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Background: Although it is well established that systemic lupus erythematosus (SLE)
negatively affects pregnancy outcomes, there is insufficient evidence on the effect of lupus
nephritis (LN) on antenatal management and pregnancy outcomes. We performed a systematic
review and meta-analysis to determine the association of LN with management and pregnancy
outcomes in SLE patients.

Methods: Embase, Medline, Cochrane, and ClinicalTrials.gov were carefully searched for rel-
evant English and Chinese language studies. A total of 2,987 articles were reviewed. Data were
extracted that compared management and pregnancy outcomes in SLE pregnant women with
LN vs without LN. Risk of bias was assessed by a modified version of the Newcastle-Ottawa
Scale and the STROBE checklist. Combined odds ratios (OR) and 95% confidence intervals
(CI) were obtained and sensitivity analysis was performed using RevMan 5.3 software.
Results: Sixteen studies, including 1,760 pregnant patients with SLE, were included. Gestational
hypertension (OR=5.65, 95% CI=2.94-10.84), preeclampsia (OR=2.84, 95% CI=1.87-4.30),
SLE flare (OR=2.66, 95% CI=1.51-4.70), renal flare (OR=15.18, 95% CI=5.89-39.14), proteinu-
ria (OR=8.86, 95% CI=4.75-16.52), and hypocomplementemia (OR=2.86, 95% CI=1.68-4.87)
were significantly affected in pregnant women with LN. Anti-Sjogren’s syndrome-related anti-
gen A/Ro autoantibodies were negatively associated with pregnant women with LN (OR=0.57,
95% CI=0.33-0.98). Pregnant women with LN presented a significant decrease in live births
(OR=0.62, 95% CI=0.49-0.80) and a significant increase in preterm births (OR=1.92, 95%
CI=1.49-2.49) and fetal growth restriction (OR=1.43, 95% CI=1.08-1.91). Regarding ante-
natal management, steroids (OR=2.48, 95% CI=1.59-3.87) and immunosuppressant treatment
(OR=6.77, 95% CI=3.30-13.89) were more frequently used in women with LN.
Conclusion: This review identified a significant association between the aforementioned
outcomes and SLE pregnant patients with LN. In patients with SLE, LN increased the risks for
adverse pregnancy outcomes and the use of medication. Therefore, special treatment and close
monitoring should be allocated to pregnant women with LN.

Keywords: systemic lupus erythematosus, lupus nephritis, maternal outcomes, fetal outcomes,

antenatal management

Introduction

Systemic lupus erythematosus (SLE) is a multisystemic autoimmune disease that
primarily affects women of childbearing age. Women with SLE have a normal fertility
rate,! making pregnancy a frequent subject of interest in these patients. Pregnancy
and SLE are reciprocally adversely affected. Pregnancy may increase SLE activity,
and have short or long-term adverse effects on renal function, while SLE can result
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in adverse pregnancy outcomes and complications such
as preeclampsia, preterm delivery, and fetal loss.? In past
decades, SLE was a contraindication for pregnancy. How-
ever, with improvements in treatment and multidisciplinary
management, the success rate of delivery in women with SLE
has greatly improved.> Women with SLE can have successful
pregnancies given that there is optimal timing of conception
and close management during pregnancy.

The effects of lupus nephritis (LN) on fetal and maternal
outcomes have been extensively studied. Khamashta reported
that LN is a risk factor for pregnancy loss, especially in
patients with renal impairment.* Moreover, higher incidences
of fetal loss, intrauterine growth restriction (IUGR), and
gestational hypertension have been reported, even in patients
with LN with non-active SLE.> Smyth et al reported that LN
was associated with premature birth and hypertension during
pregnancy in a systematic review in 2010.° However, these
reports had several limitations, such as a retrospective study
design, insufficient number of participants, and limited scope
of analyzed outcomes.

Therefore, we conducted a systematic review and meta-
analysis of management and pregnancy outcome in women
with SLE with or without LN to examine the effect and
quantifiably clarify the effect of LN on pregnancy outcome,
which also serves as an updated systemic review with a more
complete analysis of pregnancy outcomes and antenatal
management.

Materials and methods

Literature search
We carefully searched Embase, Medline database,
ClinicalTrials.gov, and Cochrane Database of Randomized

Controlled Trials for relevant English and Chinese language
studies on June 28, 2017. In addition, we examined the
reference lists of the literature that met the inclusion criteria
of our study. The search was conducted in accordance with
the Preferred Reporting Items for Systematic Reviews
and Meta-Analyses guidelines.” During the process of
searching, we used a protocol that included the Cochrane
Collaboration’s search strategy for randomized controlled
trials and related exploded terms, including Medical Subject
Headings in combination with keywords and the following
terms: systemic lupus erythematosus, SLE, lupus nephritis,
pregnancy, pregnancy outcomes, maternal outcomes, fetal
outcomes, and gynecology.

The search was carried out in June 2017, and only
included studies that were published since the year 2000.
Studies published prior to the year 2000 were excluded

from this analysis because of more recent changes in health
care facilities, medical conditions, laboratory data, and
diagnostic criteria, and would therefore introduce bias to the
analysis. The full results of our search strategy are shown in
Appendix 1 Tables S1-5S4.

Study selection

Studies were included if:

1. They compared pregnant women with SLE with LN (the
experimental group) versus pregnant women with SLE
without LN (non-LN) (the control group).

2. They reported adverse maternal and/or fetal outcomes.
Studies were excluded if:

1. They did not compare pregnant women with LN versus
pregnant women with SLE without LN (only included
the experimental group without including the control
group).

2. They compared pregnant women with SLE versus preg-
nant women without SLE (not the objective of the present
study).

3. They were reviews, editorials, guidelines, case reports,
letters, abstracts, or summaries of meetings.

4. They did not involve pregnant women.

5. They did not report adverse maternal and/or fetal
outcomes.

6. They were duplicates of the same studies.

Two authors (JY W and JH M) independently performed
the first selection of studies based on titles and abstracts,
and then examined the selected full texts. Disagreements
between reviewers were resolved by consensus. If no agree-
ment could be reached, the matter was resolved through
discussion with another author (WH Z).

Analysis of outcomes

The following information was extracted from each included

study:

e Names of authors

e Publication year

e Period of participants’ enrollment

e Geographical region of the study

e Type of study

e Types and total number of participants in each group

e Number of events in each group

e Baseline characteristics of the participants

e Diagnostic criteria of SLE, criteria for the histological
diagnosis of LN, SLE activity score, and diagnostic
criteria of flares

e Outcomes of interest
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The following outcomes were defined as follows:

Maternal outcomes

1. Spontaneous abortion: spontaneous termination of
pregnancy prior to 20 weeks of gestation, or prior to
24 weeks of gestation.

2. Gestational hypertension: the presence of blood
pressure =140/90 mmHg on at least two occasions
=6 h apart, arising de novo after the 20th week of
pregnancy.

3. Preeclampsia: pregnancy-induced hypertension with
proteinuria >0.3 g/L/d in the absence of urinary tract
infection, or abrupt onset of hypertension and proteinu-
ria after 20 weeks of gestation.

4. SLE flare: considered as: 1) new signs of active disease
by clinical and laboratory variables or change in therapy;
2) change in Systemic Lupus Erythematosus Disease
Activity Index 2000 (SLEDAI-2k) score;® 3) change in
Systemic Lupus Erythematosus Disease Activity Index
(SLEDALI) score;’ 4) change in Lupus Activity Index
in Pregnancy;!'® 5) change in the physician global
assessment. !

5. Renal flare: considered as worsening proteinuria
(defined as an increase by 2 g/24 h if baseline proteinuria
was <3.5 g/24 h, or doubling of proteinuria in women
with previous nephrotic range proteinuria), urinary casts,
dysmorphic hematuria, reduced levels of C3 and/or C4,
or rise in serum creatinine of >30%.'>"

6. Cesarean section: included all of the operative
indications.

7. Premature rupture of membranes (PROM): diagnosed
as a rupture of the amniotic sac prior to the onset of
labour.

8. Gestational diabetes mellitus (GDM): defined as any
degree of glucose intolerance with onset or first recogni-
tion during pregnancy. The diagnosis of GDM is made
if there is at least one abnormal value (=5.1 mmol/L,
10.0 mmol/L, 8.5 mmol/L for fasting, 1-h, and 2-h
plasma glucose concentration, respectively) after a 75
g oral glucose tolerance test undertaken at 2628 weeks
gestation.

