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ABSTRACT

Background. Serum anti-Miillerian hormone (AMH) is a biomarker of ovarian reserve. There are limited data to guide the
clinical interpretation of AMH in women with chronic kidney disease (CKD). The purpose of this study was to examine AMH
concentrations in women with CKD compared with women without CKD.

Methods. We conducted a prospective cohort study of serum AMH concentrations in 163 non-pregnant women with CKD.
Serum AMH concentrations were compared with age-specific AMH centiles from 887 healthy female controls.

Results. Participants included 30 women with Stage 1 CKD, 37 women with Stage 2 CKD, 26 women with Stage 3a CKD, 31
women with Stage 3b CKD and 39 women with Stages 4 and 5 CKD. The median estimated glomerular filtration rate (eGFR)
was 51 (interquartile range 31-80) mL/min/1.73 m? Serum AMH concentrations were lower in all CKD stages compared with
women without CKD. Women ages 20-24 years with CKD had comparable serum AMH concentrations (median 1.959ng/ml)
to women ages 35-39 years without CKD (median 1.995 ng/mL). There was no evidence that eGFR was an independent
modifier of serum AMH concentrations. More than half of women with CKD (58%) were predicted to have a low response to
gonadotrophin stimulation.

Conclusions. Women with CKD have a lower ovarian reserve and are predicted to have a lower ovarian response to
gonadotrophin stimulation compared with women without CKD of a similar age. Women with CKD who fail to conceive
within 6 months of regular unprotected intercourse should be considered for fertility assessment and intervention.
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INTRODUCTION

Anti-Miillerian hormone (AMH) is expressed in the granulosa
cells of developing follicles. Serum concentrations of AMH thus
reflect the number of small antral follicles and are considered to
be the best currently available biomarker of ovarian reserve [1].
AMH is proposed to be clinically superior to other biomarkers
because serum concentrations are unaffected by the growth of a
dominant follicle in the latter half of the menstrual cycle, mean-
ing that there is lower intra- and intercycle variability compared
with other markers [2]. AMH concentrations can be used to pre-
dict response to fertility treatment and individualize dosing for
ovarian stimulation [3-5] and there is evolving evidence demon-
strating its use in the assessment of iatrogenic gonadotoxicity
and prediction of the female reproductive lifespan [1, 6].

Chronic kidney disease (CKD) is estimated to affect 3% of
women of reproductive age [7]. The mechanistic effects of CKD
upon fertility include inhibition of the hypothalamic-pituitary
axis due to low oestrogen levels, loss of the normal cyclical vari-
ation in luteinizing hormone concentration and hyperprolacti-
naemia [8]. Sexual dysfunction, voluntary childlessness and the
use of cyclophosphamide, which is known to be gonadotoxic [9,
10], contribute to the complex clinical scenario in which women
with CKD present for fertility advice and investigation. Yet the
interpretation of circulating AMH concentration in women
with CKD remains poorly understood. Published data regarding
the assessment of ovarian reserve in women with CKD are lim-
ited to three small cohort studies [11, 12], which report higher
AMH concentrations in haemodialysis patients compared with
other stages of CKD. These studies are limited by manual
methods of AMH quantification and the absence of assay-
specific normal ranges [11, 13]. To date, no analysis of AMH
according to the stage of CKD has been published. Serum AMH
concentrations in women with early-stage CKD [estimated
glomerular filtration rate (eGFR) >60mL/min/1.73m? have
never been described, yet these women represent the majority
of women with CKD presenting for pregnancy advice in the
UK [14].

The aim of this study was to investigate serum AMH concen-
tration concentrations in women across the spectrum of CKD
severity, including women on dialysis and with renal trans-
plants, using an automated assay and age-specific normal
ranges, to facilitate the interpretation of serum AMH concentra-
tions in women with CKD.

MATERIALS AND METHODS

Non-pregnant women were recruited from specialist pre-
pregnancy and general nephrology clinics at two UK centres
(Guy’s and St Thomas’ NHS Foundation Trust and King’s College
Hospital NHS Trust) between 2015 and 2017. Inclusion criteria
were reproductive age with a known diagnosis of CKD based on
Kidney Disease: Improving Global Outcomes criteria [15].

