancestry were at increased risk 

for preterm birth (0.124 for preterm vs 0.105 for term infants; P < .05). This finding was validated 

in 1 of 2 replication cohorts. We also observed that greater degrees of divergent ancestry correlated 

with earlier delivery within the primary study population, but this finding was not replicated in 

secondary cohorts born preterm.

Conclusions—Individuals with divergent patterns of mitochondrial and nuclear ancestry are at 

increased risk for preterm birth. These findings may in part explain the higher rates of preterm 

birth in African Americans and in individuals with a matrilineal family history of preterm birth.

Preterm birth, delivery before 37 completed weeks of gestation, is a critical public health 

problem that has resisted sustained efforts to develop a deeper understanding of its causes.1 

Reprint requests: Neal Sondheimer, MD, PhD, Department of Pediatrics, The University of Toronto, 555 University Ave, Toronto, 
Ontario, M5G1X8, Canada. neal.sondheimer@sickkids.ca.
*These authors contributed equally.

The authors declare no conflicts of interest.

HHS Public Access
Author manuscript
J Pediatr. Author manuscript; available in PMC 2018 June 05.

Published in final edited form as:
J Pediatr. 2018 March ; 194: 40–46.e4. doi:10.1016/j.jpeds.2017.10.052.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Epidemiologic studies have strongly indicated that the risk of having a preterm infant is 

heritable. One distinctive feature of this heritability is that it appears to be maternally biased; 

pregnancy history studies of a woman’s relatives through her mother, but not through her 

father, are correlated with greater risk.2,3

The risk of preterm birth is also unequally distributed between different ethnic groups. 

African American women are at increased risk for delivering preterm compared with the 

population as a whole.4 Determining the etiologies responsible for this heightened risk is 

complex, because it can be difficult to distinguish environmental and genetic influences. 

Attempts to elucidate such influences have evaluated carefully controlled populations, such 

as members of the military, to conclude that African ancestry is an independent risk factor.5,6 

Specifying genetic risk factors in a related group is greatly complicated by false attribution, 

but 1 possible link between Americans of African descent is that African haplogroup 

mitochondrial DNA (mtDNA) is highly prevalent in this group.7

These 2 risk categories—matrilineal pedigree and mitochondrial ancestry—are consistent 

with a mitochondria-inherited risk factor. There is also evidence that mitochondrial function 

is important for the maintenance of pregnancy. Chemically induced damage to mitochondrial 

activity is sufficient to disrupt pregnancy in a mouse model8 and mitochondrial parameters 

such as membrane potential are regulated in embryonic tissues.9 Furthermore, women who 

carry the pathogenic mtDNA mutation mt.3243A>G have a higher risk for preterm birth, 

although they are clinically unaffected.10 However, attempts to link preterm birth to specific 

polymorphisms in mtDNA in case-control studies failed to identify polymorphisms 

associated with preterm birth.11 Thus, it remains unclear how a mtDNA-specific inheritance 

pattern could be associated with a common outcome like preterm birth.

In this study, we considered that risk might derive from the interplay of mitochondrial and 

nuclear inheritance. The mtDNA and nuclear genome must coordinate to create the 

multisubunit complexes required for the electron transport chain and the generation of 

cellular energy. Nuclear DNA is biparentally inherited and modern individuals may have 

highly admixed nuclear ancestry as mobility has increased. By contrast, mtDNA is inherited 

as a unified haplogroup in a matrilineal fashion, allowing modern individuals to trace their 

ancestry back to a single geographically isolated region. Differences in ancestral variants in 

mtDNA affect mitochondrial function.12 Furthermore, studies in which the mtDNA from 1 

mouse strain was transferred into a distinct nuclear background have identified an array of 

behavioral and metabolic changes that result from such a misalignment of mitochondrial 

haplogroup and nuclear haplotype.13–15 In this study, we have developed tools to determine 

the alignment between nuclear and mitochondrial inheritance, and have used this factor to 

evaluate previously collected data on genetic risk factors for preterm birth, hypothesizing 

that differences in the ancestral inheritance of an infant’s mitochondrial and nuclear genome 

would be associated with an increased risk of preterm birth.

