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ABSTRACT OF THE DISSERTATION 

Autoimmune Diseases in Pregnancy: Associated Risk Factors, Comorbidities and 
Pregnancy Outcomes in the Organization of Teratology Information Specialists (OTIS) 

Autoimmune Diseases in Pregnancy Project 

by 

Balambal Bharti 

Doctor of Philosophy in Public Health (Epidemiology) 

University of California, San Diego, 2014  

San Diego State University, 2014 

 

Professor Christina Chambers, Chair 

Background: Autoimmune (AI) diseases unlike most other chronic diseases in 

pregnancy have been understudied.  The objectives of this dissertation were to evaluate 

the impact of AI disease severity on pregnancy outcomes, to examine how AI diseases 

affect the relationship between a common comorbid condition, nausea and vomiting in 

pregnancy (NVP), and spontaneous abortion (SAB), and lastly to explore missingness of 

HC in pregnant women with and without AI diseases.   
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Methods: Secondary analyses were carried out on data collected prospectively in 

the OTIS Autoimmune Diseases in Pregnancy Project between 2004 and 2011.  Analyses 

were carried out on different subsets of the main study to: (1) examine the relationship 

between rheumatoid arthritis (RA) disease severity measured during early pregnancy and 

selected pregnancy outcomes, (2) assess impact of maternal AI status on the occurrence 

of NVP and examine how NVP in these women is related to differential risk of SAB, and 

(3) examine a methodological issue on patterns and factors associated with missing 

exposure variables relevant to pregnancy cohort studies such as the OTIS Autoimmune 

Diseases in Pregnancy Project: whether “missingness” of head circumference (HC) 

measurement at birth in this dataset occurred completely at random or is systematically 

biased in ways that might compromise the validity of interpretation.  

Results: After adjusting for covariates, RA disease severity in early pregnancy 

was predictive of increased risk for preterm delivery in women with AI disease 

(aRR=1.55, 95% CI: 1.17, 2.07).  Overall adjusted HR for NVP and SAB was 0.65 (95% 

CI: 0.29, 1.48).  AI disease status did not affect the association between NVP and SAB.  

Adjusting for covariates, non-availability of medical records was strongly associated with 

missing HC.  

Conclusion: Disease severity in early pregnancy in women with RA is predictive 

of preterm delivery.  There was no differential association between NVP and SAB in 

women with AI diseases.  Finally, missing medical records was significantly associated 

with missing HC and we need to be cautious when interpreting results with missing 

covariates especially when the rate of missingness is not mentioned. 
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CHAPTER 1: 

BACKGROUND  

1.1  INTRODUCTION  

  Maternal immunity during pregnancy is altered to protect the fetus and returns to 

pre-pregnancy state after delivery.  Although, there is no general immunosuppression, 

there is a shift from Th1 to Th2 response in pregnancy.  The Th1 cells are pro-

inflammatory and produce cytokines such as IL-1, IL-2, IL-6, IL-12, interferon-γ (IFN-γ) 

and tumor necrosis factors (TNF-α and TNF-β).  The Th2 cells are anti-inflammatory 

and secrete cytokines such as IL-3, IL-4, Il-5, IL-10 and IL-13.  The skewing towards a 

Th2 response is evidenced by significantly lower IL-12 and TNF-α levels in the third 

trimester of pregnancy compared with post-partum values.1  In addition, hormones like 

glucocorticoids, progesterone and estrogen further modify the functions of the immune 

cells during pregnancy. 

Even in the non-pregnant state, women with autoimmune (AI) diseases such as 

rheumatoid arthritis (RA), psoriasis and Crohn’s disease have an altered immune 

response.2,3  Pregnancy can further modify this response through a decline in Th1 and 

increase in Th2 response with a differential effect on AI disease activity depending on the 

specific disease.  There is improvement in Th1 dependent diseases such as RA, Crohn’s 

disease, psoriasis, psoriatic arthritis and ankylosing spondylitis and worsening of Th2 

dependent diseases such as systemic lupus erythematosus (SLE).  There are contradictory 

findings from studies investigating AI disease course during pregnancy.4  Some authors 
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report improvement in the disease while others report no improvement or worsening of 

the disease.  One explanation may be that the change in Th1/Th2 is not constant 

throughout pregnancy.5  It is greater in early pregnancy and gradually declines to pre-

pregnancy levels after delivery.  Irrespective of whether the AI disease is Th1 or Th2 

driven, and whether it improves or worsens during pregnancy there is an increased risk of 

adverse pregnancy outcomes.  

 An easily assessed clinical indicator of the normal shift in Th1/Th2 response in 

early pregnancy is nausea and vomiting of pregnancy (NVP).  It is a self-limiting 

condition that occurs frequently in the first trimester, develops by five to six weeks of 

gestation and improves by 16 to 18 weeks.6,7  The link between NVP and Th1/Th2 

response is evident from studies done in hyperemesis gravidarum, a severe form of NVP 

where changes in Th1/Th2 is exaggerated compared to normal pregnancy, with an 

increased response in Th2.8 9  Studies evaluating the effect of NVP on pregnancy 

outcomes have found that it has a protective effect on the developing fetus and is 

associated with fewer abortions than in women without NVP.10-14   

The OTIS Autoimmune Diseases in Pregnancy Project is an observational study 

that relies on medical records and maternal interviews for data collection, a method prone 

to missing data.  In cross-sectional studies, in the general population, the rate of missing 

data varies from 19% to 55%.15-17  Missing data lead to a reduction in sample size leading 

to decreased precision of estimates of effect and reduced statistical power.  In addition, 

missing data can introduce a bias in the sample that is available for analysis.18  When data 

are missing completely at random (MCAR), restricting the analysis to subjects with 
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complete data, is a valid approach.19  However when the data are missing at random 

(MAR) or missing not completely at random (MNAR), alternate approaches are required.  

Missing data in research studies is commonly due to subject drop-out or attrition.  

However, when the rate of lost-to-follow-up is minimal, it might be more informative to 

determine the pattern and factors that are associated with missingness to better 

understand how the missingness might bias results.   

This dissertation will: 1) address pregnancy outcomes in women with AI diseases, 

more specifically women with RA, 2) assess comorbid condition of NVP in relation to 

SAB and 3) describe the pattern of missingness and factors associated with missing HC 

in a cohort of women with and without AI diseases. 

1.2  STUDY AIMS 

Paper 1- RA Study 

1) Specific Aim 1.0: To determine the impact of RA disease severity during 

pregnancy on selected pregnancy outcomes. RA disease severity was measured using the 

Health Assessment Questionnaire-Disability Index (HAQ-DI), the pain score (PS) and 

the patient global scale (PGS) derived from the HAQ questionnaire administered at 

baseline (prior to 20 weeks’ gestation). Pregnancy outcomes included small for 

gestational age (SGA), Cesarean-section (C-section), and preterm delivery. 

Hypothesis 1.0: Among pregnant women with RA, as each of the severity score 

worsens, there will be an increased risk of having a baby with SGA, of undergoing a C-
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section and having a preterm delivery.  All three severity measures and three outcomes 

were assessed separately. 

Paper 2 - NVP Study 

2) Specific Aim 2.0: To assess the prevalence and compare the severity of nausea 

and vomiting of pregnancy (NVP) during the first trimester among pregnant women with 

and without AI diseases.  Nausea and vomiting was assessed using the Pregnancy-

Unique Quantification of Emesis and Nausea (PUQE) score.  AI diseases included 

rheumatoid arthritis, psoriasis, psoriatic arthritis, ankylosing spondylitis, Crohn’s 

Disease and systemic lupus erythematosus. 

Hypothesis 2.0: PUQE scores in pregnant women with AI disease will be lower 

compared to those without AI disease.  

Specific Aim 2.1: To examine the moderating effect of AI status on NVP and risk 

of SAB.   

  Hypothesis 2.1: There will be an interaction between NVP and AI status in 

predicting SAB.  Women with AI and a low PUQE score will be at higher risk of SAB 

compared to women with a low PUQE score but no AI disease.   

Paper 3 - MHC Study 

3) Specific Aim 3.0: To describe the patterns of missingness of HC measurement 

at birth in a cohort of pregnant women with and without AI disease. 
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Hypothesis 3.0: Head circumference measurement at birth will not be missing 

completely at random (MCAR). 

Specific Aim 3.1: To determine the factors that are associated with missingness of 

head circumference measurement at birth in a cohort of pregnant women with and 

without AI disease.  

Hypothesis 3.1: Women with AI disease, comorbid conditions and pregnancy 

complications (maternal and fetal) and for whom no medical record was obtained will be 

more likely to have a missing head circumference measurement at birth in the database. 

1.3  STUDY POPULATION  

The source population for the three projects is the Autoimmune (AI) Diseases in 

Pregnancy Project conducted by the Organization of Teratology Information Specialists 

(OTIS).20,21  OTIS is a North American network of telephone-based teratogen counseling 

services located in 20 universities and hospitals throughout the U.S.  and Canada, which 

was established since 1998.  It provides resources and counseling for individuals of 

reproductive age and health care providers regarding known and potential prenatal 

exposures on pregnancy outcomes and breastfeeding.22 

 The OTIS Autoimmune Diseases in Pregnancy Project started in 2000.  Women 

were recruited through the OTIS website, referred by their treating physicians or self-

referred.  They were eligible if they resided in the U.S. and Canada and did not have a 

prenatal diagnosis of a major birth defect.  Women were enrolled at the study 



6	  
	  

	  

coordinating center located at the University of California San Diego.  For those with AI 

disease, information on whether they were on medications for their AI diseases or not 

(exposed or diseased control) was collected, and those who did not have an autoimmune 

disease were enrolled in the healthy group.  Figure 1.1 is a graphical schema of the OTIS 

Autoimmune Diseases in Pregnancy Project.  

1.4  DATA COLLECTION  

 Standardized questionnaires were administered to the women by trained 

interviewers during pregnancy at enrollment, 20 weeks’  gestation, 32 weeks’ gestation 

and two to four weeks post-partum.  Data collected at baseline during study enrollment 

included socio-demographic information, pregnancy, social and medical history and 

medications used to treat their AI disease.  After delivery, information was collected on 

pregnancy outcomes and any new events since last interview.  Data were verified by 

medical records to the extent possible.  Severity questionnaires for women with RA were 

administered at study entry, at 20 weeks gestation and again at 32 weeks gestation for 

women with rheumatoid arthritis.  Recently, since 2012, information has been collected 

regarding nausea and vomiting during the first trimester using the standardized 

Pregnancy Unique-Quantification of Emesis (PUQE) Questionnaire.   
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Figure 1.1: Overview of the OTIS AI Diseases in Pregnancy Project schema 

 

  

OTIS AI Diseases in Pregnancy Project   

OTIS Counseling Network~70, 000 callers /year 

UCSD coordinating Center 

Baseline Interview  (Vomiting and Disease Severity)  

Post-partum Interview  (2-4 weeks after delivery) 

Review of Medical Records 

OTIS website  Physician’s office  

Other OTIS Studies  Screening and Enrollment  

One year physical exam of Infant  

OTIS callers 

20 weeks Interview (Disease severity) 

32 weeks Interview (Disease severity) 



8	  
	  

	  

1.5  REFERENCES 

1. Elenkov IJ, Wilder RL, Bakalov VK, et al. IL-12, TNF-alpha, and hormonal 
changes during late pregnancy and early postpartum: implications for 
autoimmune disease activity during these times. J Clin Endocrinol Metab. Oct 
2001;86(10):4933-4938. 

2. Korzenik JR. Is Crohn's disease due to defective immunity? Gut. Jan 
2007;56(1):2-5. 

3. Firestein GS. Evolving concepts of rheumatoid arthritis. Nature. May 15 
2003;423(6937):356-361. 

4. Ostensen M, Brucato A, Carp H, et al. Pregnancy and reproduction in 
autoimmune rheumatic diseases. Rheumatology (Oxford). Apr 2011;50(4):657-
664. 

5. Reinhard G, Noll A, Schlebusch H, Mallmann P, Ruecker AV. Shifts in the 
TH1/TH2 balance during human pregnancy correlate with apoptotic changes. 
Biochem Biophys Res Commun. Apr 28 1998;245(3):933-938. 

6. Gadsby R, Barnie-Adshead AM, Jagger C. A prospective study of nausea and 
vomiting during pregnancy. Br J Gen Pract. Jun 1993;43(371):245-248. 

7. Koren G, Boskovic R, Hard M, Maltepe C, Navioz Y, Einarson A. Motherisk-
PUQE (pregnancy-unique quantification of emesis and nausea) scoring system for 
nausea and vomiting of pregnancy. Am J Obstet Gynecol. May 2002;186(5 Suppl 
Understanding):S228-231. 

8. Yoneyama Y, Suzuki S, Sawa R, et al. The T-helper 1/T-helper 2 balance in 
peripheral blood of women with hyperemesis gravidarum. Am J Obstet Gynecol. 
Dec 2002;187(6):1631-1635. 

