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Abstract

Background Systemic lupus is a chronic autoimmune multisystem disease that mainly affects females of childbear-
ing age. SLE still possesses risks during pregnancy that lead to poor maternal and fetal outcomes. The objectives

of the study were to identify factors associated with unfavorable pregnancy outcomes and develop a predictive risk
score for adverse pregnancy outcomes in patients with SLE.

Results The main predictive factors associated with adverse pregnancy outcomes among lupus patients in multiple
linear regression were an absence of remission for at least 6 months before conception, preexisting lupus nephritis,
active disease at conception, C3 hypocomplementemia, and antiphospholipid antibody syndrome. Each predic-

tor is assigned a weighted point score, and the sum of points represents the risk score. The area under the receiver
operating characteristic curve (ROC) was 0.948 (95% confidence interval, 0.908-0.988), suggesting that the score had
strong discriminatory power for adverse pregnancy outcomes.

Conclusions In this study, a predictive model with a risk score classification for adverse pregnancy outcomes in SLE
patients was developed. This could help rheumatologists identify high-risk pregnant patients for better disease moni-
toring and management, resulting in better maternal/fetal outcomes.
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Key points + This risk score may help rheumatologists identify
high-risk patients during pregnancy for better dis-
+ There are limited long-term studies on SLE patients ease monitoring and management.

that entail the evaluation of maternal and fetal out-

comes during pregnancy while focusing on determi- Background

nant risk factors. Systemic lupus erythematosus (SLE) is a chronic auto-
+ We attempted to develop a prediction model and a ~ immune disease that affects predominantly females in

risk score system for adverse pregnancy outcomes in  childbearing age groups [1, 2]. The relationship between

lupus patients. pregnancy and SLE is of great concern and is primar-
ily related to the influence of pregnancy on SLE and the
impact of SLE on pregnancy outcomes [3]. Although

*Correspondence:

Wafaa K. Makarm improvements in the management of obstetric compli-
wafaakamal@zu.edu.eg; wk_makram2008@yahoo.com cations and advances in neonatal care have enabled SLE
1Rhegmatg\ogyand Rehébilitation Department, Faculty of Medicine, women to have pregnancies with improved outcomes,
Zagazig University, Zagazig, Egypt 1 . b iated with b
2 Physical Medicine and Rehabilitation Department, Security Forces upus pregnancy continues to be associated with sub-
Hospital, Makkah, Saudi Arabia stantial adverse maternal and fetal morbidity [4]. It is

well established that they experience an increased risk

. ©The Author(s) 2022, corrected publication 2023. Open Access This article is licensed under a Creative Cormmons Attribution 4.0
@ Sprlnger O pe n International License, which permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you
— give appropriate credit to the original author(s) and the source, provide a link to the Creative Commons licence, and indicate if changes
were made. The images or other third party material in this article are included in the article’s Creative Commons licence, unless indicated
otherwise in a credit line to the material. If material is not included in the article’s Creative Commons licence and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To
view a copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.


http://orcid.org/0000-0002-3061-798X
https://orcid.org/0000-0002-2757-0340
https://orcid.org/0000-0001-9196-3512
http://creativecommons.org/licenses/by/4.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s43166-022-00131-3&domain=pdf

Makarm et al. Egyptian Rheumatology and Rehabilitation (2022) 49:33

of preeclampsia, thromboembolism, infection, fetal loss,
prematurity, and intrauterine growth restriction [5].

Previous research has revealed some discrepancies;
some studies indicated that women were at an increased
risk of lupus flares during pregnancy, while others
reported that the rate of flares remained unchanged in
comparison with nonpregnant SLE patients [6]. Enhanc-
ing disease activity monitoring and managing flares
promptly are essential to optimize maternal and fetal
outcomes in SLE pregnancies and should thus be a top
goal throughout prenatal treatment. However, making
decisions and predicting pregnancy outcomes in SLE
patients is a challenging task for physicians [7].

As far as we know, there are limited long-term stud-
ies on SLE patients that entail the evaluation of maternal
and fetal outcomes during pregnancy while focusing on
determinant risk factors. As a result, we aimed to identify
factors associated with unfavorable pregnancy outcomes
and develop a predictive risk score for adverse pregnancy
outcomes in patients with SLE.

Methods

Study population and settings

The present study was a single-center retrospective study
consisting of pregnant SLE patients receiving care at the
Rheumatology, Rehabilitation, and Physical Medicine
Department, Faculty of Medicine, University Hospitals.

