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Abstract

Objective—We assessed the risk of adverse fetal outcomes following exposure to individual
immunosuppressive drugs in pregnant women with chronic immune mediated diseases.

Methods—We used health plan data from Tennessee Medicaid and Kaiser Permanente Northern
California and Southern California linked with vital records and medical records. Women with
inflammatory arthropathies, systemic lupus erythematosus, and inflammatory bowel disease who
filled prescriptions for immunosuppressive treatments during pregnancy were included. Major
congenital malformations, fetal deaths, and life-threatening neonatal complications were identified
from electronic data and validated with medical record review.

Results—The cohort included 608 infants, including 437 with exposure during pregnancy (402
first trimester, 35 second and third trimester only) and 171 whose mothers filled prescriptions for
immunosuppressives before, but not during, pregnancy. There were 25 pregnancies (4.1% of the
cohort) with confirmed major congenital malformations, 10 fetal deaths (1.6%), 23 life-
threatening neonatal complications among preterm infants (20.4%), and 10 (2.1%) life-threatening
complications among term infants. Compared to the reference group (medication treatment before,
but not during, pregnancy), the risk ratios for adverse fetal outcomes associated with
immunosuppressive use during pregnancy by exposure category included: methotrexate [risk ratio
1.39 (95% confidence interval 0.43,4.53)], tumor necrosis factor inhibitors [0.98 (0.38,2.55)],
hydroxychloroquine [1.33 (0.69,2.55)], and other immunosuppressives [0.98, (0.48,1.98)].

Corresponding Author: William O. Cooper M.D., M.P.H., Suite 313 Oxford House, 1313 215t Avenue South, Nashville, TN
37232-4313, Phone: 615-936-2430, Fax: 615-343-6249, william.cooper@vanderbilt.edu.
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Conclusions—We found no evidence of a large increase in risk of adverse fetal outcomes from
first trimester exposure to immunosuppressive medications, though confidence intervals for risk
ratios were wide. Further studies will be needed as use of these medications increases over time.

Chronic immune mediated diseases, including inflammatory arthropathies, connective tissue
disorders, and inflammatory bowel disease, affect 3.5-5.5 million persons in the US(1, 2)
and occur more commonly in women.(3-5) Because the onset of many of these diseases is
during childbearing years(1, 2) and up to 50% of pregnancies in the US are unplanned,(6) it
is plausible that many women taking medications to treat these conditions may become
pregnant inadvertently and discover the pregnancy while taking the medication. In addition,
many chronic immune mediated diseases might require treatment during pregnancy.

However, there is limited information on the fetal effects of the medications prescribed for
treatment of chronic immune mediated diseases during pregnancy.(7, 8) Many of the studies
to date assessing fetal outcomes have been uncontrolled case series, measured outcomes
after knowledge of exposure, and included pregnancies with exposures to multiple
medications at a time, limiting the ability to understand the effects of individual
medications. Thus, we conducted an observational study in three large health plans which
provide coverage for over 8 million individuals each year with considerable geographic and
sociodemographic diversity. We assessed the relative proportion of adverse fetal outcomes
following exposure to individual immunosuppressive medications during pregnancy for
women with chronic immune mediated diseases.

PATIENTS and METHODS

Data Sources

Cohort

We obtained study data from computerized claims, vital records, electronic medical records,
and hard copy medical records for three geographically diverse health plans (Tennessee
Medicaid, Kaiser Permanente Northern California, and Kaiser Permanente Southern
California). All three health plans have automated databases that have been used previously
to conduct similar studies.(9, 10) We have found excellent concordance between vital
records and medical records for the key variables used to conduct the study, including last
menstrual period (LMP), demographic variables, smoking, and alcohol use.(10) The
initiation of the study differed according to site based on the earliest availability of the site’s
computerized data (1995 for Tennessee Medicaid, 1998 for the Kaiser sites). Follow-up
included deliveries/fetal deaths occurring through 2007.

To assemble the retrospective cohort (Appendix A), we identified women and infants in the
health plans who met all of the following criteria: 1) diagnosis of an immune mediated
condition: inflammatory arthropathies (rheumatoid arthritis, psoriatic arthritis, and
ankylosing spondylitis), connective tissue disorders (systemic lupus erythematosus,
scleroderma, inflammatory myopathies, and mixed connective tissue disorders), and
inflammatory bowel disease, in the 180 days preceding the LMP (Appendix B); 2)
prescription for one of the immunosuppressive medications of interest (Appendix C) or 30
days of consecutive corticosteroids between 180 days prior to the LMP and the date of
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delivery or date of fetal death; 3) continuous enrollment of the mother from 180 days prior
to the LMP through the date of delivery/fetal death; 4) continuous enrollment of the infant
from birth through 90 days of life or the date of death (including fetal death); and, 5)
singleton birth. Births with maternal prescriptions during the first trimester for non-study
medications thought to be teratogenic (valproic acid, chemotherapy medications, lithium
misoprostol, and warfarin) were excluded.(10)

