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STUDY QUESTION: Do infertile patients below the age of 40 years have alower ovarian reserve, estimated by anti-Miillerian hormone (AMH)
and total antral follicle count (AFC), than women of the same age with no history of infertility?

SUMMARY ANSWER: Serum AMH and AFC were notlowerin infertile patients aged 20— 39 years compared with a control group of the same
age with no history of infertility.

WHAT IS KNOWN ALREADY?: The management of patients with a low ovarian reserve and a poor response to controlled ovarian stimu-
lation (COS) remains a challenge in assisted reproductive technologies (ART). Both AMH levels and AFC reflect the ovarian reserve and are valu-
able predictors of the ovarian response to exogenous gonadotrophins. However, there is a large inter-individual variation in the age-related
depletion of the ovarian reserve and a broad variability in the levels of AMH and AFC compatible with conception. Women with an early depletion
of the ovarian reserve may experience infertility as a consequence of postponement of childbearing. Thus, low ovarian reserve is considered to be
overrepresented among infertile patients.

STUDY DESIGN, SIZE, DURATION: A prospective cohort study including 382 women with a male partner referred to fertility treatmentat
Rigshospitalet, Copenhagen, Denmark during 201 1 —2013 compared with a control group of 350 non-users of hormonal contraception with no
history of infertility recruited during 2008—2010.

PARTICIPANTS/MATERIALS, SETTING, METHODS: Included patients and controls were aged 20—39 years. Women with polycys-
tic ovary syndrome were excluded. On Cycle Days 2—5, AFC and ovarian volume were measured by transvaginal sonography, and serum levels of
AMH, FSH and LH were assessed.

MAIN RESULTS AND THE ROLE OF CHANCE: Infertile patients had similar AMH levels (1 1%, 95% confidence interval (Cl): — 1;24%)
and AFC (1%, 95% Cl: —7;8%) compared with controls with no history of infertility in an age-adjusted linear regression analysis. The prevalence of
very low AMH levels (<5 pmol/I) was similar in the two cohorts (age-adjusted odds ratio: 0.9, 95% Cl: 0.5;1.7). The findings persisted after ad-
justment for smoking status, body mass index, gestational age at birth, previous conception and chronic disease in addition to age.
LIMITATIONS, REASON FOR CAUTION: The comparison of ovarian reserve parameters in women recruited at different time intervals
could be a reason for caution. However, all women were examined at the same centre using the same sonographic algorithm and AMH immuno-
assay.

WIDER IMPLICATIONS OF THE FINDINGS: This study indicates that the frequent observation of patients with a poor response to COS
in ART may not be due to an overrepresentation of women with an early depletion of the ovarian reserve but rather a result of the expected age-
related decline in fertility.
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Introduction

The management of patients with a poor response to controlled
ovarian stimulation in IVF remains a clinical challenge (Ferraretti
etal., 201 |; Busnelliet al., 2015). Poor ovarian response is associated
with advanced female age and a low ovarian reserve, all of which result
in reduced pregnancy rates in assisted reproductive technologies
(ART) (Ferraretti et al., 201 |; lliodromiti et al., 2015; Busnelli et al.,
2015).

The ovarian reserve can be estimated by serum concentrations of anti-
Mullerian hormone (AMH) and total antral follicle count (AFC) (Visser
et al., 2006; Hansen et al., 201 |; Fleming et al., 2012; Dewalilly et al.,
2014). According to the Bologna Criteria, a low ovarian reserve is
defined by an AFC <5-7 follicles or an AMH level <0.5—1.1 ng/ml
(~3.6-7.9 pmol/l) (Ferraretti et al., 201 1). It has recently been sug-
gested to adjust the cut off levels of AMH to 0.7—1.3 ng/ml (~5.0—
9.3 pmol/l) (Ferraretti and Gianaroli, 2014; La Marca and Sunkara,
2014).

A significant decline in female fecundity is observed [0— 12 years prior
to the menopausal transition due to a decrease in the follicular pool and
an increased prevalence of aneuploidy (teVelde and Pearsson, 2002;
Broekmans et al., 2007). The average age at menopause is 5| years
with a broad normal range from 40 to 60 years implying that the
age-related decline in fertility varies considerably between women
(teVelde and Pearson, 2002; Broekmans et al., 2009). Prospective
population-based studies indicate that women with a low age-specific
AMH may experience an early age-related decline in fertility related to
the ovarian reserve depletion per se resulting in a shift towards early
menopause (Broer et al., 201 I; Tehrani et al., 2011, 2013; Freeman
etal.,2012; Déllémanetal., 2015; Depman et al., 2016). Postponement
of childbearing is associated with an increased risk of infertility (Schmidt
etal., 2012). Women with an early age-related depletion of the ovarian
reserve may be at particular risk and could thus be overrepresented
among infertile patients.

The present study aimed to investigate to what extent impaired
ovarian reserve contributes to infertility in newly referred patients at a
tertiary fertility centre. We hypothesised that the frequent reports of in-
fertile patients with a poor response to ovarian stimulation in ART reflect
an increased prevalence of women with an early age-related exhaustion
of the follicular pool. If this hypothesis holds true, we would expect AMH
levels and AFC to be lower in infertile patients compared with women of
similar age with no history of infertility.

Materials and Methods
Study design

This study was designed as a prospective cohort study with a historical
control group.

