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Transplantat
ABSTRACT
Background. Tacrolimus, one of the immunosuppressive agents, is used to prevent tissue
rejection in renal transplant recipients, but the relationship between the plasma concentrations of
tacrolimus and female sexual dysfunction has not yet been elucidated. The aim of this study was
to determine the effect of tacrolimus use on sexual dysfunction of women after renal transplant.

Methods. Twenty-one female patients who successfully underwent transplant and were treated
with tacrolimus were enrolled as the patient group, while 21 patients presented to the obstetrics and
gynecology clinic for different reasons were included in the study as the control group. The Beck
Depression Inventory, Beck Anxiety Inventory, and Female Sexual Function Index were applied.
Plasma concentrations of tacrolimus were simultaneously measured in transplant recipients.

Results. The scores of all scales did not differ among groups in terms of depression, anxiety,
and sexual dysfunction. All transplant recipients had a plasma concentration of tacrolimus in the
range of 3 to 7 ng/L. When the patients were compared by the scores of depression and anxiety
scales, the drug levels showed no effect on the depression, anxiety, and female sexual functions.

Conclusions. Sexual dysfunction appears to be ameliorated in women because of the hormone levels
after renal transplant at the end of the dialysis process, hence enhancing the quality of life. Normal plasma
levels of tacrolimus, which is known to cause sexual dysfunction, could not change this result.
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SEXUAL dysfunction, commonly observed with incidence
estimates of 60% to 70% in women on chronic dialysis, is a

distressing syndrome that negatively affects the quality of life and
medication adherence of patients with chronic conditions [1−3].
Abnormalities in both sexual and reproductive function are com-
mon among patients with chronic kidney disease (CKD) and end-
stage renal disease (ESRD) because of abnormalities in the hypo-
thalamic-pituitary-gonadal axis that result in varying degrees of
hypogonadism. In women, CKD results in hypogonadism, which
is clinically accompanied by menstrual irregularities, anovulation,
earlier onset of menopause, and infertility [4]. In men with moder-
ate to severe CKD, several problems related to sexual dysfunction
are observed, such as complaints of decreased libido, erectile dys-
function (ED), gynecomastia, and impaired fertility. Renal
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transplant assists to restore sexual and reproductive function by
remitting the renal functions in both women and men. However,
the sexual and reproductive health of patients may remain
impaired, contributing to depression and anxiety, and eventually
decreased quality of life [5,6].
More than 50% of women with ESRD undergoing chronic

dialysis have claimed to have sexual abnormalities such as
decreased libido and a reduced ability to reach orgasm, resulting
in a significant decrease in the frequency of intercourse. The
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etiology of sexual dysfunction in patients undergoing dialysis is
multifaceted and includes physiological changes, comorbid
conditions, therapeutic factors, and psychological states [1].
Renal transplant may ameliorate these problems through nor-
malization of metabolic and hormonal profiles or improvement
of psychological problems; however, long-term use of immuno-
suppressive agents after transplant may impair sexual functions.
Tacrolimus, one of these agents currently approved for immu-
nologic allograft transplant rejection, has been reported to main-
tain the standard levels of immunosuppression in female
patients appropriate for the time course, even during pregnancy
[7]. Moreover, the pregnancy rate is significantly increased
(46.7%) with the immunosuppressive agent tacrolimus in the
patients with repeated implantation failure [8]. However, tacro-
limus has a toxic effect on Leydig cells and the hypothalamic-
pituitary axis in animals [9]. Therefore, it is believed that tacro-
limus may cause sexual dysfunction in men [3].
However, there are no data revealing the effects of immuno-

suppressive treatments on sexual function, especially in women.
The aim of our study was to determine the presence of sexual
dysfunction in female patients who underwent successful renal
transplant and received tacrolimus as an immunosuppressive
regimen in correlation with the depression and anxiety scores.
MATERIALS AND METHODS

The study included female patients who presented to the Nephrology
Clinic of Medicana International Istanbul Hospital between January and
February 2019 and patients who presented to the Obstetrics and Gyne-
cology clinic for follow-up examinations. The ethical approval for the
study was obtained from the Local Ethics Committee of Human Experi-
mentation. The procedures were carried out in accordance with the prin-
ciples of the 1975 Declaration of Helsinki. Written informed consent
was obtained from all participants.

The study included 37 female patients who previously had successful
transplants, were using immunosuppressive medication (tacrolimus and
steroid) for at least 3 months, and were followed up by the nephrology
clinic, and it included 23 patients who presented to the Obstetrics and
Gynecology clinic for follow-up examinations. For patients who used
any immunosuppressive drug during the follow-up by the nephrology
clinic, those who used immunosuppressants other than tacrolimus were
excluded from the study (n = 4). Female patients who used tacrolimus
and were healthy volunteers, those with a psychiatric diagnosis other
than depression and anxiety disorder, those who did not have a sexual
partner, or those who did not fully fill the questionnaires prepared for
the study were excluded from the study (n = 16).

