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Abstract 

Background This dynamic nomogram model was developed to predict the probability of fetal loss in pregnant 
patients with systemic lupus erythematosus (SLE) with mild disease severity before conception.

Methods An analysis was conducted on 314 pregnancy records of patients with SLE who were hospitalized 
between January 2015 and January 2022 at Shenzhen People’s Hospital, and the Longhua Branch of Shenzhen 
People’s Hospital. Data from the Longhua Branch of the Shenzhen People’s Hospital were utilized as an independ-
ent external validation cohort. The nomogram, a widely used statistical visualization tool to predict disease onset, 
progression, prognosis, and survival, was created after feature selection using multivariate logistic regression analysis. 
To evaluate the model prediction performance, we employed the receiver operating characteristic curve, calibration 
curve, and decision curve analysis.

Results Lupus nephritis, complement 3, immunoglobulin G, serum albumin, C-reactive protein, and hydroxychlo-
roquine were all included in the nomogram model. The model demonstrated good calibration and discriminatory 
power, with an area under the curve of 0.867 (95% confidence interval: 0.787–0.947). According to decision curve 
analysis, the nomogram model exhibited clinical importance when the probability of fetal loss in patients with SLE 
ranged between 10 and 70%. The predictive ability of the model was demonstrated through external validation.

Conclusion The predictive nomogram approach may facilitate precise management of pregnant patients with SLE 
with mild disease severity before conception.

Keywords Systemic lupus erythematosus, Mild disease severity, Pregnancy outcome, Fetal loss, Prediction 
nomogram
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Background
Systemic lupus erythematosus (SLE) is a chronic, relaps-
ing, remitting autoimmune disease that primarily affects 
women during their reproductive years [1, 2]. Fluctua-
tions in disease activity are a clinical feature of SLE, with 
periods of high disease activity followed by those of low 
activity [3]. For patients of childbearing age with fertility 
requirements, whether SLE increases the risk of adverse 
pregnancy outcomes (APO) is a major concern [4]. The 
relationship between SLE and APO has been a significant 
topic of discussion, particularly regarding the impact of 
SLE on fetal loss [5]. The pregnancy outcomes in the SLE 
group included high rates of fetal loss, with an estimated 
20% of pregnancies terminating in miscarriages and 3% 
in stillbirths [6, 7]. Preconception counseling and man-
agement of pregnancies in patients with SLE are rec-
ommended, particularly to evaluate disease activity and 
determine the optimal timing of conception [8]. Despite 
conflicting findings from numerous studies, risk fac-
tors such as antiphospholipid syndrome (APS) and high 
active lupus activity scores 6  months before conception 
have been linked to fetal loss in women with SLE [9–13]. 
Accordingly, clinicians providing preconception coun-
seling will pay extra attention to patients with SLE pre-
senting with the risk factors. However, few studies have 
focused on pregnancy outcomes in pregnant women with 
SLE who have mild disease severity before conception 
and are not diagnosed with APS [14]. The risk of fetal 
loss in patients with SLE, who are not classified as hav-
ing severe disease may be underestimated. In addition to 
providing effective prenatal counseling and treatment to 
patients with SLE, predicting pregnancy outcomes could 
also improve sensitivity to fetal loss [15]. Most of the 
studies were based on a single-center cohort construc-
tion. The factors influencing the studies included a low 
pre-inclusion of baseline data, unclear strength of pre-
dictor effects on outcomes, low clinical tractability, and 
clinical fit of predictors yet to be validated [16]. Due to 
the extent of research and variable findings, few explicit 
recommendations are available for SLE fertility risk 
assessment in the current treatment guidelines. In con-
temporary clinical practice, the assessment of pregnancy 
in patients is mainly empirical.

The European League Against Rheumatism (EULAR) 
published recommendations on the management of SLE 
in 2019, stratifying the disease severity into mild, moder-
ate, and severe [17]. To date, no risk assessment model 
is available for evaluating the risk of fetal loss in preg-
nant women with SLE and mild disease severity. Nomo-
grams are increasingly used in predictive modeling due 
to their simplicity, intuitiveness, and advanced capabili-
ties. A dynamic nomogram is a simple web-based graphi-
cal tool that incorporates several important factors and 

is useful for personalized risk assessment. In this study, 
we developed a clinical prediction model for fetal loss in 
patients with SLE with mild disease severity based on a 
retrospective analysis of patient data from a hospital in 
China. Moreover, we externally validated the model using 
an independent cohort.

Methods
Study design and population
This observational, retrospective, two-center cohort 
study was approved by the Ethics Committee of Shenz-
hen People’s Hospital, China (LL-KT 2019066). Addi-
tional data were obtained through electronic medical 
record reviews and personal interviews when neces-
sary. Owing to the retrospective nature of this study, the 
requirement for informed consent was waived, and ver-
bal informed consent was obtained from the patients for 
personal interviews. The study population was selected 
from 299 pregnant women with SLE who were fol-
lowed up at Shenzhen People’s Hospital and the Long-
hua Branch of Shenzhen People’s Hospital between 2015 
and 2022. The medical records of 314 potentially eligible 
pregnancies from 299 patients with SLE were screened 
and logged, with each pregnancy considered and evalu-
ated individually.

