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Abstract
Polycystic ovary syndrome (PCOS) is defined as the combination of polycystic morphology, hyperandrogenism, and ovula-
tory disruption; this heterogeneity presents a conundrum for the medical community. The Rotterdam criteria have governed 
the diagnosis of PCOS, separating the patient cohort into four distinct phenotypes. It has been suggested that the lone nor-
moandrogenic phenotype, so-called phenotype D, should not be classified as a PCOS subtype, with phenotypes A, B, and C 
displaying a hyperandrogenic biochemical and clinical profile thought to be characteristic of PCOS. To understand how to 
treat phenotype D patients, this review shines a spotlight on the phenotype, gathering various reports of how phenotype D 
is differentiated from the other PCOS phenotypes.
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Introduction

PCOS is described as the most common endocrinological 
disorder affecting women of reproductive age, and represents 
a worldwide health concern [1]. Patients with PCOS suffer 
from a myriad of health issues including reproductive, meta-
bolic, and psychological disorders, in addition to an overall 
reduction in quality of life [2]. The initial attempt to stand-
ardize the definition of PCOS came in 1990 with the NIH 
criteria, which defined PCOS as a syndrome that presented 
hyperandrogenism (HA) and ovary dysfunction (OD) in 
the absence of secondary causes [3]. The NIH criteria were 
controversial at the time, as they did not include polycystic 
ovarian morphology (PCOM) as detected by ultrasound, a 
popular method of identifying PCOS at the time outside 
the US [4]. In 2003, a meeting of the European Society for 

Human Reproduction and Embryology and the American 
Society for Reproductive Medicine in Rotterdam resulted in 
the Rotterdam criteria [5]. These criteria have been continu-
ously updated and currently define PCOS as a syndrome that 
presents two out of three of the following [6, 7]:

(1)	 Biochemical and/or clinical HA
(2)	 Oligomenorrhea or amenorrhea (cycles > 35 days apart 

or < 8 cycles in a year)
(3)	 PCOM (≥20 follicles measuring 2–9 mm in diam-

eter and/or an ovarian volume > 10 cm3 in at least one 
ovary)

Their combination led to the description of four individ-
ual phenotypes A, B, C, and D described in Fig. 1.

In 2006, the Androgen Excess-PCOS Society (AE-PCOS) 
suggested an amendment to exclude phenotype D, the only 
normoandrogenic phenotype described by the Rotterdam 
criteria [8]. It was thought that HA was of vital importance 
to the diagnosis of PCOS and as such phenotype D should 
be considered as a separate condition. These criteria were 
never widely adopted and to date, the Rotterdam criteria are 
still used for diagnosis of the condition, governing patient 
recruitment and treatment. Unfer et al., among others, have 
argued for a separation between the hyperandrogenic phe-
notypes (A, B, and C) and phenotype D, with the opinion 
that they are likely two separate conditions with different 
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etiologies [9, 10]. This review focuses upon phenotype 
D, to build a characteristic profile of this fiercely debated 
phenotype.

Phenotype distribution—where 
is phenotype D most prevalent?

The phenotypic distribution of PCOS differs throughout the 
world. To investigate the spread of phenotypes, in Fig. 2, 
we selected example distributions from various studies con-
ducted in literature. The literature search was performed 
with PubMed and Google Scholar between May–June 2023 

using the search terms “PCOS”, “PCOS phenotype”, “Rot-
terdam criteria”, “PCOS phenotype D”, and “normoandro-
genic PCOS”. Studies conducted between 1998 and 2023, 
which recruited patients via application of the Rotterdam 
criteria and reported stratification of Rotterdam phenotype, 
were included. While the data are far from complete, trends 
can be observed. For example, phenotype D seems to be far 
more common in east Asia, particularly Vietnam and South 
Korea where over 65% of the sampled study population dem-
onstrated phenotype D [11, 12]. More work is required to 
calculate an accurate worldwide distribution of the pheno-
types, as the current research is overrepresented by Europe 
and Asia, with relatively few clinical trials having been 

Fig. 1   Features of the four phenotypes as described by the Rotterdam criteria. PCOM polycystic ovary morphology

Fig. 2   Worldwide prevalence of phenotype D, numbers listed as percentages, a full list of accompanying studies can be viewed online within the 
supplementary material
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performed in Africa. In addition, application of the Rotter-
dam criteria is not uniform across all countries, complicating 
population sampling. Furthermore, PCOS phenotype is not 
reliably reported in patient recruitment, this is reflected in 
the types of clinical trials routinely performed in the US. 
In a search using the keyword “PCOS” for studies based in 
the US, of the 296 studies, no trials reported differentiation 
of patient phenotype (Clinicaltrials.gov) [13]. Furthermore, 
as phenotype D does not present visibly identifiable clini-
cal HA (hirsutism, acne, and alopecia), it is possible that 
phenotype D is underdiagnosed in respect to other pheno-
types [14]. Therefore, it is evident that a greater number of 
population studies worldwide are required to properly map 
phenotype prevalence and to explore potential explanations 
for the observed regional distribution of PCOS phenotypes.

