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Abstract
Previous studies to identify a genetic component to respiratory distress syndrome (RDS) have shown
conflicting results. Our objectives were to evaluate and quantify the genetic contribution to RDS
using data that comprehensively includes known environmental factors in a large sample of
premature twins. Data from a retrospective chart review of twins born at ≤32 weeks gestational age
were obtained from 2 neonatal units. Mixed effects logistic regression (MELR) analysis was used to
assess the influence of several independent covariates on RDS. A zygosity analysis, including the
effects of additive genetic and common and residual environmental (ACE) factors, was performed
to estimate the genetic contribution. Results reveal that the 332 twin pairs had a mean gestational
age of 29.5 weeks and birth weight of 1372 grams. MELR identified significant non-genetic
covariates as male gender (p=0.04), birth weight (p<0.001), 5-minute Apgar score (p<0.001) and
treating institution (p=0.001) as significant predictors for RDS. The ACE model was employed to
estimate the genetic susceptibility to RDS by adjusting for the above factors. We found 49.7%
(p=0.04) of the variance in liability to RDS was the result of genetic factors alone. We conclude that
there is a significant genetic susceptibility to RDS in preterm infants.

Respiratory distress syndrome (RDS) is a disease process that results from an absent or
diminished amount of surfactant in the newborn lung. Prematurity, therefore, plays a crucial
role in the development of RDS. The incidence is inversely proportional to gestational age
(GA) and birth weight (BW), with approximately 71% of neonates with BW between 501 and
750 grams affected as compared with 23% of those between 1250 and 1500 grams (1). In
addition to prematurity, multiple additional factors have been implicated in the pathogenesis
of RDS. These include maternal, intrapartum, and neonatal variables such as advanced
maternal age (2), chorioamnionitis (3,4), mode of delivery (5), gender(6,7), and birth order
(8-11). Despite major advances, such as increased use of prenatal steroids and postnatal
surfactant in perinatal and neonatal care, RDS is a leading cause of morbidity and mortality in
preterm infants and incurs an estimated annual economic burden of 2.3 billion dollars
(12-14).
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In preterm infants of the same GA, the clinical severity of RDS varies widely. We hypothesized
therefore that, in addition to environmental effects, unknown genetic factors play a major role
in predisposing premature neonates to RDS.

Our major objective was to conduct a heritability study of a large cohort of premature twin
pairs, using sophisticated statistical analyses that control for the major known independent risk
factors, to identify and quantify the genetic contribution to RDS.

Methods
Subjects

Data on premature twins born at ≤32 weeks of gestation between January 1, 1994, and
December 31, 2004, including zygosity information were collected from 2 centers (The
University of Connecticut and Yale University). We included only infants who survived
beyond a postmenstrual age (PMA) of 36 weeks. The twin database was created to evaluate
the genetic contribution to common neonatal disorders (including bronchopulmonary
dysplasia). In addition, we wanted to avoid missing the diagnosis of RDS, especially if death
occurred early (for example, in the delivery room), and prevented the clinical picture and/or
radiographic manifestations to be overtly manifested. Hence, for consistency, we excluded all
deaths prior to 36 weeks PMA. The institutional review boards of both centers approved this
study and exempted it from obtaining informed consent, as per their guidelines.

Definitions
Data was prospectively collected and entered into the databases by trained research personnel
at both institutions, as routine practice, using similar definitions. RDS was defined as presence
of respiratory distress with an oxygen requirement to maintain oxygen saturations of ≥ 90% in
the first 6 hours of life, accompanied by a characteristic chest radiograph. The time frame was
selected to allow inclusion of the maximum number of cases of primary/congenital RDS and
to avoid cases of acquired RDS. The chest X-ray was used for confirmation of diagnosis by
excluding other potential causes of respiratory distress for example, transient tachypnea of the
newborn. All radiographs were routinely read by trained pediatric radiologists at both
institutions. Zygosity was determined by ultrasound evaluation prior to 20 weeks GA and
histopathological examination of the placenta at Yale and the University of Connecticut with
an additional confirmation of the gender. Gestational hypertension was defined as any new
onset blood pressure >140/90 mm Hg or mean arterial pressure >105 mmHg that occurred after
the 20th week of pregnancy. In vitro fertilization (IVF) was defined as any type of assisted
reproductive technology that involved extracorporeal fertilization. Premature rupture of
membranes (PROM) was defined as rupture that occurred at least 18 hours prior to delivery.
Histological chorioamnionitis was defined by pathological examination of the placenta (15).