Methods

We identified and analyzed all datasets within the database of Genotypes and Phenotypes 

(dbGAP) that were case-control studies of preterm birth, containing sufficient markers for 
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nuclear and mitochondrial genotyping that were focused on mothers or infants with diverse 

ancestries. The primary analysis was performed in the Eunice Kennedy Shriver Institute of 

Child Health and Human Development Genomic and Proteomic Network for Preterm Birth 

Research (GPN) cohort (phs000714.v1.p1).16 Validation of the effects was attempted in the 

Boston Birth Cohort (BBC; phs000332.v3.p2),17 the Danish National Birth Cohort Study 

(DNBC; phs000103.v3.p1)18 and the Genome-Wide Association Studies of Prematurity and 

Its Complications (GENEVA-AA; phs000353.v1.p1).19 We also performed validation using 

the Genome-Wide Association Study for Bronchopulmonary Dysplasia (BPD).20 Additional 

controls as needed were obtained from the Genetics Resource with the Health and 

Retirement Study (HRS; phs000428.v1.p1). All subjects with evaluable genotypes and 

phenotypes in each dataset were analyzed. The underlying characteristics of each dataset are 

provided in Table I (available at www.jpeds.com).

The GPN, BBC, DNBC, and HRS datasets were downloaded from dbGAP after approval 

and Research Ethics Board or Institutional Review Board review. The BPD Study data were 

evaluated under the approvals of the Institutional Review Board of Stanford University and 

the Health and Welfare Agency Committee for the Protection of Human Subjects of the 

State of California.

To determine haplogroup, mitochondrial polymorphisms were extracted from the datasets 

using the open-source whole genome association analysis toolkit, PLINK.21 Haplogroups 

were calculated using Haplogrep.22 L-branch haplogroups, U6 and U5b1, were scored (H) 

as 1 and non-L haplogroups were scored as 0. Subjects with haplogrouping confidence 

scores of ≤0.5 (low confidence) were excluded from further analysis.

Nuclear ancestry was determined using ADMIXTURE.23 Briefly, autosomal markers were 

integrated with data from the 1000Genomes project from individuals of African, European, 

South Asian, East Asian, and Native American descent.24 Minor allele frequencies (>0.05) 

were pruned for linkage disequilibrium using PLINK to obtain approximately 25 000 

informative markers. ADMIXTURE was run using unsupervised analyses and the k-factor 

providing best resolution of African ancestry individuals was used for analysis.

Divergent ancestry was calculated with a focus on African ancestry. The degree of African 

nuclear ancestry (AA) was defined as the ADMIXTURE-derived fraction of ancestry that 

aligned to the reference African individuals in the 1000Genomes project. Divergent ancestry 

was calculated as:

Divergent ancestry = |H − AA|

Divergent ancestry ranged from 0 to 1, with matched ancestries yielding a score of 0 and 

completely unmatched ancestries yielding a score of 1.

Statistical Analyses

For datasets where preterm birth was studied as a quantitative trait using weeks of estimated 

gestational age (GPN, BBC) the results were evaluated by Pearson correlation. For datasets 

where preterm birth was studied as a qualitative trait (BPD, HRS), comparisons were made 
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by 2-tailed Student t test. Confounders were evaluated using phenotypes reported in the 

parent datasets. Associations were tested using 1-way ANOVA or the Student t test, 

depending on the number of classes tested. Statistical testing was performed using Prism 6 

(GraphPad, La Jolla, CA), except for logistic regression analyses, which were performed in 

R (R Core Team, Vienna, Austria). Bonferroni correction was applied to the statistical 

analysis of the BPD/HRS data to account for multiple testing.

Results

The Eunice Kennedy Shriver Institute of Child Health and Human Development GPN study 

was a multisite, multiethnic study of preterm birth risk of American women experiencing 

preterm birth at <34 weeks of gestation with comparison to term controls at >39 weeks of 

gestation.16 No pregnancies with births between 34 and 39 weeks of gestation were present 

in the dataset. DNA samples from women and their infants were obtained. Gestational ages 

determined by a pediatrician were recorded for most infants. Cases and controls were 

spontaneously in labor, and women were excluded for polyhydramnios, uterine anomalies, 

cerclage, fetal aneuploidy, or lethal fetal anomaly. Controls were excluded if they had a prior 

history of preterm birth. Preterm birth cases and controls were balanced for maternal age, 

self-reported race, and history of prior pregnancy.