Patient profile of a “typical” phenotype D 
patient

Hormonal profile

Profiling the PCOS phenotypes is hindered by conflicting 
data from clinical studies, caused by variable sampling 
techniques and sizes, patient recruitment, in addition to the 
age, ethnicity, and fertility state of the sampled patients. To 
establish a hormonal profile of PCOS phenotype D, numer-
ous studies have reported on the LH/FSH ratio in phenotype 
D. Several authors have observed an elevated LH/FSH ratio 
vs control populations [15, 16], while others describe an 
LH/FSH ratio more in line with healthy populations [17, 
18]. Women with PCOS phenotype D are characterized by 
a reduced level of total testosterone compared to hyperan-
drogenic phenotypes [19]. This is occasionally accompanied 
by low androstenedione, free androgen index (FAI), and free 
testosterone [20–23]. However, not all androgens show the 
same trend, as DHEAS for example, demonstrates no signifi-
cant change between phenotypes. In addition, SHBG, typi-
cally suppressed in the hyperandrogenic phenotypes, falls 
within healthy levels in phenotype D patients and is, thus, 
typically elevated in comparison to hyperandrogenic pheno-
types [24]. As a consequence of phenotype D patients being 
normoandrogenic, these patients do not present clinical HA 
such as hirsutism and display a modified Ferriman–Gall-
way (MFG) score in the normal range [11]. Furthermore, 
phenotype D patients routinely have reduced levels of acne 
and alopecia in comparison to phenotypes A, B, and C [16].

Metabolic irregularities

The metabolic angle of PCOS has been extensively studied, 
with links to hyperinsulinemia, insulin resistance (IR), and 
metabolic syndrome (MS) being reported in literature [25, 

26]. The apparent association between PCOS and metabolic 
disturbances has led associations such as the EGOI to sug-
gest that metabolic indicators such as IR should be included 
in the diagnostic criteria [9, 27]. This is particularly true 
for phenotypes A, B, and C where there appears to be a link 
between the HA and metabolic irregularities. In this context, 
Zhao et al. reported significantly higher IR measured by the 
homeostasis model assessment-estimated insulin resistance 
(HOMA-IR) in the hyperandrogenic PCOS phenotypes vs 
phenotype D, the latter of which had similar levels to the 
control group [15]. In support of this notion, Tripathi et al. 
studied the prevalence of MS in the PCOS phenotypes, with 
phenotype D showing the lowest levels [28]. Nevertheless, 
the data regarding IR and MS are far from conclusive and 
should not be considered indicative of the entire syndrome. 
Stronger evidence has associated phenotype D with leaner 
patients with reduced waist–hip ratios [15, 29]. Some studies 
go further to report an average lower BMI; however, these 
studies are in the minority [30, 31].

In addition, significantly higher cholesterol, LDL, and 
triglyceride levels have been observed in phenotype A in 
comparison to phenotype D, supporting the link between the 
hyperandrogenic phenotypes and metabolic comorbidities 
such as hyperinsulinemia and obesity [32]. Furthermore, in 
the same study, lower HDL cholesterol levels were seen in 
phenotype B in comparison to phenotype D. This was sup-
ported by a study by Dadachanji et al. where reduced total 
cholesterol, LDL, triglyceride levels, and ApoB:ApoA-1 
ratio were observed in patients with phenotype D in com-
parison to phenotype A [33]. However, many other stud-
ies have not reported a significant difference in cholesterol 
levels [21, 34]; therefore, while this may hint at a possible 
characteristic of the normoandrogenic phenotype, it should 
not be considered characteristic of phenotype D.

Phenotype D and hypothyroidism

Similarities can be observed between PCOS and hypothy-
roidism, whereby patients with hypothyroidism may present 
with menstrual disorders, HA, weight gain, dyslipidemia, 
and IR [35, 36]. A noteworthy difference in TSH levels can 
be seen in phenotype D, with patients demonstrating signifi-
cantly lower levels than phenotype A and B [12]. A similar 
phenomenon has been observed in a community-based study 
investigating the prevalence of metabolic disorders across 
PCOS phenotypes in south western Iran, whereby PCOS 
phenotype D demonstrated significantly less TSH compared 
to hyperandrogenic PCOS [37]. To date, the cause of the 
fluctuation in TSH levels between the PCOS phenotypes has 
not been found; however, the metabolic involvement of HA 
in PCOS patients could provide a possible explanation and 
would be a fascinating topic for further study.
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Phenotype D and psoriasis

PCOS and psoriasis are both commonly associated with IR, 
type 2 diabetes, obesity, and cardiovascular issues [38]. Fur-
thermore, the incidence of PCOS in people with psoriasis 
is 47% more common than healthy populations, and women 
with PCOS commonly experience more severe symptoms of 
psoriasis vs control groups [39]. In a study by Moro et al., 
phenotype D PCOS patients showed the highest severity 
in Psoriasis Area and Severity Index (PASI) and Physi-
cian Global Assessment (PGA) scores in comparison to the 
other PCOS phenotypes and the control. It is suggested by 
the authors that more severe psoriasis is caused by inflam-
mation, which is typically associated with anovulation, as 
all three anovulation phenotypes (A, B, and D) were poor 
performing regarding psoriasis markers in comparison to 
phenotype C [40].