Inclusion criteria

All pregnant SLE patients who met the criteria for SLE
according to the American College of Rheumatology
Classification Criteria (ACR) [8] and conceived between
2005 and 2020. If a patient had more than one pregnancy
during the study period, only information about the last
pregnancy was included.

Exclusion criteria

Patients with overlapping autoimmune disorders (such
as rheumatoid arthritis, systemic sclerosis, polymyositis,
or dermatomyositis), multiple pregnancies, or fetal losses
due to other causes (such as trauma, pregnancy termina-
tion for personal reasons, thyroid disorders, or chromo-
somal abnormalities) were excluded. We also excluded
patients with insufficient data or who had antenatal fol-
low-ups in other hospitals.

Data collection

In this study, medical records of pregnant patients in
the SLE cohort were reviewed. Demographic and clini-
cal data were collected, including maternal age at dis-
ease onset, age at conception, comorbidities, duration
of remission before conception, and pregnancy planning
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status for planned SLE pregnancies (who had disease
control or remission for > 6 months before conception).

SLE clinical features (disease duration, organ involved,
presence of antiphospholipid antibody syndrome) [9],
disease flare-up, current use of medications, and data
collected during the most recent gestation regarding
maternal/fetal outcomes, and prior adverse pregnancy
outcomes, are all factors to consider.

Assessment of SLE

Lupus activity was assessed using the validated SLE dis-
ease activity index (SLEDAI-2K) [10]. Activity assess-
ments were reviewed 6 months before conception, at
the start of pregnancy, during pregnancy (first, second,
and third trimesters as well as mean SLEDAI), and post-
partum. Patients were categorized as having an active
illness (SLEDAI-2K > 4) [11].. SLE flare (defined as a
change in clinical and/or serological parameters requir-
ing the adjustment of immunosuppressant doses) has
been identified as kidney, skin, joint, or any combination
of these [12].

All routine laboratory results were reviewed dur-
ing pregnancy as well as antinuclear antibodies (ANA),
anti-double-stranded DNA (anti-dsDNA) antibodies,
antiphospholipid antibodies (lupus anticoagulants, anti-
cardiolipin IgG, and IgM antibodies, anti-f2 glycopro-
tein), 24-h urinary protein, anti-Ro/SSA and anti-La/SSB
antibodies, and complement 3 and 4 in all patients of the
lupus cohort.

Assessment of pregnancy outcomes

Adverse maternal outcomes included exacerbation of
disease activity (flare) during pregnancy or postpartum
periods, preeclampsia (defined as new-onset hyperten-
sion (HTN) and proteinuria after 20 weeks of gestation),
eclampsia, hemolysis, elevated liver enzymes, and low
platelet count (HELLP) syndrome, thromboembolism,
gestational hypertension, or diabetes, preterm delivery
(defined as regular uterine contractions that result in
cervix changes that begin before 37 weeks of pregnancy),
or admission to the intensive care unit. Adverse fetal
outcomes included the occurrence of spontaneous or
therapeutic abortion before the 20th week of pregnancy,
intrauterine fetal death (IUFD) (losses occurring at or
after the 20th gestational week), premature birth defined
as the birth of a baby before the 37th week of gestation,
neonatal intensive care unit admission (NICU), and neo-
natal death (during the first 28 days of life). Other fetal
data such as birth weight, growth, and congenital anoma-
lies were not consistently available from medical records
and were not included as a result [13—-15].
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Statistical analysis

All the data were recorded and analyzed using SPSS 20.0
for windows (SPSS Inc., Chicago, IL, USA 2011). Contin-
uous data were expressed as means, and standard devia-
tions (SD) and categorical data were described using
number and percentage. The Mann-Whitney or Student
t-test was used to analyze continuous data, while the chi-
square test or Fisher extract test was employed to assess
categorical ones. The results were considered significant
if P was < 0.05. Using logistic regression, the predictive
analysis was applied to assess the odds ratio (OR) and
95% confidence interval (Cls) for all potential predictors
separately, and then stepwise regression was used (P <
0.05 for the forward).

The goodness-of-fit test for the regression model was
assessed using the Hosmer-Lemeshow test. ROC curve
analysis was done to calculate the sensitivity, specificity,
positive predictive value (PPV), negative predictive value
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(NPV), accuracy, and area under the curve for the risk
score prediction model.

