1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuey Joyiny

Author manuscript
Adv Pediatr Res. Author manuscript; available in PMC 2017 October 19.

-, HHS Public Access
«

Published in final edited form as:
Adv Pediatr Res. 2014 ; 1: . doi:10.12715/apr.2014.1.2.

Population attributable risks of neurobehavioral disorders due to
low birth weight in US children

Sandie U. Hal, Lindsay A. Thompson?, Greg Kearney3, Jeffrey Roth#, and Xiaohui Xul"
1Department of Epidemiology, University of Florida, Gainesville, USA

2Department of Pediatrics, University of Florida, Gainesville, USA
SDepartment of Public Health, East Carolina University, Greenville, USA

“Department of Neonatology, University of Florida, Gainesville, USA

Abstract

Background—The prevalence of low birth weight (LBW) and neurobehavioral disorders (N) has
increased over the last three decades. However, it is unclear how many excess cases of ND can be
attributed to LBW among U.S. children. The objectives of this study were to a) determine the
association between LBW and ND including attention deficit/hyperactivity disorder (ADHD),
autism spectrum disorder (ASD), behavior and conduct disorder (BCD) and learning disability
(LD); and b) determine the population attributable risk (PAR) of these disorders due to LBW.

Methods—Study subjects were a nationally representative cross-sectional sample of 85,637
children ages 2 to 17 years old who participated in the 2011 National Survey of Children’s Health.
Birth weight and ND were reported by parents.

Results—LBW accounted for 6.0% (95% confidence interval [CI] 2.3-10.4) of all ASD cases,
2.4% (CI1 0.1-5.1) of BCD, and 6.8% (Cl 4.8-9.0) of LD among the study population. There was
not a significant association between LBW and ADHD. The percentages of these ND due to LBW
were found to be higher among those who were pre-term and among ethnic minority groups.

Conclusions—Based on our results and given that over 8% of U.S. children are born with LBW,
with higher rates among minorities and preterm births, prospective planning for neurobehavioral
services is warranted. Efforts to reduce ND in children align with national efforts to reduce LBW.

Introduction

Rates of low birth weight (LBW: birth weight less than 2,500 grams) have been increasing
since the mid 1980s in the United States [1]. The rate of LBW in 2011 was 8.1 per 100
births [2] up from 6.8 per 100 in 1980s [3]. Numerous studies have shown that LBW is
associated not only with mortality [4] but a myriad of adverse health outcomes, including
decreased lung function [5], impaired renal function [6], cardiovascular abnormalities [7],
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and other complications [4]. As LBW-related neonatal and infant mortality have
significantly declined over the past years due to improved perinatal care, other LBW-
associated health outcomes became even more important public health issue due to the
increased incidence of LBW and improved survival of LBW infants [1].

Like LBW, neurobehavioral (ND) and neurodevelopmental disorders, such as attention
deficit disorder (ADD)/attention deficit and hyperactivity disorder (ADHD) and autism
spectrum disorders (ASD) have also increased during the past several decades [8, 9]. Using
nationally representative data, Boyle et al. found that during the last 12 years, the prevalence
of autism and ADHD have increased by 290% and 33%, respectively [8]. In addition to
requiring special services, such as special education and counseling, these neurologic
disorders may compromise quality of life and incur high health care expenditures for
patients and their families [10, 11]. LBW is a major risk factor for neurobehavioral disorders
such as ADHD and autism [12, 13]. Nonetheless, to our knowledge. there have not been any
studies conducted to estimate the population attributable risk associated with LBW and ND
in U.S. children.

In this study, we used data from the 2011 National Survey of Children’s Health (NSCH) to
examine this association. Specifically, the purpose of this study was to determine the
strength of association between parent-reported LBW and ND in a nationally representative
sample of children after adjustment for potential confounders. We then estimated the
population-attributable risks and excess cases of these disorders due to LBW. The findings
of this study provide information on the potential LBW-associated disease burden in the
U.S. population and are useful for health and education program planning.

Data for this study come from the 2011 NSCH, which was funded by the Maternal and Child
Health Bureau of the Health Resources and Services Administration, and conducted by the
Centers for Disease Control and Prevention, National Center for Health Statistics. The
purpose of the NSCH is to provide national and state-specific prevalence rates of various
health conditions and to assess the health and well-being of U.S. children in broad domains
including medical care, housing, family interactions, parental health, school and after-school
activities, safe neighborhoods and social connectedness. The 2011 NSCH was a random-
digit-dial phone survey conducted between February 2011 and June 2012. One child was
randomly selected per household. The respondent was identified by the interviewer as the
parent or guardian most knowledgeable about the selected child’s health. The total sample
size consisted of 95,677 children ages 0 through 17. The sample was stratified by state so
that each state had approximately 1,800 children participating in the survey.

Study population

For the purposes of this study, children 2 through 17 years old were selected because
neurobehavioral questions were asked only amongst this age group, and are most
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functionally relevant to this age group. As a result of these exclusions, this analysis included
85,637 children ages 2 through 17 years old.