9. Antiphospholipid antibodies (aPL) and antiphospholipid
syndrome (APS): aPL included lupus anticoagulant,
anticardiolipin antibodies, and f2-glycoprotein I; APS
was defined according to the Sapporo criteria.'

10. Active disease at conception: defined according to the
criteria of each study.
11. Proteinuria during pregnancy: proteinuria =300 mg/24 h.

12. Positivity for anti-Sjogren’s syndrome-related antigen A
(anti-SSA)/Ro autoantibodies.

13. Hypocomplementemia: defined as low C3 and/or
C4 levels.

Fetal outcomes

1. Live birth: the birth of a living child.

2. Stillbirth or intrauterine fetal death: spontaneous termi-
nation of pregnancy after 20 weeks of gestation or after
24 weeks of gestation.

3. Preterm birth: delivery <37 weeks of gestation.

4. Low birth weight (LBW)/IUGR/small for gestational age
(SGA): neonatal birth weight <2,500 g, or an estimated
birth weight of less than the lower 10% limit of the CI
of the normal curve for gestation weight.

5. Neonatal lupus: included all types of neonatal lupus, as
well as either cutaneous lesions and/or congenital heart
block.

6. Congenital malformation: included all types of congenital
malformation.

7. One-min Apgar scores: method for quickly evaluating
the health of a neonate.

Antenatal management (management of medication
use during pregnancy)

It included all forms of the following drugs, regardless of
dosage and method of administration:

e Steroids

e Antimalarials

e Immunosuppressants

e Aspirin

Data collection

A standardized data extraction sheet was developed to record
data. One author (JY W) extracted the aforementioned data
from the included studies, and the other author (JH M)
checked the extracted data. Disagreements were resolved by
discussion between the two authors. If no agreement could be
reached, another author (WH Z) would resolve the matter.

Assessment of risk of bias

The quality of the studies was reviewed by JY W and JHM
using a modified version of the Newcastle-Ottawa Scale
(NOS) for cohort studies and cross-sectional studies.!>!¢
Disagreements were resolved by consensus. This scale
assesses risk of bias in the following three parameters:
selection, comparability, and exposure/outcome. The total
scores were 9 for cohort studies and 8 for cross-sectional
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studies. A score =7 in cohort studies and =6 in cross-
sectional studies were indicative of a high quality study.!’
Furthermore, each study was assessed using the Strength-
ening the Reporting of Observational Studies in Epidemi-
ology (STROBE) checklist, which is a 22-item checklist
that assesses the essential items of observational studies.!'®
The purpose of STROBE is not to assess quality, but to
ensure clear presentation of the study. The results of the
full-modified versions of the NOS and STROBE checklists
are shown in Appendix 2 Tables S5 and S6 and Appendix 3

Table S7. Funnel plots were used to visually estimate pub-
lication bias.

Statistical analysis

Dichotomous data were used for comparisons. The meta-
analyses were performed by calculating odds ratios (OR)
using a fixed- or random-effects model according to their het-
erogeneity. The heterogeneity across studies was assessed by
the Q-statistic and /° statistic tests. When P »<0.lor 1*>50%,
the heterogeneity was considered significant. Therefore,
a random-effects model was used to calculate the pooled
OR, and the sensitivity test was conducted to exclude studies
that increased the heterogeneity. Otherwise, the fixed-effects
model was used. Outcomes that were included in less than
three studies or that were defined differently were evaluated

qualitatively rather than by meta-analysis. All tests were two-
tailed, and P<<0.05 was considered statistically significant.
Analyses were carried out using RevMan 5.3 software.

Results

Study selection

A flow diagram of the study selection process is shown in
Figure 1. A total of 2,987 articles were extracted from the
aforementioned databases. Following the screening of titles
and abstracts, 104 full-text articles were assessed for eligi-
bility. Finally, 16 articles were included in the quantitative
synthesis of this systematic review.

Study characteristics

The main characteristics of the included studies are shown
in Table 1. There were 15 retrospective studies and one
cross-sectional study. Patients were enrolled between the
years 1970 and 2015, and studies were conducted in different
regions such as Europe, South Africa, Canada, the US, and
some Asian countries.

The 16 studies included a total of 665 LN pregnan-
cies (experimental group) and 1,095 non-LN pregnancies
(control group). The maternal age at delivery was reported
in all studies, and all participants were of childbearing age.
However, some studies only reported the mean age of patients

'
s Records obtained from Embase,
s Medline, and Cochrane Database
E (n=2,987)
c
@ N - _
T q Duplicates (n=395) ]
A4
Records after duplicates removed
o (n=2,592)
'g Articles were not based or
o » related to this current research
® v L (n=2,488) )
— [ Full-text articles were assessed for
eligibility (n=104) 4 h
Full-text articles excluded:
2 ¢ No detailed information
3 about nephritis group
D (n=51)
w e The outcomes were not
> appropriately reported
(n=19)
( ) * Reviews, editorials,
- guidelines, case reports,
3 letters, abstracts, and
% v meetings (n=18)
£ Studies included in the systematic N /
review (n=16)
——

Figure | Flow diagram demonstrating the study selection process.
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Notes: Total scores are 9 for the cohort studies, and 8 for the cross-sectional studies. *If there is only one value in the table, it refers to the mean age of both women with lupus nephritis and non-lupus nephritis.

Abbreviations: LN, lupus nephritis; NOS, Newcastle-Ottawa Scale; STROBE, Strengthening the Reporting of Observational Studies in Epidemiology; NA, not available.

in both group. Additionally, not all participants in each study
had biopsy-proven LN. Some studies exclusively included
patients with biopsy-proven LN (n=5) as the experimental
group, while others had varying percentages of patients with
biopsy-proven LN (n=5). However, all participants were
confirmed to have been diagnosed with SLE and LN upon
enrollment in each study.

The diagnostic criteria for SLE varied in each study. The
1997 American College of Rheumatology criteria were the
mostly widely used (12/16). Others used the older version,
while one did not indicate which criteria were used. The
definitions of disease activity also varied. The majority
(7/16) used the SLE disease activity index (SLEDAI or
SLEDAI-2K), while six studies defined disease activity
according to organ involvement and laboratory abnormalities.
LN associated with SLE was determined primarily accord-
ing to the 1995 classification system of renal biopsies of the
World Health Organization (7/16), while others also used
clinical and laboratory records. The definition of SLE flare
during pregnancy varied as well. Most studies (13/16) defined
it as new signs of active disease by clinical and laboratory
variables or change in therapy (Table 2).

Risk of bias within studies

The risk of bias within the studies was assessed by a modified
version of the NOS for cohort studies and cross-sectional
studies, and a STROBE checklist. The NOS and STROBE
scores from each study are shown in Table 1. The total
NOS scores were 9 for the cohort studies and 8 for the cross-
sectional studies. The STROBE checklist has a total score
of 22. All included studies were of high quality.

Maternal outcomes

We analyzed 13 maternal outcomes. Among them, 10 were
included in the quantitative synthesis, and three were ana-
lyzed qualitatively. The outcomes are shown in Appendix 4
Table S8.

