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Abstract 

Background  Primary Sjögren syndrome (pSS) is often related to adverse neonatal outcomes. But it’s currently con-
troversial whether pSS has an adverse effect on female fertility and clinical pregnancy condition. More importantly, it’s 
unclear regarding the role of pSS in oocyte and embryonic development. There is a lack of comprehensive under-
standing and evaluation of fertility in pSS patients.

Objective  This study aimed to investigate oocyte and embryonic development, ovarian reserve, and clinical preg-
nancy outcomes in Primary Sjögren syndrome (pSS) patients during in vitro fertilization (IVF) treatment from multi-IVF 
centers.

Methods  We performed a muti-central retrospective cohort study overall evaluating the baseline characteristics, 
ovarian reserve, IVF laboratory outcomes, and clinical pregnancy outcomes between the pSS patients and control 
patients who were matched by Propensity Score Matching.

Results  Following PSM matching, baseline characteristics generally coincided between the two groups. Ovarian 
reserve including anti-müllerian hormone (AMH) and antral follicle counting (AFC) were significantly lower in the pSS 
group vs comparison (0.8 vs. 2.9 ng/mL, P < 0.001; 6.0 vs. 10.0, P < 0.001, respectively). The pSS group performed sig-
nificant reductions in numbers of large follicles, oocytes retrieved and MII oocytes. Additionally, pSS patients exhibited 
obviously deteriorate rates of oocyte maturation, 2PN cleavage, D3 good-quality embryo, and blastocyst forma-
tion compared to comparison. As for clinical pregnancy, notable decrease was found in implantation rate (37.9% 
vs. 54.9%, P = 0.022). The cumulative live birth rate (CLBR) following every embryo-transfer procedure was distinctly 
lower in the pSS group, and the conservative and optimal CLBRs following every complete cycle procedure were 
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also significantly reduced in the pSS group. Lastly, the gestational weeks of the newborns in pSS group were distinctly 
early vs comparison.

Conclusion  Patients with pSS exhibit worse conditions in terms of female fertility and clinical pregnancy, notably 
accompanied with deteriorate oocyte and embryo development. Individualized fertility evaluation and early fertility 
guidance are essential for these special patients.

Keywords  Primary Sjögren syndrome, Female fertility, Oocyte and embryonic development, Pregnancy outcomes, In 
vitro fertilization

Introduction
It is common knowledge that immunological factors play 
a significant role in female infertility, and in recent years, 
it has drawn more attention [1]. Reproductive failure 
and autoimmune illnesses are strongly linked, accord-
ing to a large body of research [2]. Primary Sjögren syn-
drome (pSS) is a systemic autoimmune disease without 
any other autoimmune diseases characterized by the 
involvement of exocrine glands mainly salivary and lacri-
mal glands, resulting in a range of clinical manifestations 
from sicca symptoms to multi-system damage, such as 
pulmonary interstitial fibrosis, cirrhosis, and lymphoma 
[3]. This disease predominantly affects middle-aged and 
subsequent women, but can also be observed in children, 
men and the elderly [4]. In general, women with pSS may 
experience a more complex pregnancy process, leading 
to a higher probability of gynecological complications 
or adverse neonatal outcomes [5–7]. Prior and deriva-
tive works indicated that elevated anti-Sjögren Syndrome 
A (anti-SS-A) antibodies in SS patients was associ-
ated with risk of congenital heart block [8]. In addition, 
a lower birthweight  of offspring and a higher caesarean 
section rate in primary SS women were more commonly 
observed [9].

However, the relationship between pSS and wom-
en’s fertility remains controversial. More importantly, 
the role of Sjögren syndrome in oocyte and embryonic 
development remains to be explored. One reason is that, 
because of physiological restrictions, direct observations 
of oocyte and embryonic development are unavailable, 
leading to a paucity of data on the oocyte and embryonic 
development in women with pSS. However, the develop-
ment of in  vitro fertilization and embryo transfer (IVF-
ET) technology has made it feasible to visualize oocyte 
and embryos development in  vitro. Furthermore, some 
previous investigations have indicated a decline in ovar-
ian reserve among women who have been diagnosed with 
SS [10] and proposed that an increased risk of spontane-
ous abortion could be attributed to pSS [11]. However, 
some research revealed that the pregnancy outcomes of 
primary SS patients and controls were comparable [9, 
12]. Data on women fertility and embryonic development 
of patients with Sjögren syndrome are indeed scarce and 

uncertain. To clarify, more research on this field is there-
fore required.

The present study systematically assessed the oocyte 
and embryonic development, ovarian reserve, clinical 
outcomes and neonatal outcomes between pSS patients 
and the comparisons. With the first-hand evidence of 
oocyte and embryonic development, this study could 
help us fully understand the fertility of pSS patients from 
multiple angles, and provide support for embryologists 
and clinicians in dealing with pSS patients counseling 
and providing fertility instruction more thoughtfully and 
rationally.