Unsupervised ADMIXTURE analysis of the mothers and infants was performed together 

with the 1000Genomes project individuals of African, European, South Asian, East Asian, 

and Native American descent to infer autosomal ancestry (Figure 1; available at 

www.jpeds.com). There was good correlation between self-defined ethnicity and the 

estimation of ancestry, but there was clear evidence of ethnic admixture; the mean estimate 

of African ancestry for self-reported African-American individuals was 81% (95% CI, 80%–

83%). Haplogrep analysis of the GPN individuals used the 117 mitochondrial single 

nucleotide polymorphisms available on Affymetrix 6.0 genotyping and demonstrated that 

91% of self-described African American mothers had L haplogroup mtDNA (Figure 2; 

available at www.jpeds.com). Both of these figures are consistent with previous studies.7

Using ADMIXTURE-calculated nuclear ancestries and haplogroup, we quantified the 

difference between the ancestry of one’s mitochondrial and nuclear DNA. This 

measurement, which we term divergent ancestry, ranges from 0 to 1, with values closer to 0 

representing inheritance of nuclear and mitochondrial polymorphisms from a similar 

ancestral background and values closer to 1 representing a maximal divergence. For 

example, individuals with L, U6, or U5b1 haplogroup mtDNA and primarily African nuclear 

ancestry were defined as having low levels of divergent ancestry, whereas individuals with 

non-African haplogroups and high degrees of African nuclear ancestry had high levels of 

divergent ancestry.

Preterm birth data were initially evaluated categorically, using 34 weeks of gestation as a 

cutoff, as in the GPN study. Divergent ancestry was higher in preterm birth infants as 

compared with infants born at term (mean = 0.124 for preterm [n = 705]; 0.105 for term [n = 

721] infants; P = .046 by a 2-tailed Student t test; Figure 3, A). There was a trend toward 

greater divergent ancestry in mothers with preterm birth (mean = 0.0953 for preterm [n = 
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697]; 0.0794 for term [n = 713]; P = .067). The relationship between divergent ancestry and 

preterm birth in the infant population was modeled using univariate logistic regression. 

Divergent ancestry was predictive for preterm birth outcome within the dataset (coefficient 

estimate = 0.59; standard error = 0.3015; P = .0473). When modeled over a population risk 

of preterm birth of 12%, this finding suggests that hypothetical infants with no divergent 

ancestry have an 11.1% risk of preterm birth as compared with a risk of 18.5% in infants 

with completely divergent ancestry.

Next, we explored the relationship between divergent ancestry and estimated gestational age 

at delivery for the premature infants where weekly estimated gestational age at delivery data 

were available (Figure 3, B). There was a negative correlation observed, suggesting that 

greater degrees of divergent ancestry were associated with earlier delivery (infant: r = 

−0.114, P = .009, n = 517; maternal: r = −0.138, P = .002, n = 503). No correlation was 

evident within the infants born at term because their estimated gestational age range (39–41 

weeks of gestation) was likely too narrow to detect an association.

We next sought to identify confounding traits that might have driven the observed 

relationship between divergent ancestry and preterm birth, causing an incorrect correlation. 

We examined variables within the dataset that were plausibly related to maternal health and 

psychosocial stressors to determine whether these factors had an association with divergent 

ancestry. To be consistent with the manner in which the dataset was created, comparisons 

were made between individuals of the same self-reported ethnicity. Tested confounders 

included graduation from high school, history of abortions, marital and cohabitation status, 

employment, income, age, and prepregnancy weight. There was no detected statistical 

association between divergent ancestry and any of these factors (Table II). We also evaluated 

whether maternal African nuclear ancestry alone could explain the difference between the 

preterm and term groups, and found that there was no difference in African nuclear ancestry 

between the 2 groups (mothers of preterm infants = 0.233; mothers of term infants = 0.244; 

P = .63).

To replicate the findings of the GPN study for maternal samples, we evaluated the BBC. 

This study of preterm birth excluded pregnancies affected by multiparity, trauma, 

chromosomal defects, congenital or acquired uterine infections, or cervical incompetence. 

The study was conducted at a single urban center and term controls (>37 weeks of gestation) 

were recruited from the same site. By design, the study exclusively recruited individuals of 

African ancestry in the Boston population.

