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Abstract

Importance—Neonatal abstinence syndrome (NAS) caused by in utero opioid exposure is a
growing problem; genetic factors influencing the incidence and severity have not been previously
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examined. Single-nucleotide polymorphisms (SNPs) in the p-opioid receptor (OPRM1), multidrug
resistance (ABCBL), and catechol-o-methyltransferase (COMT) genes are associated with risk for
opioid addiction in adults.

Objective—To determine whether SNPs in the OPRM1, ABCB1, and COMT genes are
associated with length of hospital stay and the need for treatment of NAS.

Design, Setting, and Participants—Prospective multicenter cohort study conducted at 5
tertiary care centers and community hospitals in Massachusetts and Maine between July 2011 and
July 2012. DNA samples were genotyped for SNPs, and then NAS outcomes were correlated with
genotype. Eighty-six of 140 eligible mother-infant dyads were enrolled. Infants were eligible if
they were 36 weeks’ gestational age or older and exposed to methadone or buprenorphine in utero.

Main Outcomes and Measures—Primary outcome measure was length of hospital stay, with
between-group differences expressed as  and calculated with linear regression models. Secondary
outcome measures included need for any medical treatment for NAS and treatment with 2 or more
medications.

Results—Infants with the OPRM1 118A>G AG/GG genotype had shortened length of stay ( =
-8.5 days; 95% ClI, —14.9 to —2.1 days; P = .009) and were less likely to receive any treatment
than AA infants (48% vs 72%; adjusted odds ratio, 0.76; 95% ClI, 0.63-0.96; P = .006). The
COMT 158A>G AG/GG genotype was associated with shortened length of stay (B = —10.8 days;
95% CI, —18.2 to —3.4 days; P =.005) and less treatment with 2 or more medications (18% vs
56%; adjusted odds ratio, 0.68; 95% CI, 0.55-0.86; P = .001) than the AA genotype. Associations
with the ABCB1 SNPs were not significant.

Conclusions and Relevance—Among infants with NAS, variants in the OPRM1 and COMT
genes were associated with a shorter length of hospital stay and less need for treatment. These
preliminary findings may provide insight into the mechanisms underlying NAS.

In the past decade, there has been a significant increase in opioid use during pregnancy,
estimated to affect 5.6 per 1000 births.12 Neonatal abstinence syndrome (NAS) is a disorder
composed of a constellation of signs and symptoms involving dysfunction of the nervous
system, gastrointestinal tract, and respiratory system because of in utero drug exposure or
iatrogenic withdrawal after postnatal use of drugs for pain control and sedation. The
incidence of NAS has tripled in the past decade, affecting 60% to 80% of infants born to
mothers receiving methadone or buprenorphine.l:3 Although clinical factors, including
maternal smoking, psychiatric medications, and breastfeeding, can affect the incidence and
severity of NAS, to our knowledge contributing genetic factors influencing NAS have not
been previously identified.3->

Opioid addiction is highly heritable (=70%), according to adult twin studies.®
Polymorphisms in the p-opioid receptor (OPRM1), multidrug resistance (ABCB1), and
catechol-O-methyltransferase (COMT) genes have been associated with variability in adult
opioid dependence. OPRM1 encodes the -opioid receptor affecting opioid efficacy,
dependence, and tolerance. The OPRM1 118A>G single-nucleotide polymorphism (SNP)
has a minor allele frequency of 12% to 15% in whites and has been associated with an
increased risk for addictive behaviors and variations in response to opioid medications.’~10
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Morphine and methadone are substrates of the P-glycoprotein transporter 170, which is
encoded in the ABCBL gene that regulates opioid absorption, distribution, and
elimination.8:9 The ABCB1 2677G/T/A, 1236C>T, and 3435C>T SNPs are highly prevalent
(40%-50% in whites) and have been associated with methadone requirements in adults.10-12
Catechol-o-methyltransferase is a key enzyme that metabolizes catecholamines in the
nervous system and has been linked to substance abuse.13 The COMT 158A>G SNP has a
minor allele frequency of approximately 50% in whites and has been associated with
responses to pain and morphine dosing requirements in adults.10.13-15

The objective of this study was to determine whether genomic variations in the OPRM1,
ABCB1, and COMT genes are associated with length of hospital stay (LOS) and the need for
treatment of NAS.

