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Abstract
Objective

To study the factors associated with an adverse pregnancy outcome in women with systemic lupus erythematosus (SLE).

Methods
SLE women from LUMINA of Hispanic, African American and Caucasian ethnicity were studied. Adverse pregnancy 

outcome was a miscarriage or abortion (<20 weeks), a stillbirth (≥ 20) and/or a moderate to severe preterm-baby 
(<34 weeks); good outcome was either a mild preterm-baby (≥ 34 weeks) or a full-term baby [C-section or vaginal 

delivery (38-42 weeks)]. Pregnancies occurring after SLE diagnosis (TD) were included; pregnancy outcome was the unit 
of analyses. The relationship between selected variables and pregnancy outcomes was examined by univariable and 

multivariable analyses.

Results
Adverse outcomes occurred in 63.7% of 102 pregnancies. In the univariable analyses, Texan Hispanic and African 

American ethnicities, fewer years of education, higher number of ACR criteria, renal involvement, glucocorticoid exposure 
and the maximum dose of glucocorticoids used prior to the pregnancy outcome were associated with an adverse pregnancy 

outcome. Renal involvement was independently associated with an adverse pregnancy outcome [Odds ratio (OR)=5.219 
(95% Confi dence Interval (CI) 1.416-19.239, p=0.0131] as were the maximum dose of glucocorticoids used prior to the 
pregnancy outcome (OR=1.028; CI:1.002-1.054; p=0.0315) and fewer years of education (OR=1.204; CI:1.006-1.472; 

p=0.0437). Ethnicity was not retained in the multivariable model.

Conclusions
Renal involvement, the maximum dose of glucocorticoids used prior to pregnancy and fewer years of education were 
associated with adverse pregnancy outcomes. These data have implications for the management of women with lupus 

planning to become pregnant.

Key words
Pregnancy, SLE, adverse outcome, miscarriages, premature births, stillbirths, abortions, pregnancy loss.

Clinical and Experimental Rheumatology 2008; 26: 268-274.



269

Adverse pregnancy outcomes in women with SLE / R. Andrade et al.

Rosa Andrade, MD; Martha L. Sanchez, 
MD, MPH; Graciela S. Alarcón, MD, 
MPH; Barri J. Fessler, MD; MóMPH; Barri J. Fessler, MD; MóMPH; Barri J. Fessler, MD; M nica 
Fernández, MD; Ana M. Bertoli, MD; 
Mandar Apte, MD; Luis M. Vilá, MD; 
Ana M. Arango, MD, John D. Reveille, MD.
*Dr. Andrade, Dr. Sanchez and Dr. Alarcón
contributed equally to this study.
Supported by grants from the National 
Institute of Arthritis and Musculoskeletal 
and Skin Diseases #R01-AR42503 and 
General Clinical Research Centers #M01-
RR02558 (UTH-HSC) and M01-RR00032 
(UAB); from the National Center for 
Research Resources (NCRR/NIH) RCMI 
Clinical Research Infrastructure 
Initiative (RCRII) award 1P20RR11126 
(UPR-MSC); The Mary Kirkland Scholars 
Award Program (UAB) and a Fellowship 
from Rheuminations, Inc. (UAB).
Please address correspondence to and 
reprint requests to: Graciela S. Alarcón, 
MD, MPH, 830 Faculty Offi ce Tower, 
510 20th Street South, Birmingham, 
Alabama 35294-3408, USA.
E-mail: graciela.alarcon@ccc.uab.edu
Received on February 28, 2007; accepted 
in revised form on September 19, 2007.
© Copyright © Copyright © CLINICAL AND 
EXPERIMENTAL RHEUMATOLOGY 2008.EXPERIMENTAL RHEUMATOLOGY 2008.EXPERIMENTAL RHEUMATOLOGY

Competing interests: none declared.