Statistical Analysis
Demographic data were analyzed using Student's t test, Wilcoxon rank sum test, or chi-square
analysis when appropriate. For chi-square analysis of the zygosity data, the observed numbers
of twin pairs with both infants affected, with only one infant affected and with neither infant
affected were found respectively for monozygotic (MZ) and dizygotic (DZ) groups. These
observed numbers formed a 2×3 contingency table. On the other hand, the analog expected
numbers of twin pairs were calculated from the corresponding marginal totals. The observed
to expected distributions of concordance were compared using chi-square analysis.

Mixed effect logistic regression (MELR) analysis was performed to identify the impact of
putative factors on RDS. The covariates utilized in the model included maternal age, IVF,
delivery type, birth order, gender, weight, 5-minute Apgar score and treating institution. The
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status of the outcomes from twin pairs was treated as a correlated event. A MELR model was
fitted to assess the relationship between the covariates listed and the outcome of interest (RDS),
and to incorporate the correlation between twin pairs.

The additive genetic, common environmental and residual effects (ACE) model (16) was then
used to estimate the variance in liability for RDS. The ACE model is a mixed effects probit
model, which included covariate effects, an additive genetic effect, a common environmental
effect shared by a twin pair (with no distinction between MZ and DZ twin pairs), and a residual
environmental effect. The additive genetic effects, the common environmental effect, and the
residual environmental effects were assumed to be independently and normally distributed.
The additive genetic effects for MZ twins were assumed to be identical. For DZ twins, the
covariance of the additive genetic effects was assumed to be half that of MZ twins (17). The
covariates adjusted in the ACE model included all significant covariates utilized in the MELR
analysis. The genetic heritability could then be estimated using the ratio of estimated genetic
variance and the total variance of the trait.

Statistical analyses were performed using SAS 9.1(PROC NLMIXED). A p<0.05 was
considered statistically significant.

Results
The cohort consisted of 332 twin pairs with a mean GA of 29.5 weeks and BW of 1372 grams.
There were 70 MZ twin pairs and 262 DZ twin pairs. RDS was diagnosed in 465 of 664 (70.0%)
infants. Despite a discrepancy in the overall number of twins pairs in each group, no statistically
significant differences were observed between MZ and DZ twins with respect to gender, GA,
weight, 5-minute Apgar score, maternal race, delivery type, the incidences of gestational
hypertension, PROM, maternal diabetes, and chorioamnionitis, and the use of antenatal steroids
and antibiotics (Table 1). However, significant differences were found between MZ and DZ
twins with respect to maternal age and the proportion of neonates conceived via IVF (Table
1). The distribution of patients with RDS by site and BW are shown in Table 2.

We initially performed an unadjusted concordance analysis to look for a genetic effect for RDS.
The analysis revealed a significant difference of concordance distributions between MZ and
DZ twin pairs (p=0.02), suggesting a significant role for genetic factors in the pathogenesis of
RDS (Table 3).

MELR analysis was next performed using RDS as the dependent variable to identify significant
non-genetic covariates that may have contributed to the outcome of interest. The analysis
determined that male gender (regression coefficient = 0.401; 95% CI: [0.019, 0.783]; p= 0.04),
BW (regression coefficient = -0.002; 95% CI: [-0.002, -0.001]; p<0.001), 5-minute Apgar score
(regression coefficient= -0.552; 95% CI: [-0.782, -0.322]; p<0.001), and institution (Yale;
regression coefficient= 0.688; 95% CI: [0.284,1.091]; p= 0.001) were significant covariates
for RDS (Table 4). Addition of race as a factor in the logistic regression model did not change
our results in a significant manner (data not shown).

After adjusting for all significant covariates identified by the MELR, total genetic effects
accounted for 49.7% (p=0.04) of the variance in liability to RDS by ACE modeling.

Discussion
In 2 cohort studies of women who delivered two singleton preterm infants, a comparison of
the relative risk of RDS in the second infant was done according to the RDS status of the first
one (18). There was a significantly increased relative risk of RDS in the second sibling of
women whose first preterm infant had RDS versus those whose first preterm infants did not
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have RDS. This remained significant even after controlling for confounding variables,
suggesting an important genetic (or other familial) contribution to the risk of RDS (18).

