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Abstract

Background To assess the correlation between clinical and biochemical hyperandrogenism parameters in polycystic
ovary syndrome (PCOS) according to age.

Methods This prospective study included 256 PCOS patients diagnosed according to the Rotterdam criteria in a
university-based hospital. Androgen levels were measured using liquid chromatography-tandem mass spectrometry.
Hirsutism, acne, and alopecia were assessed using the modified Ferriman-Gallwey (mF-G) score, Comprehensive Acne
Severity Scale (CASS), and the Ludwig scale, respectively. The correlation between biochemical and clinical hyperan-
drogenism parameters was assessed in younger and older women with PCOS.

Results The 256 PCOS patients were classified by age into two groups: age 18-29 years (h=151) and age

30-40 years (n=284). In women with PCOS, mF-G was significantly positively correlated with the free androgen index
(FA), dehydroepiandrosterone (DHEA), and DHEA sulfate (DHEA-S). CASS had a significant positive correlation with
DHEA. mF-G was positively correlated with FAlin those aged 18-29 years, but the correlations were not significant

in those aged 30-40 years. The positive correlation between specific body regions of clinical hyperandrogenism,
especially mF-G of chin, lower abdomen, and thighs, and testosterone, as well as with FAI, was highest in those

aged 18-29 years. In those aged 30-40 years clinical hyperandrogenism was mainly affected by DHEA, DHEA-S, and
dihydrotestosterone.

Conclusion The correlation between biochemical and clinical hyperandrogenism parameters varied with age in our
East Asian population. Clinical hyperandrogenism was positively correlated with FAl in younger women with PCOS.
The correlation between biochemical and clinical hyperandrogenism was not significant in older women with PCOS.
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Background

Polycystic ovary syndrome (PCOS) is one of the most
common endocrinopathies in women of reproductive
age and is characterized by clinical and/or biochemi-
cal hyperandrogenism, anovulation, and polycystic
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hyperandrogenism is diagnosed based on high levels of
serum total testosterone, free testosterone, free andro-
gen index (FAI), androstenedione, dihydrotestosterone
(DHT), dehydroepiandrosterone (DHEA), and DHEA
sulfate (DHEA-S) [5]. It is important to confirm the
associations between the endocrine and clinical char-
acteristics of PCOS, as they influence the follow-up
and management of the condition [6]. The relationship
between clinical and biochemical hyperandrogenism
has been evaluated in many studies, with conflict-
ing results, although biochemical hyperandrogenism
modulates the biological mechanism regulating clini-
cal hyperandrogenism [7]. This heterogeneity may be
due to age, race, body mass index, insulin sensitivity,
variability in PCOS diagnosis, and the method of hor-
monal assay [8—10].

The presence of androgen excess is highly age-
dependent, both in women with and without PCOS
[10-12]. This is partly because ovarian steroid secre-
tion capacity starts to decline as early as at age 30 years
[13]. Previous studies have shown that total testoster-
one, free testosterone, and DHEA-S levels are lower in
older women with PCOS [12]. In addition, the preva-
lence of acne and hirsutism showed a significant nega-
tive association with age in women with PCOS [12].
Thus, age is an essential factor influencing clinical
and biochemical hyperandrogenism. The association
between clinical and biochemical hyperandrogenism
could vary with age, as age-related changes in clinical
and biochemical hyperandrogenism may differ, which
was rarely clarified in previous studies. In this study,
we attempted to evaluate the correlation between
clinical and biochemical hyperandrogenism in women
with PCOS in relation to age groups to further demon-
strate the dynamic changes of hyperandrogenic char-
acteristics of PCOS.