Results

A total of 229 pregnant patients with SLE were screened
for the occurrence of adverse pregnancy outcomes during
the last gestation. Of these, 113 patients were excluded.
The study population included 116 patients who were
assigned to either have adverse pregnancy outcomes (n
= 62 [53.4%]) or patients without adverse pregnancy out-
comes (n = 54 [46.6%]) (Fig. 1).

In Table 1, the characteristics, and medications of
pregnant SLE patients, are shown. Twenty-one patients
(18.1%) had preexisted HTN, and eight patients (6.89%)
had prepregnancy diabetes mellitus. At the time of con-
ception, 38 (32.76%) of 116 lupus patients had active
disease status. There were 78 (67.24%) patients with

Pregnant SLE patients followed up at rheumatology and rehabilitation department, from 2005 to 2020

(n=229)

Exclusions (n=113)

- Overlap diseases (n=5)

. 4

- Abortions not disease related (n=4)

- Incomplete medical records (n=104)

. Patients with adverse outcome (n=62)
. Patients without adverse outcome (n=54)

116 patients included in the study

A 4

SLE score for adverse pregnancy outcome

A 4
I Cut off value >2 |

A 4

. Patients with adverse outcome (n=58)
. Patients without adverse outcome (n==8)

v

I Cut off value < 2 I

v

Patients with adverse outcome (n=4)

Patients without adverse outcome (n=46)

Fig. 1 Flowchart displaying the cutoff values for the risk score model predicts adverse outcomes in pregnant lupus patients
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Table 1 Patients'characteristics at conception according to the occurrence of adverse outcomes
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Characteristics Al SLE patients With adverse outcomes Without adverse Test
(n=116) n =62 (53.4%) outcomes P
n =54 (46.6%)
no. % no. % no. %
Age at onset 2335+£345 23.14£297 23.59+391 t=0.703 0.483a
Age at conception 26.7 £ 3.54 264 £3.52 2681 £3.67 t=0613 0.54a
Disease duration 3(0-16) 3(0-16) 2(1-13) U=1.604 0.46b
Gestational age at delivery 3809+13 37.77 £1.56 3846 +0.79 t=3.05 0.003*a
Comorbidities
Preexisted hypertension 21 18.1 15 24.2 6 11.1 5.1 0.02*c
Pulmonary hypertension 43 4 6.45 1 1.9 f 0.37d
Diabetes mellitus 6.89 5 8.1 3 56 f 0.72c
Dyslipidemia 24 20.7 16 258 8 14.8 2.125 0.145c
Prior complications
Maternal 3 26 3 484 0 0 f 0.24d
Fetal 23 19.8 18 29.03 5 9.3 7.1 0.007*c
Preexisted lupus nephritis 46 39.7 41 64.5 5 9.3 39.1 0.000%*c
Absence of remission for at least 6 55 4741 40 64.51 15 2777 15.01 0.0001*c
months at conception
Active disease at conception 38 328 36 58.1 2 37 f 0.000*d
Clinical data of SLE patients
Rash 51 4396 31 50.0 20 37.03 1.96 0.16c
Photosensitivity 21 18.1 14 22.58 7 12.96 1.8 0.17¢
Arthritis 29 25 18 29.03 M 2037 1.15 0.28c
Oral ulcer 19 16.37 13 2097 11.1 2.04 0.15¢c
Hair falling 18 15.52 12 194 6 1.1 1.496 0.221c
Raynaud’s phenomenon 20 17.24 8 129 12 46.3 1.75 0.185¢
Seizer 4 34 3 4.8 1 19 f 0.62d
Psychosis 8 6.89 5 8.1 3 56 f 0.722d
Fever 6 517 4 645 2 37 f 0.68d
Vasculitis 7 6.03 5 8.1 2 3.7 f 0.44d
Pericarditis 5 43 4 6.45 1 19 f 0.37d
Pleuritis 4 34 2 3.2 2 3.7 f 0.99d
Prior thrombotic events 5 43 5 8.1 0 0 f 0.06d
Antiphospholipid antibody syndrome 40 3448 33 53.23 7 12.96 20.7 0.0001*c
SLEDAI-2K at conception 2 (0-44) 5.5(0-44) 1(0-14) U=535 0.000*b
SLEDAI-2K during pregnancy 3.8(0-16.6) 4.8(0-15.6) 3(0-16.6) U=221 0.0026*b
SLEDAI-2k postpartum 5(0-24) 8 (0-24) 3(0-22) U=441 0.000%b
Treatment
Prednisone 68 58.6 39 62.9 29 53.7 1.01 0.32¢
Prednisone > 20 22 18.96 16 258 6 1.1 4.1 0.04*c
Prednisone < 20 46 396 26 419 30 555 2.7 0.09c
Azathioprine 32 276 13 20.96 19 352 29 0.08c
Hydroxychloroquine 41 353 17 274 24 444 37 0.06*c
Low-molecular-weight heparin 17 14.7 5 8.1 12 222 4.6 0.03*c
Low dose aspirin 19 164 9 14.51 10 18.51 0337 0.56¢
Anti-hypertension 10 8.6 4 64 6 111 f 0.51d