9. Kiyokawa Y, Yoneyama Y. Relationship between adenosine and T-helper 1/T-
helper 2 balance in hyperemesis gravidarum. Clin Chim Acta. Aug 2006;370(1-
2):137-142. 

10. Furneaux EC, Langley-Evans AJ, Langley-Evans SC. Nausea and vomiting of 
pregnancy: endocrine basis and contribution to pregnancy outcome. Obstet 
Gynecol Surv. Dec 2001;56(12):775-782. 

11. Flaxman SM, Sherman PW. Morning sickness: a mechanism for protecting 
mother and embryo. Q Rev Biol. Jun 2000;75(2):113-148. 



9	  
	  

	  

12. Huxley RR. Nausea and vomiting in early pregnancy: its role in placental 
development. Obstet Gynecol. May 2000;95(5):779-782. 

13. Medalie J. Relationship between nausea and/or vomiting in early pregnancy and 
abortion The Lancet. 1957. 

14. Weigel MM, Weigel RM. Nausea and vomiting of early pregnancy and pregnancy 
outcome. An epidemiological study. Br J Obstet Gynaecol. Nov 
1989;96(11):1304-1311. 

15. Joseph KS. Theory of obstetrics: an epidemiologic framework for justifying 
medically indicated early delivery. BMC Pregnancy Childbirth. 2007;7:4. 

16. Lambdin BH, Micek MA, Koepsell TD, et al. An assessment of the accuracy and 
availability of data in electronic patient tracking systems for patients receiving 
HIV treatment in central Mozambique. BMC Health Serv Res. 2012;12:30. 

17. Vergouwe Y, Royston P, Moons KG, Altman DG. Development and validation of 
a prediction model with missing predictor data: a practical approach. J Clin 
Epidemiol. Feb 2003;63(2):205-214. 

18. Bodnar LM, Siega-Riz AM, Simhan HN, Diesel JC, Abrams B. The impact of 
exposure misclassification on associations between prepregnancy BMI and 
adverse pregnancy outcomes. Obesity (Silver Spring). Nov 2010;18(11):2184-
2190. 

19. Angela M Wood IRWaSGT. Are missing outcome data adequately handled? A 
review of published randomized controlled trials in major medical journals. 
Clinical Trials. 2004;1:368-376. 

20. Chambers CD, Braddock SR, Briggs GG, et al. Postmarketing surveillance for 
human teratogenicity: a model approach. Teratology. Nov 2001;64(5):252-261. 

21. Bakhireva LN, Schatz M, Jones KL, et al. Fetal sex and maternal asthma control 
in pregnancy. J Asthma. Jun 2008;45(5):403-407. 

22. Scialli AR. The Organization of Teratology Information Services (OTIS) Registry 
Study. J Allergy Clin Immunol. Feb 1999;103(2 Pt 2):S373-376.  



10 

CHAPTER 2: 

RA Study: Disease Severity and Pregnancy Outcomes in Women with Rheumatoid 

Arthritis: Results from the Organization of Teratology Information Specialists (OTIS) 

Autoimmune Diseases in Pregnancy Project  

ABSTRACT 

Objective: To determine the impact of rheumatoid arthritis (RA) disease severity on 

pregnancy outcomes in pregnant women with and without autoimmune (AI) diseases.  

Methods: A prospective cohort study was conducted using the OTIS Autoimmune 

Diseases in Pregnancy Project.  Pregnant women with RA, enrolled between 2005 and 

2013 were selected if they: 1) delivered a live born singleton infant, and 2) completed 

three telephone-based measures of RA disease severity prior to 20 weeks’ gestation 

including the Health Assessment Questionnaire Disability Index (HAQ-DI), pain score 

(PS) and patient global scale (PGS).  Associations between RA disease severity and 

preterm delivery, small for gestational age (SGA), or delivery by Cesarean section (C-

section) were tested in crude and multivariate analyses using modified Poisson regression 

models.  Results: The sample consisted of 447 women with RA.  Several crude 

comparisons yielded significant associations.  However, after adjustment for covariates, 

increasing disease severity was only associated with risk for preterm delivery.  For each 

unit increase in HAQ-DI, the adjusted relative risk for preterm delivery increased by 55% 

(95% CI: 1.17, 2.07).  For 20 unit increase in PS and PGS the adjusted relative risks were 

1.17 (95% CI: 1.02, 1.35) and 1.22 (95% CI: 1.06, 1.40), respectively.  Conclusion: RA 

disease severity in early pregnancy was predictive of preterm delivery.  This finding 
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suggests that the risk of preterm delivery in women with RA might be lowered if RA is 

well controlled early in pregnancy.   

2.1 INTRODUCTION 

Rheumatoid arthritis (RA) is an autoimmune (AI) disease that has a variable 

course during pregnancy.  While previous studies showed that pregnancy has a beneficial 

effect, with 50-75% reduction in disease activity, others have reported no improvement or 

even worsening of the disease during pregnancy.1-4      

Pregnant women with RA are at increased risk of delivering a preterm or small for 

gestational age (SGA) infant and have higher rates of Cesarean section (C-section).5-10 

However, little is known about the extent to which disease severity contributes to 

pregnancy outcomes.  To our knowledge, only one study has been published assessing 

the impact of RA medications and disease activity, as measured by Disease Activity 

Score in 28 joints (DAS28), on pregnancy outcome.11  In women with well-controlled 

RA during pregnancy, the pregnancy outcomes were similar to that of general population.  

The study participants were Caucasian women on RA drugs limited to prednisone, 

sulfasalazine, and hydroxychloroquine, during their first pregnancy, and therefore cannot 

be generalized to our study population.  Our study included women of different 

races/ethnicities using newer medications to treat their RA.  Except for this last study, all 

previous studies have examined pregnancy outcomes in women with and without RA.  

Thus, although it is important to assess pregnancy outcome by disease status, there is a 
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need for further examination of disease severity and its impact on pregnancy outcomes 

within a population of women with RA.  

The purpose of this study was to examine the association between RA disease 

severity as measured in early pregnancy and the risk for preterm delivery, SGA and C-

section among women with RA. 

2.2  MATERIALS AND METHODS 

Study design    

Data were collected between 2005 and 2013 as part of the ongoing Organization 

of Teratology Information Specialists (OTIS) Autoimmune Diseases in Pregnancy 

Project.  OTIS is a North American network of telephone-based teratogen counseling 

services located in universities and hospitals throughout the U.S. and Canada.  The OTIS 

Autoimmune Diseases in Pregnancy Project is a prospective cohort study of pregnant 

women both with and without a diagnosis of one of several autoimmune diseases 

including RA.  This project, described in detail elsewhere,12,13 started in 2000 and over 

the course of recruitment has maintained a loss to follow-up rate of less than 5%.14  

Briefly, pregnant women were recruited throughout the U.S. and Canada, and 

followed from the study coordinating center located at the University of California San 

Diego.  Participants were either self-referred or referred by their treating physician.  

Enrolled women were interviewed over the telephone at study entry (prior to 20 weeks’ 

gestation), and two to four weeks after delivery.  Maternal characteristics, disease-

specific data and birth outcomes were collected via telephone interviews conducted by 
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trained personnel and through abstraction of medical records.  Women with a diagnosis 

of RA who delivered singleton live born infants were included in the analysis. 

This study was reviewed and approved by the University of California San Diego 

and San Diego State University Institutional Review Boards. 

Variables  

Disease severity was measured at enrollment using the three components of the 

Health Assessment Questionnaire (HAQ) including the Health Assessment Questionnaire 

Disability Index (HAQ-DI), pain score (PS) and patient global scale (PGS).  The HAQ-

DI has been validated as a measure of functional status among patients with RA in the 

general population and recent studies have validated its use in pregnancy.15-20  HAQ-DI 

assesses the ability to do 20 daily activities over the past week on a four-point Likert 

scale (0-3).  The total score also ranges from 0-3, with a higher score implying more 

severe or a more disabling effect of the disease.21 The PS is obtained from a single item 

asking the respondents to rate the severity of pain they have had in the past week on a 

scale of 0-100, where 0 represents no pain and 100 represents severe pain.  The PGS is 

also obtained from a single item asking respondents to rate their overall health on a scale 

of 0-100, where 0 represents “very well” and 100 represents “very poor health”.  All 

three HAQ scores were used as continuous measures.  In addition, the HAQ-DI score was 

dichotomized into two groups, with a score of >0.5, defined as functional disability.22,23 

The primary outcome measures were preterm delivery (defined as delivery before 

37 completed weeks of gestation), SGA (defined as birth weight < 10th percentile 
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adjusted for gestational age and gender) and mode of delivery (C-section or vaginal 

delivery).  Preterm delivery was categorized based on estimated gestational age at 

delivery calculated from the first day of last menstrual period, and adjusted for 

ultrasounds that were discrepant according to pre-specified criteria.24 SGA was 

categorized based on percentiles calculated from 2000 National Center for Health 

Statistics (NCHS) growth curves for full term and Lubchencko curves for preterm 

infants.24-26 C-section was included regardless of the indication for the C-section. 

Data were self-reported and verified with medical records to the extent possible.  

Maternal demographics included maternal age at estimated date of delivery, 

race/ethnicity, and family socio-economic status (SES).  SES was based on the five-

category Hollingshead method using parental education and occupation27, and scores 

were categorized into low (scores 4-5) or high SES (scores 1-3).  Maternal education and 

household income were each categorized into three groups (<12 years, 12-15 years and 

>15 years and <$10,000, $10,000-$49,999 and ≥$50,000, respectively).    

Maternal lifestyle factors included tobacco use or alcohol consumption during the 

pregnancy (yes/no).  Pre-pregnancy body mass index (BMI) was calculated for each 

woman using self-reported pre-pregnancy weight and height and was categorized using 

the World Health Organization (WHO) criteria into underweight, normal, overweight and 

obese (<18.5, 18.5-24.9, 25-29.9 and ≥30 kg/m2, respectively).   

Comorbidities previously associated with the study outcomes in the literature 

were selected for inclusion as covariates.  These included pre-existing type 1or type 2 

diabetes, chronic hypertension, and current diagnosis of asthma or depression.28 
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Comorbid autoimmune diseases included Crohn’s disease, ankylosing spondylitis, 

psoriasis, psoriatic arthritis, systemic lupus erythematosus and other non-specified 

autoimmune diseases.  Prednisone use was recorded as any use during pregnancy 

(yes/no) and biologics included use of any of the following: etanercept, adalimumab, 

infliximab, certolizumab, tocilizumab, abatacept or belimumab.   

Pregnancy-related characteristics included gravidity, parity, gestational age at 

enrollment, gestational age at delivery, pregnancy planning (planned or unplanned), use 

of birth control29 from last menstrual period until enrollment in the study or recognition 

of pregnancy, use of in-vitro fertilization (IVF)30in the current pregnancy, use of folic 

acid containing supplements31 at the time of conception, previous pregnancies ending in 

spontaneous abortion, stillbirth, preterm delivery, intrauterine growth restriction or an 

infant with a birth defect.   

Statistical Analyses 

Descriptive statistics (Student t-test for continuous variables and Chi-square test 

for categorical variables) were used to compare the characteristics of women with the 

different birth outcomes.  Non-parametric Wilcoxon tests were used for scores that were 

not normally distributed.   

The correlation between the three severity scores (HAQ-DI, PS and PGS) was 

assessed.  Highly correlated variables were further examined using tolerance levels to 

assess collinearity.  Modified Poisson regression models were used to estimate adjusted 

relative risks for each outcome.  The modified Poisson model has the advantage of 
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providing a robust variance.  The structure for the Poisson regression model was chosen 

based on the quasi-likelihood under the independence model criterion (QIC).32,33 

Covariates were chosen to be included in multivariate models if they were associated 

with the outcome on bivariate analyses at p≤0.20.  Those predictors that were 

independently associated with the outcome at p<0.05 and those covariates that altered the 

risk estimate of the disease severity measure in relation to the specific outcomes by > 

15% were adjusted for in the final models.  Gestational age at enrollment was forced in 

the final models to account for the possibility of varying severity during the course of 

pregnancy. 

  Analyses were performed using SAS version 9.2 (SAS Institute, Inc., Cary, North 

Carolina). 

2.3  RESULTS 

Data were available for 447 women with RA who delivered a live born singleton 

infant.  Table 2.1 displays selected characteristics of the women and their pregnancy 

outcomes.  Overall, women enrolled at a mean gestational age of 11.5±4.4 weeks (mean 

± standard deviation (SD)).  On bivariate analyses, when compared to women who 

delivered full term, those who delivered preterm babies: 1) were older (34.5 vs 32.4), 2) 

had < 12 years or > 15 years of education, 3) had another unspecified autoimmune 

disease, 4) had a previous preterm delivery/baby with intra-uterine growth restriction, 5) 

had an unplanned pregnancy 6) had used prednisone in the current pregnancy, and 7) 

were less likely to be white non-Hispanic, (p’s <0.05).  Women who delivered an infant 
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who was SGA compared to women who delivered larger infants were more likely to have 

comorbid Crohn’s disease or ankylosing spondylitis, to be primiparous and less likely to 

be white non-Hispanic (p’s <0.05).  Women who delivered by C-section compared to 

women who delivered vaginally were older and more likely to be overweight or obese 

(p<0.05) (Table 2.1). 

