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study question: Do teenage girls with a history of menstrual irregularity and/or elevated androgen levels in adolescence exhibit an
increased risk of polycystic ovary syndrome (PCOS) and/or infertility later on in adulthood?

summary answer: Our results suggest that menstrual irregularity and/or elevated androgen levels at 16 years are still associated with
symptoms of PCOS at 26 years as well as infertility problems at 26 years but not with decreased pregnancy or delivery rates at 26 years.

what is known already: Hyperandrogenaemia is associated with menstrual irregularity, hirsutism, acne and potentially higher risk for
PCOS,but thereare few follow-upstudies investigating whetheradolescent hyperandrogenaemia and/or menstrual irregularity are an early sign of
PCOS.

study design, size, duration: A prospective population-based cohort study was conducted using two postal questionnaires tar-
geting girls in the Northern Finland Birth Cohort 1986 (NFBC1986, n ¼ 4567). The NFBC1986 comprises all expected births from the year 1986
in the two northernmost provinces of Finland. Collection of the database was performed at the age of 16 and 26. The 16-year and 26-year ques-
tionnaires included one question about the regularity and length of the menstrual cycle. The 26-year questionnaire also included questions about
symptoms of PCOS, reproduction and infertility problems.

participants, setting, methods: The response rates for the questionnaires were 80% (n ¼ 3669) at 16 years and 50% (n ¼ 2270)
at 26 years. At 15–16 years, of 2448 girls, 709 (29%) girls reported menstrual irregularity (symptomatic girls) and 1739 (71%) had regular periods
(non-symptomatic girls). After combining data from the two questionnaires a total of 2033 girls were included in the analyses. Thex2 and Student’s
t-test was used to compare reproductive outcome and prevalence of clinical hyperandrogenaemia, PCOS and infertility at 26 years between the
study groups. Univariate and multivariate logistic regression models were employed to estimate the association of menstrual irregularity at 16
years with clinical hyperandrogenaemia, PCOS and infertility at 26 years.

main results and the role of chance: At follow-up, the proportion of symptomatic girls who had conceived at least once (68.0
versus 67.9%) and had delivered at least one child (25.7 versus 28.1%) was similar to the non-symptomatic women and the groups had similar mis-
carriage rates (11.6versus12.1%).Logistic regressionanalyses indicated thatmenstrual irregularityat16yearswasassociated withan increasedriskof
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menstrual irregularity [adjusted odds ratio (OR) 1.37, 95% confidence interval (CI) 1.00–1.88, P ¼ 0.050], PCOS (adjusted OR 2.91, 95% CI 1.74–
4.84,P , 0.001)and infertility problems (adjusted OR2.07, 95% CI 1.16–3.76,P ¼ 0.013) at 26years.At26years, women withPCOS(P ¼ 0.013),
hirsutism (P ¼ 0.001) and acne (P , 0.001) exhibited significantly higher values of free androgen index (FAI) at 16 years than control women. There
was a significant linear trend in the higher FAI quartiles at 16 years towards higher prevalence of PCOS (P ¼ 0.005), hirsutism (P , 0.001) and acne
(P , 0.001) at 26 years. Only 10.5% of the girls with menstrual irregularity at 16 years had PCOS at 26 years.

limitations, reasons for caution: The diagnosis of menstrual irregularity was based on a self-reported questionnaire, thus
introducing a risk of information bias in reporting the symptoms. Moreover, ovarian ultrasonography was not available to aid the diagnosis of
PCOS and there was no clinical evaluation of hyperandrogenism. The relatively low rate of participation to the questionnaire at 26 years may
also have biased the results.

wider implications of the findings: Our findings confirm that menstrual irregularity and/or elevated androgen levels are
already present in adolescence in women with PCOS and infertility in later life, which strengthens the importance of early identification of
menstrual irregularity.

study funding/competing interest(s): This work was supported by grants from the Finnish Medical Society Duodecim, the
North Ostrobothnia Regional Fund, the Academy of Finland, the Sigrid Juselius Foundation, University Hospital Oulu and University of Oulu, the
European Commission and the Medical Research Council, UK, Welcome Trust (089549/Z/09/Z). None of the authors have any conflict of
interest.
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Introduction
Hyperandrogenaemia is associated with menstrual irregularity, hirsutism
and acne and it has been suggested to increase risk for metabolic disor-
ders in women (Franks,1995). Hyperandrogenaemia is also an important
marker of polycystic ovary syndrome (PCOS), a common heteroge-
neous endocrine disorder affecting 5–10% of women of reproductive
age, depending on the population and the diagnostic criteria applied
(Franks, 1995). Menstrual irregularity in adolescence has been shown
to be a good marker of hyperandrogenaemia and it has been proposed
to lead to the development of PCOS in adulthood (Lewy et al., 2001;
Pinola et al., 2012). In addition, adolescent girls with irregular menstrual
cycles have higher androgen levels than girls with regular menstrual cycle
(Venturoli et al., 1986, 1995; van Hooff et al., 2004; Pinola et al., 2012).

