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Diminished ovarian reserve

In the United States assisted
reproductive technology
population: diagnostic trends
among 181,536 cycles from the
Society for Assisted Reproductive
Technology Clinic Outcomes
Reporting System
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Objective: To evaluate trends in diminished ovarian reserve (DOR) assignment in the Society for Assisted Reproductive Technology
(SART) Clinic Outcomes Reporting System database and to evaluate its accuracy in predicting poor ovarian response (POR) as defined
in European Society of Human Reproduction and Embryology’s Bologna criteria (2011).

Design: Retrospective cohort study.

Setting: Not applicable.

Patient(s): A total of 181,536 fresh, autologous ART cycles reported to SART by U.S. clinics in 2004 and 2011 (earliest and most recent
available reporting years).

Intervention(s): None.

Main Outcome Measure(s): DOR assignment was the primary exposure. POR, defined as cycle cancellation for poor response or less
than 4 oocytes retrieved after conventional gonadotropin stimulation (>149 IU FSH daily), was the primary outcome. Secondary out-
comes were live birth and number of oocytes retrieved. DOR prevalence, power of DOR and FSH (</> 12 mIU/mL) to predict POR, and
live birth in POR cycles were also calculated.

Result(s): DOR prevalence increased from 19% to 26% from 2004 to 2011. Among cycles clinically assigned as DOR, incidence of POR
decreased from 32% to 30%, and live birth improved from 15% to 17%. Comparing basal FSH > 12 versus clinical assignment of DOR,
basal FSH had a higher specificity (92.2% vs. 81.6%) and positive predictive value (38.3% vs. 30.9%) for predicting POR. Live birth
among POR cycles was 4%.
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Conclusion(s): DOR diagnosis is increasing, and accuracy remains poor, despite the availability of additional diagnostic param-
eters such as antral follicle count and antimillerian hormone. POR entailed poor outcomes, but the majority of patients clinically

assigned as DOR did not experience POR. Development and use of more accurate predictors E _-
of POR are needed to minimize patient distress resulting from overdiagnosis. (Fertil Steril® ?
2015;104:612-9. ©2015 by American Society for Reproductive Medicine.)
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clinically applied to patients with infertility who are

thought likely to experience a poor ovarian response
(POR) to ovarian stimulation. Assignment of DOR in the assis-
ted reproductive technology (ART) population is increasing,
although diagnostic criteria remain poorly defined (1, 2). Per
the American Society for Reproductive Medicine (ASRM),
DOR has been defined in various ways, to include a reduced
fecundability and/or POR to gonadotropin stimulation (1).
Diagnosis of DOR may cause understandable distress among
patients (3); therefore, it is important to minimize mis- and
overdiagnosis. Unfortunately, recent data suggest that DOR
is overdiagnosed. Butts et al. noted a significant upward
trend in the prevalence of DOR (4). Among their sample of
younger than 40 ART patients diagnosed with DOR, a >21%
live-birth rate was noted. This relatively high proportion of
successful cycles does not accord with the expected poor prog-
nosis of this diagnostic category. A standardized definition of
DOR is needed to reduce overdiagnosis.

In 2011, the European Society of Human Reproduction
and Embryology (ESHRE) outlined its Bologna criteria. This
consensus recommended the minimum criteria needed to pre-
dict POR, namely, that at least two of the three following con-
ditions be met: [1] age greater than or equal to 40 years or any
conditions linked to decreased resting follicles; [2] low antral
follicle count (AFC) or antimiillerian hormone (AMH); [3]
prior poor ovarian response, that is, a history of cycle cancel-
lation for poor response or fewer than four oocytes at retrieval
after conventional gonadotropin stimulation (>149 U FSH
daily) (5). These criteria have not been fully validated among
a large population. However, Chai et al. recently found that
subfertile patients who were deemed poor responders by these
criteria had a lower chance of live birth after ART (6). Simi-
larly, Polyzos et al. have found an association between POR
and poor treatment outcomes from both natural cycle IVF
(7) and traditional IVF/intracytoplasmic sperm injection (8).