Correlation analyses showed that all three severity scores (HAQ-DI, PS and PGS) 

were significantly correlated to one another at p’s < 0.01 (r = 0.745, r = 0.765 and r = 

0.821 for HAQ-DI: PS, HAQ-DI: PGS, and PS: PGS, respectively).  In addition, when all 

three scores were included in a single multivariate model, they significantly inflated the 

standard errors, suggesting collinearity.  Therefore, each severity measure was analyzed 

separately to decrease the risk of over controlling in the final model. 

Disease severity by pregnancy outcome 

The severity scores were not normally distributed and therefore compared using 

Wilcoxon’s nonparametric test.  At enrollment, the median HAQ-DI in the overall sample 

was 0.31 (IQR: 0-0.88) and incidence of more severe disease (HAQ-DI >0.5) was 43%.  

The median PS was 20 (IQR: 5-53) and the median PGS was 15 (IQR 5-50) (Table 2.2).   

In bivariate analysis, the HAQ-DI, both continuous and categorical, was 

significantly associated with preterm delivery (p = 0.004 and p = 0.016, respectively) 

(Tables 2.2 & 2.3).   

The PGS was also significantly associated with preterm delivery (p = 0.005) 

(Table 2.2).  With respect to SGA, only the PGS was associated with this outcome (p = 
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0.049), whereas for C-section, only the HAQ-DI continuous measure was significantly 

associated with this outcome (p = 0.015) (Table 2.2). 

Multivariate analyses of disease severity by pregnancy outcome 

     In a modified Poisson regression model, adjusting for previous preterm delivery, 

maternal age at delivery, use of prednisone, and gestational age at enrollment, the 

adjusted relative risk (RR) for preterm delivery using a continuous HAQ-DI score at 

enrollment was 1.55 (95% Confidence Interval (CI): 1.17, 2.07), indicating that for every 

one unit increase in HAQ-DI score, there was a 55% increase in risk for delivery at <37 

weeks’ gestation.  The strength of the association with the HAQ-DI categorical measure 

(HAQ-DI>0.5) was similar (adjusted RR 1.4) however, the 95% CIs included the null 

value of 1 (0.92, 2.14).  In both models, prednisone use was an independent significant 

predictor of preterm delivery (p=0.045 and 0.023 for continuous and categorical, 

respectively).   

The RRs with the PS and PGS were 1.17 (95% CI: 1.02, 1.35), and 1.22 (95% CI: 

1.06, 1.40) indicating that for every 20 point increase in either score, there was a 17% and 

22% increase, respectively, in risk for preterm delivery (Table 2.3).  For SGA, after 

adjusting for parity, concomitant Crohn’s disease or ankylosing spondylitis, and 

gestational age at enrollment, the point estimates for all scores were elevated, but all CIs 

included 1. For C-section, adjusting for maternal age, gestational age at delivery, and 

gestational age at enrollment, RRs were modestly elevated for all severity score measures 

but the 95% CIs included 1 (Table 2.4). 
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In additional Poisson models in which the HAQ-DI and all covariates listed above 

were included plus either the PS or the PGS score, the predictive value of the models was 

not improved over and above the adjusted HAQ-DI score alone (data not shown).   

2.4  DISCUSSION  

Previous studies have assessed risk for adverse pregnancy outcomes and higher 

rates of C-section in women with RA, but were limited in ability to address the 

contribution of disease severity with standard measures.5-9 We found that irrespective of 

treatment, disease severity scores as measured by the HAQ-DI, PS and PGS in early 

pregnancy were each significantly predictive of preterm delivery.  However, the three 

severity measures were highly correlated, and no model with additional PS or PGS score 

improved the predictive value of the HAQ-DI score alone.   

To our knowledge this is the first study correlating HAQ-DI with pregnancy 

outcomes in women with RA. The only other published study examining disease severity 

with pregnancy outcomes in women with RA used the Disease Activity Score in 28 joints 

(DAS28).  In large observational studies, it is not always feasible to collect clinical 

measures. Thus the HAQ-DI is the alternate useful measure of disease severity.  

Women in our study cohort had milder disease as shown by the low median 

HAQ-DI of 0.31 in contrast to other studies that have reported median HAQ-DI of  0.69 

and 0.90.2,17 This difference could be due to a number of factors: our cohort consisted 

primarily of younger women of reproductive age who may have had a less severe form of 

the disease or may have been actively treated for RA with good disease control. The 
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version of the HAQ that we used did not include the use of aids and devices, the addition 

of which could have raised the median HAQ-DI. However, use of aids is usually 

associated with more debilitating disease. 

In our cohort of women with RA, we found similar rates of adverse pregnancy 

outcomes and C-section as previously reported.6-8,34,35 However, these rates were lower 

than those reported recently by Langen and colleagues (2014) where preterm delivery, 

SGA and C-section rates were 28%, 18% and 33%, respectively.36   

An association was found between disease severity as measured in early 

pregnancy and an increased risk for preterm delivery among women with RA, but we did 

not find similar associations for SGA or C-section. In contrast, De Man and colleagues 

(2009) examining disease severity with pregnancy outcomes in women with RA (using 

DAS28) found that adjusted disease activity measured in the third trimester was 

associated with a significant reduction in birth weight, whereas the same measures 

collected earlier in pregnancy were not associated after adjustment for confounding. Our 

findings may differ from De Man et al. due to use of a different measure of disease 

severity, and/or a different measure of outcome (mean birth weight vs. SGA). However, 

our findings are consistent with De Man et al. in that we did not find an association with 

earlier pregnancy measures of disease severity and SGA.  

 Additionally, De Man et al. reported a significant association between prednisone 

use and preterm delivery, independent of disease severity.11  Similarly, prednisone use in 

our study was also independently associated with preterm birth. We considered the 

possibility that prednisone may be simply a marker of more severe disease.37 However it 
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did not confound the association between disease severity and preterm delivery, 

consistent with the findings by De Man et al.   

The association of disease severity and preterm delivery is biologically plausible. 

The multiple possible pathophysiologic mechanisms that may be involved in the 

increased risk of pregnancy outcomes have been extensively reviewed in the literature. 

Increased estrogen during pregnancy, HLA-DQ-induced immune suppression, and 

glycosylation could be potential mechanisms by which the severity of the disease 

increases the risk for adverse pregnancy outcomes.38-42   

 This study was limited by some methodological issues. First, our study population 

was a volunteer sample. Thus, our findings might not be generalizable to all women with 

RA. Second, the HAQ-DI has only recently been used and was not validated until 200718 

However, there have been subsequent studies that have used HAQ in pregnancy, either 

alone or in combination with other clinical or laboratory parameters.16,20 Third, we 

included women with previous pregnancies. This could be a potential selection bias as the 

current pregnancy could be a result of prior good pregnancy course or good pregnancy 

outcome. Medication-specific analyses were not conducted as this was outside the scope 

of this paper and this study did not include information on any specific DMARDs that 

were used. And finally, although the HAQ-DI measure in early pregnancy was predictive 

of preterm delivery, it may well be that the HAQ-DI in our population does not represent 

current disease activity but rather disease-related disability that may have occurred prior 

to pregnancy. 
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 In conclusion, the finding of this study that among women with RA, disease 

severity is predictive of preterm delivery suggests that better disease management early in 

pregnancy could improve pregnancy outcomes. Further analysis is being undertaken to 

address how change in disease severity/activity over the course of pregnancy impacts 

pregnancy outcomes.   
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Table 2.1: Selected characteristics of women with rheumatoid arthritis and pregnancy outcomes (N=447); 2005-13  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Percentages may not add to 100 due to rounding or missing; unless otherwise specified all numbers are counts and percentages; SGA=small for  
gestational age; C-section=Cesarean section; SD =standard deviation; #using Hollingshead criteria 
 
 
 
 
 

    
Total 
sample  
(N=447) 

Preterm 
delivery 
(N=68) 

Full term  
delivery 
(N=378) 

  SGA 
(N=41) 

non-SGA 
(N=398)   C-section 

(N=187) 

Vaginal 
delivery 
(N=260) 

  

  Categories Mean (SD) / n (%) p-
value Mean (SD) / n (%) p- 

value Mean (SD) / n (%) p-
value 

DEMOGRAPHICS                     
Maternal age (years) 32.7 (4.6) 34.5 (4.5) 32.4 (4.5) 0.004 32.1 (4.4) 32.7 (4.6) 0.447  32 (4.6) <0.001 
Race/Ethnicity     0.015   0.050   0.081 

 White 354 (79%) 45 (66%) 309 (82%)  26 (63%) 324 (81%)  138 (74%) 216 (83%)  
 Hispanic 48 (11%) 12 (18%) 36 (10%)  7 (17%) 39 (10%)  24 (13%) 24 (9%)  

 
Asian/Pacific 
Islander 23 (5%) 3 (4%) 19 (5%)  4 (10%) 17 (4%)  12 (6%) 11 (4%)  

 Black 12 (3%) 5 (7%) 7 (2%)  3 (7%) 9 (2%)  9 (5%) 3 (1%)  

 
Indian/Native 
American 8 (2%) 2 (3%) 6 (2%)  1 (2%) 7 (2%)  3 (2%) 5 (2%)  

Socioeconomic status#     0.743   0.478   0.784 

 High SES 347 (78%) 54 (79%) 292 (78%)  30 (73%) 309 (78%)  147 (79%) 200 (78%)  
 Low SES 98 (22%) 14 (21%) 84 (22%)  11 (27%) 87 (22%)  40 (21%) 58 (22%)  Maternal education (years)   0.049   0.545   0.182 

 < 12 years 42 (9%) 10 (15%) 32 (8%)  5 (12%) 37 (9%)  19 (10%) 23 (9%)  
 12-15 years 287 (64%) 35 (51%) 251 (66%)  28 (68%) 254 (64%)  111 (59%) 176 (68%)  
 > 15 years 118 (26%) 23 (34%) 95 (25%)  8 (20%) 107 (27%)  57 (30%) 61 (23%)  Income ($)     0.188   0.354   0.508 

 $10,000  20 (5%) 4 (6%) 16 (4%)  2 (5%) 18 (5%)  8(4%) 12 (5%)  
 $10,000-$49,000 74 (17%) 6 (9%) 68 (18%)  10 (25%) 63 (16%)  27(15%) 47 (19%)    ≥ $50,000 343 (77%) 54 (84%) 288 (77%)  28 (70%) 309 (79%)  150(81%) 193 (77%)  
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Table 2.1: Selected characteristics of women with rheumatoid arthritis and pregnancy outcomes (N=447); 2005-13 (cont.) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Percentages may not add to 100 due to rounding or missing; unless otherwise specified all numbers are counts and percentages; SGA=small for  
gestational age; C-section=Cesarean section; SD =standard deviation; #using Hollingshead criteria 
 
 

    
Total 
sample  
(N=447) 

Preterm 
delivery 
(N=68) 

Full term  
delivery 
(N=378) 

  SGA 
(N=41) 

non-SGA 
(N=398)   C-section 

(N=187) 

Vaginal 
delivery 
(N=260) 

  

  Categories n (%) n (%)  n (%)  p-
value n (%)  n (%)  p-

value n (%)  n (%)  p-
value 

LIFESTYLE FACTORS,  HEALTH STATUS, COMORBIDITIES AND MEDICATIONS   
Pre-pregnancy BMI (kg/m2)     0.570     0.456    0.024 

 Underweight 20 (5%) 5 (7%) 15 (4%)  2 (5%) 17 (4%)  9 (5%) 11 (4%)  
 Normal weight 254 (57%) 36 (53%) 217 (57%)  28 (68%) 223 (56%)  91 (49%) 163 (63%)  
 Overweight 94 (21%) 16 (24%) 78 (21%)  6 (15%) 87 (22%)  45 (24%) 49 (19%)  
 Obese 79 (18%) 11 (16%) 68 (18%)  5 (12%) 71 (18%)  42 (22%) 37 (14%)  Alcohol use* 230 (52%) 35 (51%) 194 (51%) 0.982 19 (46%) 206 (52%) 0.509 89 (48%) 141 (54%) 0.166 
Tobacco use* 31 (7%) 5 (7%) 26 (7%) 0.799 4 (10%) 27 (7%) 0.516 11 (6%) 20 (8%) 0.457 
Comorbidities               
 Type I Diabetes 2 (1%) 1 (1%) 1 (0%) 0.327 0 (0%) 2 (1%) NA 1 (1%) 1 (0%) 0.825 

 Type II Diabetes 4 (1%) 0 (0%) 4 (1%) NA 1 (3%) 3 (1%) 0.494 4 (2%) 0 (0%) NA 

 Hypertension 41 (9%) 8 (12%) 33 (9%) 0.425 4 (10%) 37 (9%) 1.000 21 (11%) 20 (8%) 0.201 

 Asthma 75 (17%) 12 (18%) 63 (17%) 0.842 8 (20%) 65 (16%) 0.603 35 (19%) 40 (15%) 0.352 

 Depression 63 (14%) 9 (13%) 54 (14%) 0.819 8 (20%) 55 (14%) 0.322 30 (16%) 33 (13%) 0.315 
Other autoimmune diseases              
 Crohn’s disease                         15 (3%) 1 (1%) 14 (4%) 0.486 4 (10%) 11 (3%) 0.042 6 (3%) 9 (3%) 0.884 

 
Ankylosing 
spondylitis 4 (1%) 1 (1%) 3 (1%) 0.485 2 (5%) 2 (1%) 0.045 2 (1%) 2 (1%) 1.000 

 Psoriasis 24 (5%) 3 (4%) 21 (6%) 1.000 3 (7%) 21 (5%) 0.481 12 (6%) 12 (5%) 0.404 

 Psoriatic  arthritis 10 (2%) 2 (3%) 8 (2%) 0.654 1 (2%) 9 (2%) 1.000 7 (4%) 3 (1%) 0.102 

 SLE** 3 (1%) 1 (1%) 2 (1%) 0.392 1 (2%) 2 (1%) 0.255 2 (1%) 1 (0%) 0.574 

 Non-Specified 44 (10%) 12 (18%) 32 (8%) 0.017 7 (17%) 37 (9%) 0.165 19 (10%) 25 (10%) 0.849 
Prednisone*   241 (54%) 47 (69%) 194 (51%) 0.007 23 (56%) 213 (54%) 0.752 93 (50%) 148 (57%) 0.132 
Biologics* 300 (67%) 46 (68%) 253 (67%) 0.908 28 (68%) 268 (67%) 0.901 130 (70%) 170 (65%) 0.359 
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 Table 2.1: Selected characteristics of women with rheumatoid arthritis and pregnancy outcomes (N=447); 2005-13 (cont.) 