PCOS is commonly associated with anovulation, and previous studies
have shown that adult women with PCOS have a smaller family size and
more infertility problems than healthy women (Koivunen et al., 2008;
Roos et al., 2011). An association between biochemical hyperandrogen-
aemia and unfavourable reproductive potential has been reported
(Apter and Vihko, 1990). There are, however, few longitudinal studies
on the association of early menstrual irregularity and/or elevated andro-
gen levels in adolescence with PCOS, fertility and reproductive health
later in life (Southam and Richart, 1966; Apterand Vihko, 1990; Venturoli
et al., 1995; van Hooff et al., 2004; Chung et al., 2011; West et al., 2013).

The aim of this study was to explore the association of reproduc-
tive health (diagnosis of PCOS, infertility problems, rates of pregnancies,
miscarriages and deliveries) in early adulthood (at 26 years) with a history
of menstrual irregularity and/or elevated androgen levels at 16 years.

Materials and Methods

Study population
The population derives from the prospective Northern Finland Birth Cohort
1986 (NFBC 1986) members followed up since fetal life. In 1986, 9362
mothers, who had an expected date of birth between 1 July 1985 and

30 June 1986, gave birth to 9432 live born children (47 stillbirths) in two
northernmost provinces of Finland.

The girls who were alive and traceable (n ¼ 4567) were traced for the
16-year follow-up including a postal questionnaire and an invitation to a clin-
ical examination. Of these, 3669 (80%) answered the questionnaire and 3373
(74%) attended this clinical examination and gave fasting blood samples.
Twins and triplets, pregnant girls, hormonal contraceptive users, and subjects
with incomplete data were excluded from the study. At this stage, the study
population consisted of 2448 singleton females (53.6% of those eligible). At
26 years, young women (n ¼ 4503) were sent another questionnaire with
questions on socio-demographic and other health background factors
mainly about reproduction, menstruation and infertility. Overall 2270
(50%) women responded to the questionnaire. After combining data from
the 16- and 26-year follow-up questionnaires, the final study sample included
2033 singleton females. The flow chart of the study is presented in Fig. 1.

The questionnaires included questions on the regularity and length of the
menstrual cycle, pregnancies, deliveries, miscarriages, infertilityand acne (Fig. 2).
At 16 years, the girls who answered ‘yes’ to the question 1 on oligo-amenorrhea
were considered as ‘symptomatic’. The women who answered ‘no’ were
considered as ‘non-symptomatic’. At 26 years, the women who marked
≥1 to at least one of the four options (question 2) were considered to
have been pregnant at some point of their lives.

Hirsutism score was self-estimated with a modified Ferriman–Gallwey
score assessment that was sent together with the questionnaire (Fig. 3).
Women were considered to be hirsute when they presented a total hirsutism
score ≥8 according to the Ferriman and Gallwey chart (Ferriman and Gallwey,
1961).

In the 26-year questionnaire (Fig. 2, question 5), women who reported a
menstrual cycle longer than 35 days (option 3), extremely irregular (option 4)
or had amenorrhoea (option 5) were considered to have ‘menstrual irregu-
larity’. Women on hormonal contraception were informed in the question-
naire to report menstrual patterns during the year before using any hormonal
contraception. Women who had not been pregnant by the age of 26 were
excluded from the miscarriage analysis. Also women who had achieved preg-
nancy with infertility treatments were included in the pregnancy and delivery
analyses. PCOS at 26 years was diagnosed either by a physician (women who
reported ‘yes’ to the question 6) and/or by the presence of both menstrual
irregularity and hirsutism in the questionnaire, which is consistent with both
the National Institutes of Health and the Rotterdam criteria for diagnosis of
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PCOS (Zawadski and Dunaif, 1992; Rotterdam ESHRE/ASRM-sponsored
PCOS consensus workshop group 2004). At 26 years, women who had
been investigated for infertility were categorized as having ‘infertility
problems’ (question 3).

At 16 and 26 years, BMI was calculated as the ratio of weight (kg) and height
squared (m2). The waist-to-hip ratio (WHR) was assessed as the ratio
between the circumferences of the waist (at the level midway between
lowest rib margin and the iliac crest) and the hip (at the widest trochanters).
Annual household income was enquired about in the 16-year questionnaire,
and to enable comparison of households of different sizes and structures,
household consumption units (Organisation for Economic Co-operation
and Development scale) were calculated by assigning the first adult in the
household a value of 1.0 unit, with additional adults (.17 years) receiving

0.7 and each child (≤17 years) 0.5 units (United Nations, Statistical Office
1977).

