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Abstract

The aim of the present study was to identify the risk factors for ovariegy words

failure in patients with systemic lupus erythematosus. Seventy-on@varian failure

women aged 17 to 45 years with systemic lupus erythematosus wesstemic lupus

studied. Patients were interviewed and their medical records ré&lythematosus

viewed. Demographic characteristics, clinical and serologic profilesisk factors

and menstrual and obstetric histories were recorded. Disease activ ?dOphOSpham'de
. . « Pfemature menopause

was measured by the systemic lupus erythematosus disease activity

index. Serum FSH, LH, estradiol, progesterone, TSH, prolactin, and =~~~

antimicrosomal and antithyroglobulin antibodies were measured. Pa-

tients who developed ovarian failure were compared to those who did

not. Ovarian failure occurred in 11 patients (15.5%) and nine had

premature menopause (11.3%). Cyclophosphamide administration

and older patient age were found to be associated with ovarian failure.

The cumulative cyclophosphamide dose was significantly higher in

patients with ovarian failure than in those without this condition (18.9

vs9.1 g; P =0.04). The relative risk for ovarian failure in patients with

cumulative cyclophosphamide dose higher than 10 g was 3.2. TSH

levels were high in 100% of patients with ovarian failure who had

received pulse cyclophosphamide. Ovarian failure, and premature

menopause in particular, is common in patients with systemic lupus

erythematosus, with the most important risk factors being cyclophos-

phamide dose and age. Thyroid problems may be another risk factor

for ovarian failure in patients with lupus.

Introduction ciated with the onset of ovarian failure in
patients diagnosed with SLE are disease ac-
Systemic lupus erythematosus (SLE) igivity (1), anti-ovarian antibodies (2,3), cyto-
an autoimmune disease which mainly affecttoxic agents (4-8) and, more recently, use of
women of reproductive age. Menstrual alterthalidomide (9,10). Other potential causes of
ations ranging from increased cycle flow,ovarian insufficiency not specific for lupus
generally due to thrombocytopenia, to temare polyglandular insufficiency, viral infec-
porary amenorrhea and premature menopausens, smoking, oophorectomy, emotional
are fairly common in these patients. disorders, and idiopathic origin (11).
The main factors which have been asso- Cyclophosphamide is the immunosup-
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pressive agent of choice for the treatment dfeatment at the above-mentioned hospital,
various complications of SLE and, there-aged 16 to 45 years, who agreed to partici-
fore, is the factor most highly associategate were included in the study. Exclusion

with ovarian insufficiency. Gonadal toxicity criteria were patients with known causes of

should be of great concern in premenopausaécondary amenorrhea, such as chronic re-
women who take cyclophosphamide. Theaal insufficiency, and reported hysterectomy

frequency of ovarian insufficiency in SLE or oophorectomy.

patients treated with this drug ranges from This is a retrospective cohort study.

11 to 59% in different studies and depends

on the dose used, the age of the patient amnkthods

methodological differences (4-8,12-14).

Since estrogens have biological effects A questionnaire was administered to pa-
which protect the cardiovascular system, asients in order to obtain sociodemographic
well as the skeletal system from bone lossjata (age, race, marital status, education,
estrogen deficiency is linked with a greatesmoking habit), clinical data (duration of
risk for cardiovascular disease (15) and oddisease, clinical manifestations, drugs used
teoporosis (16), thus contributing to highetto treat lupus), and gynecologic-obstetric his-
morbidity and mortality among patients di-tory (age at menarche, date of latest men-
agnosed with lupus. The potential for othestrual cycle, number of gestations and abor-
risk factors for the reduction of bone mass itions, curettages, gynecological surgeries,
this group of patients, such as use of corticand methods of birth control used). At the
steroids, lower exposure to sunlight, the cortime of the interview, a disease activity score
troversial use of hormone-replacement therawas determined according to SLE disease
py (17-19), along with hypoestrogenism secactivity index (SLEDAI) criteria (21). The
ondary to cyclophosphamide-induced ovarfollowing laboratory tests were obtained:
ian failure, renders women diagnosed witlblood cell count, hemosedimentation rate,
SLE far more susceptible to the developmeasurement of follicle-stimulating hormone
ment of osteoporosis. (FSH), luteinizing hormone (LH), estradiol,