Phenotype D and fertility

Fertility issues are unfortunately common in PCOS patients, 
as such the selection of the correct therapy choice is para-
mount to address the needs of patient. With this in mind, 
the effect that the PCOS phenotypes have on fertility care 
should be considered when advising patients with PCOS 
seeking pregnancy. In a study comparing outcomes after 
fertility treatment across phenotypes, it was found the com-
bination of OD and PCOM (phenotypes A and D) resulted 
in a higher probability of adverse pregnancy outcomes. 
Specifically, incidences of ectopic pregnancy, miscarriage, 
and premature pregnancy were significantly increased in 
comparison to the control group [41]. This is not uniformly 
reported across all studies, as De Vos et al. reported that 
hyperandrogenic patients had a significantly worse outcome 
following in vitro fertilization (IVF) with or without intra-
cytoplasmic sperm injection (ICSI), than those without HA 
[live birth rate (LBR) phenotype A 25.8 vs 48% phenotype 
D] [42]. The presence of HA results in the growth of better 
quality embryos; therefore, phenotype D tends to be poor 
performing in this regard as seen in a study by Selçuk et al., 
whereby a significant decrease in embryo quality was seen 
in phenotype D (1.46 ± 1.18) vs phenotype B (3.76 ± 2.71) 
[43]. However, this did not correlate with an improvement 
in the number of embryos successfully transferred (pheno-
type B 1.21 ± 0.41 vs phenotype D 1.18 ± 0.44), suggesting 
that while HA may be correlated with improved embryo 
growth, it may cause issues in implantation [44]. One poten-
tial explanation for this is a reduction in endometrial quality, 
as HA as elevated androgens, together with elevated pro-
gesterone, may impair endometrial receptivity [44, 45]. Of 
note, this study did not include phenotype A patients which 
presents a major limitation to this study.

In vitro maturation (IVM) represents an alternative to 
conventional assisted reproductive technology (ART) for 
women with PCOS and was initially used to avoid the need 
of ovarian stimulation and the risk of ovarian hyperstimu-
lation syndrome. However, this has become less relevant 
with the advent of gonadotrophin-releasing hormone agonist 
protocols [46, 47]. IVM remains an option for women with 
a high antral follicle count, specifically those with PCOS, 
where higher pregnancy rates have been seen vs their IVF 
counterparts [48]. In a study by Mackens et al., PCOS phe-
notype A patients formed significantly higher cumulus-
oocyte complexes and matured oocytes in comparison to 
phenotype D; however, this did not result in an eventual 
improvement in maturation rate and fertilization rate [30]. 
The IVM data, therefore, mirror the IVF data where initial 
promise in the hyperandrogenic phenotypes does not cor-
relate with an overall improvement in pregnancy outcome 
over phenotype D.

Clomiphene is a routinely prescribed therapy to induce 
ovulation in women suffering from fertility problems, 
including those with PCOS [49]. Response rates to clo-
miphene differ; therefore, to further understand how this 
effects PCOS patients, Sachdeva et al. investigated clomi-
phene response rates across the four PCOS phenotypes [50]. 
Phenotype A patients were the most resistant to clomiphene 
treatment (64.86%), while phenotype D demonstrated signif-
icantly lower levels of clomiphene resistance (16.67%), with 
similar observations having been reported in other studies 
[51, 52]. These results clearly differentiate the hyperandro-
genic phenotypes and phenotype D, suggesting a correla-
tion between HA and clomiphene resistance; however, the 
underlying cause of this correlation is unknown.

In recent years, the aromatase inhibitor letrozole has 
become preferred over clomiphene for the treatment of infer-
tile PCOS patients [53]. Unfortunately, there is a relative 
paucity of literature regarding PCOS phenotypes and their 
response rate to letrozole. To the best of our knowledge, only 
a singular study conducted by Khurana et al. investigated 
the ovarian response to letrozole across the different PCOS 
phenotypes, whereby no significant difference was observed 
in response to letrozole therapy [20].

Concluding remarks

Since its inception, PCOS phenotype D has remained con-
troversial, as it is considered as a separate condition by some 
members of the PCOS community. To facilitate the discus-
sion around this phenotype, we have investigated the global 
prevalence of the phenotype and the hallmarks of phenotype 
D (Fig. 3). The studies around phenotype D are still some-
what limited; however, it is hoped that this review may spur 
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further investigation into the underlying mechanisms and 
possible therapies for PCOS phenotype D patients.

Supplementary Information  The online version contains supplemen-
tary material available at https://​doi.​org/​10.​1007/​s00404-​024-​07408-2.