Given the upward trend in clinical DOR assignment and
the lack of validated diagnostic criteria, we sought to quantify
the increase in proportion of cycles clinically assigned as DOR
(DOR prevalence), using data from the Society for Assisted
Reproductive Technologies Clinic Online Reporting System
(SART CORS). We also sought to determine whether the in-
crease in DOR among ART patients represents improved
detection versus overapplication. Therefore, we conducted a
retrospective analysis of all autologous SART CORS cycles
in 2004 and 2011, the earliest and most recent available re-
porting years, to evaluate the trends in clinical DOR assign-
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ment and the accuracy of DOR in predicting POR, as
defined by the Bologna criteria.

MATERIALS AND METHODS
Data Source and Permissions

The SART Research Committee approved this study and pro-
vided data from SART CORS. SART CORS includes informa-
tion from more than 90% of clinics performing ART in the
United States. Deidentified data from ART cycles are entered
by individual clinics, verified by SART, and reported to the
Centers for Disease Control. The study was approved by the
Uniformed Services University of the Health Sciences Institu-
tional Review Board. The extracted data set included all
fresh, autologous ART cycles from 2004 and 2011 (the
earliest and latest available reporting years) for a total of
181,536 cycles.

Inclusion and Exclusion Criteria

All fresh, autologous ART cycles reported to SART CORS in
2004 and 2011 were included in the initial data set. Donor-
recipient cycles were excluded. To minimize the impact of dif-
ferences in practice patterns between 2004 and 2011, cycles
with transfer of any cryopreserved embryos or embryos
from cryopreserved oocytes (i.e., combined fresh/frozen
transfers) were excluded. In addition, cycles initiated without
the intent to transfer embryos (i.e., “batching cycles”) were
excluded. All of the above excluded cycles were removed by
SART before we received the initial data set, which included
183,555 cycles. We then additionally excluded a total of
2,019 preimplantation genetic diagnosis/screening cycles
(cycles with transfer of biopsied embryos), leaving 181,536
cycles for analysis. All of the 2,019 preimplantation genetic
diagnosis/screening cycles were reported in 2011.

Definitions and Statistics

Prevalence of DOR diagnosis as clinically assigned and
entered by the treating clinic was calculated among all
included cycles, both by year and overall. DOR prevalence
in 2004 was compared with 2011 using x? analysis.
Unstimulated cycles (i.e., cycles with FSH dose of 0 or
with no information available on FSH dose) were excluded
in subsequent analyses, in which clinical, precycle assign-
ment of DOR was the primary exposure and POR to gonado-
tropins during that cycle was the primary outcome. POR was
identified using the Bologna criteria among cycles that were
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cancelled for poor response or where fewer than four oocytes
were obtained at retrieval performed after conventional
gonadotropin stimulation (>149 IU FSH daily).

Secondary outcomes included the number of oocytes
retrieved and live birth per cycle start. Subanalysis of live
birth per cycle start among cycles meeting the Bologna
criteria for POR was performed to evaluate the validity of
this definition for POR. Comparisons were performed via
analysis of variance for number of oocytes retrieved and us-
ing x” analysis for live birth.

Regression Analyses

To evaluate patient and cycle characteristics potentially
associated with clinical assignment of DOR diagnosis, uni-
variate and multivariate logistic regression were performed.
Factors assessed included age, number of prior fresh cycles,
number of prior gonadotropin cycles, gravidity, and elevated
basal FSH. Relative risk of DOR was first calculated for each
factor separately. Adjusted (multivariate) models included all
factors together. Using the same method, we tested these
factors, as well as assignment of DOR diagnosis before cycle
start, for association with poor response in the current cycle,
as defined by the Bologna consensus. Statistical analysis
was performed using SAS, version 9.3, software (SAS Insti-
tute, Inc.).