Exposure and outcome measures

Covariates

The main predictor variable of interest was parent-reported LBW. Birth weight was assessed
through the question, “What was [sampling child’s] birth weight?” Children born at a birth
weight less than 2,500 grams (5.5 pounds) were classified as LBW. Children with birth
weight of 2,500 grams (5.5 pounds) or greater were classified as normal birth weight
(NBW). The main outcomes of interest were parent-reported ND, which included ADHD,
ASD, behavioral or conduct disorders (BCD), and learning disability (LD). The outcomes
were assessed using the telephone survey responses. A child is defined as a case if his/her
parent answered “yes” to the outcome-specific questions below:

. ADHD: “Has a doctor or other health care provider ever told you that [sampling
child] had attention deficit disorder or attention deficit hyperactive disorder, that
is, ADD or ADHD?”

. ASD: “Has a doctor or other health care provider ever told you that [sampling
child] had autism, Asperger’s syndrome, pervasive developmental disorder, or
other autism spectrum disorder?”

. BCD: “Has a doctor or other health care provider ever told you that [sampling
child] had behavioral or conduct problems, such as oppositional defiant disorder
or conduct disorder?”

. LD: “Has a doctor, health care provider, teacher, or school official ever told you
[sampling child] had a learning disability?”

Covariates considered in the study included age group (2-5, 6-10, 10-13, and 14-17 years-
old), gender (male, female), ethnicity (non-Hispanic white, non-Hispanic black, Hispanic or
other), place of residence (metropolitan, non-metropolitan), family structure (two-parent
biological, two-parent step family, single mother, or other), insurance status (yes or no),
exposure to environmental smoking (yes or no), maternal education (less than high school,
high school graduate, or greater than high school), primary language (English or other),
poverty level (<100% federal poverty level (FPL), 100%-200% FPL, or more than 200%
FPL), exposure to neighborhood violence (yes or no), presence of someone with mental
illness in household (yes or no), presence of someone with alcohol/drug problems in the
household (yes or no), prematurity status (yes or no).

Statistical analysis

The 2011 NSCH employed a complex sampling design that involved unequal selection
probability of children within households and households within states. Therefore, all
analyses were performed with adjustment for sample weight to account for sampling design,
potential non-coverage (for those who did not have a home phone line) and non-response
bias. All analyses were performed using SAS 9.3 (SAS Institute, Cary, NC).
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Chi-square tests were used to describe and compare the distribution of weighted prevalence
of LBW measures among children with ascertained demographic characteristics (e.g. gender,
age, race, maternal education, etc). In addition, the weighted prevalence of ND among
children by demographic characteristics was also tested. Three logistic regression models
were fitted, using PROC SURVEYLOGISTIC, to estimate the unadjusted and adjusted odds
ratio (OR) and 95% confidence intervals (CI) for having ND, comparing children with
various LBW measures to those of normal birth weight (NBW). The first model [model 1]
fitted the unadjusted OR for neurobehavioral disorders. The second model [model 2] was a
parsimonious model, which adjusted for potential confounders that are found to be
associated with both LBW measures and neurobehavioral outcomes in Tables 1 and 2. The
third model [model 3] adjusted for all epidemiologically relevant variables (race, gender, and
age), as well as other variables that significantly contribute to the model with joint test p-
value <0.10. All three models were adjusted for complex survey design sampling weight.

Population-attributable risk percentage (PAR%) was estimated for each of the parent-
reported neurobehavioral disorders using Levine’s formula: PAR%=([(Pexp(OR-1)]/

[ Pexp(OR-1)+1])x 100, where Pexp is the prevalence of exposure to LBW, and OR is the
unadjusted OR for each disorder [14, 15]. We further calculated the number of excess ND
cases attributed to various LBW measures by multiplying the PAR% by the number of
weighted total cases for that condition. Since LBW rates are different by prematurity status
and ethnic groups, we stratified this analysis by these variables to make the findings more
informative from a public health perspective.

There were a total of 85,637 children, ages 2 through 17 years old in the 2011 NSCH survey.
Among them, 4,530 had missing birth weight, leaving 81,107 available for analysis. Of
these, 9.5% (SE: 0.23) were born with a LBW as reported by their parent, corresponding to
5.88 million children living in 2011 who were born with LBW in previous years (data not
shown). Table 1 shows that children who were female, non-Hispanic black, had single
mothers, had less educated mothers, were poorer, lacked insurance, were exposed to in-
home smoking, or born prematurely were more likely to have LBW compared to those with
normal BW.

The weighted prevalence of parent-reported ND among children ages 2 to 17 was
approximately 9.9% for ADHD, 2.3% for ASD, 4.1% for BCD, and 10.6% for LD (for ages
3 through 17 years-old since this question was only asked amongst children in this age
group). Among children 3 to 17 years-old, 10.5% had only 1 of the 4 ND, and 8.2% had 2 or
more co-occurring disorders. When compared to NBW children, the prevalence for all ND
was significantly higher among LBW children (Table 2). The prevalence of ND by
contributory covariates are also presented in Table 2.

