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ABSTRACT
Objectives To evaluate comanagement with 
rheumatology and biological prescriptions filled during 
pregnancy among women with axial spondyloarthritis 
(axSpA), rheumatoid arthritis (RA) or psoriatic arthritis 
(PsA) and to examine factors associated with receiving 
comanagement with rheumatology during pregnancy.
Design A retrospective analysis of US claims data.
Setting Commercially insured enrollees using data from 
the 2013–2018 IBM MarketScan Commercial Claims and 
Encounters Database.
Participants We identified 4131 pregnant women 
aged ≤55 years from the 2013–2018 IBM MarketScan 
Commercial Claims and Encounters Database with an 
International Classification of Disease, 9th Revision/10th 
Revision codes for RA, axSpA or PsA, with continuous 
enrolment at ≥3 months before the date of the last 
menstrual period (LMP) (index date) and throughout 
pregnancy.
Primary outcomes Filled biologics (prescriptions and 
infusions) claims were categorised by 90 days before the 
LMP and trimester, as were primary care, obstetrician and 
rheumatological claims.
Results The prevalence of axSpA, RA and PsA was 
0.7%, 0.2% and 0.04% among reproductive age women. 
The average maternal age was 32.7 years (SD 5.7). 
During pregnancy, 9.1% of those with axSpA (n=2,410) 
and 56.4% of those with RA/PsA (n=1,721) had a 
rheumatological claim. Biologics claims were less common 
among those with axSpA (90 days before LMP: 1.6%, 
during pregnancy: 1.1%) than those with RA/PsA (90 days 
before LMP: 11.9%, during pregnancy: 6.9%). Medications 
during pregnancy included corticosteroids (axSpA: 
0.3%, RA/PsA: 2.2%), non- biological disease- modifying 
antirheumatic drugs (axSpA: 0.2%, RA/PsA: 1.7%), non- 
steroidal anti- inflammatory drugs (axSpA: 0.2%, RA/
PsA: 1.3%) and opioids (axSpA: 0.2%, RA/PsA: 0.6%). 
Established rheumatological care and biologics claims 
during the 90 days before LMP showed good prediction 
accuracy for receiving comanagement with rheumatology 
during pregnancy (axSpA: area under the receiver operator 
curve (AUC) 0.73, RA/PsA: AUC 0.70).

Conclusion Comanagement with rheumatology during 
pregnancy occurs infrequently, especially for women with 
axSpA. Biologics claims during pregnancy may not align 
with published guidelines. Future research is warranted 
to improve comanagement with rheumatology during 
pregnancy.

INTRODUCTION
Axial spondyloarthritis (axSpA), rheumatoid 
arthritis (RA) and psoriatic arthritis (PsA), 
the most prevalent forms of chronic immune- 
mediated inflammatory arthritis, affect 0.9%–
1.4%,1 2 0.5%–1%3 and 0.25%4 adults in the 
USA. These conditions occur more frequently 
in women during their childbearing ages.2 5 A 
recent Canadian study estimated a 0.2% prev-
alence of RA and a 0.8% prevalence of axSpA 
among reproductive age women.5 The 
potential impact of pregnancy on disease 
activity among rheumatic conditions could 
be varied.6–9 Increased disease activity during 
pregnancy in women with axSpA and RA is 
associated with adverse maternal and fetal 

STRENGTHS AND LIMITATIONS OF THIS STUDY
 ⇒ This study evaluates comanagement with rheuma-
tology and use of biologics among pregnant women 
with axial spondyloarthritis (axSpA), rheumatoid ar-
thritis (RA) and psoriatic arthritis (PsA).

 ⇒ Potential misclassification for the exact timing of 
pregnancy is possible, given that the validated al-
gorithms are used to estimate date of the last men-
strual period.

 ⇒ The ranges of positive predictive value using the 
diagnostic algorithms are varied for case ascertain-
ment of rheumatological diseases.

 ⇒ Despite one of the largest databases being used 
to evaluate commercially insured US women with 
axSpA, RA and PsA, clinical characteristics such as 
symptom and disease severity are lacking.
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outcomes including hypertensive disorders in preg-
nancy (10.5%), preterm deliveries (13.5%), caesarean 
sections (33.9%) and small for gestational age infants 
(15.6%).5 7 10–12

To improve pregnancy outcomes for women with axSpA, 
RA or PsA, it is imperative to control disease activity using 
medications compatible with pregnancy.11 13–15 Recom-
mendations regarding use of biologics during pregnancy 
are inconsistent across major rheumatology organisations 
and the American College of Gynaecology (ACOG)12 16–19 
(online supplemental table S1). The US Food and Drug 
Administration considers that biologics (category B/C 
drugs, online supplemental table S2) are not safe for 
use during pregnancy and recommends their use only 
when the potential maternal benefits outweigh fetal 
risks, including birth defects, immune system abnormal-
ities and neonatal deaths.20 21 Obstetricians (OBs) and 
primary care providers (PCPs) may lack the confidence to 
appropriately manage rheumatic diseases before, during 
and after pregnancy, including timing and planning of 
pregnancies and controlling disease activity.22 23 Thus, the 
shared care model with rheumatologists prior to concep-
tion and throughout pregnancy is recommended.24

Data that document the extent to which women have 
shared care with rheumatologists, receive infusions or 
fill prescriptions for biologics throughout pregnancy 
for axSpA, RA and PsA are limited. Using one of the 
largest, national medical claims/encounters databases 
of commercially insured people from 2013 to 2018, this 
study sought to (1) describe demographic and clinical 
characteristics of pregnant women by underlying rheu-
matological disease (axSpA, RA and PsA); (2) evaluate 
prescriptions filled or infusion/procedure claims for 
biologics among pregnant women with axSpA, RA and 
PsA; and (3) identify factors associated with receiving 
comanagement with rheumatology during pregnancy.

METHODS
This study relies on a deidentified insurance claims 
database.

Data source
We used data from the IBM MarketScan Commercial 
Claims and Encounters Database (2013–2018), the 
largest national medical claims and encounters data-
base composed of data from commercially insured indi-
viduals in the USA. It contains deidentified data from 
individual- level enrolment files, demographics, inpatient 
admissions, outpatient services and outpatient pharmacy 
prescription claims.25

Patient and public involvement
Patients or the public were not involved in the design, 
conduct, reporting or dissemination plans of our research.

Study design
Figure 1 outlines the design features of this retrospective 
cohort study. Key to this study was the identification of 
pregnant women (online supplemental table S3) and esti-
mation of the date of last menstrual period (LMP) (index 
date) and pregnancy trimesters26–28 (online supplemental 
table S4). Two algorithms (using International Classifica-
tion of Disease, 9th Revision (ICD- 9) codes26 and Inter-
national Classification of Disease, 10th Revision (ICD- 10) 
codes28) identified pregnant women. The trimesters were 
classified as follows: the first trimester as days 0–89, the 
second trimester as days 90–179 and the third trimester 
as days 180 through delivery (figure 1).

Study sample
Using diagnostic algorithms for case ascertainment of 
rheumatological diseases,29–31 we identified women with 
a claim for axSpA, RA or PsA (online supplemental table 
S5) between 1 January 2013 and 31 March 2018 if they 
had (1) at least one diagnosis of axSpA, RA or PsA that 
occurred during an inpatient visit; (2) at least two outpa-
tient diagnoses of axSpA, RA or PsA on different dates 
at least 7 days apart; (3) at least one outpatient diagnosis 
of axSpA, RA or PsA and at least one dispensing of a 
disease- modifying antirheumatic drug (DMARD); or (4) 
at least one outpatient diagnosis of the disease that was 
confirmed by a rheumatologist.

Figure 1 Overall study design. axSpA, axial spondyloarthritis; LMP, last menstrual period; PsA, psoriatic arthritis; RA, 
rheumatoid arthritis.
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Figure 2 shows the inclusion/exclusion criteria used 
and the eligible sample. From the sample of women with 
a pregnancy end date between 1 January 2013 and 31 
December 2018 (n=2,175,353), we identified 19 738 with 
axSpA, RA or PsA. After applying the exclusion criteria, 
the remaining 4,131 women comprised the final analyt-
ical sample. Further information on inclusion/exclusion 
criteria and study design is displayed in the online supple-
mental Methods, Appendix).

Comanagement with rheumatology during pregnancy
Comanagement with rheumatology during pregnancy 
was defined as one/more encounters between the patient 
and a rheumatologist between her LMP date and the end 
of pregnancy. According to the ACR guidelines, regular 
communication between the patient and her rheumatolo-
gist and care coordination during pregnancy is crucial to 
prevent adverse pregnancy outcomes.24

Treatment with biological agents before and during pregnancy
Biologics included tumour necrosis factor alpha (TNF-α) 
inhibitors (adalimumab, certolizumab, etanercept, golim-
umab and infliximab) and non- TNF-α inhibitors (abata-
cept, anakinra, ixekizumab, rituximab, secukinumab, 
tocilizumab and ustekinumab). The prescriptions filled 
were identified using National Drug Codes (NDCs) and 
infusions were identified using Healthcare Common 

Procedure Coding System (HCPCS) codes (online 
supplemental table S6). Based on the dispensing date of 
an individual prescription or infusion administered for 
a biologic, four binary variables were created to indicate 
prescriptions filled or infusions administered during 
the baseline period (90- day lookback period from index 
date), and during the first, second and third trimesters 
(online supplemental table S7).

Other medications used to manage axSpA, RA and PSA 
symptoms
Binary variables (yes/no) for prescriptions filled for non- 
biological DMARDs (azathioprine, cyclophosphamide, 
cyclosporine, hydroxychloroquine, leflunomide, metho-
trexate, mycophenolate mofetil and sulfasalazine), non- 
steroidal anti- inflammatory drugs (NSAIDs) (aspirin, 
celecoxib, diclofenac, ibuprofen, indomethacin, keto-
profen, meloxicam, naproxen, piroxicam and sulindac), 
corticosteroids (dexamethasone, hydrocortisone, meth-
ylprednisolone, prednisone and triamcinolone) and 
opioids (codeine, hydrocodone, morphine, oxycodone, 
pentazocine, propoxyphene and tramadol) were deter-
mined for each of the following time periods: (1) within 
the 90 days before LMP (baseline period), (2) first 
trimester, (3) second trimester, (4) third trimester and 
(5) any time during pregnancy. For prescriptions filled 

Figure 2 Flowchart of identifying axSpA, RA and PsA cases. axSpA, axial spondyloarthritis; ICD- 9, International Classification 
of Disease, 9th Revision; ICD- 10, International Classification of Disease, 10th Revision; LMP, last menstrual period; PsA, 
psoriatic arthritis; RA, rheumatoid arthritis.
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during each trimester, if the prescription was filled during 
one first trimester but the amount of drug supplied over-
lapped into the next trimester, the single prescription was 
counted as having been filled in both trimesters.