Medication Exposures

All births in the study group were classified according to maternal immunosuppressive
medication use during pregnancy (Appendix D). To facilitate comparisons between
individual medications, mutually exclusive categories of fetal exposure during the first
trimester were created and included any methotrexate exposure, any TNF-1 exposure in the
absence of methotrexate, hydroxychloroquine in the absence of methotrexate or TNF-I, and
other immunosuppressives in the absence of methotrexate, TNF-I, and hydroxychloroquine.
The primary comparison group included women with immune mediated diseases treated
with immunosuppressive medications in the 180 days before, but not during, pregnancy. For
these women, last use of one of the study medications was a mean 2.4 months before the
LMP.

Identification of Possible Study Outcomes

Adverse fetal outcomes included congenital malformations, fetal death, and life-threatening
neonatal complications. Possible congenital malformations were identified from birth
certificate checkboxes and infant claims in the first 90 days of life, fetal death or death
certificates (deaths during the first 90 days of life), and the maternal hospitalization
associated with the delivery or fetal death. Life-threatening neonatal complications were
identified from infant claims and included respiratory failure, seizure, moderate to severe
jaundice, or sepsis during the first 28 days of life.

Validation of Study Outcomes

Analysis

Medical records and autopsy reports were reviewed to confirm all adverse fetal outcomes.
Trained chart abstractors obtained the pertinent medical records, including transfer
hospitalizations, which were de-identified and then reviewed by two physician adjudicators
(WOC, STC), who were unaware of maternal drug exposure, to confirm that outcomes met
the study clinical definitions. (10) For example, congenital malformations met definitions
for individual malformations used in the Metropolitan Atlanta Congenital Defects Program.
(11)

Proportions of study endpoints for each exposure category were calculated by dividing the
number of infants with the study endpoints by the corresponding number of births.
Comparisons of study endpoints by exposure group were performed by calculating risk
ratios for exposures to medications of interest compared to the reference group.

In order to control for potential confounding, we used data from the 180 days prior to LMP
to create a propensity score, constructed as the linear predictor of a binary logistic regression
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model in which the dependent variable indicated any use or non-use of immunosuppressives
(Appendix E). We then used Poisson regression to estimate the risk ratios for the effect of
immunosuppressives on study endpoints adjusting for the propensity score as a model
covariate. We chose Poisson regression without an offset variable because the outcomes of
interest do not occur at an even rate during follow-up and because this approach yields risk
ratio estimates, which are more intuitive to quantify the exposure effect.(12) We utilized the
generalized estimating equation (GEE) method with Huber-White sandwich estimator to
provide correct estimates of standard errors of the log of the risk ratio, preventing the model
from over-dispersion and accounting for dependency among repeated measures. (13)

Human Subjects Protection

RESULTS

The study was carried out in compliance with the Helsinki Declarations. Permission to
perform the study was obtained by the institutional review boards for each site, as well as
the health plans that provided the data.

The final cohort included 608 mother-infant pairs occurring in 573 unigue women, including
402 pregnancies with first trimester exposure to the immunosuppressive medications of
interest (23 methotrexate, 56 TNF-1, 194 hydroxychloroquine, 129 other
immunosuppressives), 35 with exposures to immunosuppressives in the second and/or third
trimester only, and 171 with no exposure to immunosuppressive medications during
pregnancy (Table 1). The maternal age, race, ethnicity, education, Medicaid enrollment, and
smoking status for mothers in the cohort varied by the medication exposure group (Table 1).
The distribution of maternal chronic immune mediated diseases varied by medication
exposure group as well (Table 1), reflecting the clinical use of these medications for the
conditions included. The mean year of birth was comparable for all of the exposure groups
with the exception of TNF-I, in which infants had a later mean year of birth, reflecting the
more recent approval and marketing of these medications. There were no clinically
significant variations in mean birth weight or gestational age across the medication exposure
groups.

Adverse fetal outcomes according to medication exposure group are shown in Table 2.
There were 25 pregnancies (4.1% of the cohort including all exposure groups) with
confirmed major congenital malformations, including 2.3% in the 171 mothers with no
pregnancy exposures and 3.1-6.7% in the four groups with first trimester exposures to the
medications of interest. There were 10 fetal deaths (1.6%) in the cohort, including 2.3% in
the reference group and 0%-8.7% in the first trimester exposure groups. Because of the
known strong association between preterm birth and adverse post-delivery outcomes, we
considered life-threatening neonatal complications for preterm and term births separately.
Among the 113 preterm infants, there were 23 (20.4%) who had neonatal complications.
These included respiratory failure in 21 infants and sepsis in 13 infants. Among the 485 term
infants, 10 (2.1%) had life-threatening neonatal complications following delivery.