Author contributions  SHM and VU were responsible for conception 
the work; SHM analyzed, interpreted, and reviewed the available lit-
erature for the work; SHM drafted the work; SHM, MMO, MN, and 
VU reviewed and approved the final version.

Funding  This review received no external funding.

Data availability  The data underlying this article are available in the 
article and in its online supplementary material.

Declarations 

Conflict of interest  SHM and VU are employed at Lo.Li. Pharma Srl, 
Rome (Italy).

References

	 1.	 Rodriguez Paris V, Bertoldo MJ (2019) The mechanism of andro-
gen actions in PCOS etiology. Med Sci 7(9):89

	 2.	 Hoeger KM, Dokras A, Piltonen T (2021) Update on PCOS: 
consequences, challenges, and guiding treatment. J Clin 

Endocrinol Metab 106(3):e1071–e1083. https://​doi.​org/​10.​
1210/​clinem/​dgaa8​39

	 3.	 Azziz R, Carmina E, Dewailly D, Diamanti-Kandarakis E, Esco-
bar-Morreale HF, Futterweit W et al (2006) Positions statement: 
criteria for defining polycystic ovary syndrome as a predomi-
nantly hyperandrogenic syndrome: an Androgen Excess Society 
guideline. J Clin Endocrinol Metab 91(11):4237–4245. https://​
doi.​org/​10.​1210/​jc.​2006-​0178

	 4.	 Azziz R (2021) How polycystic ovary syndrome came into its 
own. F S Sci 2(1):2–10. https://​doi.​org/​10.​1016/j.​xfss.​2020.​12.​
007

	 5.	 Revised 2003 consensus on diagnostic criteria and long-term 
health risks related to polycystic ovary syndrome (PCOS). Hum 
Reprod. 2004;19(1):41–7. doi: https://​doi.​org/​10.​1093/​humrep/​
deh098.

	 6.	 Teede HJ, Misso ML, Costello MF, Dokras A, Laven J, Moran L 
et al (2018) Recommendations from the international evidence-
based guideline for the assessment and management of polycys-
tic ovary syndrome†‡. Hum Reprod 33(9):1602–1618. https://​
doi.​org/​10.​1093/​humrep/​dey256

	 7.	 Teede HJ, Tay CT, Laven J, Dokras A, Moran LJ, Piltonen TT 
et al (2023) Recommendations from the 2023 international 
evidence-based guideline for the assessment and management 
of polycystic ovary syndrome†. Fertil Steril 120(4):767–793. 
https://​doi.​org/​10.​1016/j.​fertn​stert.​2023.​07.​025

	 8.	 Azziz R, Carmina E, Dewailly D, Diamanti-Kandarakis E, 
Escobar-Morreale HF, Futterweit W et al (2009) The Androgen 
Excess and PCOS Society criteria for the polycystic ovary syn-
drome: the complete task force report. Fertil Steril 91(2):456–
488. https://​doi.​org/​10.​1016/j.​fertn​stert.​2008.​06.​035

Fig. 3   Characteristics for phenotype D vs control and hyperandro-
genic PCOS populations. The arrows denote an increase or decrease 
over the compared group. When the value is higher or lower than the 
healthy mean but does not reach clinical levels, this is specified as 
“normal range”. The outstanding questions section specifies the indi-
ces for which it is not certain how they change between phenotype D 

and the hyperandrogenic PCOS subtypes. BMI body mass index, FAI 
free androgen index, FSH follicle stimulating hormone, HA hyperan-
drogenic, HOMA-IR homeostasis model assessment-estimated insu-
lin resistance, LH luteinizing hormone, PCOS polycystic ovary syn-
drome, SHBG sex hormone-binding globulin, WHR waist–hip ratio

https://doi.org/10.1007/s00404-024-07408-2
https://doi.org/10.1210/clinem/dgaa839
https://doi.org/10.1210/clinem/dgaa839
https://doi.org/10.1210/jc.2006-0178
https://doi.org/10.1210/jc.2006-0178
https://doi.org/10.1016/j.xfss.2020.12.007
https://doi.org/10.1016/j.xfss.2020.12.007
https://doi.org/10.1093/humrep/deh098
https://doi.org/10.1093/humrep/deh098
https://doi.org/10.1093/humrep/dey256
https://doi.org/10.1093/humrep/dey256
https://doi.org/10.1016/j.fertnstert.2023.07.025
https://doi.org/10.1016/j.fertnstert.2008.06.035


	 Archives of Gynecology and Obstetrics

	 9.	 Unfer V, Dinicola S, Russo M (2023) A PCOS paradox: does 
inositol therapy find a rationale in all the different phenotypes? 
Int J Mol Sci 24(7):6213. https://​doi.​org/​10.​3390/​ijms2​40762​13

	10.	 Dewailly D (2016) Diagnostic criteria for PCOS: is there a need 
for a rethink? Best Pract Res Clin Obstet Gynaecol 37:5–11. 
https://​doi.​org/​10.​1016/j.​bpobg​yn.​2016.​03.​009