Other relevant covariates
Demographic and clinical characteristics included 
maternal age at conception (15–24, 25–34 and ≥35 years), 
geographical region (northeast, north central, south 
and west), employment status of the primary beneficiary 
(active full- time, active part- time/retiree and other/
unknown), health insurance plan type (health mainte-
nance organisation (HMO), preferred provider organi-
sation (PPO), consumer- directed health plan (CDHP)/
high deductible health plan (HDHP) and others (online 
supplemental table S8)), and relationship to the primary 
beneficiary (employee, spouse and other dependent). 
The variations of sociodemographic and health care- 
related characteristics may be associated with how patients 
interact with the healthcare system and management of 
the disease.32–34 A binary variable to indicate the presence 
of comorbidities was derived based on the Quan’s comor-
bidity index score35–37 using medical comorbidities identi-
fied with ICD- 9/ICD- 10 codes from inpatient/outpatient 
claims during the baseline period. Information on health-
care use including healthcare providers visits, emergency 
room (ER) visits (0, 1 and ≥2) and urgent care visits (0, 1 
and ≥2) was identified during the baseline and pregnancy 
periods (online supplemental tables S9, S10). Outpatient 
healthcare provider visits evaluated included those with a 
rheumatologist (0, 1 and ≥2), a PCP (0, 1 and ≥2) or an 
OB (0, 1, 2–5 and >5). We also reported on the propor-
tion of patients visiting only a PCP, only an OB, both or 
neither during the baseline period. PCP visits (0, 1 and 
≥2) and OB visits (0, 1, 2–5, 6–9, 10–13 and ≥14) during 
pregnancy were explored. Since biologics are prescribed 
primarily by rheumatologists,32 we created a four- level 
variable: (1) prescription for a biologic but without any 
rheumatologist visits, (2) rheumatologist visit but no 
biologic prescription, (3) both and (iv) neither during 
the baseline period.

Table 1 Baseline demographic and clinical characteristics 
of pregnant women with axSpA, RA and PsA

Patient characteristics
axSpA 
(n=2,410)

RA 
(n=1,418)

PsA 
(n=303)

RA/PsA 
(n=1,721)

Maternal age (years), mean (SD) 32.6 (5.6) 32.7 (6.0) 33.9 (5.2) 32.9 (5.9)

Maternal age at LMP (%)

  15–24 7.7 9.7 5.0 8.8

  25–34 56.7 54.1 50.5 53.5

  ≥35 35.6 36.3 44.6 37.7

Region (%)

  Northeast 15.3 20.6 22.3 20.9

  North central 20.7 17.8 19.6 18.1

  South 49.2 44.5 42.5 44.2

  West 14.9 17.1 15.6 16.8

Employment status of primary beneficiary (%)

  Active full- time 71.6 69.3 74.3 70.1

  Active part- time/retiree 4.3 4.3 5.0 4.4

  Other/unknown* 24.1 26.5 20.8 25.5

Health plan type (%)

  Health maintenance 
organisation

9.0 13.2 10.5 12.7

  Preferred provider 
organisation

59.1 56.6 64.4 58.0

  Consumer directed/highly 
deductible health plan

24.0 21.1 17.6 20.5

  Other† 7.9 9.1 7.5 8.8

Relationship to beneficiary (%)

  Primary beneficiary 54.9 51.2 54.1 51.7

  Spouse 36.9 38.8 40.3 39.1

  Other dependent 8.3 10.0 5.6 9.2

  ≥1 pre- existing comorbidities 
(%)‡

7.4 12.8 8.9 12.1

Outpatient healthcare use in 90 days before LMP

Rheumatologist visits (%)

  0 94.6 69.7 71.0 69.9

  1 4.3 24.3 25.0 24.5

  ≥2 1.1 6.0 4.0 5.6

OB visits (%)

  0 74.5 73.8 73.6 73.8

  1 18.1 16.0 15.8 15.9

  2–5 6.7 9.2 9.9 9.3

  >5 0.8 1.1 0.7 1.0

PCP visits (%)

  0 59.1 59.3 61.7 59.7

  1 23.0 21.7 18.8 21.2

  ≥2 18.0 19.0 19.5 19.1

OB/PCP visits (%)

  Only OB visits 14.5 15.1 13.9 14.9

  Only PCP visits 29.9 29.6 25.7 28.9

  OB and PCP visits 11.0 11.1 12.5 11.3

Emergency room visits (%)

  0 94.7 94.0 95.1 94.2

  1 4.2 4.6 4.6 4.6

  ≥2 1.1 1.4 0.3 1.2

Continued

Patient characteristics
axSpA 
(n=2,410)

RA 
(n=1,418)

PsA 
(n=303)

RA/PsA 
(n=1,721)

Urgent care visits (%)

  0 97.1 96.9 97.7 97.0

  1 1.5 1.7 0.7 1.5

  ≥2 1.5 1.4 1.7 1.5

Percentages may not total 100% due to rounding.
*Other/unknown includes long- term disability, Continuation of Health Coverage 
(COBRA) continuee, surviving spouse/dependent and other/unknown.
†Other includes basic, comprehensive, Exclusive Provider Organizatio (EPO), Point of 
service plan (POS) and POS with capitation.
‡From inpatient/outpatient claims in the 90 days prior to LMP, calculated using Quan’s 
comorbidity index.
axSpA, axial spondyloarthritis; LMP, last menstrual period; OB, obstetrician; PCP, 
primary care physician; PsA, psoriatic arthritis; RA, rheumatoid arthritis.

Table 1 Continued
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Analysis
Descriptive analyses evaluated baseline demographic and 
clinical characteristics. Based on these findings and input 
from rheumatologists, we combined RA/PsA and consid-
ered axSpA separately for the remainder of the analyses. 
We described the proportion of pregnant women with a 
rheumatologist visit during pregnancy, and with medi-
cations prescribed and filled or infusions administered 
by drug class (ie, biologics, non- biological DMARDs, 
NSAIDs, corticosteroids and opioids) during the baseline 
period, first, second and third trimesters, and throughout 
pregnancy. To evaluate factors associated with comanage-
ment with rheumatology during pregnancy, a multivari-
able logistic model was used adjusting for demographic 
and clinical covariates, and healthcare use in the base-
line period. The area under the receiver operator curve 
(AUC) was computed for (1) model with a single predictor 
(established rheumatologist visits or claims for biologics 
during the baseline period) and (2) the fully adjusted 
logistic model. An AUC of 0.50–0.59 was considered poor, 
0.60–0.69 fair, 0.70–0.79 good, and 0.80 and above, excel-
lent.38 Baseline use of biologics was highly correlated with 

use of other medications to manage axSpA, RA and PsA. 
We did not include baseline use of other medications in 
the model because of multicollinearity concerns.

RESULTS
Among women of reproductive age (n=2,175,353), the 
prevalence of axSpA, RA and PsA was 0.7%, 0.2% and 
0.04%, respectively. Among women included in this study, 
the mean age was 32.7 years with SD 5.7 years, and 47.1% 
were from the southern part of the USA. Regarding health 
insurance, 58.6% were enrolled in PPO plans, while 10% 
were enrolled in HMO plans and 22.5% were enrolled 
in CDHP/HDHP. Use of healthcare services, including 
PCP visits, ER visits and urgent care visits, was similar 
among pregnant women with axSpA, RA and PsA during 
the baseline period (table 1) and throughout pregnancy 
(table 2), except for the rheumatologist visits in axSpA 
patents. Among patients with axSpA, 5.4% and 9.1% had 
visited a rheumatologist within the 90 days before LMP or 
during pregnancy, whereas 30.1% and 56.4% of women 
with RA/PsA had a visit to a rheumatologist during that 
time.

Biological prescriptions were filled by 1.6% of women 
with axSpA and by 11.9% of women with RA/PsA within 
the 90 days before LMP (table 3). Other medications 
filled during the baseline period included corticosteroids 
(axSpA: 0.8%, RA/PsA: 4.4%), non- biological DMARDs 
(axSpA: 0.4%, RA/PsA: 4.1%), NSAIDs (axSpA: 0.3%, 
RA/PsA: 3.8%) and opioids (axSpA: 0.2%, RA/PsA: 
1.1%). During pregnancy, 1.1% of patients with axSpA 
and 6.9% of patients with RA/PsA filled prescriptions 
for biologics (online supplemental figure S1). The 
use of other medications was rare among patients with 
axSpA (<0.5%) during pregnancy. In the RA/PsA group, 
the proportions of patients who filled prescrptions for 
biologics during the first, second and third trimesters 
were 6.5%, 4.2% and 2.6%, respectively. Few had filled 
prescriptions for corticosteroids (2.2%), DMARDs (1.7%) 
or NSAIDs (1.3%) during pregnancy.

Factors associated with comanagement with rheumatology 
during pregnancy
Overall, 9.1% of patients with axSpA had a rheumato-
logical claim during pregnancy. Table 4 shows that for 
health insurance type, patients with axSpA with HMO 
plans (adjusted OR (aOR) 1.91, 95% CI 1.09 to 3.36) and 
CDHP/HDHP (aOR 1.75, 95% CI 1.18 to 2.60) were more 
likely to have visited a rheumatologist during pregnancy 
compared with those with PPO plans. Regarding receipt 
of rheumatological care and/or biologics claims among 
women with axSpA in the 90 days before LMP, those with 
rheumatologist visits only (aOR 43.84, 95% CI 27.45 to 
70.04) and those with biologics claims only (aOR 9.09, 
95% CI 3.5 to 23.56) were more likely to have comanage-
ment with rheumatology during pregnancy. While care 
by a rheumatologist with biological prescriptions filled 
during the baseline period alone yielded an AUC of 0.72, 

Table 2 Healthcare use during pregnancy among those 
with AxSpA, RA, PSA

axSpA 
(n=2,410)

RA 
(n=1,418)

PsA 
(n=303)

RA/PsA 
(n=1,721)

Rheumatologist visits (%)

  0 90.9 43.1 46.2 43.6

  1 2.4 9.7 10.2 9.8

  ≥2 6.7 47.2 43.6 46.6

Obstetrician visits (%)

  0 2.2 2.8 3.6 3.0

  1 4.6 4.3 5.6 4.5

  2–5 40.6 38.1 37.0 37.9

  6–9 29.1 29.4 27.7 29.1

  10–13 13.1 12.8 12.5 12.7

  ≥14 10.4 12.6 13.5 12.8

Primary care visits (%)

  0 20.4 16.4 18.2 16.7

  1 15.3 13.3 14.9 13.5

  ≥2 64.3 70.4 67.0 69.8

Emergency room visits (%)

  0 70.5 68.0 66.0 67.6

  1 16.6 17.2 22.1 18.1

  ≥2 13.0 14.8 11.9 14.3

Urgent care visits (%)

  0 87.8 86.6 87.5 86.8

  1 4.2 4.8 4.0 4.7

  ≥2 8.1 8.6 8.6 8.6

axSpA, axial spondyloarthritis; PsA, psoriatic arthritis; RA, 
rheumatoid arthritis.
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the AUC of the final logistic regression model adjusted 
for all covariates was 0.77.