Diagnostic Parameters

The power of DOR to predict POR was also assessed via mul-
tiple parameters. Sensitivity, specificity, and positive and
negative predictive values were calculated using standard
definitions. The diagnostic accuracy of clinical DOR assign-
ment was assessed over time and was compared with that of
basal FSH >12 alone and age > 40 years alone. FSH cutoff
was selected a priori as it constituted the 90th centile of the
data set and has been shown to reliably predict poor preg-
nancy rates (9). Given that the Bologna criteria and others
(10-15) suggest that at least two criteria are needed to
classify a patient as a poor responder, we also assessed the
predictive power of clinical DOR diagnosis relative to the
combination of basal FSH > 12 and age >40 years. Cycles
where basal FSH was not entered or was entered as O or as
>50 mIU/mL were excluded from these analyses.

RESULTS

Overall clinical assignment of DOR (DOR prevalence)
increased from 19% to 26% from 2004 to 2011 (P<.0001).
There was a small but significant increase of 3.6 months in
patient age at cycle start (P<.0001) as well as a 3.6% increase
in percentage of women who were >40 years of age at cycle
start (P<.0001). The prevalence of DOR was also higher in
2011 in patients younger than 40 years old (P<.0001). The
DOR prevalence increased 37% in the overall cohort in 2011
and increased 42% among patients younger than 40 years
(Table 1, Fig. 1).

Among cycles clinically assigned as DOR before cycle
start, the incidence of POR (cycle cancellation for poor
response or fewer than four oocytes obtained at retrieval)
decreased from 329% to 30% from 2004 to 2011 (P=.0013),
suggesting no improvement in the predictive power of the
diagnosis over this time period. Overall, 69% of stimulated cy-
cles assigned as DOR failed to meet the Bologna definition for
poor response. The mean number of oocytes obtained during
stimulated DOR cycles remained constant from 2004 to 2011
at approximately eight, and live birth per DOR cycle start
increased slightly from 15% to 17% (P<.0001).

When the DOR cohort was limited to women with age
younger than 40 years, the mean oocyte yield was 8.8 and
8.8 and the live-birth rate was 21% and 24% in 2004 and
2011, respectively. For all cycles in women younger than
40 years (with or without DOR diagnosis), the mean oocyte
yield was13.3 and the live-birth rate was 34% (Table 2, Fig. 1).

Despite the significant increase in DOR prevalence from
2004 to 2011, the overall incidence of POR among all stimu-
lated ART cycles decreased from 16% to15% over this time
period (P=.0009). Live birth increased from 28% to 30%
(P<.0001), and the mean number of oocytes retrieved
decreased slightly from 12.4 to 12.3 (Table 2, Fig. 1). Live birth
per cycle start among all cycles meeting the Bologna defini-
tion of POR was extremely low at 4% and improved from
only 3% to 4% from 2004 to 2011 (P<.0001; Supplemental
Table 1).

The models detailed in Supplemental Table 2 calculate the
relative risk (RR) of DOR assignment based on several patient
characteristics. Factors associated with clinical DOR assign-
ment on univariate analysis were age at cycle start (<40 vs.
>40 years): RR, 3.58; 95% confidence interval [CI], 3.52-
3.64; and elevated basal FSH (<12 vs. >12 mIU/mL): RR,
3.15; 95% CI, 3.09-3.20. Factors protective against a

TABLE 1

Prevalence of diminished ovarian reserve by reporting year.

2004 2011 Combined
All cycles Age <40 All cycles Age <40 All cycles Age <40
Variable (n = 87,352) (n = 69,403) (n = 94,184) (n = 71,487) (n = 181,536) (n = 140,890)
Age (y), mean + SD 353 +4.6° 33.7+3.7° 35.6 + 4.8° 33.6 +3.8° 355+47 33,7 == 3.7/
DOR prevalence, n (%) 16,3927 (19) 8,262° (12) 24,9097 (26) 12,0527 (17) 41,301 (23) 20,314 (14)

Note: DOR = diminished ovarian reserve.
¢ P<.0001, 2004 vs. 2011.
b P—.0004, 2004 vs. 2011.

