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Serum prolactin and gonadal hormones D
in hemodialysis women: a meta-analysis
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Abstract

Background A meta-analysis followed by PRISMA 2020 statement was performed aiming to present a whole
prolactin and sex hormone profile in hemodialysis women.

Methods Literatures were searched in PubMed, Cochrane library, Embase, and Web of science before March 11,
2023.Trial sequential analysis (TSA) was performed to test the conclusiveness of this meta-analysis. Egger’s test and
trim-and-fill analysis was used to test publication bias. We took standardized mean difference (SMD) as pool effect of
hormones values including prolactin (PRL), follicle-stimulating hormone (FSH), luteinizing hormone (LH), estradiol (E,)
and progesterone (P). This study was registered in PROSPERO and the number was CRD42023394503.

Results Twenty-two articles from 13 countries were analyzed. Combining the results of TSA and meta-analysis,

we found that compared with healthy control, hemodialysis women had higher PRL, follicular FSH and LH values
and lower P levels (PRL: =87%, SMD 1.24, 95% Cl: 0.79-1.69, p < 0.00001; FSH: *=0%, SMD 0.34, 95% Cl: 0.13-0.55,
p=0.002; LH: #=39%, SMD 0.64, 95% Cl: 0.34-0.93, p < 0.00001; P: *=30%, SMD —1.62, 95% Cl: -2.04 to -1.20,

p <0.00001). What's more, compared with women after renal transplantation, hemodialysis women had higher PRL
levels (=09, SMD 0.51, 95% Cl: 0.25-0.78, p=0.0001). There was not enough evidence to draw a conclusion on the
comparison of hormones between regular and irregular menses hemodialysis women. Egger’s test and trim-and-fill
analysis didn't show significant publication bias.

Conclusions Hemodialysis women had higher serum PRL, follicular phase FSH, LH and lower serum P values
compared with healthy control. PRL values of hemodialysis women were also higher than that of women after renal
transplantation.
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Introduction

Women with chronic kidney disease, especially end-stage
renal disease, usually undergo menstrual disorder (char-
acterized as amenorrhea, oligomenorrhea or polymenor-
rhea) and infertility [1-4]. This situation can hardly be
improved by hemodialysis (HD) but can be ameliorated
after renal transplantation (RT) [3, 5-9]. It is demon-
strated that the impaired positive estradiol (E,) feedback
and the absence of luteinizing hormone (LH) surge cause
anovulation and menstrual irregularity during HD [8,
10]. After RT, women can resume normal gonadal hor-
mone secretion patterns [5] and regular menses [3, 9,
11]. However, there is residual dysfunction of reproduc-
tive system, which is accused of the immunosuppressive
agents and corticosteroids used after RT [5, 12]. Studies
suggest that the dysfunction of hypothalamic-pituitary
gonadal axis is partly caused by highly elevated prolactin
(PRL) concentration since with the normalization of this
hormone, LH surge, menses and ovulation can regain, to
some extent [10, 13].

But the recovery of menstruation doesnt mean the
recovery of hypothalamic-pituitary function. The pres-
ence of anovulatory cycles and luteal phase deficiency
in HD women still menstruating [5, 14] suggest that we
need to take further attention on hormone status. Stud-
ies have shown that HD women have a diverse secretion
pattern of gonadal hormones [8, 10, 15]. Handelsman D.].
at al. [8] reviewed the variable hormones of HD women,
but they didn’t concentrated on the cause and hormone
status after RT, and failed to give a quantitative analysis.

Hormone derangement in HD women not only is a
reflection of reproductive disorder, but also has rela-
tionship with life quality and survival [16]. Konstantinos
K. et al. [17] considered that bone mineral density was
negatively correlated with follicle-stimulating hormone
(FSH) values while positively associated with E, values
in a cohort study with 21 HD women and 21 HD men.
Tanrisev, M. et al. [18] found that E, had a U-shaped cor-
relation with cardiovascular and overall mortality in post-
menopausal HD women. As for sexual function, E, is also
associated with arousal, orgasm and pain in HD women
[19]. While for PRL, Carrero JJ et al. [20] concluded that
its value was positively associated with endothelial dys-
function, cardiovascular and all-cause mortality in both
nondialyzed and HD patients.

Furthermore, to our knowledge, there is no meta-
analysis concluding feminine hormones in HD women.
We focus on HD women, with healthy and post-RT
women as controls, to perform a meta-analysis to show
a whole hormone profile in HD women as further prog-
nosis information and to explore if menses status, PRL or
other factors should play a role in the changes of those
hormones.
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Methods

Search strategy and study selection

Relevant search strategies were in accordance with the
PICOS framework and showed as follows: (I) study popu-
lation (Chronic renal failure, Uremia*, Chronic Kidney
Failure, Blood Urea Nitrogen); (II)exposure (Hemofil-
tration or Renal Dialysis*); (III) outcomes (Gonadal
Hormones, Gonadal Steroid Hormones, Sexual Hor-
mones, and prolactin, STable 1). The comparison (renal
transplantation and healthy control) was omitted to get
more simplified results. Keywords were adjusted and the
wildcard characters such as * was used in search terms
of sexual*, hormon*, h?emofiltrat* and renal* for a sec-
ond search to yield more comprehensive results. Key
words were also adjusted when searched in different
databases. The references of related articles were also
screened to conduct backward and forward snowballing
searches to identify additional relevant articles. Authors
of potentially eligible articles were contacted for further
information.

After merging citations and eliminating duplications
manually, two reviewers screened titles and abstracts
independently to obtain eligible articles. Studies poten-
tially containing relevant data were retained initially. A
third author joined to make a consensus when disagree-
ment occurred. The study was registered in PROSPERO
to further enhance the transparency and to better explain
issues arising during research. The register number was
CRD42023394503.