Thus, itis crucial to identify those factorsprogesterone, prolactin, thyroid-stimulating
most often associated with ovarian insuffihormone (TSH), antinuclear factor, anti-
ciency in patients with SLE in order thatDNA, anti-Sm, antithyroglobulin, and anti-
preventive and therapeutic measures may lmicrosomal antibodies, protein count, crea-
taken to minimize the risk of these complicatinine, and urinalysis. Hormonal determina-

tions. tions were performed by radioimmunoas-
say.

Material and Methods The charts of all patients were reviewed
exhaustively in order to complement the data

Study population collected (disease manifestations, results of

laboratory workup, drug usage, and calcula-
The study population consisted of femaldion of cumulative dose of cyclophospha-
patients diagnosed with SLE, in accordancenide). The cumulative dose of venous cy-
with the criteria of the American College ofclophosphamide was calculated by summing
Rheumatology (20), attended continuoushall the dosages registered in the medical
at the Rheumatology Service of the Univerprescriptions. Cyclophosphamide pulse ther-
sity Hospital of the Federal University of apy schemes followed the classic standards
Ceara, from January 1999 to March 2000ceported in the medical literature (22): seven
All patients with a diagnosis of SLE undermonthly pulses (0.5-1 gAyn followed by
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pulses given every three months for 18-24<0.001) and had longer duration of lupus
months (1 g/, with doses adjusted ac-than the control group (8.7 and 4.8 years;
cording to platelet and leukocyte levels. P<0.01). The groups did not differ signifi-
The protocol was approved by the Hospicantly in the types of cutaneous, articular,
tal Ethics Committee and informed consenserositis, renal, neurologic, hematologic or
was obtained from all patients. laboratory manifestations. With regard to
Ovarian insufficiency was considered totreatment, there was a significant difference
have occurred in cases of amenorrhea lastnly in the use of cyclophosphamide pulse
ing longer than 4 months, excluding pregtherapy, which was observed in 81.8% pa-
nancy. Premature menopause was defined tignts with ovarian insufficiency, as opposed
the presence of amenorrhea for at least 12 28.3% of the patients that were still men-
months, confirmed by estradiol (0-14 pg/struating (P = 0.001). No patient reported the
ml), FSH (42-126 mlU/ml) and LH (11-50 use of oral cyclophosphamide in either group.
mlU/ml) levels, that had occurred before 40rhe mean SLEDAI score was higher in the
years of age. control group than in the group with amenor-
rhea (10.8 and 5.4; P = 0.08). The gyneco-
Statistical analysis

1563

The Student-test for independent sam- Table 1. Demographic and clinical characteristics of patients with systemic lupus

ples, the Fisher exact test and the chi-squa

erythematosus according to the presence or absence of ovarian insufficiency.