    
Total 

sample  
(N=447) 

Preterm 
delivery 
(N=68) 

Full term  
delivery 
(N=378) 

  SGA 
(N=41) 

non-SGA 
(N=398)   C-section 

(N=187) 

Vaginal 
delivery 
(N=260) 

  

  Categories Mean (SD) / n (%) p- 
value Mean (SD) / n (%) p- 

value Mean (SD) / n (%) p-
value 

PREGNANCY-RELATED CHARACTERISTICS-Current pregnancy 
Gravidity      0.762     0.255    0.726 

 1 148 (33%) 20 (29%) 127 (34%)  18 (44%) 128 (32%)  58 (31%) 90 (35%)  
 2 149 (33%) 23 (34%) 126 (33%)  13 (32%) 132 (33%)  64 (34%) 85 (33%)  
 3 or more 150 (34%) 25 (37%) 125 (33%)  10 (24%) 138 (35%)  65 (35%) 8 (33%)  Parity     0.375         
 0 205 (46%) 28 (41%) 176 (47%)  27 (66%) 174 (44%) 0.021 88 (47%) 117 (45%) 0.272 

 1 170 (38%) 31 (46%) 139 (37%)  11 (27%) 155 (39%)  75 (40%) 95 (37%)  
 2 or more 72 (16%) 9 (13%) 63 (17%)  3 (7%) 69 (17%)  24 (13%) 48 (18%)  Gestational age at 
enrollment (weeks) 11.5 (4.4) 11.6 (4.3) 11.5 (4.4)  0.857 12.5 (4.8) 11.4 (4.4)  0.141 11.2 (4.4) 11.7 (4.4)  0.206 

Planned pregnancy 306 (69%) 41 (60%) 265 (70%) 0.044 28 (68%) 273 (69%) 0.763 125 (67%) 181 (70%) 0.147 
Birth control* 23 (5%) 2 (3%) 20 (5%) 0.544 4 (10%) 18 (5%) 0.237 6 (3%) 17 (7%) 0.306 
Use of IVF 18 (4%) 3 (4%) 15 (4%) 0.745 4 (10%) 14 (4%) 0.076 10 (5%) 8 (3%) 0.228 
Periconceptional use of 
vitamins containing 
folic acid 

271 (61%) 37 (54%) 234 (62%) 0.244 26 (63%) 242 (61%) 0.744 121 (65%) 149 (58%) 0.171 

PREGNANCY-RELATED CHARACTERISTICS-Previous pregnancies  
Previous spontaneous 
abortion  129 (29%) 22 (32%) 107 (28%) 0.498 12 (29%) 114 (29%) 0.933 57 (30%) 72 (28%) 0.521 

Previous preterm 
delivery 41 (10%) 15 (22%) 26 (7%) <0.001 3 (7%) 36 (9%) 1.000 17 (9%) 24 (9%) 0.960 

Previous baby with 
birth defect 21 (5%) 2 (3%) 19 (5%) 0.755 1 (2%) 20 (5%) 0709 10 (5%) 11 (4%) 0.582 

Previous baby with 
IUGR  10 (2%) 4 (6%) 6 (2%) 0.050 3 (7%) 7 (2%) 0.057 4 (2%) 6 (2%) 1.000 

Percentages may not add to 100 due to rounding or missing; unless otherwise specified all numbers are counts and percentages; SGA=small for gestational  
age; C-section=Cesarean section; SD =standard deviation; *birth control since last menstrual period (LMP); IVF=in-vitro fertilization; IUGR=intrauterine  
growth restriction 



	  

27 

Table 2.2: Distribution of Health Assessment Questionnaire Disability Index (HAQ-DI), pain score and patient global scale at  
enrollment (N=447); 2005-13 

  Overall 
(N=447) 

Preterm 
delivery 
(N=68) 

Full-term 
delivery 
(N=378) 

  SGA  
(N=41) 

Non-SGA 
(N=398)   C-section 

(N=187) 

Vaginal 
delivery 
(N=260) 

  

Enrollment  scores  Median 
(IQR) Median (IQR) p-

value Median (IQR) p-
value Median (IQR) p-

value 
HAQ-DI  0.31 0.56 0.25 0.004 0.63 0.25 0.298 0.38 0.25 0.015 
(0-3) (0, 0.88) (0.13, 1.38) (0, 0.75)  (0, 0.88) (0, 0.88)   (0.13, 1.13) (0, 0.75)  
Pain score   20 30 20 0.091 30 20 0.075 20 20 0.118 
(0-100) (5, 53) (5, 70) (5, 50)  (10, 60) (5, 53)   (6, 60) (5, 50)  
Patient global scale   15  30 15 0.005 30 15 0.049 17 15 0.731 
(0-100) (5, 50) (5, 60) (5, 40)   (5, 60) (5, 45)   (4, 50) (5, 40)   

SGA=small for gestational age; C-section=Cesarean section; IQR=inter-quartile range 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



28 
	  

	  

Table 2.3: Crude association of disease severity with pregnancy outcomes (N=447);  
  2005-13 

Outcomes  Severe disease 
( HAQ-DI >0.5) 

Not severe disease 
( HAQ-DI≤0.5) p-value 

Preterm delivery 20% 12% 0.016 
Small for gestational age 12% 7% 0.084 
Cesarean section  47% 39% 0.087 

HAQ-DI=Health Assessment Questionnaire-Disability Index 
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Table 2.4: Disease severity scores at enrollment and association with pregnancy outcomes (N=447); 2005-13  
  Preterm delivery₮(N=446) SGA₮₮(N=439) C-section₮₮₮(N=447) 

  Crude RR 
(95%CI) 

Adj. RR 
(95% CI) 

Crude RR 
(95%CI) 

Adj. RR 
(95% CI) 

Crude RR 
(95%CI) 

Adj. RR 
(95% CI) 

HAQ-DI (0-3) 1.80 (1.36, 2.37) † 1.55 (1.17, 2.07) † 1.35 (0.90, 2.03) 1.39 (0.94, 2.06) 1.20 (1.02, 1.41) † 1.17 (0.99, 1.37) 
HAQ-DI >0.5 1.69 (1.09, 2.63) † 1.41 (0.92, 2.14) 1.73 (0.97, 3.07) 1.70 (0.89, 3.24) 1.22 (0.98, 1.53) 1.21 (0.97, 1.50) 
Pain score 
 (/20 units) 1.22 (1.05, 1.41) † 1.17 (1.02, 1.35) † 1.22 (1.01, 1.47) † 1.19 (0.99, 1.44) 1.06 (0.99, 1.15) 1.06 (0.99, 1.14) 

Patient global scale 
(/20 units) 1.29 (1.12, 1.49) † 1.22 (1.06, 1.40) † 1.26 (1.03, 1.53) † 1.21 (0.99, 1.48) 1.04 (0.96, 1.13) 1.04 (0.96, 1.12) 
₮adjusted for previous preterm, maternal age at delivery; use of prednisone and gestational age at enrollment; SGA=small for gestational age; 
 ₮₮adjusted for parity, Crohn’s disease, ankylosing spondylitis and gestational age at enrollment; C-section=Cesarean-section;  
₮₮₮adjusted for maternal age; gestational age at delivery and gestational age at enrollment; Adj. RR=adjusted relative risk;  
HAQ-DI=Health Assessment Questionnaire-Disability Index; † p<0.05 
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CHAPTER 3:  

NVP Study: Nausea and Vomiting of Pregnancy: Prevalence, Severity and Association 

with Risk for Spontaneous Abortion in Women with and without Autoimmune Diseases. 

ABSTRACT 

Objectives: To examine the prevalence and severity of nausea and vomiting of 

pregnancy (NVP) in women with and without autoimmune (AI) diseases and to evaluate 

the moderating effect of AI status on the association between NVP and the risk for 

spontaneous abortion (SAB).  Methods: Using data collected between 2010 and 2012, 

from the ongoing Organization of Teratology Information Specialists Autoimmune 

Diseases in Pregnancy Project, 192 pregnant women (100 with AI diseases and 92 

without) residing in the U.S. or Canada were surveyed regarding first trimester NVP, 

using the Pregnancy Unique Quantification of Emesis (PUQE) questionnaire.  

Participants were followed throughout pregnancy and birth outcomes were collected post-

partum.  Cox proportional hazards regression models with left truncation were 

constructed to estimate the adjusted hazard ratios for SAB in those with and without 

NVP.  Results: Mean age at estimated date of delivery was 32.5±4.0 years in the AI 

group and 33.2±4.9 years in the non-AI group (p=0.275).  Gestational age at enrollment 

differed between the two groups (AI: 8.7±2.8 weeks; non-AI: 9.9±2.9 weeks; p=0.005).  

Prevalence of NVP was 62% in AI group and 66% in non-AI group (p=0.535).  Mean 

PUQE score was 4.7±1.8 and 5.0±2.0 in the AI and non-AI groups respectively (p=0.236) 

(range 3-12).  There was no significant interaction between NVP and AI status (p=0.132).  



35 
	  

	  

The hazard ratio for SAB adjusted for past history of SAB and maternal age at delivery 

was 0.65 in those with NVP compared to those without NVP (95% CI: 0.29, 1.48).  

Conclusions: In the overall sample, women with NVP had a lower risk of SAB compared 

to those without NVP, however this finding was not statistically significant.  In addition 

prevalence and severity of NVP in women with and without AI diseases did not differ 

statistically.    
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3.1  INTRODUCTION 

Nausea and vomiting of pregnancy (NVP) occurs in the first trimester in 60-80% 

of all pregnancies.1,2  It usually develops by five to six weeks of gestation and improves 

by 16 to 18 weeks.  The etiology of NVP is unclear but several factors such as high levels 

of estrogen, human chorionic gonadotrophin (hCG), thyroid hormones, and lifestyle 

factors (smoking and caffeine) have been implicated.3,4  Among the endocrine factors, 

hCG appears to play an important role due to its temporal association with NVP, both 

reaching their peak at the same time, between 12 to 14 weeks of gestation.5  Conditions 

with high levels of hCG, such as multiple gestations and hydatidiform moles, are also 

associated with greater incidence of NVP.6  On the other hand, alcohol and smoking have 

been inversely associated with NVP.4,7  Studies examining NVP and pregnancy outcomes 

have demonstrated a protective effect of NVP on the developing fetus.8-10  While findings 

are inconclusive on the protective effect of NVP for low birth weight and preterm 

delivery, the literature has consistently reported an inverse association between NVP and 

spontaneous abortion (SAB), with odds ratios ranging from 0.2 to 0.7.11-14   

SAB, defined as the spontaneous loss of a fetus before 19 completed weeks of 

gestation, occurs in 10% to 15% of clinically recognized pregnancies.15-17  Wilcox and 

colleagues estimated that when sensitive assays were used in healthy women trying to 

conceive, the SAB rate was as high as 30%.18  Risk factors associated with SAB include 

past history of SAB, maternal age (≥ 35 years and ≤ 24 years), smoking and caffeine 

consumption, and low hCG level.19-21  Past history of SAB and maternal age are the two 

risk factors most consistently shown to have an association with SAB.  
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During pregnancy there is an increase in Th2, which shifts the balance in the 

Th1/Th2 ratio so that the fetus is not rejected by the mother.22,23  A similar shift in 

Th1/Th2 is seen in hyperemesis gravidarum, a severe form of NVP that occurs in 0.5% of 

all pregnancies.24  The link between NVP and Th1/Th2 arises from studies on 

hyperemesis gravidarum where changes in Th1/Th2 are exaggerated compared to normal 

pregnancy, with a more pronounced response in Th2.25  Socio-demographic factors 

associated with NVP have been studied but NVP has not been studied in specific 

populations.26  It is thus unknown whether there is a differential incidence of NVP in 

women with autoimmune (AI) diseases compared to that of the general population, or if 

NVP is protective for SAB in these women to the same magnitude that it is in the general 

population. 