SLE systemic lupus erythematosus. All values are presented as mean + SD or median (range) or number (%). a Independent t-test, b Mann-Whitney U-test, c chi-square
test, d Fisher test, SLEDAI systemic lupus erythematosus disease activity index. Insignificant, P > 0.05; significant, *P < 0.05
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stable lupus disease at conception; of those, 61 (52.59%)
patients had been in remission for at least 6 months
before conception, and 39 (72.2%) had favorable preg-
nancy outcomes with statistical significance, P < 0.0001,
compared to those who had not been in remission (not
tabulated).

The most common SLE clinical manifestations in these
patients were cutaneous lesions, which occurred in
43.96% of cases.

There were statistically significant differences in the
incidence of preexisted hypertension and previous fetal
complications in lupus patients with adverse pregnancy
outcomes compared to those without adverse outcomes
(P < 0.05).

The median SLEDAI at conception, during pregnancy,
and postpartum periods was significantly higher in lupus
patients with adverse pregnancy outcomes compared to
those without adverse outcomes, (P < 0.05). Moreover,
there were statistically significant differences in the fre-
quency of absence of remission for at least 6 months at
conception, preexisted lupus nephritis, and active disease
at conception in patients with adverse pregnancy out-
comes compared to those without adverse outcomes (P
< 0.0001).

There were no statistically significant differences in
the incidence of adverse pregnancy outcomes, between
the two groups regarding demographics or medications,
except for prednisone intake < 20 mg per day, HCQ, and
LMWH heparin. Adverse pregnancy outcomes were sig-
nifcantly increased in lupus patients receiving prednisone
> 20 mg per day (P < 0.05). However, there was a statis-
tically signifcant reduction in adverse outcomes among
patients receiving HCQ and low-molecularweight hepa-
rin during pregnancy (P < 0.05).

As shown in Table 1, there was no statistically sig-
nificant difference in adverse outcomes among preg-
nant patients who received azathioprine or aspirin
compared to those without. However, those who
received either of them tended to have a lower pro-
portion of adverse outcomes, but this did not reach
statistical significance (P > 0.05).

As regards laboratory variables at conception, there
were statistically significant differences in the frequency
of hypocomplementemia C3 and C4 and positive anti-
ds DNA in lupus patients with adverse pregnancy out-
comes compared to those without adverse outcomes (P
< 0.05). In all SLE populations, 25 (21.06%) patients were
positive for lupus anticoagulant antibody. In addition, 16
(13.79%) were positive for IgG anticardiolipin antibody,
14 (12.1%) patients were positive for IgM anticardiolipin
antibody and 6 (5.17%) for anti-p2 glycoprotein antibody
with statistically significant differences regarding lupus
anticoagulant and IgG anticardiolipin antibody in lupus
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patients with adverse pregnancy outcomes compared to
those without adverse outcomes (P < 0.05).

The values of serum albumin were significantly lower
in lupus patients with adverse pregnancy outcomes com-
pared to those without adverse outcomes (P = 0.002).
The median 24-h urinary protein level was significantly
higher in lupus patients with adverse pregnancy out-
comes compared to those without adverse outcomes (P <
0.0001). Besides, there were significant differences in the
incidence of proteinuria > 500 mg in lupus patients with
adverse pregnancy outcomes (46.8%) compared to those
without (9.3%), (P < 0.0001). Moreover, there was no dif-
ference regarding the other tested laboratory parameters,
as shown in Table 2.

A total of 116 pregnant lupus patients were included
in this study. There were 38 (32.76%) patients with active
lupus disease and 78 (67.24%) with stable lupus disease
at conception. The rates of adverse maternal and or fetal
outcomes in the active SLE group (94.7%) were signifi-
cantly higher than those in the inactive group (33.3%) (P
= 0.0001). Of those active 38 (32.76%) patients, 7 (21.1%)
eventually developed preeclampsia, and one patient
developed eclampsia. There were significant statistical
differences in the incidence of preeclampsia in the active
lupus group compared with the non-active lupus group
(P = 0.001).