Individuals that met the inclusion criteria of 1) 
age ≥ 18  years, 2) diagnosed with SLE according to the 
1997 American College of Rheumatology (ACR) [17], 
the 2012 Systemic Lupus International Collabora-
tion Clinic Classification criteria [18] or the EULAR/
ACR-2019 criteria [19], 3) received at least one visit at a 
rheumatology department in the 6  months before con-
ception and regular visits during pregnancy, 4) had mild 
disease severity of lupus before conception, with dis-
ease activity assessed based on the 2019 update of the 
EULAR recommendations for the management of SLE 
[16]. Mild disease severity was defined as constitutional 
symptoms including mild arthritis, rash ≤ 9%, platelets 
(PLTs) count 50–100 × 103/mm3, SLE disease activity 
index (SLEDAI) ≤ 6 [20]; British Isles Lupus Assessment 
Group (BILAG) C or BILAG B manifestation [20]. The 
study population was limited to patients with low disease 
severity before conception; thus, patients with new-onset 
lupus during pregnancy were excluded. We also excluded 
patients with multiple pregnancies and APS due to their 
association with more APOs, aiming to eliminate the 
potential confounding effects. Elective termination of 
pregnancy due to personal reasons is also excluded.

After screening and evaluation, the records of 200 
pregnancies from 189 patients with SLE who met the 
inclusion criteria and did not fulfill any of the exclusion 
criteria were included in the study. The training cohort 
included 149 pregnancy records from 138 patients with 
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SLE who were hospitalized between January 1, 2015, 
and January 1, 2022, at Shenzhen People’s Hospital. In 
the external validation cohort, 51 pregnancy records of 
patients with SLE were collected at the Longhua Branch 
of Shenzhen People’s Hospital from January 1, 2015, to 
January 1, 2022. The training cohort included an analy-
sis of 149 pregnancy outcomes among 138 patients with 
SLE. Among them were 34 cases of fetal loss, with the 
remaining 115 cases resulting in live births, equating to 
a fetal loss rate of 22.8%. The validation cohort analyzed 
51 pregnancy outcomes in 51 patients with SLE. Among 
them, nine cases were of fetal loss, while the remaining 
42 cases resulted in live births, resulting in a fetal loss 
rate of 17.6%. The flowchart is displayed in Fig. 1.

Data collection
Follow-up records of the women throughout pregnancy 
were retrieved using electronic medical records to docu-
ment laboratory markers measured for the first time 

during pregnancy and to assess their correlation with the 
pregnancy outcomes. Clinical baseline data included age, 
domicile, body mass index before conception, and medi-
cal history. SLE-related data included age at the time 
of diagnosis, disease duration, and previous systemic 
involvement (arthritis, cutaneous lesions, hematological 
disorders, serositis, and lupus nephritis). Pregnancy his-
tory included whether the pregnancy was primiparous, 
whether a history of SLE-related therapeutic miscarriage 
was present, as well as a history of two or more recur-
rent miscarriages. The following laboratory data were 
collected: levels of hemoglobin, white blood cells, PLTs, 
C-reactive protein (CRP), urine protein (PRO), 24-h PRO 
(24-h PRO), hematocrit (ESR), albumin (ALB), choles-
terol, triglycerides, low-density lipoprotein (LDL), high-
density lipoprotein (HDL), immunoglobulin (Ig) A, IgM, 
IgG, complement 3 (C3), and complement 4 (C4). The 
immunological data included antinuclear antibodies, 
anti-dsDNA antibodies, anti-Smith antibodies (anti-Sm), 

Fig. 1 Flow chart for patient selection
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anti-ro/SSA antibodies, anti-la/SSB antibodies, anticardi-
olipin (aCL) antibodies against IgM and IgG, and lupus 
anticoagulants. We gathered information on the patients’ 
pregnancy medication history, which included gluco-
corticoids, hydroxychloroquine (HCQ), immunosup-
pressants, and aspirin. Immunosuppressants included 
cyclosporine A, tacrolimus, mofetil, azathioprine, and 
methotrexate. All laboratory tests were performed using 
standardized methods. We collected 44 clinical and labo-
ratory indicators from 200 patients in the study as poten-
tial predictors of fetal loss in pregnant women with SLE. 
The data for the training and validating cohorts are pre-
sented in Table  1. Due to the small amount of missing 
data for the primary outcome (i.e., less than 1 per cent of 
the dataset), multiple imputation was not implemented.