The objectives of this study were: 1) to assess the prevalence of NVP in a sample 

of women with and without AI disease, 2) to compare the severity of NVP among women 

with and without AI disease, and 3) to examine the moderating effect of AI status on 

NVP and the risk for SAB.   

3.2  MATERIALS AND METHODS 

Study design   

Data for this study were collected between 2010 and 2012 as part of the ongoing 

Organization of Teratology Information Specialists (OTIS) Autoimmune Diseases in 

Pregnancy Project.  OTIS is a North American network of telephone-based teratogen 

counseling service located in universities and hospitals throughout the U.S. and Canada. 
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The OTIS Autoimmune Diseases in Pregnancy Project is a prospective cohort study in 

which pregnant women are enrolled regardless of associated AI diseases of interest.  This 

project started in 2000 and over the course of recruitment has maintained a loss to follow-

up rate of less than 5%.  This study has been described in details elsewhere.27  

Briefly, pregnant women were recruited from U.S. and Canada, and followed 

from the study coordinating center located at the University of California San Diego.  

Participants were self-referred, referred by the OTIS Network or referred by their treating 

physician.  Enrolled women were interviewed over the telephone at study entry in the 

first trimester, and two to four weeks after delivery.  Maternal characteristics, disease-

specific data and birth outcomes were collected via telephone interviews conducted by 

trained personnel and through a review of medical records.  Women with twins or higher 

order multiples were excluded from the study as they are have higher hCG compared to 

women with singleton pregnancies.  The Pregnancy Unique Quantification of Emesis 

(PUQE) questionnaire was implemented in 2010; therefore women enrolled prior to 2010 

were excluded. 

This study was reviewed and approved by the University of California, San Diego 

and San Diego State University Institutional Review Boards.  

Variables  

The severity of NVP was measured using the PUQE Questionnaire (Appendix 

3.1), which has been validated and used in numerous studies.2,28  This index is based on 

three physical symptoms: 1) duration of nausea, 2) number of times vomited, and 3) 
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number of times retched and having dry heaves without bringing up anything, all 3 

symptoms in the past 12 hours.  The PUQE score ranges from 3 to 15. Commonly used as 

a continuous score, the PUQE score is also categorized into: no NVP (3), Mild NVP (4-

6), Moderate NVP (7-12) and severe NVP (≥13).28  AI status was coded as AI if there 

was a primary or a secondary diagnosis of an AI disease.  The specific AI diseases in this 

sample included Crohn’s disease, rheumatoid arthritis, psoriasis, psoriatic arthritis, 

ankylosing spondylitis, and systemic lupus erythematosus. 

The primary outcome measure was occurrence of SAB defined as spontaneous 

pregnancy loss before 19 completed weeks of gestation.  The outcome was censored if 

there was no event by 19th completed week when the woman was no longer at risk for a 

spontaneous abortion 

Data were self-reported and verified with medical records to the extent possible.  

Maternal demographics included maternal age at estimated date of delivery, 

race/ethnicity, and family socio-economic status (SES).  Due to small numbers, 

race/ethnicity was dichotomized into Caucasian and non-Caucasian.  SES was based on 

the five-category Hollingshead method using parental education and occupation29, and 

scores were categorized into low (scores 4-5) or high SES (scores 1-3).  Maternal 

education and household income were each categorized into three groups (<12 years, 12-

15 years and >15 years and <$10,000, $10,000-$49,999 and ≥$50,000, respectively).   

Maternal lifestyle factors included use of tobacco, alcohol and caffeine 

consumption in the current pregnancy (yes/no).  Pre-pregnancy body mass index (BMI 
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(kg/m2)) was calculated for each woman using self-reported pre-pregnancy weight and 

height.   

Pregnancy-related characteristics included gravidity, parity, gestational age at 

enrollment,  pregnancy planning (planned or unplanned), use of birth control from last 

menstrual period until enrollment in the study or recognition of pregnancy, use of 

prenatal vitamins at the time of conception, previous pregnancies ending in SAB and 

birth outcome of current pregnancy.  Pregnancy outcomes were categorized into live 

birth, stillbirth, spontaneous abortion (SAB), elective termination of pregnancy (TAB), or 

lost to follow-up (LFTU).  Pregnancies ending in live birth, stillbirth, TAB or LTFU were 

included in the analysis for the period of observation during which they were at risk. 

 Statistical Analyses 

Descriptive statistics (Student t-test for continuous variables and Chi-square test 

for categorical variables) were used to compare characteristics of women with and 

without AI diseases.  Prevalence of NVP (continuous and categorical) was compared 

between the AI groups using Chi-square test.  Severity of NVP was assessed using mean 

PUQE scores and categorical levels of NVP.   

Logistic regression models were used to assess the association between AI status 

and odds of NVP.  Covariates that were associated with NVP at a p-value of <0.20 in the 

unadjusted analysis were selected for inclusion in multivariate analysis.  
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Kaplan-Meier curves were constructed to compare survival of pregnancies up to 

19 completed weeks’ gestation, separately by NVP status and by AI status, accounting 

for left truncation.   

Cox proportional hazards models, taking into account left truncation, were used to 

compare time to SAB between women with and without NVP.  The final model included 

NVP and AI status as main predictors and the model was adjusted for maternal age at 

delivery and past history of SAB.  Past history of SAB was forced into the model due to 

its strong association with the outcome of SAB.  Proportional hazards assumption was 

verified graphically and using a time interaction.  AI status was a variable of interest and 

its interaction with NVP was assessed.  

Analyses were performed using SAS version 9.2 (SAS Institute, Inc., Cary, North 

Carolina). 

3.3  RESULTS 

Maternal characteristics by AI status  

Data were available for 192 women (AI: n=100; non-AI: n=92) who were known 

to be carrying a singleton pregnancy.  The distribution of the sample by AI status was 

similar on maternal age, race/ethnicity, SES, education, income, any alcohol 

consumption, caffeine use, smoking, pre-pregnancy BMI, previous pregnancy loss, 

pregnancy planning, gravidity, parity, and use of birth control from last menstrual period 

to recognition of pregnancy (all p >0.05) (Table 3.1).  The groups differed on gestational 
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age at enrollment and use of prenatal vitamins at enrollment, with AI group enrolling 

significantly earlier (mean gestational age for AI group: 8.7±2.8 weeks, non-AI group 

9.9±2.9 weeks; p=0.005).  The range of gestational age was almost similar for the AI and 

non-AI groups (AI: 4.1-17.3 weeks, non-AI: 5.1-19.0).  The distribution of women by AI 

status with specific AI diseases categories are shown in Figure 3.1.   

Prevalence and Severity of NVP by AI status  

Prevalence of NVP was similar in women with and without AI diseases (62% and 

66% respectively; p=0.53) (Table 3.2). Among those with symptoms of NVP, a majority 

had mild NVP (63-70%) with no cases of severe NVP.  Mean PUQE score was not 

significantly different in AI group vs. non-AI group (4.7±1.8 and 5.0±2.0, respectively; 

p=0.24) (Table 3.2).  

Association between AI status and NVP 

There was no significant association between AI status and NVP (unadjusted odds 

of having NVP in a woman with AI diseases was 0.83 times as likely as compared to a 

non-AI woman (95% CI: 0.46,1.50).  After adjusting for maternal age at delivery, 

smoking status, gestational age at enrollment, and use of prenatal vitamins, the odds 

decreased to 0.79 (95% CI 0.41, 1.52), but did not reach statistical significance (data not 

shown). 

NVP and SAB by AI Status 
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Distribution of birth outcomes by AI status is shown in Table 3.3.  Overall crude 

SAB rate was 22.3%, (AI: 25%, non-AI: 21%; p=0.27).  Regardless of AI status the 

crude SAB rate was 30% among those with NVP, and 18% in those without NVP 

(p=0.09) (data not shown).  All the crude SAB rates were adjusted for left truncation. 

There was minimal loss to follow-up (2% in both groups). 

The survival curves for SAB by NVP (Figure 3.2) and by AI status (Figure 3.3) 

are shown in the divergent Kaplan-Meier curves; the curves did not differ statistically.  

We used the Cox Proportional Hazards Regression models to assess the risk for SAB, 

accounting for left truncation.  In the crude analysis, maternal age at delivery and parity 

were associated with SAB at p-value of <0.20.  In the multivariate model, adjusting for 

maternal age, AI status and past history of SAB (Table 3.4), the adjusted hazard ratio for 

risk of SAB was 0.65 (95% CI: 0.29, 1.48) in those with NVP compared to those without 

NVP.  There was no significant interaction between NVP and AI status (p=0.132). Thus, 

no further analyses were conducted, stratifying by AI status. 

3.4  DISCUSSION   

In this North American observational cohort study, we found the prevalence of 

NVP to be similar between AI and non-AI groups (AI: 62%; non-AI 66%), and at the 

lower end of the prevalence estimates available in the literature (60-80%).1,2  There was 

no statistically significant difference in NVP severity as a function of AI status.  Relative 

to the relationship between NVP and SAB, we found a protective effect of NVP on SAB 

in the overall sample, which did not reach statistical significance. 
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Prevalence of NVP was lower in our cohort than that in the published literature, 

and most of the women in our study had mild to moderate NVP.  There was no case of 

severe NVP, and there were twice as many women with mild NVP as compared to 

moderate NVP.  Studies reporting higher prevalence of NVP compared to ours also 

reported higher rates of moderate NVP compared to mild NVP.30-32   

HCG has been implicated in the etiology of NVP partly due to its associated 

temporality 33 as the rise in hCG coincides with the peak of NVP symptoms.  This 

relationship predicts that at low levels of hCG, NVP will also be less common.  Fuduka 

and colleagues reported low levels of hCG in pregnant women with Grave’s disease.34  

From this and the evidence that hCG has immunogenic properties, 35we could speculate 

that women with AI diseases would have a lower prevalence of NVP than women 

without AI diseases.  In our sample, the prevalence of NVP was slightly lower in women 

with AI, and the mean severity was slightly lower as well, but neither difference was 

statistically significant.  With the small effect size, it is possible that the study was 

underpowered to detect true differences of this magnitude.  Further studies with women 

having more severe NVP are needed.  

Women with AI disease reported a lower prevalence and severity of NVP than 

women without AI disease, although this difference was not statistically significant.  One 

possible explanation for a decrease in NVP with AI diseases may be the Th1/Th2 ratio.  

In normal pregnancy Th2 increases, leading to lowered Th1/Th2 ratio compared to the 

non-pregnant state.  In pregnant women with AI diseases that have Th1 dominance such 
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as in rheumatoid arthritis and Crohn’s disease, the Th1/Th2 ratio is higher compared to a 

woman without AI, which could result in less prevalent and/or less severe NVP. 

While findings are inconclusive on the protective effect of NVP for low birth 

weight and preterm delivery, the literature has consistently reported an inverse 

association between NVP and spontaneous abortion (SAB), with odds ratios ranging from 

0.2 to 0.7. 11-14  Our findings suggest that women with NVP may have a lower risk of 

SAB compared to those without NVP, however this was not statistically significant.   

This study has several strengths including a prospective study design, collection 

of data on a wide variety of exposure and outcome variables, low LTFU rate, and use of a 

standardized measure of NVP, the PUQE score. Exposure information collected before 

the outcome decreases recall bias but also is not influenced by the outcome.  The survival 

methods used in the analysis accounted for the left truncation introduced by varying 

gestational age at enrollment.  

Our study has several limitations.  We found a mean difference of 0.3 in the 

PUQE scores for women with and without AI diseases; this is much smaller than the 

anticipated mean difference of 0.75 taken from the literature and on which our power 

calculations were based.  In addition, the lack of scores in the severe NVP category on 

the PUQE resulted in a restricted range.  In the absence of a larger sample size, these 

factors rendered our study underpowered to detect a statistically significant difference in 

the severity of NVP between the two groups.  Previous studies that have utilized the 

PUQE score have incorporated a measure of well-being in order to identify women who 
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may not have experienced NVP symptoms in the last 12 hours, but have generally been 

suffering from NVP.36  We were limited in our secondary analysis to variables that were 

already collected in the main cohort study.  However, in previous studies in which the 

PUQE score was validated, the authors found that not including the overall quality of life 

measure did not interfere with the interpretation of the NVP scores.31  Another limitation 

of our study was the lack of information about women who may have experienced SAB 

very early in their pregnancies.  Women were only enrolled after they recognized that 

they were pregnant.  Therefore, the risks of SAB could only be evaluated for those events 

occurring in late first and early second trimester.  