	11.	 Cao NT, Le MT, Nguyen VQH, Pilgrim J, Le VNS, Le DD et al 
(2019) Defining polycystic ovary syndrome phenotype in Viet-
namese women. J Obstet Gynaecol Res 45(11):2209–2219. https://​
doi.​org/​10.​1111/​jog.​14097

	12.	 Lee HJ, Jo HN, Noh HK, Kim SH, Joo JK (2022) Is there asso-
ciation between thyroid stimulating hormone levels and the four 
phenotypes in polycystic ovary syndrome? Ginekol Pol. https://​
doi.​org/​10.​5603/​GP.​a2021.​0239

	13.	 Clinicaltrials.gov. www.​clini​caltr​ials.​gov Accessed 12/06/23.
	14.	 Mumusoglu S, Yildiz BO (2020) Polycystic ovary syndrome phe-

notypes and prevalence: differential impact of diagnostic criteria 
and clinical versus unselected population. Current Opinion in 
Endocrine and Metabolic Research 12:66–71. https://​doi.​org/​10.​
1016/j.​coemr.​2020.​03.​004

	15.	 Zhao Y, Ruan X, Mueck AO (2016) Clinical and laboratory indi-
cators of polycystic ovary syndrome in Chinese Han national-
ity with different Rotterdam criteria-based phenotypes. Gynecol 
Endocrinol 32(2):151–156. https://​doi.​org/​10.​3109/​09513​590.​
2015.​11078​95

	16.	 Jamil AS, Alalaf SK, Al-Tawil NG, Al-Shawaf T (2016) Com-
parison of clinical and hormonal characteristics among four phe-
notypes of polycystic ovary syndrome based on the Rotterdam 
criteria. Arch Gynecol Obstet 293(2):447–456. https://​doi.​org/​10.​
1007/​s00404-​015-​3889-5

	17.	 Daan NM, Louwers YV, Koster MP, Eijkemans MJ, de Rijke YB, 
Lentjes EW et al (2014) Cardiovascular and metabolic profiles 
amongst different polycystic ovary syndrome phenotypes: who is 
really at risk? Fertil Steril 102(5):1444–51.e3. https://​doi.​org/​10.​
1016/j.​fertn​stert.​2014.​08.​001

	18.	 Ramezanali F, Ashrafi M, Hemat M, Arabipoor A, Jalali S, Moini 
A (2016) Assisted reproductive outcomes in women with different 
polycystic ovary syndrome phenotypes: the predictive value of 
anti-Müllerian hormone. Reprod Biomed Online 32(5):503–512. 
https://​doi.​org/​10.​1016/j.​rbmo.​2016.​01.​010

	19.	 Gupta M, Yadav R, Mahey R, Agrawal A, Upadhyay A, Malhotra 
N et al (2019) Correlation of body mass index (BMI), anti-mul-
lerian hormone (AMH), and insulin resistance among different 
polycystic ovary syndrome (PCOS) phenotypes—a cross-sectional 
study. Gynecol Endocrinol 35(11):970–973. https://​doi.​org/​10.​
1080/​09513​590.​2019.​16136​40

	20.	 Khurana A, Swamy MV, Mitra S, Srinivas S, Nagaraja N (2022) 
Prevalence of polycystic ovarian syndrome, phenotypes and their 
ovulation response to sequential Letrozole dose escalation among 
infertile women at a Tertiary Care Centre in Southern India. J 
Hum Reprod Sci 15(1):42–50. https://​doi.​org/​10.​4103/​jhrs.​jhrs_​
141_​21

	21.	 de Guevara AL, Fux-Otta C, Crisosto N, de Mereshian PS, 
Echiburú B, Iraci G et al (2014) Metabolic profile of the different 
phenotypes of polycystic ovary syndrome in two Latin American 
populations. Fertil Steril 101(6):1732–1739. https://​doi.​org/​10.​
1016/j.​fertn​stert.​2014.​02.​020

	22.	 Ozay AC, Emekcı Ozay O, Gulekli B (2020) Comparison of 
anti-müllerian hormone (AMH) and hormonal assays for pheno-
typic classification of polycystic ovary syndrome. Ginekol Pol 
91(11):661–667. https://​doi.​org/​10.​5603/​GP.​a2020.​0122

	23.	 Adamska A, Łebkowska A, Krentowska A, Hryniewicka J, Adam-
ski M, Leśniewska M et al (2020) Ovarian reserve and serum con-
centration of thyroid peroxidase antibodies in euthyroid women 
with different polycystic ovary syndrome phenotypes. Front Endo-
crinol 11:440. https://​doi.​org/​10.​3389/​fendo.​2020.​00440

	24.	 Polak AM, Adamska A, Krentowska A, Łebkowska A, Hrynie-
wicka J, Adamski M et al (2020) Body composition, serum con-
centrations of androgens and insulin resistance in different poly-
cystic ovary syndrome phenotypes. J Clin Med 9(3):732. https://​
doi.​org/​10.​3390/​jcm90​30732