There was no statistically significant difference in the study outcomes among first trimester
exposure groups and the reference group of mothers with immune mediated diseases who
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used medications before, but not during, pregnancy for any of the medications of interest
(Table 3). However, confidence intervals were wide for some risk ratios due to small
numbers of first trimester exposures.

We performed sensitivity analyses which included exposures to drugs with long half-lives in
the 30 days prior to LMP, which were not materially different from our primary analyses.
We also performed comparisons between infants with prenatal exposure to
immunosuppressives in the second or third trimester, but none in the first trimester (n=35)
with our reference group of no immunosuppressive medication use during pregnancy. In
these comparisons, we found no material differences in the proportion of infants with each
of the specified study outcomes. To assess whether the mother’s disease process might
influence the associations between medication exposure and adverse outcomes, we
compared the proportion of outcomes occurring in medication exposure groups by maternal
condition (Appendix E). Small sample size precluded statistical comparisons of these
groups.

DISCUSSION

In this retrospective cohort study drawn from three large health plans with considerable
geographic, socioeconomic, racial, and ethnic diversity, adverse fetal outcomes for infants
whose mothers had exposure to immunosuppressive medications during pregnancy were
uncommon events. Though confidence intervals were wide and statistical power was
limited, we found no significant increase in risk for congenital malformations, fetal death, or
neonatal complications in pregnancies with first trimester exposures to immunosuppressive
medications. Although the rates of these adverse pregnancy outcomes in the cohort were
greater than previously published rates in all pregnancies in the United States,(14) this may
reflect different ascertainment methodologies, the underlying chronic immune mediated
diseases treated by the medications, as well as exposure to these drugs.

Our study addresses many limitations of prior research in this area. Rather than including
patients from a single institution or registry, we identified women with immune mediated
diseases from three large health plans which included large numbers of racial and ethnic
minorities, groups which have been understudied in previous work. Because some of the
autoimmune conditions increase the risk for adverse fetal outcomes, we restricted the cohort
to women with treated autoimmune conditions and compared risk for women with treatment
during pregnancy to women with treatment before, but not during, pregnancy. Exposures to
the medications of interest were identified from filled prescriptions, avoiding recall bias
inherent in interviewing mothers or requesting information from providers. In addition, by
identifying study outcomes from claims and vital records and reviewing medical records and
autopsy reports to confirm all outcomes, we avoided ascertainment bias present in voluntary
post-marketing databases. Finally, while many previous studies included women with
exposure to multiple medications at a time, we constructed mutually exclusive exposure
groups, allowing us to ascertain outcomes for each medication group of interest.

We did not find a statistically significant increase in the proportion of congenital
malformations among infants whose mothers had exposure to methotrexate in the first
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trimester. The one malformation among 23 exposed women was not one of the classically
described malformations. Many of the previous reports linking methotrexate to
malformations included women with higher doses used to treat cancer as opposed to the
lower doses used to treat rheumatoid arthritis in our cohort.(15) In addition, it is possible
that some women with methotrexate exposure terminated the pregnancy prior to 20 weeks.
Thus, our study findings do not provide reliable evidence that methotrexate is safe for use
during pregnancy.

Limitations of our study include identification of maternal autoimmune conditions with
ICD-9 codes, though our review of medical records for cases identified concordance
between claims diagnoses and medical records 85% of the time. In addition, we could not
identify spontaneous or therapeutic pregnancy terminations. We could not determine if
women filled prescriptions for methotrexate for intended termination of pregnancy, though
we found that most of the women filled several prescriptions during pregnancy, suggesting
that this was not the case. While smoking and alcohol use may be underreported in 20-25%
of pregnancies,(10) underreporting is unlikely to be differential by exposure group. In
addition, despite the combination of data from three large health plans, there were small
numbers of outcomes, which limited study power. As a result, confidence intervals around
our risk ratios were wide for many comparisons. However, even if risk is increased, these
estimates suggest that the magnitude of risk would not be on the order of other important
teratogens, such as thalidomide.