Material and methods
Study design and population
This was a muti-center retrospective cohort study. 
Women undergoing in  vitro fertilization /intracytoplas-
mic sperm injection (IVF/ICSI) cycles from January 2014 
to August 2023 in the three university affiliated hospi-
tals were reviewed. Forty-seven women with a history 
of rheumatologically confirmed primary Sjogren syn-
drome were included in the pSS group. All included pSS 
patients were clinically diagnosed as pSS in the depart-
ment of rheumatology before they were treated with 
ART. The classification criteria for pSS were based on 
the 2016  American  College  of  Rheumatology/European 
League Against Rheumatism (ACR/EULAR) classifica-
tion  criteria [13]. After comprehensive evaluation by 
rheumatologists and reproductive clinicians, IVF could 
be performed if pSS patients had the lowest disease activ-
ity, normal immune indicators or lowest antibody titers, 
and pSS patients are not taking drugs or taking drugs 
with minimal effect and maintaining more than three 
months.

The criteria for exclusion were as follows: (1) diagno-
sis of other rheumatological diseases; (2) oocyte donation 
cycles; (3) preimplantation genetic testing (PGT) cycles; 
(4) women with benign or malignant tumors; (5) absence 
of follow-up and essential information. A propensity 
score matching (PSM) of 1:3 ratio was carried out to bal-
ance the distribution of sample and clinical characteris-
tics, taking into account the complexity of the etiology in 
pSS patients undergoing assisted reproductive technique 
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(ART) and to remove the potential confounders in the 
pSS patients and comparisons. Several parameters such 
as age of infertile patients, BMI, type of infertility, dura-
tion of infertility, and cause of infertility were included 
in the PSM matching. In particular, the comparison was 
also matched when pSS patients had conditions that 
could have an impact on their ovarian reserve, such as 
endometriosis, polycystic ovarian syndrome (PCOS), and 
ovarian surgery. All comparison patients denied a his-
tory of pSS disease and did not find any conscious symp-
toms of pSS such as xerostomia and xerophthalmia after 
follow-up. The routine immunization suite of the com-
parison patients did not reveal any abnormality related to 
pSS. Details about the patients’ enrollment and compari-
son were shown in Fig. 1.

Ovarian stimulation protocol, oocyte retrieval, and embryo 
transfer
Protocols for ovarian stimulation were processed as pre-
viously described [14]. To put it briefly, protocols includ-
ing the gonadotropin-releasing hormone (GnRH) agonist 
and antagonist protocols, as well as other protocols like 
the mild stimulation and luteal phase stimulation pro-
tocols were used. Recombinant follicle-stimulating hor-
mone (FSH) dosage and duration were modified based 
on each patient’s unique ovarian response. Transvaginal 
ultrasonography was used to track the diameter of the 
follicle. Recombinant human chorionic gonadotropin 

(HCG) was injected intramuscularly as a trigger when 
the diameter of two or three dominant follicles surpassed 
18 mm. Oocytes were then extracted 36–38 h following 
HCG injection through guided transvaginal ultrasonog-
raphy. Embryos may be transferred on day 3 as appro-
priate after oocyte retrieval. The remaining available 
embryos could either be frozen on day 3 or further cul-
tured to day 5 or day 6 for cryopreservation. Cryopre-
served embryos were transferred after priming the uterus 
with estrogen.

Data collection
The main outcomes evaluated in the current study were 
demographic characteristics, ovarian reserve, oocyte/
embryo developmental information in  vitro, clinical 
pregnancy outcomes, and obstetric outcomes as well 
as maternal complications. For demographic charac-
teristics, the age at cycle start, body mass index (BMI), 
infertility type, infertility duration, and causes of infer-
tility were gathered. Antral follicle count (AFC), anti-
müllerian hormone (AMH) level, and basal serum FSH 
level were indicators of ovarian reserve. IVF/ICSI cycle 
information included the amount of gonadotropin used, 
total days of ovarian stimulation, estradiol (E2) level, 
number of large follicles on HCG trigger day, the inci-
dence of DOR/POR, laboratory outcomes (number of 
oocytes retrieved, matured, fertilized, available embryos, 
blastocysts, good-quality embryo, embryos transferred) 

Fig. 1  Flow chart of the present study. IVF: in vitro fertilization, ICSI: intracytoplasmic sperm injection; pSS: Primary Sjögren syndrome; PGT: 
preimplantation genetic testing; POR: poor ovarian response; DOR: diminished ovarian reserve; 2PN, 2 pronucleus; BC: blastocyst; CLBR: cumulative 
live birth rate
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as well as clinical outcomes (cycle cancellation rate, the 
number of implantations, miscarriages, pregnancies, and 
cumulative pregnancies as well as cumulative live births). 
Lastly, Obstetric outcomes (the number of live birth, 
birthweight, gestational weeks, preterm birth, cesarean 
section rate) and maternal/neonatal complications (pla-
cental abnormalities, hypertensive disorder, gestational 
diabetes, neonatal defects, pathologic jaundice and neo-
natal pneumonia) were also included.

