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Abstract No single or mu
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ltivariate model is effective for predicting poor ovarian response (POR) with satisfactory sensitivity and
specificity. This study investigated whether dehydroepiandrosterone sulphate (DHEAS) or basal testosterone concentrations could
be effective predictors of POR defined by the Bologna criteria. This retrospective study included 79 poor responders and 128 normal
responders. Serum FSH, LH, oestradiol, DHEAS and testosterone concentrations on day 3 of the menstrual cycle before the
treatment cycle were measured. All patients received standard ovarian stimulation with FSH under pituitary suppression with
gonadotrophin-releasing hormone agonist. DHEAS concentration was not significantly different between poor and normal responders
or between pregnant and nonpregnant women. Basal testosterone, unlike DHEAS concentration, was predictive, but with limited
ability as a single predictor, for POR. The multivariate model composed of age, AFC, FSH, FSH/LH and testosterone was reliably
predictive for POR (ROCAUC = 0.976, cut-off point >0.51, sensitivity 88.6%, specificity 98.3%) and clinical pregnancy (ROCAUC = 0.716,
cut-off point ��0.22, sensitivity 75%, specificity 62.5%) and was better than antral follicle count for predicting both POR and clinical
pregnancy. This multivariate model might be useful for identifying patients at risk of poor response in order to optimize the stim-

ulation regimens. RBMOnline

ª 2014, Reproductive Healthcare Ltd. Published by Elsevier Ltd. All rights reserved.

KEYWORDS: dehydroepiandrosterone sulphate, IVF, multivariate model, poor ovarian response, testosterone, pregnancy outcome
ductive

mailto:zhaoxmiao@163.com
mailto:yangdz@mail.sysu.edu.cn
http://dx.doi.org/10.1016/j.rbmo.2014.02.009
http://dx.doi.org/10.1016/j.rbmo.2014.02.009
http://dx.doi.org/10.1016/j.rbmo.2014.02.009
http://www.sciencedirect.com/
http://www.rbmonline.com/
http://dx.doi.org/10.1016/j.rbmo.2014.02.009


2 J Guo et al.
Introduction

Delayed childbearing in women has been a significant demo-
graphic trend, with the consequence of a marked increase in
the numbers of older women who often fail to respond sat-
isfactorily to ovarian stimulation (Sunkara et al., 2012). A
proportion of women (2–30%) undergoing ovarian stimula-
tion experience poor response (Hendriks et al., 2005), which
results in treatment cancellation and reduced live birth
rate. A recent international survey involving 196 IVF centres
in 45 countries reported an increase in the burden of poor
ovarian response (POR) over the last decade (IVF Worldwide
Survey, 2010). Identification of women at increased risk for
POR prior to IVF could be useful, as this could either prevent
unnecessary continuation of treatment (Klinkert et al.,
2004) or help to make individual interventions in order to
maximize ovarian response (Klinkert et al., 2005).

Several reviews have showed the predictive value of sin-
gle and combined tests performed in basal conditions. Of all
the tests, antral follicle count (AFC) and anti-Müllerian
homone (AMH) has the best sensitivity and specificity for
predicting POR (Broekmans et al., 2006; La Marca et al.,
2010; Verhagen et al., 2008). However, even the best ovar-
ian reserve marker at the best cut-off value is associated
with a false positive rate of 10–20% (Broekmans et al.,
2006; Ferraretti et al., 2011), which may have negative con-
sequences on the couple’s life since false positive results
might incorrectly prohibit these women from undergoing
IVF (La Marca et al., 2010). Besides, the accuracy of predict-
ing the occurrence of pregnancy is very limited for all tests
(Broekmans et al., 2006; Broer et al., 2009). In addition,
more than 35–41 definitions for POR were used in these
studies, implying a troublesome issue in clinical application.
The Bologna criteria developed by European Society for
Human Reproduction and Embryology consensus in 2011
for the first time reached an agreement on universal defini-
tion of POR (Ferraretti et al., 2011). A single and simple test
demonstrating a better performance for predicting POR
than the currently available tests would be preferable.