The ORs of the associations between parent-reported LBW and ND among U.S. children
ages 2 through 17 years old are shown in Table 3. Unadjusted and multivariate logistic
regression models indicated that LBW was associated with all ND, except ADHD (Table 3).
Specifically, LBW children had a 1.77 times increased odds of having LD compared to those
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with NBW in the unadjusted model (OR: 1.77, 95%Cl: 1.53-2.04). After adjusting for
covariates, this association remained significant (adjusted OR (aOR) = 1.47; 95%Cl: 1.21-
1.78). For all other disorders, except ADHD, LBW appeared to significant associations in
the unadjusted model; however, these associations became insignificant after adjustment for
important covariates.

In order to obtain more refined birth weight exposure, we also investigated the risk for other
LBW categories: moderately LBW (MLBW: between 1,500 and 2,499 grams) and very
LBW (VLBW: less than 1,500 grams). Overall, the results remained consistent with VLBW
having stronger associations with all disorders (data not shown). We further investigated the
effects of LBW on co-occurrence of ND. Our results showed that children with LBW also
have significantly higher odds of having two or more co-occurring disorders after adjustment
for confounders (aOR: 1.28, 95% CI: 1.00, 1.64) (Table 3). Effect modification by gender
and race were considered for all disorders. No statistically significant differences were
found.

Table 4 shows the population-attributable risk percentages (PAR%) for parent-reported ND
due to LBW among children between 2 and 17 years of age in the U.S. by race and preterm
delivery (PTD) status. Among the four disorders, LBW was attributed to the highest PAR%
for LD, followed by ASD, and BCD. No statistically significant association was found for
ADHD. The percent of total cases attributed to LBW in the population was 6.8 (95% CI:
4.8-9.0) for LD, 6.0 (95% CI: 2.3-10.4) for ASD, and 2.4 (95% ClI: 0.1-5.1) for BCD.
These percentages correspond to approximately 448,467 excess cases of LD, 89,107 excess
cases of ASD and 65,232 excess cases of BCD among children ages 2 through 17 years-old
in the U.S in 2011, due to LBW.

We also stratified results by ethnicity and prematurity status (born 3 weeks prior to the due
date as reported by parents) due to difference in prevalence of parent-reported LBW. Among
non-Hispanic whites, the percent of total cases attributed to LBW in the population was 5.3
(95% ClI: 3.8-7.1) for LD, 4.6(95% CI:1.8-8.2) for ASD, and 1.9 (95% CI:0.1-4.0) for
BCD. These percentages correspond to 180,967 excess cases of LD, 41,500 cases of ASD
and 25,348 excess cases of BCD in 2011. For these same disorders, the PAR% was higher
among non-Hispanic black, Hispanic and other ethnicity groups compared to non-Hispanic
whites. However, the number of excess cases was lower for these minorities groups because
the population is smaller and thus the total number of cases was lower (Table 4).

Among pre-term births, the percent of total cases associated with LBW was significantly
higher compared to full-term births (Table 4). For this population, PAR% for parent-reported
ND due to LBW were 28.1 for LD, 25.3 for ASD and 11.7 for BCD.

Discussion

This study found evidence that in 2011, U.S. children ages 2 through 17 years-old who were
born having LBW were significantly more likely to have ASD, BCD and LD, but not
ADHD, as reported by their parents. In effect, LBW was likely responsible for a
considerable number of excess cases of ND reported during the study period. There was also
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a clear racial disparity in terms of the extent of effects that LBW has on ND. In particular,
the proportions of each disorder attributed to LBW among non-Hispanic black, Hispanic,
and other race/ethnicity groups were considerably higher than among non-Hispanic whites.
Our findings further illustrate that the proportions of each disorder attributed to LBW among
preterm births were significantly higher compared to full-term births.

The associations between parent-reported LBW and ND found in this study were consistent
with previous studies that investigated effects of various LBW indicators on various
neurobehavioral health outcomes [12, 13, 16, 17]. For example, a recent meta-analysis
showed that children with VLBW have increased risk of having executive problems and
lower academic achievement [18]. Another study investigated the association between
moderate birth weight (2,500-2,999 grams) compared with birth weights of 3,500-3,999
grams and found that the moderate birth weight group had a 20% increased risk of LD [19].
This association is weaker than our findings perhaps due to the fact that the authors
compared the lower range of NBW to the higher range of NBW in our definition. In another
study, Stein et al. compared LBW to NBW children and found that all LBW infants, even
those with only moderate LBW, had increased risks of learning and behavioral
problems[20].

On the other hand, the lack of significant association between LBW and ADHD in our study
is inconsistent with the literature [12, 19]. For example, in a recently study using a within-
twin pair design, Pettersson et al. found that reduced birth weight is independently
associated with ADHD symptoms measured by DSM-1V criteria [21]. Another study also
found that birth weight is indirectly associated with ADHD severity through disruption of
neuropsychological functions [22]. The reason for the discrepancy is unclear but is beyond
the scope of our study. However, additional studies are warranted.