Criteria of assessment
The Bologna criteria [15] were used to classify women 
with poor ovarian response (POR) if they had at least 
two of the following characteristics: an abnormal ovar-
ian reserve test (AFC < 5–7 or AMH < 0.5–1.1  ng/
ml), advanced maternal age (≥ 40  years) or any other 
risk factor for POR, and POR in a previous cycle (≤ 3 
oocytes with a conventional ovarian stimulation pro-
tocol). Women diagnosed with DOR should exist at 
least two of the following features: advanced maternal 
age (≥ 40  years); basal FSH ≥ 12mIU/mL; AFCs ≤ 5–7; 
AMH ≤ 1.1  ng/ml. The normal fertilization rate was 
defined as the zygotes of two pronuclei (2PN) num-
bers divided by the number of yield oocytes; the 2PN 
cleavage rate was the number of 2PN cleaved embryos 
divided by the number of 2PN zygotes; the avail-
able embryo rate referred to the ratio of the number 
of embryos available for transfer, cryopreservation, 
and extended culture to day 3 divided by the number 
of normally-fertilized and cleaved embryos plus the 
late-cleaved embryos; the blastocyst formation rate 
was defined as the number of blastocysts divided by 
the number of day 3 embryos for extended culture; the 
good-quality blastocyst formation rate referred to ratio 
of the blastocysts available for cryopreservation divided 
by the number of day 3 embryos for extended culture. 
Cycle cancellation was defined as one cycle without 
available oocytes after the ovarian stimulation. The 
implantation rate was the ratio of the number of ges-
tational sacs divided by the number of embryos trans-
ferred. Biochemical pregnancy was defined as a positive 
result of HCG measurement in the 12 to 14 days after 
embryo transfer. Clinical pregnancy was confirmed if 
an intrauterine fetal heartbeat could be observed by 
transvaginal ultrasound. Live birth was defined as the 
birth of at least one live child after 28 weeks of gesta-
tion. The loss of fetal heart activity within 12  weeks 
after confirming clinical pregnancy was regarded as 
early miscarriage. Diseases during the gestation period 
such as gestational diabetes, hypertensive disorders 
complicating pregnancy, and placental abnormali-
ties were included in the maternal complications. The 

obstetric outcomes comprised birthweight (g), gesta-
tional week, and cesarean section (only singletons). 
Pre-term birth was defined as a gestational age less 
than 37  weeks, and low birthweight was referred to 
birthweight below 2500 g.

Deliveries of multiple pregnancies were only counted 
as one live birth. For the first-cycle cumulative live 
birth rate (CLBR), live birth rates (LBR) were calculated 
following every embryo transfer procedure during the 
first complete cycle. Two different types of CLBRs were 
calculated up to final cycles [16]. The optimal CLBR 
assumed that women who discontinued ART treatment 
would have had the same chance of having a live birth 
with continued ART as those who did continue, com-
pared to the conservative CLBR, which was calculated 
based on the assumption that women who discontinued 
ART treatment would not have achieved a live birth if 
they had continued [17]. Women were deemed to ter-
minate ART treatment if they failed to have a treat-
ment-dependent live birth and did not return for any 
more ART cycles until August 1, 2023.

Statistical analysis
Data were analyzed and presented using Statistical 
Package for Social Sciences software (SPSS, version 
22.0, IBM, the United States) and R (version 4.1.3). 
Kruskal–Wallis nonparametric method was performed 
when dealing with continuous data. The results were 
reported as median (interquartile range IQR), or with 
a student t-test if variables were normally distributed. 
The frequency (percentage, %) and number of cases for 
categorical data were displayed, and group differences 
were evaluated using the Chi-Square test. The follow-
ing baseline characteristics were matched by propensity 
score matching: age (years), body mass index (BMI, kg/
m2), infertility type (primary or secondary), infertility 
period (years), infertility causes (male, female, or com-
bined), previous existing ovarian related diseases such 
as endometriosis, PCOS and ovarian surgery. With a 
caliper value of 0.1, the match ratio was 1:3 and match-
ing algorithm adopted the nearest neighbor random 
matching without replacement. The conservative CLBR 
estimate was calculated as the number of live births up 
to and including a specific treatment cycle, divided by 
the number of women who started their first ART cycle 
during the study period. After all treatment cycles were 
included in the analysis, the Kaplan–Meier approach 
was used to determine the best estimate of CLBR. Log-
rank test and Kaplan–Meier curves with live birth con-
sidered as an event were used to illustrate differences 
between groups [18]. Two-sided Wald P-values were 
used, with P < 0.05 denoting significance.
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Results
Baseline characteristics
A total of 47 women diagnosed with pSS, involving 80 
IVF/ICSI cycles, were identified and enrolled in the pSS 
group. All 47 patients (100%) were assessed to be in clini-
cal remission. In addition, of the 47 patients included in 
the pSS group, all patients (100%) were treated with 200 
to 400  mg/day of hydroxychloroquine, and 41 patients 
(87.2%) were treated with prednisone at a mainte-
nance dose of 5 to 10 mg/d during IVF procedures. Two 
patients (4.3%) had previously undergone methotrexate 
therapy, but both had stopped for more than one year 
by the time they started IVF treatment and neither of 
them had a successful live birth. Eight patients (17.0%) 
had prior nephritis and most of the clinical manifesta-
tions were mild, mainly as asymptomatic hematuria and 
proteinuria. Of the 15 individuals who ultimately had live 
births, 10 patients (66.7%) showed an SSA/SSB antibody 
titer of 1:100 or more during pregnancy, and 5 patients 
(33.3%) showed an SSA antibody titer of 1:100 or more 
while being negative for SSB antibodies.