Study population

The study populationincluded 382 infertile patients referred for fertility treat-
ment at The Fertility Clinic, Rigshospitalet, at Copenhagen University Hos-
pital from September 201 | to October 2013. From September 201 I, the
Fertility Clinic offered newly referred infertile patients an assessment of
ovarian and endocrine parameters prior to the first treatment cycle. Patients
identified as eligible for the present study were examined on Cycle Days (CD)
2-5 and interviewed to obtain relevant background information.

The following patients were considered non-eligible: (i) patients referred
for preimplantation genetic diagnosis, (ii) patients referred due to HIV or con-
tagious hepatitis B or C infection and (jii) single and homosexual women, as
they were per se not considered infertile. Furthermore, patients referred dir-
ectly for oocyte donation (OD) from other fertility centres were not exam-
ined on CD 2-5 and thus not included as they had already been diagnosed
with a diminished ovarian reserve and most had started hormone replace-
ment therapy or treatment with estradiol to prepare for the OD. The
control group comprised 350 non-users of hormonal contraception with
no history of infertility recruited in a prospective cross sectional study con-
ducted at the Fertility Clinic, Rigshospitalet, from August 2008 to February
2010. All participants were health care workers employed at Copenhagen
University Hospital, Rigshospitalet. The study has previously been described
in detail (Bentzen et al., 2013).

We excluded patients and controls with polycystic ovary syndrome
(PCOS) defined as oligo- or amenorrhoea in addition to AFC > 12 and/or
an ovarian volume > 10 mI? in atleast one ovary in accordance with the Rot-
terdam Criteria (The Rotterdam ESHRE/ASRM-Sponsored PCOS Consen-
sus Workshop Group, 2004). Figure | provides a flow chart of the study
population.

Collection of background information

Data on menstrual cycle pattern, reproductive and medical history, maternal
menopause, lifestyle factors and demography were collected. The infertile
patients were interviewed using a standardized registration form. The
control group provided similar background information in an internet-based
questionnaire at inclusion.

Ovarian sonography

A transvaginal ultrasonography was performed on CD 2-5. The ovarian
volume was calculated as described by Rosendahl et al. (2010). If endome-
triomas or cysts were present in one ovary, the mean ovarian volume
(MOV) was estimated as the volume of the contralateral ovary. Antral
follicles were counted and grouped according to size: 2—4 mm (small),
5—7 mm (intermediate) and 8—10 mm (large).

Endocrinology

Blood samples were taken on CD 2—5 (prior to stimulation startin patients).
The serum concentrations of FSH and LH were analysed by electrochemilu-
minescence immunoassays (Roche Diagnostics, Mannheim, Germany). The
analytical sensitivity, intra-assay and inter-assay coefficient of variation were
for FSH: <0.1 1U/I, 2.8 and 4.5%, respectively; and for LH: <0.1 [U/I, 1.2
and 2.2%, respectively. The serum concentrations of AMH were analysed
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A

Target population of infertile patients
newly referred to fertility treatment with
their male partner (n = 749)

h

Eligible infertile patients examined on CD

Not examined on Cycle Day (CD) 2-5 (n = 203)

Sonographic examination and/or blood sampling was unfeasible on CD
2-5 prior to stimulation start for logistic causes (n = 179)

* | The patient declined the examination (n = 15)

An extra sonographic examination was considered inappropriate (n = 9)

2-5 by transvaginal ultrasonography,
blood sampling and a systematic review
of background factors (n = 546)

v

Study population of infertile patients
(n=382)

Excluded (n = 164)

Oral contraceptive use within the last 4 weeks (n =23)
Long-term down-regulation with GnRH agonist (n = 9)
¥ Polycystic ovarian syndrome (n = 68)

Non-Caucasian ethnicity (n = 47)

Missing total antral follicle count (n = 17)

B

Cohort of women recruited in a
prospective cross sectional study (n = 863)

X (n=138)

Control group of fertile non-users of
hormonal contraception with no history
of infertility (n = 350)

Excluded (n = 513)

Hormonal contraceptive use (n = 304)

.| Pregnancy at the time of inclusion (n = 67)
Lactational amenorrhoea (n = 12)
Polycystic ovarian syndrome (n = 13)
Non-Caucasian ethnicity (n = 8)

A history of infertility treatment (n = 51)

A history of unsuccessful attempt to conceive for more than 12 months

Age above 40 years (n = 18)

Other (n=2)

Figure | Flow chart of the study population. (A) The prospective cohort of infertile patients included at the Fertility Clinic, Rigshospitalet, Copenhagen
University Hospital from September 201 | to October 2013. (B) The control group of women with no history of infertility recruited in a prospective cross
sectional study among female health care workers conducted at the Fertility Clinic, Rigshospitalet, University Hospital Copenhagen, from September 2008

to February 2010.

by an ELISA Generation | (Immunotech; Beckman Coulter, Marseilles,
France). The analytical sensitivity, intra-assay and inter-assay coefficient of
variation for AMH were: 0.7 pmol/I, 12.3 and 14.2%, respectively. AMH
levels were estimated to be 1.5 pmol/Iif measurements were below the clin-
ically applied detection level of 3 pmol/| due to poor reproducibility of mea-
surements below this level.