Definition of fetal and obstetric outcomes
Live birth was defined as the delivery of a live infant 
at ≥ 20  weeks of gestation, with the newborn surviving 
for more than 6 days. The primary fetal loss outcome was 
defined as all pregnancies without a live birth, including 
spontaneous abortion (spontaneous termination of preg-
nancy before 20 weeks of gestation), therapeutic abortion 
(elective termination of pregnancy resulting from the 
presence of potentially life-threatening maternal health, 
such as life-threatening lupus flare), stillbirth (intrauter-
ine spontaneous fetal demise after 20 weeks of gestation), 
or early neonatal death (neonatal death within 7 days of 
delivery). Additionally, APOs included fetal and maternal 
outcomes. Adverse fetal outcomes included fetal death, 
neonatal death, fetal growth restriction, admission to the 
neonatal intensive care unit, preterm birth (< 37 weeks), 
and fetal growth restriction. Adverse maternal outcomes 
included lupus flares, emergency cesarean sections, and 
preeclampsia.

Feature selection and nomogram model establishment
Univariate and multivariate logistic regression analyses 
were used to analyze the risk factors associated with fetal 
loss in pregnant women with SLE. When the univariate 
logistic analysis was statistically significant (P < 0.05), 
these factors were incorporated into multivariate logistic 
regression analysis. We used multivariate logistic regres-
sion analysis to determine the independent factors asso-
ciated with fetal loss. Based on the results of the logistic 
regression, we identified the independent correlation fac-
tors and constructed a nomogram prediction model. In 
the final nomogram model, we included variables with 
P-values < 0.05 from the previous multivariate logistic 
regression to minimize the risk of excluding potential 
confounders. The sample and limited number of variables 
included in the logistic regression-based nomogram pre-
diction model ensured a low risk of overfitting. The scale 

of the line corresponding to each variable in the predic-
tion model indicated the range of possible values for that 
variable, meanwhile, the length of the line indicated the 
effect of that factor on the outcome event. The points 
indicate the individual scores corresponding to each vari-
able at different values to obtain the total score. A line 
was drawn downward based on the location of the total 
score and projected on the bottom scale, which deter-
mined the probability of fetal loss in patients with SLE 
with mild disease severity. The performance of the model 
was evaluated through internal validation and corrected 
for overfitting using bootstrap methods. Internal valida-
tion of the nomogram was performed using a bootstrap 
resampling method with 1000 iterations to assess predic-
tive accuracy. The discriminative power of the predictive 
model was verified using the consistency index (C-index) 
and subject work characteristic curve (receiver operat-
ing characteristic [ROC] curve). The calibration curve of 
the model was evaluated by calculating the Brier score, 
with low Brier scores indicating improved model accu-
racy. Decision curve analysis (DCA) was performed 
to evaluate the clinical utility and net clinical benefit of 
the predictive model. Identification and calibration were 
assessed through bootstrapping with 1000 resamples.

Statistical analysis
All tests were two-sided, and P < 0.05 was defined as sta-
tistically significant. For parameters with continuous 
data, normal distribution was expressed as the mean 
and standard deviation, and skewed distribution was 
expressed as the median and interquartile range (P25, 
and P75). Count data were expressed as ratios (%). Statis-
tical computations were performed using SPSS software 
(version 22.0; SPSS, Chicago, IL, USA) and the R soft-
ware package version 3.6.1 (https:// www.r- proje ct. org). 
Nomograms and calibration plots were generated using 
the rms package in the R software. Moreover, DCA was 
performed using the rmda package in the R software.

Results
APOs in patients with SLE with different disease activity
Records of 186 pregnancies from 175 patients with SLE 
collected at Shenzhen People’s Hospital demonstrated 
that 149 of these pregnancies (80.1%) had mild dis-
ease severity before conception. Among patients with 
SLE in the mild disease severity cohort (n = 58), 38.9% 
experienced an APO compared to 56.8% in the moder-
ate/severe disease severity cohort, and the difference 
between the two datasets was statistically significant 
(P < 0.05). The fetal loss occurred in 22.8% of pregnancy 
outcome records in one group and 24.3% in the other 
group; however, the difference was not statistically sig-
nificant (P = 0.89). The APOs observed in patients with 

https://www.r-project.org
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Table 1 Baseline characteristics of training cohort and validation cohort

IQR interquartile range, BMI body mass index, SLEDAI-2 k Systemic Lupus Erythematosus Disease Activity Index -2 K, ANA antinuclear antibodies, C3 
hypocomplementania C3, C4 hypocomplementania C4, aCL-IgG anticardiolipin- immunoglobulin G, aCL-IgM anticardiolipin-immunoglobulin M, IgA immunoglobulin 
A, IgG immunoglobulin G, IgM immunoglobulin M, HB hemoglobin, WBC white blood cell, PLT platelet, ESR erythrocyte sedimentation rate, CRP C-reactive protein, PRO 
urine protein, 24-h PRO 24-h urine protein, TC totalcholesterol, TG triglyceride, HDL high-density lipoprotein, LDL low-density lipoprotein

Factor Category Training Cohort 
(n = 149)