METHODS

Participants and Study Design

Infants of 36 weeks’ gestational age or older were enrolled from Tufts Medical Center
(Boston, Massachusetts), affiliated hospitals in the Boston area (Brockton Hospital, Melrose
Wakefield Hospital, and Lowell General Hospital), and Eastern Maine Medical Center
(Bangor, Maine) if they were exposed to maternal methadone (Tufts and Eastern Maine
Medical Center) or buprenorphine (Tufts) in utero for at least 30 days, as documented in the
maternal obstetric records. Participants were enrolled between July 2011 and July 2012.
Mothers were recruited in the third trimester or upon admission to the labor and delivery
unit. One infant was excluded because of a severe medical problem that prolonged
hospitalization and affected the need for opioid medications. All mothers whose infants
participated were also enrolled in the study. The study was approved by the institutional
review boards of all sites and written informed consent was obtained from all participants.

To obtain a DNA sample, cord blood (PAXgene Blood DNA tube), maternal peripheral
blood, or a saliva sample (Oragene OG-500 or OG-250 DNA collection kit with CS-1
sponges) was collected from all participants.16:17 Baseline characteristics were collected
from the infant’s chart, including birth demographics, medical diagnoses, and NAS outcome
measures. Maternal records were reviewed to obtain information, including obstetric
complications, use of tobacco or psychotropic medications, and substance abuse treatment
during pregnancy. Race and ethnicity as defined by the maternal participants was also
collected because response to narcotics, the development of addiction, and genetic variations
vary according to ethnicity.

Infants were treated according to institutional NAS treatment protocols. All infants were
scored every 3 to 4 hours with a modified Finnegan NAS severity scoring system
(MOTHER NAS Scale), which was performed in an identical fashion at all sites®18 and is a
standardized 21-item checklist of the most frequently observed withdrawal symptoms, with
a range of scores between 0 and 42. Infants with 3 consecutive scores of 8 or more or 2
consecutive scores of 10 or more began receiving first-line therapy, which was neonatal
morphine solution (0.5-1.0 mg/kg/d) or methadone (0.5-1.0 mg/kg/d). If the infant reached
the maximum recommended dose of morphine or methadone and still had 2 to 3 consecutive
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scores of 8 or more, then second-line therapy was initiated with phenobarbital or
clonazepam. Infants were weaned from morphine, methadone, and clonazepam as inpatients
and monitored for 48 hours before discharge home. Phenobarbital weaning was completed
on an outpatient basis.

Laboratory Methods

All DNA samples were sent to the Tufts Medical Center Clinical and Translational Research
Center Core Laboratory for processing. Blood samples collected in DNA tubes were frozen
within 14 days at =70°C until DNA isolation.16 Salivary specimens were stored at room
temperature before DNA extraction.1’ DNA was then isolated and the regions of interest
were genotyped for the following 5 SNPs: 118A>G (rs1799971, dbSNP database; assay
C_8950074_1) within the OPRML1 gene; 3435C>T (rs1045642, dbSNP; assay C_7586657 _
20), 2677G/T/A (rs 2032582, dbSNP; assays C_11711720C_30 and C_11711720D_40), and
1236C>T (rs1128503, dbSNP; assay C_7586662 _10) within the ABCB1 gene; and 158A>G
(rs4680, dbSNP; assay C_25746809_50) within the COMT gene, using established Tagman
technology.

Statistical Methods

Genotype frequencies for the infants were summarized and the 2 test (goodness of fit) was
used to assess for differences from the HapMap CEU database.1? Each SNP was assessed
for Hardy-Weinberg equilibrium. Demographic and clinical information was described for
the cohort. NAS outcome measures were LOS (days), maximum modified Finnegan score
during the hospitalization, maximum daily dose of morphine or methadone (milligrams),
need for any NAS treatment, and need for treatment with 2 or more medications (yes/no).
Length of hospital stay was chosen as the primary outcome measure because it reflects the
overall severity of NAS (longer LOS is associated with more treatment with 1 or more
medications to control symptoms and a longer weaning period) and is routinely used in
studies of NAS.