Inclusion and exclusion criteria

Those articles were included: (I) The study group was
women with chronic renal failure undergoing regu-
lar HD and the control group was age-matched healthy
women or women after kidney transplantation at least 6
months with stable renal function; (II) Studies presented
data about any of the following hormones: FSH, LH, E,,
progesterone(P) and PRL; (III) Initial data was avail-
able or data were shown as mean+standard deviation or
standard error of the mean (mean+SD/SEM) or median
and range/interquartile range; (IV) Articles reported in
English without limitation of study design. Studies were
excluded with the following criteria: (I) Insufficient data;
(II) Mixed data of female and male; (III) Case report or
review. Studies were divided into subgroup 1 (blood sam-
ples taken during follicular phase) and subgroup 2 (blood
samples taken during the other time or not mentioned).

Data extraction and quality evaluation

Two reviewers independently extracted information
from identified articles using a standardized data extrac-
tion form including first author, publication year, coun-
try, sample size, age, hormones levels, units and factors
which might influence hormone concentrations, such as
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menses, the serum creatinine levels, medicine, time tak-
ing blood samples, HD duration, etc. If subgroups were
present within included studies, we only extracted data
from the relevant subgroups. Different subgroups were
merged if necessary. If only original data were presented
in articles, mean value and standard deviation would be
calculated after normality test. In one study [21] which
had hormones tested 1 to 6 times at the start of the mid-
menstrual circle, we took the mean value as a representa-
tive of the individual. If the control group had hormones
tested during follicular phase, mid-cycle and luteal phase,
the follicular phase values were taken as control. If stud-
ies were classified as intervening cohort study, hormones
values of HD and healthy control prior to the interven-
tion were collected. Data shown as median and range/
interquartile range were transformed to mean and stan-
dard deviation by online tool (https://smcgrath.shin-
yapps.io/estmeansd/).

We used the risk of bias in non-randomised stud-
ies of exposures (ROBINS-E) tool [22] and online tool
GRADEpro GDT to assess the quality of included stud-
ies. Two authors assessed the articles and any discrep-
ancy was discussed and resolved with the third author.
A kappa statistic was used to demonstrate agreement
between the authors.

Statistical analysis

Data collected (PRL, FSH, LH, E,, P) were divided into
three parts: first, hormones of HD women versus those of
age-matched healthy controls (HD vs. Ct group); second,
hormones of HD women versus those of age-matched
healthy control or women after RT (HD vs. RT group);
third, comparison of hormones between women under-
going HD with or without menstrual disorder (HDre vs.
HDir). We used Review Manager 5.4, STATA (version
14.0) and trial sequential analysis (TSA) software (TSA
0.9.5.10 Beta) for data analysis. Results were shown as
standardized mean difference (SMD) and 95% confi-
dence interval (95%CI) in this meta-analysis because of
not mentioning testing methods and inconsistent units
in different studies. The heterogeneity of included studies
was evaluated by I test and tau®. In light of the substan-
tial heterogeneity observed across various comparisons,
we selected the random effect model (I-V (instrumen-
tal variables) heterogeneity model in STATA14) for this
meta-analysis, as it proves more fitting for addressing the
inter-study heterogeneity. Meta-regression analysis was
employed to explore the correlations between gonadal
hormones and other factors such as mean patient age,
PRL and serum creatinine per study if there were avail-
able data and at least 10 studies included in analysis. The
publication bias was evaluated by Egger’s test. Meta-
trim analysis, which added some invented studies to fill
the funnel plot to make it symmetrical and then to do
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meta-analysis for all studies to test if the overall effect was
changed, was used to test the conclusion stability if bias
existed. The conclusion robustness and reliability were
tested by sensitivity analysis, in which the synthesized
effects after excluding the study on the left were repre-
sented by dots and their confidence intervals were repre-
sented by horizontal lines. When the line was outside the
confidence interval of the overall results or caused a sig-
nificant change in the synthesized effect size, it indicated
that the study had a major impact on the results.

According to the characteristics of the data, we added
TSA analysis to detect the possibly existed small study
effects and to enhance the conclusiveness of meta-
analysis. In the TSA analysis, all hormone values were
regarded as negative factors, so, the favoring group in
TSA graph signified a lower hormone value. There were
5 important lines in the TSA graph including Z curve,
the conventional boundary, monitoring boundary, futility
boundary and the trial sequential monitoring boundar-
ies (required information size) [23]. The method of TSA
analysis was followed by User manual for Trial Sequential
Analysis (www.ctu.dk/tsa).

Results

Search results

A total of 2543 articles were found and 2339 remained
after duplicates removed. Then, 87 full-text articles were
kept and assessed for eligibility after excluding irrele-
vant studies by screening titles and abstracts. According
to inclusion and exclusion criteria, 3 case reports and 5
reviews were excluded. There were 41 articles excluded
for unavailable interested data, of which 20 studies
reported data of male or a mixture of male and female.
The remaining 21 articles didn’t contain data of relevant
hormones or data were insufficient. Fifteen articles were
removed because control group was not comprised of
age-matched healthy women or women after RT. Two
cohort studies were also excluded as they did not include
control groups at baseline and instead, they opted to
compare participants with themselves six months after
RT [12, 24]. We also excluded a study without the units
of data as well as a study that did not specify whether the
data were presented as mean+SD or mean=SEM [25].
We adjusted keywords and conducted backward and
forward snowballing searches and found 3 extra articles.
Finally, a total of 22 articles [1, 10, 19, 21, 26—43] were
included in this meta-analysis. A PRISMA 2020 flow-
chart was provided to illustrate the screening and includ-
ing process (Fig. 1). To show the inter-rater reliability of
the data screening and selection process, we added kappa
statistic and the kappa value was 0.799, showing a high
level of consistency between the authors.
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Fig. 1 Flow chart about screening and including literature

Study characteristic

Of the included 22 articles from 13 countries (STable 2),
17 articles [10, 19, 26-35, 38, 40, 42, 43] compared hor-
mone profiles of HD women to age-matched healthy
controls (Ct) and 7 articles [1, 26, 27, 31, 38, 39, 41] com-
pared hormone features of HD women to women after
RT. What’s more, 7 articles [1, 21, 29, 30, 36, 37, 43] pro-
vided hormones data of age-matched premenopausal HD
women with or without regular menses (HDre vs. HDir).
As a means to reduce heterogeneity among the studies,
we created a subgroup consisting of studies where blood
samples were obtained during the follicular phase of the
menstrual cycle.