Methods
Study design and participants
This study was approved by the Ethics Committee of
Peking Union Medical College Hospital (JS-2852). All
women who were diagnosed with PCOS between Feb-
ruary 1, 2021, and November 3, 2022, in the gyneco-
logical endocrine clinic of Peking Union Medical
College Hospital were included in the study. In total,
256 women with PCOS were included in the study.
PCOS diagnosis was based on the revised Rotterdam
criteria. None of the women had endocrine or systemic
disorders that could affect reproductive physiology,
including hyperprolactinemia, Cushing’s syndrome,
androgen-secreting tumors, congenital adrenal hyper-
plasia, and thyroid dysfunction.
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Assessment

The waist-to-hip ratio was defined as waist girth/hip
girth. Body mass index was defined as body weight in
kilograms divided by height in meters squared (kg/m?).
Hirsutism was assessed by the modified Ferriman-Gall-
wey (mF-G) score [14, 15]. Acne was evaluated using
the Comprehensive Acne Severity Scale (CASS) [16].
Alopecia was assessed using the Ludwig scale [17]. Base-
line blood samples were collected between days 3 and 7
after spontaneous or progestogen-induced bleeding epi-
sodes in patients with PCOS. Serum follicle-stimulating
hormone, luteinizing hormone, sex hormone binding
globulin (SHBG), and prolactin levels were measured
using an enzyme immunoassay (Beckman). Serum
total testosterone, androstenedione, DHEA, DHEA-S,
17a-hydroxyprogesterone (17-OH PRG), and DHT were
measured via liquid-liquid extraction (methyl tertiary-
butyl ether) of serum via liquid chromatography-tandem
mass spectrometry (LC-MS/MS). FAI was determined as
follows: FAI=total testosterone (nmol/L)x 100/SHBG
(nmol/L).

Statistical analysis

We evaluated the correlation between biochemical
parameters and the mF-G score, CASS, and Ludwig scale
using Pearson’s correlation coefficients with a two-tailed
significance test. We used the x2 and Fisher’s exact tests
to compare the categorical variables and analysis of vari-
ance to compare the continuous variables. For multiple
regression, the best subsets regression (BSR) was used to
select best variables, and the final selected combination
for BSR was determined by the minimum Bayesian infor-
mation criterion.

Results
Supplement Table 1 shows the comparison of clinical
characteristics between the 18-29 and 30-40 year-old
groups. PCOS patients aged 18-29 years old presented
with a significantly higher mF-G score (4.63 vs. 3.12,
P=0.002) than PCOS patients aged 30—40 years, espe-
cially in the lower abdomen (0.90 vs. 0.57, P=0.007),
upper arms (0.36 vs. 0.08, P<0.001), upper back (0.20 vs.
0.04, P=0.013), and lower back (0.29 vs. 0.10, P=0.017).
Moreover, PCOS patients aged 18-29 years presented
with increased acne, especially in the face and chest.
The younger patients had higher levels of biochemical
hyperandrogenism. Of these parameters, androstenedi-
one, DHEA, and DHEA-S levels were significantly higher
among the younger patients.

Table 1 shows the correlation between mF-G levels
and biochemical hyperandrogenism. Considering all 256
study participants, mF-G was positively correlated with
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Table 1 Correlations between mF-G and biochemical parameters of PCOS
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Total (n=256)

Age

18-29 years old (n=164)

30-40 years old (n=92)

Variables Correlation P-value Correlation P-value Correlation P-value
Testosterone 0.122 0.05 0.128 0.101 -0.03 0.778
FAI 0316 <0.001" 0.353 <0.001™ 0.102 0348
DHEA 0.145 0.02" 0.099 0.209 0.167 0112
DHEA-S 0.142 0.023" 0.093 0.235 0.206 0.048"
Androstenedione -0.008 0.899 -0.053 0.501 -0.003 0976
DHT -0.019 0.758 -0.131 0.094 0.174 0.098
17-OH PRG -0.015 0.81 0.035 0.662 -0.158 0.141

Abbreviations: FAIl free androgen index, DHEA dehydroepiandrosterone, DHEA-S DHEA sulfate, DHT dihydrotestosterone, 17-OH PRG 17a-hydroxyprogesterone

*P<0.05;"P<0.001

FAI (r=0.316, P<0.001), DHEA (r=0.145, P=0.02),
and DHEA-S (r=0.142, P=0.023). After selection by
BSR, multiple regression showed that mF-G was associ-
ated with FAI (beta=0.20, t=5.05, p<0.001) and DHEA
(beta=0.16, t=2.36, p=0.019) in all study participants.
In those aged 18-29 years (n=164), mF-G was positively
correlated with FAI (r=0.353, P<0.001). However, mF-G
was less positively correlated with DHEA-S (r=0.206,
P=0.048) in those aged 30—40 years (n=92).