In conclusion, while these data provide safety information on the magnitude of potential risk
of adverse fetal outcomes for women with chronic immune mediated diseases and their
healthcare providers, further follow-up studies with greater sample size will be needed. In
addition, further monitoring for potential adverse fetal effects will be needed as use of some
of these medications increases over time.
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A. Cohort Formation

Wormen with use of a study medication
at any time during the study period and
a pregnancy during the study period
(n=47,033)

Mo autoimmune diagnosis
1 = during a study period
pregnancy (n=38,321)

Women with autoimmune diagnosis
[LMP-180, LMF] during a pregnancy

occuring during the study period
(n=8,712)
Mether niot enrolled
1 — | throughout pregnancy
(n=1,589)
Mother enrolled throughout pregnancy
(r=7,123)
Infant ot enrolled from
4 — | birth through 90 days of life

or death (n=984)

Infant enrclied from birth through S0
days of life or death {n=6,13%)

[ Wother ddnotila |
prescription for a

! — | medication of interest
between [LMP-180,

delivery] (n=5531)

Mother filled a prescription for a
medication of interest [LMP-180,
delivery] (n=608)

The study used a distributed data approach where data from the three
sites were prepared with the exact same format, variable names, and file
structures. Common computer programs were created by the lead site
and sent to the participating sites and analysis files were then sent to the
lead site for analyses. To meet the privacy requirements at the
participating sites, the cohort assembly was structured to ensure that only
the minimal amount of data needed to conduct the study were shared
between sites. Thus, we first identified women in the health plans who
filled a prescription for one of medications of interest at any time during
the study period and who had a pregnancy at any time during the study
period. From this group, we identified women who also had a diagnosis of
an autoimmune disorder. From this group, we identified women and
infants who met enrollment criteria for the pregnancy during the study
period. The final cohort included women with singleton births who had
exposure to one of the medications of interest between the 180 days
preceding the last menstrual period and the date of deliveryffetal death,

B. Immune mediated Diagnoses of Interest
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We identified women with immune mediated diagnoses preceding pregnancy (LMP-180
through LMP) by searching health plan claims for diagnoses in any claim type for
conditions shown in Table A.1. and no evidence of an organ transplant between LMP-180
and date of delivery/fetal death (ICD-9 codes: V42.0, V42.1, VV42.6, V42.7, V42.81,
V42.83, 996.8x. CPT codes of 50320, 50360, 50365, 50370, 50380; 33935, 33940, 33945;
32851, 32852, 32853, 32854; 47135, 47136; 38240, 38241; 48554, 48556 ICD-9-CM
procedure codes of 33.5; 33.6; 37.5; 41.0; 50.5; 52.8; 55.6).
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Table A.1

ICD-9 codes for immune mediated diseases

Diagnosis 1CD-9 code
Inflammatory arthropathies
Rheumatoid arthritis 714.0
Felty’s Syndrome 714.1
Other RA with visceral or systemic involvement 714.2
Juvenile chronic polyarthritis 714.3
Chronic post rheumatic arthropathy 714.4
Rheumatoid arthritis lung 714.81
Inflammatory polyarthropathy 714.9
Ankylosing spondylitis/inflammatory spondylopathies ~ 720.x
Psoriatic arthritis or psoriasis 696.0
Connective Tissue Disorders
Systemic lupus erythematosus 710.0, 695.4
Systemic sclerosis 710.1
Inflammatory myopathy 359.6, 359.8x, 359.9
Connective tissue disorder, diffuse and mixed 710.8, 710.9
Inflammatory Bowel Disease
Crohn’s Disease 555.x
Ulcerative colitis 556.x
Other and nonspecified noninfectious colitis 558.x
Gastroenteritis and duodenitis 535.9
Anal fistula 565.1
Ulcer anus, rectum 569.41
Granuloma of rectum 569.49
Ulceration of intestine 569.82
Autoimmune Hepatitis
Chronic hepatitis 571.4x

C. Immunosuppressive Medications of Interest

We identified women from the three health plans who filled prescriptions for the
immunosuppressive medications of interest based on computerized health plan data.
Because of the dosing frequencies and extremely long half-life of some of the

Page 9

immunosuppressive medications, we estimated an exposure window based on the days of
supply for each prescription, the dosing interval for medications administered by infusion,
and the pharmacologic properties of the medications of interest (Table A.2). We defined the

exposure window as the period of active medication exposure and included the days of
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supply for drugs with shorter half-lives and one dosing interval for medications with longer
half-lives. Because of the complexities of determining biologic effects of many of these
medications, we were conservative in our definition and considered the risk to the fetus
greatest when there were high plasma concentrations of drug for the mother.

Table A.2

Immunosuppressive drugs for immune mediated disease

Medication Half-life(range)  Exposure Window

Antimetabolites

Methotrexate 8-15 hours Days supply
Tumor necrosisfactor antagonist (TNF-1)
Etanercept 3-5.5 days Days supply
Infliximab 8-10 days 56 days
Adalimumab 10-18 days Days supply
Anakinra 4-6 hours Days supply
Rituximab 3-8 days 14 days
Antimalarial drugs
Hydroxychloroquine 40 days Days supply
Other immunosuppr essive medications
Azathioprine 3 hours Days supply
Cyclosporine 10-27 hours Days supply
Cyclophosphamide 1-7 hours Days supply
Mycophenolate 16-18 hours Days supply
D-penicillamine 1-7 hours Days supply
Minocycline 11-22 hours Days supply
Sulfasalazine 6-10 hours Days supply
Leflunomide 4-28 days Adjusted days supply