Quantitative synthesis and heterogeneity analyses

In the present analysis, maternal outcomes in pregnant
women with SLE with LN were compared with maternal
outcomes in pregnant women with SLE without LN. Pregnant
women with LN showed a significant association with
gestational hypertension (OR=5.65, 95% CI=2.94-10.84),
preeclampsia (OR=2.84, 95% CI=1.87-4.30), renal flare
(OR=15.18, 95% CI=5.89-39.14), proteinuria (OR=8.86,
95% CI=4.75-16.52), and hypocomplementemia (OR=2.86,
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Table 2 Outcomes reported, SLE diagnostic criteria, lupus nephritis diagnostic criteria, disease activity rates, and flare definition upon

study enrollment in the studies included for analysis

Study Maternal outcomes Fetal outcomes SLE LN Disease Flare
diagnostic diagnosis activity
criteria criteria

Carmona et al?' Spontaneous abortion, gestational Fetal loss, stillbirth, premature | | 4 |

hypertension, preeclampsia, cesarean birth, live birth
section, flare, renal flare, aPL positive,
active disease at conception

Cavallasca et al® Spontaneous abortion, gestational Stillbirth, premature birth, full-term 2 NA | |

hypertension, preeclampsia birth, LBW

Whitelaw et al*® Spontaneous abortion Premature birth, full-term birth, | | 3 [

IUGR, live birth
Wagner et al? Spontaneous abortion, gestational Premature birth, full-term birth, | | | |
hypertension, preeclampsia, SGA, fetal loss, stillbirth, neonatal
cesarean section death, neonatal lupus

Al Arfaj and Khalil*'  Miscarriages Premature birth, full-term birth, 2 NA NA |

stillbirth, IUGR, live birth

Gladman et al® Spontaneous abortion, gestational Live birth, stillbirth, LBW, NA NA 2,6 2

hypertension, preeclampsia, GDM, congenital malformation, neonatal
medicine, aPL positive, SLE flare lupus

Bramham et al* Preeclampsia, cesarean section, SLE flare, Live birth, intrauterine death, SGA, | | | |

renal flare, aPL positive, APS, medication  |-min Apgar <7

Ko et al*? Miscarriages Stillbirth, neonatal death, live birth, | NA 3 [

preterm birth, full-term birth, [IUGR

Kwok et al?* Spontaneous abortion, SLE flares, Stillbirth, fetal loss, SGA, IUGR, 2 | 3,5 |

preeclampsia, APS, medications preterm birth

Saavedra et al"? Spontaneous abortion, cesarean section,  Stillbirth fetal loss, neonatal death, 1,2 l,3 | |

active SLE at conception, SLE flares, live birth, LBW, preterm birth
PROM, renal flare, preeclampsia, APS,
proteinuria, medication

Fatemi et al*® Abortion, SLE flare, preeclampsia, APS, Stillbirth, premature birth | 2 2 3

low C3, C4, medication

Madazli et al* IUGR and/or preeclampsia Fetal loss, premature birth, [IUGR | NA | |

and/or preeclampsia

Lv etal® Gestational hypertension, preeclampsia,  Live births, gestational age, SGA, | NA 7 4

flare, renal damage, low C3, low C4, acL  fetal loss, fetal malformation, |-min
and B2GPI positive, proteinuria Apgar scores

Mbuli et al*® Miscarriage, cesarean section, flare, Stillbirth, premature birth, full-term | NA | |

preeclampsia birth, live birth

Ku et al® SLE flare, proteinuria, Fetal loss, premature birth, IUGR, | NA 2 |

hypocomplementemia, disease activity, neonatal lupus, neonatal heart
gestational hypertension, proteinuria disease, |-min Apgar scores
Teh et al" SLE flare, aPL positive, hypertension, Premature birth, IUGR, fetal loss, | | 3,8 1,35

preeclampsia, PROM, eclampsia, GDM

live births

Notes: Diagnostic criteria: 1) ACR 1997 criteria;*¢ 2) ACR 1982 criteria.’’ Histological lupus nephritis: 1) The 1995 World Health Organization categorization for lupus
nephritis;*® 2) the 2004 classification of the International Society of Nephrology/Renal Pathology Society;* 3) nephritis was established clinical and biochemically. Activity: 1)
Organ involvement and laboratory abnormalities; 2) SLEDAI-2k; 3) SLEDAI; 4) lupus activity criteria count; 5) Systemic Lupus Erythematosus Pregnancy Disease Activity
Index; 6) Adjusted Mean Systemic Lupus Erythematosus Disease Activity Index; 7) LAI-P; 8) PGA. Flare: I) New signs of active disease by clinical and laboratory variables or
change in therapy; 2) SLEDAI-2k; 3) SLEDAI score; 4) change in LAI-P; 5) change in PGA. aPL include lupus anticoagulant, anticardiolipin antibodies, and 2-glycoprotein I.
APS was defined according to the Sapporo criteria.
Abbreviations: SLE, systemic lupus erythematosus; LN, lupus nephritis; aPL, antiphospholipid antibodies; LBW, low birth weight; NA, not available; IUGR, intrauterine
growth restriction; SGA, small for gestational age; GDM, gestational diabetes mellitus; APS, antiphospholipid syndrome; PROM, premature rupture of membranes; 32GPI,
B2-glycoprotein; ACR, American College of Rheumatology; SLEDAI-2k, Systemic Lupus Erythematosus Disease Activity Index 2000; SLEDAI, Systemic Lupus Erythematosus
Disease Activity Index; LAI-P, Lupus Activity Index in Pregnancy; PGA, Physician Global Assessment.

95% Cl=1.68-4.87), with low statistical heterogeneity in all
outcomes, and the fixed-effects model was used. SLE flare
was also significantly affected in pregnant women with LN
(OR=2.66, 95% Cl=1.51-4.70), with statistical heterogeneity

model was used.

across studies (/=69%, PQ=0.001), and the random-effects

There was less positivity for anti-SSA/Ro autoantibodies
in pregnant women with SLE with LN compared with those
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without LN (OR=0.57, 95% CI=0.33-0.98), with statistical
heterogeneity across studies (/’=43%, P=0.15), and the
fixed-effects model was used.

However, spontaneous abortion (which was divided into
two subgroups according to different outcome definitions)
(OR=1.25, 95% CI=0.92—1.70), cesarean section (OR=1.17,
95% CI=0.79-1.74), and aPL positivity and APS (OR=0.98,
95% CI=0.71-1.35) were not significantly different between
pregnant women with LN and those without LN. The results
of maternal outcomes are shown in Figure 2 and Table 3.

Sensitivity analyses

Regarding SLE flare, the statistical heterogeneity was high
(I*=69%, PQ=O.001). Therefore, sensitivity analyses were
performed (Table 4A). The sensitivity analyses showed
that after omitting the studies by Bramham et al or Lv et al,
SLE flare was still significantly affected in pregnant women
with LN (OR=3.12, 95% CI=1.83-5.32, I’=59%, P ,=0.02;
OR=2.22, 95% Cl=1.34-3.68, I’=59%, P ,=0.02, respec-
tively). These data indicated that the pooled results remained
robust in the SLE flare outcome.

Spontaneous abortion

Study LN Non-LN Weight Odds ratio M-H, Year Odds ratio M-H,

Events Total Events Total (%) fixed, 95% CI fixed, 95% CI
Spontaneous abortion 20 weeks
Carmona et al*' 8 54 9 54 10.6 0.87 (0.31, 2.45) 2005 N
Whitelaw et al*® 3 15 5 32 3.5 1.35(0.28, 6.58) 2008 —
Gladman et al® 18 81 24 112 21.7 1.05 (0.52, 2.09) 2010 —_—
Saavedra et al'® 4 35 4 60 3.6 1.81(0.42,7.73) 2012 Y E—
Subtotal (95% Cl) 185 258 39.4 1.10 (0.66, 1.82) <
Total events 33 42
Heterogeneity: x?=0.73, df=3 (P=0.87); I>=0%
Test for overall effect: Z=0.36 (P=0.72)
Spontaneous abortion 24 weeks
Al Arfaj and Khalil et" 44 153 50 230 394 1.45(0.91, 2.32) 2010 +a—
Ko et al®? 4 37 13 144 6.6 1.22 (0.37, 3.99) 2011 —_—r—
Kwok et al?® 1 30 0 25 0.7 2.59 (0.10, 66.49) 2011
Fatemi et al®® 5 14 16 58 5.5 1.46 (0.42, 5.02) 2013
Mbuli et al®® 6 29 8 32 8.3 0.78 (0.23, 2.61) 2015 —_——
Subtotal (95% Cl) 263 489 60.6 1.35 (0.92, 1.98) >
Total events 60 87
Heterogeneity: y?=1.08, df=4 (P=0.90); I>=0%
Test for overall effect: Z=1.52 (P=0.13)
Total (95% ClI) 448 747 100 1.25 (0.92, 1.70) ©
Total events 93 129
Heterogeneity: y?=2.21, df=8 (P=0.97); I>=0%
Test for overall effect: Z=1.42 (P=0.15)
Test for subgroup differences: y?=0.41, df=1 (P=0.52); 1*=0%