Devine. Overdiagnosis of DOR in SART ART cycles. Fertil Steril 2015.
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diagnosis of DOR included low gravidity, having had fewer
than two prior IVF cycles, and having had no prior gonado-
tropin ovulation induction cycles. However, having had no
prior gonadotropin ovulation induction cycles was not asso-
ciated with DOR in the adjusted analysis, and the RR of being
assigned DOR in the setting of low gravidity reversed from be-
ing protective in the unadjusted analysis to a slight increase in
RR of the diagnosis in the adjusted model. This was likely
because both of these factors are associated with young age
and thus were not independently protective after adjusting
for patient age.

We performed similar analyses assessing the RR of POR in
the current cycle with the same factors, this time adding DOR
diagnosis as a covariate. Univariate analyses indicated strong
associations with patient age (=40 years), basal FSH (>12
mIU/mL), and the assignment of DOR diagnosis with POR in
the current cycle (RR, 2.37; 95% CI, 2.32-2.42; RR, 2.91;
9500 CI, 2.84-2.99; and RR, 2.88; 95% (I, 2.82-2.94, respec-
tively). Univariate analysis again indicated low gravidity and
fewer than two prior ART cycles to be protective for POR.
However, the association was not significant once age was
controlled for in the adjusted analysis. Elevated basal FSH,
DOR, and age remained highly associated with POR on multi-
variate analysis (Supplemental Table 3).

Finally, diagnostic power of DOR assignment was as-
sessed over time and relative to other predictors of POR
(Table 3). Sensitivity and negative predictive value (NPV) of
DOR to predict POR were increased among 2011 cycles rela-
tive to 2004, concurrent with the observed 7% increase in
clinical DOR assignment. However, specificity and positive
predictive value (PPV) of the diagnosis decreased. The PPV
in 2011 of DOR assignment for predicting POR was only

30.2%. Relative to DOR, basal FSH had a higher specificity
(92.2% vs. 81.6%) and PPV (38.3% vs. 30.9%) for predicting
POR but a lower sensitivity (25.7% vs. 45.7%) and NPV
(86.9% vs. 89.3%). Age >40 years performed more poorly
as a predictor of POR than clinical DOR diagnosis for all pa-
rameters assessed; however, sensitivity and NPV were higher
for age alone than for elevated FSH alone (age vs. FSH: sensi-
tivity, 40.4% vs. 25.7%; specificity, 81.0% vs. 92.2%). The
combination of age > 40 years and elevated basal FSH had
the greatest specificity and PPV at 97.6% and 48.0%, respec-
tively, although sensitivity was very poor at only 12.1%, and
these combined criteria had the lowest NPV at 85.5%. The
live-birth rate among those stimulated cycles in women
40 years or older with a basal FSH >12 mIU/mL was only
6.7%.

DISCUSSION

Our results demonstrate that DOR diagnosis is increasing in
the U.S. ART population and that the upward trend largely
represents overdiagnosis rather than improved detection.
The prevalence of DOR among SART CORS cycles increased
7% from 2004 to 2011, and the ability of clinical DOR assign-
ment to predict POR in the concurrent cycle worsened from
2004 to 2011. Furthermore, the finding of an extremely low
live birth rate (4%) among cycles meeting the Bologna criteria
for POR supports the definition selected for these criteria as
one consistent with very poor cycle outcomes and is consis-
tent with the findings of smaller retrospective analyses (8).
Our finding of increasing DOR prevalence in the U.S. ART
population without a corresponding increase in the accuracy
of this label as a predictor of poor ART outcomes accords with
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those of Butts et al. (4). Possible explanations for increased