Women matched by PSM according to a 1:3 match 
ratio were included in the comparison group, resulting 
in 141 patients with 176 IVF/ICSI cycles (Fig.  1). The 
median age of women at the start of ART was 33.0 years, 
and the number of primary and secondary types was sim-
ilar. Other baseline characteristics, including BMI, type 
of infertility, duration, and cause of infertility, were simi-
lar between the two groups (Table 1). The distributions of 
baseline characteristics and propensity scores were pre-
sented through visualized graphics. The proportions of 
baseline characteristics after matching were almost iden-
tical, and the distribution of propensity scores almost 

coincided between the two groups after matching, con-
firming the validity of PSM matching (Fig. 2).

Ovarian reserve and response
According to the results, the pSS group had a sig-
nificantly lower basal AMH level (0.8 vs. 2.9  ng/mL, 
P < 0.001), than the comparison (Table 2). And the AFC 
was distinctly lower (6.0 vs. 10.0, P < 0.001) in the pSS 
group compared to the comparison. The incidence of 
DOR in the pSS group was slightly higher than that in 
the comparison group (36.2% vs 22.0%, P = 0.053). As for 
the ovarian response, patients in the pSS group exhib-
ited significantly lower estrogen level even undergoing 
similar days and total dose of gonadotropins during con-
trolled ovarian hyperstimulation (1180.0 vs. 1919.5  pg/
mL, P = 0.009). Additionally, the large follicles of pSS 
patients on hCG day were obviously lesser than compari-
son patients (3.0 vs. 9.0, P < 0.001). Based on the Bologna 
criteria, significantly more women with a history of pSS 
were diagnosed as POR than those without pSS (40.4% 
vs. 22.7%, P = 0.018). The rest of the results were gener-
ally consistent between the two groups (Table 2).

Oocyte and embryo viability assessment
Regarding the IVF laboratory outcomes, number of 
oocytes retrieved (5.0 vs. 9.0, P < 0.001) and numbers 
of MII oocytes (3.0 vs. 8.0, P < 0.001) in the pSS group 
were distinctly fewer than the comparison. Hence, 
there were certain differences in the maturation rate 
between the pSS group and the comparison (81.2% vs 
85.8%, P = 0.005). In addition, the 2PN cleavage rate 
were markedly different between the two groups (98.2% 
vs. 99.5%, P = 0.022), while the normal fertilization rate 

Table 1  Demographic characteristics of the pSS and comparison groups

Values are median (IQR) for continuous variables and n (%) for categorical variables

pSS primary Sjögren syndrome, ART​ Aassisted reproductive technology, BMI Body mass index

Characteristics pSS patients Comparison P-value

Number of patients, n 47 141 /

Number of ART cycles, n 80 176 /

Female age at cycle start (y) 33.0(31.0–36.0) 33.0 (31.0–36.0) 0.754

BMI (kg/m2) 20.9(18.7–22.4) 21.0 (19.5–23.1) 0.783

Infertility duration (y) 3(1.0–5.0) 3 (2.0–5.0) 0.450

Infertility type, n (%) 1.000

  Primary 26(55.3%) 78(55.3%)

  Secondary 21(44.7%) 63(44.7%)

Infertility cause, n (%) 0.982

  Female factors only 23 (48.9%) 71 (50.4%)

  Male factors only 0 2 (1.4%)

  Combined male and female factors 20 (42.6%) 55 (39.0%)

  Unexplained 4 (8.5%) 13 (9.2%)
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and available embryo rate was comparable between the 
two groups. It is worth noting that following the embryo 
extended culture, significant differences were observed 
in the D3 good-quality embryo rate (39.3% vs. 50.1%, 
P < 0.001), blastocyst formation rate (52.9% vs. 72.3%, 
P < 0.001) and good-quality blastocyst formation rate 
(33.3% vs. 48.1%, P < 0.001) between pSS group and the 
comparison (Table 3).