Divergent ancestry scores were calculated as described, except that a k = 2 unsupervised 

analysis was used with African and European references (Figure 4 for Haplogroup and 

ADMIXTURE characteristics; available at www.jpeds.com). The association with preterm 

birth was tested. There was a trend toward higher levels of divergent ancestry in mothers 

delivering prematurely (0.16 for term vs 0.17 for preterm; P = .54) and toward association 

between higher levels of divergent ancestry and the weeks of estimated gestational age for 

mothers delivering prematurely, but both failed to reach statistical significance (Figure 5).
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Replication in BPD/HRS Data

As a validation study of the infant studies, we used data collected in the Genome-Wide 

Association Study for Bronchopulmonary Dysplasia (BPD) in preterm infants from a 

California population base.20 The infants in this study were born between 25 and 29 weeks 

of estimated gestational age. Data from term infants were not collected as part of the study. 

For our analysis, case infants were compared with individuals from the HRS. Although 

gestational age data were not available for HRS individuals, the date of birth of the 

individuals within the HRS dataset (1931–1941) would have been inconsistent with their 

survival as early premature infants.25 The HRS data were selected because it was a large 

dataset with a similar ratio of self-reported African and non-African participants to the 

premature infants in the BPD data.

The evaluation of mitochondrial haplogroups and ADMIXTURE-derived nuclear ancestry 

from a k = 5 unsupervised model showed that there was an equivalent degree of African 

nuclear and mitochondrial ancestry in the 2 datasets with approximately 14% of individuals 

in both datasets having African origin mitochondrial haplogroups and an equivalent number 

of individuals with primarily African-aligned nuclear ancestry (Figure 6; available at 

www.jpeds.com). The principal differences between the 2 groups were in the degree of 

European ancestry, which was higher in the HRS study, and American/Hispanic ancestry 

individuals, which was higher in the BPD study.

The relationship between divergent ancestry and preterm birth was evaluated using preterm 

birth as a binary measure. Divergent ancestry was increased in the preterm BPD individuals 

(mean = 0.1126) compared with the HRS controls (mean = 0.052; P < .0001; Figure 7). To 

confirm that differences in the input populations did not impact this association, we also 

performed a subanalysis comparing individuals of primarily (>50%) African ancestry 

between the 2 datasets. The magnitude of the difference between term and preterm groups 

was unchanged (0.257 vs 0.205; P < .0001). We also used logistic regression models to 

confirm that divergent ancestry was predictive of preterm birth outcome, even after 

considering any difference between African ancestries in the 2 groups (data not shown). 

Finally, the BPD dataset of premature infants alone was analyzed for correlation between 

week of gestational age and divergent ancestry. There was a modest negative correlation, not 

attaining statistical significance, similar in magnitude to that observed in the BBC and GPN 

datasets (data not shown).

Replication in the GENEVA Datasets

Data from the DNBC Study of preterm birth was also evaluated. There was no significant 

difference in divergent ancestry in preterm and term infants (cases = 0.06545; controls = 

0.06497; P = .927). The population under study was likely not sufficiently diverse to 

generate a signal of divergent mitochondrial ancestry. Of the 1844 infants in the dataset, only 

73 had a non-European haplogroup. The GENEVA-AA did not contain sufficient 

mitochondrial markers for haplogroup identification and was not evaluated.
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Discussion

In this study, we correlated divergence between nuclear and mitochondrial ancestry and the 

occurrence and timing of preterm birth. In an ethnically diverse cohort of spontaneous 

preterm birth (GPN), we observed that higher degrees of divergent ancestry were observed 

in infants experiencing spontaneous preterm birth and greater degrees of divergent ancestry 

were correlated with earlier delivery times. There was a trend toward this finding in mothers 

within this dataset that did not reach statistical significance. We repeated the maternal 

analysis in another dataset composed of exclusively African-ancestry women (BBC). Here 

we observed a trend toward earlier preterm birth with increasing divergent ancestry that 

failed to reach statistical significance. The failure to replicate the observation may have been 

due to the smaller number of women enrolled or may have been due to the inclusion of 

women where preterm birth was medically induced.

The principal finding of greater divergent ancestry in preterm birth infants was replicated in 

the BPD dataset, which had the advantage of considerably greater size than the other studies. 

The notable weakness of this analysis in terms of interpretation is that the (term) controls 

were not obtained in the same study, making exact calculation of confounding effects 

impossible. One important confounder that may exist is the increasing frequency of 

interracial partnerships at the time of the BPD study recruitment vs the period when the HRS 

subjects were born. This factor would tend to increase divergent ancestry in the preterm 

infants of the BPD study as compared with HRS controls.