Validation Cohort 
(n = 51)

P value

Fetal outcomes Live birth 115(77.2) 42(82.3) 0.858

n(%) Fetal loss 34(22.8) 9(17.6)

Baseline characteristics Age(year),mean (S.D.) 29.8(4.81) 29.9(3.31) 0.656

BMI before pregnant (kg/m2),mean (S.D.) 21.58(2.67) 22.06(3.16) 0.311

Other chronic disease Prepregnancy diabetes 5(3.4) 2(3.9) 0.344

Prepregnancy hypertension 7(4.7) 3(5.9) 0.661

Previous SLE clinical features Age of SLE diagnosis(years) 23(21–27) 25(20–28) 0.123

median (IQR) SLE duration at conception (years) 4(2–6) 4(2–4) 0.502

System manifestation Arthritis 26(17.4) 11(21.5) 0.109

n(%) Cutaneous lesion 63(42.3) 29(56.8) 0.009

Hematological disorder 23(15.4) 8(15.6) 0.233

Serositis 6(4.0) 4(7.8) 0.078

Nephritis 35(23.5) 11(21.6) 0.306

SLADAI before conception, median (IQR) 4(2–6) 2(2–4) 0.062

Obstetric history Primigravida 43(28.9) 18(35.3) 0.122

n(%) History of therapeutic abortion 22(14.8) 13(17.65) 0.238

History of recurrent miscarriages ≥ 2 19(12.8) 9(17.6) 0.511

Laboratory data ANA positive 135(90.6) 42(82.3) 0.138

n(%) Anti-Ro/SSA positive 68(45.6) 23(45.1) 0.488

Anti-La/ SSB positive 21(14.1) 15(29.4) 0.011

Anti-dsDNA positive 60(40.3) 20(39.2) 0.873

Anti-Sm positive 36(24.2) 7(13.7) 0.143

C3 (g/L),mean (S.D.) 0.91(0.26) 0.83 (0.31) 0.126

C4 (g/L),mean (S.D.) 0.2(0.49) 0.16 (0.10) 0.625

Lupus anticoagulant positive 37(24.8) 11(21.6) 0.759

aCL-IgG positive 17(11.4) 9(17.6) 0.934

aCL-IgM positive 8(5.4) 3(5.8) 0.233

Hyperimmunoglobulin IgA (g/L) 2.44(1.09) 2.24 (0.84) 0.295

mean (S.D.) IgG (g/L) 12.79(4.27) 13.63 (4.81) 0.239

IgM(g/L) 1.00(0.54) 0.96(0.45) 0.266

HB (g/L) 108.19(17.21) 112.88 (12.81) 0.870

WBC(× 109/L) 7.31(3.21) 7.99 (2.97) 0.890

PLT(× 109/L) 180.92(81.84) 198.08 (76.53) 0.427

Serum albumin(g/L) 33.65(4.85) 37.45 (5.77) 0.025

ESR (mm/h) 33.46(26.51) 32.08 (23.86) 0.808

CRP(mg/L) 11.68(8.84) 15.99 (9.72) 0.821

24-h PRO(g/L) 0.8(1.44) 0.98 (1.96) 0.447

PRO,n(%) 57(38.3) 13(25.6) 0.131

TC (mmol/L) 4.28(1.65) 3.82(2.13) 0.008

TG (mmol/L) 2.05(1.24) 2.34(1.62) 0.090

HDL-C(mmol/L) 1.38(0.39) 1.45 (0.44) 0.072

LDL-C(mmol/L) 2.25(1.18) 2.32 (1.04) 0.117

Drugs taken at the onset of pregnancy Prednisone 66(44.3) 27(52.9) 0.787

n(%) Hydroxychloroquine 71(47.7) 30(58.8) 0.102

Immunosuppressants 34(22.8) 4(7.8) 0.250

Aspirin 13(8.7) 2(3.9) 0.298
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SLE with different disease severities before conception 
are described in detail in Table 2.

Feature selection and traditional and dynamic nomogram 
model establishment
Table  3 demonstrates the outcomes of univariate and 
multivariate logistic regression analyses. Based on uni-
variate analysis, SLE duration at conception, lupus 
nephritis (LN), history of therapeutic abortion, C3, 
lupus anticoagulant, IgG, serum ALB, CRP, PRO, HDL, 
and HCQ levels were significantly associated with the 
occurrence of fetal loss. The variance inflation factor was 
less than two, suggesting no significant multicollinear-
ity among the four continuous variables (C3, IgG, ALB, 
and CRP) included in the multivariate logistic regression 
analysis (Supplementary Table  1). Multivariate analysis 
demonstrated that LN (odds ratio [OR] (95% confidence 
interval [CI]) 3.68 (1.14, 11.83), P = 0.029), C3 (OR (95% 
CI) 0.10 (0.01, 0.99), P = 0.049), IgG (OR (95% CI) 1.18 
(1.03, 1.35), P = 0.015), serum ALB (OR (95% CI) 0.86 
(0.79, 0.99), P = 0.029), CRP (OR (95% CI) 1.02 (1.01, 
1.04), P = 0.012) and HCQ (OR (95% CI) 0.28 (0.09, 0.92), 
P = 0.036) were independent risk factors. A combination 
of these factors accurately predicted fetal loss (Table 3).