Gestational hypertension
Carmona et al*' 13 54 5 54 43.0 3.11 (1.02, 9.44) 2005 A
Wagner et al?? 10 43 0 47 4.1 29.78 (1.69, 525.84) 2009 —_—
Gladman et al?® 6 81 1 112 8.8 8.88 (1.05, 75.26) 2010
Lv et al® 10 24 2 28 12.2 9.29 (1.78, 48.42) 2015 —_——
Ku et al® 11 29 5 35 31.9 3.67 (1.10, 12.27) 2016 —_—
Total (95% CI) 231 276 100 5.65 (2.94, 10.84) i
Total events 50 13
Heterogeneity: y?=3.41, df=4 (P=0.49); 1*=0%
Test for overall effect: Z=5.20 (P<0.00001)
Preeclampsia

Carmona et al*! 9 54 2 54 6.3 5.20 (1.07, 25.33) 2005
Cavallasca et al*® 3 20 5 52 8.9 1.66 (0.36, 7.70) 2008 —
Gladman et al® 4 81 1 112 3.0 5.77 (0.63, 52.59) 2010
Bramham et al** 12 43 10 64 21.8 2.09 §0.81, 5.40) 2011 +——
Kwok et al?® 9 30 2 25 5.7 4.93 (0.95, 25.47) 2011 1
Saavedra et al'® 8 35 8 60 17.1 1.93 (0.65, 5.70) 2012 ——
Fatemi et al*® 5 14 4 58 3.8 7.50 (1.69, 33.35; 2013
Mbuli et al®® 10 29 4 32 9.4 3.68 (1.01, 13.49 2015
Lv et al*® 5 24 1 28 2.7 7.11 (0.77, 65.80) 2015
Teh et al' 8 49 8 66 214 1.41 (0.49, 4.08) 2017 ——
Total (95% ClI) 379 551 100 2.84 (1.87, 4.30) >
Total events 73 45
Heterogeneity: y?=6.85, df=9 (P=0.65); I*=0%
Test for overall effect: Z=4.93 (P<0.00001)

Figure 2 (Continued)
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Renal flare

Carmona et al?' 5 54 0 54 14.5 12.11 (0.65, 224.67) 2005 >
Gladman et al® 13 81 0 112 1.4 44.34 (2.59, 757.91) 2010 e
Bramham et al?* 6 43 1 64 224 10.22 (1.18, 88.20) 2011 +
Saavedra et al'® 16 35 4 60 51.7 11.79 (3.51, 39.65) 2012 —8—
Total (95% Cl) 213 290 100 15.18 (5.89, 39.14) ’
Total events 40 5
Heterogeneity: »?=0.87, df=3 (P=0.83); I>=0%
Test for overall effect: Z=5.63 (P<0.00001)

Cesarean section
Carmona et al?' 17 54 8 54 12.2 2.64 (1.03, 6.80) 2005 e
Wagner et al?? 15 43 20 47 27.7 0.72 (0.31, 1.70) 2009
Bramham et al?* 17 43 22 64 23.8 1.25 (0.56, 2.78) 2011 —
Saavedra et al®® 25 35 38 60 17.8 1.45 (0.59, 3.57) 2012 e
Mbuli et al® 6 29 11 32 18.5 0.50 (0.16, 1.58) 2015
Total (95% CI) 204 257 100 1.17 (0.79, 1.74)
Total events 80 99
Heterogeneity: y?=6.41, df=4 (P=0.17); I>=38%
Test for overall effect: Z=0.77 (P=0.44)

aPL and APS
aPL
Carmona et al?' 15 54 16 54 15.1 0.91 (0.40, 2.10) 2005
Gladman et al® 35 81 57 112 35.4 0.73 (0.41, 1.30) 2010
Bramham et al?* 19 43 33 64 19.3 0.74 (0.34, 1.62) 2011
Lv et al® 2 24 2 28 2.2 1.18 (0.15, 9.09) 2015
Teh et al® 11 49 9 66 7.8 1.83 (0.69, 4.85) 2017 F———
Subtotal (95% ClI) 251 324 79.7 0.89 (0.62, 1.28)
Total events 82 117
Heterogeneity: y?=2.84, df=4 (P=0.59); I>=0%
Test for overall effect: Z=0.63 (P=0.53)
APS
Carmona et al*' 6 54 5 54 5.8 1.23 (0.35, 4.28) 2005 am—
Kwok et al?® 0 30 0 25 Not estimable 2011
Bramham et al?* 10 43 12 64 9.6 1.31(0.51, 3.38) 2011 F—
Saavedra et al®® 1 35 0 60 0.5 5.26 (0.21, 132.70) 2012 +
Fatemi et al®® 3 14 11 58 4.4 1.17 (0.28, 4.90) 2013 —
Subtotal (95% ClI) 176 261 20.3 1.35(0.70, 2.57)
Total events 20 28
Heterogeneity: ¥?=0.75, df=3 (P=0.86); I>=0%
Test for overall effect: Z=0.90 (P=0.37)
Total (95% ClI) 427 585 100  0.98 (0.71, 1.35)
Total events 102 145
Heterogeneity: ¥?=4.70, df=8 (P=0.79); I>=0%
Test for overall effect: Z=0.11 (P=0.91)
Test for subgroup differences: y?=1.19, df=1 (P=0.27); 1*=16.2%
Proteinuria
Wagner et al? 28 43 6 47 28.8 12.76 (4.41, 36.88) 2009 —_—
Bramham et al?* 19 40 60 30.2 9.95 (3.29, 30.08) 2011 —_—
Ku et al® 22 29 13 35 41.0 5.32(1.78, 15.86) 2016 —a—
Total (95% Cl) 112 142 100 8.86 (4.75, 16.52) <
Total events 69 24
Heterogeneity: y?=1.33, df=2 (P=0.51); I>=0%
Test for overall effect: Z=6.87 (P<0.00001)
Anti-SSA/Ro+

Bramham et al* 13 43 22 64 34.1 0.83 (0.36, 1.90) 2011
Kwok et al?® 13 30 19 25 325 0.24 (0.08, 0.78) 2011
Fatemi et al®® 1 14 17 58 17.0 0.19 (0.02, 1.53) 2013 _———
Lv et al® 10 24 1 28 16.4 1.10 (0.36, 3.35) 2015 —_—
Total (95% Cl) 11 175 100 0.57 (0.33, 0.98)
Total events 37 69

Heterogeneity: ¥?=5.29, df=3 (P=0.15); I>=43%

Test for overall effect: Z=2.03 (P=0.04)

Figure 2 (Continued)
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Hypocomplementemia