Statistics

Baseline characteristics were presented as number (percentage), mean + SD
or median (90% population limits) where appropriate. Participants were
categorised into three age groups: 20.0-29.9, 30.0-34.9 and 35.0-39.9
years. Differences between the two cohorts and across age groups within
each cohort were tested using one-way ANOVA for normally distributed

continuous data, the Kruskal—Wallis test for non-normally distributed
continuous data and the y? test for categorical data. Differences in the com-
position of small, intermediate and large size antral follicles between the
groups were tested using permutation tests (Pesarin and Salmosa, 2010).
Confidence intervals (Cls) for mean follicle counts and proportions were
computed by bootstrapping (Davison and Hinkley, 1997). Logarithmic trans-
formation was applied to AMH and AFC prior to further analysis. Thus, dif-
ferences between groups were reported as percentage differences. After
transformation, both variables showed an approximately normal distribution
of residuals. The correlation between AMH levels and AFC was assessed by
Spearman’s rank correlation coefficient (r;). To visualize the age-related
changes in ovarian reserve parameters, data were plotted in scatter diagrams
stratified according to fertility status (infertile versus control). We applied the
non-linear model proposed by Hansen et al. (2008) to test whether the

220z JaquwanoN 80 Uo 1senB Aq z226v.1/7€01/G/LE/eloIUE/deIwNy /w0 dno-olwepeoe)/:sdyy Woly papeojumoq



Table I Clinical and demographic characteristics of the study population comprising 382 infertile patients and 350 controls.

Infertile patients Controls Infertile versus
............................................................................................................................................................................ controls
Age group (years) Total Age group (years) Total P-value
20-29 30-34 35-39 | P-value 20-29 30-34 35-39 P-value
Number of women [n (%)] 77 (20.2) 166 (43.5) 139 (36.4) - 382 (100) 72 (20.6) 166 (47.4) 112 (32.0) - 350 (100) -
Age (years) [mean + SD] 275+ 1.8 324+ 14 373+ 14 - 332 +39 277 + 1.7 324+ 14 372+ 1.5 - 33.0+£3.7 0.5%
BMI [median (90% population limits)]  22.0 22.0 22.4 0.0497 22.2 22.0 21.7 22.8 0.02"  22.1 0.77
(18.3;27.3) (18.6;29.7) (19.4;30.5) (18.8;30.0) (19.1;30.0)  (18.9;31.7) (19.1;32.0) (18.9;31.1)
Age at menarche (mean + SD) 132+ 1.2 129+ 13 132+ 13 0.07* 3.1+ 1.2 130+ 1.2 132+ 13 132+ 1.4 0.5 13.1 + 1.3 0.5%
Cycle length (days) (mean 4+ SD)* 29.1 +£2.2 28.7 +£2.0 282 +24 0.01* 28.6 +2.2 29.0 + 2.6 285+22 28.8 + 2.1 0.2% 287 +£23 0.47
Previously conceived [n (%)] 22 (28.6) 48 (28.9) 45 (32.4) 0.8t 115 (30.1) 26 (36.1) 106 (63.9) 86 (76.8) <o0.001t 218 (62.3) <o0.0011
Maternal age at menopause 492 + 4.7 51.0+45 50.8 + 4.6 0.09% 50.7 + 4.6 49.0 + 4.4 50.0 + 4.6 49.6 + 54 0.5% 49.7 + 4.9 0.03
(mean + SD)®
Birthweight (kilogram) [n (%)]°
<2500 2(2.6) 7(4.2) 6(4.3) 0.8 15(3.9) 2(2.8) 13(7.8) 7 (6.3) 0.6 22 (6.3) 0.4t"
2500-4000 52 (67.5) 123 (74.1) 91 (65.5) 266 (69.6) 50 (69.4) 125 (73.3) 79 (79.5) 254 (72.6)
>4000 8(10.4) 12(7.2) 12 (8.6) 32(8.4) 7(9.7) 14 (8.4) 6(5.4) 27 (7.7)
Gestational age at birth [n (%)]°
374+0-41 +6 62 (80.5) 129 (77.7) 93 (66.9) 0.1 284 (744) 63 (87.5) 135(81.3) 94 (83.9) 03t 292(83.4) 0.02t"
<37+0 5(6.5) 8 (4.8) 15(10.8) 28 (7.3) 3(4.2) 12 (7.2) 8(7.1) 23 (6.6)
>4240 4(5.2) 15 (9.0) 15(10.8) 34 (8.9) 2(2.8) I'1(6.6) 2(1.8) 15 (4.3)
Intrauterine exposure to tobacco 24 (31.2) 47 (28.3) 39 (26.6) 0.9t" 108 (31.4) 13(18.3) 35(22.6) 35(33.3) 0.048"" 83 (25.1) 0.07t"
[n (%))°
Smoking status [n (%)]"
Present smoker 9(11.7) 11 (6.6) 9 (6.5) 0.4 29 (7.6) 16 (22.2) 37(223) 20 (17.8) 0.03"  73(20.9) <0.0011"
Former smoker 28 (36.4) 54 (32.5) 56 (40.3) 138 (36.1) 14 (19.4) 44 (26.5) 45 (40.2) 103 (29.4)
Never smoker 39 (50.7) 96 (57.8) 73 (52.5) 208 (54.5) 42 (58.3) 85(51.2) 47 (42.0) 174 (49.7)
Number of cigarettes per day [n (%)]®
Not daily 9 (24.3) 24 (36.9) 15(23.1) 041" 48 (28.7) 17 (56.7) 33 (40.7) 19 (29.2) ot 69 (39.2) 0.08™"
I-10 I5 (40.5) 19 (29.2) 24 (36.9) 58 (34.7) 10 (33.3) 30 (37.0) 27 (41.5) 67 (38.1)
>10 13 (35.1) 17 (26.2) 22 (33.9) 52 (31.1) 3(10.0) 18 (22.2) 19 (29.3) 40 (22.7)
Duration of smoking (years) 9(2;14) 10 (1;20) 10(1.522)  0.02° 10 (1;21) 8(1;14) 8 (0;17) 10 (1;22) 0.01" 10 (0;20) 0.3"
[median (90% p.limits)]®
Alcohol (units/week) [n (%)]
0-6 76 (98.7) 143 (86.1) 122 (87.8) 0.01f 341 (89.3) 63 (87.5) 152 (91.6) 97 (86.6) 0.41 312(89.1) 1.0t
>7 I (1.3) 23 (13.9) 17 (12.2) 41 (10.7) 9(12.5) 14 (8.4) 15 (13.4) 38(10.9)
Continued
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Table Il Endocrine and sonographic characteristic of the study population comprising 382 infertile patients and 350 controls assessed on CD 2-5.