We then conducted a multivariate logistic regression 
analysis of six independent factors to create a nomo-
gram for predicting fetal loss outcomes in patients with 
SLE with mild disease severity (Fig. 2A). The (top) points 
were obtained based on predictor contributions, whereas 
the (bottom) points were normalized to the probability 
of fetal loss. The prediction points were located on the 
highest-point scale corresponding to patient variables. 
The points corresponding to each variable were summed, 
and the predicted values were obtained at the bottom of 
the nomogram. The total number on the bottom scale 

represents the predicted probability of fetal loss. The 
dynamic nomogram is available online at https:// yanra 
nchen. shiny apps. io/ dynno mapp. After entering the val-
ues of the six variables on the web page, we obtained the 
exact probability of fetal loss for the patient, which was 
28.4% (Fig. 2B).

If the dynamic nomogram modeling tool was not 
accessible, the prediction results were manually calcu-
lated based on the nomogram plot (Fig. 2A). For instance, 
a patient with no history of LN before conception, taking 
HCQ, had a C3 level of 1 g/L, an IgG level of 18 g/L, a 
serum ALB level of 30 g/L, and a CRP level of 32 mg/L. 
The scores for each predictor were 0, 0, 25, 50, 60, and 
14, respectively. A total score of 149 was obtained, cor-
responding to a probability of 25%. Therefore, the pre-
dicted probability of fetal loss outcome in this patient was 
approximately 25%.

Calibration and validation of the nomogram
ROC analysis demonstrated considerably good predictive 
performance of the nomogram in the training cohort, 
with an area under the ROC curve (AUC) of 0.867 (95% 
CI: 0.787–0.947) (Fig. 3A). The calibration curves exhib-
ited good agreement in predicting fetal loss outcomes, 
closely resembling the ideal calibration model. Therefore, 
indicating good calibration (Fig. 3C). The low Brier score 
(0.109) confirmed the excellent predictive ability of the 
nomogram. In the validation cohort, the value of AUC 
(0.843,95% CI: 0.711–0.975) (Fig. 3B) and the calibration 
curve (Fig.  3D) indicated good discriminative ability of 
the model. The overall predictions, as measured by Brier 
scores (0.195), were also good for the validation model. 
The DCA of the nomogram model revealed a substantial 
net benefit across the predicted probability range of 10% 
to 70% (Fig. 4).

Table 2 Adverse pregnancy outcome of mild disease severity cohort and moderate/severe disease severity cohort

Category Mild disease severity Cohort 
(n = 149)

Moderate/Severe disease severity Cohort 
(n = 37)

P value

Fetal loss 34(22.8%) 9(24.3%) 0.894

 Spontaneous abortion 13(8.7%) 1(2.7%) 0.371

 Stillbirth⃞ 5(3.4%) 2(5.4%) 0.917

 Therapeutic abortion 14(9.4%) 5(13.5%) 0.662

 Early neonatal death 2(1.3%) 1(2.7%) 0.488

Other adverse pregnancy outcome

 Lupus flares 15(10.1%) 6( 13.5%) 0.443

 Emergency cesarean section 5(3.4%) 3(8.1%) 0.411

 Pre-eclampsia 6(4.0%) 4(10.8%) 0.021

 Preterm birth (< 37 weeks) 4(2.7%) 2(5.4%) 0.750

 Fetal growth restriction 7(4.7%) 2(5.4%) 0.677

All adverse pregnancy outcome 58(38.9%) 21(56.8%) 0.007

https://yanranchen.shinyapps.io/dynnomapp
https://yanranchen.shinyapps.io/dynnomapp
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Table 3 Univariate and multivariate analysis of factors predicting fetal loss in the training cohort of SLE patients with low disease 
activity (N = 149)

CI confidence interval, OR odd ratio, P Positive, N Negative

Factors Univariate analysis Multivariate analysis

OR 95% CI P value OR 95% CI P value

Baseline characteristics Age(year) 1.74 0.99 ~ 1.16 0.083

Region (Urban/Rural) 0.48 0.22 ~ 1.05 0.065

BMI before pregnant (kg/m2) 1.03 0.89 ~ 1.18 0.730

Other chronic disease Prepregnancy diabetes 3.50 0.47 ~ 25.84 0.219

Prepregnancy hypertension 1.53 0.17 ~ 13.54 0.703

Previous SLE clinical features Age of SLE diagnosis(years) 0.98 0.90 ~ 1.06 0.557