A total of 16 patients (13.8%) had a disease flare during
pregnancy, while 12 (10.34%) had a disease flare during
the postpartum period. The rates of either disease flare
during pregnancy or the postpartum period were higher
in the active lupus group compared with the non-active
lupus group (P < 0.05). Furthermore, the incidence of
preterm labor in the active SLE group was 7/38 (18.4%),
which is significantly higher than that in the inactive
group (2/78, 3.84%) (P = 0.013).

The mean gestational age at delivery was significantly
lower in the active lupus group compared with the non-
active group. Moreover, the rates of adverse fetal out-
comes in the active SLE group were significantly higher
than those in the inactive group; there were significant
statistical differences in the rates of abortion and preterm
birth in the active lupus group compared with the non-
active lupus group (P < 0.05), as shown in Table 3.

In the univariate analysis, preexisted hypertension, the
absence of remission for at least 6 months preconception,
active disease at conception, lupus nephritis, hypocom-
plementemia C3, hypocomplementemia C4, anti-dsDNA,
antiphospholipid antibody syndrome, hypoalbuminemia,
24-h urinary protein > 500 mg, and lupus anticoagulant
were significantly associated with adverse pregnancy out-
comes among lupus patients. However, HCQ treatment
and LMWH were associated with a lower risk of adverse
pregnancy outcomes, as shown in Table 4.
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Table 2 Laboratory characteristics of SLE patients at conception according to the occurrence of adverse outcomes
Variable All SLE patients With adverse outcomes Without adverse Test P

(n=116) n =62 (53.4%) outcomes

n =54 (46.6%)

no. % no. % no. %
Anemia 73 62.9 43 694 30 556 2.356 0.125,
Leucopenia 19 16.37 M 1774 8 14.81 0.18 0.67¢
Thrombocytopenia 10 8.62 6 9.67 4 74 f 0.74d
Antinuclear antibody 113 9741 61 9838 52 96.29 f 0.59d
Hypocomplementemia C3 47 40.51 42 6774 5 9.3 54.03 .000c*
Hypocomplementemia C4 41 3534 28 452 13 24.1 56 0.017c*
Anti-ds DNA antibody 30 259 23 37.1 7 1296 8767 .003c*
Lupus anticoagulant 25 216 21 339 4 74 f .0006d*
Anticardiolipin IgG antibody 16 1379 13 2096 3 56 f .028d*
Anticardiolipin IgM antibody 14 121 10 1613 4 74 f 0.16d
Anti-B2 glycoprotein antibody 6 517 4 6.45 2 37 f 0.68d
Anti-Ro antibody 3 26 3 483 0 0 f 0.24d
Anti-La antibody 2 172 2 3.23 0 0 f 0.49d
Erythrocyte sedimentation rate 33 (6-130) 36 (6-99) 25 (10-130) u=2023 0.30b
C-reactive protein 3.2(0.2-39) 3.3(0.3-39) 3.2(0.2-20.9) U=0969  0332b
Serum albumin 3.66 £0.59 352+057 3.83+049 t=3.13 .002a*
Alanine aminotransferase 18 (6.7-46) 19.2 (7.4-42) 17 (6.7-46) U=2079 041b
Aspartate aminotransferase 22(9.1-48) 21.5(9.1-45) 22 (12.3-48) U=2742 032b
Blood urea nitrogen 22 (7-59) 22 (7-59) 23 (9-43) U=266 0.99b
Creatinine 0.5 (0.2-1.8) 04 (0.3-1.8) 0.5 (0.2-1.5) U=257 048b
24-h urinary protein 145.5 (70-6500) 569 (78-6500) 119.5 (70-932) U=6.128 .000b*
24-h urinary proteinuria > 500 mg, n (%) 34 (29.3%) 29 (46.8%) 5(9.3%) 409 0.000c*
Creatinine clearance 94.2 (37-140) 96 (3-140) 91.2 (49.6-125) U=196 0.94b

SLE systemic lupus erythematosus; SLE, all values are presented as mean + SD or median (range) or number (%). a, Independent t-test; b, Mann-Whitney U-test; ¢, chi-

square test; d, Fisher test; insignificant, P > 0.05; significant, *P < 0.05

Table 5 shows the B regression coefficient estimate in
the multivariable analysis model for the prediction of
adverse pregnancy outcomes. We found that the absence
of remission for at least 6 months at conception, preex-
isted lupus nephritis, active SLE disease at conception,
C3 hypocomplementemia, and antiphospholipid anti-
body syndrome was significantly associated with the risk
of adverse pregnancy outcomes in SLE patients.