Age groups Infertile women Controls Infertile versus
......................................................................................................................................................................................... Controls
Age group (years) Total Age group (years) Total P-value
20-29 30-34 35-39 P-value 20-29 30-34 35-39 P-value

Number of women [n (%)] 77 (20.2) 166 (43.5) 139 (36.4) 382 (100) 72 (20.6) 166 (47.4) 112 (32.0) 350 (100)

Endocrine parameters
AMH (pmol/l) [median ~ 26.0 (12.0;76.0) 22.0 (6.7:66.0) 17.0 (3.9;59.0) <0.0017 22.0(5.6;62.0) 24.0 (7.4:96.8) 19.8 (6.0;62.3) 15.5(3.3;56.0) <0.0017 20.0 (4.6;66.2) 0.07"
(90% population limits)]
AMH categories [n (%)]

<5.0 2(2.6) 6(3.6) 10 (7.2) 0.001% 18 (4.7) 2(2.8) 4(24) 12 (10.7) <o0.001% 18 (5.1) 0.2f
5.0-9.29 0(0.0) 13(7.8) 23 (16.5) 36 (9.4) 2(2.8) 24 (14.5) 24 (21.4) 50 (14.3)
9.3-20.99 20 (26.0) 60 (36.1) 42 (30.2) 122 (31.9) 27 (37.5) 59 (35.5) 31(27.7) 117 (33.4)
21.0-51.99 42 (54.5) 70 (42.2) 54 (38.9) 166 (43.5) 27 (37.5) 65 (39.2) 38(33.9) 130 (37.2)
>52.0 13 (16.9) 17 (10.2) 10 (7.2) 40 (10.5) 14 (19.4) 14 (8.4) 7 (6.3) 35(10.0)
FSH (IU/1) [median 6.9 (4.1;9.6) 7.1 (47;12.6) 73 (4.9;143) 027 7.1 (4.7;125) 6.5(4.1,9.6) 6.8(4.8;107) 68(4.211.9) 06" 6.7 (4.5;10.8) 0.02"
(90% population limits)]
LH (IU/1) [median 5.9 (3.3;10.2) 6.1 (3.4,9.3) 63(3.811.8) 037 6.1 (3.5;10.5) 5.8(2.8,9.7) 5.5(3.1;8.8) 54(3.0;10.9) 027 55(3.0;9.3) <0.001"

(90% population limits)]
LH/FSH-ratio [median 0.9 (0.6;1.6) 0.9 (0.5;1.5) 0.8 (0.5;1.6) 0.6" 0.9 (0.5;1.5) 0.9 (0.5;1.8) 0.8 (0.4;1.3) 0.8 (0.4;1.5) 0.17 0.8 (0.4;1.5) 0.02"
(90% population limits)]

Sonographic characteristics
Total AFC [median 26 (12;54) 21 (10;48) 16 (5;36) <0.0017 19 (7;44) 26 (12;50) 20 (8:41) 17 (5;38) <0.001" 20 (7;43) 0.6"
(90% population limits)]
AFC categories [n (%)]

<7 0(0.0) 3(1.8) 13 (9.4) <0.001T  16(42) I (1.4) 3(1.8) 11 (9.8) <0001T  15(43) 0.6"
7-19 21 (27.3) 74 (44.6) 79 (56.8) 174 (45.5) 21 (29.2) 71 (42.8) 53 (47.3) 145 (41.4)
20-44 50 (64.9) 78 (47.0) 43 (30.9) 171 (44.8) 43 (59.7) 85 (51.2) 46 (41.1) 174 (49.7)
>44 6(7.8) 1 (6.6) 4029 21 (5.5) 709.7) 7(42) 2(1.8) 16 (4.6)
Ovarian cysts/ 15 (19.5) 25 (15.1) 28 (20.1) 0.5t 68 (17.8) 3(42) 8 (4.8) 327) 0.7t 14 (4.0) <0.001t

endometriomas [n (%)]