We used the dominant genetic model to assess the association between each SNP and the
NAS outcome measures. Homozygotes for the major allele were compared with grouped
heterozygotes and homozygotes for the minor allele. Then, in an additive genetic model, the
number of minor alleles (0, 1, or 2) was tested for association with the outcome. Because
total opioid treatment days correlated strongly with LOS (r = 0.92; P < .001), opioid days
are not reported separately. Independent sample t tests or analysis of variance was used to
assess for differences in continuous variables; and the 2 test (test of independence) for
categorical variables. Additive models that were statistically significant were further
examined by testing pairwise comparisons and trend. For those outcome measures with P

< .05 in the bivariable analysis, linear or logistic regression was performed to adjust for
demographic and clinical factors that were found to be associated with the outcome at P < .
05 in bivariable analysis. B Coefficients were derived from linear regression models,
representing between-group differences in LOS. The a level (probability of type | error) for
genetic association results was set at .01, applying the Bonferroni method to account for the
testing of 5 SNPs.
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Those SNPs that demonstrated an association with NAS outcomes were then combined in
linear and logistic regression models to determine whether there was an additive effect of
carrying more than 1 of these minor alleles. Regression analyses were also used to examine
whether knowledge of the maternal SNP genotype was associated with infant NAS
outcomes. The McNemar test was used to assess the correlation between maternal and infant
genotypes. Statistical analyses were performed with R programming (2010).

From the Tufts-affiliated sites, a total of 65 mothers were eligible; 5 refused consent and 9
were missed, leading to an enrollment of 78% (n = 51). At Eastern Maine Medical Center,
an estimated 75 mothers were eligible and 47% (n = 35) were enrolled (the remainder were
missed). Our total cohort included 86 mother-infant dyads (all singleton pregnancies). Mean
birth weight was 3.2 kg (95% Cl, 3.1-3.3 kg) and 98% of participants were white (Table 1).
Medical and psychiatric comorbidities of the participants are listed in Table 1. Eighty-one
(94%) of the mothers were receiving opioid substitution therapy from the first trimester,
with 17 (20%) relapsing into illicit drug use during the third trimester. Five of the mothers
had gestational diabetes or preeclampsia; none had significant complications during
delivery.

Average LOS for all infants was 22.3 days (95% CI, 18.8-25.8 days); for treated infants,
31.6 days (95% ClI, 28.2-35.0 days). Fifty-six (65%) of all infants were treated for NAS, and
24% were also treated with phenobarbital (n = 16) or clonazepam (n = 5). NAS outcome
measures were not significantly different between the Tufts and Eastern Maine Medical
Center sites.

DNA was available for all 86 infants and 79 of the mothers. The genotype frequencies for
the infants are shown in Table 2. A genotype was unable to be determined for 1 infant for
the OPRML1, 2 infants for the COMT, and 2 to 4 infants for each of the ABCB1 SNPs
(insufficient sample available). The OPRM1 118A>G, COMT 158A>G, ABCB1 2677G/T/A,
and ABCB1 1236C>T SNPs demonstrated Hardy-Weinberg equilibrium and were not
statistically different from the allele frequencies of the HapMap CEU.10 A higher allele
frequency of the minor T allele for ABCB1 3435C>T was found in our population in
comparison with the HapMap CEU (2 = 6.78; P = .03).

Variables related to NAS severity are shown in Table 3. Breastfeeding demonstrated a
consistent association with all outcome measures, with breastfed infants demonstrating
decreased LOS (15.8 vs 27.4 days; P <.001) and receipt of any medical treatment for NAS
(50% vs 77%; P = .009). Infants born to mothers who smoked cigarettes had a higher
likelihood of receiving 2 or more medications (31% vs 0%:; y2 = 7.88; P = .005). However,
cigarette smoking was not found to be significantly related to other NAS severity outcome
measures (Table 3). Maternal methadone or buprenorphine dose at delivery did not correlate
with any NAS outcome measure.
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OPRM1, COMT, and ABCB1 SNP Associations

Infants with the OPRM1 118A>G AG or GG genotype had shorter LOS and were
significantly less likely to receive any treatment than AA infants in adjusted, but not
unadjusted, analyses (Table 4). Maximum Finnegan scores and treatment rates with 2 or
more medications were not significantly different. Analyses were adjusted for study site and
breastfeeding. The additive model was not applied to OPRM1 because the minor allele
frequency was less than 0.2.

