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Context: Women with polycystic ovary syndrome (PCOS) have increased androgen secretion
throughout fertile life; however, the data on the effect of menopause on hyperandrogenemia in
these women are scarce. Nevertheless, large comprehensive comparative studies on age-related
androgen levels in women with PCOS are lacking.

Objective: The objective of the study was to investigate the effect of age on serum androgen levels
in women with PCOS and to determine cutoff values for androgens and SHBG associated with a
PCOS diagnosis.

Design: This was a case-control study.

Setting: The study was conducted in five university sites in the Nordic countries.

Patients: In all, 681 women with PCOS and 230 referent women were grouped according to age into
seven age groups (18 to � 50 y).

Interventions: There were no interventions.

Main Outcome measures: T, SHBG, free androgen index (FAI), calculated free T (cFT), androstene-
dione (A4), and dehydroepiandrosterone sulfate were measured.

Results: Androgen levels in women with PCOS decreased with age toward menopause. The dif-
ference between women with PCOS and the referent women narrowed and individual variation
increased as they approached menopause. T levels, FAI, and cFT were significantly higher in women
with PCOS aged 18–44 years (P � .001, adjusted for body mass index). The best predictive factors
for having PCOS were cFT (�0.40 ng/dL, odds ratio [OR] 7.90), FAI (�2.0, OR 6.71), and A4 (�277.94
ng/dL, OR 6.16).

Conclusions: Women with PCOS had elevated serum androgen levels also after menopause. The
parameters that best predicted PCOS at all ages were cFT, A4, and FAI. (J Clin Endocrinol Metab 100:
3400–3407, 2015)
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Hyperandrogenism is a key feature of polycystic ovary
syndrome (PCOS), which is the most common en-

docrine disorder in women of reproductive age. The prev-
alence of PCOS varies between 6% and 10%, depending
on the population studied and the diagnostic criteria used
(1–3). However, among hyperandrogenic women, the
prevalence of PCOS is as high as 80% (4). Clinically, hy-
perandrogenic women present with hirsutism, acne, an-
drogenic alopecia, infertility, and virilization. Biochemi-
cal hyperandrogenism in PCOS is characterized by
elevated serum T concentrations and increased T to SHBG
ratio, known as the free androgen index (FAI) (2). Fur-
thermore, elevated levels of adrenal androgens, primarily
dehydroepiandrosterone sulfate (DHEAS), are present in
40%–70% of hyperandrogenic women with PCOS (5)
whereas 20%–30% of women with PCOS have increased
circulating levels of androstenedione (A4) and dehydro-
epiandrosterone (5–7).

Immunoassay, the most commonly used method for
measurement of T concentrations, is considered some-
what inaccurate, especially with regard to low values
found in women and children (8). In recent years, liquid
chromatography-tandem mass spectrometry (LC-MS/
MS) has become the gold standard method for T analyses
(9), and the FAI is considered more informative than T
alone with regard to androgenicity (8, 10, 11). Some stud-
ies suggest that calculated free T (cFT), which also takes
into account albumin concentrations, could be even more
informative than the FAI (13, 14). In fact, the latest Rot-
terdam consensus recommended the use of cFT or FAI

instead of serum total T to detect hyperandrogenism in
women with PCOS (15).

Ovarian androgen levels measured by an immunoassay
(16, 17) or mass spectrometry (18) in women with PCOS
seem to remain high compared with controls throughout
the entire reproductive life; however, the data on the effect
of menopause on hyperandrogenemia in these women are
scarce. Some studies have shown that serum androgen lev-
els decrease gradually with age without any major effect of
menopause, but they remain increased after menopause in
comparison with control women (19, 20). Only a few
studies have dealt with long-term androgen levels in
women with PCOS, and none of these have used LC-
MS/MS for the determination of circulating T levels (20,
21).