The Ethics Committee of the Northern Ostrobothnia Hospital District
approved this study and written informed consent was obtained from all sub-
jects.

Laboratory methods
At 16 years, serum samples for assay of testosterone were analysed by using
Agilent triple quadrupole 6410 LC/MS equipment with an electrospray ion-
ization source operating in positive-ion mode (Agilent Technologies, Wil-
mington, DE, USA). Multiple reaction monitoring was used to quantify
testosterone by using trideuterated testosterone (d3-testosterone), with

Figure 1 Flow chart of the study population.
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the following transitions: m/z 289.2 to 97 and 289.2 to 109 for testosterone
and 292.2 to 97 and 292.2 to 109 for d3-testosterone. The intra-assay coef-
ficients of variation (CVs) of the method were 5.3, 1.6 and 1.2% for testos-
terone at 0.6, 6.6 and 27.7 nmol/l, respectively. The inter-assay CVs were
5.3, 4.2 and 1.0% for the respective concentrations. Serum sex hormone-
binding globulin (SHBG) was analysed by time-resolved fluoroimmunoassay
(AutoDelfia, PerkinElmer, Turku, Finland). The free androgen index (FAI)
was calculated by using the equation 100 × testosterone (nmol/l)/SHBG
(nmol/l).

Statistical methods
The Chi squared (x2) test was used to compare reproductive outcome
(pregnancies, deliveries and miscarriages) and prevalence of clinical hyperan-
drogenaemia, PCOS and infertility problems at 26 years between the study
groups. Comparisons of continuous variables with normal distribution
(numbers of pregnancies, deliveries and miscarriages) were made by using
Student’s t-test. Univariate and multivariate logistic regression models
were employed to estimate the association of menstrual irregularity at 16
years with clinical hyperandrogenaemia, PCOS and infertility problems at
26 years. The results are reported as odds ratios (ORs) with 95% confidence
intervals (95% CIs). The data were adjusted for the following variables at 16
years: consumption of alcohol as never/occasionally (no) or ≥1 days per
month (yes); smoking as never/≤1 days per week (no) or ≥2 days per
week (yes); annual income per consumption unit, and age at menarche (sup-
plemented with results from the 26-year questionnaire) and BMI as continu-
ous variable. The data were also adjusted for the potential confounding
factors at 26 years (consumption of alcohol, smoking and BMI). The distribu-
tions of laboratory and anthropometric measurements were skewed both

among the cases and controls; therefore, the difference in distributions
was tested by using nonparametric Mann–Whitney U-test. The hormone
levels in the cases and controls are presented as medians and lower (25th)
and upper quartiles (75th) (interquartile range, IQR). Results from the
whole study population were also stratified into serum testosterone,
SHBG and FAI quartiles and the x2 test (linear-by-linear association) was
used to compare the categorical variables across these quartiles. A P-value
,0.05 was considered significant. Statistical analyses were performed by
using IBM SPSS Statistics 20.0 software (SPSS, Inc., Chicago, IL, USA).

Results

Reproductive outcome at 26 years
Women reporting menstrual irregularity suggestive of anovulatory cycles
at 16 years became pregnant at least once, and had at least one delivery
or one miscarriage as often as women with regular menstruation at
16 years, and had similar mean pregnancy, delivery and spontaneous
abortion rates at 26 years (Table I). Excluding women using hormonal
contraceptives did not alter the results (data not shown).

Prevalence of clinical hyperandrogenaemia,
PCOS and infertility problems at 26 years
Women with menstrual irregularity at 16 years had a significantly higher
prevalence of menstrual irregularity suggestive of anovulatory cycles,

Figure 2 Questions from the 16- and 26-year questionnaire.
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PCOS (self-reported menstrual irregularity and hirsutism at 26 years
and/or PCOS diagnosis made by the physician) and infertility problems
at 26 years than women with regular menstrual cycle (Table II). The
results remained significant after excluding women on hormonal contra-
ception at 26 years (menstrual irregularity: 27.7 versus 20.3%, respect-
ively, P ¼ 0.012) (PCOS: 14.6 versus 4.4%, P , 0.001) (infertility

problems: 10.5 versus 6.4%, P ¼ 0.032). The symptomatic and non-
symptomatic girls at 16 years had a similar prevalence of hirsutism and
acne at 26 years (Table II), but after excluding women on hormonal
contraception at 26 years, the symptomatic 16-year-old girls exhibited
a higher prevalence of hirsutism at 26 years (25.4 versus 19.5%,
P ¼ 0.049).

Figure 3 Modified Ferriman and Gallwey score.
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Menstrual irregularityat 16 years had a sensitivityof 50.5%, a specificity
of 73.2%, a likelihood ratio for a positive result of 1.9 and a likelihood ratio
for a negative result of 0.7 for predicting PCOS at 26 years.