In a dominant model (AA vs AG/GG), infants with the COMT AG or GG genotype had
shorter LOS compared with those with the AA genotype and less treatment with 2 or more
medications in adjusted and unadjusted analyses (Table 5). The maximum Finnegan score
did not differ between infants with AA/GG and AA genotypes.

In an additive genetic model for the COMT SNP (AA vs AG vs GG), infants with the AG
and GG genotypes received 2 or more medications less often than AA infants (AG, 9/46
[20%]; GG, 3/22 [13%]; and AA, 10/17 [56%]; P = .005), as seen in the dominant model
(eTable 1, available at http://www.jama.com). However, the AG genotype was not
significantly different from the GG genotype for any other NAS severity outcome measure.

In bivariable analyses, no NAS severity measure was different according to infant genotype
in any of the 3 ABCB1 SNPs (eTable 2).

Combined Infant OPRM1 and COMT Genotypes

Twenty-three infants had both protective alleles (defined as OPRM1 and COMT AG/GG
genotypes), 2 had OPRML1 only, 45 had COMT only, and 15 had neither. Given the findings
for the OPRM1 118A>G and COMT 158A>G SNPs, regression analyses were performed to
compare infants who had both protective alleles with those who had the G allele in COMT
only or in neither SNP. In linear regression adjusted for breastfeeding, LOS was not
statistically significantly different for infants with neither allele (3 = 13.1 days; 95% Cl, 3.2—
23.1 days) or COMT only (B = 6.7; 95% CI, —1.0 to 14.5) compared with infants with both.
In logistic regression adjusted for breastfeeding, the receipt of any NAS treatment was not
statistically significantly different when neither protective allele was present (odds ratio =
6.37; 95% CI, 1.40-37.34) or when only COMT was present (odds ratio = 3.81; 95% ClI,
1.26-12.55).

Maternal OPRM1 and COMT Genotype

In an exploratory model we tested whether maternal OPRM1 and COMT SNP genotypes had
any association with any NAS outcome measure. Maternal O P RM 1 AG/GG genotype in
the 118A>G SNP was associated with less receipt of any NAS treatment (40% vs 69%; P =.
04; adjusted odds ratio = 0.70; 95% CI, 0.54-0.90; P = .008) in a model that adjusted for
study site and breastfeeding. After adjusting for the infant OPRM1 genotype, the odds for
needing any treatment were no longer statistically significant (odds ratio = 0.74; 95% ClI,
0.57-1.02). In a model that adjusted for infant OPRM1 genotype and breastfeeding,

maternal OPRM1 genotype was not associated with a decrease in LOS ( = —11.0 days; 95%
Cl, -20.6 to —1.4 days). Infant OPRM1 genotype was independent of maternal genotype
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(McNemar %2 = 3.37; P = .07) in our cohort, likely secondary to the small sample size. No
differences in NAS outcome measures were found according to maternal COMT 158A>G
genotype.

DISCUSSION

Data indicate that SNPs in the OPRM1 (118A>G) and COMT (158A>G) genes in the infant
are associated with NAS, with those with the minor G alleles in these 2 SNPs demonstrating
a reduction in LOS and for the receipt of any medical treatment of NAS. Data also suggest
that maternal OPRM1 118A>G genotype may be associated with neonatal outcome. Given
our small sample size, the results of this study should be taken as preliminary, with need for
further confirmation of these associations in larger studies.

The OPRM1 118A>G SNP causes an amino acid change resulting in a 3-fold increase in
binding with B-endorphin.1® Data from animal models and in vivo studies also indicate that
the G allele is associated with a decrease in protein expression and p-opioid receptor
binding.19-21 In a mouse model, differences in the affective component of morphine
withdrawal were observed, depending on SNP genotype.2! Previous studies have also
demonstrated a protective effect of the G allele against nausea and vomiting.22 Infants with
the G allele, a variant known to be associated with adult drug addiction, may have been
more tolerant to opioid withdrawal because of decreased opioid receptor binding and
increased binding of endogenous B-endorphin. In addition, given that the minor allele
frequency is 12% to 15%, if the mother carries at least 1 copy of the G allele, she has a 50%
or greater chance of passing along this allele to her infant. Future studies will need to
determine whether this SNP is a helpful prenatal predictor of NAS.