The main aim in this cross-sectional collaborative study
was to assess the effect of age on circulating androgen
concentrations in both a PCOS and a reference popula-
tion. Second, we aimed to determine the most accurate
cutoff values for different androgen parameters to evalu-
ate the risk of PCOS and, more specifically, to compare
measures of T, cFT, and the FAI as indicators of PCOS
diagnosis, using LC-MS/MS for the assay of T.

Materials and Methods

Study population
Participants in seven Nordic PCOS studies performed in five

sites contributed to the present investigation: four studies in Fin-
land, two in Sweden, and one in Norway, in all 681 women with

Table 1. Analysis Methods for A4 and DHEAS, and Equation for cFT

Population, Analyzed
Parameters, and Reference
Ranges

A4 DHEAS

Method
Reference
Ranges Method

Reference
Ranges

Population 1 (n � 321)a RIA 40.1–409.7 ng/dL RIA 37.0–518.6 �g/dL
Population 2 (n � 228)b,c,d Chemiluminometric immunoassay/RIA 40.1–409.7 ng/dL Chemiluminometric

immunoassay
37.0–518.6 �g/dL

Population 3 (n � 128)e GC-MS 45.8–163.3 ng/dL LC-MS/MS 55.6–266.7 �g/dL
Population 4 (n � 90)f RIA 20.1–315.2 ng/dL Immunoassay 33.3–429.7 �g/dL
Population 5 (n � 145)g Not analyzed Not analyzed Not analyzed Not analyzed
Equation for cFTh cFT� (�b � � (b2 � 4[total testosterone])/2a

a � kat � kt � (kat � kt) ([SHBG] � [albumin] � [T])
b � 1 � kt(SHBG) � kat(albumin) � (kat � kt)[T]

a Morin-Papunen et al (22).
b Puurunen et al (23).
c Piltonen et al (17).
d Piltonen et al (24).
e Stener-Victorin et al (18).
f Vanky et al (25).
g Hudecova et al (16).
h Vermeulen et al (26).
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PCOS and 230 healthy reference women (16–18, 22–25). PCOS
was diagnosed according to Rotterdam criteria (15). Diagnosis
of PCOS in peri- and postmenopausal women was based on
oligoamenorrhea combined with hyperandrogenism (either bio-
chemical or clinical) reported at reproductive age. Thus, retro-
spectively, they met the Rotterdam criteria. Biochemical hy-
perandrogenism was defined according to the upper limit used in
our laboratory (T � 66.3 ng/dL or FAI � 5.6) and clinical hy-
perandrogenism by a Ferriman-Gallwey score of greater than 7.
The reference population consisted of women with normal ovaries
as assessed by ultrasonography and without PCOS-related symp-
toms, eg, oligo- or anovulation and/or hirsutism at a fertile age.
Women using medications (hormonal contraception, hormone re-
placement therapy) known to affect androgen synthesis were ex-
cluded from the study. Alternatively, a washout period of at least 2
months was required prior to participation in the study. The PCOS
and reference groups were grouped according to age: 18–24, 25–
29, 30–34, 35–39, 40–44, 45–49, and older than 50 years.

Laboratory methods
All serum samples were assayed for T and SHBG at NordLab

Oulu, which has been accredited by the Finnish Accreditation
Service as testing laboratory T113 (accreditation standards
SFS-EN ISO/IEC 17025, SFS-EN ISO 15189). Analysis of T was
performed by using Agilent triple-quadrupole 6410 liquid chro-
matography-mass spectrometry equipment with an electrospray
ionization source operating in positive-ion mode (Agilent Tech-
nologies). Multiple reaction monitoring was used to quantify T
by using trideuterated T (d3-T). The intraassay coefficients of
variation of the method were 5.3%, 1.6%, and 1.2% for T at
17.3, 190.2, and 798.3 ng/dL, respectively. The interassay co-
efficients of variation were 5.3%, 4.2%, and 1.0% for the re-
spective concentrations. Serum concentrations of SHBG were
analyzed by chemiluminometric immunoassay (intraassay vari-
ation 5.3% and interassay variation 9.7%; Immulite 2000; Sie-
mens Healthcare).