The observation of an association between divergent ancestry and preterm birth is not 

unprecedented; other studies have compared groups with distinct degrees of divergent 

ancestry and identified differences in preterm birth risk. It has been observed previously that 

parents of different self-described ethnicities may have increased rates of preterm birth.26–28 

In addition, studies of immigrant and nonimmigrant mothers of African ancestry have 

observed that immigrant mothers, who may have less admixture than women whose families 

have been in the US for many generations, have lower rates of preterm birth.29,30 One caveat 

is that environmental exposures and stressors could also be responsible for the difference in 

preterm birth risk between immigrant and nonimmigrant populations.29

Because African Americans tend to have higher degrees of divergent ancestry, the 

observation that increased divergent ancestry is associated with preterm birth may explain a 

portion of the increased risk of preterm birth in African Americans. However, it is important 

to note that it cannot explain all of the observed increased risk. The estimated difference in 

preterm birth risk between infants where there is no divergent ancestry and those with 

completely divergent ancestry is 7.5%. This number approximates the entire difference in 

risk between people of European and African American ancestry,29 but the actual difference 

in divergent ancestry that we observed between African American and European ancestry 

infants was much smaller.

Previous studies that evaluated the impact of mtDNA variation on preterm birth did not find 

an association between individual mitochondrial single nucleotide polymorphisms and 

preterm birth.11 Our findings are not in conflict with these studies, because our methodology 
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considered the divergence between mitochondrial and nuclear ancestries as a whole, rather 

than examining mitochondrial variants themselves.

The mechanism through which divergent ancestry might impact preterm birth may arise 

from the interaction of haplogroup-defining mitochondrial polymorphisms with 

geographically local nuclear variation. Haplogroup-defining polymorphisms are not merely 

markers of ancestry, and have consequences for mitochondrial function, including the 

regulation of mitochondrial gene expression.12,31 Furthermore, the disruption of co-evolved 

nuclear and mitochondrial polymorphisms in subunits of the electron transport complexes 

can produce detectable cellular phenotypes.32 Studies of conplastic animals, where the 

mitochondrial haplogroups have been bred into a distinct nuclear background, also show the 

potential for widespread changes in health, with the incidence of obesity, insulin signaling, 

and lifespan all affected.15 Thus, divergent ancestry may alter common phenotypes such as 

preterm birth by directly impairing mitochondrial potential.

Previous studies have evaluated the ranges of both nuclear and mitochondrial divergence 

between individuals as a way of evaluating the potential for “mismatch” in offspring created 

using mitochondrial replacement therapy (commonly known as “3-parent embryos”).33 The 

study illustrated the potential for creating mismatch when parents come from distinct 

geographical regions. However, to our knowledge, our study marks the first attempt to 

evaluate how differences in mitochondrial and nuclear inheritance contribute to the presence 

of a distinct phenotype such as preterm birth. Matching of haplogroups between the nuclear 

and mitochondrial donor has been considered a safeguard to prevent problems arising from 

genomic divergent ancestry.34

The co-evolution of mitochondrial and nuclear polymorphisms and its impact on 

mitochondrial function may have particular importance in pregnancy and development. It 

has been confirmed recently that women with pathogenic mtDNA mutations were more 

likely to have an obstetrical history of preterm birth.10 Animal studies have shown that 

common haplogroup polymorphisms have consequences for reproductive fitness.35 In this 

study, we have found that the inheritance of nuclear and mtDNA from distinct ancestral 

origins is associated with an increased risk for preterm birth. This finding adds to a growing 

understanding of genetic influences on gestational duration,36 a common and serious issue 

whose complete causes remain unknown. A deeper understanding of the mechanism linking 

divergent ancestry and preterm birth may drive future therapies for the maintenance of 

pregnancy, focusing on the stabilization of cellular energy supply. This process could 

include antioxidant strategies to reduce free radical generation or rigorous maintenance of 

the caloric needs of the maternal–fetal pair.

One key question that is unresolved by this study is whether the risk for preterm birth caused 

by distinct mitochondrial ancestry is specific to mothers, to their infants, or is shared 

between both. Our data indicate that the effect may be more related to infant genotype, but 

the necessarily close genetic linkage between mothers and their infants makes it impossible 

to answer this question explicitly. Future research in this area will be directed toward the use 

of animal models where specific crosses can allow the direct comparison of the risks of 

divergent ancestry in mother and infant. These studies will also allow us to explore the 
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specific linkage between mitochondrial physiology and pregnancy maintenance that is 

impacted by divergent ancestry.