The potential stimulating role of androgens on folliculo-
genesis has been suggested by a number of basic research
studies and illustrated by some pathophysiological condi-
tions and clinical models (Fanchin et al., 2011). To assess
the possible action of androgens on human ovary, some
investigators focused on the potential effect of androgen
pretreatment before ovarian stimulation. Whether andro-
gen supplementation is an effective treatment for POR
remains highly controversial (Urman and Yakin, 2012; Yakin
and Urman, 2011); however, some studies have reported
encouraging outcomes, including improved ovarian response
and live birth rate, with systemic administration of either
dehydroepiandrosterone (DHEA) or testosterone (Gleicher
et al., 2010; Kim et al., 2011). However, it is worth noting
that none of the studies has characterized the androgen sta-
tus of the participating women prior to treatment (Sunkara
et al., 2012).

According to the ‘androgen hypothesis’ for treating
ovarian function defects (Fanchin et al., 2011), the current
study investigated whether DHEAS or testosterone concen-
trations could be effective predictors for POR. As a second
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target, the accuracy of a multivariate model for predicting
POR following the Bologna criteria was estimated.

Materials and methods

Study population

All patient information was obtained from the database of
the Centre for Reproductive Medicine and fertility. Study
patients were recruited consecutively in this retrospective
study. Study patients fulfilling the inclusion criteria from
March 2011 to March 2013 were defined as either poor or
normal responders.

According to the Bologna criteria (Ferraretti et al.,
2011), POR in this study was defined if one of the following
four features was present: (i) AFC �5 follicles and age
�40 years; (ii) age �40 years and a previous POR (�3
oocytes collected with a conventional stimulation protocol
in which at least 150 IU FSH was consumed per day); (iii)
AFC �5 follicles and a previous POR; and (iv) two episodes
of POR after maximal stimulation (cycle was cancelled for
following the development of less than three growing
follicles).

Normal responders who were considered as the control
population satisfied all the following conditions simulta-
neously: (i) their first IVF–embryo transfer (fresh) cycle; (ii)
�5 oocytes with a conventional stimulation protocol; and
(iii) age �35 years, AFC �7 follicles and basal FSH <13 IU/l.

Exclusion criteria were patients who received androgen
supplementation at any time before enrolment. Patients
with endocrine disorders or anatomical abnormalities were
excluded, including polycystic ovarian syndrome (PCOS),
abnormal thyroid function and hyperprolactinaemia, as well
as uterine malformation, submucous myoma and multiple
myomata. PCOS was diagnosed according to the Rotterdam
criteria (Rotterdam ESHRE/ASRM–Sponsored PCOS Consen-
sus Workshop Group, 2004). Hyperandrogenaemia was
defined as serum DHEAS >4.92 lmol/l or testosterone
>2.39 nmol/l (Zhao et al., 2011). Thyroid function was
screened by serum thyroid-stimulating hormone
(0.55–4.78 mU/l), triiodothyronine (0.92–2.79 nmol/l),
thyroxine (58.1–140.6 nmol/l), free triiodothyronine
(3.5–6.5 pmol/l) and free thyroxine (11.5–22.7 pmol/l)
combined with the clinical symptoms and signs. Anatomical
abnormalities were discovered by abdominal ultrasound
scanning and transvaginal sonography scanning.

On day 3 of a spontaneous menstrual cycle within
3 months before fresh IVF cycle, a blood sample was taken
in the morning to evaluate basal hormone (FSH, LH, oestra-
diol, testosterone, DHEAS) concentrations. On the same
day, transvaginal sonography was performed to obtain AFC
and ovarian volume. As recommended (Broekmans et al.,
2010), the follicles visualized and counted were 2–10 mm
in size, and the numbers of follicles in both ovaries were
added to obtain the total AFC. The volume of each ovary
was calculated by measuring the ovarian diameters in three
perpendicular directions and the final result was calculated
automatically. The volumes of both ovaries were added to
obtain a mean value which was defined as mean ovarian
volume.
ens and multivariate model for poor ovarian response. Reproductive
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Ethical approval

Ethical approval was not required for this study as it was a
retrospective study in which data were collected from the
study centre’s database. No potential intervention that
had any unusual hazards inherent was applied. Written
informed consent was obtained from all study subjects.

Treatment protocol

All patients received standard ovarian stimulation with FSH
under pituitary suppression with gonadotrophin-releasing
hormone (GnRH) agonist according to a protocol used rou-
tinely (Penarrubia et al., 2010). None of the patients used
traditional Chinese medicine or oral contraceptives prior
to stimulation start.