Concentrations of A4 and DHEAS were assayed in the lab-
oratories of the different study centers, using their routine meth-

ods (immunoassays and gas chromatography-mass spectrome-
try [GC-MS]; Table 1). The reference ranges were very similar in
all laboratories, except for a lower upper limit of A4 in mass
spectrometry-analyzed samples (Table 1) (4). The FAI was cal-
culated by the use of the equation, 100 � T/SHBG. The cFT level
was obtained by using the Vermeulen model (Table 1) (26).

Conversion factors ([concentration, metric unit] � [conver-
sion factor] � SI unit) to SI units for the laboratory parameters
were as follows: T, 0.035 (nanomoles per liter), SHBG, 9.09
(nanomoles per liter), A4, 0.035 (nanomoles per liter), DHEAS,
0.027 (micromoles per liter), and cFT, 0.035 (nanomoles per
liter).

Statistical methods
Comparisons of continuous variables were conducted by us-

ing a Student’s t test or the (nonparametric) Mann-Whitney U
test, depending on the distribution of the variable. Overall com-
parisons of continuous variables between age groups were car-
ried out by using an ANOVA or the Kruskal-Wallis test. Cor-
relations were assessed by Spearman’s correlation coefficient,
and adjustment for body mass index (BMI) was carried out by
way of a partial correlation analysis. Risk ratios were estimated
by use of a logistic regression analysis, in which dichotomy of the
variables was created by using specific cutoff concentrations
(with the best combination of sensitivity and specificity) taken
from receiver-operating characteristic (ROC) curves for each
variable. Adjustments for BMI were also applied using a linear
regression analysis. Statistical analyses were performed in SPSS
19.0 software (IBM Corp; released 2010, IBM SPSS Statistics for
Windows, version 19.0). Because some sites did not include A4
and DHEAS in their diagnostic work-up of patients, the number
of subjects varies between analyses. Oral and written informed
consent was obtained from all subjects at the original study sites,
and a combined application document was approved by the local
Ethics Committee of the Northern Ostrobothnia Hospital
District.

Table 2. Mean Age, BMI, and Hormonal Parameters in Reference and PCOS Subjects in Different Age Groups

Parameter

Age Group

All Age
Groups
(n � 230
vs 681)

18–24
(n � 50
vs 100)

25–29
(n � 42
vs 248)

30–34
(n � 19
vs 145)

35–39
(n � 29
vs 91)

40–44
(n � 33
vs 52)

45–49
(n � 25
vs 22)

> 50
(n � 32
vs 23)

Age, y Reference 35.7 (	11.4)a 21.8 (	1.3)a 27.0 (	1.6) 31.9 (	1.2) 37.4 (	1.3)a 41.9 (	1.4) 46.4 (	1.1) 55.0 (	3.4)
PCOS 31.3 (	7.6)a 22.4 (	1.7)a 27.1 (	1.4) 31.6 (	1.4) 36.7 (	1.4)a 41.9 (	1.3) 46.6 (	1.1) 54.3 (	3.1)

BMI,
kg/m2

Reference 24.2 (	4.0)a 22.3 (	2.6)a 23.1 (	4.2)a 25.6 (	5.2) 24.6 (	4.0)a 25.3 (	4.7)a 25.6 (	3.6) 25.2 (	2.5)a

PCOS 28.3 (	6.6)a 29.2 (	7.3)a 27.0 (	6.5)a 28.5 (	6.2) 29.7 (	6.7)a 29.1 (	6.0)a 28.0 (	5.1) 31.3 (	5.2)a

T, ng/dL Reference 28.4 (	12.4)a 28.8 (	12.3)a 27.3 (	9.2)a 26.8 (	11.3) 26.2 (	10.0)a 25.3 (	10.7) 31.3 (	14.7) 33.2 (	17.1)
PCOS 43.0 (	19.4)a 46.0 (	21.7)a 46.4 (	18.7)a 45.0 (	19.9) 39.1 (	17.2)a 30.0 (	12.1) 26.9 (	7.4) 41.0 (	23.3)