The result of the Hosmer-Lemeshow test was P =
0.129, which indicated that the logistic regression model
had a good fit. The AUC was 0.948 (Fig. 2), with a confi-
dence interval of lower value = 0.908 and upper value =
0.988. In P = 0.0001, this suggests that the SLE score was
excellent for discriminating against adverse pregnancy
outcomes.

The risk score is based on five predictors identified
from the multivariable logistic regression model (absence
of remission for at least 6 months preconception, preex-
isted lupus nephritis, active SLE disease at conception,
C3 hypocomplementemia, and antiphospholipid anti-
body syndrome). Each predictor is assigned a weighted

point score. The sum of points represents the risk score,
as shown in Table 6.

Table 7 coordinates potential development set cut-
offs for the risk scoring system; a score of 2 was the best
cutoff value (sensitivity of 93.55%, specificity of 85.19%,
accuracy of 89.66%, PPV 87.88%, and NPV 92.00%). The
rates of adverse pregnancy outcomes among pregnant
SLE patients based on their cumulative risk score were
risked score 0 (0%), risk score 1 (18.2%), risk score 2
(68.4%), risk score 3 (95.2%), risk score 4 (95.5%), and risk
score 5 (100%). Trends toward increased risk of adverse
outcomes with higher scores were observed).

As shown in Table 8 and Fig. 3, the rates of adverse
pregnancy outcomes in low-risk groups (< 2 points) were
4 (8 %) and 58 (87.8%) in high-risk groups (> 2 points).

Discussion

Despite advances in the care of pregnant lupus patients,
pregnancy is still associated with an increased risk of
poor outcomes in SLE patients [16]. This work aims to
identify factors associated with unfavorable pregnancy



Makarm et al. Egyptian Rheumatology and Rehabilitation (2022) 49:33 Page 7 of 11

Table 3 Maternal and fetal outcomes in SLE patients according to disease activity

Variable All SLE patients Active SLE Inactive SLE Test P

(n=116) (n=38) (n=78)
no. % no. % no. %

Adverse pregnancy outcome maternal and or fetal 62 534 36 947 26 333 3872 0.000c*
Gestational age at delivery, mean + SD, weeks 3809+ 1.3 376+14 3836+ 1.08 t=321 .0017a

Maternal complications no. % no. % no. % Test P
Gestational diabetes 2 1.7 1 26 1 13 f 0.55d
Pregnancy-induced hypertension 6 52 4 106 2 26 f 0.08d
Thromboembolism 2 172 2 53 0 00 f 0.11d
Preeclampsia 8 6.9 7 21.1 1 13 f .001 d*
Eclampsia 1 09 1 26 0 00 f 0.32d
Disease flare during pregnancy 16 138 11 2894 5 641 109 0.000c*
Disease flare postpartum 12 1034 9 237 3 384 f 0.002d*
Preterm delivery 10 862 7 1842 3 384 f 0.013d*
Intensive care admission 1 0.9 0 0 16 13 f 0.99d

Fetal complications no. % no. % no. % Test P
Abortion 28 2413 19 50 9 206 183 0.000c*
Intrauterine fetal death 6 52 4 106 2 26 f 0.08d
Preterm birth 10 862 7 1842 3 384 f 0.013d*
Neonatal lupus 2 1.7 2 53 0 0 f 0.11d
Neonatal intensive care admission 1 0.9 1 26 0 0 f 0.32d

SLE systemic lupus erythematosus. All values are presented as mean + SD or median (range) or number (%). a Independent t-test, ¢ chi-square test, d Fisher test.