	25.	 Purwar A, Nagpure S (2022) Insulin resistance in polycystic ovar-
ian syndrome. Cureus 14(10):e30351. https://​doi.​org/​10.​7759/​
cureus.​30351

	26.	 Chen W, Pang Y (2021) Metabolic syndrome and PCOS: patho-
genesis and the role of metabolites. Metabolites 11(12):869. 
https://​doi.​org/​10.​3390/​metab​o1112​0869

	27.	 Myers SH, Russo M, Dinicola S, Forte G, Unfer V (2023) Ques-
tioning PCOS phenotypes for reclassification and tailored therapy. 
Trends Endocrinol Metab 34(11):694–703. https://​doi.​org/​10.​
1016/j.​tem.​2023.​08.​005

	28.	 Tripathy P, Sahu A, Sahu M, Nagy A (2018) Metabolic risk 
assessment of Indian women with polycystic ovarian syndrome in 
relation to four Rotterdam criteria based phenotypes. Eur J Obstet 
Gynecol Reprod Biol 224:60–65. https://​doi.​org/​10.​1016/j.​ejogrb.​
2018.​02.​031

	29.	 Carmina E, Nasrallah MP, Guastella E, Lobo RA (2019) Charac-
terization of metabolic changes in the phenotypes of women with 
polycystic ovary syndrome in a large Mediterranean population 
from Sicily. Clin Endocrinol 91(4):553–560. https://​doi.​org/​10.​
1111/​cen.​14063

	30.	 Mackens S, Pareyn S, Drakopoulos P, Deckers T, Mostinckx L, 
Blockeel C et al (2020) Outcome of in-vitro oocyte maturation 
in patients with PCOS: does phenotype have an impact? Hum 
Reprod 35(10):2272–2279. https://​doi.​org/​10.​1093/​humrep/​deaa1​
90

	31.	 Carmina E, Campagna AM, Lobo RA (2012) A 20-year follow-up 
of young women with polycystic ovary syndrome. Obstet Gynecol 
119(2 Pt 1):263–269. https://​doi.​org/​10.​1097/​aog.​0b013​e3182​
3f7135

	32.	 Bahadur A, Mundhra R, Kashibhatla J, Rajput R, Verma N, 
Kumawat M (2021) Prevalence of metabolic syndrome among 
women with different PCOS phenotypes—a prospective study. 
Gynecol Endocrinol 37(1):21–25. https://​doi.​org/​10.​1080/​09513​
590.​2020.​17751​93

	33.	 Dadachanji R, Patil A, Joshi B, Mukherjee S (2021) Elucidating 
the impact of obesity on hormonal and metabolic perturbations 
in polycystic ovary syndrome phenotypes in Indian women. PLoS 
ONE 16(2):e0246862. https://​doi.​org/​10.​1371/​journ​al.​pone.​02468​
62

	34.	 Farhadi-Azar M, Behboudi-Gandevani S, Rahmati M, Mahboo-
bifard F, Khalili Pouya E, Ramezani Tehrani F et al (2022) The 
prevalence of polycystic ovary syndrome, its phenotypes and car-
dio-metabolic features in a community sample of Iranian popula-
tion: tehran lipid and glucose study. Front Endocrinol (Lausanne) 
13:825528. https://​doi.​org/​10.​3389/​fendo.​2022.​825528

	35.	 Maratou E, Hadjidakis DJ, Kollias A, Tsegka K, Peppa M, 
Alevizaki M et al (2009) Studies of insulin resistance in patients 
with clinical and subclinical hypothyroidism. Eur J Endocrinol 
160(5):785–790. https://​doi.​org/​10.​1530/​eje-​08-​0797

	36.	 Krassas GE, Pontikides N, Kaltsas T, Papadopoulou P, Paunko-
vic J, Paunkovic N et al (1999) Disturbances of menstruation in 
hypothyroidism. Clin Endocrinol 50(5):655–659. https://​doi.​org/​
10.​1046/j.​1365-​2265.​1999.​00719.x

	37.	 Ramezani Tehrani F, Rashidi H, Bahri Khomami M, Tohidi M, 
Azizi F (2014) The prevalence of metabolic disorders in various 
phenotypes of polycystic ovary syndrome: a community based 
study in Southwest of Iran. Reprod Biol Endocrinol 12(1):89. 
https://​doi.​org/​10.​1186/​1477-​7827-​12-​89