Ovarian volume [median 5.7 (3.3;12.9) 53(2.8;10.3) 52241200 0. 532.7;11.2) 55(2.69.1) 5.0(2.889) 4.6(2.2,9.6) 0.004"  5.0(2.6:9.0) 0.007"
(90% population limits)]

PCO morphology [n (%)] 55 (71.4) 92 (55.4) 54(389)  <0.00lT 201 (52.6) 51 (70.8) 85(51.2) 49 (43.8) 0.001T 185 (52.9) .ot
AFC (2-10 mm) > 12 55 (71.4) 90 (54.2) 49(353)  <0.00IT 194 (50.8) 50 (69.4) 85 (51.2) 47 (42.0) 0.001T 182 (52.0) 07t

[n (%)]

Ovarian volume >10ml 14 (182) 15 (9.0) 18 (13.0) 0.1t 47 (12.3) 709.7) 10 (6.0) 6(5.4) 0.5t 23 (6.6) 0.008"
[n (%)]

Uterine myomas [n (%)] 2(2.6) 14 (8.4) 26 (18.7) 0.001T  42(11.0) 1 (1.4) 5(3.0) 9 (8.0) 0.05* 15 (4.3) 0.001%

Data are presented as number (percent) and median (90% population limits). For both cohorts, data are stratified according to age group and statistical difference across age groups tested. Data for the total infertile patients and controls are also
presented and statistical differences between the two cohorts tested (the P-value to the right).

T test.

Kruskal—Wallis test.
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2202 JoquianoN 80 U0 1sanb Aq z2/6v. LIYE0L/S/LE/aIoIHE/daIWNY/Wo0" dNo"oiwapede/:sdny Wolj papeojumoq

6¢€01



1040

Hvidman et al.

the number of cigarettes per day and the duration of smoking was the
samein the two cohorts. The mean maternal age at menopause reported
by infertile patients was higher compared with controls, although the
mean difference was only 0.79 years (95% Cl: 0.03;1.55). However, as
the age at natural maternal menopause was unknown in many cases,
this finding should be interpreted with caution. We found no association
between AMH levels and any of the clinical and demographic baseline
characteristics in the age-adjusted analyses with the exception of mater-
nal menopause; when maternal age at menopause increased with | year,
AMH levels increased by 3% (95% Cl: 2;5%) (data not shown). The same
association was found between AFC and maternal age at menopause
(2%, 95% CI: 1;3%).

As seen in Table |l, infertile patients had significantly higher levels of
FSH and LH, and a higher LH/FSH-ratio than controls. The prevalence
of polycystic ovarian morphology, defined by an AFC >12 and/or an
ovarian volume > 10 ml in at least one ovary (The Rotterdam ESHRE/
ASRM-Sponsored PCOS Consensus Workshop Group, 2004), was
the same in the two cohorts although infertile patients had a higher
MOV than controls. FSH levels remained higher among infertile
patients after age-adjustment (6%, 95% Cl: 1;10%), and the per year
age increase in serum FSH was 1% (95% CI: 0.5;2%) in both cohorts
(data not shown).

Al |
50.0
3
5 10.0
I N “‘
=
< 20
Test of linearity: P = 0.42
= Linear model (Rsq = 0.059)
0.5 —| — Power model (Rsq = 0.0607)
[ I I I
25 30 35 40
Age (years)
B1 N
50—
3
£ 20
o
10
A
Q 5+
<
2 - Test of linearity: P = 0.16
= Linear model (Rsq = 0.1066)
1 — Power model (Rsg=0.1113)

I I I I
25 30 35 40

Age (years)

Ovarian reserve parameters and age in
infertile patients versus controls

As seenin Fig. 2, the power model was not superior to the linear modelin
predicting the age-related changed in neither AMH nor AFC within the
age range of our cohort. The age-related depletion of the ovarian
reserve was the same in the two cohorts; AMH levels decreased by
5.5% (95% Cl: 4;7%) and AFC decreased by 5% (95% Cl: 4;6%) per
year age increase.

Figure 3A illustrates the linear correlation between AMH levels and
AFC (for the total population ry = 0.83, P < 0.001). As illustrated in
Fig. 3B and C, no significant differences in neither AMH levels (1 1%,
95% Cl: — 1;24%) nor AFC (1%, 95% Cl: —7;8%) were observed
between the two cohorts after age-adjustment. After adjustment for
smoking status, BMI, chronic disease, gestational age at birth and pre-
vious conception in addition to age, these findings persisted for both
AMH (7%, 95% Cl: —6;21%) and AFC (0%, 95% Cl: —9;9%). As
seen in Table lll, the proportion of small follicles was significantly
lower in infertile patients compared with controls with a mean differ-
ence of 5% (P < 0.001), whereas the proportion of large follicles was

significantly higher in infertile patients with a mean difference of 3%
(P<0.001).