Clinical outcomes
Due to the deteriorated embryo development, 21 patients 
in the pSS group had to cancel a total of 38 cycles due to 
lack of available embryos, and the cycle cancellation rate 
was 47.5%, compared with 13 patients in the compari-
son group with a total of 17 cycles, manifesting only 9.7% 
of the cycle cancellation rate (P < 0.001). For all embryo 
transfer cycles, the average numbers of transferred 

Fig. 2  The pre- and post-matching distributions of baseline characteristics and the PSM propensity scores. A the baseline characteristic proportion 
distributions in two groups, before and after PSM matching. B Propensity score distributions in two groups before and after PSM matching

Table 2  Ovarian reserve and response to stimulation in the pSS and comparison groups

Bold fonts were statistically significant

pSS primary Sjögren syndrome, FSH Follicle-stimulating hormone, AFC Antral follicle count, AMH Antimüllerian hormone, DOR Diminished ovarian reserve, E2 Estradiol, 
hCG human chorionic gonadotropin, POR Poor ovarian response

Reproductive results pSS patients Comparison P-value

Number of patients, n 47 141 /

Ovarian reserve

  Day3 FSH 7.6 (6.0–10.4) 7.3 (6.2–9.0) 0.351

  Day3 AFC 6.0 (4.0–11.0) 10.0 (6.0–16.0) < 0.001
  AMH (ng/mL) 0.8 (0.3–2.4) 2.9 (1.5–4.8) < 0.001
  Incidence of DOR 36.2% (17/47) 22.0% (31/141) 0.053

Ovarian response

  Total dose of gonadotropins (IU) 2025.0 (1500.0–2850.0) 2100.0 (1575.0–2700.0) 0.193

  Days of gonadotropins use (d) 9.0(8.0–10.0) 9.0(8.0–10.0) 0.986

  E2 on hCG trigger day (pg/mL) 1180.0(531.0–3515.5) 1919.5 (1209.3–3141.8) 0.009
  No. of large follicles on hCG day 3 (1–7) 9 (5–13) < 0.001
  Incidence of POR 40.4% (19/47) 22.7% (32/141) 0.018
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embryos were 1.5 and 1.2 in the pSS and comparison 
groups, respectively (P = 0.001). And our results showed 
a notably lower implantation rate in the pSS group (37.9% 
vs. 54.9%, P = 0.022), whereas the rates of biochemical 
pregnancy, clinical pregnancy and early miscarriage were 
generally consistent between the two groups.

For one complete cycle, which involves the outcomes 
from all fresh and following frozen/thawed embryo 
transfers after one ovarian stimulation, the LBR of the 
pSS group were distinctly lower than those of the com-
parison group (35.7% vs. 59.7%, P = 0.005) (Table 3). For 
all transfer cycles, which included the fresh and frozen/
thawed embryo transfers of all the patients, the LBR per 
transfer cycle of the pSS group were also significantly 
lower than comparison (22.1% vs. 36.8%, P = 0.022). For 
per complete cycle, the CLBR following every embryo-
transfer procedure increased from 19.1% to 31.9% in 
the pSS group, and from 39.7% to 67.4% in the compari-
son group (P < 0.001), as shown in Fig. 3. The conserva-
tive and optimal CLBRs for up to fifth complete cycles 
were presented in Fig. 4. In general, the CLBR of the first 
complete cycle in the pSS group was 27.7%, later rising 
to 31.9% (conservative) and 46.8% (optimal) for the fifth 

complete cycle, while in the comparison group, the CLBR 
rose from 58.9% for the first cycle to 67.4% (conservative) 
and 83.0% (optimal) for the fifth cycle. The difference in 
conservative and optimal CLBRs between the two groups 
was significant (P < 0.001, both). CLBRs did not increase 
from the fourth complete cycle in the pSS group (Fig. 4).

Obstetric and maternal outcomes
Of the 47 pSS patients with a total of 15 live birth events, 
including 11 singletons pregnancies and 4 twin pregnan-
cies, whereas in the 141 comparison individuals, a total 
of 95 live birth events included 93 singleton pregnan-
cies and 2 twin pregnancies. The obstetric characteristics 
including birthweight, low birthweight, gestational age, 
pre-term birth, as well as cesarean section (only singleton 
pregnancy was counted), are detailed in Table  4. There 
were no significant differences in all the obstetric char-
acteristics except gestational weeks (37.3 vs 38.5  weeks, 
P = 0.009) between pSS group and comparison. The 
maternal and neonatal complications of live-born were 
recorded and are presented in Table  4. One placental 
abnormality and one neonatal defect were observed in 
the pSS group, whereas two placental abnormalities and 

Table 3  IVF/ICSI laboratory outcomes and clinical outcomes of pSS and comparison groups

Bold fonts were statistically significant

pSS primary Sjögren syndrome, IVF/ICSI In vitro fertilization/intracytoplasmic sperm injection, ART​ Assisted reproductive technology, MII Metaphase II, 2PN 2 
pronucleus, ET Embryo transfer, LBR Live birth rate

IVF/ICSI outcomes pSS patients Comparison P-value

Number of ART cycles, n 80 176 /

Laboratory outcomes

  No. of oocytes retrieved per patient 5 (2–11) 9 (6–14)  < 0.001
  No. of MII oocytes per patient 3 (1–9) 8 (5–12)  < 0.001
  Maturation rate 81.2% (519/639) 85.8% (1601/1865) 0.005
  Normal fertilization rate 61.7% (394/639) 64.3% (1199/1865) 0.233