o)
= S DOR prevalence include older age of women undergoing
Q § 2 SRACR) ART, the addition of diagnostic testing modalities, and clinic
-V 0 § H § ! r\g/j g motivations to attract patients carrying the diagnosis and/or
2 g,,'ﬂ' ® 0 ;é pcE to explain suboptimal success rates.
o e — YV The inverse relationship between age and the ovarian
g éﬂ follicular pool has been well described (16-19) and
§ corresponds with lower ART and controlled ovarian
E = = hyperstimulation outcomes among women diagnosed with
._E § & 0 ﬁ%gm G DOR (20, 21].5—1(:)weverl, the differenhce icn mean age at cycle
DR T R tart increase only 3.6 months from 2004 to 2011
s N oo I<d s y only )
© 'ﬂ' § <0 55 j § which did not account for the 37% relative increase in DOR
s 838N ww prevalence. While it is important to note that the proportion
= - of cycles starting at age 40 or greater increased by 3.6% in
< 2011 versus 2004, DOR assignment increased even more
- < sharply when analysis was limited to patients with age
N LN
< = younger than 40 years.
[() —
g e BIE_S Increased use of AFC and AMH may have contributed to
= ot eS8 the observed upward trend in DOR assignment. We were un-
8 92 ﬁ RSy able to directly evaluate the contribution of AFC and AMH, as
c0 . .
S Lo o 0 = these data are not as yet available in the SART CORS database.
N . .
3 v 2 However, our finding of a sharper rate of rise among younger
(% ﬁo S patients, in whom age alone is unlikely to be used for DOR
! = assignment, further suggests reliance on these tests. In recent
S & years, AFC and AMH have been reported to have higher diag-
N i nostic accuracy than FSH and clinical history alone (22-26).
S o5 s <
= Qg 89 8? = Therefore, their increased use would be expected to result
CIT % HQ 1 4 not only in a higher prevalence of DOR but also perhaps in
g c NNor S an increase in poor ovarian response. Nevertheless,
o = ——~0 . . .
o = a diagnostic accuracy has not improved. Among DOR cycles
< < in 2011 versus 2004, incidence of poor response decreased
i _ - by 2%, mean oocyte yield remained constant, and live birth
E 2 § improved slightly (17% vs. 15%). Improvements in embryo
% ;— L T PN culture, especially increased use of extended culture and
= TT < 2 858 E S blastocyst transfer over this time period (27-31), likely
-_E £ QHDQT4m contributed to the upward trend in live birth but not to the
@ S o o e decrease in POR. Overall in 2011, 70% of cycles assigned a
T g v 2 diagnosis of DOR did not experience POR as defined by the
.gf g gn o) Bologna consensus. Furthermore, in patients younger than
4 g 9 40 years, 21% and 24% of DOR cycles resulted in live birth,
= & ~ in 2004 and 2011, respectively. This accords with the
= 2 o o ~ ~ relatively high live-birth rate among younger DOR patients
= o ~
° S: =g S A & found by Butts et al. and strongly suggests overdiagnosis in
0 0 <2 Ol T B :
£ I BIRESAE § s thisgroup (4). .
a £ mNmEnoN S g The limited diagnostic utility of clinical DOR assignment
4 5 -0 a g@ § was demonstrated most clearly by its low PPV for POR.
- < 2% = Overall, if a patient received a diagnosis of DOR before a
%; a - ?ﬁ% ; stimulated ART cycle, there was only a 30.8% chance that
g j j = o kS she would meet the Bologna criteria for poor response. Basal
o oG = . .
] c c g8 = FSH > 12 mIU/mL was more strongly associated with POR
= © © ZE <
'_é g g g5 § on multivariate regression analysis. Both basal FSH alone
= g 5 &/ s and FSH combined with age had higher PPV and specificity
= 8 @ B S a e for predicting POR than did clinical DOR assignment. If, as
= £ SEcsscs=cs 8
20 S T T _ %5333388 2 we believe to be the case, the primary purpose of DOR
% T £, 8% EZsizs 23§ assignment is to allow for better patient counseling that
3 » s = gi% g z TERRRRR]R T autologous ART is relatively less likely to result in success
- = ~ S xS —0mMm= > . .
= g E c2E3cLE 8 ;888888 ¢ (1, 32, 33) and that alternative therapies should be
] 17} - o SO ;o 2O = 2 . g e .
|<—t 3 = § S %) 9 § S % gaju & 5\ cﬂ d ;ﬂ § considered, PPV and sensitivity of DOR are its most

relevant predictive parameters.

616 VOL. 104 NO. 3/ SEPTEMBER 2015



TABLE 3

Fertility and Sterility®

Sensitivity and specificity of diminished ovarian reserve and elevated follicle-stimulating hormone in predicting poor ovarian response in

stimulated® ART cycles.