We stratified our analysis of PAR% by race and prematurity status because historically the
prevalence of LBW has been consistently different for these groups. These analyses help
address the question whether the higher prevalence of ND among ethnic minority groups and
premature births can be explained by the higher proportion of LBW. It appears that LBW
has the strongest effects among ethnic minorities because although the number of excess
cases is lower among them (due to smaller population), their attributable risks are higher
compared to non-Hispanic whites for every disorder. Further analyses also showed very high
numbers of excess cases for each ND, in particular LD and ASD. These findings suggest
that if LBW can be reduced, fewer ND would be diagnosed in US children ages 2 through
17 years-old. More importantly, the higher PAR among minorities suggests that if LBW
could be reduced in these groups in which it is more prevalent, the gap in pediatric
neurobehavioral outcomes between non-Hispanic white and other ethnic groups would
decrease.

The higher PAR% of parent-reported ND due to LBW among preterm births also suggest
that a higher proportion of cases among this group is possibly due to LBW. This finding also
implies that if preterm births can be reduced, there would be fewer excess cases of ND.
While there are myriad factors that influence LBW that cannot be controlled, one potential
means of decreasing preterm births is to reduce the rates of elective induction of labor. Given
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the prevalence of elective labor induction prior to due date in the United States [23, 24], it is
now important to reconsider this procedure in light of its impact on excess neurobehavioral
disorders as well as other adverse birth outcomes.

Maternal malnutrition and placental insufficiencies are two known factors that influence
LBW [25]. While maternal malnutrition is not likely to be a widespread problem in
developed countries such as the U.S., food insufficiency remains a problem and is addressed
by programs including the Special Supplemental Nutrition Program for Women, Infants, and
Children (WIC) and the Supplemental Nutrition Assistance Program (“food stamps”). Since
more than 50% of pregnancies are unplanned, physicians and public health officials need to
educate reproductive age women about the importance of proper nutrition prior to and
during pregnancy [26, 27]. The second mechanism that affects LBW, placental insufficiency,
is currently not well understood. Among the many contributors to LBW [28], there is
evidence that exposure to environmental pollution can affect the maternal-fetal exchange
mechanisms [29, 30] and increase the risk of adverse birth outcomes including LBW [30-
32]. Therefore, reduction in exposure to pollution may improve the outcomes.

This study has several strengths. First, the sample is generally applicable to U.S. children
because it utilizes data from a nationally representative sample of children from ages 2-17.
Second, the study is the first to assess PAR% and excess cases of ND due to LBW. However,
the study also has several limitations. First, both exposure and outcome are based on
parental reporting, and thus the information may not represent actual diagnoses.
Consequently, misclassification bias may have occurred. For example, our analysis showed a
higher LBW prevalence compared to the national U.S. average of 8.1% during 2011 [33].
This higher prevalence may reflect the inaccurate recall of birth weight by a parent and is an
inherent limitation of parental reported health information without validation. It is also
possible that parents with LBW children are more likely to remember and report birth
weight. One validation study, using a different data source, evaluated consistency and
completeness of maternally reported information related to birth outcomes (LBW) and found
that this information was consistent with birth certificate records [34]. Furthermore,
approximately 6% of children in the study sample had missing birth weight values, another
source of potential bias. We assessed the proportion of missing birth weight values and
found that ethnic minorities and older children are more likely to not have birth weight
listed.

Secondly, since this study relied on available data, we were unable to adjust for all possible
confounders. For example, maternal age at delivery, gestational age, and pregnancy
complications could be important confounders; however, this information was not available
for analysis. The lack of information about these covariates prevented us from examining
other potential reasons for LBW, such as congenital anomalies or genetic disorders, that also
lead to neurobehavioral deficits and disorders.

Although this is a cross-sectional study, temporality can be assumed because it is not logical
to claim NBD precede LBW. We also acknowledge the limitation of using OR as an estimate
of risk. When used in Levine’s formula, OR may have overestimated the attributable risk.
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However, given the low prevalence of ND, overestimation is not likely to be a serious
concern.

Conclusions

The study showed that parent-reported LBW is a major contributor to parent-reported
pediatric ND including LD, ASD and BCD. Decreasing the occurrence of LBW births could
potentially reduce the number of ND in children between the ages of 2 and 17 in the U.S.
However, since there is currently no effective population-level LBW prevention strategy,
prospectively planning for neurobehavioral services is merited. Early referral would be
particularly helpful for racial minority groups because the prevalence of LBW is higher in
these groups compared to the white population. The findings of our study also suggest that
efforts to prevent neurodevelopment disorders in children need to start prior to conception
and be maintained throughout pregnancy to assure that the infant is born at full-term.
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Table 1

Birth weight status and characteristics among children aged 2-17 in the United States, 2011 (n=85,637)

Characteristics

Low Birth Weight (LBW: <2500g) N (weighted %) or Mean (SD)