We calculated an adjusted exposure window for leflunomide prescriptions, to account for its
extremely long half-life. Clinical guidelines recommend a washout period of several weeks
prior to pregnancy following pre-conception exposures to leflunomide, accompanied by an
11 day regimen of cholestyramine or activated charcoal, which is thought to reduce the
plasma levels of leflunomide below that which is felt to represent risk for the developing
fetus. (Temprano 2005) Thus, for women exposed to leflunomide where the prescribed days
of supply plus 21 days extended past the last menstrual period (LMP), we identified
prescribing of cholestyramine or activated charcoal between the last leflunomide
prescription and the LMP. If prescribing of this prevention regimen was identified, the days
of supply for leflunomide was terminated 11 days after the cholestyramine or activated
charcoal filling date.
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D. Classification of Maternal Medication Use

160 through delvery
days or date of death
4. Use of one of the study medications of interest [LMP-180, birth]
AND

5 Dhagnosts of an auteimmune disease

E. Propensity Score

In order to control for potential confounding, we performed Poisson regression with a
propensity score constructed as the linear predictor of a binary logistic regression model in
which the dependent variable was a binary variable indicating any use or non-use of
immunosuppressives. Maternal factors included in the propensity score model were
collected from the 180 days preceding LMP and included sociodemographic variables
(maternal age, race, ethnicity, years of education, parity), chronic health diagnoses
(smoking, diabetes, epilepsy, asthma, renal disease, cancer, heart disease, hypertension,
HIV, substance use, obesity, migraine headaches), medications used to treat chronic diseases
(angiotensin converting enzyme inhibitors, antihypertensives, anticoagulants, non-
teratogenic anticonvulsants, anti-infectives, estrogen preparations, statins, insulin, oral
hypoglycemics, HIV medications, beta-agonists), chronic immune mediated diseases
(rheumatoid arthritis, autoimmune muscular diseases, psoriatic arthritis, systemic lupus
erythematosus, inflammatory bowel disease, autoimmune hepatitis), geographic factors, and
calendar year of pregnancy. The propensity score was multiply imputed, so there were no
missing propensity scores. Propensity scores were constructed separately (using the same
variables) for congenital malformations, fetal death, and adverse effects.

F. Outcomes by maternal disease and medication exposure group.a

Methotrexate TNF-IP Hydroxychloroquine
N pregnancies N adverse events % N pregnancies N adverse events % N pregnancies N adverse events
SLEC 1 0 0.0% 3 1 33.3% 139 19
RAd 21 2 9.5% 32 3 9.4% 52 6
IBD® 1 1 100.0% 16 1 6.3% 0 0
Other 0 0 0.0% 5 0 0.0% 3 0
TOTAL 23 3 13.0% 56 5 8.9% 194 25

aEchudes 6 pregnancies which had no autoimmune diagnoses.
TNF-1=tumor necrosis factor inhibitors

cSLE=systemic lupus erythematosus

dRA:rheumatoid arthritis

eIBD=ianammatory bowel disease

Arthritis Rheumatol. Author manuscript; available in PMC 2015 February 01.



Page 12

Cooper et al.

"(G9=U) suoIedIPaW SAOCR Y} JO dIUBSAR 8y} Ul SUOIRIIPaW aAIssaiddnsounuwiwi Jayio pue (TG=u) |-4N L J0 81exasioyiaw Jo aduasqge ay} Ul auinbolojyaAxopAy ‘(9T=u) asn a1exasioyiawl Jo aouasqe
3yl ul |-4NL ‘(6E=U) arexanioyiaw Jo asn Ajuo Aoueubaid-aid yim uswom sapnjoul dnolo Aoueubaid Burinp Jou Ing ‘a1048q suonedIpaw aAlssalddnsounwiwi 03 sainsodxa Yum saroueubaid sapnjou|

}

*(auinboiojyaAxolpAy 1o ‘|-4NL ‘@rexasioyiaw ou) auljoAooulw pue ‘auridolyeze ‘apiwouniys] ‘auizefesey|ns ‘pjob :suoiedipaw aAlssaiddnsounwiwi BEOm

‘I-4N_L 10 31eX3110ylaW JO aduasqe ayl uj

‘suoneaIpaw aAlssaiddnsounwiwi Jayio 1oy suondiosaid pajjiy aAey Aew s1asn a1exalloyIs|n

p

*31EX110U18W JO 30USSGR BY) UI ‘qeuNwIIepe pue ‘qewixijjul ‘1dsoisuels papnjoul pue sIoNgiyul 103oe) sIsoiosu Jown=1-4NL,

a

“IX3} 8U) Ul PaqgLIosap aJe A|Uuo a1nsodxa Ja)sawuL) pAIYl/pU0das Yim satoueuBiaid aAl-Auy | "dnob sousiayes ay) PUe 1SaJ8iul JO SUOIBIIPAW 0} SINSOdXe Ja1SauwL) 1si1y UM satoueubaid sapnjoul,