Insignificant, P > 0.05; significant, *P < 0.05

Table 4 Univariate analysis for predicting adverse pregnancy outcomes in lupus patients

Variable Sig. Odds ratio 95% Cl for EXP(B)

Lower Upper
Age at disease onset 0.54 0.666 0.176 2513
Age conception 0.79 0.869 0.308 245
Preexisted hypertension 0.04* 278 1.0017 7.7300
Absence of remission for at least 6 months 0.000* 4.668 2.089 10431
Active SLE disease at conception 0.000* 36.000 8.035 161.290
Malar rash 0.16 1.7 0.808 358
Arthritis 0.28 1.6 0.676 3.778
Preexisted lupus nephritis 0.000* 19.133 6.6296 552194
Antiphospholipid antibody syndrome 0.000* 7.64 29912 19.5157
Hydroxychloroquine 0.029* 0.385 0.163 0.909
Low-dose aspirin 0.56 0.747 0.279 2.001
Low-molecular-weight heparin 0.0382* 0.307 0.101 0.938
Anti-hypertension 0.17 0471 0.159 1.397
Hypoalbuminemia 0.003* 0.333 0.159 0.694
Serum blood urea nitrogen 0.92 0.86 0.053 14.23
Serum creatinine 0.51 1.79 0315 10.19
24-h urinary protein > 500 mg 0.000* 8.533 3.19 22.82
Creatinine clearance 0.85 1.08 0473 2464
Hypocomplementemia C3 0.000* 20.580 7.108 59.587
Hypocomplementemia C4 0.01* 2.59 1.1675 57782
Anti-double-stranded DNA 0.004* 3.960 1.53 10.204
Lupus anticoagulant (LA) antibody 0.002* 6.4 2.035 20.14

SLE systemic lupus erythematosus, Cl confidence interval, OR odds ratio; insignificant, P > 0.05; significant, *P < 0.05
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Table 5 Multivariate analysis for the prediction of adverse pregnancy outcomes in lupus patients

Variables B S.E. Sig. Exp. (B) 95% Cl for EXP(B)

Lower Upper
Absence of remission for at least 6 months 1.651 698 .018* 5213 1.326 20490
at conception
Preexisted lupus nephritis 1.904 876 .030* 6.714 1.206 37.370
Hypocomplementemia C3 1.920 692 005* 6.824 1.759 26469
Active SLE disease at conception 2.769 881 .002* 15.942 2.838 89.552
Antiphospholipid antibody syndrome 2225 703 0.006* 9.257 2335 36.706

Hosmer and Lemeshow test (P = 0.129)
Cl confidence interval, SLE systemic lupus erythematosus
* P <0.05

1.0

0.8

Sensitivity

0.4

0.0 T T T
0.0 02 04 06 08 1.0

1 - Specificity
Fig. 2 Showing the ROC curve of the SLE score to discriminate
against adverse pregnancy outcomes

Table 6 The B coefficient from the multivariable logistic
regression model and corresponding risk score for predicting
adverse pregnancy outcomes in lupus patients

B coefficient from Score
multivariable

Variables

Absence of remission for at least 6 months ~ 1.651 1
at conception

Preexisted lupus nephritis 1.904 1
Hypocomplementemia C3 1.920 1
Active SLE disease at conception 2.769 1
Antiphospholipid antibody syndrome 2225 1

Total score Minimum (0)-maximum

(5)

SLE systemic lupus erythematosus

outcomes and develop a predictive risk score for adverse
pregnancy outcomes in patients with SLE.

Identifying risk factors for adverse outcomes is cru-
cial in the counseling and care of SLE patients during

Table 7 Prediction of adverse pregnancy outcomes in lupus
patients using a risk score

Cutoff point  Sensitivity Specificity PPV NPV Accuracy

>2 93.55% 85.19% 87.88% 92.00% 89.66%

PPV positive predictive value, NPV negative predictive value

Table 8 The adverse pregnancy outcome of lupus patients
based on their cumulative risk score

Cumulative risk score (n)  Pregnancy outcome
N (%)
Normal outcome Adverse outcome
(n=54) (n=62)
Risk score 0 (28) 28 0
% 100.0% 0.0%
Risk score 1.00 (22) 18 4
% 81.8% 18.2%
Risk score 2.00 (19) 6 13
% 31.6% 68.4%
Risk score 3.00 (21) 1 20
% 4.8% 95.2%
Risk score 4.00 (22) 1 21
% 4.5% 95.5%
Risk score 5.00 (4) 0 4
% 0.0% 100.0%

pregnancy. Management should be planned accordingly
to provide optimum care and support for the mother and
her baby [17].