Dosage of GnRH agonist was chosen flexibly according to
patient age, AFC and basal endocrine status. For all of the
normal responders and eight (10.1%) poor responders,
controlled-release GnRH analogue (1.25 mg or
0.85 mg/ampoule; triptorelin; Ipsen, France) was adminis-
tered once in mid-luteal phase. For majority of poor respond-
ers, short-acting GnRHanalogue (0.1 mgor 0.05 mg/ampoule;
triptorelin)was useddaily fromthemidluteal phase till theday
of human chorionic gonadotrophin (HCG) administration.

When a satisfactory pituitary desensitization was
achieved, stimulation with exogenous gonadotrophins
(Gonal-F; Serono, Switzerland) was started. Serial monitor-
ing of ovarian response was assessed by transvaginal ultra-
sound and serum total oestradiol assays. The criteria for
HCG (Profasi; Serono, Switzerland) administration were
the presence of at least one follicle �18 mm in diameter
with a consistent rise in serum oestradiol. Oocyte aspiration
was performed 36–38 h later with transvaginal sonography.

Standard laboratory protocols were followed. Embryo
transfer took place 2 or 3 days after oocyte retrieval,
depending on patient age and the number and quality of
embryos available. As a rule, and if available, two embryos
were transferred in young women (<35 years) and three
embryos were transferred in older women (�35 years).
The luteal phase was supported with progesterone in oil
(40 mg i.m. daily) starting on the day of oocyte aspiration
and continuing either up to menstruation or at least the first
8 weeks of pregnancy if the patient became pregnant (Li
et al., 2010). Clinical pregnancy was diagnosed by increas-
ing serum bHCG on days 10–14 after embryo transfer and
the subsequent demonstration of an intrauterine gestational
sac by transvaginal sonography.

Hormone assays

All blood samples were immediately processed to separate
the serum. Hormone assays were performed on the serum
samples by two experienced technicians working in the
gynaecological endocrine laboratory of SunYat–Sen Memo-
rial Hospital. Concentrations of FSH, LH, oestradiol and tes-
tosterone were measured by chemiluminescence using a
ACS180.SE autoanalyser (Bayer Diagnostics, Fernwald, Ger-
many) and DHEAS concentration was measured by
enzyme-linked immunosorbent assay (DRG Instruments,
Marburg, Germany), according to the manufacturer’s
Please cite this article in press as: Guo, J et al. Predictive value of androg
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instructions. The intraassay and interassay coefficients of
variance for hormones measured were as follows: FSH (1.5%
and 4.3%), LH (1.7% and 3.9%), oestradiol (2.5% and 4.1%),
testosterone (2.6% and 3.9%) and DHEAS (4.6% and 5.4%),
respectively.

Statistical analysis

Statistical analysis was performed using Statistical Package
for Social Sciences version 13.0 (SPSS, Chicago, IL, USA).
Normality was tested by the Kolmogorov–Smirnov test.
Quantitative variables were presented as mean ± standard
deviation (SD) or median (interquartile range). Qualitative
variables were presented as n (%). Normally distributed vari-
ables were compared by the Student’s t-test. Due to non-
normality of quantitative variables, the Mann–Whitney
test was used to compare two independent groups. P < 0.05
was considered statistically significant. Comparison of
causes of infertility in different groups was assessed using
Fisher’s exact test. Spearman correlation was used to assess
the association between two quantitative variables.

Considering that the study variables (predictors for POR)
were relative with each other, principal component analysis
(PCA) was used to produce independent factors (principal
components) which were appropriate for multivariate
logistic regression analysis. Meantime, different combina-
tions of study variables that would reflect POR to the high-
est degree were screened and selected. First, the univariate
logistic regression analysis was used to estimate the risk of
each principal component on the dependent variable. Sec-
ondly, the multivariate logistic regression analysis was used
to assess the independent effect of these components after
controlling for confounders.

Receiver operating characteristic (ROC) curves were con-
structed to examine the predictive value of variables for
POR and clinical pregnancy. The area under the curve (AUC)
and the cut-off point were computed. Finally, the best test
was selected out with the biggest likelihood ratio of a
positive test (LR+) and the smallest likelihood ratio of a neg-
ative test (LR�).