Test of linearity: P = 0.33

—— Linear model (Rsq = 0.0896)
0.5— —— Power model (Rsq = 0.0921)

1 T 1 T
25 30 35 40

Age (years)

2 - Test of linearity: P = 0.3

—— Linear model (Rsq = 0.1095)
1 -| = Power model (Rsq = 0.1122)

\ \ T |
25 30 35 40

Age (years)

Figure 2 Relation between chronological age and ovarian reserve markers: (A) Serum AMH concentrations, and (B) total AFC (2—10 mm) in (1) 382
infertile patients aged below 40 newly referred to fertility treatment, and (2) 350 controls of the same age with no history of infertility. Estimated median lines
of the linear (solid red lines) and the power model (solid black lines) are shown over the raw data (grey dots). The dotted lines represent 95% confidence
limits. As seen, there was no significant difference between the linear and power model for neither AMH nor AFC in the age range (20—39 years) of the two

cohorts.
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Prevalence of low ovarian reserve

As seen in Table Il, the prevalence of a very low serum AMH <5 pmol/I
was 4.7% in patients versus 5.1% in controls (age-adjusted odds ratio
(@OR): 0.9, 95% Cl: 0.4;1.7) and highly age-dependent; women aged
35-39 years had a 3.1 (95% Cl: 1.4;6.7) times higher risk of having
an AMH level <5 pmol/I compared with women aged 30—34 years,
whereas no difference was observed between the two younger age
groups (P = 0.8). We found that AMH levels <9.3 pmol/I were less
prevalent in infertile patients (14.1 versus 19.4%, age-aOR: 0.6, 95%
Cl: 0.4;0.9), whereas the prevalence of AFC <7 was the same in the
two cohorts as seen in Table Il (age-aOR: 0.9, 95% Cl: 0.4;1.9). Irre-
spective of the cut off level applied, the prevalence of low ovarian
reserve was the same in the two cohorts after adjustment for
smoking status, BMI, chronic disease, gestational age at birth and previ-
ous conception in addition to age. Never smokers tended to have a
lower risk of having an AMH <5.0 pmol/| (aOR: 0.4, 95% CI: 0.1;1.0)
(data not shown).

Control Infertile Total

Log-AMH (pmol/l)

1] 1 2 3 4 0 1 2 3 4 0 1 2 3 4
Log-AFC (2—10 mm)

95% ClI

[© logAMH (pmolr)

Graphs by Study population

Fitted values

Log-AFC (2—10 mm)

0 x
T T T T T
20.0 25.0 30.0 35.0 40.0
Age (years)
4 |nfertile patients (n = 382) Fitted values
% Controls (n = 350) Fitted values

Ovarian reserve and infertility diagnoses

As seenin Table IV, the most frequent infertility diagnoses were male in-
fertility and unexplained infertility. Male infertility was more prevalent in
the younger age groups (P < 0.001). We observed a significant inter-
action between age and male infertility in relation to both AMH and
AFC. Male infertility was associated with higher AMH levels in patients
aged 30—34 years (28%, 95% Cl: 2;60%) and 35—39 years (42%, 95%
Cl: 7;88%). For AFC the coefficients were 17% (95% ClI: 1;36%) for
patients aged 30—34 years and 30% (95% Cl: 6;58%) for patients aged
35-39 years. No differences in AMH levels and AFC were observed in
patients aged 20—29 years with or without male infertility. AMH levels
(2%, 95% ClI: — 1 1;17%) and AFC (—7%, 95% Cl: — 15;27%) remained
identical in the two cohorts after the exclusion of patients with male in-
fertility; so did the prevalence of low ovarian reserve irrespective of the
cut off level applied, although the proportion of patients with AMH levels
<5 pmol/l and AFC <7 had increased to 7.7% (age-aOR: 1.3, 95% Cl:
0.6;2.7) and 7.2% (age-aOR: 1.4, 95% CI: 0.6;3.0), respectively.

Log-AMH (pmal/l)

20.0 25.0 350 40.0

30.0
Age (years)
& |nfertile patients (n = 382) Fitted values
* Controls (n=350) Fitted values

=)

Log-AMH (pmolfl)

T T T T
20.0 25.0 30.0 35.0 40.0

Age
o Non-included infertile patients (n = 168) Fitted values
4 |ncluded infertile patients (n = 382) Fitted values
% Controls (n = 350) Fitted values

Figure 3 Scatterplots toillustrate the linear association between ovarian reserve parameters and age according to fertility status (infertile patients versus
controls). (A) The correlation between AMH and AFC in controls (n = 350, r> = 0.85, P < 0.001), infertile patients (n = 382, > = 0.81, P < 0.001) and
the total study population (n = 732, r*> = 0.83, P < 0.001). (B) The age-related decline in AMH according to the fertility status. (C) The age-related decline
in AFC according to the fertility status. (D) AMH levels in 350 controls, 382 infertile patients included in the study and | 68 infertile patients who had not been

included as examination was not conducted at CD 2-5.
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Table Il Distribution of small (2-4 mm), intermediate (5—-7 mm) and large (8- 10 mm) antral follicles across age groups in 382 infertile patients and 350 controls

examined on CD 2-5.