The plasma concentrations of tacrolimus and creatinine of transplant
recipients were simultaneously measured by homogeneous enzyme
immunoassay liquid chromatography-mass spectrometry. Among all
transplant recipients, those with plasma tacrolimus levels in the range
of 3 to 7 ng/L and creatinine levels below 1.6 mg/dL were included in
the study. The criterion of a renal transplant duration of at least 3
months was sought.

Patients with nephrology conditions receiving a tacrolimus regimen
were enrolled as the study group (n = 21), while patients presented to
the Obstetrics and Gynecology clinic for control examinations were
included in the study as the control group (n = 21). In both groups, the
parameters including age, body mass index, occupation, smoking, mari-
tal status, number of births, educational status, history of psychiatric
treatment, diabetes mellitus, thyroid disease, contraception method,
partner age, and presence of chronic diseases of the partner were evalu-
ated as demographic data.

In the study design, the plasma concentrations of tacrolimus and
plasma creatinine levels routinely measured in the clinic were recorded
during the last nephrologic examination of the study group. The Beck
Depression Inventory (BDI), Beck Anxiety Inventory (BAI), and
Female Sexual Function Index (FSFI) [10−12] were prepared in line
with the literature and used as objective and standardized scales to mea-
sure the depression, anxiety, and sexual functions of patients in both
groups. The accepted score range for the BAI and BDI scales was
between 0 and 63 points [10,11].

The 2 patient groups were statistically compared considering the total
scores of patients. The scores of the depression and anxiety scales were
classified as normal, mild, moderate, and severe. The Turkish version
of the FSFI scale, which was translated and validated in Turkish, was
used. The accepted score range for FSFI was between 2 and 36 points.
Sexual dysfunction was diagnosed in women with a total FSFI score
<26.55 as evaluated by the parameters of sexual desire, arousal, lubrica-
tion, orgasmic function, overall satisfaction, and sexual pain [12].

All data were evaluated using SPSS Statistic Data Editor 20.0v (IBM,
Armonk, NY). The Student t test was used to compare the differences of
continuous numerical variables. The x2 test or the x2 test of independence
was used to compare the differences of categorical variables. The outcome
was considered statistically significant if the P value was < .05.
RESULTS

The age, body mass index, occupation, smoking, marital status,
number of births, educational level, history of psychiatric treat-
ment, diabetes mellitus, thyroid disease, contraception methods,
partner age, and history of chronic disease of partners were evalu-
ated as demographic data of both groups. Only the occupational
ratio significantly differed between the 2 groups (Table 1).
The comparison of the 2 groups by the BAI scale scores

showed no significant difference between the groups. However,
severe anxiety was noted in 3 patients using tacrolimus, which
might require clinical evaluation (Table 2). There was no statis-
tically significant difference between the BDI scores of the 2
groups. According to the BDI scale, severe depression, which
might require further clinical evaluation, was found in a patient
using only tacrolimus (Table 3).
When the study groups were compared by the scores of

scales, no significant difference was observed between the
groups in terms of depression, anxiety, and sexual dysfunction
(Table 4). There was also no significant difference between
transplant recipients and women in the control group in terms
of the parameters of sexual desire, arousal, lubrication, orgas-
mic function, overall satisfaction, and sexual pain (Table 5).
DISCUSSION

Immunosuppressive agents including calcineurin inhibitors such
as tacrolimus and cyclosporin A are used to prevent tissue rejec-
tion in renal transplant recipients [13]. These drugs are primarily
metabolized by the cytochrome P450 enzyme (CYP3A4 and
CYP3A5) in the liver and small intestine [14]. Tacrolimus has a
significant sexual dysfunctional effect in male patients, that is, ED
[15]. However, there is no study investigating the relationship
between the normal plasma concentrations of tacrolimus and



Table 1. Demographic Characteristics of the Renal Transplant
Recipients Using Tacrolimus (Study Group) and the Control

Patients

Characteristic
Study Group
(n = 21)

Control Group
(n = 21) P Value

Age, mean (§SD), y 39.66 (§6.55) 40.42 (§6.20) .50
BMI, mean (§SD) 25.90 (§5.66) 23.39 (§5.61) .42
Occupation, No. (%) .04*

Not working 14 (66.7) 6 (28.5)
Student 1 (4.8) 1 (4.8)
Working 6 (28.5) 14 (66.7)

