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Abstract
Objective

We evaluated age at natural menopause and the prevalence of premature ovarian failure (POF) in a monocentric 
Caucasian cohort of patients with systemic lupus erythematosus (SLE).

Methods
In this cross-sectional study, we enrolled women affected by SLE compared with healthy controls (HC) to investigate 
GDWD�DERXW�QDWXUDO�PHQRSDXVH��DPHQRUUKRHD�IRU�DW�OHDVW����PRQWKV�DW�����\HDUV��DQG�32)��DPHQRUUKRHD�IRU�DW�OHDVW�

���PRQWKV�DW�����\HDUV���

Results
:H�HQUROOHG�����6/(��PHGLDQ�DJH������\HDUV��,45�������PHGLDQ�GLVHDVH�GXUDWLRQ�����PRQWKV��,45������DQG����+&�

�PHGLDQ�DJH������\HDUV��,45��������1LQHW\�IRXU�6/(���������DQG����+&���������ZHUH�PHQRSDXVDO��PHGLDQ�DJH�DW�RQVHW�
ZDV�VLJQLÀFDQWO\�ORZHU�LQ�6/(�WKDQ�+&�����\HDUV��,45�����YV�������\HDUV��,45����S ���������32)�ZDV�UHJLVWHUHG�LQ�

����RI�WKH�6/(��DQG�LQ�QRQH�RI�WKH�+&��S����������32)�ZDV�VLJQLÀFDQWO\�DVVRFLDWHG�ZLWK�DQWL�6P��S ���������DQWL�513�
�S �������DQWL�FDUGLROLSLQ��S ���������OXSXV�DQWLFRDJXODQW��S ���������WUHDWPHQW�ZLWK�F\FORSKRVSKDPLGH��S ���������

D]DWKLRSULQH��S ���������P\FRSKHQRODWH�PRIHWLO��S ���������F\FORVSRULQH�$��S ��������

Conclusion
SLE patients develop menopause at a younger age; moreover, a higher POF frequency was observed in SLE patients 
LQ�FRPSDULVRQ�ZLWK�+&��32)�LV�DVVRFLDWHG�ZLWK�VSHFLÀF�6/(�UHODWHG�DXWRDQWLERGLHV�DQG�WKH�XVH�RI�LPPXQRVXSSUHVVDQW�

drugs, in particular cyclophosphamide. 
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Introduction
1DWXUDO� PHQRSDXVH� LV� GHÀQHG� DV� WKH�
permanent interruption of menstrua-
tion due to loss of ovarian follicular 
activity; it occurs after 12 consecu-
tive months of amenorrhoea, without a 
pathologic aetiology (1).
The age at natural menopause seems 
WR�EH�PDLQO\�LQÁXHQFHG�E\�JHQHWLF�IDF-
tors; moreover, several studies reported 
an association between menopausal 
age and socio-economic status, ethnic-
ity and lifestyle background. Women 
suffering from autoimmune diseases, 
such as systemic lupus erythematosus 
(SLE), seem to develop menopause at 
younger age. Indeed, hormonal factors 
play a fundamental role in SLE devel-
opment, as also demonstrated by the 
prevalent involvement of women of 
reproductive age (2-6). 
Furthermore, a higher frequency of 
ovarian dysfunction has been described 
in SLE: these patients could experience 
LQFUHDVHG�PHQVWUXDO�ÁRZ��ROLJRPHQRU-
rhoea, temporary amenorrhoea, earlier 
menopause and premature ovarian fail-
XUH� �32)��� GHÀQHG� DV� WKH� SHUPDQHQW�
interruption of menstruation before the 
age of 40 years (7-10). The presence of 
a cause-effect link between the disease 
DQG�VXFK�PRGLÀFDWLRQV�UHPDLQV�SRRUO\�
understood. The role of disease activity 
and chronic damage, together with the 
administration of immunosuppressant 
drugs, has been suggested (8).
In particular, it is well known that cy-
clophosphamide (CYC) treatment may 
FDXVH� RYDULDQ� LQVXIÀFLHQF\�� ZLWK� D�
prevalence ranging from 11% to 59% of 
treated patients; the risk seems to be as-
sociated with patients’ age and cumula-
tive drug dosage (11). 
Conversely, few data are available 
concerning POF development in non-
CYC treated patients. In this setting, a 
prevalence similar to general popula-
tion (0.6–2.7%) has been described in 
SLE. Nevertheless, an association with 
disease activity and anti-corpus luteum 
antibodies has been observed, suggest-
ing an autoimmune aetiology (7, 12, 
13). Moreover, data from the LUMINA 
cohort showed an association between 
POF and Texan-Hispanic ethnicity, re-
gardless of CYC treatment (14). 
Moving from these premises, we per-

formed a cross-sectional study in a 
large monocentric Caucasian SLE co-
hort in order to evaluate the prevalence 
of POF and its associations with dis-
ease features. 