Results

Baseline and cycle characteristics of POR

A total of 79 poor ovarian responders and 128 normal ovar-
ian responders were eligible for this study. For the poor
ovarian responders, 58 cases underwent a fresh IVF–embryo
transfer cycle, seven cases were cancelled due to poor ovar-
ian response following ovarian stimulation and 14 cases had
cycles cancelled as no suitable embryos were available for
transfer. Types of infertility (primary, secondary) and
causes of infertility (male factor, tubal factor, endometri-
osis, ovulatory obstruction, unexplained infertility, com-
bined factors) were comparable between poor and normal
ovarian responders. As shown in Table 1, poor ovarian
responders were significantly older than normal ovarian
responders (P < 0.001), with higher body mass index (BMI;
P = 0.001), basal FSH (P < 0.001), FSH/LH (P < 0.001) and
oestradiol (P < 0.001) and lower AFC (P < 0.001), mean
ovarian volume (P < 0.001) and testosterone (P = 0.022). A
ens and multivariate model for poor ovarian response. Reproductive
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significantly higher total gonadotrophin dosage was con-
sumed and lower peak oestradiol, number of mature
oocytes, fertilization rate, cleavage rate, implantation rate
and clinical pregnancy rate (all P < 0.001) were achieved by
poor ovarian responders. DHEAS concentration was not sig-
nificantly different between the two groups.

Relationship between study variables and clinical
pregnancy

Patients achieving clinical pregnancywere significantly youn-
ger (P < 0.001) and had a higher AFC (P < 0.001), greater
mean ovarian volume (P = 0.038), lower basal FSH (P = 0.002),
Table 1 Baseline, treatment and outcome characteristics

Characteristic Poor responders (n

Age (years) 39.3 ± 3.8
BMI (kg/m2) 21.4 ± 3.67
AFC 10 (7–13)
Mean ovarian volume (ml) 3.63 (2.62–5.71)
Basal FSH (IU/l) 10.8 ± 5.9
Basal FSH/LH 2.96 ± 3.87
Basal oestradiol (pg/ml) 60.59 ± 108.32
Basal testosterone (nmol/l) 0.88 ± 0.55
DHEAS (lmol/l) 3.18 ± 1.0
Total gonadotrophin dose (IU) 3253 ± 932
Peak oestradiol (pg/ml) 1257 ± 1153
No. of mature oocytes 2 (1–5)
Fertilization rate (%) 18.4 ± 36.9
Cleavage rate (%) 20.7 ± 40.2
Implantation rate (%) 16.1 ± 41.9
Clinical pregnancies 12 (20.7)

Values are mean ± SD, median (interquartile range) or n (
DHEAS = dehydroepiandrosterone sulphate; NS = not statistical

Table 2 Patient characteristics according to clinic

Characteristic Pregnant
(n = 83)

Age (years) 30.57 ± 4.5
BMI (kg/m2) 20.54 ± 3.3
AFC 14 (10–19
Mean ovarian volume (ml) 5.83 (4.16
Basal FSH (IU/l) 8.21 ± 4.3
Basal FSH/LH 1.91 ± 0.9
Basal oestradiol (pg/ml) 39.07 ± 22
Basal testosterone (nmol/l) 1.1 ± 0.6
DHEAS (lmol/l) 3.27 ± 1.08
Total gonadotrophin dose (IU) 2237 ± 679
Peak oestradiol (pg/ml) 2963 ± 145
No. of oocytes retrieved 12 (7–16)
No. of mature oocytes 10 (6–15)
No. of embryos transferred 2 (2–2)

Values are mean ± SD or median (interquartile range).
AFC = antral follicle count; BMI = body mass index; D
statistically significant.
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lower basal FSH/LH (P = 0.001) and higher basal testosterone
(P = 0.044) than patients who did not achieve clinical preg-
nancy. As shown in Table 2, no significant differences were
observed in BMI or oestradiol or DHEAS concentrations
between the two groups, and number of embryo transfers
was comparable. Patients achieving clinical pregnancy con-
sumed a significantly lower total gonadotrophin dose
(P = 0.009) and had significantly higher peak oestradiol
(P = 0.021), number of oocytes retrieved (P = 0.003) and num-
ber of mature oocytes (P = 0.002). Spearman correlation sug-
gested that age (R = �0.58, P < 0.001), BMI (R = �0.241,
P = 0.001), AFC (R = 0.598, P < 0.001), basal FSH (R = �0.309,
P < 0.001), basal FSH/LH (R = 0.196, P = 0.006) and basal tes-
of poor responders compared with normal responders.