Smoking status, No. (%) 2 (9.5) 4 (19.0) .65
Marital status, No. (%) .23

Unmarried 2 (9.5) 6 (28.5)
Married 19 (90.5) 15 (71.4)
Delivery No., mean (§SD) 1.66 (§1.46) 1.38 (§1.02) .28

Educational status, No. (%) .69
Elementary school 4 (19.0) 3 (14.3)
Secondary school 3 (14.3) 1 (4.8)
High school 6 (28.5) 7 (33.3)
Graduate 8 (38.1) 10 (47.6)
Psychiatric treatment, No. (%) 5 (23.8) 2 (9.5) .21
Diabetes mellitus, No. (%) 1 (4.8) 2 (9.5) .54
Thyroid disease, No. (%) 5 (23.8) 8 (38.1) .31

Contraception methods, No. (%) .05
None 6 (28.5) 4 (19.0)
Intrauterine device 1 (4.8) 5 (23.8)
Condom 10 (47.6) 3 (14.3)
Tube ligation 1 (4.8) 2 (9.5)
Coitus interruptus 3 (14.3) 3 (14.3)
Oral contraceptives 0 (0) 4 (19.0)

Partner age, mean (§SD), y 43.73 (§8.24) 43.47 (§5.77) .45
Partner disease, No. (%) 3 (14.3) 2 (9.5) .63

BMI, body mass index (calculated as weight in kilograms divided by height in
meters squared); SD, standard deviation.
* P < 0.05

Table 2. Comparison of the Beck Anxiety Inventory Scores of the
Groups

Study Group (n = 21) Control Group (n = 21)
P Value

No. % No. % .26

Normal 7 33.3 9 42.9
Mild anxiety 6 28.6 6 28.6
Moderate anxiety 5 23.8 6 28.6
Severe anxiety 3 14.3 0 0

Table 4. Scores of Depression, Anxiety, and Sexual Functions of
the Renal Transplant Recipients Using Tacrolimus (Study Group)

and the Control Patients

Scores Study Group (n = 21), Control Group (n = 21),
mean (§SD), range mean (§SD), range P Value

BDI 12.33 (§9.65), 2-40 9.19 (§4.49), 0-16 .41
BAI 13.85 (§9.13), 2-29 10.95 (§7.88), 0-23 .26
FSFI 26.51 (§3.43), 21.40-32.50 26.52 (§3.48), 20.20-33.40 .99

BAI, Beck Anxiety Inventory; BDI, Beck Depression Inventory; FSFI, Female
Sexual Function Index.

Table 5. Comparison of the FSFI Scores of the Groups

Study Group
(n = 21), mean (§SD)

Control Group
(n = 21), mean (§SD) P Value

Desire 4.628 (§0.661) 4.457 (§0.587) .38
Arousal 4.814 (§0.931) 4.871 (§0.826) .83
Lubrication 4.828 (§0.826) 4.914 (§0.802) .73
Orgasm 4.247 (§0.907) 4.114 (§0.877) .63
Satisfaction 3.847 (§1.039) 3.790 (§0.992) .85
Pain 4.52 (§0.804) 4.381 (§0.824) .36

FSFI, female sexual function index; SD, standard deviation.
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sexual dysfunction of female patients. We investigated a possible
correlation between the tacrolimus use and sexual dysfunction in
women who had undergone transplant and were treated with
tacrolimus after renal transplant and compared these patients with
control participants selected among those who presented to the
Table 3. Comparison of the BDI, Scores of the Groups

Study Group (n = 21) Control Group (n = 21)
P Value

No. % No. % .41

Normal 12 57.1 10 47.6
Mild depression 4 19 11 52.4
Moderate depression 4 19 0 0
Severe depression 1 4.8 0 0

BDI, Beck Depression Inventory.
obstetrics and gynecology clinic for different reasons. In the com-
parison of the scores of depressions, anxiety, and sexual functions
with the plasma concentration of tacrolimus between the 2 groups,
the drug levels showed no significant effect on these scores and
female sexual functions.
Follicle-stimulating hormone, luteinizing hormone, and

prolactin levels have a dominating effect on sexual dysfunction in
women, that is, the decrease in follicle-stimulating hormone, lutei-
nizing hormone, and prolactin levels after transplant is reported to
have a healing impact on sexual functions. Tacrolimus has partic-
ularly been shown to reduce the level of prolactin [16]. In another
survey conducted by Tauchmanov�a et al, the relationship between
tacrolimus use and hormone levels was found to be independent
of the duration of tacrolimus use [17]. We thus included patients
whose tacrolimus levels, which we assumed to be effective in our
study, reached the therapeutic range after renal transplant and
who had a minimum of 3 months after transplant.
After transplant, steroid treatment combined with tacrolimus