  2PN Cleavage rate 98.2% (387/394) 99.5% (1193/1199) 0.022
  Available embryo rate 82.9% (374/451) 83.7% (1186/1417) 0.701

  D3 good-quality embryo rate 39.3% (155/394) 50.1% (601/1199)  < 0.001
  Blastocyst formation rate 52.9% (135/255) 72.3% (709/980)  < 0.001
  Good-quality blastocyst formation rate 33.3% (85/255) 48.1% (471/980)  < 0.001
Clinical outcomes

  Cycle cancellation rate 47.5% (38/80) 9.7% (17/176)  < 0.001
  No. of ET cycles 68 258 /

  No. of embryos transferred 105 297 /

  Average no. of embryos transferred 1.5 ± 0.5 1.2 ± 0.4 0.001
  Implantation rate 25.7% (27/105) 42.8% (127/297) 0.002
  Biochemical pregnancy rate 50.0% (34/68) 53.9% (139/258) 0.569

  Clinical pregnancy rate 39.7% (27/68) 49.2% (127/258) 0.162

  Early miscarriage rate 18.5% (5/27) 18.1% (23/127) 0.960

  LBR per transfer cycle 22.1% (15/68) 36.8% (95/258) 0.022
  LBR per complete cycle 35.7% (15/42) 59.7% (95/159) 0.005
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one case in both of gestational hypertension and gesta-
tional diabetes were observed in the control group. It is 
worth mentioning that a newborn in the pSS group per-
formed one degree of conduction block and was classified 

among neonatal defects and was followed up to learn 
that the SSA antibody titer was as high as 1:1000 dur-
ing maternal pregnancy. One case in both of pathologic 

Fig. 3  The CLBR following every embryo-transfer procedure. For each complete cycle, the LBR following every embryo-transfer procedure rose 
from 19.1% to 31.9% in the pSS group (red line), and from 39.7% to 67.4% in the comparison group (blue line). Significant differences were found 
between the two groups (P < 0.001)

Fig. 4  The conservative and optimal CLBRs for up to five complete cycles in two groups. The CLBR was 27.7% for the first complete cycle of the pSS 
group, rising to 31.9% (conservative) and 46.8% (optimal) for the fifth cycle. In the comparison group, the CLBR increased from 58.9% for the first 
cycle to 67.4% (conservative) and 83.0% (optimal) for the fifth cycle. The difference of optimal CLBRs between the two groups was significant 
(P < 0.001). CLBRs did not increase from the fourth cycle in the pSS group
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jaundice and pneumonia were observed in the control 
group, whereas neither were observed in the pSS group.

Discussion
As was previously indicated, advancements in ART 
alongside heightened awareness have led to a rising trend 
of infertile patients with pSS seeking ART interventions. 
However, concerns have escalated regarding the nega-
tive effects of pSS antibody on the pregnancy process and 
the newborn [3]. In addition, few studies have explored 
the prevalence of pSS in infertile women and the exact 
impact of pSS on female fertility and its downstream 
effects. There are also no studies that examine whether 
women with pSS irreversibly impaire oocyte and embry-
onic development potential. In the current study, we 
comprehensively assessed the effect of pSS on oocyte and 
embryo competence, ovarian reserve, clinical and obstet-
ric outcomes. The results of present study showed that in 
comparison to women with common infertility, women 
with diagnosed pSS or a history of pSS had compromised 
oocyte and embryo viability and lower ovarian reserve, 
thus resulting in poorer IVF clinical outcomes. We pro-
vided a new perspective on fertility assessment in pSS 
patients in terms of evident observation of oocyte and 
embryo development.

For one thing, the ovarian function was observed a sig-
nificantly diminished in pSS patients compared to com-
parison. Patients with pSS not only exhibited lower AMH 
levels and AFC counts, but also had a much higher inci-
dence of DOR and POR than comparison. This was in 
line with the results of a cohort study of a Turkey popu-
lation, which found the ovarian reserve may be reduced 
in pSS patients [10]. And some prior studies reported 
that patients with pSS experienced early menopause or 
menstrual abnormality more frequently than the general 
population, which can also be a sign of declined ovar-
ian function [19, 20]. In fact, prior investigations have 
reported the impact of autoimmune disorders, notably 
systemic lupus erythematosus (SLE), on female repro-
ductive health, including ovarian reserve impairment 
and heightened susceptibility to premature ovarian fail-
ure [21, 22]. However, in contrast to the extensive scru-
tiny afforded to SLE in the context of female fertility, the 
studies concerning pSS remains notably limited. There-
fore, this study could provide a valuable supplementary, 
especially as more and more pSS patients are choosing 
for ART.