Logistic regression analyses
Menstrual irregularity at 16 years was associated with an increased risk of
menstrual irregularity at 26 years. After adjusting for potential confoun-
ders (consumption of alcohol, smoking, annual income per consumption
unit, age at menarche and BMI) the association remained significant. In
both univariate and multivariate analyses, women with menstrual

irregularity problems at 16 years were at a higher risk of having been diag-
nosed with PCOS and of suffering from infertility at 26 years than women
with a regular cycle (Table III). The data were also adjusted for the poten-
tial confounders (consumption of alcohol, smoking and BMI) at 26 years
and the results remained unchanged.

Adolescent serum testosterone levels and
symptoms of PCOS at 26 years
Women suffering from PCOS at 26 years exhibited significantly higher
serum concentrations of testosterone (P ¼ 0.011) and FAI values (P ¼

Figure 3 Continued.
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0.013), and women with hirsutism had significantly higher FAI values (P ¼
0.001) and lower concentration of SHBG (P ¼ 0.003) at 16 years than
non-symptomatic women. Women with acne at 26 years had higher
serum concentration of testosterone (P ¼ 0.041), higher FAI values
(P , 0.001) and lower levels of SHBG (P ¼ 0.003) at 16 years than
women with no acne (Table IV).

After stratifying the whole study population into testosterone, SHBG
and FAI quartiles at 16 years, there was a significant linear trend in the
higher testosterone quartiles towards higher prevalence of PCOS
(from the first quartile 4.2% to fourth quartile 8.6%, P ¼ 0.008) and
acne (from 34.0 to 40.5%, P ¼ 0.036) at 26 years. Occurrence of hirsut-
ism (from 14.2 to 22.7%, P ¼ 0.005) and acne (from 31.4 to 41.4%, P ¼
0.001) at 26 years increased significantly from the highest SHBG quartile
to the lowest SHBG quartile (data not shown). There was a significant
linear trend in the higher FAI quartiles towards higher prevalence of
PCOS (from 4.0 to 8.6%, P ¼ 0.005), hirsutism (from 14.5 to 23.4%,
P , 0.001) and acne (from 32.2 to 43.3%, P , 0.001) at 26 years (Fig. 4).

Hormonal and anthropometric parameters in
the groupofgirls with menstrual irregularityat
16 years
The women with menstrual irregularity at 16 years and PCOS at 26 years
already had higher serum concentrations of testosterone (P ¼ 0.001)
and FAI values (P ¼ 0.046) at 16 years than women with menstrual ir-
regularity at 16 years but without PCOS at 26 years. There was,
however, no difference between these two groups as regards BMI,
WHR or change in BMI during the follow-up (Table V). Women with

menstrual irregularity both at 16 years and 26 had significantly lower
BMI [median (IQR)] at 16 years [19.4 (18.1–20.9) versus 20.8 (19.2–
22.5), P , 0.001] and 26 [20.9 (19.6, 22.0) versus 23.6 (21.6, 26.5),
P , 0.001], WHR [0.83 (0.77, 0.88) versus 0.85 (0.79, 0.90), P ¼
0.009] at 26 years and increase in BMI [1.65 (0.73, 2.81) versus 2.70
(0.88, 4.65), P , 0.001] during the follow-up than symptomatic
women with regular menstrual cycles at 26 years. The two groups did
not differ as regards serum concentrations of testosterone or SHBG,
or FAI value (all data not shown).

Discussion
Menstrual irregularity is a common gynaecological condition affecting es-
pecially women in early reproductive life. The present study suggests that
at 26 years the frequency of persistent menstrual irregularity and PCOS
was significantly higher in women with previous menstrual irregularity at
16 years, compared with girls with a regular menstrual cycle. The girls
who exhibited the greatest degree of androgen excess at 16 years
were also at higher risk for retaining the diagnosis of PCOS and clinical
signs of hyperandrogenaemia, such as hirsutism and acne, later in life. Al-
though symptomatic girls were investigated more often for infertility than
non-symptomatic girls, adolescent menstrual irregularity was not linked
to an increased risk of childlessness in early adulthood.

Comparison with other studies
Several studies have reported the prevalence of menstrual irregularity in
adolescence, but there are few follow-up studies, most of them of short

.............................................................................................................................................................................................

Table I Reproductive outcome in girls with or without menstrual irregularity at 16 years of age.