We have identified an association between genomic divergent ancestry and increased risk of 

preterm birth. We propose that this finding explains a fraction of the increased risk of 

preterm birth in African American infants. The ultimate goal is to apply this knowledge to 

patient care to reduce the incidence and severity of preterm birth. Divergent ancestry could 

be used to counsel for increased risk for preterm birth. In addition, studies in animal models 

may define the physiological impairment associated with preterm birth, allowing us to 

explore ways to mitigate divergent ancestry-associated risk and improve pregnancy 

outcomes.
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Figure 1. 
The ADMIXTURE-determined fractions of nuclear ancestry (South Asian [SAS], American 

[AMR], East Asian [EAS], African [AFR] and European [EUR]) are plotted for A, infants 

and B, mothers in the GPN dataset with individuals along the x-axis ordered by degree of 

African ancestry from least to greatest. C, The degree of African ancestry for mothers is also 

shown, with the group divided by the self-reported race.
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Figure 2. 
The haplogroups of A, infants and B, mothers are shown. The small differences in the 

number of sampled individuals in the individual haplogroups are due to missing samples in 

the original dataset. C, Frequency of African and non-African haplogroups observed broken 

down by self-described race.
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Figure 3. 
Divergent ancestry in the GPN dataset. A, The values for all individuals in the dataset were 

plotted by term (n = 717) or preterm (n = 702) status for mothers and infants. Divergent 

ancestry is higher in the preterm infants (P = .046) and there was a trend toward greater 

values in mothers with preterm birth (P = .067). The degree of divergent ancestry for 

preterm deliveries was then plotted against the estimated weeks of gestational age for all 

infants and mothers where data was available. For both B, mothers and their C, infants, there 

was a significant negative correlation between divergent ancestry and estimated gestational 

age indicating that more divergent infants were born earlier (infant Pearson r = −0.114, P = .
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009 n = 517; maternal Pearson r = −0.138, P = .002 n = 503). A best-fit interpolation is 

shown.
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Figure 4. 
Characteristics of individuals in the BBC dataset. The haplogroups and nuclear ancestry 

observed were consistent with the recruitment of an African American population.

Crawford et al. Page 16

J Pediatr. Author manuscript; available in PMC 2018 June 05.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Figure 5. 
Divergent ancestry in the BBC dataset. The divergent ancestry of maternal samples (n = 294) 

was plotted by weeks of gestational age. There is a trend toward correlation that did not 

reach statistical significance (Pearson r = −0.043 with P > .05).
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Figure 6. 
Characteristics of individuals in the BPD and HRS datasets. The haplogroups identified 

showed a comparable frequency of African haplogroup between the 2 datasets, 14.9% in the 

BPD group, and 13.7% in the HRS group (compare A and B; L haplogroups marked with 

arrows). C, The average distribution of nuclear ancestries within each dataset is shown, 

showing comparable levels of African nuclear ancestry, 15.7% in the BPD group and 13.4% 

in the HRS group.
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Figure 7. 
Divergent ancestry in the BPD dataset. The divergent ancestry of the BPD (preterm n = 

1726) and HRS (control n = 12 570) data are plotted as the mean and 95% CIs (P < .0001). 

A subgroup analysis was performed with individuals with >50% African ancestry (preterm n 

= 225; term n = 1665) and was also significantly different (P < .0001).
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Table II

Potential confounders are not associated with divergent ancestry

Variables Discrete Ancestry P value

Self-reported African American

  No prior abortion .224

  Prior abortion .220 .92

  Married .219

  Unmarried and with partner .220

  Unmarried and lives alone .226 .95

  Not a high school graduate .195

  High school graduate .235 .08

  Unemployed .226

  Employed .220 .82

  Income <$12K .204

  Income $12–$24K .244

  Income $24–$50K .237

  Income $50–$100K .172

  Income >$100K .129

  Unknown income .239

  No answer income .242 .58

Self-reported White

  No prior abortion .034

  Prior abortion .044 .22

  Married .031

  Unmarried and with partner .039

  Unmarried and lives alone .053 .09

  Not a high school graduate .047

  High school graduate .033 .13

  Unemployed .041

  Employed .030 .16

  Income <$12K .058

  Income $12–$24K .039

  Income $24–$50K .038

  Income $50–$100K .017

  Income >$100K .027

  Unknown income .040

  No answer income .031 .10
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