Low C3
Fatemi et al®® 4 14 8 58 14.6 2.50 (0.63, 9.93) 2013 ——
Lv et al* 14 24 8 28 20.2 3.50 (1.10, 11.09) 2015 —_—
Subtotal (95% CI) 38 86 34.7 3.08 (1.28, 7.42) i
Total events 18 16
Heterogeneity: x?=0.14, df=1 (P=0.71); I>=0%
Test for overall effect: Z=2.51 (P=0.01)
Low C4
Fatemi et al®® 5 14 11 58 18.0 2.37 (0.66, 8.50) 2013 ———
Lv et al* 16 24 8 28 16.1 5.00 (1.54, 16.27) 2015 —_—
Subtotal (95% CI) 38 86 34.2 3.61 (1.55, 8.45) i
Total events 21 19
Heterogeneity: x?=0.71, df=1 (P=0.40); I>=0%
Test for overall effect: Z=2.96 (P=0.003)
Low C3 or C4
Ku et al?® 10 29 8 35 31.1 1.78 (0.59, 5.33) 2016 ———
Subtotal (95% CI) 29 35 3141 1.78 (0.59, 5.33) ot
Total events 10 8
Heterogeneity: not applicable
Test for overall effect: Z=1.02 (P=0.31)
Total (95% Cl) 105 207 100 2.86 (1.68, 4.87) -
Total events 49 43
Heterogeneity y?=1.82, df=4 (P=0.77); 1*=0%
Test for overall effect: Z=3.85 (P=0.0001)
Test for subgroup differences: y?=1.04, df=2 (P=0.59); I>=0%
SLE flare
Events Total Events Total Weight M-H, random, M-H, random,
(%) 95% CI Year 95% CI
Carmona et al?' 12 54 15 54 11.8 0.74 (0.31, 1.78) 2005 —_—
Gladman et al® 24 81 15 112 13.0 2.72 (1.32,5.61) 2010 —_—
Bramham et al* 14 43 25 64 12.3 0.75 (0.33, 1.70) 2011 —_—
Kowk et al?® 18 30 6 25 9.7 4.75 (1.47, 15.35) 2011 —_—
Saavedra et al'® 19 35 15 60 11.8 3.56 (1.47, 8.63) 2012 —_—
Mbuli et al®® 17 29 10 32 10.5 3.12 (1.09, 8.92) 2015 ——
Lv et al® 20 24 6 28 8.2 18.33 (4.51, 74.54) 2015 —_——
Ku et al® 18 29 12 35 10.7 3.14 (1.13, 8.74) 2016 —_—
Teh et al® 19 49 11 66 11.9 3.17 (1.33, 7.53) 2017 —_—
Total (95% CI) 374 476 100 2.66 (1.51, 4.70) <
Total events 161 115
Heterogeneity 72=0.51; y2=25.87, df=8 (P=0.001); 1>=69% ! t + i
Test for overall effect: Z=3.38 (P=0.0007) 0.01 0.1 1 10 100
Favors (LN) Favors (non-LN)

Figure 2 Maternal outcomes observed in pregnant women with SLE with lupus nephritis versus those without lupus nephritis.
Abbreviations: SLE, systemic lupus erythematosus; LN, lupus nephritis; aPL+, antiphospholipid antibodies positive; APS, antiphospholipid syndrome; anti-SSA/Ro+, anti-
Sjogren’s syndrome-related antigen A/Ro autoantibodies positive.

Fetal outcomes
We analyzed seven fetal outcomes. Among them, four

Qualitative analyses
There were two articles that studied PROM, > both of
which showed no significant difference between pregnant  were included in the quantitative synthesis, and three were

women with LN and those without LN. The same result  gualitative analyses. The outcomes are shown in Appendix 4

was found regarding GDM.'** Saavedra et al found that
more pregnancies with LN had evidence of active disease
at conception (25.7% vs 6.6%, P=0.009), and active dis-
ease at conception was a predictor for any type of maternal
complication (OR=16.4, 95% CI=1.97-137.2, P=0.01)."
Carmona et al did not identify any differences between
the two groups.?! The results are shown in Appendix 5
Table SI1A.

Table S9.

Quantitative synthesis and heterogeneity analyses

In these analyses, fetal outcomes in pregnant women with
SLE with LN were compared with fetal outcomes in preg-
nant women with SLE without LN. Pregnant women with
LN showed a significant decrease in live births (OR=0.62,
95% CI1=0.49-0.80), with statistical heterogeneity across
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Table 3 Results of meta-analysis

Outcomes No. of OR with ?
analyzed studies 95% CI

involved (n)
Maternal outcomes
Spontaneous abortion 9 1.25 (0.92, 1.70) 0%
Gestational 5 5.65 (2.94, 10.84) 0%
hypertension
Preeclampsia 10 2.84 (1.87, 4.30) 0%
SLE flare 9 2.66 (1.51,4.70) 69%
Renal flare 4 15.18 (5.89, 39.14) 0%
Cesarean section 5 1.17 (0.79, 1.74) 38%
aPL and APS 8 0.98 (0.71, 1.35) 0%
Proteinuria 3 8.86 (4.75, 16.52) 0%
SSA+ 4 0.57 (0.33, 0.98) 43%
Hypocomplementemia 3 2.86 (1.68, 4.87) 0%
Fetal outcomes
Live birth 15 0.62 (0.49, 0.80) 0%
Stillbirth 9 1.68 (0.95, 2.98) 0%
Preterm birth 13 1.92 (1.49, 2.49) 0%
LBWI/IUGR/SGA I 1.43 (1.08, 1.91) 0%
Antenatal management
Steroids 5 2.48 (1.59, 3.87) 27%
Antimalarials 5 0.67 (0.30, 1.49) 72%
Immunosuppressives 5 6.77 (3.30, 13.89) 53%

Abbreviations: OR, odds ratio; SLE, systemic lupus erythematosus; aPL,
antiphospholipid antibodies; APS, antiphospholipid syndrome; SSA+, Sjogren’s
syndrome-related antigen A positive LBW, low birth weight; IUGR, intrauterine
growth restriction; SGA, small for gestational age.

Table 4 Sensitivity analyses

A

Study omitted PQ ? OR 95% CI
Carmona et al?' 0.01 61% 3.1 1.80, 5.37
Gladman et al?® 0.0006 73% 2.69 1.38, 5.24
Bramham et al* 0.02 59% 3.12 1.83,5.32
Kwok et al*® 0.001 71% 2.51 1.36, 4.62
Saavedra et al'? 0.0008 72% 2.58 1.36, 4.89
Lv etal® 0.02 59% 2.22 1.34, 3.68
Mbuli et al* 0.0006 73% 2.63 1.40, 4.96
Ku et al* 0.0006 73% 2.63 1.40, 4.96
Teh et al” 0.0007 72% 2.63 1.38,5.01
B

Gladman et al® 0.002 79% 0.66 0.20, 2.12
Bramham et al* 0.002 79% 0.64 0.21, 1.95
Kwok et al? 0.25 28% 0.89 0.54, 1.46
Saavedra et al"? 0.004 78% 0.59 0.21, 1.62
Fatemi et al*3 0.02 69% 0.52 0.23, I.16
C

Bramham et al** 0.28 20% 4.66 2.04, 10.66
Kwok et al*® 0.005 81% 7.34 1.63, 33.09
Saavedra et al"? 0.007 80% 7.8 1.34, 45.38
Fatemi et al*® 0.08 61% 11.64 3.94, 34.38

Notes: (A) Outcome: SLE flare. (B) Outcome: antimalarials. (C) Outcome: immu-
nosuppressant-azathioprine.
Abbreviations: SLE, systemic lupus erythematosus; OR, odds ratio.

studies (/*=0%, PQ=O.53), and the fixed-effects model
was used. In addition, preterm births were significantly
higher in neonates born from pregnant women with LN
(OR=1.92, 95% CI=1.49-2.49), with low heterogeneity
(I’=0%, P,=0.76), and the fixed-effects model was used.
There were significantly more neonates who were clas-
sified with LBW/IUGR/SGA in pregnant women with
LN (OR=1.43, 95% CI=1.08-1.91), with low hetero-
geneity (I’=0%, PQ=0.76), and the fixed-effects model
was used.

However, stillbirths (divided into two subgroups accord-
ing to different outcome definitions, 20 weeks and 24 weeks)
were not significantly different between pregnant women
with LN and those without LN, either in subgroups or in total
(OR=1.25, 95% CI=0.92—1.70). The results of fetal outcomes
are shown in Figure 3 and Table 3.

Qualitative analyses

A total of six cases of neonatal lupus were identified, and all
the included studies showed no significant difference between
pregnant women with LN and those without LN.2022.23

Five cases of congenital malformation were found in
two included studies.?** There was no significant difference
between pregnant women with LN and those without LN.
Gladman et al reported one infant with cleft lip; one with
cleft lip/palate, facial palsy, and visual/hearing impairment;
and one with bilateral 2nd and 3rd toe syndactyly. Ku et al
reported one neonate with tetralogy of Fallot, and another
with atrial septal defect.

There were three studies that reported 1-min Apgar
scores. Bramham et al analyzed neonates with 1-min
Apgar scores <7 and found no difference between the
LN and non-LN groups.?* Lv et al and Ku et al recorded
1-min Apgar scores (mean * standard deviation), although
neither study found a significant difference between the
two groups.?**® The results are shown in Appendix 5
Table S11B.