and Mann-Whitney tests were applied whel variable Normal Ovarian P
appropriate. Risk factors for ovarian insuffi- menstruation (N = 60) insufficiency (N = 11)
C'enCY were studied by multlple IOgIStIC re- Age at time of study (mean * SD) 289 £ 75 372 +£58 <0.001
gression (23)- lliness duration, in years 4.8 £ 4.2 8.7 + 4.7 <0.01
(mean + SD)
Results Marital status (%6)
Married 32 (53.3) 9 (81.8)
Single 28 (46.7) 2(18.2)
Seventy-one women diagnosed with SLE  Schooling (%) NS
were studied, with a mean age of 30 year [literate/literate 10 (16.6) 2 (18.2)
- 17-45 d . telv 5 Elementary level 31 (51.7) 8 (72.7)
(range: - years) an approximatély 9. igh.school level 18 (30.0) 1.1
years of disease. The most common clinicé  Higher education 1(1.7)
manifestations were articular (93%), cutane Whites (%) 41 (68.3) 5 (45.4) NS
. Smoking (%) 15 (25.0) 2(18.2) NS
0, 0,
ous (76 /0)’ renal (59'1A)) and Ieulf(.)per_m Cutaneous manifestations (%) 47 (78.3) 7 (63.6) NS
(47.9%). Antinuclear factor was positive in arhritis (9) 56 (93.3) 10 (91.0) NS
98.5%. Sixty women still had regular men- Pleural serositis (%) 7 (11.7) 2(18.2) NS
strual cycles, while 11 (15_5%) had been it Cardla‘clmanlfestatlons (%) 11 (18.3) 4 (36.4) NS
Nephritis (%) 34 (56.7) 8 (72.7) NS
amenorrhea for at least 4 r_non_ths and_ Wel ¢S involvement (%) 9 (15.0) 1(9.1) NS
thus assigned to the ovarian insufficiency Thrombocytopenia (%) 15 (25.0) 4 (36.4) NS
group (Table 1). Eight of the 11 patients witt Hemolytic anemia (%) 17(28.3) 3(27.3) NS
. . ffici fulfilled criteria for the Leukopenia (%) 29 (48.3) 5 (45.5) NS
oyarlan !nsu iciency Positive antinuclear factor (%) 59 (98.3) 11 (100.0) NS
diagnosis of premature menopause, COIT¢ chioroquine use >6 months (%) 39 (65.0) 5 (45.5) NS
sponding to a prevalence of 11.3% for pre Azathioprine use >6 months (%) 9 (15.0) 2(18.2) NS
: Venous cyclophosphamide use (%) 17 (28.3) 9 (81.8) 0.001
mature menopause in the study group. De SLEDAI (mean + SD) 10.8 + 9.7 5.4 + 6.7 0.08

mographic and clinical characteristics of the

two patient groups are shown in Table 1. Th  SD: standard deviation; NS: not statistically significant (chi-square test, Fisher exact
women with ovarian insuf‘ficiency presentec test, and Student t-test); CNS: central nervous system; SLEDAI: systemic lupus

erythematosus disease activity index.

a higher mean age (37.2 and 28.9 year
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Table 2. Gynecologic-obstetric data of patients with systemic lupus erythematosus
according to the presence or absence of ovarian insufficiency.

Normal Ovarian P
menstruation (N = 60) insufficiency (N = 11)

Variable

Age at menarche (mean + SD) 13.0 + 1.7 124 = 1.7 NS
Number of gestations (mean + SD) 2+2 3+17 NS
Number of miscarriages (mean * SD) 0.4 £ 0.7 0.2 £04 NS
Birth control methods used (%6)

Oral contraceptive 29 (48.3) 7 (63.6)

Condom 17 (28.3) 0.0

Calendar method 6 (10.0) 0.0

Intrauterine device 1(1.6) 0.0

Tubal ligation 17 (28.3) 6 (54.5)

None 16 (26.7) 3(27.3)

SD: standard deviation; NS: not statistically significant (Mann-Whitney test).

Table 3. Laboratory values for patients with systemic lupus erythematosus, according
to the presence or absence of ovarian insufficiency.

Ovarian P
insufficiency (N = 11)

Test Normal
menstruation (N = 60)

Hemoglobin (g/dI) 108 = 1.9 109 = 25 NS
Leukocytes (/mm3) 6715 + 3354 4946 = 2024 NS
Platelets (x 103/mms3) 255 + 87 266 + 105 NS
Hemosedimentation rate 45.3 + 29.2 53.6 = 40.3 NS
Serum albumin (g/dI) 32 +£0.7 3.1+£09 NS
Serum creatinine (mg/dl) 1.1 = 0.6 1.2 £+ 05 NS
TSH (HIU/ml) 7.7 £24.2 26 +£15 NS
Estradiol (pg/ml) 108.0 + 117.7 9.2 + 10.2 0.02
Prolactin (ng/ml) 31.9 + 40.5 28.7 £ 20.2 NS

Data are reported as means + SD. NS: not statistically significant (Student t-test).
Reference values: thyroid-stimulating hormone (TSH): 0.3-5.0 plU/ml; prolactin: up to
25 ng/ml; estradiol (menopause): 0-14 pg/ml.