During pregnancy, 56.4% of women with RA/PsA saw 
a rheumatologist. Table 5 shows that having comanage-
ment with rheumatology during pregnancy was associated 
positively with claims for biologics and/or rheumatologist 
visits within the 90 days before LMP (aOR (both biologics 
and rheumatological claims) 19.77, 95% CI 9.02 to 43.34; 
aOR (biological claims) 1.74, 95% CI 1.13 to 2.66; aOR 
(rheumatological claims) 11.45, 95% CI 8.17 to 16.06). 
For women with RA/PsA, evidence of rheumatology and 
biological claims during the baseline period showed good 
prediction accuracy for having comanagement with rheu-
matology during pregnancy (AUC 0.70), while the fully 
adjusted model yielded an AUC of 0.71.

DISCUSSION
In our claims database, 0.91% of women of reproductive 
age had either axSpA, RA or PsA. Claims for biologics 
within the 90 days before LMP and during pregnancy were 
low in the RA/PsA subgroup and extremely uncommon 
among those with axSpA.

Planned pregnancies lead to better maternal and fetal 
outcomes.23 39–41 Considering that axSpA, RA and PsA are 
associated with an increased risk of complications during 
pregnancy,39 42 involving a rheumatologist in the discus-
sion of plans of conception should enhance care and 
help to reduce the risk of pregnancy complications.39 43 
The American College of Rheumatology recommends 
that (1) all patients with rheumatological diseases be 
evaluated for disease activity, (2) medication changes be 
discussed and (3) risk counselling with a rheumatologist 
occur 3–6 months prior to conception or at the time of 
initial assessment of pregnancy.24 Our study found that 

only 5.4% women with axSpA and 30.1% women with RA/
PsA visited a rheumatologist in the 90 days before LMP. 
During pregnancy, while only 9.1% of women with axSpA 
were seen by a rheumatologist, 56.9% of women with RA 
and 53.8% of women with PsA visited a rheumatologist 
during pregnancy. This is consistent with findings from 
the BARMER Sickness Fund data in Germany showing 
that 43.5% of women with rheumatological diseases had 
comanagement with rheumatology during pregnancy.40

One possible explanation for the lack of involvement 
by rheumatologists during the time immediately before 
and during pregnancy could be the shortage of rheu-
matologists in the USA.44–46 A 2021 study documented 
that patients in the USA waited at least 4 months for 
an appointment with a rheumatologist.45 Only half of 
the rheumatologists in the USA provide routine family 
planning counselling services to women of childbearing 
age.47 A possible reason for this could be that there is 
no adequate time to provide such counselling during 
appointments that typically last ~15 min.40

As expected, majority of women had claims for visits to 
OBs and/or PCPs who provide them with routine obstet-
rical care.48 The ACOG guidelines for the use of antirheu-
matic medications during this critical phase are vague. 
Providers may be unfamiliar with or may lack confidence 
to appropriately manage rheumatic diseases before and 
during pregnancy.22 23 PCPs may not feel comfortable 
providing family planning counselling to women with 
rheumatological diseases,49 and some believe that coun-
selling about the teratogenic potential of drugs used to 
manage rheumatological diseases should be given by 
rheumatologists.50 Research from studies in reproductive 
age women with RA has shown suboptimal use of contra-
ception among those using teratogenic DMARDs.51 52 

Table 3 Medications use before and during pregnancy among those with AxSpA or RA/PsA

Medication

Timing of prescription dispensation (s)

90 days before 
LMP

Anytime during 
pregnancy

First 
trimester

Second 
trimester

Third 
trimester

axSpA (n=2410)

  Biological DMARDs (%) 1.6 1.1 1.0 0.8 0.5

  Conventional synthetic DMARDs (%) 0.4 0.2 0.2 0.2 0.04

  NSAIDs (%) 0.3 0.2 0.2 0.1 0

  Corticosteroids (%) 0.8 0.3 0.3 0.1 0.04

  Opioids (%) 0.2 0.2 0.1 0.1 0.1

RA/PsA (n=1721)

  Biological DMARDs (%) 11.9 6.9 6.6 4.4 2.6

  Conventional synthetic DMARDs (%) 4.1 1.9 1.1 1.1 0.5

  NSAIDs (%) 3.8 1.3 1.1 0.6 0.3

  Corticosteroids (%) 4.4 2.2 1.2 1.4 1.1

  Opioids (%) 1.1 0.6 0.1 0.3 0.4

axSpA, axial spondyloarthritis; DMARD, disease- modifying antirheumatic drug; LMP, last menstrual period; NSAID, non- steroidal anti- 
inflammatory drug; PsA, psoriatic arthritis; RA, rheumatoid arthritis.
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In addition to the inconsistencies in the international 
guidelines on medications during pregnancy, we also 
observed that the majority of patients with axSpA did not 
have rheumatologist visit before and during pregnancy. 
Lack of a pre- pregnancy visit could result in worsening 
of axSpA symptoms and avoidance of anti- inflammatory 
therapy because of concerns about anti- inflammatory 
drug use during pregnancy.53 As such, coordination of 
care between rheumatologists, OBs and PCPs is crucial 

to ensuring optimal pregnancy outcomes in women with 
rheumatological conditions.

Our findings showed that the rate of prescriptions for 
biologics, non- biological DMARDs, NSAIDs, steroids and 
opioids was reduced during pregnancy compared with 
baseline use. Similar trends have been observed in studies 
evaluating the use of antirheumatic medications in preg-
nant women with inflammatory rheumatological diseases 
including psoriasis and inflammatory bowel disease.6 54 55 This 

Table 4 Factors associated with rheumatologist involvement during pregnancy in women with axSpA

% Visiting a rheumatologist during pregnancy Crude OR (95% CI) Adjusted OR (95% CI)

Maternal age at LMP (years)

  18–24 8.7 0.99 (0.58 to 1.71) 2.42 (0.83 to 7.04)

  25–34 8.7 Ref Ref

  ≥35–44 9.8 1.14 (0.85 to 1.53) 1.13 (0.79 to 1.63)

Region

  Northeast 11.9 Ref Ref

  North central 7.8 0.63 (0.40 to 0.99) 0.66 (0.38 to 1.16)

  South 8.1 0.67 (0.46 to 0.98) 0.71 (0.44 to 1.14)

  West 11.6 1.00 (0.64 to 1.58) 1.06 (0.60 to 1.87)

Employment status of primary beneficiary

  Active full- time 9.8 1.29 (0.62 to 2.70) 1.78 (0.65 to 4.84)

  Active part- time/retirees 7.8 Ref Ref

  Other/unknown* 7.2 0.93 (0.42 to 2.03) 1.29 (0.45 to 3.74)

Health plan type

  Health maintenance organisation 12.6 1.86 (1.18 to 2.92) 1.91 (1.09 to 3.36)

  Preferred provider organisation 7.2 Ref Ref

  Consumer directed/high deductible health plan 12.2 1.78 (1.29 to 2.45) 1.75 (1.18 to 2.60)

  Other† 10.1 1.45 (0.86 to 2.42) 1.14 (0.59 to 2.21)

Relationship to beneficiary

  Primary beneficiary 8.9 Ref Ref

  Spouse 9.8 1.11 (0.83 to 1.48) 1.06 (0.74 to 1.52)

  Other dependent 7.0 0.77 (0.44 to 1.37) 0.34 (0.11 to 1.11)

  Pre- existing comorbidities‡ 11.2 1.29 (0.79 to 2.09) 0.80 (0.43 to 1.51)

During the 90 days before LMP

  OB and PCP visits

   No OB/PCP visit 8.3 Ref Ref

   OB visit but no PCP visit 6.3 0.75 (0.46 to 1.21) 0.82 (0.46 to 1.47)

   PCP visit but no OB visit 10.0 1.23 (0.89 to 1.71) 1.52 (1.02 to 2.26)

   OB and PCP visits 13.5 1.73 (1.15 to 2.62) 1.51 (0.89 to 2.56)

  Rheumatologist visits and biological claims

   None 5.2 Ref Ref

   Rheumatologists visit only 68.1 39.14 (25.28 to 
60.61)

43.84 (27.45 to 70.04)

   Biological claims only 33.3 9.15 (3.62 to 23.10) 9.09 (3.50 to 23.56)

   Both 100 Not estimable Not estimable

The multivariable logistic models were adjusted for demographic and clinical covariates (maternal age, region, employment status of beneficiary, health 
plan type, relationship to beneficiary and pre- existing comorbidities) and healthcare use in the baseline period (OB and PCP visits, rheumatologist visits and 
biologics use).
*Other/unknown includes long- term disability, COBRA continuee, surviving spouse/dependent and other/unknown.
†Other includes basic, comprehensive, EPO, POS and POS with capitation.
‡From inpatient/outpatient claims in the 90 days prior to LMP, calculated using Quan’s comorbidity index.
axSpA, axial spondyloarthritis; LMP, last menstrual period; OB, obstetrician; PCP, primary care physician; ref, reference.

 on M
ay 19, 2023 by guest. P

rotected by copyright.
http://bm

jopen.bm
j.com

/
B

M
J O

pen: first published as 10.1136/bm
jopen-2022-065189 on 22 D

ecem
ber 2022. D

ow
nloaded from

 

http://bmjopen.bmj.com/


8 Shridharmurthy D, et al. BMJ Open 2022;12:e065189. doi:10.1136/bmjopen-2022-065189

Open access 

could be attributed to inconsistencies in guideline recom-
mendations made by various rheumatology organisations. 
The ACR recommends stopping tumour necrosis factor 
(TNF) inhibitors early in the third trimester,24 The Euro-
pean Alliance of Associations for Rheumatology (EULAR) 
recommends stopping TNF inhibitors at 20 weeks,18 whereas 
the ACOG considers these as low- risk therapies to initiate or 
continue during pregnancy.12 Another explanation could be 
the changes in healthcare coverage found among women 

around the time of pregnancy.56 A 2009 study reported that 
among women with private insurance before pregnancy, 
21.3% transitioned to Medicaid coverage at delivery, and 
1.4% were uninsured.56 Though we included women with 
continuous enrolment within the MarketScan database for 
medical and pharmacy coverage before and throughout 
pregnancy, it is possible that women may have changed 
insurers over the course of pregnancy.