	38.	 Armstrong AW, Read C (2020) Pathophysiology, Clinical 
Presentation, and Treatment of Psoriasis: A Review. JAMA 
323(19):1945–1960. https://​doi.​org/​10.​1001/​jama.​2020.​4006

https://doi.org/10.3390/ijms24076213
https://doi.org/10.1016/j.bpobgyn.2016.03.009
https://doi.org/10.1111/jog.14097
https://doi.org/10.1111/jog.14097
https://doi.org/10.5603/GP.a2021.0239
https://doi.org/10.5603/GP.a2021.0239
http://www.clinicaltrials.gov
https://doi.org/10.1016/j.coemr.2020.03.004
https://doi.org/10.1016/j.coemr.2020.03.004
https://doi.org/10.3109/09513590.2015.1107895
https://doi.org/10.3109/09513590.2015.1107895
https://doi.org/10.1007/s00404-015-3889-5
https://doi.org/10.1007/s00404-015-3889-5
https://doi.org/10.1016/j.fertnstert.2014.08.001
https://doi.org/10.1016/j.fertnstert.2014.08.001
https://doi.org/10.1016/j.rbmo.2016.01.010
https://doi.org/10.1080/09513590.2019.1613640
https://doi.org/10.1080/09513590.2019.1613640
https://doi.org/10.4103/jhrs.jhrs_141_21
https://doi.org/10.4103/jhrs.jhrs_141_21
https://doi.org/10.1016/j.fertnstert.2014.02.020
https://doi.org/10.1016/j.fertnstert.2014.02.020
https://doi.org/10.5603/GP.a2020.0122
https://doi.org/10.3389/fendo.2020.00440
https://doi.org/10.3390/jcm9030732
https://doi.org/10.3390/jcm9030732
https://doi.org/10.7759/cureus.30351
https://doi.org/10.7759/cureus.30351
https://doi.org/10.3390/metabo11120869
https://doi.org/10.1016/j.tem.2023.08.005
https://doi.org/10.1016/j.tem.2023.08.005
https://doi.org/10.1016/j.ejogrb.2018.02.031
https://doi.org/10.1016/j.ejogrb.2018.02.031
https://doi.org/10.1111/cen.14063
https://doi.org/10.1111/cen.14063
https://doi.org/10.1093/humrep/deaa190
https://doi.org/10.1093/humrep/deaa190
https://doi.org/10.1097/aog.0b013e31823f7135
https://doi.org/10.1097/aog.0b013e31823f7135
https://doi.org/10.1080/09513590.2020.1775193
https://doi.org/10.1080/09513590.2020.1775193
https://doi.org/10.1371/journal.pone.0246862
https://doi.org/10.1371/journal.pone.0246862
https://doi.org/10.3389/fendo.2022.825528
https://doi.org/10.1530/eje-08-0797
https://doi.org/10.1046/j.1365-2265.1999.00719.x
https://doi.org/10.1046/j.1365-2265.1999.00719.x
https://doi.org/10.1186/1477-7827-12-89
https://doi.org/10.1001/jama.2020.4006


Archives of Gynecology and Obstetrics	

	39.	 Moro F, De Simone C, Morciano A, Tropea A, Sagnella F, Palla C 
et al (2013) Psoriatic patients have an increased risk of polycystic 
ovary syndrome: results of a cross-sectional analysis. Fertil Steril 
99(3):936–942. https://​doi.​org/​10.​1016/j.​fertn​stert.​2012.​10.​040

	40.	 Moro F, Tropea A, Scarinci E, Federico A, De Simone C, Cal-
darola G et al (2015) Psoriasis and polycystic ovary syndrome: a 
new link in different phenotypes. Eur J Obstet Gynecol Reprod 
Biol 191:101–105. https://​doi.​org/​10.​1016/j.​ejogrb.​2015.​06.​002

	41.	 Wang Q, Wang H, Li P, Li X, Wang Z, Yan L et al (2022) Asso-
ciation of polycystic ovary syndrome phenotypes with adverse 
pregnancy outcomes after in-vitro fertilization/intracytoplasmic 
sperm injection. Front Endocrinol 13:889029. https://​doi.​org/​10.​
3389/​fendo.​2022.​889029

	42.	 De Vos M, Pareyn S, Drakopoulos P, Raimundo JM, Anckaert E, 
Santos-Ribeiro S et al (2018) Cumulative live birth rates after IVF 
in patients with polycystic ovaries: phenotype matters. Reprod 
Biomed Online 37(2):163–171. https://​doi.​org/​10.​1016/j.​rbmo.​
2018.​05.​003

	43.	 Selçuk S, Özkaya E, Eser A, Kuyucu M, Kutlu HT, Devranoğlu 
B et al (2016) Characteristics and outcomes of in vitro fertiliza-
tion in different phenotypes of polycystic ovary syndrome. Turk J 
Obstet Gynecol 13(1):1–6. https://​doi.​org/​10.​4274/​tjod.​90094

	44.	 Yusuf ANM, Amri MF, Ugusman A, Hamid AA, Wahab NA, 
Mokhtar MH (2023) Hyperandrogenism and its possible effects 
on endometrial receptivity: a review. Int J Mol Sci 24(15):12026. 
https://​doi.​org/​10.​3390/​ijms2​41512​026

	45.	 Huang J, Lin J, Xia L, Tian L, Xu D, Liu P et al (2021) Decreased 
endometrial thickness is associated with higher risk of neonatal 
complications in women with polycystic ovary syndrome. Front 
Endocrinol 12:766601. https://​doi.​org/​10.​3389/​fendo.​2021.​
766601