Future considerations would be to repeat the analysis in a population with more 

heterogenous NVP score and to stratify the results by the different autoimmune diseases.  

Similarly, it would be of interest to determine if measures of AI status are associated with 

SAB as a potential marker for the degree of shift in immune status that might occur early 

in pregnancy in some women but not others, without restricting the sample to those with 

available PUQE score.  
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Table 3.1: Selected characteristics of women with and without autoimmune diseases (N=192); 
2010-12 

    AI  
(n=100) 

non-AI 
(n=92)   

    Mean (SD/n (%) p-value 
DEMOGRAPHICS       
Maternal age (years) 32.5 (4.0) 33.2 (4.9) 0.275 
Race/Ethnicity   0.646 
 Caucasian 83 (83%) 74 (80%)  
 non-Caucasian 17 (17%) 18 (20%)  
Socioeconomic status#     1.000 
 High SES 89 (89%) 86 (94%)  
 Low SES 8 (8%) 6 (6%)  
Maternal education (years)     0.775 
 < 12 years 10 (10%) 8 (9%)  
 12-15 years 58 (58%) 58 (63%)   
 > 15 years 32 (32%) 26 (28%)  
Income ($)     1.000 
 <$10,000 7 (7%) 6 (7%)  
 $10,000-$49,999 17 (17%) 17 (19%)   
 ≥ $50,000 75 (75%) 69 (75%)  
LIFESTYLE FACTORS AND HEALTH STATUS   
Smoking*  11 (11%) 4 (4%) 0.086 
Alcohol*    47 (47%) 51 (55%) 0.243 
Caffeine*  86 (86%) 78 (85%) 0.811 
Pre-pregnancy BMI** (kg/m2)  26.3 (5.9) 24.7 (5.7) 0.058 
PREGNANCY-RELATED CHARACTERISTICS   
Planned pregnancy 71 (72%) 70 (76%) 0.492 
Gravidity    0.996 
 1 40 (40%) 37 (40%)   
 2 29 (29%) 27 (29%)  
 3 or more 31 (31%) 28 (30%)  
Parity     0.586 
 0 48 (48%) 51 (55%)   
 1 35 (35%) 28 (30%)  
 2 or more  17 (17%) 13 (14%)  
Gestational age at enrollment (weeks) 8.7 (2.8) 9.9 (2.9) 0.005 
Birth control*** 9 (9%) 9 (10%) 0.853 
Prenatal vitamins at time of enrollment  98 (99%) 84 (91%) 0.015 
Past history of SAB 29 (29%) 21 (23%) 0.330 

Percentages do not add up to 100 due to rounding or missing; AI=autoimmune; *=any during pregnancy; 
**body mass index; ***from last menstrual period up to recognition of pregnancy; SAB=spontaneous 
abortion 
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Table 3.2: Prevalence and severity of nausea and vomiting of pregnancy in women with and 
without autoimmune diseases (N=192); 2010-12 
  AI (n=100) non-AI (n=92) p-value 
PUQE score    
Mean PUQE score (SD) 4.7 (1.8) 5.0 (2.0) 0.236 
PUQE (Min, Max) 3 , 11 3, 12  
NVP severity  n (%) n (%)   
no NVP 38 (38%) 31 (34%) 0.535* 
NVP 62 (62%) 61 (66%)  
Mild NVP 44 (44%) 39 (42%) 0.583** 
Moderate NVP 18 (18%) 22 (24%)   

AI=autoimmune; PUQE=Pregnancy Unique Quantification of Emesis; SD=standard deviation; 
NVP=nausea and vomiting of pregnancy; * p=0.535 (dichotomous NVP); **p=0.583 (categorical NVP) 
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Table 3.3: Pregnancy outcomes in women with and without autoimmune diseases (N=192);  
2010-12 
  AI (n=100) non-AI (n=92) 

     
Live birth 82 (82%) 78 (84%) 
Stillbirth - 2 (2%) 
Spontaneous abortion  15 (15%) 9 (10%) 
Elective termination of pregnancy 1 (1%) 1 (1%) 
Loss to follow-up 2 (2%) 2 (2%) 

Percentages do not add up to 100 due to rounding or missing; AI=autoimmune 
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Table 3.4: Cox proportional Hazards Regression: Ratio and 95% confidence interval for 
spontaneous abortion among women with and without autoimmune diseases (N=192); 
2010-12 
Factor Unadjusted  Adjusted$  
  Hazard Ratio 95% CI Hazard Ratio 95% CI 
NVP status        
No NVP 1.00*  1.00*  
NVP 0.58 0.26, 1.23 0.65 0.29, 1.48 
Autoimmune status          
non-AI 1.00*  1.00*  
AI 1.23 0.53, 2.82 1.32 0.56, 3.08 

$Adjusted for past history of spontaneous abortion and maternal age at delivery; NVP=nausea and vomiting 
of pregnancy; *Reference category; AI=autoimmune 
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3.5  APPENDICES 
 
Appendix 3.1 
 
Pregnancy Unique Quantification of Emesis  
In the last 12 hours, 
for how long have 
you felt nauseated or 
sick to your 
stomach? 

Not 
at all 

1 hour or 
less 2- 3 hours 4-6 hours More than 6 

hours 

(n=1) (n=2) (n=3) (n=4) (n=5) 

In the last 12 hours, 
have you vomited or 
thrown up? 

7 or 
more 
times 

5-6 times 3-4 times 1-2 times I did not 
throw up 

(n=5) (n=4) (n=3) (n=2) (n=1) 

In the last 12 hours, 
how many times 
have you had 
retching or dry 
heaves without 
bringing anything 
up? 

No 
time 1-2 times 3-4 times 5-6 times 7 or more 

times 

(n=1) (n=2) (n=3) (n=4) (n=5) 

Koren G, Boskovic R, Hard M, Maltepe C, Navioz Y, Einarson A. Motherisk-PUQE (pregnancy-unique 
quantification of emesis and nausea) scoring system for nausea and vomiting of pregnancy. Am J Obstet 
Gynecol. May 2002;186(5 Suppl Understanding):S228-231. 
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Figure 3.1: Autoimmune disease status in the cohort (N=192); 2010-12 
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Figure 3.2: Kaplan Meier survival curves for spontaneous abortion by nausea and vomiting of 
pregnancy status (N=192); 2010-12 
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Figure 3.3: Kaplan Meier survival curves for spontaneous abortion by autoimmune disease  
status (N=192); 2010-12 
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CHAPTER 4: 

 MHC Study: Factors Associated with Missing Head Circumference in a Cohort of 

Pregnant Women with and without Autoimmune Diseases 

ABSTRACT  

Objective: To investigate factors associated with missing head circumference (MHC) at 

birth in babies born to pregnant women with autoimmune (AI) diseases.  Methods: 

Secondary data analysis was carried out using data from a prospective observational 

cohort study of pregnancy outcomes in women enrolled in the Organization of Teratology 

Information Specialists (OTIS) Autoimmune Diseases in Pregnancy Project in the U.S. 

and Canada between 2004 and 2011.  MHC was defined as a missing entry for the birth 

measure of occipito-frontal circumference in the OTIS database.  Maternal socio-

demographic factors, current pregnancy characteristics and newborn-related factors were 

examined in relation to MHC.  Specific AI disease status and receipt of medical records 

were exposures chosen a priori.  Results: Data were available for 1,983 women who 

delivered a live born singleton infant in the study period.  The overall prevalence of MHC 

was 19% (378/1,983).  Socio-economic factors such as younger age, non-white ethnicity, 

lower socio-economic status (SES), maternal education and income, extremes of pre-

pregnancy body mass index, having an unplanned pregnancy, neonatal complications, 

shorter gestational age at delivery and not receiving medical records were positively 

associated with MHC.  Factors that were protective for MHC included alcohol 

consumption, having an AI disease, and use of prednisone and biologics.  In multivariate 
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logistic regression models race/ethnicity, education, gestational age at delivery and non-

receipt of medical records were statistically significant with MHC. However, the 

strongest predictor was non-receipt of medical records: aOR=24.68; 95% CI: 18.23. 

33.41. Conclusions: Several maternal and infant factors were associated with MHC, 

suggesting that HC were missing at random and medical records receipt was the strongest 

predictor of MHC. This suggests that caution should be used when interpreting findings 

regarding birth head circumference measurement as an exposure or outcome in an 

observational cohort.
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4.1  INTRODUCTION   

Head circumference (HC) is routinely measured at birth and at well-baby visits up 

to 36 months of age. HC at birth is different from HC at well-baby visits.  HC percentile 

relative to U.S. growth standards is calculated using CDC growth charts during the first 

36 months of age.1  Similar World Health Organization growth charts are available 

(http://www.cdc.gov /growthcharts).  At birth HC represents events that occurred during 

gestation, while follow-up measurements reflect both prenatal and postnatal influences on   

head growth.  

At birth abnormally small HC, indicative of microcephaly predicts subsequent 

brain growth and reduced intellectual ability in the adult.2-6  On the other hand, an 

increase in head circumference indicative of macrocepahaly has been shown to be 

important during the first 10 months of life in detecting intracranial expansion in infants 

and can be a measure of total brain volume as well.7,8  Abnormal HC has been associated 

with maternal exposures during pregnancy, genetic and environmental influences during 

gestation, and post-natal outcomes such as attention-deficit/hyperactivity disorder in 

children.9-11  HC at birth as well as a postnatal change in HC has been associated with 

cognitive function in childhood and as late as seven decades later.12-16  

Due to variability in measurement because of molding or other birth events, there 

is ongoing debate on the usefulness of HC at birth as compared to measurements later in 

life.17,18  Nevertheless, the birth measurement continues to be used to establish 
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associations with adverse outcomes for the newborn in clinical practice and in research 

studies.  Hence its importance as an outcome variable cannot be discarded.  

  In general missing data in longitudinal studies can be as high as 66% and in cross-

sectional studies varies from 19% to 55%.19-21  In a study of pediatric emergency care, it 

was shown that blood pressure measurement was recorded in only 66% of patients.22  A 

mini review showed that the maximum amount of missing data  in any one variable can 

be as high 72%.23 Missing data lead to a reduction in sample size leading to decreased 

precision of estimates of effect and reduced statistical power.  In addition, missing data 

can lead to a bias in the sample that is available for analysis.24 

There are numerous methods for handling missing data in research studies, each 

with its own limitations.  In studies where data are missing completely at random 

(MCAR), restricting the analysis to subjects with complete data, is considered a valid 

approach.25  However when the data are missing at random (MAR) or missing not 

completely at random (MNAR), alternate approaches are required.  Data are MAR when 

the missingness of the outcome is related to other variables that were collected as part of 

the study, whereas MNAR occurs when missingness is related to unobserved variables in 

the study.  

Missing data in research studies is commonly due to subject drop-out or attrition.  

However, when the rate of lost-to-follow-up is minimal, it might be more informative to 

determine factors that are associated with missingness to better understand how the 

missingness might bias results.   
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The objective of this study was to determine factors that are associated with MHC 

in a cohort of pregnant women and their infants enrolled in an ongoing pregnancy 

outcome cohort study.  

4.2  MATERIALS AND METHODS 

Study design   

A cross-sectional analysis was carried out using data on live born infants and their 

mothers collected between 2004 and 2011 as part of the ongoing Organization of 

Teratology Information Specialists (OTIS) Autoimmune Diseases in Pregnancy Project, a 

prospective cohort study in which pregnant women are enrolled and followed up to one 

year post-partum.  This project, described in detail elsewhere,26,27 was initiated in 1998 

and has maintained a consistent rate of loss to follow-up that is less than 5%.28  Briefly, 

pregnant women were recruited throughout the U.S. and Canada, and followed from the 

study coordinating center located at the University of California, San Diego.  Women in 

this study were recruited through providers, through callers to the OTIS network, the 

internet, and other marketing methods.  Maternal characteristics and disease-specific data 

were collected via telephone interviews, conducted by trained personnel and through a 

review of medical records.  

The sample was restricted to women who delivered live born singleton infants and 

who were enrolled before December 3, 2011 to ensure that at least one year post-delivery 

was available for birth medical records to be requested, received, and reviewed.  
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This study was reviewed and approved by the University of California San Diego and 

San Diego State University Institutional Review Boards. 

Variables  

The outcome measure was MHC at birth.  This was defined as a missing entry for 

the field of occipito-frontal circumference (OFC) in the study database.  The source of 

OFC could be from maternal report or through review of the medical record or both.  The 

outcome was categorized as MHC (missing head circumference) or HC (head 

circumference available).  

Given that the sample was drawn from a study focused on AI diseases AI status 

was selected a priori as a predictor of MHC.  AI status was coded as yes if there was a 

primary or secondary diagnosis of an AI disease.  The specific AI diseases in this sample 

included rheumatoid arthritis, Crohn’s disease, ankylosing spondylitis, psoriasis and 

psoriatic arthritis.  Medical records receipt was coded as received if birth records were 

received from the providers. 