SHBG,
�g/mL

Reference 7.0 (	3.3)a 6.8 (	2.5) 7.8 (	3.2)a 8.1 (	3.2) 6.3 (	3.8) 6.8 (	3.5)a 7.7 (	4.4) 6.4 (	2.9)a

PCOS 4.9 (	2.7)a 4.4 (	2.8) 5.2 (	2.9)a 4.8 (	2.5) 4.4 (	2.2) 4.5 (	2.3)a 5.9 (	2.7) 4.8 (	3.1)a

FAI Reference 2.1 (	1.3)a 1.9 (	1.1)a 2.0 (	1.6)a 2.2 (	1.6) 2.0 (	0.9)a 1.8 (	0.8)a 2.0 (	0.8) 2.7 (	1.8)
PCOS 4.4 (	3.8)a 4.9 (	3.2)a 4.3 (	2.6)a 4.8 (	6.0) 4.5 (	3.5)a 3.5 (	2.3)a 2.5 (	1.5) 5.5 (	4.3)

cFT, ng/dL Reference 0.3 (	0.2)a 0.3 (	0.1)a 0.3 (	0.2)a 0.3 (	0.4)a 0.3 (	0.1)a 0.3 (	0.1)a 0.4 (	0.1) 0.5 (	0.3)
PCOS 0.7 (	0.4)a 0.8 (	0.4)a 0.7 (	0.3)a 0.7 (	0.4)a 0.7 (	0.4)a 0.5 (	0.3)a 0.4 (	0.2) 0.7 (	0.5)

A, ng/dL Reference 240.1 (	129.7)a 294.4 (	121.4)a 222.4 (	143.0)a 220.6 (	138.9)a 247.3 (	120.7) 304.8 (	150.0) 194.5 (	89.6) 161.7 (	60.3)a

PCOS 426.2 (	228.0)a 497.0 (	212.1)a 429.8 (	214.3)a 425.7 (	243.8)a 373.5 (	244.3) 326.0 (	198.7) 260.4 (	104.8) 403.6 (	305.8)a

DHEAS,
�g/mL

Reference 138.5 (	69.3)a 175.7 (	82.4) 133.6 (	62.6)a 146.7 (	65.5) 125.2 (	60.9) 192.0 (	81.3) 115.8 (	45.1) 108.5 (	62.4)a

PCOS 193.4 (	98.2)a 232.2 (	118.9) 198.6 (	96.5)a 182.8 (	85.5) 171.3 (	93.7) 133.5 (	57.2) 148.0 (	79.4) 182.3 (	80.2)a

SDs are in parentheses.
a Statistically significant differences between reference and PCOS subjects in the same age groups, BMI adjusted.
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Results

Differences in BMI and serum androgen levels
between women with PCOS and reference women

The BMI values in the different age groups of the study
population are shown in Table 2.

After fertile age the difference between women with
PCOS and the referent population narrowed with regard
to T, cFT, FAI, A4, and DHEAS. In addition, individual
variation became greater as women approached meno-
pausal age (Figure 1).

T concentrations were significantly higher in women
with PCOS compared with referent women in the first four

age groups (from 18 to 39 y, P � .001), and the significance
remained after adjusting for BMI (P � .001). Serum concen-
trations of SHBG were lower in women with PCOS in all age
groups except for those between 45 and 49 years. After an
adjustment for BMI, the significance remained in the age
groups18–34and40–44years.TheFAIandcFTlevelswere
higher in women with PCOS at 18–44 years and age older
than 50 years, and the significance remained in the 18- to
44-year age groups after adjustment for BMI, except for FAI
in the age group of 30–34 years (Figure 1 and Table 2).