Quality assessment

All studies were assessed by ROBINS-E tool (STable 3 to
STable 5, results represented low to moderate risk of bias)
and the online tool GRADEpro GDT (Stable 6 to Stable
8, except the E, and P in HD versus RT group, all got
moderate certainties). All patients were identified after a
regular HD or after RT at least 6 months. Three articles

[19, 33, 34] included consecutive subjects. Other than
4 [19, 31-33] studies, all described the method for hor-
mone measurement. Eight studies [1, 26, 27, 29, 30, 34,
35, 43] took the blood samples of menstruating women
during the follicular phase. Other 14 studies took blood
samples of all subjects at the same time of a random day
[19, 32, 33, 41] or before HD [28, 31] or others [21, 36, 42]
or not mentioned [10, 37-40]. There were 12 articles [1,
10, 19, 21, 28-30, 33, 36, 37, 42, 43] excluding the medi-
cine interfering for hormones assessment, which was one
of the major factors for confounding assessment. All par-
ticipants had needed hormones measured but one study
[10] which had 2 normal controls failed to complete
hormones measurement and the remaining participants
were taken as controls.

Hormone levels of HD women compared with that of
normal control (HD vs. ct)

Subgroup analysis was not performed in PRL values com-
parison as it was considered having little to do with the
menstrual circle.
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Serum PRL level was significantly higher in HD women
than that of control group (’=87%, tau*=0.57, SMD
1.24, 95% CI: 0.79-1.69, Fig. 2A). When the one study
with large heterogeneity was excluded, the P reduced
to 62% and the result remained unchanged. Meta-trim
analysis was used to test conclusion stability for still
existed publication bias (Egger’s test, p=0.0020) when
the study of Fathalla, M at al. showing large heteroge-
neity was excluded, and the result not changed when 5
invented studies were added to make the funnel graph
symmetrical (p=0.000 in random effects mode). The sen-
sitivity analysis was showed in SFigure 1. We wanted to

A
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do a meta-regression analysis to test if the mean age of
per study could contribute some heterogeneity, but we
couldn’t get the actual mean age of all included studies,
therefore, we did a meta-regression analysis between PRL
values and the mean age of HD women without the study
of Lim VS et al. for the unavailable mean age. And the
result of meta-regression showed no statistical signifi-
cance (p=0.899, SFigure 2). In the TSA analysis of PRL
shown in Fig. 2B, the Z curve stayed out of futility bor-
ders, monitoring boundaries and reached the required
information size both before (Fig. 2B) and after (SFigure

hemodialysis Control Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean  SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Akizawa T et al. 1990 355 155 10 141 82 10 62% 1.65(0.61,2.70]
Altunoglu Aetal. 2014 2977 2877 46 1127 1113 36 85% 0.80[0.35, 1.26]

Ankan et al. 2011 4512 4041 30 1478 845 30
Basok EK, 2009 269 252 24 061 035 20
EsenBetal 2015 204 199 26 102 67 20
Fathalla, M atal. 2021 475 102 20 151 51 50
FayedAetal. 2019 216 341 60 188 167 50
Koutsikos D etal. 1990 516 443 13 82 42 30
Kurdoglu Z etal. 2012 200 118 25 086 069 30
Lim VS etal. 1980 414 239 17 117 38 12
Matuszkiewicz-Rowinska J etal. 2004  43.35 5052 75 134 451 33
Morley JE et al. 1979 367 246 12 14 74 8

Song YS etal. 2008 792 10973 38 17 3406 37
Total (95% Cl) 396
Heterogeneity: Tau®= 0.57, Chi*= 90.32, df= 12 (P < 0.00001); *=87%

Testfor overall effect: Z= 5.37 (P < 0.00001)

B
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8.2% 1.03[0.49,1.57]
7.8% 1.00[0.45,1.73]
8.0% 0.64[0.04,1.24]
6.6% 4.63[3.69, 5.58]
8.7% 0.10[-0.27, 0.48] 7
7.4% 1.76[1.00, 2.52)
8.1% 1.20[0.62,1.78]
7.0% 1.560.70, 2.41]
8.6% 0.70[0.28,1.12)
6.5% 1.10[0.13,2.07]
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366 100.0%
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Fig. 2 Forest plot and TSA analysis of prolactin in HD vs. Ct group. A, forest plot of prolactin; B, TSA analysis of prolactin. HD, hemodialysis; Ct, control
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3) excluding the study aforementioned showing large
heterogeneity.

Serum FSH was higher in hemodialysis women in sub-
group 1, subgroup 2 and overall (P=0%, tau’=0, SMD
0.34, 95% CI:0.13-0.55, p=0.002 in subgroup 1; ’=95%,
tau*=2.14, SMD 1.13, 95% CI: 0.08—2.18, p=0.03 in sub-
group 2; ’=92%, tau’=0.96, SMD 0.78, 95% CI: 0.23—
1.33, p=0.005 as a whole, Fig. 3A) after excluding the
premenopausal women in the study of Koutsikos D et
al. (Koutsikos D et al(prMP)) which showed a significant
heterogeneity in subgroupl. Results of all included stud-
ies before exclusion was shown in SFigure 4. No publica-
tion bias existed (Egger’s test, p=0.0954). The sensitivity
analysis of all included studies was shown in SFigure 5.
Meta-regression showed that there was no statistical
significance between mean age of HD women and hor-
mones values (p=0.974, SFigure 6). In the TSA analysis of
FSH values in follicular phase, the Z curve stayed within
the conventional boundary, out of the futility boundary,
and the required information size boundary was ignored
due to limited number of studies (SFigure 7). The Z curve
of all included studies finally stayed out of the monitoring
boundary and the futility boundary (Fig. 3B).