All variables were self-reported and verified with medical records to the extent 

possible.  Maternal demographics included maternal age at estimated date of delivery, 

race/ethnicity, and family socio-economic status (SES).  SES was based on the five-

category Hollingshead method using parental education and occupation,29 and scores 

were categorized into low (scores 4-5) or high SES (scores 1-3).  Maternal education and 

household income were each categorized into three groups (<12 years, 12-15 years, and 

>15 years for education and <$10,000, $10,000-$49,999 and ≥$50,000 for income).   
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Maternal lifestyle factors included tobacco use and alcohol consumption during 

pregnancy (yes/no).  Pre-pregnancy body mass index (BMI) was calculated  for each 

woman using self-reported pre-pregnancy weight and height and BMI was categorized 

using the World Health Organization categorization into underweight, normal, 

overweight and obese (<18.5, 18.5-24.9, 25-29.9 and ≥30 kg/m2, respectively).  

Comorbidities associated with AI diseases were included as covariates and 

include pre-existing type I or type II diabetes, chronic hypertension, and a current 

diagnosis of asthma.  Prednisone use and biologics (drugs used to treat rheumatic 

conditions) were recorded as any use during pregnancy (yes/no).   

  Pregnancy-related characteristics included gravidity, parity, gestational age at 

delivery, pregnancy planning, use of in-vitro fertilization (IVF) in this pregnancy and 

mode of delivery (Cesarean-section or vaginal delivery).   

Neonatal characteristics included sex, neonatal complications (e.g., bradycardia, 

cyanosis, meconium, hypertonia, hypoglycemia or jaundice) and whether the newborn 

was in the neonatal intensive care unit (NICU) or not.  Due to the small number of 

individual neonatal complications, all complications were combined into one group 

coded as yes/no.  

Statistical Analyses 

Logistic regression models were used to estimate odds ratios for MHC.  Variables 

with p values below 0.20 in bivariate analysis were selected to be evaluated in 
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multivariate analyses.  AI status was included as an a priori predictor and covariates that 

modified the risk of AI status by more than 15% were retained.  In addition, those 

variables that were independently significantly associated with MHC at p<0.05 were 

retained in the final model.  Multicollinearity was assessed between the independent 

variables using Variance Inflation Factors (VIF).  None of the VIF was above 10, 

suggesting there was no issue with collinearity.   

Analyses were performed using SAS version 9.2 (SAS Institute, Inc., Cary, North 

Carolina). 

4.3  RESULTS 

Data were available for 1,983 women with a singleton live-born infant.  Women 

enrolled in the study at a mean gestational age of 18 weeks.  Overall prevalence of MHC 

was 19%.  MHC differed by AI status (AI: 15%; non-AI: 23%) and by medical records 

receipt (received 5%; not received 60%) both p<0.001 (Table1).  Of those 503 with 

missing medical records, 40% of women knew the OFC of their infant and were able to 

self-report; of those 1,480 with delivery medical records available, 5% did not contain 

any measure of OFC (data not shown).   

On crude analyses, MHC was significantly associated with several demographic 

factors at p<0.0001 (Table 3.2).  Specifically, those with MHC were more likely to be 

younger, of non-white race/ethnicity with the odds increasing from Indian/Native 

American to Asian/Pacific Islander to Hispanic to Black (OR: 1.61, 2.63, 2.77 and 3.19 

respectively).  Women with MHC were also more likely to be of low SES, have less than 
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12 years of education and have a lower income.  Women who enrolled during the most 

recent year of available data were more likely to have MHC than women enrolled in 

earlier years.  Several other factors in bivariate analysis were significantly associated 

with MHC.  With increasing BMI the odds of MHC increased (i.e., obese > overweight) 

but odds were even higher with women who were underweight (OR: 1.85; 95% CI=1.09, 

3.12). Women with MHC were more likely to have missing (not received) medical 

records.  On the other hand, women were less likely to have MHC if they consumed 

alcohol during the pregnancy, had an AI disease, had taken prednisone or any one of the 

biologic medications, or had planned their pregnancy.   

Using AI status as the main predictor, all additional variables associated with 

MHC in bivariate analysis at a p-value of less than 0.20 were added one by one and 

evaluated to determine if any changed the risk of MHC by more than 15% or was 

independently associated with MHC at p<0.05.  Race/ethnicity, maternal education and 

gestational age at delivery, and non-receipt of medical records were significantly 

associated with women having infants with MHC. Non-receipt of medical records was 

the strongest factor associated with MHC, women without receipt of medical records 

were 25 times more likely to have MHC (95% CI: 18.20, 33.41).  AI status was not 

significantly predictive of MHC in the multivariate model (Table 3.3).  

 We conducted a sub analysis on a selection of 100 women from the larger sample 

for whom medical records were not received to determine the proportion of medical 

records release forms that were signed by the mother and sent back to the coordinating 

center.  Although all women in the entire sample consented to the project early in 
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pregnancy and agreed to release of medical records at the time of enrollment, the release 

forms themselves cannot be signed by the mother until the pregnancy has ended.  

Following the post-partum outcome interview, the mother is mailed the release forms for 

her signature, frequently on multiple occasions until the signed forms are returned.  The 

coordinating center then sends the signed release forms to the relevant providers, often on 

multiple occasions, requesting the specific information required.  In the subsample of 100 

participants, 48% of the women had completed and sent back the signed release forms. 

Socio-demographic factors were not associated with return of signed medical records 

release forms.  Women with AI disease in the subsample were less likely to have signed 

and returned the release forms (p=0.001).  There are still other factors that would account 

for the missing medical records, one of which could be provider-related, such as 

relocation.   

4.4  DISCUSSION  

The prevalence of MHC was 19% in this sample.  The prevalence of MHC 

differed significantly by AI status and by receipt of medical records.   

Forty percent of women with medical records not received were aware of the HC 

of their newborn.  In the case where medical records were received, HC was missing in 

5%.  Thus, it would appear that the practice of collecting and recording HC at birth by 

delivery hospital staff is being followed rigorously, assuming medical records that were 

received were representative of all medical records.   
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Socio-demographic characteristics were found to be significantly associated with 

MHC. This is consistent with previous studies that have found a high rate of missing 

data, in general, in association with socio-demographic factors.30-34  Women who enrolled 

in the last two years of the study were more likely to have MHC than women enrolled in 

earlier years.  This was likely due to the fact that in some cases it took longer than one 

year to receive and review all required information related to the pregnancy.  

Factors associated with MHC in bivariate analysis fell into two categories.  High-

risk conditions that predispose to MHC are younger age, non-white ethnicity, low SES, 

less than 12 years of education, low income, any deviation from normal BMI, and having 

fewer children.  The second category include those high risk conditions that appear to be 

“protective” for MHC and include having an AI disease as well as using medications that 

treat more severe AI disease, such as prednisone and biologics.   

We carried out secondary analyses on women by receipt of medical records to 

determine if receipt of medical records differed by AI status or socio-demographic 

factors. We found that both AI status and socio-demographic factors were associated with 

medical records receipt. To explore further the possible reasons for non-receipt of 

medical records, we examined whether the mother signed medical release forms and 

returned them to the center. For this analysis we selected a random subsample of 100 

women without for whom medical records were not received.  Overall 48 (48%) of the 

100 women signed and retuned the release forms. Women with AI disease were less 

likely to sign and return the release form (p=0.001), and there were no significant 

associations between socio-demographic factors and signing and returning the release 
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forms. It is possible that women with a chronic disease under close medical care during 

pregnancy are more likely to be able to self-report HC for their infants.  There are still 

other factors that would account for the missing medical records, one of which could be 

provider-related, such as relocation of the provider, or frequent change in providers 

among study participants who signed releases but records were not obtained.   

From our primary analysis, our results indicate that HC is missing at random in 

this sample. This finding has implications not only for our observational pregnancy 

cohort study but would be applicable to other observational pregnancy registries/cohort 

studies where data are collected during pregnancy and delivery for future analyses.  This 

study highlights a basic principle of good epidemiology practice which is taking into 

account that secondary sources of information, e.g., abstraction of a measurement from 

existing records rather than direct measurement, may result in a high rate of missing 

values and potential bias.  To maximize the validity of observational data using some 

secondary sources of covariates, such as ours, certain precautions need to be taken to 

generate unbiased results. 
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Table 3.1: Association of main exposures with missing head circumference (MHC) (N=1,983); 
2004-11 
    N (% MHC) OR (95%CI) p-value 

Overall Total sample  1,983 (19%)   
AI status  No AI diseasea 967 (23%) 1.00 <0.001 
  AI disease  1,016 (15%) 0.57 (0.45, 0.72)   
Medical  Receiveda  1,480 (5%) 1.00 <0.001 
 records Not received 503 (60%) 27.15 (20.31, 36.30)   

MHC=missing head circumference; OR=Odds ratio; CI=confidence interval; AI= AI (rheumatoid arthritis, 
Crohn’s disease, ankylosing spondylitis, psoriasis and psoriatic arthritis); areference category  
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Table 3.2: Selected maternal characteristics by missing head circumference status (N=1983); 
2004-11 
Characteristics    N (% MHC) OR (95% CI) p-value 
DEMOGRAPHICS    
Age/year *  Mean ± SD  0.95 (0.92, 0.97) <0.0001 
Race/Ethnicity* Whitea 1604 (16%) 1.00 <0.0001 
  Indian /Native American 15 (33%) 1.61 (0.98, 2.65)  
  Asian/Pacific Islander 94 (23%) 2.63 (0.89, 7.77)  
  Hispanic 209 (34%) 2.77 (2.02, 3.79)  
  Black 61 (38%) 3.19 (1.87, 5.44)  
Socioeconomic  High SESa 1785 (17%) 1.00 <0.0001 
Status (SES) * # Low SES 186 (37%) 2.80 (2.03, 3.86)  
Maternal  >15 yrsa 559 (12%) 1.00 <0.0001 
education 12-15 yrs 1218 (19%) 1.72 (1.28, 2.30)  
  < 12 yrs 206 (39%) 4.66 (3.19, 6.81)  
Household  ≥ $50,000a 1456 (15%) 1.00 <0.0001 
income* $10,000-$49,000 408 (25%) 1.87 (1.44, 2.44)  
 <$10,000  70 (39%) 3.44 (2.08, 5.67)  
Year  of  2011a 578 (24%) 1.00 0.0003 
enrollment† 2010 510 (21%) 0.88 (0.66, 1.16)  
  2009 282 (18%) 0.69 (0.48, 1.00)  
  2008 220 (14%) 0.53 (0.35, 0.81)  
  2007 191 (17%) 0.67 (0.44, 1.03)  
  2006 109 (8%) 0.29 (0.14, 0.59)  
  2005 63 (11%) 0.40 (0.18, 0.90)  
  2004 28 (4%) 0.12 (0.02, 0.89)  
HEALTH STATUS, LIFESTYLE FACTORS, COMORBID CONDITIONS    
Pre-pregnancy  Normala  1113 (17%) 1.00 0.025 
 BMI‡ Overweight 464 (20%) 1.29 (0.98, 1.70)  
  Obese 318 (22%) 1.39 (1.02, 1.89)  
  Underweight 1113 (17%) 1.85 (1.09, 3.12)  
Alcohol (any in Noa 1091 (21%) 1.00 0.040 
this pregnancy) ‡  Yes 891 (17%) 0.79 (0.63, 0.99)  
Smoking (any Noa 1884 (19%) 1.00 0.180 
in this pregnancy)  Yes 99 (24%) 1.38 (0.86, 2.22)  
Type I diabetes Noa 1949 (18%) 1.00 0.908 
 Yes 5 (20%) 1.14 (0.13,10.21)  
Type II diabetes Noa 1941 (18%) 1.00 0.805 
 Yes 13 (15%) 0.83 (0.18, 3.75)  
Hypertension Noa 1844 (19%) 1.00 0.910 
 Yes 139 (19%) 1.03 (0.67, 1.59)  
Asthma Noa 1600 (19%) 1.00 0.470 
 Yes 383 (20%) 1.11 (0.84, 1.46)  
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Table 3.2: Selected maternal characteristics by missing head circumference status (N=1983); 
2004-2011 (cont.) 
Prednisone use‡ Noa 1571 (20%) 1.00 0.020 
 Yes 412 (15%) 0.70 (0.52, 0.95)  
Use of biologics* Noa 1176 (22%) 1.00 <0.0001 
 Yes 807 (15%) 0.60 (0.48, 0.77)  
CURRENT PREGNANCY-RELATED CHARACTERISTICS   
Gravidity 3 or more a 640 (21%) 1.00 0.369 
  2 598 (18%) 0.82 (0.62, 1.09)  
  1 745 (19%) 0.87 (0.67, 1.14)  
Parity 2 or morea  358 (23%) 1.00 0.059 
  1 634 (17%) 0.68 (0.49, 0.93)  
  0 990 (19%) 0.80 (0.60, 1.07)  
Planned  Unplanneda 551 (24%) 1.00 0.001 
pregnancy† Planned 1406 (17%) 0.68 (0.53, 0.86)  
In-vitro  Noa 1928 (19%) 1.00 0.606 
Fertilization  Yes 55 (16%) 0.83 (0.40, 1.70)  
Gestational age at delivery/week  0.95 (0.90, 1.00) 0.110 
Mode of  Vaginala 1269 (19%) 1.00 0.799 
delivery C-section  712 (19%) 0.97 (0.77, 1.23)  
NEWBORN-RELATED CHARACTERISTICS      
Sex Femalea 1017 (20%) 1.00 0.294 
  Male  960 (18%) 1.13 (0.91, 1.43)  
Neonatal  Noa 867 (20%) 1.00 0.031 
complications‡ Yes 1053 (16%) 0.77 (0.61, 0.98)  
In neonatal  Noa 1742 (18%) 1.00 0.087 
intensive care unit Yes 231 (23%) 1.33 (0.96, 1.86)  