Table 5 Factors associated with rheumatologist involvement during pregnancy in women with RA/PsA

% Visiting a rheumatologist during pregnancy Crude OR (95% CI) Adjusted OR (95% CI)

Maternal age at LMP (years)

  18–24 46.7 0.65 (0.46 to 0.92) 1.34 (0.66 to 2.72)

  25–34 57.3 Ref Ref

  ≥35–44 57.3 1.00 (0.82 to 1.23) 1.05 (0.84 to 1.33)

Region

  Northeast 56.8 Ref Ref

  North central 55.8 0.94 (0.69 to 1.27) 1.05 (0.74 to 1.49)

  South 58.9 1.06 (0.82 to 1.37) 1.13 (0.84 to 1.51)

  West 52.1 0.80 (0.59 to 1.10) 0.87 (0.60 to 1.24)

Employment status of primary beneficiary

  Active full- time 57.6 0.79 (0.49 to 1.28) 0.74 (0.43 to 1.29)

  Active part- time/retirees 63.2 Ref Ref

  Other/unknown* 51.8 0.63 (0.38 to 1.04) 0.61 (0.34 to 1.10)

Health plan type

  Health maintenance organisation 51.9 0.80 (0.60 to 1.08) 0.87 (0.62 to 1.23)

  Preferred provider organisation 56.9 Ref Ref

  Consumer directed/high deductible health plan 60.1 0.67 (0.90 to 1.48) 1.22 (0.92 to 1.62)

  Other* 55.1 0.95 (0.67 to 1.35) 0.91 (0.61 to 1.36)

Relationship to beneficiary

  Primary beneficiary 57.3 Ref Ref

  Spouse 58.3 1.04 (0.85 to 1.28) 1.12 (0.88 to 1.41)

  Other dependent 42.8 0.56 (0.40 to 0.78) 0.42 (0.21 to 0.85)

  Pre- existing comorbidities† 59.1 1.14 (0.85 to 1.53) 1.02 (0.72 to 1.46)

During the 90 days before LMP

  OB and PCP visits

   No OB/PCP visit 56.5 Ref Ref

   OB visit but no PCP visit 64.1 1.37 (1.03 to 1.84) 1.07 (0.76 to 1.49)

   PCP visit but no OB visit 51.4 0.82 (0.65 to 1.02) 0.71 (0.54 to 0.92)

   OB and PCP visits 58.5 1.09 (0.79 to 1.49) 0.98 (0.68 to 1.41)

  Rheumatologist visits and biological claims

   None 41.1 Ref Ref

   Rheumatologists visit only 88.6 11.14 (8.03 to 15.44) 11.45 (8.17 to 16.06)

   Biologic claims only 54.1 1.69 (1.12 to 2.56) 1.74 (1.13 to 2.66)

   Both 92.5 17.56 (8.46 to 36.47) 19.77 (9.02 to 43.34)

The multivariable logistic models were adjusted for demographic and clinical covariates (maternal age, region, employment status of beneficiary, health plan 
type, relationship to beneficiary and pre- existing comorbidities) and healthcare use in the baseline period (OB visits and PCP visits, rheumatologist visits and 
biologics use).
*Other/unknown includes long- term disability, COBRA continuee, surviving spouse/dependent and other/unknown.
*Other includes basic, comprehensive, EPO, POS and POS with capitation.
†From inpatient/outpatient claims in the 90 days prior to LMP, calculated using Quan’s comorbidity index.
.LMP, last menstrual period; OB, obstetrician; PCP, primary care physician; PsA, psoriatic arthritis; RA, rheumatoid arthritis.
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Though guidelines from ACR and EULAR strongly 
recommend the use of certain medications for the effec-
tive management of rheumatological diseases during 
pregnancy,18 24 the mother’s decision to take medicines 
during pregnancy is complex and driven by multiple 
factors. Women are concerned about the safety of medi-
cations that they take during pregnancy, but most fail to 
recognise the impact of untreated inflammatory arthritis 
on pregnancy outcomes.40 57

Strengths and limitations
Our study included only commercially insured women 
in the USA, and findings may not be generalisable to 
those with public insurance or no health insurance.33 58 
Though we were comprehensive in our strategy to iden-
tify pregnant women with rheumatological diseases using 
both inpatient and outpatient claims, pregnancies may 
have been missed or misclassified.59 The date of LMP was 
estimated using validated algorithms,27 28 60 but misclassi-
fication of the timing of pregnancy was possible. There 
were 5812 pregnancies occurring in women with rheuma-
tological diseases that we could not include due to lack of 
information required to classify the timing of pregnancy. 
Since we used diagnostic algorithms for case ascertain-
ment, our study relies heavily on the accuracy of coding 
for axSpA, RA and PsA in claims databases. Additionally, 
the positive predictive value for diagnostic codes, even 
with algorithms, is not high (~60% to 90%).27 29 59 Infor-
mation on clinical variables to evaluate symptom burden 
and disease severity is lacking in claims data. Prescription 
fills were used to assess medication exposure. Aside from 
infusions, prescription claims do not confirm that medi-
cations were taken by the patient.

Despite these limitations, our study has some notable 
strengths. The longitudinal nature of the data allowed 
us to examine biological claims during pregnancy. The 
retrospective claims database provided a large sample 
size which permitted the examination of patterns of 
medication use and healthcare use in this vulnerable 
population.

Our findings show that less than half of women with 
axSpA, RA and PsA see a rheumatologist during preg-
nancy, and fewer are taking biological medications used 
to treat their inflammatory arthritis. Use of biologics to 
treat women with these conditions during pregnancy does 
not necessarily align with guideline recommendations. 
Yet, during pregnancy, many women with inflammatory 
arthritis are not being seen by rheumatologists who are 
arguably the most appropriate clinicians to guide women 
in making treatment decisions during pregnancy, given 
their extensive knowledge of and experience prescribing 
these medications. Patient awareness must be recognised 
to provide effective disease management during preg-
nancy. Future research on this understudied topic is 
warranted to understand how to increase the involvement 
of rheumatologists in the care of pregnant women with 
rheumatological diseases.
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Table S1: Recommendations for the use of biologics, non-biologic DMARDs, NSAIDs, short-term corticosteroids and opioids in pregnant women with 
rheumatic disease by major professional societies.(1) 

 
Drugs Compatible 

with 
pregnancy 

American College of 
Rheumatology 
(2015)(2) 

European League 
Against Rheumatism 
(2016)(3) 

British Society for 
Rheumatology 
(2016)(4) 

American College of 
Obstetricians and 
Gynecologists 
(2019)(5, 6) 

American College of 
Rheumatology 
(2020)(7) 

Biologics 
Infliximab  

Recommended up to 30-
32 weeks of gestation 
 

Recommended up to 
20 weeks of gestation; 
if indicatedc, it can be 
used throughout 
pregnancy 

Recommended up to 16 
weeks of gestation 

Emerging therapies with 

developing evidence ⎯ 
low risk to continue or 
initiate in pregnancy 

Conditionally 
recommendedb up to 30-
32 weeks of gestation, 
discontinued after 
 
 

Adalimumab  

Recommended till 
second trimester but to 
be stopped before third 
trimester. 
 

Etanercept  Recommended up to 
gestational week 30–
32; if indicatedc, can 
be used throughout 
pregnancy 

Golimumab  Safety during 
pregnancy is 
debatable due to 
insufficient data, best 
avoided 

Not compatible during 
pregnancy 

Certolizumab  
Strongly recommendeda 
throughout pregnancy 

Recommended 
throughout pregnancy 

Recommended 
throughout pregnancy 

Strongly recommended 
throughout pregnancy 

Ustekinumab X 
 
Unable to make 
recommendation as risk 
during pregnancy is 
unknown due to 
insufficient data. 
 

Safety during 
pregnancy is 
debatable due to 
insufficient data and 
therefore best avoided 

Not considered 
pregnancy compatible 
and should not be used 
during pregnancy 

⎯ 

Discontinue during 
pregnancy 
 

Secukinumab X ⎯ 
Abatacept X ⎯ 
Anakinra X ⎯ 
Tocilizumab X ⎯ 
Rituximab X Intermediate risk (little or 

no evidence), use 
should be individualized 

Conditionally 
recommended during 
pregnancy 

Ixekizumab X 
⎯ ⎯ ⎯ ⎯ 

Discontinue during 
pregnancy 
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Sarilumab X ⎯ ⎯ ⎯ ⎯ ⎯ 
Conventional synthetic/non-biologic DMARDs 
Azathioprine  

Relatively low risk ⎯ 
pregnancy compatible 

Compatible with 
pregnancy 

Compatible throughout 

pregnancy at  
2mg/kg/day 

Low risk ⎯ continue in 
pregnancy or initiate 
during pregnancy as 
needed. 

Strongly recommended 
during pregnancy 

Hydroxychloroquine  Low to moderate risk ⎯ 
compatible with 
pregnancy 

Compatible with 
pregnancy 

Compatible throughout 
pregnancy 

Strongly recommended 
during pregnancy 

Sulfasalazine  Low to moderate risk ⎯ 
compatible with 
pregnancy 

Compatible throughout 
pregnancy 

Compatible throughout 
pregnancy 

Strongly recommended 
throughout pregnancy. 

Cyclosporine  
Relatively low risk ⎯ 
pregnancy compatible 

Compatible throughout 
pregnancy 

Compatible throughout 
pregnancy 

Conditionally 
recommended during 
pregnancy 

Apremilast X Unable to make a 
recommendation due to 
lack of data 

Insufficient data ⎯ ⎯ 
Unable to make a 
recommendation due to 
lack of data 

Methotrexate X 

Should be avoided 
during pregnancy 

Discontinue before 
conception due to 
proven teratogenicity 
 

Not compatible with 
pregnancy 
 

High-risk medications, 
not to be continued or 
initiated in pregnancy. 

Not compatible with 
pregnancy 

Leflunomide X 
Cyclophosphamid
e 

X 

Mycophenolate X 
Nonsteroidal anti-inflammatory drugs 
Naproxen  

Use sparingly and 
discontinue after 30 
weeks of gestation 
 

Non-selective COX 
inhibitors can be 
continued during the 
first and second 
trimesters. 
 

Non-selective NSAIDs 
should be used with 
caution in the first 
trimester of pregnancy. 
All non-selective 
NSAIDs should be 
withdrawn at 32 weeks 
of gestation except low 
dose aspirin which can 
be used throughout 
pregnancy. 

 
 
 
 

⎯ 

Conditionally 
recommended in the first 
and second trimesters 
and should be 
discontinued in the third 
trimester. 

Ibuprofen  
Indomethacin  
Diclofenac  
Sulindac  
Piroxicam   
Ketoprofen  
Aspirin  
Meloxicam  

Celecoxib X 

⎯ 

Selective COX-2 
inhibitors should be 
avoided in pregnancy. 
 

Selective COX-2 
inhibitors should be 
avoided during 
pregnancy 

 
 

⎯ 

Nonselective COX-2 
inhibitors are strongly 
recommended over the 
use of COX‐2–specific 
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NSAIDs throughout 
pregnancy. 

Short-term Corticosteroids 
Prednisone  Should be avoided in the 

first trimester (particularly 
glucocorticoids) and used 
at low doses (<10mg/day) 
thereafter. Risk of 
infections may increase 
when given at higher 
concentrations and in 
combination with 
biological therapies. 

Corticosteroids, 
including non-
fluorinated 
glucocorticoids, can 
be given when 
required and 
prednisone can be 
continued at the 
lowest effective dose 
throughout pregnancy. 