Variable Yes
DOR overall
Yes 12,171
No 14,469
DOR 2004
Yes 5,004
No 8,084
DOR 2011
Yes 7,123
No 6,385

Elevated FSH (>12)

Yes 5,285

No 15,260

Ag\? v 10,748
es ;

No 15,848

Elevated FSH (>12) and age >40
Yes 2,480
No 18,065

POR

No % (95% CI)
27,184 Sensitivity 45.69 (45.09, 46.29)
120,421 Specificity 81.58 (81.38, 81.78)
PPV 30.93 (30.47, 31.39)
NPV 89.27 (89.11, 89.44)
10,748 Sensitivity 38.23 (37.40, 39.07)
60,263 Specificity 84.86 (84.60, 85.13)
PPV 31.77 (31.04, 32.50)
NPV 88.17 (87.93, 88.41)
16,436 Sensitivity 52.73 (51.89, 53.58)
60,158 Specificity 78.54 (78.25, 78.83)
PPV 30.23 (29.65, 30.83)
NPV 90.40 (90.18, 90.63)
8,529 Sensitivity 25.72 (25.13, 26.33)
100,934 Specificity 92.21 (92.05, 92.37)
PPV 38.26 (37.45, 39.07)
NPV 86.87 (86.67, 87.06)
28,032 Sensitivity 40.41 (39.82, 41.00)
119,573 Specificity 81.01 (80.81, 81.21)
PPV 27.72 (27.27, 28.16)
NPV 88.30 (88.12, 88.47)
2,685 Sensitivity 12.07 (11.63, 12.52
106,778 Specificity 97.55 (97.45, 97.64

( )
( )
PPV 48.02 (46.64, 49.39)
NPV 85.53 (85.33, 85.72)

Note: DOR = diminished ovarian reserve; FSH = follicle stimulating hormone; NPV = negative predictive value; POR = poor ovarian response; PPV = positive predictive value.

2 Cycles with a daily FSH dose = 0 or missing were excluded.

Devine. Overdiagnosis of DOR in SART ART cycles. Fertil Steril 2015.

The poor predictive performance of clinical DOR assign-
ment in its current use underscores the importance of estab-
lishing standardized, validated diagnostic criteria. The
Bologna criteria for POR suggest a uniform framework for
predicting poor response to ovarian stimulation, which is
one of the purposes of clinical DOR assignment pretreatment.
Although several investigators have recently expressed
concern regarding the heterogeneous population that the
Bologna criteria represent (34, 35), many have already
begun implementing these standards as inclusion criteria
for clinical studies of the effectiveness of various
interventions for poor responders (7, 36-38). However, to
date, the Bologna criteria for POR have not been fully
validated. In its current form, the SART CORS database does
not have the capacity to do so, since it does not contain
previous cycle outcomes, AFC, or AMH (the latter criterion
will be available in future reporting years) (39). Although
AMH has great potential as a diagnostic and prognostic tool
for patients undergoing ART, standardization is needed, to
decrease variability and improve accuracy among AMH
assays in current use (40). Reliable collection and entry of
AMH data by clinics into SART CORS may ultimately
enable validation of the assay, further improving its utility.

A strength of the current study lies in its analysis of out-
comes among cycles meeting the Bologna definition for poor
response. Although we could not assess the association of
previous poor response by the Bologna definition with current
cycle outcomes, our finding of a live-birth rate of 4% among
cycles meeting this definition substantiates in a large cohort
the criterion as a dismal indicator. Furthermore, it accords
with the finding of 6.0% live birth among 823 cycles meeting
the Bologna criteria, as retrospectively analyzed by Polyzos
et al. (8). The finding that the combination of basal FSH
> 12 mIU/mL and age > 40 years resulted in the highest spec-
ificity and PPV for poor response in the current cycle supports
the consensus’s conclusion that at least two criteria should be
necessary for diagnosis. Patients meeting these two criteria
should be counseled about the 6.7% likelihood of live birth
from autologous ART and should be advised to consider the
use of donor oocytes.