Variations in the COMT gene have previously been linked with disorders such as
schizophrenia, anxiety, and drug abuse.13 Addictive drugs increase the brain’s dopaminergic
transmission, with the COMT enzyme playing a crucial role in dopamine inactivation. The
COMT 158A>G SNP leads to a valine-to-methionine amino acid substitution. The Met-
containing enzyme (G allele) demonstrates a 3-to 4-fold reduction in COMT enzyme
activity.2324 In individuals with the G allele, there is up-regulation of the p-opioid receptor
in various regions of the brain.24 Previous studies in adult patients with cancer showed that
those with the Val/Val (AA) and Val/Met (AG) genotypes required significantly more
morphine than those with Met/Met (GG).14 We postulate that an association exists in infants
with the G allele, with shorter LOS and the need for less treatment for NAS because of
reduction in COMT enzyme activity, increased level of circulating catecholamines, and
improved stress tolerance.

Though we did not see significant results for the 3 ABCB1 SNPs, this gene remains an
important candidate gene for NAS. SNPs in this gene have previously been shown to affect
methadone requirements in adults by decreasing P-glycoprotein transporter expression and
function.11:12 Studies in a larger population of infants are necessary to further evaluate the
effects of variations in the ABCBL1 gene on NAS.

JAMA. Author manuscript; available in PMC 2015 May 15.



1duosnue Joyiny 1duosnue Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Wachman et al.

Page 8

This study has some limitations. Though the modified Finnegan scoring system is a well-
validated tool for evaluating NAS symptoms, it remains somewhat subjective, with
significant intraobserver variability. Identical NAS scoring guidelines were used at all study
centers. However, there may have been variability in scoring, treatment, and weaning
methods among the many physicians and nurses providing care to these infants. The use of
expert NAS scorers and supervised treatment protocols is warranted in future studies.

In addition, our primary outcome measure of LOS can be influenced by social determinants
such as placement in foster care. However, we demonstrated a strong correlation between
LOS and total opioid treatment days (r = 0.92) in our cohort, making social factors unlikely
to be a significant contributor. We also did not collect data on the cumulative amount of
replacement opioids the infants received during the hospitalization, which could serve as an
additional outcome measure.

Other limitations to the generalizability of this study include lack of ethnic variability (minor
allele frequency can vary according to ethnicity) and the relatively small number of infants,
which did not allow for replication of results or full exploration of the additive genetic
model. It is possible that the nonsignificance for many of the outcome measures was due to
small sample size and lack of statistical power.

To our knowledge, this is the first study to examine the association of genomics with opioid
withdrawal in infants and may provide insight into the mechanisms underlying NAS. There
is a need for replication of these results before more definitive conclusions can be made of
the association between the OPRM1 and COMT variants and NAS.
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Maternal and Infant Demographics

No. (%)

Infants (n = 86)

Gestational age =38 wk 70 (81)

Male 51 (59)

White 84 (98)

Breastfed 38 (44)
Medical comorbidities

Respiratory 13 (15)

Hypoglycemia 2(2)

Cow’s milk intolerance 7(8)
Mothers (n = 86)

Cesarean delivery 31 (36)

HIV positive 2(2)

Hepatitis C positive 30 (35)
Opioid medication

Methadone 55 (64)

Dose, mean (95% Cl), mg&

106.3 (88.5-124.1)

Buprenorphine

31 (36)

Dose, mean (95% CI), mg@

15.8 (12.7-18.9)

Smoked cigarettes 67 (78)
Psychiatric diagnoses
Depression 15 (17)
Bipolar disorder 8 (9)
Anxiety disorder 32 (37)
Benzodiazepinesb 10(12)
SSRIsP 40

Abbreviations: HIV, human immunodeficiency virus; SSRI, selective serotonin reuptake inhibitor.

a . .
Dose of maternal methadone and buprenorphine at delivery.

Table 1

bMaternal use of benzodiazepines or SSRIs during the third trimester.

JAMA. Author manuscript; available in PMC 2015 May 15.

Page 10



Page 11

Wachman et al.