OR=Odds ratio; CI=confidence interval; SD= standard deviation; areference category; # using Hollingshead 
criteria; BMI=body mass index; *p<0.0001; †p<0.005; ‡p<0.05; For the continuous variables, the odds of 
MHC is age/year and gestational age at delivery per week 
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Table 3.3: Factors associated with missing head circumference on multivariate analysis 
(N=1983); 2004-11 

Characteristics  Categories  
Unadjusted OR p-value  Adjusted OR p-value  

(95% CI)    (95% CI)   

AI  disease 
Absent a 1.00 <0.0001 1.00 0.4163 

Present  0.57 (0.45, 0.72)   0.88 (0.65, 1.20)   

Race/Ethnicity White a 1.00 <0.0001 1.00 0.0155 

 Indian /Native 
American 1.61 (0.98, 2.65)  1.09 (0.29, 4.07)  

 Asian/Pacific 
Islander 2.63 (0.89, 7.77)  1.26 (0.67, 2.38)  

 Hispanic 2.77 (2.02, 3.79)  1.79 (1.15, 2.79)  
  Black 3.19 (1.87, 5.44)   2.61 (1.26, 5.40)   

Maternal  >15 yrs a 1.00 <0.0001  0.0013 
Education  12-15 yrs 1.72 (1.28, 2.30)  1.58 (1.10, 2.25)  
(years) < 12 yrs 4.66 (3.19, 6.81)  2.54 (1.53, 4.23)  
Gestational age at 
delivery/week 0.95 (0.90, 1.00) 0.049 0.93 (0.87, 1.00) 0.0395 

Medical  Received a  1.000 <0.0001 1.00 <0.0001 
records  status Not received   27.15  

(20.31, 36.30)   24.68 
 (18.23, 33.41)   

OR=Odds ratio; CI=confidence interval; areference category; AI diseases include rheumatoid arthritis, 
Crohn’s disease, ankylosing spondylitis, psoriasis and psoriatic arthritis. ORs and 95% CIs were computed 
using logistic regression: each factor in the model is adjusted for all other factors in the model. 
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CHAPTER 5: 

CONCLUSIONS AND DISCUSSION 

 This dissertation was conducted, in a population of pregnant women with and 

without AI diseases using data from the OTIS Autoimmune Diseases in Pregnancy 

Project, to explore understudied issues that included: i) RA disease severity and 

pregnancy outcomes; ii) impact of AI diseases on NVP and SAB; and iii) patterns and 

factors associated with MHC. 

5.1  RA STUDY 

Chapter 2 investigated whether RA disease severity affects selected pregnancy 

outcomes, an aspect of AI diseases with limited data.1,2  Most studies have focused on 

pregnancy outcomes among women with and without the disease and were unable to take 

into account disease severity.1-4  While these studies have provided useful information on 

AI diseases prevalence, risk factors and pregnancy outcomes, investigating the impact of 

AI disease severity on pregnancy outcomes may have additional benefits.  In the RA 

study, we examined whether RA disease severity impacts pregnancy outcomes such as 

preterm delivery, SGA and C-section in a sample of 447 pregnancies ending in live born 

singleton infants among mothers with RA.  We used the HAQ-DI, PS and PGS, measures 

that have not been used previously in association with RA disease severity and pregnancy 

outcomes.  The only other published study, by De Man et al in 2009, used Disease 

Activity Score in 28 joints (DAS28) to investigate the effects of medications and RA 

disease severity on birth weight.5  As in most observational studies, DAS28 is not 
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routinely measured in our cohort.  Instead, we used the HAQ, which has been validated 

for and used in pregnancy.  Women in our cohort had milder disease as shown by the low 

median HAQ-DI of 0.31 in contrast to other studies that have reported median HAQ-DI 

of 0.69 to 0.90. 6,7  Disease severity early in pregnancy, as measured prior to 20 weeks’ 

gestation, was associated with preterm delivery but not with the other pregnancy 

outcomes, SGA and C-section, that were evaluated.  Using modified Poisson regression 

models, we found an increased risk for preterm delivery with increasing HAQ-DI (OR: 

1.55; 95% CI: 1.17, 2.07).  Similar increased risks were noted with the other two disease 

severity measures, PS and PGS. The clinical implication of this finding is that RA disease 

severity early in pregnancy may be used to identify women who are at increased risk of 

preterm delivery.  Women with high disease severity earlier in pregnancy can then be 

selected for close monitoring and follow-up during the pregnancy.  We did not have a 

measure of disease-related inflammatory activity in this study; future work should 

evaluate whether the disease severity measures we used actually measure current disease 

activity or previous disease-related damage.  Also, future intervention studies can be 

designed to determine whether reduction in disease severity by use of effective treatment 

or other interventions prior to or early in pregnancy reduces the risk of preterm delivery.  

In addition, future studies should examine change in disease severity measures from pre-

pregnancy, early pregnancy and late pregnancy, to determine if the course of severity 

change is a stronger predictor of adverse outcomes. 
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5.2  NVP STUDY 

Chapter 3 examined the impact of NVP, a common co-morbidity of pregnancy, on 

SAB and whether AI disease alters the protective effect of NVP on SAB.  Survival 

methods were used taking into account left truncation. In a sample of 192 pregnancies 

with and without AI for whom a measure of NVP (the PUQE score) had been collected, 

the hazard ratio for SAB with NVP after adjusting for maternal age at estimated date of 

delivery and past history of SAB was 0.65 (95% CI: 0.29-1.48).  Although, the 

association did not reach statistical significance, it was in the same direction of a 

protective effect as has been observed in previous studies, with odds ratio ranging from 

0.2-0.7.8-11  The prevalence of NVP of 64% in our cohort was at the lower end of the 

spectrum of values reported in the literature (60% -80%).12-14  This together with the 

predominance of mild NVP and low mean PUQE scores in our sample may have limited 

our ability to detect a significant association.  Power analyses showed that the study was 

indeed underpowered to detect a difference in risk of SAB with or without NVP with the 

given effect size.  The prevalence of NVP was not significantly different between women 

with and without AI diseases (AI: 62%, non-AI: 66%; p=0.535). Consequently, we failed 

to demonstrate any effect of AI status on the relationship between NVP and SAB, and 

concluded that AI status in our cohort did not have a differential effect on the association 

between NVP and SAB.  Thus, we were unable to detect any evidence that women with 

AI disease would have decreased NVP thereby leading to an increased risk of SAB.  The 

women in our sample were enrolled in the study typically several weeks after conception, 

so it was not possible to evaluate the risk of early SAB in clinically recognized 
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pregnancies.  Future studies with larger samples should evaluate the potential role of 

NVP in moderating the risk of SAB in women who are followed from pre-conception 

through the first 20 weeks of gestation, and might benefit from evaluating within specific 

AI diseases, with adjustment for underlying disease severity. 

5.3  MHC STUDY 

Chapter 4 examined a methodological issue of missing HC data, which is of 

relevance to all observational pregnancy cohorts that use maternal reports and medical 

records as data sources.  HC is an anthropometric measurement routinely collected at 

birth.  Besides its clinical use, HC is a covariate used in research not only as a growth 

outcome but as a marker of future cognitive function.  The aims of this study were to 

determine the prevalence of missing HC, if it was missing completely at random, and the 

factors associated with MHC in the AI Diseases in Pregnancy Project.  All women with a 

singleton live birth (N=1,983) were included and we found a prevalence of MHC in our 

database of 19%, which was comparable to the rate of missing data in prior cross-

sectional studies of the general population.15-17  Characteristics of women with infants 

having MHC compared to those who had HC at birth in the study database differed 

suggesting that MHC was not missing completely at random in this cohort.  On 

multivariate analyses, non-white race/ethnicity, lower maternal education, lower 

gestational age at delivery and non-receipt of medical records were associated with 

MHC.  The strongest association with MHC was non-receipt of medical records (OR: 

24.68 (95% CI: 18.23, 33.41).  In the absence of receipt of medical records, only 40% of 

women were able to self-report HC. From this, we concluded that it is important to obtain 
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medical records if HC measurement is to be used in research involving indirect methods 

of collecting this measure without introducing bias in the results. 

To further explore the reasons for absence of medical records, post-hoc analyses 

were carried out on a sub-sample of 100 women with and without AI disease for whom 

medical records were not received regardless of MHC.  Obtaining medical records is a 

two-step process: 1) return of signed release forms from mothers, and 2) receipt of 

medical records from providers.  We found that 48% of the women sent back the signed 

release forms which were forwarded to the providers, but the medical records themselves 

were not returned to the study center. Socio-demographic factors were not associated 

with return of signed medical records release forms. However, women with AI disease 

were less likely to have signed the release forms (p=0.001). Since women with a chronic 

disease is under close medical care during pregnancy, that could be a reason why they are 

more likely to be able to aware and thus self-report HC for their infants.  There are still 

other factors that would account for the missing medical records, one of which could be 

provider-related, such as relocation of the provider, or frequent change in providers 

among study participants who signed releases but records were not obtained.   

From our primary analysis, our results indicate that HC is missing at random in 

our population. This finding has implications not only for our observational pregnancy 

cohort study but would be applicable to other observational pregnancy registries/cohort 

studies where data are collected during pregnancy and delivery for future analyses.  This 

study highlights a basic principle of good epidemiology practice which is taking into 

account that secondary sources of information, e.g., abstraction of a measurement from 
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existing records rather than direct measurement, may result in a high rate of missing 

values and potential bias.  To maximize the validity of observational data using some 

secondary sources of covariates, such as ours, certain precautions need to be taken to 

generate unbiased results. 

5.4  LIMITATIONS AND STRENGTHS  

This project was limited by some methodological issues.  First, our study 

population constitutes a volunteer sample, and may not be generalizable to all pregnant 

women.  Therefore, it would not be applicable to all women with RA in the RA Study, to 

all women with NVP and SAB in the NVP Study, and to the general pregnant population 

in the MHC Study.  Second, the HAQ-DI has only recently been used and was not 

validated for use in pregnancy until 2007.18,19  However, subsequent studies have used 

HAQ-DI in pregnancy, either alone or in combination with other clinical or laboratory 

parameters.20-22  Third, we included women with previous pregnancies in the RA Study 

which could be a potential selection bias as the current pregnancy could be a result of 

prior good pregnancy course or good pregnancy outcome.  Finally, although the HAQ-DI 

measure in early pregnancy was predictive of preterm delivery, it is possible that the 

HAQ-DI in our population does not represent current disease activity but rather disease-

related disability that may have occurred prior to pregnancy. 

Overall low PUQE score together with the high proportion of women with mild 

NVP rendered our study underpowered to detect a statistically significant difference in 

the severity of NVP between the two groups.  Another limitation was the lack of 
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information about women who may have experienced SAB very early in their 

pregnancies.  Women were only enrolled after they recognized that they were pregnant.  

Therefore, the risks of SAB could only be evaluated for those events occurring in late 

first and early second trimester. 

Overall strengths of this project include a prospective study design and collection 

of data on a wide variety of exposure and outcome variables.  In addition, the OTIS 

Autoimmune Diseases in Pregnancy Project has maintained low LTFU rates since the 

inception of the study.  For the RA Study and NVP Study, severity of the exposures was 

assessed using standardized questionnaires, allowing comparison to be made with the 

findings of published and future studies. 

5.6  FUTURE DIRECTIONS 

 This project has generated several new hypotheses that require further 

investigation.  For example, in the RA Study, while we reported findings on severity 

measures early in pregnancy, the effect of RA disease severity later in pregnancy and 

change in severity score over the course of pregnancy may also affect pregnancy 

outcomes.  These analyses are on-going.  Also, we restricted our analyses to women with 

RA.  Using the same study database, future work should investigate the impact of disease 

severity on adverse pregnancy outcomes among women with other AI diseases.  In the 

RA Study, our study was underpowered for the effect size we observed; however with 

on-going recruitment and data available from two additional years in the same study 

database, future work should repeat the analyses of NVP and SAB in a larger sample.  
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The same hypothesis should also be tested in a population with greater variability in 

NVP.  Relative to the focus of the MHC Study, future work could broaden the assessment 

of barriers to the receipt of medical records for the cohort in general and factors 

specifically associated with missingness of records and/or HC, such as type of 

hospital/provider.   
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