This work has demonstrated that 62 (53.4%) pregnant
lupus women experienced adverse outcomes. Of these,
28 (24.3%) patients had abortions, 16 patients (13.8%) had
disease flare during pregnancy, and 12 (10.34%) had dis-
ease flare postpartum. Ten (8.62%) patients had preterm
labor, eight (6.9%) women had preeclampsia, six (5.2%)
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Fig. 3 The percent of adverse pregnancy outcomes and the risk score value.

had pregnancy-induced hypertension, and six (5.2%)
patients had intrauterine fetal death, while thromboem-
bolism, neonatal lupus, gestational diabetes, and eclamp-
sia were found in 1.7%, 1.7%, 1.7%, and 0.9%, respectively.
Previous cohorts have reported an increased risk of pre-
term labor, fetal losses, and hypertensive disorders includ-
ing preeclampsia and eclampsia in SLE patients [18, 19].

In this study, the rate of fetal and maternal complica-
tions was significantly reduced in lupus patients who
were planning to become pregnant, as we observed that
a total of 61 pregnant patients (52.59%) had been in
remission for at least 6 months before conception, with
39 (72.2%) having a favorable pregnancy outcome. These
results were in line with earlier studies [20-23]. Planned
pregnancy has been demonstrated to improve fetal and
maternal outcomes, including a lesser risk of fetal loss,
better preterm infant outcomes, and less severe disease
flares throughout pregnancy [24, 25].

Additionally, SLE patients with adverse pregnancy out-
comes had higher frequencies of active disease at conception,
antiphospholipid antibody syndrome, preexisting hyperten-
sion, prior fetal complications, preexisted lupus nephritis,
hypocomplementemia C3 and C4, and positive anti-ds DNA.

Similarly, a retrospective cohort study comparing
adverse pregnancy outcomes between normal preg-
nancies and pregnancies with SLE concluded that SLE
pregnancies, even in uncomplicated cases with remis-
sion, increase the risk of poor pregnancy outcomes, and
the presence of lupus nephritis, chronic hypertension,
antiphospholipid syndrome, active disease at the onset
of pregnancy, and proteinuria was significantly associ-
ated with such outcomes [25]. This is consistent with
prior findings as it was concluded that renal involvement,
anti-dsDNA positivity, and antiphospholipid syndrome
increased the risk of pregnancy complications [26—28].

In this study, there was a statistically significant
reduction in adverse outcomes among pregnant
patients taking HCQ and LMWH, which is consist-
ent with previous studies showing that HCQ [29] and
LMWH [30] intake decreased the incidence of adverse
pregnancy outcomes in lupus patients.

Hence, after multivariate regression analysis, we
observed the absence of remission for at least 6
months at conception, preexisted lupus nephritis,
active SLE disease at conception, C3 hypocomple-
mentemia, and antiphospholipid antibody syndrome
were independent risk factors for poor pregnancy
outcome. So, in terms of the performance of the risk
score in predicting unfavorable pregnancy outcomes,
we found that it had a sensitivity and specificity of
93.55% and 85.19%, with a PPV and NPV of 87.88%
and 92.00%, respectively. Consequently, this simple
scoring system might be useful to predict adverse out-
comes in pregnant lupus women and, subsequently,
optimum management in women with SLE who are
planning for pregnancy.

So far, only a few studies have attempted to estab-
lish a prediction model and a risk score system for
adverse pregnancy outcomes in lupus patients [31, 32].
As a result, the cumulative risk score, which suggests
that a score of 2 is the best cutoff value, and the rates
of adverse pregnancy outcomes were 4 (8%) in low-risk
groups (< 2 points), and 58 (87.8%) in high-risk groups
(> 2 points), is the key new findings in this study.

Overall, our data showed that well-controlled disease
activity before and throughout pregnancy, manage-
ment of antiphospholipid syndrome, and blood pres-
sure adjustments during pregnancy are all necessary for
pregnant SLE patients to have a favorable pregnancy
outcome. As a result, comprehensive preconception
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prenatal clinical screening is critical in risk-stratifying
pregnant women with SLE.

In the absence of external validation of this prediction
model’s score, fundamental large-multicenter prospective
studies are essential to reassess and verify the findings for
generalization and clinical implications.

Limitations

The study had its limitations as a retrospective and
single-center-based design and a relatively small study
number, resulting in an underestimation of disease vari-
ables. Furthermore, fetal parameters such as intrauterine
growth restriction and anomalies could not be accessed
due to a lack of medical data. Large-scale prospective
studies are warranted to verify the influence of various
predicting factors on maternal and fetal prognosis.

Conclusions

A predictive model with a risk score classification for
adverse pregnancy outcomes in SLE patients was devel-
oped in this study. This could help rheumatologists
identify high-risk pregnant patients for better disease
monitoring and management, resulting in better mater-
nal/fetal outcomes.
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