LBW 7402(9.5) NBW 73705(90.5) p-valued
Child age (year) 0.0525
2-5 1861(10.5) 17475(89.5)
6-10 2379(9.2) 22013(90.8)
10-13 1364(9.7) 13778(90.3)
14-17 1798(8.8) 20439(91.2)
Gender <.0001
Male 3521(8.5) 38305(91.5)
Female 3871(10.6) 35321(89.4)
Race <.0001
Non-Hispanic white 4063(7.3) 49152(92.7)
Non-Hispanic black 1146(16.2) 6299(83.8)
Hispanic 705(10.2) 6054(89.8)
Others 1295(10.1) 10594(89.9)
Place of residence 0.5323
Metropolitan 3990(10.0) 38902(90.0)
Non-metropolitan 3329(9.4) 34137(90.6)
Family Structure <.0001
Two parents-biological 4569(8.6) 51463(91.4)
Two parents-step 585(9.1) 5291(90.9)
Single mother 1485(12.1) 11643(87.9)
Others 669(11.6) 4492(88.4)
Maternal education 0.0458
Less than HS 1235(10.5) 9688(89.5)
HS graduate 2400(9.5) 24156(90.5)
More than HS 3285 (8.9) 35959(91.1)
Primary language 0.0640
English 6720(9.3) 68534(90.7)
Others 674(10.7) 5136(89.3)
Poverty level <.0001
Below 100% 1372(11.9) 9232(88.1)
100-200% 1366(10.2) 11743(89.8)
Above 200% 3991(8.1) 46124(91.9)
Insurance status <.0001
No 359(13.0) 3068(87.0)
Yes 7034(9.4) 70538(90.6)
Exposure to ETS 0.0216
No 5313(9.2) 56233(90.8)
Yes 2015(10.6) 16812(89.4)
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Characteristics

Low Birth Weight (LBW: <2500g) N (weighted %) or Mean (SD)

LBW 7402(9.5) NBW 73705(90.5) p-valued
Neighbourhood violence 0.3552
No 6600(9.5) 66641(90.5)
Yes 659(9.3) 5782(90.7)
Household with mental illness 0.1099
No 6486(9.5) 65808(90.5)
Yes 773(9.1) 6685(90.9)
Household with alcohol/drug problems 0.3153
No 6352(9.6) 64833(90.4)
Yes 916(9.0) 7740(91.0)
Prematurity <.0001
No 2542(4.1) 69039(95.9)
Yes 4799(50.9) 4503(49.1)

Abbreviations: ETS, Environmental tobacco smoke;

a., . . . . .
Chi-square p-value for categorical variables and t-test p-value for continuous variables

Adv Pediatr Res. Author manuscript; available in PMC 2017 October 19.

Page 12



Page 13

Haetal.

(24927 (T'sT)ST8 (LvT)T26 (T'8)565 (T2)sLT (2vT)¥S0T siYo
(e2n)vwvT (T'eT)L86T (e'vT)2est (z'2)os6 (6'2)e9y (TeT)veEBT Jayjow ajbuIs
(e'21)689 (e'91)598 (e'2T)SK8 (8'L)8ey (52691 (z'L1)680T dajs-sjuased omL
(6'5)0€62 (r'8)e6ey (L8)veoy (c2)s0zt (T2)80eT (e'ovey  [ediBojolg-siuared om|.
1000">d 1000">d 1000">d 1000">d 9€90'0=d 1000">d ainpnng Ajiwed
(2'8)ovLe (T'1T)ETOE 6'0T)S86€ (r'v)ryST (6'1)TT6 (8'01)668¢ uepjodoau-uoN
(T8)vote (eom)zTor (som)e9zy (T'7)8991 (ro)sTiT (2'6)55SY uenjodosoy
€8¢z'0=d 89.0°0=d 0Lyv0=d 1.1€°0=d 0900'0=d 2110°0=d 80uapIsal Jo d9e|d
(6'9).¥8 (z6)sTTT (2'6)062T (2€)ovs (L'T)vee (59)90TT siao
(opTey (6'8)909 (7o1)6TL (0')8se (Ta)er (0 L)evs aluedsiH
(2'6)8%9 (6'0T)LEL (zeT)8s8 (5'9)9s (T2eLT (6'0T)EES 39€|q d1uedsiH-UON
(T'6)8r8¢E (7'11)880S (L'0T)9e2S (0'v)868T (L2)tovT (2'T1)9885 a)ym o1uedsiH-uoN
1000">d 2200°0=d G/200=d zee00 =d 2ve00=d 1000">d aoey
(L'v)seLT (8'2)618¢2 (9'2)568¢2 (9'2)oc0T (6'0)2ey (T'9)385¢2 alewsad
(Z'1)osTY (zeT)sL8y (SeT)6THS (s'9)voze (9'€)819T (S'€T)OV6S aleN
1000">d 1000°>d 1000°>d 1000°>d 1000">d 1000">d 13pus
(0'TT)9622 (S'vT)ov6e (LeT)s92e (e'9)99TT (e'2)0L5 (9vT)zLve LTV
(g'oT)osyT (£'zT)208T (0eT)T86T (09)evL (6'2)89¥ (L€T)66T2 €1-0T
(8L)oLLT (zor)ssee (com)eere (s'v)9Lot (s2)L0L (LB)ETSC 01-9
(0€)eve (0'v)809 (L'v)6g9 (2T)15¢2 (9'T)962 (eDvre [ard
7000>d 1000>d 1000">d 1000">d 9100'0=d 1000">d (+eak) aBe pj1yd
(e'eT)sTOT (L'v1)66TT (7'L1)61ST (55)ovs (ev)eLe (cen)teetr SOA
(7'L)oeLy (6'6)78€9 (9'6)8£99 (6'€)685¢2 (0'2)og9T (e'6)ETOL ON
7000">d 1000">d 1000">d 1000">d 7000>d 1000">d Anyewsid
(8'88)5TYS (2'98)5TYS (8'€8)0€6S (T'56)820L (¥'96) GeTL (¢'68) 8ev9 ON
(z1T)62L (e€T)TT6 (z'om)esTT (6'v)69€ (9€)e9z (8'01)0S6 SOA
7000°0>d 1000°0>d 1000°0>d 09€0°0=d ¥000'0=d 6v60°0=d man
(¢'8)6885 (90T)vzes (T'v)9gze (£2)T0Z
(% parybiam) u (g'01)504L (% paybram) u (% paybram) u (% paybiam) u (6'6)8258
gsiepdosip (% paiybram) u (@ (@29) s4apJosip (@sv) s4epaosia (9% pawyBram) u
BU111N220-09 810W 10 Z e49pJosIp T efuNgesiq BuiuresT 19NpU09 10 JoIARYSY wnJ193dsg ansnny aHavy sonsLeloRIRyD