Strengths of the current study include its large cohort, its
evaluation of the trend in DOR diagnosis and diagnostic accu-
racy via analysis of reporting years separated by a 7-year in-
terval, and its corroboration of the Bologna definition for
poor response. The very poor PPV of DOR in U.S. ART cycles
has clinical utility. Although this has previously been reported
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for FSH (5, 9, 41), clinical DOR assignment, which takes
multiple objective factors into consideration, would be
expected to perform better. The information that 70% of all
patients diagnosed with DOR had at least four oocytes
retrieved and that 16% achieved live birth may provide
some limited reassurance to patients informed by clinicians
of this diagnosis.

QOur study has several limitations, the most significant of
which derive from its retrospective nature and the unavail-
ability of relevant cycle characteristics in the data set. AFC,
AMH, and previous cycle outcomes would further refine our
understanding of patterns in DOR diagnosis and assist in vali-
dating the Bologna criteria for POR more completely. Once
available in a large database, such as SART CORS, these, along
with age, FSH, and other cycle characteristics, should be used
to determine an optimal set of predictors of POR. Importantly,
the fully deidentified nature of the provided data set made it
impossible to link cycles. This precluded an analysis of
whether and when a current DOR diagnosis might manifest
as POR in the future. Furthermore, we could not conduct an
analysis to account for repeated cycle bias; however, we per-
formed sensitivity analyses of first cycles only, which re-
vealed lower overall DOR prevalence but a similar trend in
DOR diagnosis over time. In patients with DOR, the number
of oocytes retrieved and live-birth rates among first cycles
were similar to those reported among all cycles. Another lim-
itation is the inability to objectively measure distress or anx-
iety felt by the patient. Furthermore, it is difficult to establish
whether patients who have been diagnosed with DOR have
been counseled on the definition. This particular aspect could
not be investigated with the current data set. Future studies
similar to Cizmeli et al. are needed to evaluate the psycholog-
ical impact of this assignment in fertility treatment cycles (3).

Our findings indicate that, despite attempts to improve
diagnostic standards, there exists a mismatch between pa-
tients clinically assigned as DOR and their ovarian response
during ART cycles. This mismatch has not improved over
the past decade. There certainly exists a group of patients
who, despite aggressive stimulation, are unlikely to experi-
ence live birth after fresh, autologous ART (20, 42, 43).
However, the present study suggests that when and if
patients are informed that DOR is their SART CORS
diagnosis, they should also be made aware that this
designation in its current clinical use does not necessarily
portend a poor response to ovarian stimulation. The
Bologna consensus, absent full validation to date, provides
clinicians well-reasoned guidelines for defining POR. The cur-
rent analysis supports this definition as one that entails a very
poor prognosis for live birth after ART.

It is important to acknowledge that DOR and POR are not
interchangeable. If a patient is diagnosed with DOR on the ba-
sis of ovarian reserve testing, it does not signify that she will
have POR during her stimulation. However, DOR when prop-
erly assigned should signify that a patient is at increased risk
of POR and may indicate a higher starting dose of gonadotro-
pins than for similar aged patients.

Overdiagnosis of DOR among SART cycles likely resulted
from indiscriminate use of the category by individual clinics,
in the absence of standards. Further studies are needed to pro-

spectively validate POR diagnostic criteria (such as those laid
out by ESHRE) to predict poor cycle outcomes in addition to
standardized DOR definitions to guide treatment choices for
infertile couples.
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ORIGINAL ARTICLE: ASSISTED REPRODUCTION

SUPPLEMENTAL TABLE 1

Breakdown of criteria used to define POR and outcomes among POR cycles.?