Introduction
Previous studies have shown that wom-
en with systemic lupus erythematosus 
(SLE) maintain fertility, although once 
they become pregnant, they have an 
increased frequency of adverse preg-
nancy outcomes including pregnancy 
losses, intrauterine growth restrictions 
and preterm births (1-6). Multiple fac-
tors have been associated with these 
outcomes including increased lupus 
activity, lupus nephritis, hypertension 
and the presence of antiphospholipid 
antibodies (1-3, 6-10). In addition, 
women who exhibit anti-Ro//SSA and/
or anti-La//SSB antibodies are more 
likely to have a child with congenital 
heart block than those who do not (11). 
The available literature is based mostly 
on Caucasian and African American 
lupus patients. However, in the last 40 
years, the demographic composition 
of the US population has changed. In-
deed, as per the 2000 census, Hispanics 
now constitute the largest and the fast-
est growing minority group (12). As we 
have previously shown, Hispanic lupus 
patients, particularly those of Mexican 
and Central American ancestry (resid-
ing in Texas), have an overall worse 
prognosis than Caucasians and their 
disease course resembles that of Afri-
can American patients (13-15). There-
fore determining if the inclusion of 
Hispanics in lupus studies changes the 
spectrum of fetal outcomes among SLE 
patients is quite relevant.
We have now conducted such a study 
by examining the impact of socioeco-
nomic-demographic, clinical, immu-
nological and behavioral factors on the 
outcome of pregnancy in SLE patients 
from LUMINA (LUpus in MInorities, 
NAture versus Nurture), a multiethnic 
US cohort.

Methods
Patients
The LUMINA study is being performed 
under the guidelines of the declaration 
of Helsinki for the use of human sub-
jects in research and was approved at the 
three participating institutions. Details 
about the constitution of the cohort have 
been previously published, and they are 

now briefl y summarized.  LUMINA is a 
multiethnic [Hispanic (from Texas and 
from the Island of Puerto Rico), African 
American and Caucasian] longitudinal 
study of outcome in SLE (14) and it is a 
collaborative effort between the Univer-
sity of Alabama at Birmingham (UAB), 
the University of Texas Health Science 
Center at Houston, and the University of 
Puerto Rico Medical Sciences Campus. 
Only patients meeting ACR criteria for 
the classifi cation of SLE (16), at least 
16 years of age, with disease duration 
at enrollment (T0) of fi ve years or less, 
and of defi ned ethnicity (all grandpar-
ents of the same ethnicity) are eligible 
to participate in LUMINA. Visits are 
conducted every six months during the 
fi rst year and annually thereafter. Time 
of diagnosis (TD, herein) is defi ned as 
the time at which patients meet four of 
the ACR criteria for SLE. Disease dura-
tion is the interval between TD and T0, 
follow-up time is the interval between 
T0 and pregnancy outcome, whereas 
total disease duration is defi ned as the 
interval between TD and pregnancy 
outcome. 
By June 1st, 2005, the LUMINA co-
hort was constituted by 611 patients; of 
them, 548 were women. Three hundred 
and fi fty-nine of these 548 women had 
reported having had at least one preg-
nancy during their life span, with a total 
of 985 pregnancy outcomes. Only preg-
nancies that occurred after TD (n=102) 
were included in these analyses. 

Variables
As previously described, the LUMINA 
database includes variables from the 
following domains: socioeconomic-
demographic, clinical, immunological, 
genetic and behavioral and psychologi-
cal. Only the variables included in these 
analyses will now be described. 
Socioeconomic-demographic variables 
included are age, ethnicity, marital and 
health insurance status, education and 
poverty (as defi ned by the US Federal 
government adjusted for the number 
of members in the household). Health-
related behaviors such as smoking, 
drinking, not exercising, and using rec-
reational drugs are also included.
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Clinical variables included are onset 
type [acute (accrual of four ACR crite-
ria within one month) versus insidious 
if otherwise], total disease duration in 
months (from TD to the time of preg-
nancy outcome), pregnancy duration 
in weeks, disease activity [ascertained 
with the Systemic Lupus Activity Meas-
ure-Revised (17) or SLAM-R herein at 
TD using all available medical records 
as described by Wluka et al.) (18)], 
clinical manifestations (ACR criteria 
and others), the presence of anti-phos-
pholipid aPL (abnormal IgG isotype > 
13 GPL U/mL and/or IgM isotype > 13 
MPL U/mL) detected by enzyme-linked 
immunoabsorbent assay (ELISA) tech-
nique (19) and/or the lupus antico-
agulant (LAC) (Staclot test, Diagnos-
tica Stago 92600, Asnières-Sur-Seine, 
France) (20) and of anti-Ro//SSA and 
anti-La//SSB antibodies (detected by 
counterimmunoelectrophoresis against 
human spleen and calf thymus extract) 
(21) prior to the pregnancy outcome. 
Thrombotic events were either arterial 
[myocardial infarction, defi nite or clas-
sic angina and/or vascular procedure 
for myocardial infarction (coronary ar-
tery bypass graft), stroke, intermittent 
claudication and/or peripheral arterial 
thrombosis] or venous (peripheral and/
or visceral). Renal involvement was de-
fi ned as present if patients met the ACR 
renal disorder criterion (16) and/or had 
biopsy-proven World Health Organiza-
tion (WHO) Class II or higher for lu-
pus nephritis, and/or 2+/3+ proteinuria 
and/or protein in urine > 500 mg in 24-
hours.