Patients and methods
We enrolled consecutive women with 
SLE referring to the Lupus Clinic of 
the Rheumatology Unit, Sapienza 
University of Rome (Sapienza Lupus 
Cohort��� 3DWLHQWV� ZHUH� FODVVLÀHG� DF-
cording to the revised 1997 American 
College of Rheumatology criteria (15). 
Healthy women without any autoim-
mune disease referring to the Gynaecol-
ogy Department of Sapienza University 
of Rome were consecutively enrolled 
as the control group. Both patients and 
controls provided written informed con-
sent at the time of the enrollment. The 
study was approved by the ethics com-
mittee of Policlinico Umberto I, Rome.
For each SLE patient, the clinical and 
serological data, including demograph-
ics, past medical history with the date 
of diagnosis and treatments, were col-
lected in a standardised, computerised, 
DQG�HOHFWURQLFDOO\�ÀOOHG�IRUP��7KH�VWXG\�
protocol included the determination of 
autoantibodies and the evaluation of C3 
and C4 serum levels. Antinuclear anti-
bodies (ANA) were determined by indi-
UHFW�LPPXQRÁXRUHVFHQFH��,,)��RQ�+(S�
���WLWUH��������RU����RQ�D�VFDOH�IURP���WR�
������� DQWL�GRXEOH�VWUDQGHG�'1$� �GV-
DNA) with IIF on Crithidia Luciliae 
�WLWUH� �������� (1$� �LQFOXGLQJ� DQWL�5R�
66$�� DQWL�/D�66%�� DQWL�6P�� DQG� DQWL�
RNP) were analyed by enzyme-linked 
immunosorbent assay (ELISA) con-
sidering titres above the cut-off of the 
reference laboratory, anti-cardiolipin 
�D&/���,J*�,J0�LVRW\SH��ZHUH�DQDO\VHG�
by ELISA, in serum or plasma, at medi-
um or high titres (e.g. >40 GPL or MPL 
RU� DERYH� WKH� ��WK� SHUFHQWLOH��� DQWL�ơ��
JO\FRSURWHLQ�,� �DQWL�ơ�*3,�� �,J*�,J0�
isotype) analysed by ELISA, in serum 
(above the 99th percentile), and lupus 
anticoagulant (LA), according to the 
guidelines of the International Society 
on Thrombosis and Hemostasis. Finally, 
C3 and C4 serum levels were deter-
mined by radial immunodiffusion.
By interview, obstetric and gynaeco-
logical features were investigated in 
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both patients and controls: in particular, 
we registered age at menarche, occur-
rence and age of menopause, history 
of hysterectomy. Natural menopause 
ZDV� GHÀQHG� DV� WKH� DEVHQFH� RI�PHQVHV�
for at least 12 months in women aged 
����\HDUV��$V�DERYH�UHSRUWHG��32)�ZDV�
GHÀQHG�DV�DPHQRUUKRHD�IRU�DW� OHDVW����
months in women <40 years. 
In SLE patients, at the time of enrol-
ment we assessed chronic damage by a 
PRGLÀHG�6/,&&�'DPDJH�,QGH[��6',��
(16), excluding the item regarding pre-
mature gonadal failure.

Statistical analysis
Categorical variables are summarised 
as frequencies and percentages, while 
continuous variables are presented as 
means and standard deviation (SD) or 
median (range) and interquartile range 
(IQR), if normally or non-normally dis-
tributed, respectively. Mann-Whitney 
test was performed when appropriate. 
Univariate comparisons between nomi-
nal variables were calculated using chi-
square test or Fisher’s exact-test, where 
appropriate. 
Multivariate analysis was performed 
using binary logistic regression. The 
results are presented as ORs with their 
95% CIs. In order to perform the multi-
variate analysis, we used a step-forward 
model including, progressively, those 
variables with p<0.1 (so also those 
that showed a trend of an association) 
to have a stronger model. p-values less 
WKDQ� �����ZHUH� FRQVLGHUHG� VLJQLÀFDQW��
We used version 13.0 of the SPSS sta-
tistical package.