Prednisone and 
methylprednisolone are 
compatible with each 
trimester and are 
strongly recommended. 

Low risk ⎯ continue or 
initiate during pregnancy 
as needed. 

Corticosteroids 
particularly prednisone is 
conditionally 
recommended and 
should be tapered to 
<20mg/day. 

Methylprednisolon
e 

 

Hydrocortisone  
Dexamethasone  
Triamcinolone  

Opioids  
Codeine   

 
 

 
 

⎯ 
 

 
 
 

 
 

⎯ 
 

Compatible throughout 
pregnancy 

Avoid or minimize 
opioids use for pain 
management during 
pregnancy to improve 
maternal and neonatal 
outcomes(8) 

 
 
 
 
 

⎯ 

Oxycodone X ⎯ 
Hydrocodone  X ⎯ 
Pentazocine X ⎯ 
Propoxyphene X ⎯ 

Tramadol  Compatible with 
pregnancy – no 
evidence of high-quality 
safety studies 

Morphine X ⎯ 
a. Strong recommendation = clinicians are certain that the benefits of an intervention far outweigh the harms.  
b. Conditional recommendation = uncertainty over the balance of benefits and harms and/or more significant variability in patient values and preferences 
c. Indicated = can be prescribed if the patient’s disease is active, with the understanding that the neonate will have significant serum levels of drug for a period. 

 = compatible with pregnancy. X = not compatible with pregnancy. 
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Table S2: List of biologics with FDA approval date, dosage used in axSpA, RA and PsA, indications and safety in pregnancy.(9, 10) 
 
 
Biologic 
Brand name 
(Manufacturer) 

Mechanism of 
action 
(Route of 
administration) 

FDA approval Indications Adult dosing by indication Risk Summary/Safety in pregnancy 

infliximab 
 
Remicade®  
(Janssen Biotech 
Inc.) 

TNF-α inhibitor 
 
(Intravenous) 

First approved in 
1998 for Crohn’s 
disease 
 
Approved for RA in 
1999 
 
Approved for 
ankylosing 
spondylitis (AS) in 
2004 
 
Approved for PsA in 
2005 

Crohn’s disease 
(pediatric and 

adult) 

 

Ulcerative colitis 

(pediatric and 

adult) 

 

RA 

 

Ankylosing 

spondylitis (AS) 

 

PsA 

 Plaque psoriasis 

AS : Induction: 5mg/kg at 0, 
2, 6 weeks 
Maintenance: 5mg/kg given 
every 6 weeks  
 
RA: Induction: 3 mg/kg IV at 
0, 2, 6 weeks Maintenance: 
3 mg/kg IV every 8 weeks  
 
PsA: Induction: 5 mg/kg at 
0, 2, 6 weeks Maintenance: 
5 mg/kg every 8 weeks  

Infliximab should be given to a pregnant 
woman only if clearly needed. No evidence 
of maternal toxicity, embryotoxicity or 
teratogenicity was observed in a 
developmental toxicity study conducted in 
mice using an analogous antibody that 
selectively inhibits the functional activity of 
mouse TNF. 

infliximab-dyyb 
 
Inflectra® 

(Celltrion, Inc.) 

First approved in 
2016 

infliximab-abda 
 
Renflexis® 

(Samsung Bioepis 
Co., Ltd) 

First approved in 
2017 

infliximab-qbtx 
 
Ixifi® 

(Pfizer Inc.) 

First approved in 
2017 

infliximab-axxq 
 
Avsola® 

(Amgen Inc.) 

First approved in 
2019 
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adalimumab 
 
Humira®  
(Abbott 
Laboratories Inc.) 

TNF-α inhibitor  
 
(Subcutaneous) 

First approved in 
2002 for RA 
 
Approved for RA in 
2002 
 
Approved for PsA in 
2005 
 
Approved for AS in 
2006  
 
 
 

RA 

 

AS 

 

Crohn’s disease 

 

Ulcerative colitis 

 

Hidradenitis 

suppurativa 

 

Juvenile 

idiopathic arthritis 

 

Plaque psoriasis 

 

PsA 

 Uveitis 

AS and PsA: 40 mg every 
other week 
 
RA: 40 mg every other 
week. 
Some patients not receiving 
methotrexate may benefit 
from 
increasing the frequency to 
40 mg every week 
 

Adalimumab is actively transferred across 
the placenta during the third trimester of 
pregnancy and may affect immune 
response in the in-utero exposed infant. 
Published data suggest that the risk of 
adverse pregnancy outcomes in women 
with RA or inflammatory bowel disease is 
associated with increased disease activity. 
Adverse pregnancy outcomes include 
preterm delivery (before 37 weeks of 
gestation), low birth weight (less than 2500 
g) infants, and small for gestational age at 
birth. 

adalimumab-atto 
 
Amjevita®  
(Amgen Inc.) 

First approved in 
2016 

adalimumab-adaz 
 
Cyltezo®  
(Boehringer 
Ingelheim 
Pharmaceuticals, 
Inc.) 

First approved in 
2017 
 
Approved as the first 
interchangeable 
biosimilar with 
Humira in 2021 

adalimumab-adaz 
 
Hyrimoz®  
(Sandoz Inc.) 

First approved in 
2018 

adalimumab-afzb 
 
Abrilada®  
(Pfizer Inc.) 

First approved in 
2019 

adalimumab-bwwd 
 
Hadlima®  
(Samsung Bioepis 
Co., Ltd.) 

First approved in 
2019 
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golimumab 
 
Simponi®  
(Janssen Biotech 
Inc.) 

TNF-α inhibitor 
 
(Subcutaneous 
/ 
Intravenous) 

First approved in 
2009 for RA, AS and 
PsA 
 
Approved for AS, 
RA, and PsA in 
2009  

RA 

 

PsA 

 AS 
 
 Ulcerative colitis 

AS, RA, PsA: 50 mg once/ 
month.  

Monoclonal antibodies, such as golimumab, 
are transported across the placenta during 
the third trimester of pregnancy and may 
affect immune response in the in utero 
exposed infant. 

etanercept 
 
Enbrel®  
(Amgen Inc.) 

TNF-α inhibitor 
 
(Subcutaneous) 

First approved in for 
RA 1998 
 
Approved for PsA in 
2002 
 
Approved for 
ankylosing 
spondylitis in 2003 
 
 
 
 
 

AS 

 

Juvenile 

idiopathic arthritis 

(≥2 years 

 

Plaque psoriasis 

(≥4 years) 
 

PsA 

 RA 

AS, RA, PsA: 
50 mg weekly 

Developmental toxicity studies have been 
performed in rats and rabbits at doses 
ranging from 60- to 100-fold higher than the 
human dose and have revealed no 
evidence of harm to the fetus due to 
etanercept. There are, however, no studies 
in pregnant women. Because animal 
reproduction studies are not always 
predictive of human response, this drug 
should be used during pregnancy only if 
clearly needed. 

etanercept-szzs 
 
Erelzi® 
(Sandoz Inc.) 

First approved in 
2016 
 

etanercept-ykro 
 
Eticovo® 

(Samsung Bioepis 
Co., Ltd.) 

First approved in 
2019 

certolizumab 
 
Cimzia®  
(UCB Inc.) 

TNF-α inhibitor 
 
(Subcutaneous) 

First approved in 
2008 for Crohn’s 
disease 
 
Approved for RA in 
2009 
 

 RA 
  
 PsA 
  
 AS 
 
Crohn’s disease 

AS, RA, PsA: Induction: 
400 mg at 0, 2, 4 weeks 
Maintenance: 200 mg every 
2 weeks or 400 mg once 
monthly 

Published data suggest that the risk of 
adverse pregnancy outcomes in women 
with RA or Crohn’s disease is correlated 
with maternal disease activity and that 
active disease increases the risk of 
adverse pregnancy outcomes, including 
fetal loss, preterm delivery (before 37 
weeks of gestation), low 
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Approved for AS in 
2013 
 
Approved for PsA in 
2013 
 
Approved for nr-
axSpA in 2019 

birth weight (<2500 g) and small for 
gestational age birth. 

secukinumab 
 
Cosentyx® 
(Novartis) 

IL-17A inhibitor 
 
(Subcutaneous) 

First approved in 
2015 for plaque 
psoriasis 
 
Approved for AS in 
2016 
 
Approved for PsA in 
2016 
 
Approved for nr-
axSpA in 2020 
 

 

Plaque psoriasis 
  
 PsA 
 
 AS 

AS, PsA: 
With Loading: 
150mg at  0, 1, 2, 3, 4 
weeks  
Maintenance:  150mg every 
4 weeks 
  
Without Loading:  
150mg every 4 weeks 
 
PsA: If patient continues to 
have active disease, 
consider 300 mg dosage. 

There are no adequate and well controlled 
trials of secukinumab in pregnant women. 
Developmental toxicity studies conducted 
with monkeys found no evidence of harm to 
the fetus due to secukinumab. secukinumab 
should be used during pregnancy only if the 
potential benefit justifies the potential risk to 
the fetus. 

ixekizumab 
 
Taltz®  
(Eli Lilly and 
Company) 

IL-17A inhibitor 
 
(Subcutaneous) 

First approved in 
2016 for plaque 
psoriasis 
 
Approved for PsA in 
2017 
 
Approved for 
ankylosing 
spondylitis in 2019  
 
Approved for nr-
axSpA in 2020 

Plaque psoriasis 
 
PsA 
 
AS 
 
axSpA 

For AS:  
160mg at Week 0; then 
monthly. 
 
For nr-axSpA: 80mg 
injection at week 0; then 
monthly. 
 
PsA: 160 mg (two 
80 mg injections) at Week 0, 
followed by 80 mg every 4 
weeks 

No available data on ixekizumab use in 
pregnant women to inform any drug 
associated risks. Human IgG is known to 
cross the placental barrier; therefore, 
ixekizumab may be transmitted from the 
mother to the developing fetus. An 
embryofetal development study conducted 
in pregnant monkeys at doses up to 19 
times the maximum recommended human 
dose revealed no evidence of harm to the 
developing fetus 

BMJ Publishing Group Limited (BMJ) disclaims all liability and responsibility arising from any reliance
Supplemental material placed on this supplemental material which has been supplied by the author(s) BMJ Open

 doi: 10.1136/bmjopen-2022-065189:e065189. 12 2022;BMJ Open, et al. Shridharmurthy D



 9 

ustekinumab 
 
Stelara®  
(Janssen Biotech 
Inc.) 

IL-12/23 
inhibitor 
 
(Subcutaneous 
/ 
Intravenous) 

First approved in 
2009 for plaque 
psoriasis  
 
Not sure if FDA 
approved 
specifically for AS; 
but it has been 
shown to reduce 
symptoms of AS  
 
Approved for PsA in 
2013 
 

Plaque psoriasis 
 
PsA 
 
Crohn’s disease 
 
Ulcerative colitis 
 

AS: 
Induction: 260-520mg (body 
weight based)  
Maintenance:  
90mg every 8 weeks.  
 