Variable 2004 Cycles 2011 Cycles Combined 2004 and 2011
No. of POR cycles 13,088 8,299 13,508 7,549 26,596 15,848
Canceled for poor response, 8,526 (65) 5,612 (68) 7,452° (55) 4,372° (58) 15,978 (60) 9,984 (63)
n (% of POR)
Fewer than four oocytes at 4,562° (35) 2,687° (32) 6,056° (45) 3,177° (42) 10,618 (40) 5,864 (37)
retrieval, n (% of POR)
Live birth, n (% of all POR) 428 (3)° [9] 354 (4)° [13] 613 (4)° [10] 456 (6)° [14] 1,041 (4) [10] 810 (5) [14]

[% of POR by low oocyte yield]

Note: POR = poor ovarian response.
@ Cycles with a daily FSH dose = 0 or missing were excluded.
® p<.0001, 2004 vs. 2011.
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619.el VOL. 104 NO. 3/ SEPTEMBER 2015



Fertility and Sterility®

SUPPLEMENTAL TABLE 2

Factors associated with clinical diminished ovarian response assignment.

Unadjusted Adjusted”
DOR RR 95% CI P value RR 95% ClI P value
Age (y), 40+ vs. <40 3.58 3.52 3.64 <.0001 2.76 2.71 2.82 <.0001
Prior fresh cycles
0 0.61 0.59 0.62 <.0001 0.86 0.84 0.88 <.0001
1 0.76 0.75 0.78 <.0001 0.94 0.92 0.96 <.0001
2+ Reference
Prior gonadotropin cycles
0 0.92 0.90 0.95 <.0001 1.00 0.97 1.02 .7198
1 1.09 1.05 1.14 <.0001 1.05 1.01 1.09 .0102
2 1.02 0.98 1.06 .2502 1.00 0.97 1.04 .8594
3+ Reference
Gravidity
0 0.79 0.78 0.81 <.0001 <.0001
1 0.91 0.89 0.93 <.0001 .0094
2+ Reference
Basal FSH, >12 vs. <12 miIU/mL 3.15° 3.09 3.20 <.0001 1.97 1.94 2.01 <.0001

Note: Cl = confidence interval; DOR = diminished ovarian reserve; FSH = follicle-stimulating hormone; RR = relative risk.
2 Cycles with basal FSH not entered or entered as 0 or >50 mIU/mL excluded from analysis.

Devine. Overdiagnosis of DOR in SART ART cycles. Fertil Steril 2015.
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SUPPLEMENTAL TABLE 3

Factors associated with poor ovarion response in stimulated® cycles.

Unadjusted Adjusted®
POR RR 95% ClI P RR 95% ClI P
Age, 40+ vs. <40 2.37 2.32 2.42 <.0001 1.60 1.55 1.64 <.0001
Prior fresh cycles
0 0.80 0.78 0.83 <.0001 1.02 0.99 1.05 .1800
1 0.86 0.83 0.88 <.0001 0.99 0.95 1.02 4472
2+ Reference
Prior gonadotropin cycles
0 1.00 0.97 1.04 9221 1.07 1.03 1.10 .0005
1 1.06 1.01 1.1 .0306 1.05 0.99 1.10 .1046
2 0.98 0.93 1.03 4141 0.98 0.92 1.03 .3978
3+ Reference
Gravidity
0 0.88 0.86 0.90 <.0001 1.03 1.00 1.06 .0976
1 0.93 0.90 0.96 <.0001 1.01 0.98 1.04 .5320
2+ Reference
Basal FSH, >12 vs. <12 291 2.84 2.99 <.0001 1.96 1.91 2.02 <.0001
DOR, yes vs. no 2.88 2.82 2.94 <.0001 1.94 1.88 2.00 <.0001

Note: Cl = confidence interval; FSH = follicle-stimulating hormone; POR = poor ovarian response; RR = relative risk.
@ Cycles with a daily FSH dose = 0 or missing were excluded.
P Cycles with basal FSH not entered or entered as 0 or >50 mIU/mL were excluded from analysis.

Devine. Overdiagnosis of DOR in SART ART cycles. Fertil Steril 2015.

619.e3 VOL. 104 NO. 3/ SEPTEMBER 2015



	Diminished ovarian reserve in the United States assisted reproductive technology population: diagnostic trends among 181,53 ...
	Materials and methods
	Data Source and Permissions
	Inclusion and Exclusion Criteria
	Definitions and Statistics
	Regression Analyses
	Diagnostic Parameters

	Results
	Discussion
	Acknowledgments
	References