Serum levels of A4 were significantly higher in women
with PCOS compared with referent women in the age

Figure 1. Mean concentrations (with 95% CIs) of hormonal parameters in the PCOS and reference populations. Significant differences between
groups after adjustment for BMI are marked with asterisks.
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group of 18–34 yrs and in women above the age of 50
years, and the differences remained after adjustment for
BMI. Serum DHEAS levels were significantly higher in
women with PCOS between the ages of 25–29 years and
older than 50 years after adjustment for BMI. Levels of
DHEAS were higher in the reference women than in the
PCOS population between the ages of 40 and 44 yrs, but
the difference became nonsignificant after adjustment for
BMI (Table 2).

Age-related changes in BMI and menstrual pattern
in women with PCOS and in reference women

BMI correlated positively with age in both the PCOS
(r � 0.103, P � .008) and reference populations (r �
0.393, P � .001). The occurrence of oligoamenorrhea de-
creased with age in the PCOS population (odds ratio [OR]
0.96, 95% confidence interval [CI] 0.94–0.98, P � .001),
whereas it increased in the reference women (OR 1.10,
95% CI 1.03–1.18, P � .007).

Correlations between age and serum androgen
concentrations in women with PCOS and in
reference women

Serum androgen levels in women with PCOS decreased
from the age of 18 to 49 years toward menopause and
increased again after the age of 50 years. In the reference
group, serum levels of androgens and SHBG were more
stable during aging.

In the PCOS group, a weak negative correlations were
observed between age and T (r � �0.237, P � .001),
SHBG (r � �0.100, P � .012), FAI (r � �0.113, P �
.004), cFT (r � �0.169, P � .001), A4 (r � �0.241, P �
.001), and DHEAS (r � �0.233, P � .001). After adjust-
ment for BMI, all correlations except that for SHBG re-
mained significant.

In the reference group, cFT (r � 0.192, P � .010), FAI
(r � 0.205, P � .006), and SHBG (r � 0.141, P � .035)
were weakly but positively correlated with age, whereas
levels of T did not correlate with age. Concentrations of

A4 (r � �0.328, P � .001) and DHEAS (r � �0.258, P �
.010), on the other hand, were negatively correlated with
age. After adjustment for BMI the correlations between
age and SHBG, cFT, and FAI no longer remained in the
reference population.

Logistic regression analysis in evaluation of risk
ratios of PCOS

According to the regression analysis, the parameters
that best predicted PCOS were cFT, A4, and FAI (Table 3).
cFT was associated with the highest OR, and the best
sensitivity and specificity values according to the ROC
curve in the subpopulation of women of younger than 40
years (Figure 2 and Tables 3 and 4). The results remained
unchanged after the exclusion of women whose serum A4
levels were measured by GC-MS (n � 128). Adjustment
for age and BMI strengthened the estimated OR for A4

Table 3. Estimated Risk Ratios (ORs) for PCOS With Regard to Hormonal Parameters With Specific Cutoff Values

Whole Study
Population,
n � 856 (Cutoff)

Crude
(OR, 95% CI)a

Adjustedb

(OR, 95% CI)a

Population Under
40 y old,
n � 678 (cut-off)

Crude
(OR, 95% CI)a

Adjustedb

(OR, 95% CI)a

T (�31.70 ng/dL) 5.05 (3.65–7.00)* 4.67 (3.27–6.66)* T (�31.12 ng/dL) 6.34 (4.24–9.47)* 7.00 (4.54–10.78)*
SHBG (�5.06 �g/mL) 2.62 (1.91–3.59)* 1.53 (1.06–2.22)* SHBG (�5.15 �g/mL) 3.02 (2.04–4.46)* 1.59 (1.02–2.46)*
FAI (�2.39) 6.71 (4.76–9.46)* 4.35 (3.01–6.29)* FAI (�2.34) 9.22 (5.98–14.22)* 6.64 (4.18–10.56)*
cFT (�0.40 ng/dL) 7.90 (5.41–11.55)* 5.10 (3.40–7.64)* cFT (�0.40 ng/dL) 12.97 (7.75–21.70)* 10.18 (5.87–17.64)*
DHEAS (�140.75