Author Manuscript

920=99
54
€50=9 ¥50 = 9V
V0=V 020=VV 8 (089%81) D<V8ST LINOD
5o 8T0=11
o=1 9'0=10
- 650=0 98'0=22 8 (£0582TTS4) 1<D9¢€2T TdOAV
100=VV
8z v00=V ¥0'0 = OV
8y0=1 9z0=11
vro=19
- 870=9 920=99 z8 (z852€£0281) V/1/91.92 1909V
9e0=1L1
€0
650=1 80=10
= S0=2 920=00 €8 (zv9sv0Ts1) 1<OSEvE TaOaV
o 100=99
ST0=9 820 =9V
— G80=V 1L0=VV ] (TL666.T51) O<V8TT TINIHO

Brequem-ApeH JojanfeA d

sapuenbai4ap|ly sepuenbei4adAioues  oN  wsiydiowAjod apnospnN-aibuis

¢ ?olgel

Author Manuscript

Author Manuscript

(98 = N) sa1ouanbai adAjouas) ueyu|

Author Manuscript

JAMA. Author manuscript; available in PMC 2015 May 15.



Page 12

Wachman et al.

JUBWIIEaI) SWIOIPUAS 30UBUNSTE [eIeUuoaU aull-1siiH

vl (¥9) o oSV (r's2-8'21) 912 (02 =u) ge=
(69) TT (0'56-0'91) §'S2 (9T =U) 8e>
M ‘abie euonelsan
4600 (09) 61 2100'> _H (T'02-6T1) 8°6T (88 =) soA
(L2) L (ece-szd) vie (87 = u) oN
Buipasjisealg
oSt (29) sv A (Gle-e61)v'ee (29=U) oA
(89) 1T (§'5z-€'TT) ¥'8T (6T =U) ON
Burjows
469 (01) 2 LT (z17-0€1) T0E (0T = u) S8A
(€9) L¥ (9v2-9°LT) 112 (¥2 =u) ON
sauidazelpozuag
e’ (T'02-G'TT) 8'GT :Paleanun SA (8°02-9°0T) L'ST :pereaiL p6Y’ 800 =1 0P 2s0p [eusarew aulydiousidng
els (T'€ET-6'¥8) 0°60T :Pateanun s (y'zzT-v'L.) 666 :peareall  pbC ST0=1 obu *8sop [eulstew BUOpELRBIN
(89) 81 (9vz-z€eT) 68T (T€ = u) suiydiouaidng
qO¢’ (69) 8¢ esT (L'82-L6T) 2¥C (55 = u) auopeyaIN
aneAd (%) "ON ‘pores. L siveju| aneA d P ‘(10 %s6) ues N ‘Aels Jo Yibue a|qelre
A11IBAS 9WO0IPUAS 92UBUNSAY [RIRUOSBN JO SAlRIIBAOD [R1IUdl0d
€ 9|gel

Author Manuscript

Author Manuscript

Author Manuscript

Author Manuscript

JAMA. Author manuscript; available in PMC 2015 May 15.



Page 13

Wachman et al.

*1S8) UOI1[31100 U0SIEad 8} UIM Pale|nofed sanjea n__u

*K1aA11ap 1e sulydiousidng pue suopeylsl [eulsiew Jo ssoQ
"20uapuadapul J0 158} ;¥ & UM paje|ndfed sanfeA n_g
'$158] 1 8| dWes-g Y)IM pale|nojed sanfea dy,

*81qeatdde 10u “vN :UONBIABIGGY

VN ce- (676-6'€2) ¥'62 (8T = u) suopeysN
e
VN (0°26-1'82) 9'2€ (8 = u) uonnjos auiydio
aneAd (9) 'ON ‘poress | s1ueju| aneAd P ‘(10 %S6) Ues N “Aeis Jo Yibue a|qelre

Author Manuscript

Author Manuscript

Author Manuscript

Author Manuscript

JAMA. Author manuscript; available in PMC 2015 May 15.



Page 14

Wachman et al.