Serum LH (Fig. 4A) was higher in HD women (*=39%,
tau’=0.05, SMD 0.64, 95% CI: 0.34-0.93, p<0.0001
in subgroup 1; ’=93%, tau’=1.79, SMD 1.79, 95% CL
0.75-2.82, p=0.0007 in subgroup 2; F=90%, tau*=0.82,
SMD 1.26, 95% CI: 0.73-1.79, p<0.00001 as a whole)
after excluding the study of Koutsikos D et al. (Koutsikos
D et al.(prMP)) showing large heterogeneity. Results
before any exclusion was presented in SFigure 8. There
was publication bias overall (Egger’s test, p=0.0028) and
after the study aforementioned was excluded (Egger’s
test, p=0.0028). So, we did trim and fill analysis and the
statistical significance was not changed overall (p=0.036
in random effects mode) and in subgroupl(p=0.028 in
random effects mode). Sensitivity analysis was showed
in SFigure 9. Meta-regression analysis presented no sta-
tistical significance between mean age of HD women in
per study and LH values (p=0.471 for all included stud-
ies, SFigure 10). Analysis of TSA showed that the Z curve
of LH values in subgroup 1 and overall stayed out of
futility borders, monitoring boundaries and reached the
required information size (Fig. 4B and C).

Serum E, values were similar in HD women in fol-
licular phase (subgroup 1) before (F=81%) and after
(P=21%, tau’=0.03, SMD —0.10, 95% CI: -0.40-0.20,
p=0.52, SFigure 11) excluding the premenopausal
women of the study of Koutsikos D et al. (Koutsikos D
et al.(prMP)) in subgroupl. Plasma E, values were simi-
lar between HD women and healthy control before
excluding the study aforementioned (I?=90%, tau*=0.88,
SMD -0.40, 95% CI: -0.91 to 0.12, p=0.13, SFigure 12).
Egger’s test showed no publication bias in subgroup 1
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(p=0.2689) and in overall studies (p=0.9942). Sensitivity
analysis was showed in SFigure 13. There was no statisti-
cal significance (p=0.970) between the mean age of HD
women in per study and E2 values in meta-regression
analysis (SFigure 14). In the TSA analysis testing for small
study effects, the required information size boundary was
ignored in the graph due to not enough of studies (SFig-
ure 15).

Serum P level was lower than that of the control tested
in the follicular phase (P=0%, tau?=0.00, SMD —1.03,
95% CI: -1.71 to -0.35, p=0.003) and in the subgroup 2
(P=0%, tau*=0.00, SMD —1.89, 95% CIL: -2.27 to -1.51,
p<0.00001) and overall (F*=30%, tau’=0.07, SMD —1.62,
95% CI: -2.04 to -1.20, p<0.00001, Fig. 5A). There was
no publication bias (Egger’s test, p=0.2197). Sensitivity
analysis was showed in SFigure 16. The Z curve both in
overall (Fig. 5B) and in subgroup 1 (Fig. 5C) stayed out of
the conventional boundary and the monitoring boundary
or reached the required information size in TSA analysis.

Hormone levels of HD women compared with that after RT
(HD vs. RT)

Serum PRL level was higher in HD women (F=0%,
tau*=0.00, SMD 0.51, 95% CIL 0.25 to 0.78, p=0.0001;
Fig. 6A) after and before (I?=80%, tau*=0.38, SMD 0.83,
95% CI: 0.27-1.39, p=0.004; Fig. 6B) excluding the study
of Lin CT et al. showing large heterogeneity. No publi-
cation bias was presented (Egger’s test, p=0.3327 after
and p=0.7883 before excluding the study aforemen-
tioned). Sensitivity analysis was showed in SFigure 17. In
TSA analysis, the Z curve stayed out of the conventional
boundary, the futility boundary and reached the required
information size (Fig. 6C).

Serum FSH level in HD women was higher than that
of RT women sampled in the follicular phase (F=0%,
tau*=0.00, SMD 0.96, 95% CI: 0.55-1.37, p<0.00001 in
subgroup 1) and overall (F?=59%, tau*=0.15, SMD 0.49,
95% CI: 0.10-0.89, p=0.02 as a whole, SFigure 18), but
was similar to that of RT women in subgroup 2 (’=61%,
tau*=0.14, SMD 0.30, 95% CI: -0.18-0.78, p=0.22). Sen-
sitivity analysis showed in SFigure 19 and Egger’s test
exhibited no publication bias overall (p=0.7385). The
monitoring boundary was ignored due to limited number
of studies included in TSA analysis (SFigure 20).

Serum LH concentration was also higher in HD
women (’=0%, tau’=0.00, SMD 1.08, 95% CI: 0.59-
1.57, p<0.0001 in subgroup 1; P=59%, tau*=0.13, SMD
0.42, 95% CI: -0.05-0.88, p=0.08 in subgroup 2; ’=59%,
tau*=0.17, SMD 0.64, 95% CI: 0.22-1.06, p=0.003 as a
whole, SFigure 21). No publication bias existed (Egger’s
test, p=0.2596) and sensitivity analysis was showed in
SFigure 22. In TSA analysis, the Z curve was unable to
reach the monitoring boundary, the futility boundary and
the required information size (SFigure 23).
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Study or Subg

1.2.1 follicular

Akizawa T et al. 1990 15.7 8.6 10 10 71
Ankan etal. 2011 13.96 26.63 30 544 39
EsenBetal. 2015 851 #4189 26 737 325
Fayed Aetal. 2019 8,700 9,300 60 6,400 7,800
Koutsikos D et al(prMP). 1990 1.8 53 2 542 127
Matuszkiewicz-Rowinska J et al. 2004 165 305 75 633 277
Morley JE etal. 1979 17.27 2212 12 1485 3.03
Subtotal (95% CI) 213

Heterogeneity: Tau®= 0.00; Chi*=1.12, df= 5 (P = 0.95); F= 0%
Test for overall effect: Z= 3.13 (P = 0.002)

1.2.2 others

Altunoglu A et al. 2014 31.58 5162 46 1077 103
Basok EK, 2009 64.52 80.91 24 594 584
Fathalla, M at al. 2021 2805 3.01 20 119 405
Koutsikos D et al{(MP). 1990 49 23 1 26 9
Kurdoglu Z et al. 2012 4345 1104 25 153 427
Lim VS etal. 1980 134 618 17 15 3.46
Mantouvalos H et al. 1984 441 152 12 666 1.69
Song YS et al. 2008 97.3 9432 38 591 58.39
Subtotal (95% CI) 193