6'L€ 08 g€ 1'8E Llg (ueaw) s>taam ‘abe |euonelseD)
€0 S0T€ 2162 0€62 15453 (ueaw) sweib ybram yuig
€002 €002 €002 5002 €002 (ueaw) yung Jo reax
SOIIS1U910e Jeyd Jueju |

(62) s (80) 1 (0o (o (o sasoufielp sunwiwiomne oN

(211) 02 (0De (sne (68) g (o UOIIPUOD BUNWLLIOINE JBLO

(90) 1 (e'6) 2T (o o o siyeday aunwwiomny

(s02) g¢ (96v) ¥9 (o (982) 91 vt aseasip amog Adojewwrelu

(2'52) v (rzT) ot (9'12) BET (o) e Ev)t snsojewayphus sndnj o1wslsAs

(9'8¢) 99 (6'02) L2 (8'92) 25 (T28) ee (e'16) T2 SILIYJe plojewnayy
(%) U ‘suonIpuod [eulale|N
(ov1) ve () 1T (et (621) 0T (oen e (%) u ‘Bunjows
(8'9v) 08 (0'sv) 85 (70€) 65 (7'ov) 9z (sev) oT (%) U Juswyjoius preslpay
(0'58) v6 (0'sv) 85 (5ee) 59 (z8y) L2 (sev) ot (%) u ‘uoyeonpa sieak 1S
(6'6T) v (e91) 12 (L€2) oy (8'92) 5T L)y (%) u *Anoruyye d1uedsiH
(e'6T) €€ (6'02) L2 (CPARS (s21) L (7og) L (%) u "a0e1>joeIg
(z'9) 062 (59) 8'82 (8'9) 8'0¢ (€'9) v'62 (6'9) 8°0€ (‘p's) ‘uesw sieak ‘aby
SoIIS1BIR feyD [eusTe N

(6zT=U) gPASSeddnsounwiwl BYIO  (#6T=U) EUINbOIOIYIAXOIPAH  (95=U) 5I-INL  (E2=U) Prexo10UB N

,.QDHE foueubs id

Buiinp saAssa iddnsounwiwil Jo asn oN

SUOITEDIPS [N AKSS 1ddnsountull | 013 InsodXT JeiseWl | 15114

*Aoureubaid Jo Js1sawiny 1541 3yl Bulinp suoneaipaw aAlssaiddnsounwiwi 01 sainsodxa YIIm SJUBJUI PUB USWOM JO Sa1SLIB1deIBYD

NIH-PA Author Manuscript

T alqel

NIH-PA Author Manuscript

NIH-PA Author Manuscript

Arthritis Rheumatol. Author manuscript; available in PMC 2015 February 01.



Page 13

Cooper et al.

cAQov
(o)t (812 vy Tt (991 u ‘(Ggk=u) siueyur wia L
6(%%)
(8'81) 9 (012) ¥ (zze) ot (eee) € (0o U {(€TT=U) suejul Wwisidid
,,wco:mo__ano [eTeuoSN
0 T -- 0 0 SiuoIuweooyD
0 T - 0 T pJod eyonN
0 T -- 0 0 suoneulojeiN
u ‘sBuipuiy Asdoiny
(ueaw)
08¢ 0¢e Sve - gee Ssyoam ‘abe euonelse)
(€2 v (CRIK4 (0me (0o (28)2 syyesp [ewRd
(1) arered yo|D $109J9p 214199ds
(CIOR (o (o (o (o [19€}010
(T) uononuisqo
uonoun( aiajadoaslalin (1) e1yenuab snonbigure
‘(T) s1soaydauoipAH (1) sisoaydauoapAy ‘(T) seipedsodAH ‘(T) s1sousss [ereaw ‘() seipedsodAH (1) 89paoyd SRETENRITTRENIN
(T2 (CRIK4 (Te) 9 (CRIRY (o Areuninojuag
(1) sisouass a140jAd () sisoudss 21401Ad (1) erusay onewbeaydeiq SRETENRITTRENIN
(90) 1 (0o (S0t (CRIRY (o [eunsaiuIONSED
(1) Aifaoephlod (1) 984 QNIO $199Jap 211930
(0o (80) 1 (S0t (0o (0o [e13]9%S0[NISNIA
(1) 3542 211RYdaduaIod (1) snjeydasolpAy fenusbuo) $10949p 214198dS
(0o (80T (S0t (0o (0o WgIsAS SNOAIBU [BIUSD
(@
198)9p [e1das Jenatiusa ‘(T) %9019 (1)
1eay a191dwod ‘(T) sisousls aluow|nd (1) Aouaidiynsul snu0y 109J3p [€1das Je|ndIIIUBA SRETENRITTRENIN
(0o (o (T v (811 (et JelpIeD
€y (Te) v (L9)et (98¢ (ev)t (%) u ‘suoirew oje N
a%hm%m %c_ np (62T=U) goAISS8 Jddnsounwwi BYIO (76T=U) pPUINbO 10JYAX0 IPAH (95=U) 5 I-4N L (e2=U) PrRX OUB I
saAtssa Jddnsounuiul
j08sn ON £SUOITeD1P8 | 3ASse Jddnsounwili | 0158 nsodx3 Je1sswli L S 11