Menstrual irregularitya at 16 years Nb Reproductive outcome at 26 years P-value

No pregnancies (N/%) At least one pregnancy (N/%)

No 1252 402/32.1 850/67.9

Yes 482 154/32.0 328/68.0 0.950

No deliveries (N/%) At least one delivery (N/%)

No 1252 900/71.9 352/28.1

Yes 482 358/74.3 124/25.7 0.318

No miscarriagesc (N/%) At least one miscarriagec (N/%)

No 850 747/87.9 103/12.1

Yes 328 290/88.4 38/11.6 0.801

Number of pregnancies [mean (SD)]

No 1252 0.71 (1.18)

Yes 482 0.64 (1.10) 0.249

Number of deliveries [mean (SD)]

No 1252 0.47 (0.88)

Yes 482 0.44 (0.86) 0.410

Number of miscarriagesc [mean (SD)]

No 850 0.16 (0.48)

Yes 328 0.15 (0.46) 0.712

The significance tests used are the Chi-squared (x2) test and Student’s t-test.
aIn the 26-year questionnaire, women who reported menstruation cycle longer than 35 days (option 3), extremely irregular (option 4) or had amenorrhoea (option 5) were considered to
have ‘menstrual irregularity’.
bThe numbers of non-symptomatic and symptomatic women in separate analyses varies due to non-response to some items.
cWomen who had not been pregnant by the age of 26 were excluded from the miscarriage analysis.
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duration (2–3 years) (Southam and Richart, 1966; Apter and Vihko,
1990; Venturoli et al., 1995; van Hooff et al., 2004; Chung et al., 2011),
demonstrating the effects of adolescent menstrual irregularity in early
adulthood. In the present study the follow-up was 10 years, which
allowed us to investigate longer-term consequences of menstrual irregu-
larity on reproductive health in a large cohort of 2033 females.

In agreement with previous cross-sectional and follow-up studies
(Dahlgren et al., 1992; Hudecova et al., 2009), the symptomatic girls at
16 years gave birth successfully to at least one child as often, conceived
at least once as often and had similar pregnancy, delivery rates and preva-
lence of spontaneous abortions, as the non-symptomatic girls until the
age of 26. Importantly, these findings are also in line with our previous
results from another Finnish follow-up cohort (the Northern Finnish
Birth Cohort 1966), showing that the impact of oligo-amenorrhea and
hirsutism on fertility and family size was limited at 31 years. At a more
advanced age, however, the women with both oligo-amenorrhea and
hirsutism did not quite match the parity of healthy non-symptomatic
women despite more frequent infertility treatments (Koivunen et al.,
2008; Westet al., 2013). Another follow-up study has also demonstrated
that androgen concentrations before pregnancy were higher in females
who subsequently had no pregnancies than in those who had been preg-
nant (Apter and Vihko, 1990). The failure to demonstrate any difference
in pregnancy and birth rates in the present study may be due to the fact

that the first questionnaire picked only the girls with menstrual irregular-
ity and not hirsutism, and that the second questionnaire was performed
in very early adulthood when the impact of menstrual irregularity on fer-
tility rates is not yet fully manifested. In the present study, the symptom-
atic girls were also investigated for infertility significantly more frequently
than the non-symptomatic girls suggesting that infertility treatment may
restore normal reproductive capacity in these young women.

In contrast to previous studies performed in small selected groups of
women with an established PCOS diagnosis and attending infertility
clinics (Sagle et al., 1988; Watson et al., 1993; Glueck et al., 1999;
Wang et al., 2002), we found no increased risk of spontaneous abortions
among symptomatic girls. Interestingly, however, our results were also
similar to those obtained in our previous cohort studies (Koivunen
et al., 2008; West et al., 2013).

Variability in adolescent menstrual cycles is wide: according to a World
Health Organization study of 3073 girls, 10% of them had .60 days
between their first and second menses, and 7% had a first-cycle length
of 20 days (Anonymous 1986). The prevalence of menstrual irregularities
in adolescents depends also on the definition used for irregular menstrual
cycle and age at the time of the questionnaire [from 12% (Nwankwo
et al., 2010) to almost 30% (Anonymous 1986)]. The present 10-year
follow-up revealed that the presence of menstrual irregularity was signifi-
cantly higher at 26 years among the girls with menstrual irregularity at 16

.............................................................................................................................................................................................

Table II Prevalence of clinical symptoms of hyperandrogenaemia, polycystic ovary syndrome (PCOS) and infertility
problems at 26 years of age in girls with or without menstrual irregularity at 16 years.