Participants were enrolled prospectively. Collected demo-
graphic data included age, ethnicity, renal disease aetiology,
menstrual cycle and pregnancy history, mode of dialysis and
medication including contraceptive use. eGFR was calculated
from serum creatinine concentrations using the Chronic Kidney
Disease Epidemiology Collaboration (CKD-EPI) formula, with
classification according to CKD Stages: 1 (eGFR>90mL/min/
1.73m?, 2 (eGFR 60-89mL/min/1.73m?), 3a (eGFR 45-59mlL/
min/1.73m?, 3b (eGFR 30-44ml/min/1.73m? and 4 and 5
(eGFR < 30 mL/min/1.73 m?).

Serum samples were collected at routine outpatient atten-
dance or prior to dialysis in women receiving regular dialysis
treatment. Samples were stored on ice before being centrifuged
at 1500g for 10 min at 4°C. The separated supernatant was ali-
quoted and stored at —80°C. Serum AMH was quantified using a
fully automated AMH electrochemiluminescence assay (Elecsys
AMH assay, Roche Diagnostics, Rotkreuz, Switzerland) [16]. The
interassay and intra-assay coefficients of variation were 1.4 and
2.4%, respectively.

Differences across CKD stages were assessed using a chi-
square test for categorical variables and a Kruskal-Wallis test
for continuous variables. Correlation of AMH concentrations
with eGFR was examined using non-parametric Spearman cor-
relation. In order to remove age as a confounding factor, AMH
concentrations were converted from picomoles per litre to
nanograms per millilitre using a multiplication factor of 0.14.
Age-specific AMH centiles were then generated from data de-
rived from 887 healthy women ages 20-50 years with regular
menstrual cycles [16] using polynomial interpolation from per-
centile point estimates at 1-5% intervals provided by Roche
Diagnostics. Mann-Whitney tests were used to examine for dif-
ferences in age-corrected AMH centile between women with
and without CKD. As study participants were recruited from ter-
tiary centres that may not provide routine renal care, a history
of cyclophosphamide use was not always available. To exclude
cyclophosphamide use as a confounder of serum AMH concen-
tration [17, 18], analyses were repeated with the exclusion of
women with a diagnosis of lupus, non-lupus vasculitis and
transplantation where the aetiology of renal failure was un-
known. An assay-specific cut-off of <5.4pmol/L was used to
predict a low response to gonadotropins in accordance with
National Institute of Health and Care Excellence recommenda-
tions [5]. Single linear regression was used to assess the effect
on AMH centile attributable to CKD compared with healthy con-
trols and to examine the effect of age, serum creatinine, eGFR,
ethnicity, chronic hypertension, renal disease aetiology, trans-
plantation, dialysis, regular menstruation (in the absence of
oestrogen and progesterone use) and the use of oestrogen or
progesterone-containing medication within 3 months of sample
collection in women with CKD. Statistical analysis was per-
formed using GraphPad Prism 7 (GraphPad Software, San Diego,
CA, USA) and Stata version 15.1 (StataCorp, College Station, TX,
USA).

Approval was provided by the UK Research Ethics Service
and the Health Research Authority (15/WA/0009). The study was
conducted in accordance with the Declaration of Helsinki.
Written informed consent was obtained from all participants.

RESULTS

Serum AMH concentrations were measured in 163 women with
CKD, including 30 women with Stage 1 CKD, 37 women with
Stage 2 CKD, 26 women with Stage 3a CKD, 31 women with
Stage 3b CKD and 39 women with Stages 4 and 5 CKD. The me-
dian eGFR was 51 mL/min/1.73 m? [interquartile range (IQR) 31-
80]. The most common cause of renal disease was non-lupus
glomerulonephritis (26%), with reflux nephropathy more preva-
lent among women with higher stages of CKD. There were 37
(23%) women with a functioning renal transplant and 10 (6%) re-
ceiving dialysis therapy. Cohort demographics according to CKD
stage are shown in Table 1. Women with more advanced CKD
were older but there were no other measurable demographic
differences between CKD stages.
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Table 1. Cohort demographics, serum AMH concentrations and age-corrected AMH centiles according to CKD stage