NIH-PA Author Manuscript

¢ ?olgel

NIH-PA Author Manuscript

NIH-PA Author Manuscript

‘AoueuBaid Burinp suonesipaw aAlssaiddnsounwiwi 0] ainsodxa 01 BulpJ0Ide SAWO0IINO [L13) ASISAPY

Arthritis Rheumatol. Author manuscript; available in PMC 2015 February 01.



Page 14

Cooper et al.

"1X8) 8U) UL UMOUYS 81 I81S8WLI € 1O 1,7 U} Burinp sainsodxa 1oy s}nsay "Aoueubaid Burinp 1saiaiul JO SUOITEIIPAW By O}

21ns00Xd OU UM SIURJUI GET PUe ‘sainsodxa aAlssaiddnsountuwl 8410 Yim 80T ‘sansodxa auinbolojyoAXoIpAY UM /4T ‘saInsodxe |-4NL YUM /{ ‘s8Insodxa 81exan0y1aw YIM SJuBul Wis) 8T uwc:_oc_s

"1X3) U} UL UMOUS 318 JBISBUILIY € 10 1y Z 3U) Burinp sainsodxa 1oy s)nsay “Aoueubald Burinp 1sai81ul JO SUOITRIIPEW By}
0] 81nsodxa OU YJIM SIUBJUI ZE PUe ‘sainsodxa aAlssaiddnsountuul J8Uio Yim 6T ‘saansodxe auinboiojydaAXolpAy Yum Gy ‘sainsodxa |-4N.L UIM 6 ‘8insodxa a1exanioyiaw Unm siuejul wiseid € papnjoul 6

sisdas 10 ‘ao1punel ‘saunziss ‘ainjiey Aloredidsas papnjoul suopesljduwiod _Em:owz,,

*aUINb0oJOY2AX0IPAY 10 ‘|-4N L ‘1eXal101aW JO 90Uasge ay Ul auljaAooulw pue ‘autidolyieze ‘spiwiouniys) ‘suizefesey|ns ‘plo papnjoul suolresipaw aAlssaiddnsountuwi B3O,

‘|-4N.L 10 3)1eX3410y1aW JO auasqe syl C_U

(Kouaronygnsur o110 pue elulay onewbelydelp) s10848p OM] pey JuejUI BUQ "S1eX3I10Y1W JO SOUSTE U Ul ‘geluntuijepe ‘qewixXijyul 1daoiauels papnjoul SIolgIyul J01oey sisoosu Jowni=1-INL
"suoiyeaIpaw aaissaiddnsounwiwi Jy3o 1oy suondiiosaid pajjiy aaey Aew siasn Bmxm:o;s_zg
“1X81 8y} Ul papn|oul are AJuo s19isawi pI€ 10 pyZ 31 Ul suonEdIpaw Apnis 01 ainsodxa ynm saroueuBaid g 10y SaWooNo,,

NIH-PA Author Manuscript NIH-PA Author Manuscript NIH-PA Author Manuscript

; available in PMC 2015 February 01.

Arthritis Rheumatol. Author manuscript



Page 15

Cooper et al.

"1X81 8y} Ul UMOYS 8.8 JBIS3WLI) )€ 10 ;2 8U} Burinp sainsodxa 10y s)nsay Aoueubiaid Buiinp 18181l JO SUOILIIPAW BY}

01 8Insodxa ou YIM Sjuejul Z€ pue ‘sainsodxa aAlssaiddnsounwiwi Jayio yum gT ‘sainsodxa auinbolojyaoAxolpAy Yim G ‘sainsodxa [-4NL UM 6 ‘9Insodxa a1exaljoylall Ylim siuejul wisiaid € nmu:_oc_;

'sisdas Jo ‘ao1punel ‘sainzias ‘ainjiey Aloresidsal papnjoul suonedljdwod [ereucsu mm_w>u<m

‘suone)sal ajdijnuw 1oy pue uewom e 1oy satoueuBaid ajdinnw Jos UNOJJE 0) PaSN 818M SIOJRLUIISS YOIMPUES SIYAM-I8QNH YIM suolrenbs Bunewnss pazifelsuss