Menstrual irregularity at 16 years Na Clinical symptoms of hyperandrogenaemia, PCOS and infertility
problems at 26 years

P-value

No menstrual irregularity (N/%) Menstrual irregularity (N/%)

No 1236 972/78.6 264/21.4

Yes 475 334/70.3 141/29.7 ,0.001

No PCOS (N/%) PCOSb (N/%)

No 1214 1163/95.8 51/4.2

Yes 475 425/89.5 50/10.5 ,0.001

No PCOS diagnosis (N/%) PCOS diagnosis (N/%)

No 1214 1196/98.5 18/1.5

Yes 475 447/94.1 28/5.9 ,0.001

Non-symptomatic (N/%) Menstrual irregularity and hirsutism (N/%)

No 1214 1180/97.2 34/2.8

Yes 475 446/93.9 29/6.1 0.001

No hirsutism (N/%) Hirsutism (N/%)

No 1142 994/82.7 198/17.3

Yes 445 352/79.1 93/20.9 0.100

No acne (N/%) Acne (N/%)

No 1247 782/62.7 465/37.3

Yes 482 292/60.6 190/39.4 0.413

No infertility problems (N/%) Infertility problems (N/%)

No 1174 1125/95.8 49/4.2

Yes 459 427/93.0 32/7.0 0.019

The significance test used is the Chi-squared (x2) test.
aThe number of non-symptomatic and symptomatic women in separate analyses varies due to non-response to some items.
bWomen with either self-reported PCOS diagnosis or both menstrual irregularity and hirsutism.
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..............................................................................................................................

.............................................................................................................................................................................................

Table III Risk of clinical symptoms of hyperandrogenaemia, PCOS and infertility problems at 26 years of age in girls with or
without menstrual irregularity at 16 years.

Menstrual irregularity at 16 years Clinical symptoms of hyperandrogenaemia, PCOS and infertility problems at 26 years

Crude OR (95% CI) P-value Adjusteda OR (95% CI) P-value

Menstrual irregularity (no/yes)

No 1.00 1.00

Yes 1.55 (1.22–1.97) ,0.001 1.37 (1.00–1.88) 0.050

PCOSb (no/yes)

No 1.00 1.00

Yes 2.68 (1.79–4.03) ,0.001 2.91 (1.74–4.84) ,0.001

Self-reported PCOS diagnosis (no/yes)

No 1.00 1.00

Yes 4.16 (2.28–7.60) ,0.001 5.53 (2.61–11.69) ,0.001

Menstrual irregularity and hirsutism (no/yes)

No 1.00 1.00

Yes 2.26 (1.36–3.75) 0.002 2.06 (1.06–4.02) 0.034

Hirsutism (no/yes)

No 1.00 1.00

Yes 1.26 (0.96–1.66) 0.100 1.29 (0.92–1.81) 0.141

Acne (no/yes)

No 1.00

Yes 1.09 (0.88–1.36) 0.413 1.16 (0.89–1.52) 0.272

Infertility problems (no/yes)

No 1.00 1.00

Yes 1.72 (1.092.72) 0.021 2.07 (1.16–3.67) 0.013

The analyses were performed with univariate and multivariate logistic regression.
OR, odds ratio; CI, confidence interval.
aAdjusted for consumption of alcohol (no/yes), smoking (no/yes), BMI (as continuous variable), annual income per consumption unit (as continuous variable) and age at menarche (as
continuous variable).
bWomen with either self-reported PCOS diagnosis or both menstrual irregularity and hirsutism.

.............................................................................................................................................................................................

Table IV Hormonal parameters at 16 years of age in women with or without clinical symptoms of hyperandrogenaemia,
PCOS and infertility problems at 26 years.

Testosterone (nmol/l) P-value SHBG (nmol/l) P-value FAI P-value

Menstrual irregularity

No (n ¼ 1174–1175) 1.64 (1.30, 2.05) 52.0 (37.1, 73.6) 3.13 (2.03, 4.68)

Yes (n ¼ 350–351) 1.67 (1.28, 2.00) 0.725 54.9 (38.3, 76.6) 0.222 3.11 (2.03, 4.42) 0.378

PCOSa

No (n ¼ 1415–1417) 1.63 (1.29, 2.02) 52.8 (37.6, 74.4) 3.09 (2.01, 4.54)

Yes (n ¼ 92) 1.82 (1.43, 2.25) 0.011 49.8 (34.1, 71.0) 0.297 3.65 (2.31, 5.55) 0.013

Hirsutism

No (n ¼ 1157–1159) 1.64 (1.30, 2.03) 53.7 (38.0, 77.7) 2.97 (1.95, 4.53)

Yes (n ¼ 266) 1.69 (1.33, 2.08) 0.218 48.8 (34.6, 66.8) 0.003 3.47 (2.26, 5.05) 0.001

Acne

No (n ¼ 961–962) 1.62 (1.28, 2.00) 54.6 (38.5, 78.1) 2.93 (1.93, 4.42)

Yes (n ¼ 577–578) 1.71 (1.34, 2.07) 0.041 49.5 (35.7, 68.5) 0.003 3.42 (2.22, 4.93) ,0.001

Infertility problems

No (n ¼ 1384–1386) 1.64 (1.30, 2.03) 52.4 (37.3, 73.6) 3.15 (2.03, 4.61)