Previous twin studies (10,19-21) have evaluated the genetic contribution to RDS with
contradictory results. The first 2 studies published in 1971 (19) and 2002 (20), showed that
RDS had a significant genetic component. Myrianthopoulos et al studied 31 twin pairs and
showed a higher concordance rate between MZ compared to DZ pairs (85% concordance in
MZ and 44% in DZ). In a retrospective review of all twins born during a 19-year period (1976
to 1995) in Amsterdam, van Sonderen et al found a RDS concordance rate of 67% when the
twins were MZ as compared with only 29% when they were DZ (20). The Amsterdam study
suggested a strong genetic influence, but only included 80 pairs with a GA of 30-34 weeks
(20), a population with a fairly low risk for RDS.

In contrast, Marttila et al (21), evaluated 100 same-gender twin pairs with RDS and found a
concordance difference of only 10% [95% CI: -0.1 to +0.3, p=0.32], suggesting an insignificant
genetic contribution. The authors' concluded that the small concordance difference did not rule
out the possibility of a genetic component of RDS (21). The same group of investigators then
conducted a registry-based study that assessed the intrapair differences in susceptibility to RDS
in a homogenous population of European ancestry (10). They concluded that environmental
factors predominate over genetic factors based on a lack of concordance difference between
same-gender twins compared with opposite-gender twins. While this study included a large
number of twin pairs, the zygosity was inferred by considering all the gender discordant pairs
as DZ and then estimating the number of MZ twin pairs from the gender concordant cohort
(10).

A summary of the previous twin studies on the heritability of RDS and a comparison to the
present one has been shown in Table 5. Interpretation of the results of previous studies were
limited by sample size, variability in the methods for confirmation of zygosity and the exclusion
of confounding variables known to contribute to the risk of RDS. Using a large sample size, a
standard method for ascertaining zygosity, and including and controlling for virtually all major
known non-genetic (i.e. environmental) risk factors for RDS, we were able to establish that a
significant genetic contribution to RDS exists. Furthermore, we were able to quantify this
contribution.

Despite lacking evidence for a definitive genetic contribution to RDS, investigators have
attempted to identify specific genes that may contribute to its risk. The studies of SP-A and
SP-B genes associated with RDS have been summarized in Table 6. Logistic regression
analysis was used to test whether SP-C alleles coding for 138 Asn or 186 Asn explained the
risk of RDS when gender was included in the analysis as a confounding factor. It was found
that both alleles were independent risk factors for RDS (22). Recently, a variant of the SP-D
gene (rs1923537) was associated with a lower prevalence of RDS (23). Another case-control
study has suggested an association of G protein-coupled receptor for asthma susceptibility
(GPR154 or GPRA) and neonatal RDS (24).

To the extent that some of these candidate-gene studies show significance for various alleles,
polymorphisms, and haplotypes, does not address the central question: to what extent is RDS
a genetic disease? Knowing this will determine whether further studies are justified to identify
the genes that comprise the additive genetic effect in the ACE modeling, to identify genetic
modifiers encoded in chromosomes, or to identify epigenetic modifiers, with the ultimate goal
of informing rationale drug design. While surfactant-B deficiency is a validated autosomal
dominant lethal form of lung disease (25), it is rare and does not significantly contribute to the
common forms of RDS encountered by neonatologists daily; nor does it necessarily follow
that since surfactant proteins are encoded in chromosomal DNA, that RDS is therefore genetic.
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The data reported in the present study are first to quantify the genetic component to RDS. The
strengths of our study include a large number of twins from a very heterogeneous population,
and data on a large number of known confounding variables, including fertility treatment,
prenatal steroids and maternal information related to pregnancy-specific conditions.

There are some limitations to our study. The zygosity was determined using ultrasound,
placental histopathology, and gender, instead of DNA confirmation. A monochorionic placenta
was regarded as representing MZ twins. Approximately 9% of similar gender dichorionic
placentas are MZ (26). The results were not affected when adjustments were made for these
worst-case scenarios. We included most of the known potential contributing factors, but there
may be other factors that could affect the outcome of RDS. We did attempt to control for these
unknown variables in our statistical model.