Demographics and AMH results All CKD CKD1 CKD 2 CKD 3a CKD 3b CKD 4-5
n 163 30 37 26 31 39
Age (years) 36.5 33.2 38.3 38.0 34.8 41.7
(29.9-42.9) (25.9-36.8) (30.0-44.8) (30.6-42.3) (30.7-44.1) (34.5-44.9)
Ethnicity, n (%)
White European 84 (62) 16 (64) 17 (63) 16 (67) 17 (63) 18 (55)
Black 30 (22) 5 (20) 5(19) 6 (25) 5(19) 9(27)
Southeast Asian 22 (16) 4 (16) 5(19) 2(8) 5(19) 6 (18)
eGFR (mL/min/1.73 m?) 51 (31-80) 116 (109-140) 72 (65-80) 52 (48-56) 38 (34-41) 15 (9-23)
Renal disease aetiology, n (%)
Non-lupus glomerular disease 42 (26) 11 (37) 9 (24) 6 (23) 9 (29) 7 (18)
Lupus vasculitis 28 (17) 10 (33) 3(8) 4 (15) 3(10) 8(21)
Hereditary/congenital 21(13) 2(7) 11 (30) 1(4) 2 (6) 5(13)
Reflux 14 (9) 0(0) 3(8) 2(8) 4(13) 5(13)
Diabetic nephropathy 13 (8) 2(7) 1(3) 2(8) 4(13) 4(10)
Hypertensive/renovascular 8(5) 0(0) 2(5) 3(12) 2 (6) 1(3)
Other 15 (9) 0(0) 4(11) 3(12) 2(6) 6 (15)
Unknown 22 (13) 5(17) 4(11) 5(19) 5(16) 3(8)
Renal transplant, n (%)

Functioning 37 (23) 1(3) 3(8) 10 (38) 14 (45) 9(23)
Non-functioning 1(1) 0(0) 0(0) 0(0) 0(0) 1(3)
Current dialysis, n (%) 10 (6) 0(0) 0(0) 0(0) 0(0) 10 (56)
Haemodialysis 7 (4) 7 (39)
Peritoneal dialysis 3(2) 3(17)
Regular menstruation, n/N (%) 35/51 (69) 8/11 (73) 5/8 (64) 5/8 (64) 8/12 (67) 9/12 (75)
Oestrogen-containing drug use, n/N (%) 9/133 (7) 2/24 (8) 5/30 (17) 0/20 (0) 0/25 (0) 2/34 (6)
Progesterone-containing contraceptive 25/131 (19) 4/24 (17) 5/29 (17) 3/20 (15) 7/25 (28) 6/33 (18)

use, n/N (%)
Serum AMH (pmol/L)

Serum AMH (ng/mL) 0.88(0.27-2.19)  1.41 (0.65-2.90)
AMH centile 19 (8-53) 30 (4-55)
AMH predictive of low response to 95 (58) 9 (30)

gonadotrophin stimulation
(AMH <5.4 pmol/L), n (%)?

6.33 (1.90-15.65) 10.06 (4.62-20.73) 6.02 (1.79-12.85) 4.27 (1.44-8.79) 8.89 (4.99-19.36) 5.29 (1.27-14.77)

0.84 (0.25-1.80) 0.60 (0.20-1.23) 1.25(0.70-2.71) 0.74 (0.18-2.07)
28 (10-53) 11 (4-31) 24 (14-59) 15 (7-60)
18 (47) 17 (65) 8 (26) 20 (51)

Values are median (IQR) unless stated.

“National Institute for Health and Care Excellence advise that AMH <5.4 pmol/L (Beckman-Coulter assay) is used to predict a low ovarian response to gonadotrophin

stimulation [5].