Yes (n ¼ 74) 1.71 (1.39, 2.23) 0.337 58.2 (37.8, 86.8) 0.332 3.03 (2.10, 5.17) 0.870

The values are presented as medians and interquartile ranges (IQR) (from 25th to 75th percentile). The significance test used is the Mann–Whitney U-test. The number of individuals in
separate analyses varies due to non-response to some items or blood sample failures.
SHBG, sex hormone-binding globulin; FAI, free androgen index.
aWomen with either self-reported PCOS diagnosis or both menstrual irregularity and hirsutism.
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years. In line with these results, a recent 4-year follow-up study has
shown an almost 3-fold risk for persistent menstrual irregularity among
girls with long cycle lengths at first consultation (Chung et al., 2011). Simi-
larly, a 3-year follow-up study, which documented changes in menstrual
pattern between ages 15 and 18 years in the general population,
reported a 31-fold risk for oligo-amenorrhea among adolescents with
oligo-amenorrhea at first consultation (van Hooff et al., 2004). In
another study, about half of the adolescents with oligo-amenorrhoea
at first control remained oligo-amenorrhoeic during an 8-year follow-up
(Southam and Richart, 1966).

In the present results, however, after adjustment for age at menarche,
the risk for persistent menstrual irregularity in the symptomatic women
remained barely significant. One possible explanation could be that the
symptomatic girls at 16 years entered menarche 5 months later and
probably reached full maturation of the hypothalamic–pituitary–
ovarian axis later than the non-symptomatic girls, thus leading to
an underestimation of the association between menstrual irregularity
at 16 and 26 years. The reproductive system takes�2 years after menar-
che to mature before adolescents have regular ovulatory cycles (An-
onymous, 1986; Apter et al., 1978). Moreover, a retrospective study
of menstrual disturbances in Chinese adolescents demonstrated that
the proportion of menstrual irregularities decreased significantly from
the first to seventh year after menarche and that the main drop occurred
at the second year (Chan et al., 2009). In line with this hypothesis, in the
present study, 70% of the girls with menstrual irregularity at 16 years
recovered regular cycles at 26 years. The girls who retained menstrual
irregularity at 26 years were significantly leaner at 16 and 26 years and
had a smaller gain in weight than symptomatic girls without menstrual ir-
regularity, suggesting a hypothalamic aetiology for at least some the men-
strual disorders.

In the whole study population, the women who had PCOS, hirsutism
or acne at 26 years already exhibited higher FAI values at 16 years than
the women without such conditions, and the girls in the highest FAI quar-
tiles at 16 years had the highest prevalence of PCOS, hirsutism and acne
at 26 years. It is generally accepted that puberty is characterized by an in-
crease in insulin resistance, which might induce symptoms of PCOS more
often at this age, and that the symptoms disappear after the pubertal
period with subsequent normalization of insulin resistance (Amiel
et al., 1986). In the present study, only 10.5% of the girls with menstrual
irregularity at 16 years had PCOS at 26 years. We expected that these
girls would have been heavier and experienced a greater weight gain
during the follow-up than the girls without PCOS, but this was not the
case. Comparison of anthropometric and hormonal parameters
revealed that the girls with menstrual irregularity at 16 years who retained
the diagnosis of PCOS at 26 years did not differ as regards BMI and WHR
at 16 or 26 years, nor did they exhibit the greatest increase in BMI during
the follow-up. All these findings suggest that the two pivotal criteria for
the diagnosis of PCOS, namely hyperandrogenism and irregular cycles,
are already present in adolescence and persist in early adulthood, inde-
pendent of weight and weight gain in the women with the full phenotype
of PCOS. In line with this, a previous study showed that adolescents with
irregular menstrual cycles had significantly higher free testosterone con-
centrations during the first and the last longitudinal examination com-
pared with control adolescents (Venturoli et al., 1995). Earlier reports
have also stated that the hormonal characteristics and menstrual
pattern that are formed during adolescence persist at least until the

Figure 4 Prevalence (%) of PCOS (A), hirsutism (B) and acne (C) at
26 years in the different FAI quartiles at 16 years. The P-values represent
the linear relationship in prevalence of PCOS, hirsutism and acne across
the FAI quartiles. The total number of individuals in the quartiles is pre-
sented in parentheses. *x2 test compared with the first quartile,
P , 0.05. **x2 test compared with the first quartile, P , 0.01.
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age of 30 (Southam and Richart, 1966; Apter and Vihko, 1990).
However, according to our results, the predictive value of these two
symptoms seems to be too low to justify an early intervention to avoid
adult PCOS.