Heterogeneity: Tau*= 2.14; Chi*=145.17, df= 7 (P < 0.00001); F= 95%
Test for overall effect Z=2.12 (P = 0.03)

Total (95% CI) 406

Heterogeneity: Tau®= 0.96; Chi*= 153.69, df= 13 (P < 0.00001); F= 92%
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No significance was found in serum E, level between
HD and RT group in subgroupl and overall (FP=93%,
tau’=14.85, SMD 1.54, 95% CIL: -3.99-7.07, p=0.58 in
subgroup 1; P=81%, tau*=0.37, SMD -0.66, 95% CL:
-1.26 to -0.05, p=0.03 in subgroup 2; ’=83%, tau®=0.60,
SMD -0.47, 95% CI: -1.14 to 0.20, p=0.17 as a whole,
SFigure 24) with sensitivity analysis shown in SFigure
25. Egger’s test showed no publication bias (p=0.3723).
The Z curve was within the conventional boundary and
the monitoring boundary was ignored due to insufficient
studies included (SFigure 26).

Serum P concentration was similar between HD
women and women after RT (P=87%, tau>=0.66, SMD
—-0.31, 95% CI: -1.32-0.70, p=0.54, SFigure 27) with no
publication bias (Egger’s test, p=0.8433). Sensitivity

analysis was omitted. In addition, the Z curve of TSA
analysis stayed within the conventional boundary and the
monitoring boundary and the required information size
were ignored for few studies included (SFigure 28).

Hormone levels between HD women with or without
regular menses (HDre vs. HDir)

Serum PRL levels were lower in women with regular
menses (’=91%, tau’=1.36, SMD —1.37, 95% CL: -2.45
to -0.28, p=0.01, SFigure 29). When the study of Lin CT
et al. was excluded, there was good homogeneity with-
out changing the overall effect (P=41%, tau>’=0.07, SMD
—-0.60, 95% CI: -1.02 to -0.18, p=0.005, SFigure 30). Egg-
er’s test showed no publication bias existed (p=0.0725).
Sensitivity analysis was showed in SFigure 31. The Z
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TSA analysis of P values tested during follicular phase

curve stayed within the conventional boundary, out of
the futility boundary and didn’t reach the required infor-
mation size in TSA analysis (SFigure 32).

FSH concentration was similar between regular and
irregular menses women both in subgroup 1 and sub-
group 2 (’=85%, tau®’=0.59, SMD —0.78, 95% CI: -1.60-
0.05, p=0.06 in subgroup 1; =0%, tau’=0.00, SMD
—0.39, 95% CI: -0.78 to -0.00, p=0.05 in subgroup 2, SFig-
ure 33). Sensitivity analysis showed that there was large
heterogeneity in the study of Lin CT et al. (SFigure 34).
After excluding the study of Lin CT et al. [1], we got a
good homogeneity in subgroup 1 (P=0%, tau®=0.00,
SMD -0.29, 95% CI: -0.61-0.04, p=0.08, SFigure 35).
But serum FSH was higher in irregular hemodialysis
women in overall both before (P=74%, tau’=0.30, SMD
—0.55, 95% CI: -1.04 to -0.06, p=0.03) and after (F*=0%,
tau*=0.00, SMD —0.33, 95% CI: -0.58 to -0.08, p=0.009)
excluding the study aforementioned. Egger’s test didn't
present publication bias before (p=0.6203) and after
(p=0.5449) excluding the study of Lin CT et al. In TSA

analysis, the Z curve was within the conventional bound-
ary, out of the futility boundary and didn’t reach the
required information size (SFigure 36).

Serum LH level was lower in HD women with regular
menses in subgroupl and overall (°=53%, tau®=0.11,
SMD -0.62, 95% CI: -1.07 to -0.17, p=0.007 in sub-
groupl; P=34%, tau’=0.05, SMD —0.48, 95% CI: -0.78 to
-0.17 in overall, SFigure 37). But serum FSH was compa-
rable between HD women with or without regular men-
ses in subgroup2 (I=0%, tau*=0.00, SMD —0.25, 95% CI:
-0.64 to -0.14, p=0.20). Sensitivity analysis was showed in
SFigure 38. There was no publication bias existed by Egg-
er’s test (p=0.2856). The Z curve in TSA analysis failed to
reach the monitoring boundary, the futility boundary and
required information size (SFigure 39).

Subgroup analysis was not performed in this com-
parison. Result exhibited that serum E, was higher in
regular menses women both before (=96%, tau®=3.82,
SMD 2.13, 95% CI: 0.17-4.09, p=0.03, SFigure 40) and
after (’=0%, tau®’=0.00, SMD 0.87, 95% CI: 0.48-1.26,
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p<0.0001, SFigure 41) excluding the study of Weisinger
JR et al. There existed no publication bias by Egger’s test
(p=0.2977). The sensitivity analysis presented in SFig-
ure 42. The Z curve of TSA analysis didn’t reach the

monitoring boundary, the futility boundary and required

information size (SFigure 43).

Serum P values in this part were all tested during luteal
phase and were higher in women with regular men-
ses (P=50%, tau’=0.11, SMD 1.23, 95% CI: 0.58-1.88,
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p=0.0002, SFigure 44). Sensitivity analysis and Egger’s
test were omitted because of only 2 studies included in
this part. In TSA analysis, the monitoring boundary and
required information size were omitted due to few stud-
ies included (SFigure 45).

Discussion

Brief summary

In HD vs. Ct group, serum PRL, FSH and LH values were
higher in HD women while the plasma P value was lower
in HD women. Serum E2 concentration tested during
follicular phase were comparable to normal control and
varied from low to normal overall, but this conclusion
needed further confirmation. In HD vs. RT group, we
found higher serum PRL values in HD women. What’s
more, higher FSH and LH levels and lower serum P level
in HD women were presented and serum E2 level was
comparable to that of women after RT, but they needed
further confirmation due to not reaching the monitoring
boundary or the futility boundary or required informa-
tion size in TSA analysis. In HDre vs. HDir group, there
were lower PRL, LH values, similar follicular FSH levels,
higher E2 and P levels in regular menses HD women and
they all needed conformation because of not reaching the
monitoring boundary, the futility boundary or required
information size in TSA analysis.