P-value

Mean difference (95% CI)

Age groups

35-39

30-34

Controls (n = 350)

30-34 35-39 20-29

Infertile (n = 382)

20-29

7@ 114.(307)

82 (229)

77002)

AFC, mean (90% population limits)

139 (36.4)

166 (43.5)

n (%)

0.7

—0.30 (— 1.93;1.35)
—1.36 (—2.75,0.03)

18.8 (16.9;20.8)
12.5 (11.0;14.0)

26.9 (24.429.6) 22.8 (21.224.4) 18.2 (16.5;20.1) 27.8 (25.0;30.8) 22.6 (20.8;24.5)

Total AFC
AFC2-4

0.06

0.2
<0.001

15.6 (14.1;17.4)

19.9 (17.5;22.6)

NA (9.7;12.4)
73 (6.3:83)

14.6 (13.3;16.0)
6.9 (6.2,7.6)
1.2(0.9;1.5)

18.0 (15.8;20.5)
7.7 (6.7:8.7)

0.42 (—0.23;1.06)
0.6 (0.41;0.83)

5.6 (4.8,6.4)
0.8 (0.6;1.0)

6.4 (5.9;7.0)
0.5 (0.4:0.7)

NA (5.1:7.0)

AFC5-7

0.5 (0.4,0.7)

NA (1.0;1.5)

1.2 (0.8;1.6)

AFC8-10
AFC, mean proportion (90% population limits)

—0.05 (—0.08;—0.02) <0.001

0.64 (0.61;0.67)
0.30 (0.27;0.33)
0.06 (0.04;0.08)

0.67 (0.65:0.70)
0.29 (0.27,0.31)
0.03 (0.02;0.04)

0.7 (0.67:0.73)2
0.27 (0.24,0.30)
0.03 (0.02;0.05)

0.59 (0.55;0.62)
0.32 (0.29;0.35)

0.09 (0.07;0.11)

0.63 (0.60;0.66)
031 (0.28,0.34)

0.06 (0.04,0.07)

0.65 (0.61:0.69)
0.30 (0.27;0.33)
0.05 (0.04,0.07)

AFC2-4

0.1
<0.001

0.02 (—0.004;0.044)

0.03 (0.02;0.04)

AFC5-7

AFC8-10

Data are presented as mean follicle number and mean proportion (90% population limits). Mean differences was estimated by permutation tests, and P-values calculated by bootstrapping.

One in four patients had unexplained infertility (Table IV). The pre-
valence of unexplained infertility was the same in the three age groups
(P =0.5). Patients with unexplained infertility had similar AMH levels
(age-adjusted: —8%, 95% Cl: —23;10%) and AFC (age-adjusted:
—5%, 95% Cl: —16;7%) compared with other patients. In an age-
adjusted subgroup analysis comparing patients with unexplained infertil-
ity with controls, no differences in neither AMH levels (5%, 95% ClI:
—22;25%) nor AFC (—2%, 95% CI: — 14;11%) were observed.

Non-response analysis

A serum AMH was available in 168 (83%) of the 203 eligible infertile
patients who had not undergone a sonographic examination on CD
2-5. These 168 patients had a mean age + SD of 32.6 + 4.4 year and
a median AMH level (90% population limits) of 20.5 (3.3; 74.0) pmol/
|. The mean age was the same (P = 0.1), and the AMH level equivalent
to that of the included patients (age-adjusted: —11%, 95% Cl:
—23;3%). If the 168 patients were included in the comparison
between infertile patients and controls, AMH levels remained similar
after age-adjustment (7%, 95% Cl: —4;19%) as illustrated in Fig. 3D. In
addition, no differences in the prevalence of AMH levels <5 pmol/I
(age-aOR: 1.29, 95% ClI: 0.7;2.3) and AMH levels <9.3 pmol/I
(age-aOR: 0.7, 95% Cl: 0.5;1.1) were observed.

Discussion

Our cohort of newly referred infertile patients aged 20—39 years did not
have a lower ovarian reserve estimated by serum AMH levels and AFC
than a control group of women of the same age with no history of infer-
tility. Furthermore, low ovarian reserve, irrespective of the cut off level
applied, was not overrepresented in the cohort of infertile patients,
and the age-related decline in AMH levels and AFC were identical in
the two cohorts. Interestingly, the distribution of follicle sizes in the infer-
tile patients mimicked that of older women with a higher proportion of
large follicles and a lower proportion of small follicles in addition to mar-
ginally higher FSH levels (Bentzen et al., 2013). In line with our results, a
study found similar AFC and FSH levels in 53 fertile and 62 infertile ovu-
latory women aged 35-45 years (Erdem et al., 2003). Another study
reported a steeper age-dependent decrease in AMH in 197 infertile
women compared with 176 controls aged 19—47 years (Raeissi et al.,
2015). However, the infertile population in this study had an endocrine
profile compatible with the menopausal transition with high FSH and
low AMH levels in accordance with a diminished ovarian reserve and
thus not compatible with the infertile patients included in our study
(Raeissi et al., 2015). Erdem et al. (2003) found MOV, AFC and FSH
levels to be similar in infertile patients with tubal disease, unexplained
or male infertility. In our study, male infertility was associated with
higher AMH levels and AFC in infertile patients above 30 years of age.
If patients with male infertility were excluded, the prevalence of low
ovarian reserve increased, but AMH levels and AFC as well as the preva-
lence of low ovarian reserve remained the same in patients and controls.
We found no association between unexplained infertility and a reduced
ovarian reserve. Based on our findings, we conclude that an early
age-related loss of oocytes is a minor contributing factor to infertility in
the vast majority of patients of reproductive age. Evidently, as we did
not include infertile patients referred directly for OD, our results do
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Table IV Infertility diagnosis and duration in a cohort of 382 infertile patients newly referred to fertility treatment at The
Fertility Clinic, Rigshospitalet, Copenhagen University Hospital from September 201 | to October 2013.