= 79) Normal responders (n = 128) P-value

29.7 ± 3.3 <0.001
20.2 ± 2.28 0.001
13 (10–18) <0.001
6.22 (4.33–8.52) <0.001
7.77 ± 2.11 <0.001
1.98 ± 0.93 <0.001
40.56 ± 20.85 <0.001
1.05 ± 0.56 0.022
3.44 ± 1.00 NS
2103 ± 673 <0.001
3289 ± 1376 <0.001
11 (8–15) <0.001
82.5 ± 19.6 <0.001
96.5 ± 10.8 <0.001
42.5 ± 59.8 <0.001
71 (55.5) <0.001

%). AFC = antral follicle count; BMI = body mass index;
ly significant.

al pregnancy status.

Not pregnant
(n = 103)

P-value

7 34.65 ± 6.07 <0.001
4 20.48 ± 2.43 NS
) 10 (5–15) <0.001
–8.86) 4.89 (3.09–7.3) 0.038

9.48 ± 4.46 0.002
2.68 ± 3.43 0.001

.17 53.17 ± 92.6 NS
0.9 ± 0.5 0.044
3.47 ± 0.95 NS
2645 ± 1046 0.009

8 2363 ± 1659 0.021
9 (3–14) 0.003
8 (3–12) 0.002
2 (2–2) NS

HEAS = dehydroepiandrosterone sulphate; NS = not

ens and multivariate model for poor ovarian response. Reproductive

http://dx.doi.org/10.1016/j.rbmo.2014.02.009


Table 3 Spearman correlations for patient characteristics according to number of oocytes and clinical
pregnancy in women undergoing ovarian stimulation and embryo transfer.

Characteristic No. of oocytes Clinical pregnancya

x R P-value R P-value

Age (years) –0.58 <0.001 –0.333 <0.001
BMI (kg/m2) –0.241 0.001 0.061 NS
AFC 0.598 <0.001 0.27 <0.001
Mean ovarian volume (ml) –0.018 NS 0.169 0.038
Basal FSH (IU/l) –0.309 <0.001 –0.224 0.002
Basal FSH/LH 0.196 0.006 –0.252 0.001
Basal oestradiol (pg/ml) –0.077 NS 0.112 NS
Basal testosterone (nmol/l) 0.149 0.038 0.15 0.043
DHEAS (lmol/l) –0.033 NS –0.079 NS

Values are mean ± SD or median (interquartile range).
AFC = antral follicle count; BMI = body mass index; DHEAS = dehydroepiandrosterone sulphate; NS = not statistically
significant.
aDichotomous variables for pregnancy: 0 = no pregnancy; 1 = pregnancy.
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tosterone (R = 0.149, P = 0.038) were significantly correlated
with the number of retrieved oocytes, while age (R = �0.333,
P < 0.001), AFC (R = 0.27, P < 0.001), mean ovarian volume
(R = 0.169, P = 0.038), basal FSH (R = �0.224, P = 0.002),
basal FSH/LH (R = �0.252, P = 0.001) and basal testosterone
(R = 0.15, P = 0.043) were significantly correlated with clini-
cal pregnancy occurrence (Table 3). In summary, among all
study variables, age, AFC, basal FSH, basal FSH/LH and basal
testosterone were significantly associated with both ovarian
response and clinical pregnancy.

Predictive value of study variables for POR or
clinical pregnancy

The PCA of predictors for POR is shown in Table 4. The results
of the Kaiser–Meyer–Olkin and Bartlett’s test suggested that
it was a proper method for undergoing PCA. According to the
Eigen value (considering >1) and total variance explained
(considering cumulative variance explained >80%) for
each component, the first three components were finally
selected. The component score functions were as follows:
X1 = (0.563 · Zage) � (0.505 · ZAFC) + (0.506 · ZFSH) + (0.34 ·
ZFSH/LH) � (0.24 · Ztestosterone); X2 = (�0.223 · Zage) +
(0.374 · ZAFC) + (0.384 · ZFSH) + (0.676 · ZFSH/LH) + (0.455 ·
Ztestosterone); X3 = (0.288 · Zage) � (0.368 · ZAFC) �
(0.166 · ZFSH) � (0.178 ·ZFSH/LH) + (0.849 · Ztestosterone),
where ZXi = standardized values of Xi. Then, logistic regres-
sion analysis was used to estimate the principal components
achieved for predicting POR and the outcome of no clinical
pregnancy (Table 5). Both univariate and multivariate
logistic regression analysis showed that X1, X2 and X3 were
predictors for POR,while only X1was predictive for no clinical
pregnancy.