Table 2 shows the correlation between CASS and bio-
chemical hyperandrogenism. CASS was positively cor-
related with serum DHEA-S (r=0.145, P=0.021) in all
PCOS women recruited. In either younger or older sub-
group of PCOS patients, CASS showed no significant
association with biochemical hyperandrogenism. Table 3
shows the correlations between alopecia and biochemical
hyperandrogenism. No significant correlation was found
in the patients of any age or subgroup.

Figure 1 shows the correlations between region-
specific clinical and biochemical hyperandrogenism.

Hirsutism was mainly affected by FAIL, as mF-G scores in
the chin (r=0.345, P<0.001), upper abdomen (r=0.128,
P=0.046), lower abdomen (r=0.294, P<0.001), upper
arms (r=0.151, P=0.018), thighs (r=0.227, P<0.001),
upper back (r=0.178, P=0.005), and lower back
(r=0.186, P=0.004) were significantly correlated with
FAI Additionally, testosterone, DHEA, and DHEA-S
significantly affected hirsutism. FAI and testosterone
did not seem to be correlated with CASS, but DHEA,
DHEA-S, and androstenedione affected total CASS and
chest CASS.

Figures 2 and 3 show the correlations between specific
regions of clinical hyperandrogenism and biochemical
hyperandrogenism in those aged 18-29 and 30—40 years,
respectively. In the younger patients, hirsutism was
mainly affected by FAI and testosterone levels. For
specific body regions, mF-G scores of the chin, lower
abdomen, and thighs were correlated with FAI and tes-
tosterone, and scores of the upper lip, upper arms, upper
back, and lower back were correlated with FAI, with

Table 2 Correlations between CASS and biochemical parameters of PCOS

Total (n=256) Age
18-29 years old (n=164) 30-40 years old (n=92)
Variables Correlation P-value Correlation P-value Correlation P-value
Testosterone 0.066 0.29 0.06 0443 0.011 0914
FAI 0.04 0.538 0.066 0414 -0.087 0425
DHEA 0.111 0.076 0.058 0463 0.139 0.188
DHEA-S 0.145 0.021" 0.105 0.181 0.158 0.132
Androstenedione 0.086 0.172 0.106 0.176 -0.022 0.839
DHT 0.097 0.122 0.151 0.054 -0.032 0.761
17-OH PRG 0.119 0.06 0.126 0.109 0.117 0.276

Abbreviations: FAIl free androgen index, DHEA dehydroepiandrosterone, DHEA-S DHEA sulfate, DHT dihydrotestosterone, 17-OH PRG 17a-hydroxyprogesterone

"P<0.05



Guo et al. BMC Endocrine Disorders (2023) 23:89

Page 4 of 9

Table 3 Correlations between the Ludwig scale and biochemical parameters of PCOS

Total (n=256) Age
18-29 years old (n=164) 30-40 years old (n=92)
Variables Correlation P-value Correlation P-value Correlation P-value
Testosterone -0.068 0.278 -0.058 0459 -0.123 0.244
FAI 0.076 0.24 0.057 0477 0.114 0.298
DHEA -0.007 0916 -0.07 0.374 0.108 0.307
DHEA-S 0.03 0.632 0.029 0.712 0.018 0.868
Androstenedione 0.029 0.647 0.04 0613 -0.004 0.971
DHT 0.026 0.677 -0.013 0.865 0.073 0488
17-OH PRG -0.044 049 0.051 0.515 -0.186 0.082

Abbreviations: FAIl free androgen index, DHEA dehydroepiandrosterone, DHEA-S DHEA sulfate, DHT dihydrotestosterone, 17-OH PRG 17a-hydroxyprogesterone

lower r values. In contrast, hirsutism was mainly affected
by DHEA, DHEA-S, and DHT in the older patients. For
specific body regions, the mF-G score of the chin was
mainly affected by FAI; the mF-G scores of the chest,
upper arms, and upper back were mainly affected by
DHEA and DHEA-S; and the mF-G scores of the thighs
and lower back were mainly affected by DHT. For acne,
chest CASS was positively correlated with DHEA and
DHEA-S in the younger patients, whereas back CASS
was positively correlated with DHEA-S in the older
patients.