Antenatal management

We analyzed four antenatal management outcomes. Among
them, three outcomes were included in the quantitative
synthesis, and one outcome was analyzed qualitatively. The
outcomes are shown in Appendix 4 Table S10.

Quantitative synthesis and heterogeneity analyses

In the present study, antenatal management in pregnant
women with SLE with LN was compared with antenatal man-
agement in pregnant women with SLE without LN. Pregnant
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women with LN presented a significant association with
steroid treatment (OR=2.48, 95% CI=1.59-3.87), with sta-
tistical heterogeneity across studies (/’=27%, P,=0.24), and
the fixed-effects model was reported. Immunosuppressant

treatment was divided into three subgroups according to dif-
ferent outcome definitions (azathioprine, cyclosporin A, and
all immunosuppressants), and was significantly associated
with pregnant women with SLE with LN, either in subgroups

Live birth

Study LN Non-LN Weight Odds ratio M-H, Year Odds ratio M-H,

events Total events Total (%) fixed, 95% CI fixed, 95% CI
Carmona et al*' 40 54 43 54 6.9 0.73 (0.30, 1.80) 2005 e
Whitelaw et al®® 11 15 25 32 2.6 0.77 (0.19, 3.18) 2008 —_—
Wagner et al?? 30 43 43 47 7.7 0.21 (0.06, 0.72) 2009 —_——
Gladman et al® 47 81 67 112 14.7 0.93 (0.52, 1.66) 2010 —
Al Arfaj and Khalil®' 100 153 169 230 291 0.68 (0.44, 1.06) 2010 —a—
Kwok et al?® 24 30 25 25 3.6 0.07 (0.00, 1.38) 2011 +
Ko et al®? 29 37 123 144 6.8 0.62 (0.25, 1.54) 2011 —_—
Bramham et al** 43 43 63 64 0.4 2.06 (0.08, 51.63) 2011
Saavedra et al™ 28 35 54 60 4.9 0.44 (0.14, 1.45) 2012 —_—
Fatemi et al®® 12 14 52 58 1.8 0.69 (0.12, 3.86) 2013 —_—
Madazli et al** 8 9 54 56 1.0 0.30 (0.02, 3.66) 2014
Mbuli et al®® 18 29 21 32 4.7 0.86 (0.30, 2.44) 2015 —_—
Lv et al*® 17 24 28 28 4.9 0.04 (0.00, 0.76) 2015 +—————
Ku et al® 23 29 32 35 3.7 0.36 (0.08, 1.59) 2016 —
Teh et al® 36 49 51 66 7.2 0.81 (0.35, 1.92) 2017 —_—
Total (95% Cl) 645 1,043 100 0.62 (0.49, 0.80) L3
Total events 466 850

Heterogeneity: ¥?=12.93, df=14 (P=0.53); 1*=0%
Test for overall effect: Z=3.77 (P=0.0002)

Stillbirth
Stillbirth 20 weeks
Carmona et al*' 1 54 0 54 2.7 3.06 (0.12, 76.70) 2005
Gladman et al® 3 81 3 112 13.6 1.40 (0.27,7.11) 2010 —_—
Bramham et al** 0 43 1 64 6.7 0.49 (0.02, 12.22) 2011
Saavedra et al™ 3 35 2 60 7.6 2.72(0.43,17.13) 2012 S B e—
Subtotal (95% CI) 213 290 30.6 1.67 (0.59,4.71) -~
Total events 7 6
Heterogeneity: y?=1.01, df=3 (p=0.80); 1>=0%
Test for overall effect: Z=0.97 (p=0.33)
Stillbirth 24 weeks
Al Arfaj and Khalil et al®! 8 153 9 230 383 1.35(0.51, 3.59) 2010 —r—
Kwok et al?® 5 30 0 25 25 11.00 (0.58, 209.46) 2011 >
Ko et al®? 2 37 3 144 6.5 2.69 (0.43, 16.69) 2011 —_—
Fatemi et al*®® 0 14 3 58 7.7 0.55 (0.03, 11.19) 2013
Mbuli et al®® 3 29 3 32 14.4 1.12 (0.21, 6.02) 2015 —
Subtotal (95% CI) 263 489 69.4 1.69 (0.85, 3.35) =
Total events 18 18
Heterogeneity: ¥?=2.77, df=4 (p=0.60); I>=0%
Test for overall effect: Z=1.51 (p=0.13)
Total (95% Cl) 476 779 100 1.68 (0.95, 2.98) o

Total events 25 24
Heterogeneity: ¥?=3.77, df=8 (p=0.88); I>=0%

Test for overall effect: Z=1.79 (p=0.07)

Test for subgroup differences: y?=0.00, df=1 (p=0.99); 1*=0%

Preterm birth

Carmona et al*' 13 54 8 54 75 1.82 (0.69, 4.84) 2005 —_
Whitelaw et al*® 5 15 9 32 47 1.28 (0.34, 4.79) 2008 —r—
Wagner et al?? 18 43 9 47 6.2 3.04 (1.18, 7.83) 2009
Al Arfaj and Khalil®! 32 153 32 230 249 1.64 (0.95, 2.81) 2010 -
Bramham et al** 13 43 7 64 4.8 3.53 (1.27,9.78) 2011
Kwok et al?® 18 30 6 25 3.2 4.75 (1.47, 15.35) 2011
Ko et al®? 14 37 34 144 10.7 1.97 (0.91, 4.24) 2011 —
Saavedra et al™® 17 35 24 60 11.2 1.42 (0.61, 3.28) 2012 e
Fatemi et al*® 0 14 7 58 3.6 0.24 (0.01, 4.40) 2013
Madazli et al* 4 9 14 56 2.7 2.40 (0.56, 10.20) 2014 o Ee—
Mbuli et al®® 13 29 9 32 5.8 2.08 (0.72, 6.01) 2015 S
Ku et al® 9 29 9 35 6.9 1.30 (0.44, 3.88) 2016 B B—
Teh et al™® 13 49 10 66 7.7 2.02 (0.80, 5.10) 2017 o
Total (95% CI) 540 903 100 1.92 (1.49, 2.49) L 2
Total events 169 178
Heterogeneity: ¥?=8.37, df=12 (p=0.76); I>=0%
Test for overall effect: Z=4.96 (p<0.00001)

Figure 3 (Continued)
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LBW/IUGR/SGA
Whitelaw et al®® 1 15 4 32 3.1 0.50 (0.05, 4.90) 2008 —
Wagner et al?? 2 43 2 47 24 1.10 (0.15, 8.15) 2009 —
Al Arfaj and Khalil' 28 153 32 230 272 1.39 (0.80, 2.41) 2010 T
Gladman et al® 18 81 13 112 11.0 2.18 (1.00, 4.75) 2010 ——
Kwok et al?® 14 30 5 25 3.8 3.50 (1.04, 11.79) 2011 F——
Bramham et al** 14 43 14 64 9.9 1.72 (0.72, 4.12) 2011 -
Ko et al? 4 37 20 144 95 0.75 (0.24, 2.35) 2011 —_—
Saavedra et al™® 10 35 21 60 14.4 0.74 (0.30, 1.84) 2012 S
Lv et al® 8 24 4 28 3.2 3.00 (0.77, 11.65) 2015 -+
Ku et al® 9 29 10 35 8.1 1.13 (0.38, 3.30) 2016 —_—
Teh et al™® 8 49 8 66 74 1.41 (0.49, 4.08) 2017 —T—
Total (95% CI) 539 843 100 1.43 (1.08, 1.91) 0
Total events 116 133
Heterogeneity: ¥?=8.84, df=10 (p=0.55); I>=0% b } } |
Test for overall effect: Z=2.46 (p=0.01) 0.01 0.1 1 10 100

Favors (LN) Favors (non-LN)

Figure 3 Fetal outcomes observed in pregnant women with SLE with lupus nephritis versus those without lupus nephritis.
Abbreviations: SLE, systemic lupus erythematosus; LN, lupus nephritis; LBW, low birth weight; [IUGR, intrauterine growth restriction; SGA, small for gestational age.

or in total (OR=6.77, 95% CI=3.30-13.89), with statistical
heterogeneity across studies (’=53%, P Q=0.04), and the
random-effects model was used.