Author Manuscript

(2£9'G8=U) 2T 01 z sabe uaip|iyd Buowe sajelieA0d AQ SI9PJOSIP [RJ0IARYSQ0IN3U paliodal-lualed Jo adusjensid

¢ dlqeL

Author Manuscript

Author Manuscript

Author Manuscript

PMC 2017 October 19.

in

available

1

Adv Pediatr Res. Author manuscript



Page 14

Haetal.

3Y0WS 000Bg0] [JUBWIUOIIAUT ‘S1 T ‘Japlosip AuAnoeladAy 11918p uonuae ‘qHAY :SUOeIABIGY

/T 01 € sabe uaip|1yo 1o} pazAjeur >_:Om

(0'LT)69VT (VVA9) 914 (TLT)8TLT (5'01)680T (6'2)sve (z'6T)9202 SOA
(TOviey (9'6)2609 (2'6)95%9 (e'€)8.02 (z'2)8991 (L'8)LvE9 ON
swiajqoid Bnip
1000">d 1000">d 1000">d 1000">d 0T%0°0 =d 1000">d /104odJe y)m pjoyssnoH
(s'02)s0¢eT (T'8T)9zet (5'6T)8EST (r'et)sze (r'v)ose (T'12)2691 SOA
(0Dtevy (8'6)2629 (2'6)6.59 (ee)vtee (T2)L191 (2°8)8199 ON
ssau||l
7000">d 1000">d 1000°> d 1000">d 7000>d 1000">d [EJUSW )M PloyssnoH
(T02)e8et (7'81)8YTT (z02)test (T'v1)966 (0'e)e62 (8'02)2e9t SOA
(0'L)esvy (2'6)26€9 (5'6)2099 (0e)eete (z2)eoLT (2'8)6699 ON
7000">d 1000">d 1000">d 1000">d 9600'0=d 1000">d a9ua|oIA pooyloqybraN
(g'zT)sT0C (LvT)Lvee (e'vT)5292 (e Leeet (9°2)9vs (8'vT)vv8e SOA
(8'9)5T8¢E (z'6)v6es (7'6)L19G (Te)eLsT (c'2)osrT (€£'8)9095 ON
7000">d 1000">d 1000">d 1000">d G851'0=d 1000">d S13 0} ainsodx3
(¥'8).69S (Lo1)T88L (£'01)686L (e'v)e60e (r'2)686T (Tomvves SOA
(8'v)zsT (s8)L1E (g'8)eze (6'2)8€T (0'T)os (e'9)692 ON
2000°0=d §950°0=d Sy01°0 =d 6020°0 =d 1100°0=d 1000'0=d snyejs aoueInsu|
(6'9)066¢ (r'6)892y (L9)tLty (L2)geet (go)tsTT (ce)wTLy %002 9100V
(76)eteT (T'TT)9SKT (7'1T)2L9T (6'7)65L (7'2)96¢e (2'0T)SE9T %002—00T
(9'TT)LTCT (geT)9set (9sT)YTLT (z'L)8s8 (z)eve (T'zT)96vT %00T Mmo|od
1000">d 1000°>d 1000>d 1000> d 1679°0=d 1000">d 18n3] Auanod
(0€)tsT (s 6wy (9'8)52S (7'2)esT (0L (92)s8T sIYO
(T'6)L0.5 (T1T)8veL (6'0T)EBLL (7'v)180€ (52)696T (zTT)OvES ust1bu3
1000">d 1000°>d 89000 =d 80000 =d €100°0=d 1000">d afenfue| Arewtid
(rL)Leve (6'6)TTEE (T'6)38€€E (e'€)ogtT (7'2)ve6 (9'6)9v9€ SH Uey) aI0N
(T'6)5902 (6'01)6292 (0'TT)ES82 (rv)eeTT (7'2)599 (0'TT)920€ ayenpelf SH
(z'8)v86 (TTD)veer (LzT)S6vT (0'5)999 (z2)L8e (28)oget SH Uey) ss87
0900°0=d 0zyT0=d 1000"> =d 1000"> =d 01Sv'0=d GT00°0=d uopeanps [eussieiN
('8)688S (9°0T)yees (T7)9gze (£ V0T
(% parybram) u (som)50LL (% perybrom) u (% parybram) u (% porybrom) u (6'6)8258
gS4epAosp (9% pawbram) u (@ (@29) stepJosip (asv) sJepaosia (9% pawyBlam) u
fU144N220-00 340W 10 Z e49pJ0sIp T efligesiqg Buiurea 19NPU0J 10 JoIAeyag wnJa198ds ansnny aHav sonsLsloRIRyD

Author Manuscript

Author Manuscript

Author Manuscript

Author Manuscript

PMC 2017 October 19.

in

available

1

Adv Pediatr Res. Author manuscript



Page 15

Haetal.