As shown in Figure 1, ROC curves indicated that a X1
value of 0.51 produced a maximum sensitivity of 88.6%
and a specificity of 98.3% for predicting POR and that a X1
value of �0.22 produced a maximum sensitivity of 75%
and a specificity of 62.5% with a ROCAUC >0.7 for predicting
clinical pregnancy. A AFC value of 9 produced a maximum
Please cite this article in press as: Guo, J et al. Predictive value of androg
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sensitivity of 84.2% and a specificity of 88.6% for predicting
POR and a AFC value of 12 produced a maximum sensitivity
of 68.7% and specificity of 58.6% with a ROCAUC <0.7 for pre-
dicting clinical pregnancy. Predicting either POR or clinical
pregnancy, X1 had a larger ROCAUC, a greater LR + and a
smaller LR� than AFC (Table 6). ROC curves also indicated
that basal testosterone was predictive for POR (ROCAUC =
0.644, P = 0.003) but did not reach statistical significance
for predicting clinical pregnancy (ROCAUC = 0.583,
P > 0.05).

Discussion

This study examined the role of serum androgen concentra-
tions in Chinese women without known factors affecting
androgen concentrations undergoing IVF/intracytoplasmic
sperm injection in the prediction of POR following Bologna cri-
teria as the primary outcome. This study suggested that basal
testosterone, insteadofDHEAS concentration,was predictive,
but with limited ability as a single predictor, for POR. How-
ever, the multivariate model composed of age, AFC, basal
FSH, basal FSH/LH and basal testosterone performed better
than AFC both for predicting POR and clinical pregnancy.

The study by Frattarelli and Peterson (2004) first indi-
cated a correlation between DHEAS concentration and ovar-
ian response to gonadotrophins, and day-3 testosterone
concentration <20 ng/dl were associated with poor IVF suc-
cess rates. Nevertheless, in a subsequent study (Frattarelli
and Gerber, 2006), only concentrations of ovarian andro-
gens (i.e. testosterone and androstenedione) were found
to be correlated with many IVF stimulation parameters,
most significantly with peak oestradiol , number of follicles
and number of oocytes retrieved, but none could predict
pregnancy. In accordance with that study, the data in this
study cast doubt on the importance of adrenal androgen
production during IVF. This study demonstrates that testos-
terone, most of which is of ovarian origin, is important for
IVF success. This is partly in accordance with the study by
Qin et al. (2011), which suggested that basal testosterone
ens and multivariate model for poor ovarian response. Reproductive
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Table 5 Principal components achieved for poor ovarian response and no clinical pregnancy using
univariate and multivariate logistic regression analysis.

Factor Odds ratio (95% CI) P-value

Poor ovarian response xxx
Univariate analysis xxx
X1 45.666 (13.688–152.349) <0.001
X2 0.396 (0.25–0.629) <0.001
X3 1.845 (1.312–2.596) <0.001

Multivariate analysis xxx
X1 469.369 (23.531–9362.564) <0.001
X2 0.081 (0.015–0.421) 0.003
X3 32.995 (5.087–214.021) <0.001

x xxxx
No pregnancy xxx
Univariate analysis xxx
X1 0.502 (0.373–0.676) <0.001
X2 1.195 (0.865–1.651) NS
X3 1.059 (0.762–1.472) NS

Multivariate analysis xxx
X1 0.497 (0.344–0.717) <0.001
X2 0.991 (0.543–1.811) NS
X3 1.102 (0.758–1.602) NS

X1 = first component; X2 = second component; X3 = third component (see note for Table 4 for calculation).
NS = not statistically significant.

Table 4 Principal component analysis for predictors of poor ovarian response.