SLE duration at conception (years) 1.13 1.04 ~ 1.24 0.007 1.04 0.92 ~ 1.17 0.561

System manifestation Arthritis (Yes/No) 1.76 0.68 ~ 4.52 0.243

Cutaneous lesion (Yes/No) 0.97 0.44 ~ 2.10 0.923

Hematological disorder (Yes/No) 2.20 0.83 ~ 5.80 0.112

Serositis (Yes/No) 5.42 0.87 ~ 33.88 0.071

Nephritis (Yes/No) 4.74 2.05 ~ 10.99  < 0.001 3.68 1.14 ~ 11.83 0.029
SLADAI before conception 1.15 0.95 ~ 1.40 0.144

Obstetric history Primigravida (Yes/No) 0.88 0.37 ~ 2.09 0.739

History of therapeutic abortion (Yes/No) 4.24 1.90 ~ 13.10 0.001 2.22 0.57 ~ 8.68 0.253

History of recurrent miscarriages ≥ 2 (Yes/No) 3.20 0.87 ~ 15.53 0.078

Laboratory data ANA (P/N) 1.88 0.40 ~ 8.86 0.423

Anti-Ro/SSA (P/N) 2.04 0.94 ~ 4.43 0.073

Anti-La/ SSB (P/N) 1.53 0.54 ~ 4.35 0.424

Anti-dsDNA (P/N) 2.00 0.92 ~ 4.35 0.079

Anti-Sm (P/N) 1.22 0.51 ~ 2.93 0.659

C3 (g/L) 0.10 0.01 ~ 0.31 0.001 0.10 0.01 ~ 0.99 0.049
C4 (g/L) 1.66 0.66 ~ 4.16 0.279

Lupus anticoagulant (P/N) 2.45 1.07 ~ 5.61 0.034 1.11 0.34 ~ 3.60 0.868

aCL-IgG (P/N) 0.55 0.06 ~ 4.70 0.581

aCL-IgM (P/N) 0.45 0.10 ~ 2.07 0.303

Hyperimmunoglobulin IgA (g/L) 1.36 0.95 ~ 1.94 0.091

IgG (g/L) 1.10 1.01 ~ 1.21 0.030 1.18 1.03 ~ 1.35 0.015
IgM(g/L) 1.99 0.99 ~ 3.92 0.053

HB (g/L) 1.01 0.99 ~ 1.03 0.529

WBC(× 109/L) 0.81 0.72 ~ 1.02 0.073

PLT(× 109/L) 1.00 1.00 ~ 1.03 0.745

Serum albumin(g/L) 0.88 0.83 ~ 0.96 < 0.001 0.86 0.79 ~ 1.00 0.044
ESR (mm/h) 1.01 1.00 ~ 1.03 0.084

CRP(mg/L) 1.02 1.00 ~ 1.03 0.042 1.02 1.01 ~ 1.04 0.012
24-h PRO(g/L) 1.15 0.90 ~ .1.46 0.259

PRO (P/N) 2.64 1.21 ~ 5.76 0.015 1.96 0.60 ~ 6.38 0.263

TC (mmol/L) 1.02 0.98 ~ 1.06 0.467

TG (mmol/L) 0.87 0.61 ~ 1.25 0.455

HDL(mmol/L) 0.31 0.11 ~ 0.88 0.028 0.77 0.16 ~ 3.74 0.748

LDL(mmol/L) 1.23 0.90 ~ 1.68 0.196

Drugs taken at the onset of pregnancy Prednisone (Yes/No) 1.62 0.09 ~ 3.80 0.267

Hydroxychloroquine; (Yes/No) 2.50 1.15 ~ 5.83 0.022 0.28 0.09 ~ 0.92 0.036
Immunosuppressants (Yes/No) 0.53 0.19 ~ 1.50 0.231

Aspirin (Yes/No) 1.13 0.29 ~ 4.43 0.862
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Fig. 2 Nomogram for predictive model. A The nomogram of low disease activity SLE patients with 6 clinical factors predicting pregnancy outcome 
was established. B Scan this QR code to view the dynamic nomogram, or visit https:// yanra nchen. shiny apps. io/ dynno mapp

https://yanranchen.shinyapps.io/dynnomapp
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Discussion
Studies consistently indicate that fetal loss rates are high 
in pregnant women with increased disease activity before 
conception and in those with SLE complicated by APS 
[18, 19]. However, does mild disease severity in preg-
nant women with SLE traditionally prevent the outcome 
of fetal loss? Our study, which reviewed the pregnancy 
experiences of patients with SLE, demonstrated results 
that were different from those of the clinical experience. 
Patients with SLE who meet the criteria for mild disease 
severity as defined by the 2019 update of EULAR man-
agement recommendations still face an elevated risk of 
fetal loss. In our study, patients with mild disease severity 
were less likely to have an APO than those with moderate 
or severe disease severity (38.9% vs. 56.8%, respectively), 
with the probability of fetal loss being 22.8% vs. 24.3%. 
Disease severity in patients before conception does not 
seem to provide a predictive signal for fetal loss.