"/ T 01 Z WOJJ UBIP]IYD J0J BIBM SI9PIOSIP JBUIO LT O € WOIY UBIP|IYd AJuo 01 paioLisal sem Aljigesip Buiuses

Y

‘lapow ay1 ui (0T 0=d 1e) si0101paid JuediUbIS JaYl0 ||e pue ‘abe ‘Japuab ‘aoes sa|qelien JueAs|al Ajjealbojoiwapids ‘ubisap Aeains xajdwod 1o} Uoums._u/\u

*Z pue T s8|qeL 01 BUIPI0IJE SBLI0JINO [RIOIARYSGOINAU puR 1YBIam UylIg MO| Y1og YIM pareloosse Ajueolyiubis aie 1eys sispunojuod fenusiod pue ubissp Asains xa|dwod 1oy paisnipy

q

ubisap Asnins xa|dwod 1oy uSm:.—B\m

P|O SJeak JT—€ Ualp|1yd Jo} pajen|ens Ajuo
¥

WB19M yuIg Mo| ‘MG T HapJosip AlaioeIadAY 101ep uonuaie ‘QHAY SUONRIAIGAY

G0"0=,ydfe 1e 8oueolIUBIS [RONSINEIS S31EdIPUI 1UOY plog

(9€9'T 'v00'T) 182'T (e28'T'v00°T) L€T'T (€8L'T'80C°T) L9V'T (€2v'T '508°0) 020°T (€80'C '296'0) 9T¥'T (0TE'T'€28'0) 690'T  S8A

ERIEICIEN| ERIEIETEN| ERVEICIEN| ERVEYETEN ERVEIEIEN| ERIEIEIEN| oN o€ ISPON
(¥1ST ‘'0¥60) €6T'T (06v'1'¥66°0) LTC'T (9TL'T'69T'T) 9TY'T (LT€'T '952°0) 866°0 (586'T '9¢6'0) 95€'T (Sv2'1'9€8°0) T2OT  S8A

80U3.3)9Y ERIEIETEN] ERlIEVETEN| ERlIEIETEN| ERIEIETEN] ERIEIETEN] oN gCI9PON
(922°T'292°T) 00S'T (TT9T'9LTT) LL€T (0v0'Z 'v€S'T) 692°T (#95°T'STO'T) 092'T (9122 ‘'6¥2'T) ¥99'T (ZTE'T'6L6'0) EET'T  SOA

92U8.J8J9Y ERIDIEIEN| ENIEIEIENS| ENEYETEN 92U8I8)9Y ERIEIEIEN| oN 2T I3PON Mg

mc_tst%WMN_ME 107 A9PJ0SIp T (@) Aunqesip buiures Huywwnwv‘_mm_ww‘__\wwrwm_ rhm‘_mm\wm_mﬁmw%q aHavy
S19PJ0SIP [eJ0INRYSQOINBN [ET ] sali0ba1ed ApAG

Author Manuscript

€ 9lqeL

Author Manuscript

Author Manuscript

/002 ‘S81e1S palun ayl Ul JapJosip [I01ARY3¢oINauU pue 1yB1am yliig MO| USSMIS] LOIIRIDOSSE ay) 10 SOlel SpPO

Author Manuscript

Adv Pediatr Res. Author manuscript; available in PMC 2017 October 19.



Page 16

Haetal.