Secondly, as with most autoimmune diseases, envi-
ronmental and hormonal are implicated in the patho-
genesis of pSS. Cumulative evidence suggested low 
estrogen levels, and localized dihydrotestosterone 
deficiency appeared to be more prone to pSS [25, 26]. 
Increasing estrogen exposure could be negatively related 
with risk of pSS [27]. Our findings also showed a signifi-
cantly lower E2 level in pSS group even after controlled 
ovarian hyperstimulation. Of concern is that studies 
revealed that pSS could be associated with dysfunction of 
hypothalamic–pituitary–adrenal (HPA) axis and thyroid 
axes. Distinctly lower basal adrenocorticotropin (ACTH) 
and cortisol levels were found in patients with pSS [28]. 
Not only that, but serum prolactin levels may also be ele-
vated in patients with pSS, which are widely considered 
to be associated with female infertility [29, 30]. Hence, 
in instances where patients diagnosed with pSS present 
with the above clinical attributes, it is essential for them 
to undergo comprehensive assessment by interdiscipli-
nary teams comprising rheumatologists and reproduc-
tive specialists. This collaborative approach will facilitate 
the formulation of tailored treatment strategies aimed at 
optimizing early fertility outcomes.

In terms of oocyte and embryonic development in 
patients with pSS, the present study provided valuable 
insights that have not yet been focused on in previ-
ous studies. It is worth mentioning that our results also 
showed that pSS patients exhibited worse oocyte and 
embryonic development in terms of oocytes retrieval, 
maturation, embryo cleavage and blastocyst formation. 
The potential mechanisms for this could be multifaceted 

Table 4  Obstetric outcomes, maternal and neonatal complications 
between the pSS and comparison groups

Bold fonts were statistically significant

pSS primary Sjögren syndrome
a Only singleton pregnancy outcomes were counted

Characteristics pSS patients Comparison P-value

Number of patients, n 47 141 /

Live birth 15 95 /
  Singletons (n) 11 93 /
  Twins (n) 4 2 /

Obstetric outcomes

  Birthweight (g)a 3007.3 ± 502.9 3196.6 ± 419.8 0.169

  Low birthweight (< 2500 g)a 18.2% (2/11) 3.2% (3/93) 0.086

  Gestational weeksa 37.3 ± 1.8 38.5 ± 1.3 0.009
  Pre-term birth (< 37 weeks)a 27.3% (3/11) 9.7% (9/93) 0.114

  Cesarean section ratea 72.7% (8/11) 84.9% (79/93) 0.382

Maternal complications, n

  Placental abnormalities 1 2 /
  Hypertensive disorder 0 1 /
  Gestational diabetes 0 1 /
Neonatal complications

  Neonatal defects 1 0 /
  Pathologic jaundice 0 1 /
  Neonatal pneumonia 0 1 /
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and complex. Primary Sjogren’s syndrome is a chronic 
autoimmune disease with abnormal immunity activa-
tion. Over-activated immune cells and a variety of auto-
antibodies may play an important role in the process 
[23, 24], but research is needed to further elucidate. For 
patients with pSS undergoing ART, the compromised 
development of oocytes and embryos typically translates 
to suboptimal treatment outcomes, but so far there has 
not been widespread concern about the outcome of ART 
in such patients, and thus there is still no consensus on 
subsequent interventions strategies. Nonetheless, we 
still advocate early involvement of rheumatologists and 
reproductive specialists in the evaluation and manage-
ment of infertility in patients diagnosed with pSS, taking 
into account the patient’s ovarian reserve function and 
the development of oocyte and embryos, and integrat-
ing a combination of pSS treatment and ART to closely 
monitor the development of oocytes and embryos in 
order to achieve the best therapeutic outcome. It’s worth 
noting that our results showed that even pSS was in a 
remission period, patients still had impaired oocyte and 
embryo development and poor clinical outcomes. There-
fore, any patient with pSS who intended to undergo ART 
should implement so as soon as possible after evaluation 
of the disease and try not to let age be a second barrier to 
fertility.

Additionally, our previous work found that SLE 
patients also exhibit oocyte and embryonic developmen-
tal abnormalities [31], which may imply some common-
alities between autoimmune diseases.Delving deeper into 
the potential mechanisms may enrich our understand-
ing of their complex relationship.In relation to the clini-
cal pregnancy, our study provides a more comprehensive 
assessment of clinical outcomes, and our results show 
that even when more embryos are transferred on average, 
the rates of implantation, LBR per complete cycle, and 
LBR per transfer are distinctly decreased in pSS patients 
than in comparison patients. Actually, similar to our 
findings, a case–control study by Priori et  al. reported 
that the average number of pregnancies in pSS patients 
were quite lower than normal patients [32]. However, it 
should be noted that some previous works differ from 
our results. As early as 1994, a study by Fotini et al. found 
that the viable infant rate between pSS patients and con-
trol were comparable [33]. This conclusion was in line 
in another study in Denmark, which reported that preg-
nancy and live births between pSS patients and controls 
were generally similar [34]. But what has to be mentioned 
is that above previous studies assessed the pregnancy 
outcomes of pSS patients included pregnancies before 
and after diagnosis, representing a possible bias [11, 
12, 32–34], whereas our studies only included patients 
after diagnosis of pSS. It’s reasonable to speculate that 