This study identified that 22.8% of patients with mild 
disease severity and not classified as APS reported higher 
fetal loss than that documented in previous studies. Our 
study aimed to develop a reliable nomogram model for 
predicting the probability of fetal loss by analyzing the 
characteristics of 149 women with mild disease sever-
ity before conception at our institution. Previous reports 
have described several potential risk factors for APOs in 
patients with SLE [20, 21]. Our study demonstrated the 
SLE duration at conception, LN, history of therapeutic 
abortion, C3, lupus anticoagulant, IgG, serum ALB, CRP, 
PRO, HDL, and HCQ were identified as potential corre-
lates of fetal loss in pregnant women with SLE with mild 
disease severity. Among these, we identified the most 
suitable combination of the following factors: LN, C3, 
IgG, ALB, CRP, and HCQ. The combination of these fac-
tors accurately predicted fetal loss. Our results demon-
strated that this model has a high predictive accuracy. In 

Fig. 3 ROC curve analyses and Calibration curves analysis of the nomogram model. AUC: area under the curve;ROC: receiver operating 
characteristic. A ROC curves of the nomogram model in the traincohort cohort. B ROC curves of the nomogram model in the validation cohort. C 
Calibration curve of the nomogram model in training cohort. D Calibration curve of the nomogram model in validation cohort.The y-axis represents 
the observed probability of fetal loss. The x-axis represents the Predicted probability of fetal loss. The diagonal dotted line represents the ideal 
model with the best prediction. The solid line represents the performance of the nomograms, the proximity of which to the diagonal dotted line 
represents the prediction abilities of the two models
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addition, validation confirmed that the model had good 
discrimination and calibration abilities.

To our knowledge, no other studies have targeted pre-
dictive models for fetal loss outcomes in pregnant women 
with SLE and mild disease severity. Most existing stud-
ies have focused on analyzing individual factors affecting 
APOs in women with SLE. To date, serologic and clini-
cal outcomes predicting fetal loss have been controver-
sial, and studies have concluded that the risk of fetal loss 
is significantly high if APL is detected in the maternal 
circulation [22]. Gabriella Moroni et  al., in a prospec-
tive study of pregnancy outcomes in patients with LN, 
demonstrated that fetal loss occurred in 38% of lupus 
anticoagulant-positive pregnancies compared to that in 
1.7% of lupus anticoagulant-negative pregnancies [23]. 
Between 2003 and 2011, Michael D. et al. demonstrated 
that APO occurred at a lower rate in lupus anticoagulant-
negative women than in those who demonstrated lupus 
anticoagulant-positivity (8% vs. 43%, P = 0.02). Further-
more, aCL, IgM and anti-β2GPI antibodies did not pre-
dict the occurrence of APO [24]. The study recognized 
lupus anticoagulants as a major predictor of APO after 
12  weeks of gestation. This is consistent with our find-
ing that lupus anticoagulant use is a risk factor for fetal 
loss in pregnant women with SLE who demonstrate low 
disease activity before conception. In 2018, Stephen et al. 
conducted the first longitudinal study on HCQ drug 
concentrations during pregnancy [25]. The results dem-
onstrated a significantly higher incidence of preterm 

delivery and low gestational age in patients with SLE with 
low serum HCQ levels (≤ 100 ng/mL) than in those with 
HCQ levels > 100  ng/mL. Our study demonstrates that 
maternal use of HCQ before conception helps reduce 
the possibility of fetal loss, which may be related to the 
fact that HCQ helps reduce the incidence of lupus flares 
during pregnancy [26, 27]. The Predictors of Pregnancy 
Outcomes: Biomarkers in Antiphospholipid Antibody 
Syndrome and Systemic Lupus Erythematosus (PROM-
ISSE) study is the largest multicenter, multi-racial, and 
multi-ethnic prospective clinical evaluation study of lab-
oratory predictors of APL and/or SLE inactivity or mild 
APO in women [28]. Mimi Y et al. utilized data from the 
PROMISSE study to investigate whether complement 
activation predicted APOs in patients with SLE and/or 
antiphospholipid antibodies [29]. Previous studies have 
reported varying findings regarding the impact of out-
comes of C3 levels during pregnancy in patients with 
SLE. In a study of complement levels in 530 women with 
SLE between 1992 and 2003, Ramos-Casals et al. discov-
ered that patients with low complement levels had simi-
lar rates of pregnancy miscarriages as the rates observed 
in those with normal complement levels [30]. Conversely, 
the study published by Cortes et al. in 2002 demonstrated 
a significant correlation between low complement lev-
els detected at the initial visit or every 3 months and the 
outcome of miscarriage and stillbirth [31]. In our study, 
complement levels during pregnancy were independ-
ent risk factors for predicting fetal loss. Additionally, LN 