AMH concentrations were lower and maternal age was
higher with increasing CKD stage (Table 1). However, there was
no measurable difference in age-corrected AMH centiles across
CKD stages or correlation between eGFR and AMH centile
(Figure 1).

For women <35years of age, serum AMH concentrations
were lower in women with CKD compared with those without
CKD (Figure 2). Women 20-24 years of age with CKD had compa-
rable AMH concentrations [median 1.959ng/mL (IQR 1.126-
2.717)] to women 35-39 years of age without CKD [median
1.995ng/mL (IQR 0.889-4.185), P=0.741]. For women >35years
of age, age was a more important determinant of AMH concen-
trations than CKD stage.

AMH centiles were lower in both early and late stages of CKD
compared to women without CKD (Figure 3). This difference
was apparent even with the exclusion of women with a con-
firmed or possible history of previous cyclophosphamide expo-
sure, including women with lupus, non-lupus vasculitis and
transplantation where the aetiology of renal failure was un-
known (P =0.004).

Low ovarian response to gonadotrophin stimulation was
predicted in 95 (58%) women with CKD, with no significant dif-
ference detectable between CKD stages (Table 1).

Among women with CKD, there was no measurable relation-
ship between AMH centile and serum creatinine concentration,
eGFR, CKD stage, ethnicity, chronic hypertension, glomerular
disease, transplantation, regular menstruation or oestrogen and
progesterone-containing drug use (Table 2).

DISCUSSION

Serum AMH concentrations in women <35 years aged with CKD
are substantially lower than in women without CKD. For exam-
ple, women 20-24 years of age with CKD have comparable se-
rum AMH concentrations to women >35years of age without
CKD. Lower serum AMH concentrations are evident across all
CKD stages, even with the exclusion of women exposed to cy-
clophosphamide therapy. There is no evidence that eGFR is an
independent modifier of serum AMH concentrations or that se-
rum AMH concentrations are higher in women on dialysis. More
than half of women with CKD would be anticipated to have a
low ovarian response to gonadotrophin stimulation.

To our knowledge, following a literature search, this is the
largest study to date examining serum AMH concentrations in
women with CKD and the first to assess serum AMH levels
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FIGURE 1: Scatter plot of age-corrected AMH centiles against eGFR in women
with CKD.
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FIGURE 2: Serum AMH concentrations in women with CKD (red) compared with
age-matched women without CKD (black). Bars show median (IQR) values.
Serum AMH concentrations for women without CKD were obtained from
Anckaert et al. [16].

across the spectrum of CKD severity including both mild and se-
vere disease. The study uses a fully automated, precise, sensi-
tive AMH assay [16], which avoids the variability and poor
reproducibility encountered in historic studies [19], is unaf-
fected by complement activity [16] and provides an accurate
and validated quantification of samples previously stored at
—80°C [20]. The strength of this study is the use of assay-spe-
cific, age-specific centiles, as age is a known confounder of both
low serum AMH concentrations [21] and impaired renal func-
tion [22].

This study shows a reduction in age-corrected AMH centiles
in women with CKD, including those on dialysis. This is consis-
tent with the molecular size of AMH, which at 140kDa is too
large to be substantially influenced by glomerular filtration or
dialytic clearance. Despite this, previously published cohorts
reported higher serum AMH concentrations in 26 women re-
ceiving dialysis compared with women with earlier-stage CKD
[12] and a reduction in serum AMH concentrations after the suc-
cessful renal transplantation of 10 women previously on
dialysis [11]. These findings were based on limited control data
[11] and a small number of age-corrected values [12]. Whether
there are modality-specific effects in haemo dialysis and perito-
neal dialysis remain unknown and a larger study is needed.
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FIGURE 3: AMH centiles in women without CKD (control) and in women with
CKD Stages 1-5. Bars show the median (IQR) centile value. P <0.0001 is a mea-
sure of the difference in the distribution of AMH centile across all groups shown.