�g/dL)
3.80 (2.44–5.90)* 2.57 (1.59–4.14)* DHEAS (�137.05 �g/dL) 3.57 (2.08–6.09)* 3.35 (1.92–5.87)*

A4 (�277.94 ng/dL) 6.16 (4.20–9.05)* 5.75 (3.74–8.84)* A4 (�306.59 ng/dL) 6.63 (4.27–10.30)* 7.95 (4.83–13.09)*

a Confidence interval of 95%.
b Adjustment for BMI and age.
* P � .05.

Figure 2. ROC curve of cFT for the risk of PCOS. *, Cutoff point (0.4
ng/dL) with the best combination of sensitivity and specificity.
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and to a lesser degree for T in the subpopulation of women
younger than 40 years (Table 3).

Discussion

The main finding of this large, multicenter collaboration
study was that androgen levels in women with PCOS are
predominantly elevated in early adulthood, but as these
women approach menopause, their androgen levels tend
to decrease. Hence, the difference between women with
PCOS and the reference population was less pronounced
when the women approached menopausal age. Of the
commonly used indicators of hyperandrogenemia, cFT,
FAI, and A4 seemed to be good markers of PCOS at all
ages, but cFT showed the best estimated OR for PCOS in
women younger than 40 years.

In women with PCOS, the highest serum androgen lev-
els were found in early adulthood (18–39 y), as assessed by
serum A4, T, and cFT concentrations and the FAI. In line
with these findings, a recent Taiwanese study suggested
that young women with PCOS (�30 y) had higher andro-
gen levels compared with older women (30–40 y) (21),
and an earlier study carried out in the United States
showed that serum T levels measured by an immunoassay
were significantly increased inwomenwithPCOSyounger
than 42 years compared with controls, whereas similar
levels were observed at 42–47 years (20). This finding is of
clinical importance and is in accordance with the impres-
sion that younger women suffer more often from problems
related to hyperandrogenism, eg, hirsutism and acne (27),
all associated with depression, anxiety, and decreased
quality of life (28, 29). Thus, therapeutic interventions
should be implemented at a young age in women with
PCOS to improve hyperandrogenism-related clinical
manifestations.

Both women with PCOS and the reference women
showed similar decreasing pattern of serum androgen con-
centrations with age, in line with the results of previous
studies (16, 17, 30–33). Interestingly, the prevalence of
oligoamenorrhea decreased in the PCOS population with

age, suggesting that these women achieved more regular
cycles with ovarian ageing, manifested as a decreased cir-
culating androgen levels, as also showed in previous stud-
ies (16, 30, 34). In PCOS, after a steady decrease with age
until menopause, the FAI and cFT seemed to increase after
the age of 50 years, although with great individual vari-
ation. This is in line with the results of previous studies in
which it has been suggested that hyperandrogenemia per-
sists or even worsens after menopause in women with
PCOS (20, 35–37). We speculate that the elevation and
individual variation of the androgen parameters are prob-
ably linked to the significant decrease in SHBG levels,
which in turn is linked to increased weight, impaired glu-
cose metabolism, and insulin sensitivity in some of the
subjects, as shown in previous studies (19, 23, 38, 39). In
support of this, after menopause, FAI and cFT values did
not differ significantly between women with PCOS and
reference women after adjustment for BMI. Serum con-
centrations of both A4 and DHEAS were significantly
higher in the PCOS population compared with the refer-
ence population after the age of 50 years but not in
younger women. Again, the difference between women
with PCOS and reference women disappeared after ad-
justment for BMI, which emphasizes the strong associa-
tion between hyperandrogenemia and obesity.