Exposure to glucocorticoids (prednisone 
equivalent), hydroxychloroquine, cyclo-
phosphamide, cyclosporine A, azathio-
prine and low-dose aspirin prior to the 
pregnancy outcome was also included. 
The maximum dose of glucocorticoid 
ever used (calculated in mg per day) 
prior to the pregnancy outcome was also 
recorded for each patient.

Analyses
The unit of analysis was the pregnancy 
outcome, not the patient. For the pur-
pose of this study, adverse pregnancy 
outcomes included a miscarriage or an 
abortion (<20 weeks), a stillbirth (≥20 
weeks) and/or moderate to severe pre-
mature birth (<34 gestational weeks) 
(22). Abortions whether therapeutic or 
not, were considered adverse pregnancy 
outcomes as the biological purpose of 
a pregnancy (i.e., a live birth) was not 
achieved. A good outcome was defi ned 
either as having a mild premature birth 
(34-37 gestational weeks) or a full-term 
birth  (either by a C-section or by vagi-
nal delivery between 38 and 42 weeks). 
The outcome of the previous pregnancy 
was also considered in these analyses.
The relationship between pregnancy 
outcome and variables from the differ-
ent domains was then examined using 
standard descriptive statistical tests, 
the Student’s t-test for continuous vari-
ables and the Chi-square test for the 
categorical variables. Variables with a 
p≤0.10 in these analyses as well as age 
and ethnicity were then entered into a 
logistic regression model to determine 
factors independently associated with 

the occurrence of an adverse pregnancy 
outcome.
All analyses were done with the SAS 
program, version 9.1 (SAS Institute, 
Cary, NC, USA).

Results
From a total of 985 pregnancies, only 
the 102 which occurred after TD were 
included in these analyses. Of them, 52 
pregnancies occurred between TD and 
T0 and 50 occurred after T0. As noted 
in Table I, of the 102 pregnancies in-
cluded in these analyses, 65 (63.7%) 
had an adverse outcome. Patients of Af-
rican American (73.5%) and Hispanic-
Texan (68.8%) ethnicities experienced 
adverse outcomes more frequently than 
patients in the other groups; however, 
Hispanics (Texan and Puerto Rican) 
experienced frequent severe premature 
births (36.4% and 50.0%, respectively) 
while African Americans experienced 
more abortions (44.0%) and Caucas-
ians more miscarriages (85.7%).

Adverse pregnancy outcomes
Univariable analyses. Comparison of 
the socioeconomic-demographic, clini-
cal, obstetric and behavioral and psy-
chological variables between women 
who experienced an adverse pregnancy 
outcome and those who did not are 
shown in Table II. Age, poverty, marital 
status and health insurance were com-
parable in both groups. In contrast Af-
rican Americans and Hispanic-Texans 
and those with fewer years of formal 
education were overrepresented among 
those with adverse pregnancy outcomes. 

Table I. Pregnancy outcome type in LUMINA patients as a function of ethnic group*.