Discussion

In this study, we investigated the correlation between bio-
chemical and clinical hyperandrogenism parameters in
patients with PCOS in East Asia. Specifically, we divided
PCOS patients into younger and older groups and found
different correlations in the different age groups.

Clinical and biochemical hyperandrogenism are the
major characteristics of PCOS. The most common clini-
cal signs of hyperandrogenism are hirsutism, acne, and
alopecia. Hirsutism is stimulated by the local eleva-
tion of DHT in pilosebaceous units, which is converted
from testosterone by 5a-reductase [18]. 5a-reductase is
locally affected by androgens, insulin, and insulin-like
growth factors [19]. Acne production is stimulated by
androgens, which bind to androgen receptors on pilose-
baceous units, and result in sebaceous gland hyperplasia,
increased sebum production, and abnormal follicular
epithelial cell keratinization [20-22]. Alopecia results
from excess androgen, as androgens decrease the per-
centage of anagen hairs by converting terminal follicles
to vellus hair, which is infrequent in women [23, 24].
Thus, clinical hyperandrogenism is influenced by cir-
culating androgen levels, together with local androgen
levels and the sensitivity of hair follicles to androgens,

which can differ by age, race, ethnicity, and familial
background [12, 25].

The relationship between clinical and biochemical
hyperandrogenism has been investigated in many studies,
with conflicting results. A meta-analysis, which included
35 studies and 6593 PCOS patients, showed significant
positive relationships between mF-G score and andros-
tenedione and DHEA-S [7]. However, this finding was lim-
ited by variabilities in PCOS diagnosis, race, ethnicity, and
interpretation of hirsutism among the included patients.
In addition, test methods could also have impacted the
results, as total testosterone measured by LC-MS/MS
and not by chemiluminescent immunoassay was found to
be a strong predictor of hirsutism in an East Asian popu-
lation [26]. Our results showed that mF-G was correlated
with FAIL, DHEA, and DHEAS. Among these biochemi-
cal markers, FAI, which reflects free testosterone, was the
most powerful predictor of hirsutism, with a correlation
coefficient of 0.316. Regarding specific body areas, FAI was
well correlated with the chin, lower abdomen, and thigh.
Acne and alopecia are not usually evaluated for the associ-
ation between clinical and biochemical hyperandrogenism
because methods to precisely assess these parameters are
lacking [27]. This study used CASS to evaluate acne and
found that acne was correlated with DHEA-S.

Age profoundly affects the relationship between clinical
and biochemical androgen characteristics, because of an
age-related decrease in androgen secretion. The presence
of excess androgen was significantly different between
PCOS patients aged<30 and>30 years, which was
proven both in the current study and in a previous study
[12]. Thus, clinical and biochemical relationships also dif-
fer between PCOS patients aged <30 and >30 years. In
our study, the mF-G score was correlated with FAI and
DHEA in patients aged 18-29 years. However, the mF-G
score showed no correlation with biochemical androgen
levels in patients aged 30—40 years. Concerning specific
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Fig. 1 Heatmap showing the correlations between the clinical and biochemical parameters of all patients with PCOS. * Body regions score in CASS.
Circle size represents the absolute values of correlation coefficients. Green represents positive correlation with correlation coefficients of 0.2-0.4.
Orange represents positive correlation with correlation coefficients of 0-0.2. Blue represents negative correlation with correlation coefficients of
0-0.2. Abbreviations: CASS, Comprehensive Acne Severity Scale; FAI, free androgen index; DHEA, dehydroepiandrosterone; DHEA-S, DHEA sulfate;
DHT, dihydrotestosterone; PCOS, polycystic ovary syndrome; 17-OH PRG, 17a-hydroxyprogesterone
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Fig. 2 Heatmap showing the correlations between the clinical and biochemical parameters of those with PCOS aged 18-29 years. * Body regions
score in CASS. Circle size represents the absolute values of correlation coefficients. Green represents positive correlation with correlation coefficients
of 0.2-0.4. Orange represents positive correlation with correlation coefficients of 0-0.2. Blue represents negative correlation with correlation
coefficients of 0-0.2. Abbreviations: CASS, Comprehensive Acne Severity Scale; FAI, free androgen index; DHEA, dehydroepiandrosterone; DHEA-S,
DHEA sulfate; DHT, dihydrotestosterone; PCOS, polycystic ovary syndrome; 17-OH PRG, 17a-hydroxyprogesterone
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Fig. 3 Heatmap showing the correlations between the clinical and biochemical parameters of those with PCOS aged 30-40 years. * Body regions
score in CASS. Circle size represents the absolute values of correlation coefficients. Green represents positive correlation with correlation coefficients
of 0.2-0.4. Orange represents positive correlation with correlation coefficients of 0-0.2. Blue represents negative correlation with correlation
coefficients of 0-0.2. Abbreviations: CASS, Comprehensive Acne Severity Scale; FAI, free androgen index; DHEA, dehydroepiandrosterone; DHEA-S,
DHEA sulfate; DHT, dihydrotestosterone; PCOS, polycystic ovary syndrome; 17-OH PRG, 17a-hydroxyprogesterone