However, antimalarial treatment was not significantly dif-
ferent between pregnant women with LN and those without
LN, with statistical heterogeneity (/’=72%, PQ=0.006), and
the random-effects model was used.

The results of antenatal outcomes are shown in Figure 4
and Table 3.

Sensitivity analyses

Regarding the use of antimalarials, statistical heterogeneity
was high (1*=72%, PQ=0.006). Therefore, sensitivity analyses
were performed (Table 4B). The sensitivity analyses
showed that after omitting the study by Kwok et al, anti-
malarial treatment was still not significantly different
between pregnant women with LN and those without LN
(OR=0.89, 95% CI1=0.54—1.46, ’=28%, P,=0.25). These
data indicated that the pooled result remained robust in the
antimalarials outcome.

We also found that the immunosuppressant treatment
outcome had high heterogeneity (/>=53%, PQ=0.04), and
that the high heterogeneity was mainly from the azathioprine
subgroup (1’=71%, P ;=0.01), with the other two subgroups
having low heterogeneity (cyclosporin: ”=0%, PQ=O.43; All
immunosuppressants: ’=0%, P Q=0.42). Therefore, sensitivity
analyses were performed (Table 4C). After omitting the study
by Bramham et al, immunosuppressant treatment was still
significantly associated with pregnant women with SLE
with LN, either in the azathioprine subgroup (OR=4.66,
95% CI=2.04-10.66, P=20%, P=0.28) or in total (OR=4.72,

95% CI=2.84-7.83, I’=0%, PQ=0.53). These data indicated
that the pooled results remained robust in the immunosup-
pressant treatment outcome.

Qualitative analyses

There were two studies that analyzed the use of aspirin during
pregnancy.’*? Bramham et al found that patients with LN
were more frequently taking low-dose aspirin compared
with patients without LN. However, Kwok et al found no
difference between the two groups. The results are shown
in Appendix 5 Table S11C.

Risk of bias across studies

Funnel plots allowed for visualization of the relationship of
publication bias among the included studies in this meta-
analysis. Figures 5-7 show the funnel plots evaluating the
three categories of outcomes (maternal outcomes, fetal
outcomes, and antenatal management). In these analyses,
the shape of each funnel plot appeared almost symmetrical,
meaning that publication bias was mildly evident across
all studies.

Discussion

This systematic review provided a complete overview of
published reports on management and pregnancy outcome
in women with LN. Overall, we found that LN was associ-
ated with higher risk for adverse maternal outcomes such as
gestational hypertension, preeclampsia, SLE flare, renal flare,
proteinuria during pregnancy, and hypocomplementemia.
Furthermore, LN was associated with lower rate of live
births, higher rate of preterm births, and significantly higher
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Steroids

Study LN Non-LN Weight Odds ratio M-H, Year Odds ratio M-H,

events Total events Total (%) fixed, 95% CI fixed, 95% CI
Gladman et al?® 61 81 66 112 52.5 2.13(1.13, 3.99) 2010 ——
Bramham et al** 37 43 34 64 14.6 5.44 (2.02, 14.68) 2011 D —
Ko et al®? 22 30 15 25 16.8 1.83(0.59, 5.72) 2011 _—
Saavedra et al® 32 35 56 60 13.6 0.76 (0.16, 3.62) 2012 —_—
Fatemi et al®® 14 14 48 58 25 6.28 (0.35, 113.77) 2013 +
Total (95% CI) 203 319 100 2.48 (1.59, 3.87)
Total events 166 219 E 3
Heterogeneity: y?=5.51, df=4 (P=0.24); I>=27%
Test for overall effect: Z=4.00 (P<0.0001)

Antimalarials

M-H, random, 95% Cl Year M-H, random, 95% CI
Gladman et al?® 22 81 41 112 24.8 0.65 (0.35, 1.20) 2010 —a1
Bramham et al* 20 43 35 64 22.9 0.72 (0.33, 1.56) 2011 ——
Kowk et al?® 3 30 15 25 15.1 0.07 (0.02, 0.31) 2011 @ ——
Saavedra et al' 26 35 44 60 20.7 1.05 (0.41, 2.72) 2012 —_—
Fatemi et al®® 5 14 10 58 16.6 2.67 (0.74, 9.67) 2013 ——
Total (95% Cl) 203 319 100 0.67 (0.30, 1.49) R
Total events 76 145
Heterogeneity: 72=0.58; y?=14.38, df=4 (P=0.006); I*=72%
Test for overall effect: Z=0.98 (P=0.33)

Immunosuppressant

M-H, random, 95% CI Year M-H, random, 95% ClI
Azathioprine
Bramham et al?* 35 43 8 64 16.6 30.63 (10.54, 89.03) 2011 —_—
Kwok et al?® 12 30 2 25 1.3 7.67 (1.52, 38.70) 2011 —_—
Saavedra et al® 26 35 19 60 18.2 6.23 (2.45, 15.85) 2012 —_—
Fatemi et al®® 3 14 8 58 12.4 1.70 (0.39, 7.48) 2013 —_—t
Subtotal (95% Cl) 122 207 58.5 7.52 (2.37, 23.88) i
Total events 76 37
Heterogeneity: 72=0.97; y?=10.52, df=3 (P=0.01); I*=71%
Test for overall effect: Z=3.42 (P=0.0006)
Cyclosporin A
Kwok et al?® 3 30 0 25 47 6.49 (0.32, 131.92) 2011 >
Fatemi et al®® 3 14 0 58 4.6 35.61(1.72,736.91) 2013 >
Subtotal (95% Cl) 44 83 9.3 15.13 (1.79, 128.05) e e
Total events 6 0
Heterogeneity: 72=0.00; x?=0.62, df=1 (P=0.43); 1=0%
Test for overall effect: Z=2.49 (P=0.01)
All immunosuppressants
Gladman et al?® 14 81 7 112 17.9 3.13(1.20, 8.17) 2010 —_—
Bramham et al** 40 43 44 64 14.3 6.06 (1.67, 21.95) 2011 —_—
Subtotal (95% Cl) 124 176 32.2 3.96 (1.84, 8.55) i
Total events 54 51
Heterogeneity: 72=0.00, x?=0.66 df=1 (P=0.42); I>=0%
Test for overall effect: Z=3.51 (P=0.0004)
Total (95% ClI) 290 466 100 6.77 (3.30, 13.89) i
Total events 136 88
Heterogeneity: 12=0.51; y?=14.75, df=7 (P=0.04); I*=53% ¢ + t i
Test for overall effect; Z=5.21 (P<0.00001) 0.01 0.1 1 10 100
Test for subgroup differences: y2=1.83, df=2 (P=0.40), I*=0% Favors (experimental) Favors (control)

Figure 4 Antenatal management observed in pregnant women with SLE with lupus nephritis versus those without lupus nephritis.
Abbreviations: SLE, systemic lupus erythematosus; LN, lupus nephritis.

number of infants with growth restriction (LBW/IUGR/ Recently, a systematic review of women with SLE and
SGA). There were also significant differences in medications  the risk of preterm birth showed that preterm birth was
used. For example, women with SLE with LN had increased  significantly associated with patients with SLE with a his-
treatment with steroids and immunosuppressants compared  tory of LN, or in patients with active nephritis.”” However,
with those without LN. the review mainly focused on the association of SLE or
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Figure 5 Funnel plot of the association between lupus nephritis and maternal
outcomes.

Abbreviations: SE, standard error; OR, odds ratio;aPL+,antiphospholipid antibodies
positive; APS, antiphospholipid syndrome; anti-SSA/Ro+, anti-Sjogren’s syndrome-
related antigen A/Ro autoantibodies positive; SLE, systemic lupus erythematosus.

LN with preterm birth and did not include other pregnancy
outcomes. Similarly, a systemic review of pregnancy out-
comes in women with SLE from 2010 showed that LN was
associated with premature birth and hypertension during
pregnancy,® which was consistent with our analysis. More-
over, the authors indicated the importance of optimal timing
of pregnancy in patients with SLE with LN. The present
study serves as an updated systemic review, and included
a more complete analysis of pregnancy outcomes and ante-
natal management. Notably, antenatal management was not
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Figure 6 Funnel plot of the association between lupus nephritis and fetal
outcomes.