cFT, FAI, and A4 showed the best estimated odds ratios
with regard to PCOS, both in the whole study population
and in women younger than 40 years of age. This supports
previous suggestions that cFT or FAI rather than T alone
should be used as criteria of hyperandrogenemia in rela-
tion to PCOS, which is in line with the Rotterdam con-
sensus (10, 15, 26). cFT has been shown to be a reliable
index of bioavailable T when calculated by use of T and
SHBG concentrations determined by an immunoassay
and estimated levels of albumin (26). The association be-
tween cFT and estrone was the best discriminator of
women with PCOS vs controls in a recent study (18). Our
results also suggest that theFAIor cFTrather than the total
T level could be a better screening tool for detecting hy-
perandrogenemia in clinical practice.

Table 4. Sensitivities and Specificities of the Cutoff Values of the Laboratory Parameters Analyzed by the ROC
Curve Analysis

Whole Study Population,
n � 856 (Cutoff)

Sensitivity,
%

Specificity,
%

Population Under 40 y Old,
n � 678 (Cutoff)

Sensitivity,
%

Specificity,
%

T (�31.70 ng/dL) 72 66 T (�31.12 ng/dL) 78 66
SHBG (�5.06 �g/mL) 64 61 SHBG (�5.15 �g/mL) 66 61
FAI (�2.39) 70 73 FAI (�2.34) 75 75
cFT (�0.40 ng/dL) 76 74 cFT (�0.40 ng/dL) 77 81
DHEAS (�140.75 �g/dL) 75 60 DHEAS (�137.05 �g/dL) 75 55
A4 (�277.94 ng/dL) 77 62 A4 (�306.59 ng/dL) 75 69
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After adjustment for BMI, A4 measured by a RIA
turned out to be the best discriminator between PCOS and
referent women in the whole population, in line with pre-
vious observations showing that serum levels of A4 are
BMI independent (12) and also in keeping with our pre-
vious results indicating that A4 is the most consistently
elevated androgen before and after menopause in women
with PCOS (39). Even though the present study used dif-
ferent methods for A4 analysis (RIA and GC-MS), this
result remained unchanged when including only subjects
with immunoassay-analyzed A4 levels. cFT, however, was
the best predictor of PCOS in women younger than 40
years of age. Taking into account the current understand-
ing and our present results, it could be suggested that A4
may be the preferred parameter to screen for PCOS when
liquid chromatography-mass spectrometry measurement
for T (and thus cFT) is not available.

The strengths of our study are as follows: 1) it covered
a large study population including women with PCOS
from young fertile age to menopause, the age window
being wider than in earlier studies (20, 30, 33, 37); 2) the
study population was homogeneous because all women
were Caucasians; and 3) we used the gold standard of
analysis, liquid chromatography-mass spectrometry, for
the assay of T in all subjects. The PCOS cohorts were
recruited from five different study sites, but at all sites the
Rotterdam criteria for PCOS was used. Some of the
women with PCOS were excluded because of medication
affecting hormonal levels, which could have biased the
results. Including these women, however, would have
probably even further increased the difference between
women with PCOS and the referent women. A limitation
of the study is the cross-sectional design, which can induce
biases due to differences in the characteristics of the sub-
jects in the different age groups. Furthermore, the number
of referent women was smaller than the PCOS population
because not all trials included in this study had a control
group. The PCOS population had a higher mean BMI
compared with the reference population, and therefore, all
the results were adjusted for BMI.

Conclusions
This Nordic multicenter collaboration study shows that
women with PCOS are more obese and have higher serum
androgen levels throughout reproductive life than healthy
reference women. Hyperandrogenemia improves with age
toward menopause in women with PCOS but remains el-
evated after menopause. According to a logistic regression
analysis, cFT, the FAI, and serum A4 are the best discrim-
inators of PCOS at all ages and may be used as additional
tools for diagnosing PCOS. Lastly, in this population, the
use of cFT instead of the FAI as an discriminator of PCOS

seems to be more accurate in women younger than 40
years of age, at least when using LC-MS/MS for the assay
of T.
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