Guo et al. BMC Endocrine Disorders (2023) 23:89

body areas, hirsutism, excluding the chest, was affected by
FAI in patients aged 18-29 years, especially in the chin,
lower abdomen, and thighs. In contrast, in patients aged
30—-40 years, hirsutism in the chest, upper arm, and upper
back was mainly affected by DHEA and DHEAS, while
hirsutism in the thigh was mainly affected by DHT. It is
noteworthy that FAI had a lesser effect on hirsutism with
increasing age. This probably resulted from the decline in
ovarian steroid secretion from the age of 30 years, as the
ovary is an important source of testosterone [10]. Ovar-
ian steroid secretory capacity is determined by age-related
follicular viability, which is influenced by genetic factors,
cellular metabolism, and environmental factors [28—30].
As ovarian primordial and small antral follicles decrease
with age, inhibin B decreases, resulting in increased FSH,
which is hypothesized as a stimulus to maintain circulat-
ing estradiol, and testosterone as a substrate for estrogen
biosynthesis is used [10, 13, 31]. Also, the levels of andros-
tenedione, DHEA, and DHEAS, which are mainly pro-
duced by the adrenal gland, decrease with aging due to a
decrease in 17,20-lyase activity [32].

The present study had several strengths. First, the clini-
cal hyperandrogenic features in this prospective study were
recorded by a single doctor, thus decreasing inter-observer
bias. Second, we evaluated our biochemical androgens using
LC-MS/MS methods, which are less affected by structur-
ally related steroid metabolites [33]. Third, we evaluated the
relationship between clinical and biochemical hyperandro-
genism features in different age ranges and demonstrated
the profound impact of age on the relationship. Fourth, we
focused on specific body regions for clinical features, which
ensures thorough and concrete evaluation.

This study has some limitations. First, our study was
performed at a single center with a limited population.
Second, the results only included the East Asian popula-
tion and may not apply to other ethnicities. Third, free
testosterone levels were not measured in our patients.
Free testosterone is an important and accurate index for
evaluating biochemical hyperandrogenism as recom-
mended by the international evidence-based guideline
for the assessment and management of PCOS 2018 [34].
Measurement of free testosterone would have ensured a
more robust evaluation.

Conclusions

The correlation between biochemical and clinical hyperan-
drogenism parameters depended on age. The correlation
between biochemical and clinical hyperandrogenism was
more significant in younger patients with PCOS. FAI played
a fundamental role in clinical hyperandrogenism in younger
women with PCOS, whereas DHEA, DHEA-S, and DHT
played more important roles in older women with PCOS.
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Abbreviations
BSR Best subsets regression

CASS Comprehensive Acne Severity Scale
DHEA Dehydroepiandrosterone
DHEA-S Ehydroepiandrosterone sulfate

FAI Free androgen index

LC-MS/MS  Liquid chromatography-tandem mass spectrometry
mF-G Modified Ferriman-Gallwey

PCOS Polycystic ovary syndrome

SHBG Sex hormone binding globulin
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