PsA: Induction: 45 mg 
subcutaneous 0, 4 weeks 
Maintenance: 45 mg 
subcutaneous every 12 
weeks 

Limited data on the use of ustekinumab in 
pregnant women are insufficient to inform a 
drug associated risk. The background risk 
of major birth defects and miscarriage for 
the indicated population(s) are unknown. 

abatacept 
 
 
 
Orencia®    
(Bristol-Myers 
Squibb Company) 

Selective T cell 
co-stimulation 
modulator 
 
(Subcutaneous) 
 
 

First approved in 
2005 for RA 
 
Approved for PsA in 
2017 

RA 
 
Juvenile idiopathic 
arthritis 
 
PsA 

RA: 
125 mg once weekly (within 
a day of  
intravenous infusion if 
infusion given) 
PsA: 125 mg once weekly 
without an intravenous 
loading dose 

There are no adequate and well-controlled 
studies of abatacept use in pregnant 
women. The data with abatacept use in 
pregnant women are insufficient to inform 
on drug-associated risk. 

anakinra 
 
 
Kineret®   
(Swedish Orphan 
Biovitrum AB) 

Interleukin-1 
receptor 
antagonist 
 
(Subcutaneous) 
 

First approved in 
2001 for RA 
 
Approved for RA in 
2005 

RA 
 
Cryopyrin-
Associated 
Periodic 
Syndromes  

RA:  
100 mg/day daily; 
administered about the 
same time every day 

There are no adequate and well-controlled 
studies of Kineret in pregnant women. 
Kineret should be used during pregnancy 
only if clearly needed. 

rituximab 
 
 
Rituxan® 
(Genentech and 
Biogen) 

CD20-directed 
cytolytic 
antibody 
 
 
 
(Intravenous) 

First approved in 
1997 for non-
Hodgkin’s 
lymphoma 
 
Approved for RA in 
2006 

RA 
Non-Hodgkin’s 
lymphoma 
 
Chronic 
Lymphocytic 
Leukemia 
 
Granulomatosis 
with Polyangiitis 
(Wegener’s 

RA: (with methotrexate):  
two-1000 mg separated by 
2 weeks (one course) every 
24 
weeks or based on clinical 
evaluation, but not sooner 
than every 16 
weeks 
 
Methylprednisolone 100 mg 
intravenous or equivalent 

There are no adequate and well-controlled 
studies of rituximab in pregnant women. 
Post marketing data indicate that B-cell 
lymphocytopenia generally lasting less than 
6 months can occur in infants exposed to 
rituximab in-utero. Should be used during 
pregnancy only if the potential benefit to the 
mother justifies the potential risk to the 
fetus. 
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Granulomatosis) 
and Microscopic 
Polyangiitis  

Glucocorticoid 
recommended 30 minutes 
prior to each infusion 

tocilizumab 
 
 
Actemra® 
(Genentech) 

interleukin-6 
(IL-6) receptor 
antagonist 
 
(Subcutaneous 
/ 
Intravenous) 

First approved in 
2010 for RA 
 
Approved for RA in 
2010 

RA 

 

Giant cell arteritis 

 

Juvenile 

idiopathic arthritis  

 Cytokine release 
syndrome 

RA: iv dose: 4 mg per kg 
every 4 weeks 
followed by an 
increase to 8 mg per kg 
every 4 weeks based on 
clinical response 
 
sc dose: 162 mg 
administered 
subcutaneously every 
other week, followed by an 
increase to 
every week based on 
clinical response 

The limited data with tocilizumab in 
pregnant women are not sufficient to 
determine whether there is 
a drug-associated risk for major birth 
defects and miscarriage. Monoclonal 
antibodies, such as tocilizumab, are actively 
transported across the placenta during the 
third trimester of pregnancy and may affect 
immune response in the in utero exposed 
infant. Based on the animal data, there may 
be a potential risk to the fetus. 

sarilumab 
 
Kevzara®  
(Regeneron 
Pharmaceuticals, 
Inc. / Sanofi-
aventis U.S. LLC) 

interleukin-6 
(IL-6) receptor 
antagonist 
(Subcutaneous) 

First approved in 
2017 for RA 
 

RA 200 mg once every two 

weeks 

The limited data with sarilumab in pregnant 
women are not sufficient to determine 
whether there is a drug-associated risk for 
major birth defects and miscarriage. 
Monoclonal antibodies, such as sarilumab, 
are actively transported across the placenta 
during the third trimester of pregnancy and 
may affect immune response in the in utero 
exposed infant. Based on the animal data, 
there may be a potential risk to the fetus. 

 
FDA drugs accessed at: https://labels.fda.gov/ 

BMJ Publishing Group Limited (BMJ) disclaims all liability and responsibility arising from any reliance
Supplemental material placed on this supplemental material which has been supplied by the author(s) BMJ Open

 doi: 10.1136/bmjopen-2022-065189:e065189. 12 2022;BMJ Open, et al. Shridharmurthy D



 11 

 

Table S3: Clinical codes used to identify an episode of pregnancy.(11, 12) 
Pregnancy outcome Code type Code 

Livebirth ICD-9-CM 766.0 766.1 765.1x 766.2x V27.0 V27.2 V27.5 V30.xx V31.xx  
V34.xx V39.xx 

ICD-10-CM Z370 Z372 Z3750 Z3751 Z3752 Z3753 Z3754 Z3759 O80  
Stillbirth ICD-9-CM 646.01 656.40 656.41 V27.1 V27.4 V27.7 

CPT 88016 
ICD-10-CM Z371 Z374 Z377 O364XX0 O364XX1 O364XX2 O364XX3 

O364XX4 O364XX5 O364XX9 
Mixed birth ICD-9-CM 651.31 651.41 651.51 651.61 V27.3 V27.6 V32.xx V35.xx  

V36.xx 
ICD-10-CM Z373 Z3760 Z3761 Z3762 Z3763 Z3764 Z3769 

Spontaneous abortion ICD-9-CM 632 634.xx 768.0 637.xx 
CPT 01965 59812 59820 59821 59830   
ICD-10-CM O03 O021 

Elective termination ICD-9-CM 779.6 635.xx 636.xx 
ICD-9-CM/PCS 74.91 75.0 69.01 69.51 
CPT 01966 01964 59840 59841 59850 59851 59852 59855 59856  

59857 
HCPCS S0190 S0199 S2260 S2262 S2265 S2266 S2267 
ICD-10-CM Z332 O04 
ICD-10-CM/PCS 10A00ZZ 10A03ZZ 10A04ZZ 10A07Z6 100A07ZW 10A07ZX 

10A07ZZ 10A08ZZ 
Ectopic/molar pregnancy ICD-9-CM  630 761.4 633.00 633.10 633.20 633.80 633.90 

ICD-9-CM/PCS 66.62 74.3 
CPT 59100 59120 59121 59130 59135 59136 59140 59150 59151  

59870 
ICD-10-CM O00 O08 O01 O020 O0289 O029 
ICD-10-CM/PCS 10T20ZZ 10T23ZZ 10T24ZZ 10T27ZZ 10T28ZZ 10D27ZZ  

10D28ZZ 
Unclassified deliveriesa ICD-9-CM 644.21 645.11 645.21 649.81 649.82 650 651.01 651.11 

651.21 651.81 651.91 658.20 658.21 658.30 658.31 662.01 
662.11 662.21 662.31 669.50 669.51 669.60 669.61 669.70 
669.71 679.12 763.0 763.2 763.3 763.4 763.6 V27 V27.9 
V33.xx V37.xx 

ICD-9-CM/PCS 72.x 73.0 73.01 73.09 73.1 73.2 73.22 73.3 73.4 73.5 73.51 
73.59 73.6 73.8 73.9 73.91 73.92 73.93 73.94 73.99 74.0 74.1 
74.2 74.4 74.9 74.99 75.4 

CPT 01960 01961 01963 01967 01968 01969 59400 59409 59410 
59414 59510 59514 59515 59525 59610 59612 59614 59620 
59622 99464 

ICD-10-CM O6010X0 O6010X1 O6010X2 O6010X3 O6010X4 O6010X5 
O6010X9 O6012X0 O6012X1 O6012X2 O6012X3 O6012X4 
O6012X5 O6012X9O6013X0 O6013X1 O6013X2 O6013X3  
O6013X4 O6013X5 O6013X9 O6014X0 O6014X1 O6014X2 
O6014X3 O6014X4 O6014X5 O6014X9 O6020X0 O6020X1 
O6020X2 O6020X3 O6020X4 O6020X5 O6020X9 O6022X0 
O6022X1 O6022X2 O6022X3 O6022X4 O6022X5 O6022X9 
O6023X0 O6023X1 O6023X2 O6023X3 O6023X4 O6023X5 
O6023X9 O82 

ICD-10-CM/PCS 10D00Z0 10D00Z1 10D00Z2 10D07Z3 10D07Z4 10D07Z5 
10D07Z6  
10D07Z7 10D07Z8 10D17Z9 10D17ZZ 10D18Z9 10D18ZZ 
10E0XZZ 
 

ICD-9-CM = International Classification of Diseases, 9th Revision, Clinical Modification Diagnosis 
ICD-10-CM = International Classification of Diseases, 10th Revision, Clinical Modification Diagnosis 
ICD-9-CM/PCS = International Classification of Diseases, 9th Revision, Procedure Coding System 
ICD-10-CM/PCS = International Classification of Diseases, 10th Revision, Procedure Coding System 
CPT = Current Procedural Terminology; HCPCS = Healthcare Common Procedure Coding System 
a Unclassified deliveries included deliveries with unknown outcomes 
Data files used: Inpatient Admission tables (I): ccaei/2013-2018; variables used: PDX, DX1 – DX15. 