Kaiser–Meyer–Olkin and Bartlett’s test xxx

Kaiser–Meyer–Olkin measure of sampling adequacy 0.706 x x
Bartlett’s test of sphericity x x x
Approximate chi-squared 181.304 x x
Degrees of freedom 10 x x
P-value <0.001 x x

x xxxx
Total variance explained xxx
Component Initial Eigen value

Total Variance (%) Cumulative variance (%)
1 2.099 41.979 41.979
2 1.193 23.857 65.836
3 0.868 17.357 83.193
4 0.47 9.394 92.588
5 0.371 7.412 100

x xxxx
Component matrix xxx
Variable Component

X1 X2 X3
Age 0.815 –0.244 0.268
AFC –0.731 0.409 –0.343
Basal FSH 0.733 0.419 –0.155
Basal FSH/LH 0.492 0.738 –0.166
Basal testosterone –0.347 0.497 0.791

X1 = first component: (0.563 · Zage) � (0.505 · ZAFC) + (0.506 · ZFSH) + (0.34 · ZFSH/LH) � (0.24 · Ztestosterone).
X2 = second component: (�0.223 · Zage) + (0.374 · ZAFC) + (0.384 · ZFSH) + (0.676 · ZFSH/LH) + (0.455 · Ztestosterone).
X3 = third component: (0.288 · Zage) � (0.368 · ZAFC) � (0.166 · ZFSH) � (0.178 · ZFSH/LH) + (0.849 · Ztestosterone).
AFC = antral follicle count.
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Figure 1 Receiver operating characteristic curves of AFC (A, C) and X1 (B, D) for poor ovarian response (A, B) and clinical
pregnancy (C, D) in women undergoing IVF.

Table 6 Comparison of performance of AFC and X1 for poor ovarian response and clinical pregnancy.

Variable ROCAUC P-value Cut off Sensitivity (%) Specificity (%) LR+ LR�

Poor ovarian response xxx
AFC 0.943 <0.001 �9 84.2 88.6 7.39 0.18
X1 0.976 <0.001 >0.51 88.6 98.3 52.12 0.12

x xxxx
Clinical pregnancy xxx
AFC 0.657 <0.001 >11 68.7 58.6 1.66 0.53
X1 0.716 <0.001 ��0.22 75.0 62.5 2.00 0.40

LR+ = likelihood ratio of a positive test: sensitivity/(1 � specificity); LR� = likelihood ratio of a negative test: (1 � sensitivity)/specificity.

Predictive value of androgens and multivariate model for poor ovarian response 7
concentration was a predictor for the number of large folli-
cles on HCG day and pregnancy in Chinese women with
diminished ovarian reserve, indicating that lower concen-
tration of testosterone might relate with potential ovarian
poor response.
Please cite this article in press as: Guo, J et al. Predictive value of androg
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According to the two-cell two-gonadotrophin theory,
androgens play an essential role in ensuring adequate follic-
ular steroidogenesis in humans (Hillier et al., 1994). They
are produced primarily by the theca cells and believed to
act as a substrate for aromatase in the granulosa cells,
ens and multivariate model for poor ovarian response. Reproductive
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which converts androgens to oestrogens (Sunkara et al.,
2012). Besides, androgens exert a direct autocrine and/or
paracrine effect to regulate follicular function (Suzuki
et al., 1994). In a rhesus monkey model, androgen receptors
are abundant in the granulosa cells of preantral and antral
follicles (Vendola et al., 1998), and androgens augment
FSH receptor expression in the granulosa cells to promote
follicular growth and oestrogen biosynthesis by amplifying
the effects of FSH (Weil et al., 1999). Similarly, a study in
humans (Nielsen et al., 2011) has shown that androgen
receptor mRNA and androgen concentrations in follicular
fluid are correlated with FSH receptor mRNA expression in
granulosa cells from small antral follicles. Gleicher and
Barad (2011) suggested a new concept of ovarian ageing,
where ovarian environments, but not oocytes themselves,
age, therefore implying that normal androgenic ovarian
endocrine microenvironments would positively influence
pregnancy chances with IVF (Weghofer et al., 2012).

At the other extreme, high concentrations of androgens
are capable of inducing the histopathological changes of
PCOS in the ovary and bringing about follicular maturation
arrest (Hugues and Durnerin, 2005). A meta-analysis has
shown that there is a lower fertilization rate in PCOS patients
undergoing IVF (Heijnen et al., 2006). Androgen excess might
negatively impact oocyte quality and the current study
excluded patients with hyperandrogenaemia. DHEAS, the
adrenal original, is the most abundant pre-androgen in the
circulation. No research has indicated the androgen concen-
trations necessary for promoting human follicular growth.
Considering that DHEAS concentration is 100–500-times
higher than testosterone concentration (Haning et al., 1991),
it is deduced that follicle development is not so sensitive to
changes of DHEAS as it is to changes in testosterone in local
ovarian tissue in women of reproductive age.