Abbreviations: SE, standard error; OR, odds ratio; LBW, low birth weight; IUGR,
intrauterine growth restriction; SGA, small for gestational age.

reported in previous studies. Another meta-analysis showed
that SLE had a strong effect on adverse maternal and fetal
outcomes following pregnancy, including cesarean section,
preeclampsia, hypertension, fetal loss, premature birth,
SGA, and congenital defects.”® However, the previous meta-
analysis reported pregnancy outcomes in women with SLE
and those without SLE, and the included studies were limited
regarding some of the reported outcomes. In our analysis,
we focused on the differences between pregnant women with
SLE with LN and those without LN.

The prevalence of SLE is 14.6-50.8 cases per 100,000
people,?’ and thus there is a low prevalence of these preg-
nancy outcomes. Therefore, studies of the associations of LN
with pregnancy outcomes are limited, and they have obvious
variations in study design, diagnostic criteria, statistical
methods, bias, and outcomes analyzed. Furthermore, the
study population and status of LN also varied in these studies.
Performing a systemic review, including meta-analyses,
allowed for the accumulation of more data for determining
the actual associations in the larger population.

LN was shown to be a strong risk factor for gestational
hypertension, preeclampsia, preterm birth, and fetal loss,
which was supported by other studies.'**¢ One review recom-
mended that for patients with SLE with LN, SLE should be
in the remission stage for at least 6 months before conception
because adverse pregnancy outcomes are related to active
nephritis.’ This may be because of compromised microcir-
culation in the uteroplacental vessels of SLE patients with
high blood pressure and LN. Additionally, pregnancy itself
contributes partially to renal impairment and subsequently
to renal failure in the late stage of pregnancy.* Clinically,
24-h urinary protein is an indicator of renal function. Our
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analysis showed that proteinuria (300 mg/24 h) had high
incidence in women with nephritis, which was consistent
with previous studies. This suggested that renal involvement
and the presence and degree of proteinuria at the time of con-
ception may contribute to adverse pregnancy outcomes.?**!
Thus, it is critical to continuously monitor renal function and
proteinuria in pregnant patients with LN.

The flare rate in LN remains controversial. In our analysis,
the SLE flare rate and renal flare rate were both higher in the
LN group. By contrast, a previous study found lower flare
rates in the nephritis group compared with all patterns of
SLE (however, the sample-size in the study was relatively
small).’! In a study of 113 pregnancies with LN, there were
30% with flares. The study also indicated the risk factor of
renal flare associated with renal function during pregnancy:
patients with either proteinuria >1 g/24 h or glomerular
filtration rate <60 mL/min/body surface area had a ninefold
increased risk of flare.!? Clinically, a woman with a history
of LN and/or renal flare during pregnancy is more likely to
have flares in future pregnancies.*

Anti-Ro/SSA antibodies have previously been shown
to be related to miscarriages and loss of pregnancy,3
although this association has not yet been proven in more
recent studies.***¢ The main adverse outcomes related to
anti-Ro/SSA antibodies are neonatal lupus and congenital
heart block. However, in the present analysis, there was
a lower percentage of patients who were positive for anti-
SSA antibodies in the LN group (Figure 2), which has not
been reported in other studies. Unfortunately, our analysis
included a small number of participants. Therefore, further
investigation into the association of LN with neonatal lupus
and congenital heart block is warranted.

Complement is important for the development of the
placenta and normal fetus.*” It is estimated that up to 20%
of first trimester pregnancy losses are associated with
hypocomplementemia.®® SLE flares are often associated
with low C3 and C4 levels,* and normal levels of C3 and
C4 are associated with a reduction in SLE flares.*’ In the
present analysis, we found a significant association between
LN and hypocomplementemia, which was consistent with
the observation that LN was associated with a higher risk of
pregnancy loss and SLE flare.

A growth-restricted neonate has three times the risk on
neonatal death compared with one with normal weight.*!
Adverse consequences of fetal growth restriction include
respiratory infection, cardiovascular or metabolic diseases,
and neurodevelopmental retardation.’” In our review, we
merged three definitions of growth restriction as a single fetal

outcome (LBW/SGA/IUGR) to clarify the association with
fetal growth restriction, because the included studies used
them interchangeably. However, it is important to clarify
the definitions of the three terms. LBW refers only to infants
with birth weight =2,500 g, regardless of the gestational
age and cause.”? SGA refers to infants whose weight is less
than the lower 10% limit of the CI of the normal curve for
gestation weight.** ITUGR refers to processes that can limit
the potential for intrauterine growth of the fetus.* SLE
has been reported to be associated with poor fetal growth
in many studies.!**-? The common underlying factor was
vascular pathology that reduced uteroplacental perfusion.
Lupus increases the frequency of fetal growth restriction and
preterm birth by 30%—-50%, which are also affected by the
type of nephritis and hypertension.* This was fully demon-
strated in our results. These observations indicate that more
attention should be paid to fetal growth status in pregnant
women with LN.

Immunosuppressive therapy for SLE is often used when
there is a flare, or as maintenance therapy for patients in
remission. Because most immunosuppressants are terato-
genic, azathioprine and cyclosporin are the most commonly
used during pregnancy, given that they were proven to be
safe for use during pregnancy.* When we compared the
use of immunosuppressants and steroids in women with LN
and those without LN, we found that women with nephritis
tended to have used more medication, which indirectly indi-
cated that the disease was unstable. Antimalarials are now
a first-line therapy for SLE in pregnancy. They are safe for
pregnancy, and are proven to be associated with a reduced

46 Aspirin has been

risk of congenital heart block in neonates.
proven to prevent preeclampsia in women with SLE.*” The
European League Against Rheumatism and European Renal
Association-European Dialysis and Transplant Association
guidelines recommend low-dose aspirin therapy for all
patients to prevent preeclampsia.*® Our analysis included a
limited number of studies that involved the use of aspirin,
and may represent a direction for further study.

LN as one of the most serious manifestations of SLE
apparently increases the risk of both maternal and fetal
adverse outcomes. Our data further support the importance of
pregnancy planning, pre-conception evaluation, and counsel-
ing of women with SLE, especially those with LN. Patients
should be informed that disease flare is common during
pregnancy, especially in nephritis patients. Therefore, we
highly recommend LN patients to be in remission stage for
at least 6 months before conception in order to get positive
pregnancy outcome and avoid disease flare. Our study also
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emphasizes the importance of motoring fetal growth status,
as fetal growth restriction accounts for one-fifth of the fetuses
among nephritis patients. Monitoring strategies should be
strengthened in these women during pregnancy.

The present study is noteworthy for several reasons.
This is the first systemic review and meta-analysis that com-
prehensively compared pregnancy outcomes and antenatal
management between pregnant women with SLE with and
without LN. Additionally, several outcomes were analyzed
from data from large sample sizes from different settings.
The outcomes were complete and involved almost every key
aspect of pregnancy, especially the use of medication, which
has not been reported in previous reviews. Furthermore, the
present review included the use of NOS and STROBE to
evaluate the quality of the included studies, and we performed
sensitivity analyses for all results with high heterogeneity.

Limitations

First, all included studies were retrospective observational
studies, in which the results might have reporting bias.
Second, a mild level of publication bias existed across stud-
ies. Third, there were variations in diagnostic criteria, the
measurement of SLE activity, and the percentage of patients
who underwent renal biopsy among studies.

Conclusion

Patients with LN tend to have an increased risk for gesta-
tional hypertension, preeclampsia, SLE flare, renal flare,
proteinuria, and hypocomplementemia during pregnancy,
compared with those without LN. Additionally, LN was
shown to contribute to increased incidence of fetal loss,
premature birth, and fetal growth restriction. Increased use
of steroids and immunosuppressants was found in pregnant
women with LN. Therefore, pre-pregnancy counseling, opti-
mal timing of conception, and close monitoring in antenatal
care, especially of renal function and blood pressure, are
critical in SLE patients with LN. Further studies should be
conducted on antenatal management, including assessment
and medication use in pregnant women with LN.
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