‘Buinp 10u Inq Aoueubald a104aq suoiredlpaw aAissaiddnsounwiil paj1y OYM UsLoMm si sasAeue ||e 104 dnoif soualayay "a103s Alisuadoid ayy Joy Bunsnipe uoissalfial uOSSIOd YIIM pajewlnisa soljel v_m_w_h

*3UINb0IOJYIAX0IPAY 10 ‘|-4N L ‘B1eXal10y1aW JO 30Uasqe ay) Ul auljakooulw pue ‘auridolyieze ‘spiwiounyys) ‘auizejesey|ns ‘pjob papnjoul suonesipaw aalssaiddnsounwiwi RO,

"|-4NL 10 91eX3110U13W JO 9oUasqe ay} c_u
“(Kouarolgnsul o110k pue eluiay dnewbeiydep) s198)9p 0M) PRy JURUI SUQ "81eX3110U13W JO 90UaSTe Ui Ul ‘qewnwifepe ‘qewixijjul ‘1dassauels papn|oul sI03qIyul 10108} SIS0103U Jowm=1-4NL,
'suoneaIpaw aAIssaiddnsounwiwi Jayio 10y suondiiosaid pajjiy aaey Aew siasn maxmbosm_\,_g

“IX3} 3U} Ul papnjoul ase AJuo siaisauL pI€ 10 pyZ U1 Ut suonedlpaw Apnis 01 ainsodxa yym saroueuBaid Gg 1oy SaWooNo,

(86'T'87°0) (55'2'69°0) (s5'2'8€0) (es'v'er0)
88 ST 86'0 €6 z1 €T 62T S¢ 86'0 68 S 65T 0€T g PWOOINO eRjaseApe Auy
(82°'12'6T°0) (90°62'92°0) (L2'9g'6T°0) (98°€0T'7€°0)
10 T 102 6T z 112 'z v 092 Tz 1 06 o5 1 i(G5p=U) wieL
(vze've0) (16'2'T7°0) (19'5'¥5°0) -
88T 9 0T Tz b 60T zze o1 b1 £ee € - 0 0 y(80T=U) wialald
gSuoireol|dwod [ereuosN
(89'2'1T°0) (v7'2'50°0) - (29°8T'v5°0)
£C 4 G50 9T z Ge0 0T z - 0 0 8T'e 18 2 yresp repd
(o¥'5'8£°0) (L26'66°0) (L¥'8'0£0) (00°LT'€2°0)
N4 v A 1€ 4 TT°¢ L9 €T 65T 9¢ ¢ 96'T €y T  suolfewlojew eluebuod
% N (10 % N (10 %s6) % N (10 %s6) % N (10 %s6) % N
%S6) 011y 51 oy Iy oy X1y OneY I
(0ue B JRY) (62T=U) goAISSs Jddnsounwiwi BYIO (6T=U) geuINbo Jo|yoAX0 IPAH (96=U) 5I-4NL (ez=U) preXo0UR N
(T/T=U) suoljedipaw
aAIssa Jddnsounwiwi
038N ON SUOITRIIPS |\ 9AISSS JddNnsounuUW | 03 S8 .Insodx3 Jelsswill | s1i

*Aoureubaid Jo Jsisawiniy 1541} ay1 Bulinp suoieaipaw aAlssaiddnsounwiwi 01 ainsodxs 01 Buipa0dIe SSWOINO [819) 9SIBAPY

€9l|qel

NIH-PA Author Manuscript NIH-PA Author Manuscript NIH-PA Author Manuscript

Arthritis Rheumatol. Author manuscript; available in PMC 2015 February 01.



Page 16

Cooper et al.

"3WOJINO €134 8SI3APR AUE 4O [€10) 8U} 03 WINS J0U ABLU SUWIN|OD BY} UI SBLIOJINO JO SIBCUINU ‘SNY) ‘SLI0INO BUO URY) 310w pasuaLiadxa aney Aew Syl

"1X3) U} UL UMOUS 318 JBISSUILIY € O 1y Z 3U} Burinp sainsodxa 10y s}nsay ‘Aoueubald Burinp 1sa181Ul JO SUOITBIIPEW B} 0}
2Ins0dXa OU YIIM SIuRjUI GET PUB ‘sainsodxa aAlssaiddnsounwiwil J18yio UM 80T ‘sainsodxa auinbolojyoAXoIpAYy Yyim /4T ‘saInsodxa |-4NL YUM /i ‘s21nsodxa 81exa0yiaw YIM SJuBUl Wis) 8T papnioul,

NIH-PA Author Manuscript NIH-PA Author Manuscript NIH-PA Author Manuscript

Arthritis Rheumatol. Author manuscript; available in PMC 2015 February 01.