150°02T €ze'se 72€e'6. L20'v1E (z8e-zT1)EGC 6'0S (9TZ'Z '6Y2TIV99'T asv
29T VET L1G'0T- 1.0'29 G96'8.6 (LeT-T1-)E9 6'0S (cTe'T'6L6'0)EET'T aHav wueleld
219'Y1e A AAN? 86€'09T 82L'1v2'S Tr1o1¢ TY (0¥0'Z ‘7S T)69L'T ail
00€'05 89€'T v1¥'€C 01§'522'C (€z-TOTT Y (#95°T'STO'T)09Z'T aod
8G2'SS 6SL'TT 8£g'0¢ T09'€9T'T (Lv-0T)L'e T (9T2'C '6Y2'TIVI9'T asv
2.8'19 1€9'7— vr1'62 GS9'€LE'S (€'T-T'0-)50 T (2T€'T '6L6'0)EET'T aHav wiey |In4
snyels a1d Ag
0T6'70T 6.1'95 €VS'6L G/9'€0T'T (56-19)7'L 10T (0¥0'Z ‘vEST)69L'T al
LTV 119 0S¥'TT 16V Ly (r'5-20)9'C 10T (#95'T'ST0'T)09C'T aog
2LLTE €88'y 0152t 870'66T (6'01-52)€'9 10T (9TZ'Z '6Y2TIV99'T asv
GET'VC 6.9'T- eLy'ot 050'06. (Te-zo-)ET 10T (cTe'T'6L6'0)EET'T aHav s18Yl0
600'98 vee'oy 122's9 66.'968 (96-29)E'L AL (0v0'C 'veS'T)69L'T al
€69'6T €55 €G€'6 210'29¢ (r's-20)9C z0T (#95°T'STO'T)09Z'T aod
16512 9w8'y TI9'eT G99'S6T (0T1-52)€'9 AL (9T2'C '6Y2 TIVI9'T asv
80L'6T 2LE'T- €65'8 £66'8€9 (Te-c0-)ET [l (2T€'T '6L6'0)EET'T aHav SluedsiH
205'L7T T67'18 YZE'ETT 166'220'T ' v1-08)TTT 29T (0v0'Z 'vEST)69L'T anl
65007 09T'T ove'6T 26v'8Ly (7'8-20)0'7 29T (¥95'T'STO'T)09C'T aog
66T'0€ GIT'L 28T 667'€8T (591-6'€)L'6 29T (9122 '6Y2'TIVI9'T asv
256'ay 092'e- ST'02 ¥0T'S56 (87-€0-)TC 79T (cT€T '6L6'0)EET'T aHav  >oe|q d1uedsiH-uoN
Tve'0re ovL'LeT 196'08T 7€9'0V'E (T2-8¢€)Es €L (0¥0'Z ‘7EST)69L'T al
Y18'€S 68'T 8ve'se 968'09€'T (0v-T0)6'T €L (#95'T'ST0'T)09C'T aog
18T'€L 920'9T 00S'Ty 999'268 (c8-8T)9V €L (9TZ'Z '6Y2TIV99'T asv
v€C'88 €80'9- 660'8E 6T2'296'C (cz-zo-)ot €L (cTe'T1'6L6'0)EET'T aHav  anym d1uedsiH-UoN
Auouype Ag
852265 950'8T€ L9¥'8vY 168'295'9 (06-8'17)8'9 €56 (0v0'Z 'vEST)69L°T anl
€19'L€T 768 2€2'99 968'269'C (Ts-TO0)We €56 (795 T'STO'T)09Z'T aod
067'GST 90L've L07'68 GGZ'L6V'T (701-€72)0°9 €56 (9122 ‘672 T)¥99'T asv
161'98T €16'2T- 69608 LET'69%'9 (6z-z0-)ET €56 (cT€T '6L6'0)EET'T aHav 1124970
1D %56 Jaddn 1D 0656 om0 0SOSBI SSBOXA  sasen payyfrem ol q(10%S6)% UV deg ang oy pasodxejusisd  (HO) omed sppo  eSHePA0sId soey

TTOZ ‘snels AlaAljap wualaad pue ades Ag Amag1 01 Bulplodde S1aplosIp [eJolAeyaqoinau oy abeiuadiad (Hvd) Xsu ajqeingrie-uoieindod

¥ alqeL

Author Manuscript Author Manuscript Author Manuscript Author Manuscript

Adv Pediatr Res. Author manuscript; available in PMC 2017 October 19.



Page 17

Haetal.

Sase9 PajyBlam [e10] x %YVd = Sesed $590x3

00T x:TQ&_ovgxw&\:TmoExw%vn£m<n_Q

*JT 01 € Ualp|Iyd Buowre passasse si Aljiqesip Buiutes 2T 01  sabe uaip1yo Buowe passasse AJUO aJe S1pIoSIP Winijoads J1SINY PUe SI8PIoSIP 19NPUOY 10 [eiolreysg ,n_n_<\o_._o<m

Aiannjap wiuar-aid ‘gld ‘Aujigesip Buiuies| ‘@ 19p10SIp 19NPUOI [RIOINRYR] ‘D9 ‘18pJIosIp winiioads onsinne ‘gsy ‘Japlosip AlanoeladAy/aionap uonuane ‘qHAy :suoneinsiqgy

50"0=,ydje 1e 8ouLdLIUBIS [eoNSIEIS S8IRdIpUl 808} plog

020'vey 808'T92 219'vve ¥20'622'T (9vev'12)T'82 609 (0¥0°Z '7ES'T)69L'T an
€85'T6 TIT'E 686'LY G09'0T¥ (€'2z-80)L'TT 6'0S (¥95°T'STO'T)09Z'T aog
1D 9666 49ddN 1D 9666 Jomo]  0S9SBI SSXT  gaemy payybrom eior  q(10%S6)% MVd  dxeg ang 03 pasodxe Jusolad  (MO) oed sppo  eSHep40sia aoey

Author Manuscript Author Manuscript Author Manuscript Author Manuscript

Adv Pediatr Res. Author manuscript; available in PMC 2017 October 19.



	Abstract
	Introduction
	Methods
	Data Source
	Study population
	Exposure and outcome measures
	Covariates
	Statistical analysis

	Results
	Discussion
	Conclusions
	References
	Table 1
	Table 2
	Table 3
	Table 4