Age group
20-29
n (%) 77 (20.2)
Months of infertility [median (90% population limits)] 22 (10;48)
Previous fertility treatment [n (%)] 31 (40.3)
Infertility diagnosis [n (%)]
Anovulation 2 (2.6)
Tubal factor infertility I (11.3)
Male infertility 50 (64.9)
Endometriosis 3(3.9)
Multiple female factors I (1.3)
Male and female factors 5(6.5)
Unexplained infertility 15 (19.5)
Other 0(0.0)

Total
................. 30_3435_39
166 (43.5) 139 (36.4) 382 (100)
24 (7;54) 25 (12;58) 24 (10;56)
66 (39.8) 68 (48.9) 165 (43.2)
2(1.2) 0(0.0) 4(1.0)
6 (3.6) 10(7.2) 17 (4.4)
87 (52.4) 51 (36.7) 188 (49.2)
4(2.4) | (0.7) 8 (2.1)
3(1.8) 10(7.2) 14 (3.7)
18 (10.8) 20 (14.4) 43 (11.3)
42 (25.3) 36 (25.9) 93 (24.4)
4(2.4) 11(7.9) 15(3.9)

A proportion of the patients had received fertility treatment at another centre prior to the referral. Data are presented for each age group and for the total cohort of infertile patients. Data

are presented as number (percent) and median (90% population limits).

not exclude premature ovarian insufficiency (POIl) as an important cause
of female infertility.

Both AMH and AFC are quantitative makers of the ovarian reserve
representing the available number of growing antral follicles. The AFC
includes only visible antral follicles >2 mm, and serum AMH is a
measure of the total mass of AMH-producing granulosa cells; the
largest contribution to circulating AMH per follicle appears to come
from antral follicles measuring 5—8 mm (Weenen et al., 2004; Andersen
et al., 2010; Jeppesen et al., 2013). Whether there is a correlation
between quantity and quality remains uncertain. Spontaneous and treat-
ment related pregnancies do occur in women with a diminished ovarian
reserve (Fraisse et al., 2008; Weghoferetal., 201 ). A recently published
study found the same prevalence of AMH <|.| ng/ml (~7.9 pmol/l)in
women who had conceived naturally within <12 versus > 12 months
(Somigliani et al., 2015). A study among young fertile women found no
correlation between low AMH levels and reduced fecundity (Hagen
et al., 2012), whereas fecundity was found to be reduced in women
aged 35—45 with AMH levels <10 pmol/| (Steiner et al., 201 1). AMH
levels were associated with live birth rate irrespective of the oocyte
yield (Brodin et al., 2013), and in large multicentre trials serum AMH
did predict cumulative birth rates after ART treatments (Arce et al.,
2013). However, recent meta-analyses conclude that AMH is a poor pre-
dictor of implantation, on-going pregnancy and live birth in ART (Broer
et al., 2013; lliodromiti et al., 2014; Tal et al., 2015). According to our
findings, the available number of growing antral follicles and their capabil-
ity to produce AMH in the early follicular phase is the same in infertile
patients and controls. We cannot rule out that infertility might be
caused by a poor oocyte quality irrespective of the size of the follicular
pool in some patients.

The major strength of the present study is the relative large number of
participants who underwent a thorough examination and data collection.
Nonetheless, in some of the subgroup analyses, the numbers may have
beeninsufficient to show a difference. Infertile patients and controls were
recruited during different time periods, but the maximal time interval was

3 years, and all participants were examined at the same centre using the
same algorithm and ultrasound equipment, laboratory and AMH assay.

Not all eligible patients were included, as they had not undergone the
examination at CD 2—5 primarily for logistic reasons. The AMH levels of
the non-included patients were similar to that of the included patients
and the controls. Thus, a major selection bias is unlikely. We did not
include infertile patients referred directly for OD from other fertility
clinics since they had already been diagnosed with a diminished ovarian
reserve as the cause of their infertility. During the study period, this
patient group comprised only 20 patients of whom many had iatrogenic
POI or chromosomal abnormalities. The inclusion of such patients could
have biased the result.

The fact that the control group comprised health care workers may
haveintroduced a selection bias, as their risk profile may not be represen-
tative of the background population. More patients than controls were
diagnosed with an ovarian cyst. The majority of the observed cysts
were small (<4 cm) corpus luteum cysts and unlikely to impact the
AFC. As endometrioses is a cause of infertility and infertile patients are
often screened for thyroid disease, it is not surprising that the two
cohorts differ in these respects. The smoking status in the two cohorts
was different. However, we concluded that the overall exposure to
smoking was similar in patients and controls as the number of cigarettes
smoked per day and the total duration of smoking were the same in the
two cohorts. Nonetheless, as current smoking is associated with sup-
pressed AMH levels (Ddlleman et al., 2013; Fleming et al., 2015), we
included smoking status in addition to other possible confounders in
the multiple regression analyses.

In conclusion, our results indicate that infertile women aged 20—-39
years have the same age-related depletion of the ovarian reserve as
women of the same age with no history of infertility. In addition,
women with a low ovarian reserve were not overrepresented among
newly referred infertile patients. Thus, the apparent frequent observa-
tion of poor responders in assisted reproduction may not be due to an
overrepresentation of patients with an early age-related decline in the
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ovarian reserve, but rather a result of the expected age-related decline in
the pool of growing antral follicles at the time of follicular recruitment and
selection.
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