Strengths and limitations
The strength of our study is that it has been conducted on a large
population-based, unselected birth cohort. We were able to use a self-
reported symptoms based approach with information on menstrual
cycle to investigate the association of adolescent menstrual irregularity
with a risk for PCOS and PCOS-related symptoms in young adulthood.
The longitudinal nature of the study allows us to follow the reproductive
characteristics of this population in later life. The study population was
also remarkably homogenous as regards ethnicity (all were Caucasians)
and residence during the study period. As previously published, at 16
years both symptomatic and non-symptomatic girls were statistically
comparable as regards to alcohol consumption, smoking habits, socio-
economic status, BMI, fasting serum insulin and glucose levels, high
sensitivity C-reactive protein (hs-CRP) and lipids [serum levels of total
cholesterol, high-density lipoprotein (HDL), low-density lipoprotein
(LDL) and triglycerides] and insulin sensitivity, measured by HOMA-S
(Pinola et al., 2012).

A limitation of our study is that the documenting of symptoms of
PCOS was based on questionnaires as regards acne and hirsutism,
which might be over-reported by self-estimation and therefore possibly
narrowed the differences between the study groups. Hirsutism,
however, was also checked with a detailed modified questionnaire.
Ovarian ultrasonography was not available to aid the diagnosis of
PCOS, but we have previously demonstrated (using the same question-
naire) in a similar cohort at age 31 (the Northern Finland Birth Cohort
1966) that self-reported menstrual irregularity and hirsutism can identify
most women with the typical endocrine and metabolic profile of PCOS
(Taponen et al., 2003, 2004). We were also able to take into account po-
tential confounding factors at 16 and 26 years. The relatively low rate of

response to the questionnaire at 26 years may also have biased the
results. The lower response rate to the questionnaire at 26 years of
age was possibly linked to the fact that, in contrast to the questionnaire
at 16 years, the subjects had most likely moved away from their parents’
household and received no encouragement to reply to the question-
naire. Furthermore, the large size of the study population may easily gen-
erate statistically significant but not necessarily clinically relevant
differences between the study groups. In the present study menstrual ir-
regularity at 16 years was a moderately weak predictor of PCOS, al-
though the ORs in the logistic regression models indicated statistical
significance.

Conclusions and policy implications
The present findings show that an irregular menstrual cycle and hyperan-
drogenism in adolescence seem to be early manifestations of PCOS and
its symptoms in later life. However, the predictive value of these symp-
toms seems to be too low to justify an early clinical intervention, such
as changes in lifestyle, in order to prevent adult PCOS. Importantly,
girls presenting with menstrual irregularity at 16 years were more likely
to suffer from infertility problems at 26 years than the non-symptomatic
girls, but did not display any increased risk of spontaneous abortions and
had at least one birth as often as non-symptomatic girls at 26 years. These
results suggest that fertility can be restoredby infertility treatment in early
adulthood, which is an important finding as regards the prognosis of in-
fertility in this particular population. Additional longitudinal reports are
needed to clarify these relations and to determine the extent to which
adolescent menstrual irregularity is associated with an increased risk of
later morbidity to reproductive or metabolic disorders.
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Table V Hormonal and anthropometric parameters of girls categorized by menstrual irregularity at the start of the study
and with or without PCOS 10 years later.

Menstrual irregularityA

No PCOSB (n 5 362–410)
Menstrual irregularityA

PCOSB,b (n 5 43–50)
P-value

Median (IQR) Na Median (IQR) Na

Testosterone (nmol/l) 1.63 (1.31, 2.06) 367 1.95 (1.63, 2.37) 43 0.001

SHBG (nmol/l) 48.7 (36.1, 64.9) 368 46.7 (31.4, 64.7) 43 0.699

FAI 3.33 (2.29, 4.95) 367 4.04 (2.73, 5.89) 43 0.046

BMI at 16 years 20.3 (18.8, 22.0) 399 20.3 (19.0, 22.8) 45 0.620

WHR at 16 years 0.76 (0.74, 0.79) 397 0.77 (0.73, 0.80) 44 0.916

Change in BMI between age 16 and 26 2.30 (0.79, 4.02) 384 2.27 (1.13, 6.00) 45 0.348

BMI at 26 years 22.5 (20.5, 25.1) 410 22.0 (20.1, 29.4) 50 0.784

WHR at 26 years 0.84 (0.79, 0.90) 362 0.85 (0.79, 0.89) 47 0.867

The values are presented as medians and IQR (from 25th to 75th percentile). The significance test used is the Mann–Whitney U-test.
WHR, waist-to-hip ratio.
AMenstrual irregularity: at start of study (i.e. age 16 years).
BPCOS: data at 10 years after start of study (i.e. age 26 years).
aThe number of individuals in separate analyses varies due to non-response to some items.
bWomen with either self-reported PCOS diagnosis or both menstrual irregularity and hirsutism.
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