Adverse pregnancy outcome Hispanic African American Caucasian All
    
 Texan Puerto Rican
   
   n=32 %   n=12 % n=34 %    n=24 %     n=102 %

No†  10 31.2 8 66.7 9 26.5 10 41.7 37 36.3
Yes 22 68.8 4 33.3 25 73.5 14 58.3 65 63.7
Miscarriage 6 27.3 1 25.0 2 8.0 12 85.7 21 32.3
Abortion 7 31.8 0  11 44.0 2 14.3 20 30.8
Moderate to severe premature birth‡ 8 36.4 2 50.0 9 36.0 0  19 29.2
Stillbirth 1 4.5 1 25.0 3 12.0 0  5 7.7

*Differences between groups are not statistically signifi cant; †mild premature birth (34-37 gestational weeks) and full term (38-42 gestational weeks);             
‡<34 gestational weeks.
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Health-related behaviors (smoking and/
or drinking and/or using recreational 
drugs) were numerically higher among 
the adverse pregnancy outcome group 
than among those with a good outcome 
(22% vs.16%), but this difference was 
not statistically signifi cant. 
Total disease duration, acute onset type 
and disease activity at TD were found 
to be comparable in the two pregnancy 
outcome groups. The number of ACR 
criteria at diagnosis was higher in the 
adverse pregnancy outcome group [6.0 
(1.5) vs. 5.3 (1.3); p = 0.0106]. The pro-
portion of previous adverse pregnancy 
outcomes was numerically higher in 
those with an adverse pregnancy out-

come than in those without it but the 
differences did not reach statistical 
signifi cance (37% vs. 30%). Renal in-
volvement prior to pregnancy outcome 
was more frequent among those in the 
adverse pregnancy outcome group than 
among those with a good outcome (48% 
vs. 14%; p = 0.0005). Likewise, hyper-
tension prior to pregnancy outcome oc-
curred more frequently in the adverse 
pregnancy outcome group (34%) than 
in those with a good outcome (11%; 
p=0.0106).  The occurrence of throm-
botic events prior to the outcome of the 
fi rst pregnancy as well as the presence 
of anti-Ro//SSA and anti-La//SSB anti-
bodies and of aPL antibodies occurred 

at comparable frequencies in both 
groups. 
The use of glucocorticoids (88% vs. 71% 
p=0.0360) and the maximum dose of 
glucocorticoids ever used prior to preg-
nancy were signifi cantly higher among 
the adverse pregnancy outcome group 
[prednisone 26.2 (26.9) vs. 15.1 (22.4) 
mg, p=0.0371]. In contrast, hydroxy-
chloroquine (52% vs. 54%), cyclophos-
phamide (22% vs. 11%), cyclosporine 
A (2% vs. 0%), azathioprine (14% vs. 
3%) and low-dose of aspirin (12% vs. 
19%) were comparable between the two 
groups. 
As expected, pregnancy duration was 
shorter among the adverse pregnan-
cy outcome group [21.8±(22.1) vs. 
38.3±(1.9) weeks; p<0.001)].  
Multivariable analyses. As shown in 
Table III, the predictors of the occur-
rence of an adverse pregnancy outcome 
were renal involvement [OR=5.219; 
95% Confi dence Interval (CI) 1.416-
19.239; p=0.0131], the maximum glu-
cocorticoid dose used prior to the preg-
nancy outcome (OR=1.028; 95% CI: 
1.002-1.0058; p=0.0315) and fewer 
years of education (OR=1.204; 95% CI 
1.006-1.472; p=0.0437). No protective 
factors were identifi ed.

Discussion 
Over the last decade our LUMINA co-
hort has allowed us to delve into sev-
eral important issues closely related 
to the long-term prognosis and quality 
of life of SLE patients (15, 23-25) in-
cluding the effect of pregnancy itself 
in damage accrual (26). Herein, we 
give an insight on the effects of SLE 
on pregnancy outcome in this large 
multiethnic cohort. The vast early lit-
erature on SLE and pregnancy is based 
on Caucasian and African American 
patient groups (2, 3, 5, 6, 9); this does 
not refl ect the current population struc-
ture of the US (12). Indeed, Hispanics 
now constitute the largest and fastest 
growing minority group in our country.  
Improvement in the health care system 
over the last 40 years and increased 
emphasis on patient education have 
both contributed positively to the over-
all long-term survival and, in this par-

Table II. Selected socioeconomic-demographic and clinical characteristics of LUMINA   
patients as a function of their pregnancy outcome (102 pregnancies).