	46.	 Engmann L, DiLuigi A, Schmidt D, Nulsen J, Maier D, Benadiva 
C (2008) The use of gonadotropin-releasing hormone (GnRH) 
agonist to induce oocyte maturation after cotreatment with GnRH 
antagonist in high-risk patients undergoing in vitro fertilization 
prevents the risk of ovarian hyperstimulation syndrome: a pro-
spective randomized controlled study. Fertil Steril 89(1):84–91. 
https://​doi.​org/​10.​1016/j.​fertn​stert.​2007.​02.​002

	47.	 Trounson A, Wood C, Kausche A (1994) In vitro maturation 
and the fertilization and developmental competence of oocytes 

recovered from untreated polycystic ovarian patients. Fertil Steril 
62(2):353–362. https://​doi.​org/​10.​1016/​s0015-​0282(16)​56891-5

	48.	 Ho VNA, Braam SC, Pham TD, Mol BW, Vuong LN (2019) The 
effectiveness and safety of in vitro maturation of oocytes versus 
in vitro fertilization in women with a high antral follicle count. 
Hum Reprod 34(6):1055–1064. https://​doi.​org/​10.​1093/​humrep/​
dez060

	49.	 Hughes E, Collins J, Vandekerckhove P. Clomiphene citrate for 
unexplained subfertility in women. Cochrane Database Syst Rev 
2000(3):Cd000057. doi: https://​doi.​org/​10.​1002/​14651​858.​Cd000​
057.

	50.	 Sachdeva G, Gainder S, Suri V, Sachdeva N, Chopra S (2019) 
Comparison of the different PCOS phenotypes based on clini-
cal metabolic, and hormonal profile, and their response to clomi-
phene. Indian J Endocrinol Metab 23(3):326–331. https://​doi.​org/​
10.​4103/​ijem.​IJEM_​30_​19

	51.	 Zhang HY, Zhu FF, Xiong J, Shi XB, Fu SX (2009) Characteris-
tics of different phenotypes of polycystic ovary syndrome based 
on the Rotterdam criteria in a large-scale Chinese population. 
BJOG 116(12):1633–1639. https://​doi.​org/​10.​1111/j.​1471-​0528.​
2009.​02347.x

	52.	 Głuszak O, Stopińska-Głuszak U, Glinicki P, Kapuścińska R, 
Snochowska H, Zgliczyński W et al (2012) Phenotype and meta-
bolic disorders in polycystic ovary syndrome. ISRN Endocrinol 
2012:569862. https://​doi.​org/​10.​5402/​2012/​569862

	53.	 Liu Z, Geng Y, Huang Y, Hu R, Li F, Song Y et al (2023) Letro-
zole compared with clomiphene citrate for polycystic ovarian syn-
drome: a systematic review and meta-analysis. Obstet Gynecol 
141(3):523–534. https://​doi.​org/​10.​1097/​aog.​00000​00000​005070

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

Springer Nature or its licensor (e.g. a society or other partner) holds 
exclusive rights to this article under a publishing agreement with the 
author(s) or other rightsholder(s); author self-archiving of the accepted 
manuscript version of this article is solely governed by the terms of 
such publishing agreement and applicable law.

https://doi.org/10.1016/j.fertnstert.2012.10.040
https://doi.org/10.1016/j.ejogrb.2015.06.002
https://doi.org/10.3389/fendo.2022.889029
https://doi.org/10.3389/fendo.2022.889029
https://doi.org/10.1016/j.rbmo.2018.05.003
https://doi.org/10.1016/j.rbmo.2018.05.003
https://doi.org/10.4274/tjod.90094
https://doi.org/10.3390/ijms241512026
https://doi.org/10.3389/fendo.2021.766601
https://doi.org/10.3389/fendo.2021.766601
https://doi.org/10.1016/j.fertnstert.2007.02.002
https://doi.org/10.1016/s0015-0282(16)56891-5
https://doi.org/10.1093/humrep/dez060
https://doi.org/10.1093/humrep/dez060
https://doi.org/10.1002/14651858.Cd000057
https://doi.org/10.1002/14651858.Cd000057
https://doi.org/10.4103/ijem.IJEM_30_19
https://doi.org/10.4103/ijem.IJEM_30_19
https://doi.org/10.1111/j.1471-0528.2009.02347.x
https://doi.org/10.1111/j.1471-0528.2009.02347.x
https://doi.org/10.5402/2012/569862
https://doi.org/10.1097/aog.0000000000005070

	PCOS phenotype focus: phenotype D under the magnifying glass
	Abstract
	Introduction
	Phenotype distribution—where is phenotype D most prevalent?
	Patient profile of a “typical” phenotype D patient
	Hormonal profile
	Metabolic irregularities
	Phenotype D and hypothyroidism
	Phenotype D and psoriasis
	Phenotype D and fertility


	Concluding remarks
	References