Inpatient Services tables (S): ccaes/2013-2018; variables used: PDX, DX1 – DX4.
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Table S4: Clinical codes used to estimate the gestational age and date of the last menstrual 
period (LMP)(11, 13) 
 

 Code type Code Description 
Gestational 
Age codes  

ICD-9-CM Livebirths, Stillbirth and Mixed births 
765.21  23 weeks  
765.00 765.01 765.11 28 weeks 
765.02 765.12  29 weeks 
765.03 765.13  30 weeks 

765.04 765.14 651.2x V91.2x 31 weeks 
765.05 765.15  32 weeks 

765.06 765.16 651.1x V34.xx V35xx 
V36xx V37xx V91.1x 

33 weeks 

765.07 765.17  34 weeks 
776.6 362.20 362.22 362.23 362.24 
362.25  
362.26 362.27 644.2X 765.08 765.10 
765.18 651.8x 651.9x V27.5 V27.6 
V27.7 V91.9x 

35 weeks 

765.09 765.19 651.0x 662.3x V27.2 
V27.3 V27.4 V31.xx V32.xx V33.xx 
V91.0x 

36 weeks 

649.8x 38 weeks 
645.1x 766.21 39 weeks 
645.2x 766.22  41 weeks 
765.22 42 weeks 

All pregnancies except abortions 
765.23 24 weeks 
765.24 26 weeks 
765.25 28 weeks 
765.26 30 weeks 
765.27 32 weeks 

765.28 34 weeks 
765.29 36 weeks 

Spontaneous abortions/ Elective terminations  

CPT 59820 10 weeks 

59821 20 weeks 

HCPCS S2265 26 weeks 

S2262 28 weeks 

S2266 30 weeks 

S2267 33 weeks 

ICD-10-CM Z3A01-Z3A42 Weeks 1 to 42 
ICD-9-CM = International Classification of Diseases, 9th Revision, Clinical Modification Diagnosis 
ICD-10-CM = International Classification of Diseases, 10th Revision, Clinical Modification Diagnosis 
CPT = Current Procedural Terminology 
HCPCS = Healthcare Common Procedure Coding System 
 

Estimating the date of last menstrual period (LMP) 
 
Step 1: Since our data included years 2013 to 2018 and covered the cross-over from ICD-9 to ICD-10 
coding systems, we used two algorithms 1) using ICD-9 codes(11) and 2) using ICD-10 codes(13) to 
estimate gestational age in our study. The algorithms used diagnosis and procedure codes, CPT codes 
and HCPCS codes to identify events (Supplemental Table S3) indicating that the pregnancy had ended 
(livebirth, stillbirth, mixed birth, spontaneous abortion, elective termination, ectopic/molar pregnancy, 
and unclassified deliveries (deliveries with an unknown outcome)).  
 
Step 2: We then used another algorithm to estimate the date of last menstrual period(11, 13) and used 
this as the index date to determine dates of the first, second, and third trimesters(11, 13). The algorithm 
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first identified all the Z3A codes (ICD-10)/gestational age codes (ICD-9) for each patient (Supplemental 
Table S4).  
Step 3: The date of LMP was obtained by subtracting the gestational age from the date of service in 
the claim. For instance, if a patient had the ICD-10 code Z3A.20 on the 20th of June 2017, then the LMP 
date was calculated as 20th June 2017 – 20 weeks = 31st Jan 2017.  
 
Step 4: The LMP date was then estimated for each of the gestational age codes available. When there 
were multiple LMP dates for a single pregnancy episode, LMP date from the first observed gestational 
age code was used.  
 
Step 5: When gestational age codes were not available, LMP date (i.e., index date) was calculated as 
end of pregnancy date minus the standard gestational age in weeks (livebirth: 39, stillbirth: 28, preterm 
birth: 35, mixed birth: 35, spontaneous abortion: 8, elective termination: 10, ectopic/molar pregnancy: 
8)(12, 14-17). The index date was the estimated onset of the gestational period or the beginning of the 
first trimester (day zero). 
 
Data files used:  Inpatient Admission tables (I): ccaei/2013-2018; variables used: PDX, DX1-DX15 

Inpatient Services tables (S): ccaes/2013-2018; variables used: PDX, DX1-DX4 
Outpatient Services tables (O): ccaeo/2013-2018; variables used: DX1-DX4 
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Table S5: Operational definition of axSpA, RA, and PsA using claims data.(18) 

 ICD-9-CM 
codes 

ICD-10-CM 
codes 

Operational definitions 

Axial 
Spondyloarthritis(19) 

720.0, 720.2, 
720.9, 720.89 

M45, M46.1, 
M46.8, M46.9, 
M08.1 

1. ≥ 1 diagnosis that occurred during an 
inpatient visit; OR 

2. ≥ 2 outpatient diagnoses that 
occurred on different dates at least 7 
days apart; OR  

3. ≥ 1 outpatient diagnosis by a 
rheumatologist; OR 

4. ≥ 1 outpatient diagnosis and at least 
one dispensing of a DMARDa 

Rheumatoid 
Arthritis(20) 

714.0, 714.3 M05, M06, M08 1. ≥ 1 diagnosis that occurred during an 
inpatient visit; OR 

2. ≥ 2 outpatient diagnoses that 
occurred on different dates at least 7 
days apart; OR 

3. ≥ 1 outpatient diagnosis by a 
rheumatologist; OR 

4. ≥ 1 outpatient diagnosis and at least 
one dispensing of a DMARDa 

Psoriatic 
Arthritis(21) 

696.0 L40.54, L40.59 1. ≥ 1 diagnosis that occurred during an 
inpatient visit; OR 

2. ≥ 2 outpatient diagnoses that 
occurred on different dates at least 7 
days apart; OR 

3. ≥ 1 outpatient diagnosis by a 
rheumatologist; OR 

4. ≥ 1 outpatient diagnosis and at least 
one dispensing of a DMARDa 

DMARD = Disease modifying antirheumatic drug 
ICD-9-CM = International Classification of Diseases, 9th Revision, Clinical Modification Diagnosis 
ICD-10-CM = International Classification of Diseases, 10th Revision, Clinical Modification Diagnosis 
 
ICD-9/10 codes to identify axSpA, RA, and PsA cases were reviewed and confirmed by rheumatologists 
Dr. Jonathan Kay, Dr. Michael Weisman, and Dr. Jessica Walsh.  
Using the Marketscan® commercial claims and encounters (CCAE) database, inpatient claims were 
identified in the Inpatient Admissions tables (I) (ccaei/2013-2018) and Inpatient Services tables (S) 
(ccaes/2013-2018). Outpatient claims identified in the Outpatient Services tables (O) (ccaeo/2013-2018) 
files.   
 
a.DMARDs included biologic DMARDs (bDMARDs), and conventional synthetic/non-biologic DMARDs 
(csDMARDs) 
Prescription claims were identified in the Prescription Drug tables (D) (ccaed/2013-2018) and 
infusion/procedure claims were identified in the Inpatient Admissions tables (I) (ccaei/2013-2018), 
Inpatient Services tables (S) (ccaes/2013-2018) and Outpatient Services tables (O) (ccaeo/2013-2018). 
Variables used in Inpatient Admissions tables (I): PPROC, PROC1-PROC15 
Variables used in Inpatient Services tables (S): PPROC, PROC1 
Variables used in Outpatient Services tables (O): PROC1 
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Supplementary Methods Appendix. Study population. 
 
The cohort included all women with an end of pregnancy date between January 1, 2013, and December 
31, 2018 (n=2,175,353). For women with multiple eligible births, one event was randomly selected. 
 
Criterion 1 limited the study population to patients with an ICD-9/10 code for axSpA, RA, or PsA 
(n=19,738).  
 
Criterion 2 excluded pregnancies where the last menstrual period (LMP) could not be estimated 
(n=5,812) due to lack of gestational age codes or unknown outcomes of pregnancies (n=13,926).  
 
Criterion 3 excluded women with recorded ICD-9/10 diagnostic codes for two or more of the above 
rheumatic conditions (n=28) as they were more likely to have higher disease activity and were more 
likely to initiate or use biologics (n=13,898).  
 
Criterion 4 restricted the sample to women whose date of diagnosis preceded the date of LMP by at 
least 90 days (n=4,341).  
 
Typically, the first line of treatment for patients with axSpA, RA or PsA does not include biologics.(22, 
23) Standard treatment for an axSpA patient includes treatment with nonsteroidal anti-inflammatory 
drugs (NSAIDs) for a period of at least four weeks before initiating biologics.(23) Similarly, for RA 
patients, guidelines strongly favor treatment with methotrexate prior to biologics.(22) The 90-day 
window provides a recently diagnosed patient with sufficient time to initiate biologics prior to the index 
date.  
 
Criterion 5 restricted the sample to women with continuous enrollment within the MarketScan® 

database for medical and pharmacy coverage (i) for  three months prior to the index date and (ii) 
between the LMP date and the date of delivery (n=4,156).  
 
Criterion 6 limited the sample to patients ≤ 55 years of age on the index date (n=4,131).  
 
The remaining 4,131 women comprised the final analytic sample. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

BMJ Publishing Group Limited (BMJ) disclaims all liability and responsibility arising from any reliance
Supplemental material placed on this supplemental material which has been supplied by the author(s) BMJ Open

 doi: 10.1136/bmjopen-2022-065189:e065189. 12 2022;BMJ Open, et al. Shridharmurthy D



 16 

 
Table S6: NDC Codes and HCPCS Codes used to identify biologic agents.  
Specific HCPCS codes for secukinumab, ixekizumab and anakinra were not available, hence they 
were identified using prescription claims (NDC code) for the specific biologic agent. Other HCPS 
codes used included S9359 (home use of TNFα inhibitor) and J3590 (unclassified biologics). 
 
Biologic Agent HCPCS Code (24, 25) NDC Code (26) 
Infliximab  J1745, Q5103, Q5104, Q5121 00069080901, 57894003001, 00006430502, 

55513067001 
Adalimumab  J0135 00074006702, 00074012401, 00074012403, 

00074012473, 00074012474, 00074024302, 
00074024371, 00074055401, 00074055402, 
00074055404, 50090448700, 00074055406, 
00074055471, 00074055473, 00074055474, 
00074061602, 00074061671, 00074081702, 
00074153903, 00074254001, 00074254003, 
00074379903, 00074379906, 00074379902, 
00074433901, 00074433902, 00074433906, 
00074433907, 00074634702, 00074937402 

Etanercept  J1438 58406042534, 58406042541, 58406045501, 
58406045504, 58406043501, 58406043504, 
58406044501, 58406044504, 58406045601, 
58406045604, 58406001004, 58406002104,  
58406003204, 58406004404, 58406005504, 
58406044604, 50090449000, 71202000304,  
71202000404 

Golimumab  J1602 57894007102, 57894007190, 57894007002, 
57894007101, 57894007089, 57894007090, 
57894007189, 57894007001, 57894035089, 
57894035001 

Certolizumab  J0717, J0718, C9249 50474071079, 50474071080, 50474071081, 
50474070061, 50474070062 

Secukinumab J3590 00078063941, 00078063968, 00078063997,  
00078063998 

Ustekinumab C9261, J3357, J3358, Q9989 57894005427, 57894006003, 57894006103, 
57894006104, 57894006004, 57894006002,  
57894005416 

Ixekizumab J3590 00002144509, 00002144511, 00002144527, 
00002144561, 00002772411, 00002772499 

Abatacept  J0129 00003218710, 00003218811, 00003218821, 
00003218850, 00003218851, 00003218890, 
00003218891, 00003218713, 00003281411, 
00003281811 

Anakinra  J3590 66658023407, 66658023428 

Rituximab  J9310, J9311, J9312, Q5115, Q51
Q5123 

55513022401, 55513032601, 50242005110, 
50242005306, 50242005121, 50242010801, 
50242010886, 50242010901, 00069023801, 
00069024901,63459010310, 63459010450 

Tocilizumab  J3262 50242013501, 50242013801, 50242013701, 
50242013886, 50242013601, 50242014301, 
50242014386 

Sarilumab J3590 00024592201, 00024590801, 00024590802, 
00024591001, 00024591002, 00024592202,  
00024592002, 00024592001 

HCPCS, Healthcare Common Procedure Coding System; NDC, National Drug Codes 
 

Data files used to identify NDC codes:  

• Prescription Drug tables (D): ccaed133, ccaed143, ccaed153, ccaed162, ccaed171, ccaed181 

Data files used to identify HCPCS codes:  
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• Inpatient Admissions tables (I): ccaei133, ccaei143, ccaei153, ccaei162, ccaei171, ccaei181 

• Inpatient Services tables (S): ccaes133, ccaes143, ccaes153, ccaes162, ccaes171, ccaes181 

• Outpatient Services tables (O): ccaeo133, ccaeo143, ccaeo153, ccaeo162, ccaeo171, ccaeo181 

 

For HCPCS codes, each inpatient service record has 2 procedure variables (PPROC and PROC1). 