Measures to adjust small-study effects

A considerable number of studies with small sample sizes
were included in this meta-analysis, In order to adjust
small-study effects, we did trim-and-fill analysis to con-
firm the conclusion stability if publication bias existed
and the results presented good stability of conclusion
in this study. What’s more, we did TSA analysis to fur-
ther evaluate the precision and uncertainty of the results
in our study [23]. In TSA analysis, if the Z-curve stayed
within the conventional boundary and out of the futil-
ity boundary, or the Z-curve stayed out of the conven-
tional boundary, within the monitoring boundary and
not reaching the required information size, it meant the
conclusion of meta-analysis needed further confirmation.
While we could draw the conclusion that there was no
statistical significance if the Z-curve reached the futility
boundary. And if the Z-curve stayed out of the monitor-
ing boundary or it reached the required information size,
we were able to conclude that there was statistical signifi-
cance [23]. Those two measures enhanced the credibility
and reliability of the conclusions in our study.

Measures to bolster the conclusion validity

To further enhance the credibility of the conclusion and
internal validity in our study, we implemented the fol-
lowing measures. Firstly, strict criteria for study inclusion
and exclusion were set to maintain the internal validity
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and a thoroughly search was performed to avoided selec-
tive reporting. Secondly, a standardized tool (ROBINS-E
tool) was applied to assess the quality of included stud-
ies and results presented a moderate to high quality of
all studies included (STable 3 to STable 5). Thirdly, two
separate authors extracted data to maintain data con-
sistency and there was high consistency (kappa=0.799).
In addition, sensitivity analysis was down to assess the
stability of the results and mitigate potential bias due to
the interference to the results caused by some particu-
lar studies. What’s more, we conducted subgroup and
meta-regression analyses to explore potential sources of
heterogeneity. And there was a relatively small hetero-
geneity in subgroup 1(sampling during follicular phase)
in this study. Researches found that about 1% to 10% HD
women [3, 11, 44] had regular menses and part of them
still existed cyclic hormone secretion [5] which proved
the necessity of subgroup analysis. Fathalla, M at al. [42]
found that the age of patients was positively correlated
with plasma PRL, LH, and FSH in HD women. But we
couldn’t obtain statistical significance in meta-regression
analysis.

Main research findings

PRL values were consistently elevated in HD women
compared with normal control and women after RT. It
was possibly caused by diversely increased PRL secretion
rate due to CKD-mediated inhibition of dopaminergic
activity [45] and differently decreased PRL elimination
by kidney [46]. Moreover, a higher FSH concentration
was found in HD women compared with normal con-
trol in subgroup 1 and the unclear sampling time largely
contributed to the diversified FSH levels overall. Further-
more, serum P levels tested during follicular phase and
luteal phase were lower in HD women in this study, dem-
onstrating no ovulation in HD women.

We found consistent elevation of LH and PRL levels in
HD women which could be caused by decreased elimi-
nation [47]. We supposed that the elevated LH level was
also caused by an increased secretion. First, concomitant
rising episodes and a positive linear correlation (r=0.74,
p<0.001) of pulses frequency of the PRL and LH were
found during menstrual cycles in healthy women [48,
49]. And in anatomy [50], it was demonstrated that kis-
speptin neurons in hypothalamus regulated PRL and LH
secretion simultaneously. Second, in HD women, the
PRL increased primarily by increased secretion [45], and
PRL and LH had consistent elevation as aforementioned.
Those mentioned above gave us clues to deduce that LH
also had an increased secretion in HD women. Schaefer
F et al. [51] demonstrated that the immunoreactive LH
enhanced production, with dramatically decreased bioac-
tive LH level, leading to significantly elevated mean LH
concentration in HD children comprised of 18 boys and
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18 girls supporting our hypothesis that LH, like PRL, had
an increased secretion in HD women.

The hormone status except PRL values in HD vs. RT
group and hormones in HDre vs. HDir group needed
further confirmation according to the TSA results. Study
showed that gonadotropin could be ameliorated after RT
[26], which was in accordance with the meta-analysis
results in this study. Filocamo MT et al. [24] found that
concentrations of FSH, LH and E, were not changed dur-
ing HD and 1-year after RT in menstruating HD women,
but FSH, LH were all decreased and E, were increased1-
year after RT in non-menstruating HD women indicating
that RT ameliorated disturbed hormones status of HD
women, most probably of those without regular menses.

The interference of adrenal and thyroidal hormones
Abnormal hypothalamic pituitary adrenal (HPA) and
thyroid axis (HPTA) also affected gonadal hormones in
HD women. Studies suggested that adrenocorticotro-
phic (ACTH) hormone values variated from normal to
high and cortisol levels were elevated in HD patients [8].
And HPA hormones were thought to inhabit the secre-
tion of gonadotropin-releasing hormone (GnRH), LH, E,
and P in hypothalamus pituitary ovary (HPO) axis [52],
which could be one of the reasons of the diversified lev-
els of gonadal hormones and anovulation in HD women.
In addition, thyroid stimulating hormone (TSH) and
free thyroxine (fT,) values ranged from low to high and
free triiodothyronine (fT;) levels were decreased in HD
women [8]. It was considered that altered thyroid hor-
mones values could result in different gonadal dysfunc-
tion [53], which could also contribute to the varied serum
concentration of gonadal hormones in our results. In
addition, elevated parathormone was found to be related
to lower values of FSH, LH and higher values of PRL [54].
Therefore, the parathormone might also be an interfer-
ence factor.

Conclusion

There were consistently elevated PRL, follicular LH and
FSH levels and decreased P levels, with serum levels of
E, varying from low to normal in HD women compared
with normal control. There was also higher PRL values in
HD women compared with that of women after RT.

Strengths

This was the first meta-analysis to present the gonadal
hormone and PRL values of HD women, which exhib-
ited the function of reproductive system of HD women
to some extent and gave us clues for risks estimation of
cardiovascular disease, survival and so on. In addition,
we did a thoroughly literature searches and took mea-
sures to adjust small-study effects to bolster the conclu-
sion validity.
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Weaknesses

The relatively small sample size and limited informa-
tion from original literature to explore and conform the
source of heterogeneity were limitations. What’s more,
the PROSPERO number was post-registered which might
introduce some biases into the study.