‘uonezijendsoy ayy BulINp 8100s ueBsuul palyIpow wnuwIXen

"souspuadapul Jo 1sa} ;X B LI PaJeINo[ed 81aM S}Insal pajsnpeun Joj sanjea n_v

'S|9poW UoISSaIBal Jeaul] Yl pare|nded alam SO Ul sedualayip dnoib-usamiag Buiresipul sjuaiolgao) au
5159} 1 9|dwies-z ynm paje[nafes alam sinsal paisnipeun 1oy sanjea n_o_
"a11s Apnis pue Buipaajisealq 10} paisnipe a1am sasAleue || "G0'> d YIM asoyl pue SO 40 ainseaw awodino Asrewnid Ino 1oy Ajuo pawiiogiad sasAjeue u&w:_c,qm

"017e4 SPPOo ‘YO ‘101dadal proido-r ‘TINHO ‘Aeis Jo yibus| ‘SO :SsuoneInaIqay

q80 (6TT015°6) L0T (62T TTI) 02T a(1D %56) Ueaw ‘2109s wnwixeiN

q¥ (8y'T01280) LT'T (e6'T016ST) 92T B ‘(1D %G6) Ueal ‘suopeylaw Ajrep wWnwixew

qes’ (S2201T2T) 86T (86T 0109°T) 64T Bui (12 %56) Uesw ‘aulydiow Ajrep wnwixepy

pee’ (oD v (82) 2t (%) "ON ‘suonesipsy z2

900’ (96'0 01 €9'0) 92°0 'HO pr0’ (8v) 2T (21) ev (%) "ON ‘pareas syuepul

600 o(1'2-016v1-) §'8-=9 qbT’ vz ZTn) 921 (82 01 8°6T) T'h2 P (1D %S6) Ueaw 'SOT
pasnlpy lojaneAd (1D %S6) dUeeHIa pesnipy  pawsnipeun JojaneAd (G2 =U) 99/OV TANYAO (09 = U) YV TINYO 9L09INO WO JPUAS 30UBUIISAY [eTeUOSN

el9POIA JuBUIWOQ O<V8TT TINJHO

v alqel

Author Manuscript Author Manuscript Author Manuscript Author Manuscript

JAMA. Author manuscript; available in PMC 2015 May 15.



Page 15

Wachman et al.

‘uonezijendsoy 8y BulINp 8100s ueBsuul palyIpowW wnuwIXen,

"8ouspuadapul Jo 1sa} ;X B LI PaJeINo[ed 81am s}Insal pajsnpeun 10y sanfea d

p

'S|apow UoIssalfas Jeaul] Yum pale|ndjed atem SO Ul sedualapip dnoib-usamiag Buiresipul sjusidiao)d au

81581 1 9] dWies-Z Ylm pare|nofed a1am sinsal paisnipeun oy sanfea d

q

"a11s Apnis pue Buipaajisealq 10} paisnipe a1am sasAleur || "S0'> d YM 3soy}l pue SO 40 ainseaw awodino Asrewid Ino 1oy Ajuo pawiogiad sasAjeue u&w:_c,qm

"0138J SPPO "HO ‘Aels Jo yIBua| ‘SO ‘eseusysurAYIBW-0-]0Y281ed ‘1 INOD :SUOIBIAIGQY

10 (s0-a0y-)ez-=9 g0’ (02T 901) £'TT (95T 0 9°TT) 9°ET a(1D %G6) UeaLL ‘21005 NWIXEIN
q6s’ (PL'TO ZY'T) 85T (0zzor9eT) 82T Bui ‘(1D %S6) Ueaw ‘suopeyisw Ajrep wnwixen
S0’ (68T 016ST) VLT (1§701€9T) 0Tz Bw ‘(10 %S6) Uesw ‘aulydiow Ajrep wnwixepy
100° (98'00155°0) 89'0 MO ptoo’ (@um) et (299)6 (%) "ON ‘suoneoIpaN Z2
20 (66°0 03 69°0) 62°0 ‘4O pr0’ (€°09) T¥ (528) ¥T (%) "ON ‘pareas syuepul
S00° olre-012'81-) 801- =4 qv10 (€'vz 01 5'9T) ¥'02 (1'8e 01 6'€2) T'TE P (1D %G6) UesW ‘SO

pasnipy JojeneAd

(1D %s6) @oue BYIA PN lpy

posnipeun lojeneAd (89 =U) 99/9V LINOD (9T =U) YV LINOD

3W02INQO WO JPUAS 80UBUISTY [eTeUOSN

Author Manuscript

Author Manuscript

G 9lqel

Author Manuscript

el9PON JuBUIWOQ O<V8ST LINOD

Author Manuscript

JAMA. Author manuscript; available in PMC 2015 May 15.