A large number of clinical parameters might predict POR
and they have been introduced to clinical practice. These
include age, basal FSH (Scott et al., 1989, 1990), basal
FSH/LH (Liu and Greenblatt, 2008; Mukherjee et al., 1996),
basal oestradiol, inhibin B (Penarrubia et al., 2010; Seifer
et al., 1997), AFC, ovarian volume (Jayaprakasan et al.,
2009), a number of dynamic tests (Broekmans et al., 2006)
and AMH (Lekamge et al., 2007). According to the hypothe-
sis of Kol and Homburg (2008) of a theory of relativity,
2008), hormonal ratios, rather than absolute hormone con-
centrations, are more important for representing ovarian
function. The interplay of LH and FSH represents a good
example (Weghofer and Gleicher, 2009). Lenton et al.
(1988) concluded that an increase in FSH several years
before the elevation in LH and the first sign of decreased
ovarian reserve might be due to an increased FSH/ LH ratio
(Lenton et al., 1988). Of all tests, both AMH and AFC must
be considered as the most reliable and accurate markers
for predicting POR. This study did not measure AMH because
it was retrospective, which represents a significant weak-
ness. However, as a meta-analysis has shown (Broer et al.,
2009), AMH has at least the same concentration of accuracy
and clinical value for the prediction of poor response and no
pregnancy as AFC. Therefore, this study performed a multi-
variate model analysis for predicting ovarian reserve and
clinical pregnancy, compared with AFC.

Neither DHEAS or testosterone concentration, as a single
predictor, was qualified for predicting POR and clinical
Please cite this article in press as: Guo, J et al. Predictive value of androg
BioMedicine Online (2014), http://dx.doi.org/10.1016/j.rbmo.2014.02.009
pregnancy in IVF cycles. Therefore, the value of the
multivariate model containing age, BMI, AFC, FSH, FSH/LH,
oestradiol and testosterone was further evaluated. Logistic
regression is most used to evaluate multivariables; however,
it is not a suitable method when multicolinearity exists. As
the data suggested, most study variables were highly corre-
lated with each other. PCA was therefore recommended
because it is a useful statistical technique for feature extrac-
tion and can help a classifier produce more accurate predic-
tive performance (Avci and Turkoglu, 2009). PCA is on the
assumption that the most information about classification
is contained in the directions along which the feature values
are the largest (Li and Sun, 2011). PCA is considered to be
one of the best methods to identify unobservable ‘latent’
factors that underlie or explain a set of observed variables
that are ordinal or interval scaled (Coste et al., 2005). PCA
combined with logistic regression was chosen in this study
following steps described in literature (Su et al., 2009). In
the current work, the first component, X1, might be consid-
ered as an integrative index of ovarian reserve. The compo-
nent score was reliably predictive for POR and pregnancy
outcome, and its power was better than AFC.

There are several limitations in this study. First, two dif-
ferent stimulation protocols were used, which represents a
significant confounding variable. It would be appropriate to
treat all patients with a single protocol in further studies.
Secondly, poor responders were significantly older than nor-
mal responders, which was also a clear significant confound-
ing variable given the fact that it has been shown that
testosterone and DHEAS concentrations decline with age
(Colakoglu, 1986). However, previous work by the current
study group showed no significant differences were
observed in testosterone and DHEAS concentrations in
Chinese women aged <30 years, 30–34 years, 35–40 years
and >40 years (Guo et al., 2014). A population of
age-matched patients would be more precise.

As far as is known, this is the first study evaluating vari-
ables for POR following the Bologna criteria. In summary,
serum basal testosterone concentration was a moderate
predictor for POR. The multivariate model composed of
age, AFC, basal FSH, basal FSH/LH and basal testosterone
performed better than AFC for predicting both POR and
pregnancy outcome. The equation could be easily calcu-
lated in clinical practice. This might be meaningful for most
of reproductive medicine centres in China, where AMH mea-
surement is costly and not in routine use, whereas basal
detection of hypothalamic–pituitary–ovarian axis hor-
mones and transvaginal sonography are available.
Well-designed prospective research is needed to investigate
the predictive value of the multivariate model for IVF suc-
cess. Thereafter, clinicians would be able to identify
patients at risk of poor response in order to optimize the
stimulation regimens and to counsel them on probability
of pregnancy as accurately as possible.
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