Table 2. Linear regression analysis of age-corrected AMH centiles in
women with CKD

Simple linear
regression coefficient

Variable (95% confidence interval) P-value
CKD? —17.82 (-25.42to —10.21)  <0.001
Serum creatinine —0.01 (—0.03-0.01) 0.424
eGFR 0.016 (~0.112-0.145) 0.803
CKD stage ~1.16 (—5.18-2.87) 0.570
Ethnicity® 2.08 (—2.21-6.38) 0.339
Black ethnicity© —7.82(—20.23-4.58) 0.215
Chronic hypertension 3.27 (-6.53 to 13.06) 0.511
Renal transplantation 1.08 (—10.40-12.56) 0.853
Glomerular disease —2.53 (—13.04-7.98) 0.635

Regular menstruation? 2.94 (—36.04-41.91) 0.872

Oestrogen-containing druguse = —4.070 (—25.752-17.611) 0.711

Progesterone-containing —9.560 (—23.401-4.281) 0.174
drug use

The coefficient is a measure of the difference in AMH centile that can be attrib-
uted to that variable.

2Compared with women without CKD.

*White European/Black/Southeast Asian.

‘Compared to non-black ethnicity.

9In the absence of oestrogen and progesterone use.

Reliable menstrual history was only available for 31% (51/
163) of women with CKD in this study. However, this is unlikely
to have impacted the study findings given that menstrual irreg-
ularity is thought to lead to an increase in AMH via impaired
folliculogenesis and polycystic ovarian syndrome [16] and
therefore cannot explain the lower AMH concentrations in
women with CKD compared with women without CKD.
Hormonal contraceptives were used by 24% (32/131) of women
in this cohort. The impact of hormonal contraceptive use on
AMH concentrations remains unclear [23], with studies both
suggesting [24, 25] and refuting [26, 27] an association with AMH
concentrations. Our study provides no evidence that oestrogen-
containing or progesterone-only contraceptive use in the
3months prior to the study sample were significant modifiers
of the age-specific AMH centile in women with CKD.
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The finding of a reduction in serum AMH concentrations in
women with CKD is similar to the AMH profile described in
other chronic diseases, including Crohn’s disease [28], coeliac
disease [29], chronic viral hepatitis [30], psoriasis [31], multiple
sclerosis [32] and neuromyelitis [33]. Lower AMH concentrations
in women with chronic inflammatory disease can be hypothe-
sized to be an appropriate physiological response, reducing fer-
tility where pregnancy may be detrimental to maternal health
and/or the survival of the offspring, and this may be relevant to
women with CKD.

The clinical implications of lower AMH concentrations in
women with CKD are uncertain. Although serum AMH is uti-
lized as a quantitative marker of ovarian reserve, it does not
measure the quality of ovarian follicles and cannot be used in
isolation to determine likely reproductive success. Women with
low circulating concentrations of AMH can and do conceive [34].
AMH concentration is a variable predictor of both time to con-
ception [35-37] and time to menopause [38-40]. Age, rather than
biomarker quantification, is advocated as the initial predictor of
the likelihood of reproductive success [5]. The clinical signifi-
cance and predictive value of a lower measured AMH in young
women with CKD remain unclear.

AMH concentration is used to predict the response to ovar-
ian stimulation in women undergoing assisted reproduction [5].
More than half of women with CKD in this cohort (58%) would
be predicted to have a low response. Further work is needed to
determine how these data should be used to inform gonadotro-
pin dosing in women with CKD given the clinical implications
of intravascular fluid depletion and superimposed acute kidney
injury that may result from hyperstimulation.

CKD impacts on mechanistic, functional and psychological
components of fertility and is associated with lower serum
AMH concentrations compared with age-matched women with-
out CKD. Although the trajectory of AMH decline across the re-
productive lifespan shows marked interindividual variation [38],
these data suggest that women with CKD who fail to conceive
within 6 months of regular unprotected intercourse should be
considered for fertility assessment and treatment. This mirrors
guidelines for women >36years of age without CKD [5] in whom
serum AMH concentrations are comparable, although consider-
ation of the risks of ovarian stimulation in women with CKD is
warranted. These findings have potential implications for plan-
ning the timing of pregnancy for women with CKD, although pro-
spective studies on natural reproductive success are needed.
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