Table 4. Characteristics of patients with systemic lupus erythematosus who had used
venous cyclophosphamide (N = 26).

Normal Ovarian P
menstruation (N = 17) insufficiency (N = 9)

Variable

Age at time of study (mean + SD) 289 + 6.8 358 + 5.4 0.01

Age at the beginning of CF use 27.0 +£ 6.6 314 +£5.7 0.10
(mean = SD)

Cumulative CF dose in grams 9.1 +938 189 + 13.1 0.04
(mean £ SD)

SLEDAI (mean * SD) 18.1 = 12.0 5774 0.01

Disease period in years (mean + SD) 4.0 = 3.6 89 +43 0.005

Prolactin (mean + SD) 49.4 + 63.8 29.3 £ 21.7 NS

Elevated TSH (%) 3/15 (20.0)* 8/8 (100.0)** NS
Smoking (%) 11.7 11.1 NS

SD: standard deviation; NS: not statistically significant (Mann-Whitney and chi-square
tests); CF: cyclophosphamide; SLEDAI: systemic lupus erythematosus disease activity
index.

*Three elevated thyroid-stimulating hormone (TSH) readings (>5 plU/ml) in 15 tests
performed in this group.

**Eight elevated TSH readings in 8 tests performed in this group.
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logic and obstetric history data are shown in
Table 2. There was no significant difference
between groups with respect to age at me-
narche, fertility, or number of miscarriages.
A higher number of women had used oral
contraceptives (63.6%) and had had tubal
ligation (54.5%) in the group with amenor-
rhea.

There was no significant difference be-
tween groups in terms of laboratory meas-
urements of hemoglobin, leukocytes, plate-
lets, hemosedimentation rate, serum albu-
min, creatinine, TSH or prolactin. In the
sample studied, TSH levels were higher than
normal (more than 5 plU) in 11.9% of the
women, and approximately 20% were posi-
tive for antimicrosomal and antithyroglobu-
lin antibodies. Prolactin levels were higher
(more than 25 ng/ml) in 21 of the 52 tests
performed (40.4%). The only statistically
significant difference in laboratory results
between groups was with respect to estradiol
levels (Table 3).

Of the 26 patients (36.6%) who had used
or were still using cyclophosphamide pulse
therapy, nine presented ovarian insufficiency
at the time of the study, resulting in a preva-
lence of 34.6%. Eight patients of this group
had performed TSH tests, with elevated lev-
els in all of them (100%). Only three of 15
patients (20%) who were menstruating regu-
larly presented elevated TSH levels. Some
other clinical characteristics of the patients
that used cyclophosphamide are shown in
Table 4.