Supplementary Information
The online version contains supplementary material available at https://doi.
0rg/10.1186/512902-023-01452-w.

Supplementary Material 1
Supplementary Material 2

Supplementary Material 3

Acknowledgements
Not Applicable.

Author contributions

The study was designed by Qiling Li. Kailu Zhang wrote the draft. Lanbo Zhao,
Yadi Bin and Kailu Zhang screened eligible articles and did quality assessment.
Miao Guo and Xue Zhou did data extraction. Min Li and Lu Han did statistical
analysis. All authors revised the paper.

Data Availability
Data and materials are available by contacting the corresponding author.

Declarations

Competing interests
The authors declare no competing interests.

Ethics approval and consent to participate
Not Applicable.

Consent for publication
Not Applicable.

Founding
No funds, grants, or other support was received.

Financial interests
None.

Received: 3 May 2022 / Accepted: 8 September 2023
Published online: 25 September 2023

References

1. Lin CT, et al. Menstrual disturbances in Premenopausal Women with
End-Stage Renal Disease: a cross-sectional study. Med Princ Pract.
2016;25(3):260-5.

2. Cochrane R, Regan L. Undetected gynaecological disorders in women with
renal disease. Hum Reprod. 1997;12(4):667-70.

3. Chakhtoura Z, et al. Gynecologic follow up of 129 women on dialysis and
after kidney transplantation: a retrospective cohort study. Eur J Obstet Gyne-
col Reprod Biol. 2015;187:1-5.

4. Shemies RS, et al. Amenorrhea, premenstrual tension syndrome, and dys-
menorrhea among women of reproductive age on hemodialysis: a national
study in Egypt. Semin Dial. 2022,35(4):348-57.

5. Phocas |, et al. Hormonal and ultrasound characteristics of menstrual function
during chronic hemodialysis and after successful renal transplantation. Int J
Gynaecol Obstet. 1992;37(1):19-28.


https://doi.org/10.1186/s12902-023-01452-w
https://doi.org/10.1186/s12902-023-01452-w

Zhang et al. BMC Endocrine Disorders

20.

22.
23.
24,
25,
26.
27.
28.

29.

30.

31.

32.

(2023) 23:203

Merkatz IR, et al. Resumption of female reproductive function following renal
transplantation. JAMA. 1971;216(11):1749-54.

Pietrzak B, et al. Function of the ovaries in female kidney transplant recipients.
Transpl Proc. 2006,38(1):180-3.

Handelsman DJ. Hypothalamic-pituitary gonadal dysfunction in renal failure,
dialysis and renal transplantation. Endocr Rev. 1985;6(2):151-82.

Rytz CL, et al. Menstrual abnormalities and Reproductive Lifespan in females
with CKD: a systematic review and Meta-analysis. Clin J Am Soc Nephrol.
2022;17(12):1742-53.

Lim VS, et al. Ovarian function in chronic renal failure: evidence suggesting
hypothalamic anovulation. Ann Intern Med. 1980,93(1):21-7.

Kim JH, et al. Kidney transplantation and menstrual changes. Transpl Proc.
1998;30(7):3057-9.

Saha MT, et al. Time course of serum prolactin and sex hormones following
successful renal transplantation. Nephron. 2002;92(3):735-7.

Gomez F, et al. Endocrine abnormalities in patients undergoing long-term
hemodialysis. The role of prolactin. Am J Med. 1980;68(4):522-30.

Yildirim Y, et al. Comparison of pituitary-ovarian function in patients who
have undergone successful renal transplantation and healthy women. Fertil
Steril. 2005;83(5):1553-6.

Strickler RC, et al. Serum gonadotropin patterns in patients with chronic renal
failure on hemodialysis. Gynecol Invest. 1974;5(4):185-98.

Gungor O, et al. Hormonal changes in hemodialysis patients: novel risk fac-
tors for mortality? Semin Dial. 2017;30(5):446-52.

Doumouchtsis KK, et al. The effect of sexual hormone abnormalities on proxi-
mal femur bone mineral density in hemodialysis patients and the possible
role of RANKL. Hemodial Int. 2008;12(1):100-7.

Tanrisev M, et al. Relation between serum estradiol levels and mortal-

ity in postmenopausal female hemodialysis patients. Int Urol Nephrol.
2013;45(2):503-10.

Song YS, et al. Sexual function and quality of life in korean women

with chronic renal failure on hemodialysis: case-control study. Urology.
2008;71(2):243-6.

Carrero JJ, et al. Prolactin levels, endothelial dysfunction, and the risk of car-
diovascular events and mortality in patients with CKD. Clin J Am Soc Nephrol.
2012,7(2):207-15.

Zingraff J, et al. Pituitary and ovarian dysfunctions in women on haemodialy-
sis. Nephron. 1982;30(2):149-53.

Morgan RL et al. GRADE: assessing the quality of evidence in environmental and
occupational health. Environ Int, 2016.92-3: p. 611-6.

Kang H. Trial sequential analysis: novel approach for meta-analysis. Anesth
Pain Med (Seoul). 2021;16(2):138-50.

Filocamo MT, et al. Sexual dysfunction in women during dialysis and after
renal transplantation. J Sex Med. 2009;6(11):3125-31.

Cengiz K. Estrogen deficiency - does it play a role in uremic bone disease?
Nephron. 1997,77(3):363-4.

Koutsikos D, et al. The effect of successful renal transplantation on hormonal
status of female recipients. Ren Fail. 1990;12(2):125-32.

Morley JE, et al. Menstrual disturbances in chronic renal failure. Horm Metab
Res. 1979;11(1):68-72.

Mantouvalos H, et al. Sex hormones in women on hemodialysis. Int J Gynae-
col Obstet. 1984;22(5):367-70.

Matuszkiewicz-Rowinska J, et al. Endometrial morphology and pituitary-
gonadal axis dysfunction in women of reproductive age undergoing
chronic haemodialysis—a multicentre study. Nephrol Dial Transplant.
2004;19(8):2074-7.