pSS may exert a relatively small effect on patient with 
pre-diagnostic pregnancy, which have been confirmed 
in some subgroup studies. Priori et al. reported that the 
average pregnancies per woman with the diagnosis of 
pSS was only 1.27, which was less than the women prior 
to the diagnosis of pSS, which was two. Moreover, several 
studies included patients who were menopausal women, 
and related information may be obtained through ques-
tionnaires or oral surveys tracing childbearing history at 
a young age [11, 33, 34], which has a great potential for 
bias. In addition, some retrospective studies have simply 
reported pregnancy rates and live births in patients with 
pSS without control group [35]. Therefore, conclusions 
in many previous studies were doubtful due to various 
bias, while our study offered relatively objective evidence 
by enrolling clinical diagnosed pSS patients from differ-
ent hospitals, with propensity score matched analysis and 
visualized oocyte and embryo manifestation, and further 
showing impaired CLBR and implantation condition 
of pSS patients, so we have more reason to believe that 
the pSS patients did suffer from deteriorated pregnancy 
outcomes.

Furthermore, the impact of pSS on fertility outcomes 
may not be limited to pregnancy outcomes. Women with 
pSS could experience amenorrhea or menstrual disor-
ders significantly more often than normal women [19]. 
And not only that, but studies reported that pSS mothers 
may experience a delayed pregnancy, which means giving 
birth at an older age than normal ones [9], this in turn 
leads to a decline in ovarian reserve, and further make it 
increasingly difficult for them to conceive. Hence, we still 
emphasize the need for a combination of pSS treatments, 
a comprehensive fertility evaluation, and ART treatments 
for a comprehensive range of therapeutic options. Addi-
tionally, many prior studies reported that pSS may be 
associated with preterm birth, low birthweight and neo-
natal defects especially neonatal heart block [34, 36, 37]. 
A substantial correlation between congenital heart block 
and anti-Ro/SS-A and anti-La/SS-B have been demon-
strated in previous studies [38–40]. A meta-analysis of 
nine studies suggested that SS was highly associated with 
preterm birth (RR = 2.27, 95% CI 1.46‒3.52) and low birth 
mass (RR = 1.99, 95% CI 1.34‒2.97) [37], and this con-
clusions were also similar to our results. Additionally, 
a literature review including seven studies by Sara et al. 
showed that pSS patients could accompanied with dis-
tinct increases of spontaneous abortions, preterm deliv-
eries and cesarean section [12], and presented that pSS 
was responsible for adverse clinical outcomes. It’s worth 
noting that a newborn in our pSS group performed one 
degree of conduction block and the maternal SSA anti-
body titer was as high as 1:1000 during pregnancy, which 
gives us more alert in providing pregnancy instruction in 
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pSS patients with high SSA antibody titer. Although the 
other neonatal outcomes were essentially similar to the 
normal group, due to sample size limitations, more large-
scale evidence and follow-up also need to be conducted 
in future studies.

Strength and limitation
Strength:
The present study first provided a new perspective on 
the impact of pSS on female fertility in terms of oocyte 
and embryo viability, while prior researchers had usu-
ally concentrated on obstetric and fetal complications of 
pSS. Meanwhile, the study also took the ovarian reserve 
and clinical pregnancy outcomes of pSS patients into 
consideration, which was a comprehensive analysis of 
the impact of pSS on female fertility. In addition, this 
study combined data from several hospitals, and the cor-
responding comparison group excluded possible inter-
ferences such as a history of endometriosis, PCOS, and 
ovarian surgery by PSM matching. Lastly, both conserva-
tive and optimistic CLBRs were calculated to exhibit the 
ART outcomes that patients were most concerned about.

Limitation:
This study also has several certain limitations. Firstly, 
it’s a retrospective study, which is always relevant to an 
inevitable risk of bias. Secondly, two patients had been 
treated with methotrexate therapy, which may also 
potentially affect their ovarian function. Lastly, due to its 
special population selection, the sample size of this study 
is not quite large.

Conclusion
In conclusion, this study showed that women with a clini-
cal diagnosis of pSS presented deteriorated oocyte and 
embryonic development, even in remission. Also, women 
with pSS exhibited diminished ovarian reserve and 
impaired clinical pregnancy outcomes. This study offers 
evidence to support future research on the effects of pSS 
and other autoimmune diseases on female fertility, and it 
also calls for more attention to be given to these patients 
by reproductive physicians and rheumatologists, as well 
as timely intervention for fertility impairment. Compre-
hensive fertility assessment and followed individualized 
fertility guidance are recommended for patients with a 
history of pSS. More large-scale and multi-center studies 
are required to further investigate the mechanisms of the 
impact of primary Sjögren syndrome on female fertility.
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