On each inpatient admission record, one procedure code is identified and assigned as the principal 

procedure (PPROC), and up to 15 secondary procedure codes (PROC1 through PROC15) are 

included on the corresponding Inpatient Admission record. One procedure code (PROC1) is 

included on each Outpatient Service record. 
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Table S7: Proportions of pregnant women using biologics during pregnancy by trimester 

 
  

Trimesters  
Overall 

(N=4131) 

% Pregnant women with Among those with filled biologic 
prescription in baseline period 

AxSpA  
(N=2410) 

RA 
(N=1418) 

PsA  
(N=303) 

Overall 
(N=243) 

AxSpA 
(N=39) 

RA 
(N=174) 

PsA 
(N=30) 

Any use in 
first 
trimester 

3.3 1.0 6.4 7.3 55.1 59.0 51.7 70.0 

Any use in 
second 
trimester 

2.3 0.8 4.0 6.3 38.7 51.3 32.2 60.0 

Any use in 
third 
trimester 

1.4 0.5 2.5 3.0 23.5 30.8 20.7 30.0 

First 
trimester, 
but not 
second 
and third 
trimester 

0.9 0.2 2.2 1.3 16.1 10.3 17.8 13.3 

Second 
trimester, 
but not 
first and 
third 
trimester 

0.1 0.04 0.1 0.3 1.2 2.6 0.6 3.3 

Third 
trimester, 
but not 
first and 
second 
trimester 

0.1 0 0.2 0 1.2 0 1.7 0 

First and 
second, 
but not 
third 
trimester 

44 0.3 1.9 3.0 17.3 20.5 14.9 26.7 

First and 
third, but 
not 
second 
trimester 

1.1 0.1 0.3 0 2.1 2.6 2.3 0 

Second 
and third 
trimester, 
but not 
first 
trimester 

0.02 0.04 0 0 0.4 2.6 0 0 

First, 
second 
and third 
trimesters 

1.2 0.4 2.1 3.0 19.8 25.6 16.7 30.0 
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Table S8. Brief description of type of insurance in the US. 
 

Type of insurance Description 
Health maintenance 
organization (HMO) 

• A type of plan that usually has limited coverage to care from 

doctors who work for or contract with the HMO. 

• It typically does not cover out-of-network care except in an 

emergency.  

• An HMO may require patients to live or work in its service 

area to be eligible for coverage. 

• An integrated care is often provided with a focus on 

prevention and wellness. 

Preferred provider 
organization (PPO) 

• A type of plan that contracts with healthcare providers, such 

as hospitals and doctors, to create a network of participating 

clinical providers.  

• Patients will pay less if they use providers that belong to the 

plan’s network.  
• Patients can use doctors, hospitals, and providers outside of 

the network with some additional costs. 

Consumer-directed health 
plans (CDHP) / High 

deductible health plans 
(HDHP) 

• A CDHP is a high-deductible plan where a portion of the 

health care services are paid for with pre-tax dollars.  

• A CDHP most often pairs with a  Health Savings Account, or 
some other tax-advantaged account.  

• High-deductible plans have higher annual deductibles and 

out-of-pocket maximums than traditional health plans 
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Table S9: Outpatient claims used to define healthcare provider (rheumatologist, primary care 
provider, obstetrician), emergency room and urgent care visits. 
 
Claim Type Operational definition 
Outpatient Claims for 
outpatient healthcare 
provider visits 
(ccaeo/2013-2018) 

Provider Type Codes: 

• 200 – Medical doctor (MD) (NEC) 

• 204 – Internal Medicine (NEC) 

• 240 – Family practice 

• 300 – Rheumatologist 

• 320 – Obstetrician/Gynecologist 

820 – Midwife 

AND 
 
Revenue Codes: 

• 0500 – Outpatient services general classification 

• 0509 – Outpatient services – other 

• 0510 – Clinic - general classification 

• 0511 – Clinic chronic pain center 

• 0514 – Clinic-OB-GYN 

• 0517 – Clinic family practice clinic 

• 0520 – 0523, 0529 – Free standing clinic  

• 0982 – Professional fees – outpatient services 

• 0983 – Professional fees – outpatient clinic 

OR  
 
Service Sub-Category Codes: 
12210 – Facility outpatient room and board 

• 12215 – Facility outpatient procedures 

• 12328 – Facility outpatient clinic services 

• 12330 – Facility outpatient diagnostic services 

• 21115 – Physician specialty outpatient procedures 

• 21124 – Physician specialty outpatient preventive services 

• 21125 – Physician specialty outpatient office visits 

• 21126 – Physician specialty outpatient facility visits 

• 21215 – Physician non-specialty outpatient procedures 

• 21224 – Physician non-specialty outpatient preventive services 

• 21225 – Physician non-specialty outpatient office visits 

• 21226 – Physician non-specialty outpatient facility visits 

• 22315 – Professional outpatient procedures 

• 22324 – Professional outpatient preventive visits 

• 22325 – Professional outpatient office visits 

• 22326 – Professional outpatient facility visits 

• 22330 – Professional outpatient diagnostic services 

Obstetrician visits 
during pregnancy 
(ccaeo/2013-2018) 

Obstetrician visits during pregnancy were defined in one of two 
ways: 
 
1. If the record contained the provider type code “320” or “820” 

and either the place of service code, or revenue code, or 

service sub-category code for an outpatient claim as described 

above. 
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OR 

2. If the record contained any of the ICD-9/ ICD-10 codes for 

prenatal care outlined in table S8. 

Emergency Room 
Claims 
(ccaeo/2013-2018) 

Provider Type Codes: 

• 220 – Emergency Medicine 

• 428 – Pediatric Emergency Medicine  

AND 

Place of Service Codes: 
23 – Emergency room – Hospital 

OR 
 

Revenue Codes: 
0450-0452, 0459 – Emergency room 
0981 – Professional fees – Emergency room 
 OR 
 
Service Sub-Category Codes: 
Any code that ends in a 20 indicates an emergency room visit  
 
10120, 10220, 10320, 10420, 10520 – Facility inpatient ER 
20220 – Physician non-specialty inpatient ER 
12220 – Facility outpatient ER 
21220 – Physician non-specialty outpatient ER 
20120 – Physician specialty inpatient ER 
22320 – Professional outpatient ER 
21120 – Physician specialty outpatient ER 
22120 – Professional inpatient ER 
30120, 30220, 30520, 30620, 30320, 30420 – Mental health ER 
31120, 31220, 31320, 31420, 31520, 31620 – Substance abuse ER 

Urgent Care Claims 
(ccaeo/2013-2018) 

Provider Type Codes: 
6 – Urgent Care Facility 

AND  
 
Place of Service Codes: 
20 – Urgent care facility 

OR 
 

Revenue Codes: 
0456 – Emergency room – urgent care   
0516 – Clinic – urgent care clinic 
0526 – Free standing clinic – urgent care 

 

Outpatient claims used to define healthcare provider (rheumatologist, primary care provider, 
obstetrician), emergency room and urgent care visits.(27) 
1. For a record to be considered as an outpatient visit, it had to contain the specific provider type 

code and either the place of service code, or revenue code, or service sub-category code for an 

outpatient claim. 

2. A record was coded as an emergency room visit if it contained a place of service code, revenue 

code, or service sub-category code for an emergency room claim. 

3. A record was coded as an urgent care visit if it contained a place of service code, revenue code, 

or service sub-category code for an urgent care claim.  
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Table S10: Table with ICD-9/ ICD-10 codes for prenatal care during pregnancy. 
ICD 10 codes for prenatal care for normal pregnancy 

Z34 - Encounter for supervision of normal pregnancy 

• Z34.0 - Encounter for supervision of normal first pregnancy 

⎯ Z34.00 - unspecified trimester 

⎯ Z34.01 - first trimester 

⎯ Z34.02 - second trimester 

⎯ Z34.03 - third trimester 

• Z34.8 - Encounter for supervision of other normal pregnancy 

⎯ Z34.80 - unspecified trimester 

⎯ Z34.81 - first trimester 

⎯ Z34.82 - second trimester 

⎯ Z34.83 - third trimester 

• Z34.9 - Encounter for supervision of normal pregnancy, unspecified 

⎯ Z34.90 - unspecified trimester 

⎯ Z34.91 - first trimester 

⎯ Z34.92 - second trimester 

⎯ Z34.93 - third trimester 

ICD 10 codes for prenatal care for high-risk pregnancy 
O09 - Supervision of high-risk pregnancy 

• O09.21 - Supervision of pregnancy with history of pre-term labor 

⎯ O09.211 - first trimester 

⎯ O09.212 - second trimester 

⎯ O09.213 - third trimester 

⎯ O09.219 - unspecified trimester 

• O09.8 - Supervision of other high-risk pregnancies 

• O09.81 - Supervision of pregnancy resulting from assisted reproductive technology 

⎯ O09.811 - first trimester 

⎯ O09.812 - second trimester 

⎯ O09.813 - third trimester 

⎯ O09.819 - unspecified trimester 

• O09.89 Supervision of other high-risk pregnancies 

⎯ O09.891 - first trimester 

⎯ O09.892 - second trimester 

⎯ O09.893 - third trimester 

⎯ O09.899 - unspecified trimester 

• O09.9 Supervision of high-risk pregnancy, unspecified 

⎯ O09.90 - unspecified trimester 

⎯ O09.91 - first trimester 

⎯ O09.92 - second trimester 

⎯ O09.93 - third trimester 

ICD 9 codes for prenatal care during pregnancy 

• Prenatal care, normal pregnancy - V22.1 

• Prenatal care, first pregnancy - V22.0 

• Prenatal care, high-risk pregnancy - V23, V23.8, V23.89, V23.9 

 
ICD-9/10 codes accessed at: 
https://www.cms.gov/Medicare/Coding/ICD9ProviderDiagnosticCodes/codes  
https://www.cms.gov/Medicare/Coding/ICD10  
 
Claims identified in the Outpatient Services tables (O) (ccaeo/2013-2018) files.   
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Figure S1: Sankey plots for filling a prescription for a biologic during the baseline period i.e., 90 days before the last menstrual period, and the 
first, second, and third trimesters. 
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