Fayed A, et al. Ovarian reserve in an egyptian cohort with end-stage kidney
disease on hemodialysis and after successful kidney transplantation: a pro-
spective study. Int Urol Nephrol. 2019;51(4):737-43.

Basok EK, et al. Assessment of female sexual function and quality of life in
predialysis, peritoneal dialysis, hemodialysis, and renal transplant patients. Int
Urol Nephrol. 2009;41(3):473-81.

Kurdoglu Z, et al. Evaluation of the relationship between endogenous
gonadotropins and female sexual function and psychological status in predi-
alysis and hemodialysis patients. Gynecol Endocrinol. 2012;28(4):336-9.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

Page 13 of 13

Kim JH, et al. Association between the hemodialysis adequacy and sexual
dysfunction in chronic renal failure: a preliminary study. BMC Urol. 2014;14:4.
Esen B, et al. Evaluation of relationship between sexual functions, depression
and quality of life in patients with chronic kidney disease at predialysis stage.
Ren Fail. 2015;37(2):262-7.

Akizawa T, et al. Changes in endocrinological functions in hemodialysis
patients associated with improvements in anemia after recombinant human
erythropoietin therapy. Contrib Nephrol. 1990,82:86-93.

Kawashima R, et al. Menstrual disorders in patients undergoing chronic
hemodialysis. J Obstet Gynaecol Res. 1998,24(5):367-73.

Weisinger JR, et al. Role of persistent amenorrhea in bone mineral metabo-
lism of young hemodialyzed women. Kidney Int. 2000;58(1):331-5.
Altunoglu A, et al. Relationship between inflammation and sex hormone pro-
file in female patients receiving different types of renal replacement therapy.
Transpl Proc. 2014;46(5):1585-90.

Grossmann M, et al. Sex steroids levels in chronic kidney disease and kidney
transplant recipients: associations with disease severity and prediction of
mortality. Clin Endocrinol (Oxf). 2015;82(5):767-75.

Park JS, et al. Effects of hormonal replacement therapy on lipid and haemo-
static factors in post-menopausal ESRD patients. Nephrol Dial Transplant.
2000;15(11):1835-40.

Stoumpos S, et al. The utility of anti-Mllerian hormone in women with
chronic kidney disease, on haemodialysis and after kidney transplantation.
Reprod Biomed Online. 2018;36(2):219-26.

Fathalla M, Abdrabo AA, Modawe G. Evaluation of serum gonadotropin

and prolactin level among sudanese patients with chronic renal failure.
Sudan J Med Sci (SJMS). 2021;16(3):399-408. https://doi.org/10.18502/sjms.
v16i3.9700.

Arikan DC, et al. HORMONE PROFILES AND THEIR RELATION WITH MEN-
STRUAL CYCLES IN PATIENTS UNDERGOING HEMODIALYSIS. J Turkish Soc
Obstetric Gynecol. 2011;8:32-9.

Lim VS. Reproductive function in patients with renal insufficiency. Am J
Kidney Dis. 1987,9(4):363-7.

Sievertsen GD, et al. Metabolic clearance and secretion rates of human
prolactin in normal subjects and in patients with chronic renal failure. J Clin
Endocrinol Metab. 1980;50(5):846-52.

Cowden EA, et al. Hyperprolactinaemia in renal disease. Clin Endocrinol (Oxf).
1978,9(3):241-8.

Olgaard K, Hagen C, McNeilly AS. Pituitary hormones in women with chronic
renal failure: the effect of chronic intermittent haemo- and peritoneal dialysis.
Acta Endocrinol (Copenh). 1975,80(2):237-46.

Tennekoon KH, Lenton EA. Synchronous secretion of LH and prolactin during
the normal menstrual cycle. Asia Ocean J Obstet Gynaecol. 1993;19(1):101-7.
Masaoka K, Kitazawa M, Kumasaka T. Pulsatile secretion of prolactin and
luteinizing hormone and their synchronous relationship during the human
menstrual cycle. Gynecol Endocrinol. 1988;2(4):293-303.

Grattan DR. Coordination or coincidence? The relationship between Prolactin
and Gonadotropin Secretion. Trends Endocrinol Metab. 2018;29(1):3-5.
Schaefer F, et al. Immunoreactive and bioactive luteinizing hormone

in pubertal patients with chronic renal failure. Cooperative Study

Group on Pubertal Development in Chronic Renal failure. Kidney Int.
1994;45(5):1465-76.

Chrousos GP, Torpy DJ, Gold PW. Interactions between the hypothalamic-
pituitary-adrenal axis and the female reproductive system: clinical implica-
tions. Ann Intern Med. 1998;129(3):229-40.

De Vincentis S, Monzani ML, Brigante G. Crosstalk between gonadotropins
and thyroid axis. Minerva Ginecol. 2018;70(5):609-20.

SahovicV, et al. Correlation between parathormone and sexual hormones in
patients on haemodialysis. Med Arch. 2012,66(3):177-80.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.


https://doi.org/10.18502/sjms.v16i3.9700
https://doi.org/10.18502/sjms.v16i3.9700

	﻿Serum prolactin and gonadal hormones in hemodialysis women: a meta-analysis
	﻿Abstract
	﻿Introduction
	﻿Methods
	﻿Search strategy and study selection
	﻿Inclusion and exclusion criteria
	﻿Data extraction and quality evaluation
	﻿Statistical analysis

	﻿Results
	﻿Search results
	﻿Study characteristic
	﻿Quality assessment
	﻿Hormone levels of HD women compared with that of normal control (HD vs. ct)
	﻿Hormone levels of HD women compared with that after RT (HD vs. RT)
	﻿Hormone levels between HD women with or without regular menses (HDre vs. HDir)

	﻿Discussion
	﻿Brief summary
	﻿Measures to adjust small-study effects
	﻿Measures to bolster the conclusion validity
	﻿Main research findings
	﻿The interference of adrenal and thyroidal hormones

	﻿Conclusion
	﻿Strengths
	﻿Weaknesses

	﻿References