Fig. 4 Decision curve analysis for the nomogram model. The y-axis measures the net benefit. The red line represents the predict nomogram. The 
black solid line represents the assumption that no patients have fetal loss and the thin grey solid line indicates the hypothesis that all patients have 
fetal loss. The decision curves indicate that if the threshold probability is 10–70%, the nomogram model constructed for prediction of fetal loss 
in SLE patients was benefit
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is strongly correlated with the risk of fetal loss in preg-
nant women with SLE [28, 32, 33]. Gabriella Moroni et al. 
reviewed 37 studies, including 2751 pregnancy outcomes 
in 1842 women with LN. They reported a treatment-
related miscarriages occurred in 5.9% of cases, sponta-
neous abortion in 16%, stillbirth in 3.6%, and neonatal 
death in 2.5% [23]. Rates of fetal loss in available studies 
on mothers with LN lupus nephritis range from 13 to 
35%, with worse pregnancy outcomes in African Ameri-
can and Hispanic women, with fetal loss rates of 27.4% 
and 20.6%, respectively, compared with 5% in Caucasian 
patients [23, 34–36]. Unfortunately, comprehensive stud-
ies documenting pregnancy outcomes in Chinese women 
with LN are lacking. One of the most common compli-
cations of SLE, LN was a risk factor for fetal loss in our 
study. Several studies have used red blood cell distribu-
tion width to assess renal function and the extent of renal 
injury in autoimmune diseases. In contrast, the mecha-
nism by which eclampsia occurs in LN remains unclear, 
and reliable biomarkers need to be identified. Studies 
have demonstrated that anti-LAMP-2 antibodies are 
useful for the differential diagnosis of vascular injury in 
autoimmune diseases [37, 38].

The most recent study on miscarriage prediction mod-
els for patients with SLE in China was conducted by Wu 
et al. [39] who utilized data from 338 patients with SLE 
between 2011 and 2017 to construct a pregnancy loss 
prediction model. The SLEDAI-2K was utilized [40] as 
a valid measure of disease activity. Patients were divided 
into planned and unplanned pregnancy groups, with the 
planned pregnancy group including patients with SLE 
in control or remission for more than 6  months before 
conception, and the unplanned pregnancy group includ-
ing patients with active lupus before conception or new-
onset SLE during pregnancy. This does not align with our 
classification criteria. Of note, 24-h PRO quantification, 
complement C3 level, and unplanned pregnancy were 
considered independent predictors. The model was con-
structed using stepwise regression analysis with an AUC 
value of 0.829 (95% confidence interval [CI], 0.744–0.91). 
Our study identified that 22.8% of patients with mild dis-
ease severity and those not classified as APS experienced 
fetal loss. Therefore, identifying patients with low-risk 
SLE during pregnancy for early management is necessary. 
This study integrated multiple predictors using a nomo-
gram prediction model to achieve personalized and accu-
rate prediction of the probability of fetal loss. In contrast, 
we focused on women with SLE who had mild disease 
severity before conception, examined multiple factors 
potentially associated with straight fetal loss, and created 
column line plots by screening for the most appropri-
ate combination of factors. The nomogram is a practi-
cal visualization tool that facilitates the identification of 

patients at high risk of fetal loss and quantifies individual 
risk. The proposed model aims to empower clinicians to 
personalize and accurately assess the early risk of fetal 
loss, thereby mitigating pregnancy risks for women with 
SLE. In practice, focusing not only on patients at high 
risk of traditional fetal loss, such as those with advanced 
pre-pregnancy disease activity, LN, and APS but also on 
the risk of pregnancy loss in patients with SLE at low pre-
natal risk is essential.

Our study had several limitations owing to the small 
number of pregnant women with SLE. For instance, this 
was a two-center retrospective study conducted in Shen-
zhen. Therefore, we sought external validation in addi-
tional central studies. Moreover, this was a retrospective 
study and the electronic medical records lacked details. 
In contrast, detailed medication records related to SLE 
and records of patients’ previous pregnancy outcomes 
may provide detailed information for predicting fetal 
loss, which is beyond the scope of this study [41]. Finally, 
our study included only Chinese patients with SLE, and 
the results may not be generalizable to other populations. 
As mentioned previously, predicting the risk of fetal loss 
in patients with SLE with mild disease severity remains 
challenging due to the lack of validated predictive mod-
els. Further validation using data from other countries 
would help to improve the generalizability of the model 
and expand the population to which the nomogram 
model applies. Although acknowledging the population-
specific limitations of the predictive model developed in 
this study, its broader application could allow for indi-
vidualized management of pregnant women with SLE. 
This approach considers the relative risks and benefits 
to both the patient and fetus, empowering physicians to 
make more informed, data-driven decisions in patient 
management.

Conclusions
In conclusion, this dynamic nomogram model offers a 
straightforward, illustrative, clinically friendly, and use-
ful predictive tool that may be used to address the most 
critical concerns for women carrying low-risk SLE preg-
nancies. These findings may offer strategies to reduce the 
risk of fetal loss in patients with SLE.
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