Features Adverse pregnancy outcome

Yes No p value*
 n = 65 n = 37

Age at outcome, years, mean (SD) 26.6 (6.3) 27.7 (5.5)
Ethnicity, % 
    Texan Hispanic  34 27
    Puerto Rican Hispanic 6 22
    African American 38 24 0.0175
    Caucasian 22 27
Poverty†, below, % 44 26
Education, years, mean (SD) 12.2 (3.3) 13.9 (3.3) 0.0122
Married/living together, % 61 74
Health insurance, % 76 84
Smoking and/or drinking and/or using recreational drugs, % 22 16
Total disease duration at outcome, months, mean (SD) 28.7 (30.5) 27.1 (23.3)
Disease onset, acute % 29 24
ACR‡ criteria number, mean (SD) 6.0 (1.5) 5.3 (1.3) 0.0106
SLAM-R§ at diagnosis, mean (SD) 8.6 (5.5) 7.1 (4.0)
Previous adverse pregnancy outcome 37.0 30.0
Renal involvement, % 48 14 0.0005
Hypertension, % 34 11 0.0106
Thrombotic events¶, % 3 0
Antiphospholipid antibodies**, % 22 22
Anti-Ro//SSA 14 16
Anti-La//SSB 0 0
Glucocorticoid exposure use, % 88 71 0.0360
Maximum glucocorticoid dose††, mean (SD) 26.2 (26.9) 15.1 (22.4) 0.0371
Hydroxychloroquine use, % 52 54
Cyclophosphamide use, % 22 11
Cyclosporine A use, % 2 0
Azathioprine use, % 14 3
Low dose aspirin use, % 12 19

*Only p ≤ 0.10 are shown; †As per the US Federal government guidelines; ‡American College of Rheu-
matology; §Systemic Lupus Activity Measured-Revised; ¶Arterial and/or venous; **IgG and/or lgM and/
or the lupus anticoagulant; ††in mg of prednisone or equivalent.
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ticular case, to the pregnancy outcomes 
in SLE patients (27); however, paucity 
of studies on Hispanics residing in the 
US still remains. Therefore, our study 
sought to determine if there are any 
demonstrable differences in pregnancy 
outcomes among patients from these 
ethnic groups. 
Unlike previous publications, we found 
over sixty percent of adverse pregnancy 
outcomes occurred in our cohort. The 
inclusion of abortions among adverse 
pregnancy outcomes might account 
for this high frequency. The nature of 
our database, however, prevented us 
from distinguishing between elective 
and therapeutic abortions; given that 
a pregnancy is ultimately expected to 
culminate in a live birth, we decided to 
include abortions in the group of ad-
verse outcomes (28). However, even if 
we had excluded them from our analy-
ses, the frequency of adverse pregnan-
cy outcomes would have accounted for 
about 54% of all outcomes, which is 
still high (data not shown).  The high 
frequency of adverse pregnancy out-
comes that we found strikingly con-
trasts with data from the meta-analy-
sis published by Clark et al. (27) and 
the associated comment by Buyon 
(29). Therein, Clark et al. reported an 
overall decrease in the frequency of 
pregnancy losses among SLE patients 
in the last 40 years, with current rates 
among SLE women being similar to 
those of the general population (17%). 
In this meta-analysis, premature births 
and pregnancy losses were considered 
as two separate categories. Of note, 
these authors decided to exclude those 
“outlier” studies whose results differed 
signifi cantly from the ones selected 
for their meta-analysis (<25th or >75th

percentile). However, even studies pub-
lished subsequent to this meta-analysis 
support the notion that adverse preg-
nancy outcomes occur more frequently 
in lupus patients than in the general 
population (4). Excluding such studies 
may have allowed Clark et al. to sup-
port the conclusions reached. Another 
possible explanation for the divergent 
results between our study and theirs is 
the fact that these authors did not con-
sider the socioeconomic-demographic 
or behavioral features of the patients 
from the studies included in their meta-
analysis. More importantly, although, 
we had not specifi cally recorded in the 
database whether our patients received 
specialized care in a high-risk obstet-
ric-rheumatology setting, we suspect 
that many of our patients had no access 
to such care based on their overall soci-
oeconomic features but precise fi gures 
cannot be provided.
We have shown previously that His-
panics are usually younger when diag-
nosed with SLE, therefore more likely 
to be in their childbearing years during 
the course of their disease; they also 
experience higher degrees of disease 
activity, which may have suggested 
that their pregnancy outcomes may not 
be satisfactory (30). However, ethnic-
ity was not found to be a determinant 
of adverse pregnancy outcomes when 
other patients’ characteristics were ad-
justed for in the multivariable analyses. 
It appears that other factors, over and 
above ethnicity or highly correlated 
with ethnicity (fewer years of educa-
tion), are more important determinants 
of pregnancy outcome in patients with 
lupus.
Our analyses showed that renal involve-
ment, the maximum dose of glucocor-