Twin studies are a powerful non-DNA based approach to determining the amount of the
variance contributed by total genetic effects. These analyses are conditioned by the assumption
that MZ twins share 100% of their chromosomal DNA and that DZ twins share, on average,
50%. The heritability of ∼50% for RDS is significant and comparable to that of other medical
conditions, such as bronchopulmonary dysplasia (27,28) and retinopathy of prematurity (29).
While epigenetics and other modifications to chromosomal DNA may suggest that these
assumptions should slightly be adjusted, non-DNA based twin heritability studies remain
robust.

We conclude that there is a strong genetic susceptibility to the development of RDS in preterm
infants. This should act as a further impetus to spur the identification of the genetic elements
of this condition, which, in turn, has the potential to make a significant impact on neonatal
outcomes.
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Table 1

Comparison of demographic data for monozygous (MZ) and dizygous (DZ) twins.

MZ (n=140) DZ (n=524) p value

Maternal age* (years) 29.01 ± 6.11 31.30 ± 6.36 0.007

Maternal Race (n, %) 0.750

Caucasian 50 (71.4) 188 (71.8)

African-American 13 (18.6) 53 (20.2)

Hispanic 1 (1.4) 7 (2.7)

Asian 1 (1.4) 1 (0.4)

Others 5 (7.1) 13 (5.0)

Gestational hypertension (n,
%)

15 (10.7) 80 (15.3) 0.218

PROM (n, %) 17 (12.1) 73 (13.9) 0.682

Chorioamnionitis (n, %) 9 (6.4) 37 (7.1) 0.941

Diabetes Mellitus (n, %) 6 (4.3) 43 (8.2) 0.163

Antenatal Steroids (n, %) 85 (60.7) 279 (53.2) 0.138

Antibiotics (n, %) 40 (28.6) 182 (34.7) 0.203

IVF (n, %) 4 (2.9) 95 (18.2) <0.001

Delivery type vaginal (n, %) 37 (26.6) 156 (29.8) 0.534

Male gender (n, %) 72 (51.4) 283 (54.0) 0.654

GA* (weeks) 29.7 ± 2.2 29.5 ± 2.5 0.252

BW* (grams) 1338 ± 410 1382 ± 466 0.284

Apgar <7 at 5 minutes (n, %) 15 (10.7) 49 (9.4) 0.756

RDS (n, %) 100 (71.4) 365 (69.7) 0.762

*
Mean + SD.
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Table 2

The incidence of RDS by birth weight and site

Birth Weight (grams) UCONN (n= 333) Yale (n= 330) p value

<1000 81/86 (94.2) * 70/72 (97.2) * 0.592

1000 -1249 40/53 (75.5) * 53/69 (76.8) * 1.000

1250-1999 86/171 (50.3) * 111/163 (68.1) * 0.001

≥ 2000 9/23 (39.1) * 15/26 (57.7) * 0.312

*
n, (%)
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Table 4

Mixed effects logistic regression analysis for RDS

Coefficient 95% CI p value

Birth Order (B) 0.180 [-0.198, 0.558] 0.350

Male Gender 0.401 [0.019, 0.783] 0.040

BW -0.002 [-0.002, -0.001] <0.001

Apgar -0.552 [-0.782, -0.322] <0.001

Institution (Yale) 0.688 [0.284, 1.091] 0.001

Mother's Age -0.013 [-0.045, 0.018] 0.409

Delivery Type (Vaginal) -0.291 [-0.718, 0.137] 0.182

IVF -0.309 [-0.831, 0.214] 0.246

Abbreviations as in the text.
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Table 5

Comparison of twin studies evaluating the genetic contribution to RDS.

Number
of twin
pairs in
study

Determination of zygosity Genetic effect Remarks References

31 Based on gender, blood
group, placental exam

Yes Comparison
of
concordance
MZ-DZ

19

80 Placental exam gender
discordance

Yes Comparison
of
concordance
MZ-DZ

20

100 Multiple gene markers No Comparison
of
concordance
MZ-DZ

21

638 MZ calculation No Comparison
of
concordance
MZ-DZ

10

332 Placental exam, gender Yes Comparison
of
concordance
MZ-DZ
MELR and
ACE model

Present study
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