is applied to the patients followed up in our clinic. Another
point that should be considered is the steroids may have an
effect on the sexual functions of these patients. However, litera-
ture screening has not shown sufficient evidence proving that
steroids affect sexual function [18].
Disorders of the reproductive system and menstrual abnor-

malities often associated with loss of libido and the inability to
reach orgasm are common in adults of both sexes with end-
stage renal disease. These symptoms may significantly contrib-
ute to depression and reduce the sexual activity of women [19].
Although the hormone functions improve after renal transplant,
the psychological status of women has still an important role in
sexual functions. There are insufficient data on the exact effects
of immunosuppressive therapy administered after renal trans-
plant on the hormone profile of female patients and hence on
their sexual dysfunction [19−22]. Most of the data in the
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literature compare the period of dialysis with the period after
successful renal transplant.
In one of these reports, the Arizona Sexual Experiences Scale

was used to evaluate the sexual function of 100 female patients,
and the sexual functions in the posttransplant period were found
to be significantly better than those of patients in the dialysis
period, although 79% of the patients were diagnosed as having
sexual dysfunction [20]. Moreover, this study revealed signifi-
cant correlations between the scores and patient age, spouse
age, economic situation, educational background, sexual inter-
course frequency, and type of treatment [20]. Another report
comparing a group of premenopausal women during dialysis
and after successful renal transplant in terms of sexual function
and hormonal status showed that a total of 74% of 58 patients
had menstrual disturbances during dialysis, as opposed to 45%
after transplant [19]. Forty-one percent of patients undergoing
dialysis and 88% of transplant recipients acknowledged having
an active sexual life. It is obvious that there may be an improve-
ment in the sexual functions of women after successful renal
transplant. However, it remains a mystery how close the recov-
ery is to normal in these women, who regularly use immuno-
suppressants and have a frequent clinical follow-up. The
comparison of the results with the healthy control group in this
study is very important in terms of giving an idea about the
degree of improvement.
The hormonal profile and FSFI scores improved significantly

after renal transplant, suggesting that successful transplant
should improve the sexual life of women with chronic renal fail-
ure [19]. The demographic data of women using tacrolimus and
the healthy control group were quite similar in this study. The
comparison of the depression and anxiety scale scores of the 2
groups showed no significant difference. At the same time, the
criterion of a serum creatinine level below 1.6 mg/dL was
sought for successful renal transplant in women using tacroli-
mus. From this point of view, the most important difference
between the 2 groups was the use of tacrolimus, which is known
to cause sexual dysfunction in men. Our study showed no sig-
nificant difference between both groups in terms of the FSFI
scale scores and the parameters of sexual desire, arousal, lubri-
cation, orgasmic function, overall satisfaction, and sexual pain
scores. Based on this result, the use of tacrolimus after success-
ful renal transplant in women of reproductive age was not asso-
ciated with sexual dysfunction.
Impaired sexual function is very common in patients with

ESRD, with a prevalence of 60% to 90% in both sexes [23].
Although improvement of sexual dysfunction has been reported
after successful kidney transplant [24], some studies have
shown that this condition can persist even after successful trans-
plant [25]. These studies have been generally conducted to
determine ED in male patients [21]. Drugs such as immunosup-
pressive agents including tacrolimus are involved in the onset
of ED in patients after renal transplant by affecting the endothe-
lial function and/or the testicular function/structure [26]. On the
other hand, sexual dysfunction is underestimated especially by
nephrologists in female patients undergoing kidney transplant.
A study by Lutkes et al examined the impact of tacrolimus on
life quality, expressed by the physical and mental problems as
well as sexual capacity and the attitudes toward graft, donor,
and transplant-related adverse effects. Fifty kidney graft recipi-
ents treated with tacrolimus were compared with 50 patients
with cyclosporine-based immunosuppression as the control
group. They concluded that the majority of patients felt com-
fortable with their physical, sexual, and mental capabilities,
independent of the immunosuppressive regimen [27]. As seen
in our study, this result can be interpreted as the normalization
of hormone levels in female patients after transplant, the
improvement in quality of life with the end of the dialysis pro-
cess, and ultimately the disappearance of sexual dysfunction.
Our study has several limitations, such as the small sample

size of the groups, the lack of outcomes of scales used to evalu-
ate the depression, anxiety, and sexual functions of patients
before renal transplant, and the lack of correlation of the tacroli-
mus concentration in blood with the scores.
CONCLUSIONS

Further studies with a larger number of participants are required
to demonstrate the positive effects of decreased depression and
anxiety levels of female patients after renal transplant compared
with the pretransplant levels on the quality of life and sexual
functions, which might be correlated with the hormonal status.
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