ticoids ever used before the pregnancy 
outcome and fewer years of education 
were independently associated with 
adverse pregnancy outcomes. In gen-
eral, our results are in agreement with 
the current literature (7, 9, 31); indeed, 
renal involvement in SLE has been 
recognized as a strong predictor of ad-
verse pregnancy outcomes in lupus pa-
tients (7, 9, 31, 32). However, the dose 
of glucocorticoids used has never been 
associated with adverse pregnancy out-
comes in SLE patients although its use 
at conception has been associated with 
prematurity but not with other adverse 
pregnancy outcomes (33). In our study, 
this negative effect of glucocorticoids 
is demonstrated. In the past, the use of 
glucocorticoids in low doses throughout 
the pregnancy had been recommended 
to prevent disease exacerbations (1); 
this practice, however, has largely been 
abandoned since (34). High doses, on 
the other hand, have been recommend-
ed perinatally in women receiving glu-
cocorticoids throughout their pregnan-
cies and assumed to have adrenal sup-
pression (35). 
This study is not without limitations. 
Firstly, as already noted, these patients 
were not followed during their pregnan-
cies. Thus, we are unable to determine 
specifi c maternal and fetal characteris-
tics associated with each trimester of 
pregnancy (i.e., intrauterine growth re-
striction, disease activity per domains, 
setting of pregnancy care, continuity 
of treatment during pregnancy, dose 
and time of exposure to medications) 
hampering our efforts to determine 
more specifi cally the factors that could 
be associated with adverse pregnancy 
outcomes. Secondly, we were not able 
to distinguish between therapeutic and 
elective abortions since this informa-
tion is not an element of our database. 
Conversely, some miscarriages may 
go unnoticed by the patient, particu-
larly during the fi rst six weeks of preg-
nancy or the patient may not want to 
disclose or forget to disclose a thera-
peutic abortion precluding the proper 
ascertainment of all adverse pregnancy 
outcomes with the consequent under-
estimation of its rate in these patients. 

Table III. Variables associated with the occurrence of adverse pregnancy outcomes in    
LUMINA patients by Multivariable Logistic Regression Analyses*.

Feature  Odds ratio (95% Confi dence interval) p value

Fewer years of education 1.204 1.006 – 1.472 0.0437

Maximum glucocorticoid dose 1.028 1.002 – 1.054 0.0315

Renal involvement 5.219 1.416 – 19.239 0.0131

*Adjusted for age at outcome, ethnicity, number of ACR criteria prior to pregnancy outcome, and 
hypertension. Only variables with p ≤ 0.10 are shown.
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Thirdly, the time of exposure to high 
doses of glucocorticoids in relation to 
the pregnancy could not be exactly de-
termined as this information was not 
part of the database. Finally, given that 
LUMINA is not an inception cohort, 
disease activity at TD was ascertained 
by review of all available medical 
records except in those patients who 
were enrolled within few weeks of dis-
ease onset.  Although this is less than 
ideal, the method has been found to be 
reliable and thus the scores obtained 
are a reasonable approximation of the 
ones we would have obtained if disease 
activity had been ascertained during 
study visits (18).
Despite these limitations, the data pre-
sented allow us to conclude that ethnic-
ity per se does not appear to infl uence 
the outcome of pregnancy in the lupus 
patient; rather, fewer years of educa-
tion seems to be more important de-
terminant of this outcome. In addition, 
the maximum dose of glucocorticoids 
(probably refl ecting disease activity) 
and overall systemic involvement (re-
nal, primarily) that these patients expe-
rience over the course of their disease, 
but particularly immediately prior to 
pregnancy, may determine whether the 
outcome of a pregnancy is favorable 
or not. Although, based on our data 
we cannot specifi cally recommend that 
lupus patients receive comprehensive 
obstetric care, this seems entirely rea-
sonable based on the literature accrued 
to date (36).
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