Results
We consecutively enrolled 196 Cau-
casian women with SLE (median age 
47.0 years, IQR 16.7; median disease 
duration 132 months, IQR 180). Table I 
reports the demographic, clinical, labo-
ratory and gynaecological features, and 
treatment during disease course. 
As controls, we enrolled 90 HC (me-
dian age 49.9 years, IQR 15.0). Ninety-
four SLE patients (48.0%) and 26 HC 
(23.4%) were in menopausal status: 
the median age at occurrence was sig-
QLÀFDQWO\� ORZHU� LQ� 6/(� WKDQ� +&� ����
years, IQR 8.0 vs. 50.5 years, IQR 4; 
p=0.0001; Fig. 1).

Among the SLE patients, a natural 
menopause was observed in 70 subjects 
(74.4%), surgical in 7 (7.4%), iatro-
JHQLF��VSHFLÀFDOO\�GUXJ�LQGXFHG��LQ����
(18.1%). In particular, 13 (13.8%) SLE 
patients referred the occurrence of men-
opause after CYC exposure. The medi-
an age at the time of CYC exposure was 
29 years (IQR 15.5), the median inter-
val between treatment and menopause 
occurrence was 5.5 years (IQR 10.7).
For further evaluation, we excluded 
SLE patients with POF due to surgical 
procedures. Thus, POF was reported by 
������SDWLHQWV����������WKLV�SUHYDOHQFH�

ZDV�VLJQLÀFDQWO\�KLJKHU�LQ�FRPSDULVRQ�
with HC group, in which none of sub-
jects experienced POF (p=0.0001). 
By comparing SLE patients with and 
ZLWKRXW�32)��D�VLJQLÀFDQWO\�KLJKHU�IUH-
quency in the prevalence of anti-Sm 
(31.2% vs. 10.2%; p=0.0004), anti-RNP 
(25.0% vs. 12.8%; p=0.02), aCL (50.0% 
vs. 26.9%; p=0.0008) and LAC (37.5% 
vs. 17.9%; p=0.002) was observed. 
Concerning the association with treat-
ment, as expected, CYC was more fre-
quently taken in patients who developed 
POF (56.0% vs. 11.0%; p=0.0001). 
Moreover, these subjects showed a 

Table I. Demographic, clinical, laboratory and gynaecological characteristics, and treatment 
history of 196 SLE women enrolled in the study.

 SLE women Menopausal SLE women
 (n=196)  (n=94)

Demographic features  
Median age, IQR (years) 47.0, 16.7 49.0,11.0
Median disease duration, IQR (months) 132.0, 180.0 138.0, 228.0
Median SDI, IQR 0, 1 0, 1
6',�����Q����� ����������� ����������
Current smoking, n (%) 54  (27.5) 29  (30.8)
Past smoking, n (%) 35  (17.8) 18  (19.1)
Median BMI, IQR 23.3, 5.3 23.1, 6.4
Antiphospholipid syndrome, n (%) 40  (20.4) 19  (20.2)
Autoimmune disease, n (%) 41  (20.9) 21  (22.3)

Gynaecological characteristics  
Mean age at menarche ± SD 12 ± 1.4 12.1 ± 1.4
Menses in previous 12 mts
Present, n (%) 102  (51.5) 0
Absent, n (%) 94  (48) 94  (100)
History of hysterectomy, n (%)         7  3.5)        7  (7.4)

Clinical manifestations, n (%)  
Malar rash 147  (75) 72  (76.6)
Discoid rash 8  (4.1) 5  (5.3)
Joint involvement 169  (86) 86  (91.4)
Serositis 40  (20.4) 20  (21.2)
Renal involvement 50  (25.5) 22  (23.4)
Neuropsychiatric involvement 26  (13.2) 16  (17)
Haematological manifestations 106  (54.1) 45  (47.9)
/RZ�&��&��OHYHO� ������������ ����������

Laboratory manifestations, n (%)  
ANA  196  (100) 94  (100)
Anti-dsDNA  97  (49.5) 38  (40.4)
Anti-SSA  67  (34.2) 33  (35.1)
Anti-RNP  29  (14.8) 14  (14.9)
Anti-Sm 27  (13.7) 13  (13.8)
Anti-SSB  26  (13.2) 11  (11.7)
$QWL�FDUGLROLSLQ�,J*�,J0� ����������� ����������
$QWL�ơ�*OLFRSURWHLQ�,�,J*�,J0� ����������� ��������
Lupus anticoagulant 44  (22.4) 20  (21.2)

Treatments, n (%)  
Glucocorticoids 196  (100) 94  (100)
Hydroxychloroquine  185  (94.3) 87  (92.5)
Mycophenolate mofetil  51  (26) 24  (25.5)
Methotrexate  43  (21.9) 27  (28.7)
Azathioprine  67  (34.1) 34  (36.1)
Cyclosporine A  44  (22.4) 21  (22.3)
Cyclophosphamide 33  (16.8) 18  (19.1)
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VLJQLÀFDQW� PRUH� IUHTXHQW� KLVWRU\� RI�
treatment with azathioprine (62.5% 
vs. 30.7; p=0.0001), mycophenolate 
mofetil (50% vs. 20.5%; p=0.0001) 
and cyclosporine A (37.5% vs. 19.2%; 
p ������ 1R� VLJQLÀFDQW� GLIIHUHQFHV�
were found in terms of clinical mani-
festations and mean SDI. 
A multivariate analysis to evaluate the 
factors associated with POF occurrence 
was performed. The logistic regression 
FRQÀUPHG� WKH� DVVRFLDWLRQ� EHWZHHQ�
POF and CYC exposure (p=0.007, OR 
6.6, 95%CI 1.6–26.4).

Discussion
In the present study, performed on a 
large Caucasian SLE cohort, we ob-
VHUYHG�D�VLJQLÀFDQWO\�ORZHU�DJH�DW�PHQ-
opause in SLE patients in comparison 
ZLWK� +&�� LQ� DGGLWLRQ�� D� VLJQLÀFDQWO\�
higher frequency of non-surgical POF 
was observed. 
Since SLE occurs mostly in women 
of child-bearing age, the reproductive 
KHDOWK�LV�DQ�LPSRUWDQW�WRSLF��VLJQLÀFDQW-
O\� LQÁXHQFLQJ� SDWLHQW·V� TXDOLW\� RI� OLIH��
3UHJQDQF\� SODQQLQJ� FRXOG� EH� GLIÀFXOW�
for SLE patients not only due to disease 

activity and treatments, but also due to 
decrease in fertility and shortness of 
fertile period (17, 18). Furthermore, it 
should be considered the relationship 
between menopause and complications 
of SLE, especially osteoporosis and 
premature atherosclerosis. In fact, SLE 
as well as menopause are risk factors 
for osteoporosis and fragility fracture 
(19). Moreover, the risk of cardiovascu-
lar disease, the most common cause of 
death in SLE patient, can be increased 
by POF occurrence (20). 
We moved from a review of data pub-
lished so far in the literature concerning 
menopause in SLE cohorts: the main 
results are summarised in Table II. 
2QO\�WZR�VWXGLHV�VSHFLÀFDOO\�HYDOXDWHG�
the age at menopause occurrence. Our 
results are in agreement with the study 
conducted in a Finnish cohort by Ekb-
lom-Kullberg and colleagues, showing 
a mean age at menopause of 44.9 years 
(18). Conversely, Alpizar-Rodriguez 
and colleagues observed higher mean 
age in a Mexican population (46.4 
years) (1). These results could suggest a 
possible role of ethnicity in determining 
the age at menopause. Moving on POF 
RFFXUUHQFH��ZH� LGHQWLÀHG�D�SUHYDOHQFH�
of 18.4% in our cohort. This was higher 
compared with HC and previously as-
sessed cohorts. Similarly to menopau-
sal age, we hypothesised the possible 
role of ethnicity. In fact, all the stud-
LHV�ï�H[FHSW�IRU�WKH�DQDO\VLV�FRQGXFWHG�
by Ekblom-Kullberg and colleagues 
ï� HYDOXDWHG� RWKHU�WKDQ� &DXFDVLDQ� FR-
horts, with a prevalence of POF ranging 
from 5.4% to 12.0% (18).
As previously described, we observed 
D�VLJQLÀFDQW�DVVRFLDWLRQ�EHWZHHQ�32)�
DQG�&<&�WUHDWPHQW��FRQÀUPHG�DW�PXO-