The risk of development of ovarian in-
sufficiency in women using venous cyclo-
phosphamide was 7.8 times higher than that
in the group not using the immunosuppres-
sive drug (RR = 7.8; 95% CI: 1.8-33.3; P =
0.0007). Patients treated with a cumulative
cyclophosphamide dose greater than 10 g
were more likely to develop ovarian insuffi-
ciency than patients receiving a cumulative
dose lower than 10 g (609618.7%) and had
a 3.2 times higher risk for ovarian insuffi-
ciency (RR =3.2;95% CI: 1.02-10; P =0.03).
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Logistic regression analysis was emmately 49-51 years (7,28) and that prema-
ployed using complete data for 68 patients iture menopause is encountered in only 1%
order to study the risk factors for ovarian(29) of women, it may be concluded that
insufficiency. Ovarian failure was the de-lupus women are at higher risk for premature
pendent variable, and patient age, duratiomenopause and its consequences.
of disease, age at time of diagnosis, age at The clinical and laboratory characteris-
onset of menarche, SLEDAI score and cutics of the present patients are in accordance
mulative dose of cyclophosphamide weravith the medical literature. Ovarian failure
found to be the predictive variables. Cyclowas related to the age of the patient at the
phosphamide dosage alone proved to be @ime of this study, as well as to the use and
independent risk factor for ovarian insuffi-cumulative dosage of cyclophosphamide.
ciency (OR =1.31; P =0.01; 95% CI: 1.06-Approximately 80% of the amenorrheic

1.63). women had used or were using a cyclophos-
phamide pulse therapy scheme, and a cumu-
Discussion lative dose higher than 10 g increased by

more than three-fold the risk of development

Ovarian failure, especially prematureof ovarian failure. The cumulative dose of
menopause, should be a constant concerndégclophosphamide was significantly higher
the management of patiens with SLE. Thén patients with ovarian failure than in women
disease is generally more prevalent amongho were menstruating regularly. The rate
women of reproductive age, and prematuref ovarian insufficiency in women treated
interruption of estrogen production may givewith cyclophosphamide was approximately
rise to a higher risk of cardiovascular dis-35%. These results agree with those reported
ease, osteoporosis and infertility, among othen the literature (4-8). Boumpas et §1)
estrogen deficiency-related symptoms. Amensompared three groups of patients with a
orrhea is the most common menstrual disodiagnosis of SLE: 16 received a monthly
der in SLE and is associated with diseaseyclophosphamide pulse therapy for a total
activity, stress and drugs used. Although thef seven doses, 23 received 15 doses of
toxic effects of cyclophosphamide on ovarcyclophosphamide pulse therapy, and 16 pa-
ian function have been observed since thients were treated with nine monthly doses
1960s in patients with rheumatoid arthritisof methylprednisolone pulse therapy. The
using oral cyclophosphamide (24), many isfates of permanent amenorrhea within the
sues pertaining to gonadal insufficiency irthree groups were 12, 39 and 0%, respec-
patients with SLE remain unexplained tdtively, and the rates of ovarian insufficiency
this day. There are very few articles in thdecame proportionally higher as the age of
medical literature that deal with these issuethe patients increasedb years: 12%; 26-
(3-8,12-14,25-27), and the majority focus orB0 years: 27%31 years: 62%). In the study
the incidence of ovarian failure after cyclo-performed by Wang et a(6), 92 patients
phosphamide use. treated with oral cyclophosphamide pre-

The present study was conducted on sented with a permanent amenorrhea rate of
group of 71 women diagnosed with SLE27%, and patient age at the initiation of
with an ovarian insufficiency rate of 15.5%,treatment and cumulative dose of cyclophos-
with 11.3% of cases fulfilling diagnostic phamide were associated with ovarian insuf-
criteria for premature menopause, as coriciency. Other studies which employed dos-
firmed by hormone level testing. When oneages of 1-4 mg k§day* of oral cyclophos-
considers the fact that in the general populgshamide for 4 to 4.3 years have reported
tion the mean age of menopause is approxitigher rates of amenorrhea in approximately
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53-71% of the patients (13,30-32). In a morder of ovarian follicles decreases markedly
recent retrospective cohort study by Mok etvith age, until the last decade prior to meno-
al. (8), of the 70 women treated with cyclo-pause. Use of cyclophosphamide in this phase
phosphamide, 18 (26%) developed ovariaaccelerates depletion of the ovarian follicles.
insufficiency, with a higher rate in patients  An interesting fact encountered in the
who had received the oral immunosuppress@resent study was the higher clinical activ-
(oral cyclophosphamide: 30%; venous cyity, measured by SLEDAI, in normally men-
clophosphamide: 13%). Again, patient agetruating patients. This result contradicts the
at the beginning of the study and cumulativéraditional idea, stemming from uncontrolled
dose of cyclophosphamide were independbservations, that disease activity would be
ent risk factors for this complication. In thea cause of amenorrhea in women with SLE
group with ovarian failure, the cumulative(1). It seems that other factors associated
dose of cyclophosphamide was higher thawith disease activity are the ones that induce
in the group without gonadal insufficiency ovarian failure. Only prospective studies with
(28.8 vs 15.4 g). Comparing these resultdarger population samples controlled for vari-
with those of the present study, it can beus misleading factors could hope to clarify
observed that the mean dose of 15.4 g in thhis issue. A recent study by Mok et al. (27)
group without ovarian insufficiency in the showed that patients with cyclophosphamide-
Mok et al. (8) study is close to the cumulativenduced ovarian insufficiency who had been
dose of 18.9 g observed in the group ofollowed for 5 years presented much lower
women with gonadal failure in the presentlisease reactivity than women with regular
study. However, it is still impossible to de-menstruation. The authors suggest that ovar-
termine the contribution of the exact cumuian insufficiency with hypoestrogenism may
lative dose considered toxic to the developbe a protective factor against lupus activity.
ment of ovarian failure. Only prospectiveHistorically, in pre-corticoid times, it was
studies can answer this question. observed that lupus patients improved upon
The mechanisms of induction of ovarianmenopause or when submitted to oophorec-
toxicity by cyclophosphamide have beenweltomy. The pathogenic role of estrogen in
demonstrated through animal studies (33,34B5LE has been reinforced by studies based on
Intraperitoneal injection of 100 mg/kg of animal models, using NZB/NZW mice. Es-
cyclophosphamide reduces the ovarian foltrogens exhibit various stimulatory effects
licles of mice by approximately 63%, therebyon the immune system, including increase of
reducing the estrogen production. Through prolactin secretion, which has a proinflam-
feedback mechanism, there is elevation ahatory role and may play a role in SLE
FSH levels, which accelerates developmerdctivity (36). In this study, prolactin levels
of new primordial ovarian follicles that arewere increased in approximately 40% of
more sensitive to the toxic effects of cyclopatients, and the average values were higher
phosphamide. Maintenance of this viciousn the group with regular menstruation and,
cycle leads to heightened depletion of théherefore, inthe group which presented higher
ovarian follicles. Knowledge of these patho-disease activity as measured by SLEDAI.
genetic mechanisms have given rise to stud- In the present study, 20% of the patients
ies of methods to protect the ovaries fromested positive in antithyroid antibody detec-
cyclophosphamide toxicity (26,35). tion, and TSH was elevated in nearly 12% of
The reason for an increased risk of ovarthe women studied. Although some studies
ian failure in women who start cyclophos-reported an association of autoimmune thy-
phamide therapy at later stages of lupus iiditis, minor hypothyroidism and SLE, the
that, under normal circumstances, the nunprecise mechanism remains unclear (37,38).
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Twenty to 27% of patients with prematuresuggest that besides the use of cyclophos-
menopause in the general population testgthamide, thyroid disorder may be another
positive for autoantibodies (39,40), the mostisk factor for premature menopause in
common types being antithyroglobulin andvomen diagnosed with SLE and, therefore,
antimicrosomal agents. Interestingly, wherthyroid function should be part of the inves-
the group of patients who used cyclophostigation of women with ovarian failure. Al-
phamide in the present study was analyzetthough published studies have confirmed
independently, 100% of the women withthe existence of subclinical hypothyroidism
ovarian failure were found to present elin SLE (37,38), no study has investigated
evated TSH levels, compared to 20% in théhyroid diseases as a possible risk factor for
group with normal menstruation. These datavarian failure in patients with lupus.

matic Diseases, 55; 224-229.

gen deficiency on the skeleton and its
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