tivariate analysis. Data from litera-
ture described a prevalence of POF in 
CYC-exposed SLE patients ranging 
from 11% to 59%, depending on the 
study design, drug dosage and patients’ 
features (23-29). In particular, the risk 
of CYC-related POF seems to be asso-
ciated with patient’s age and cumula-
tive drug dosage (11).
0RUHRYHU�� LQ�RXU� FRKRUW�ZH� LGHQWLÀHG�
DW� XQLYDULDWH� DQDO\VLV� D� VLJQLÀFDQW� DV-
sociation between POF and other im-
munosuppressive agents, in particular, 
mycophenolate mofetil, azathioprine 
and cyclosporine A. This association 
has not been previously observed in 
the literature. We can speculate the role 
of a more severe disease course requir-
ing immunosuppressive therapy, as 
suggested by the lack of association at 
multivariate analysis. Indeed, several 
studies suggested that SLE disease ac-
tivity is involved in the development of 
ovarian dysfunctions (8). 
In this context, we could explain the 
association between POF and positiv-
ity for anti-Sm and anti-RNP autoan-
tibodies. In particular, anti-Sm can be 
detected in 5–30% of SLE patients (31-
32) and seem associated with disease 
activity and the occurrence of disease 
ÁDUHV����������
Finally, we found an association be-
tween POF and antiphospholipid (aPL) 
DQWLERGLHV��VSHFLÀFDOO\�D&/�DQWLERGLHV��
These antibodies are associated with 
thrombotic events, including ovar-
ian vein thrombosis and reproductive 
failure in women with SLE or primary 
aPL syndrome (35-37). By evaluating 
a large cohort of POF patients, Cherny-
shov et al. observed a higher frequency 
of aCL in comparison with healthy 

Table II. Studies on menopause in SLE cohorts. 

6WXG\� Q� (WKQLFLW\� 0HDQ�DJH�DW� 32)����� ,GHQWLÀHG�ULVN�IDFWRUV
   menopause 
   (years)  

Medeiros, 200121 71 NS NS 11.3 Olderage, CYC
Gonzalez, 200814 316 Hispanic, Afro-American NS 11.7 Disease activity, 
     Texan-Hispanic ethnicity, CYC
Ekblom-Kullberg, 200918 206 Finnish 44.9  13.1 NS
Alpizar-Rodriguez, 20141 961 Mexican 46.4 NS Age at SLE diagnosis
Akawatcharangura, 201521 92 Thai NS 12.0 CYC, duration of disease
Mayorga, 20167 961 Mexican NS 5.4 Disease activity, CYC

NS: nRW�VSHFLÀHG��&<&��F\FORSKRVSKDPLGH��32)��SUHPDWXUH�RYDULDQ�IDLOXUH�

Fig. 1. Box and whiskers plot (median, quar-
tiles, range) representing age at the menopause 
onset in systemic lupus erythematosus - SLE 
(n=94) and healthy controls - HC (n=26).   
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controls (38). In addition, aCL posi-
tivity have been associated with lower 
estradiol levels in premenopausal SLE 
patients (39). These evidences, togeth-
er with our results, could suggest a pos-
sible role of aPL, in particular aCL, in 
POF development.
Certainly, the present study shows 
some limitations, in particular the small 
sample size of both menopausal SLE 
patients and controls and the retrospec-
tive nature of the study. Moreover, a re-
FDOOLQJ�ELDV�FRXOG�LQÁXHQFH�WKH�UHVXOWV��
Further studies, with larger SLE cohorts 
and a prospective design should be per-
IRUPHG�LQ�RUGHU�WR�FRQÀUP�RXU�UHVXOWV�
In conclusion, our study provides in-
formation about the menopausal age 
and POF occurrence in a SLE Cauca-
VLDQ�FRKRUW��,Q�SDUWLFXODU��ZH�LGHQWLÀHG�
a higher prevalence of POF associated 
ZLWK�VSHFLÀF�6/(�DVVRFLDWHG�DQWLERGLHV�
and immunosuppressant treatment.  
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