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Association of ageing and PCOS women’s metabolic
turbulence: A cohort study in hospitals of Faisalabad,
Pakistan

Laiq Ahmad*
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Background: Ethno-demographic data on polycystic ovary syndrome (PCOS) is still prone to contentious
debate since heterogeneity amid PCOS women of different regions.
Objective: To study the impacts of ageing on endocrinopathy of metabolic disorders (MetS) among PCOS
women and cardiovascular risk (CVR).
Methods: In the current study, PCOS women (n = 500) with age range of 15 - 45 years were recruited from
Faisalabad region of Pakistan and their reproductive history with brief demographic data were recorded through
interview questionnaire while medical assessments were carried out under protocol. Following categorization of
five age groups, statistical significance was determined through analyses of variance and regression analysis.
Results: Mean number of menstrual cycles per year, luteinizing hormone: follicle stimulating hormone ratio,
hirsutism score declined significantly with advancing age of PCOS women (P < 0.05). While unprecedented age
related progression was ensued in cycles’ duration, bleeding days after menarche onsets, polycystic ovary
morphology (PCOM) components including ovarian volume, diameter and number of follicles.  Among PCOS
women with MetS, mean fasting blood glucose and waist to hip circumference ratio, body mass index, and blood
pressures were examined the highest in older women but inverse relationship of high density lipoprotein (HDL)
was noticed with progressive age groups (P < 0.01). Reciprocal attenuation in stillbirth and inflation in conception
rate were also evident among progressive age groups accordingly. Similarly, Framingham points and CVR

10
 was

significantly the highest (1.5%) among older age groups PCOS women with increasing age conformity (P < 0.05).
Conclusion: Ageing among PCOSs, unequivocally, exacerbated the endocrinopathy while synergetic metabolic
abnormalities have transcended impacts on cardiovascular risks among older aged PCOS women.

Keywords: Cardiovascular diseases, framingham risk scoring system, hyperandrogenism, metabolic syndrome,
polycystic ovary syndrome.

Among all females reproductive disorders
polycystic ovary syndrome (PCOS) is the most
intensely studied because of its controversial
nature of manifestation altered with ethnicity, body
weight, age and even clinician expertise that sets the
threshold diagnostic line.(1) Besides diagnostic criterion
history (2, 3) current combination of hyperandrogenism,
anovulation and polycystic ovary morphology (PCOM)
symptoms are commonly used to diagnose PCOS.(3)

While the androgen excess criteria have a priority
place among others (4, 5) since more likely major reason

of co-morbidities including metabolic syndrome.
However, without hyperandrogenism PCOS
has already been evidenced the least severe PCOS
phenotypes.(5) While, senescence especially in
women, with elegant reproductive endocrine attributes,
likely has more potential to exacerbate the existing
endocrinopathy and co-morbidities in PCOS subjects.(6)

Moreover, the importance of ethnic variability in
PCOS manifestation has already been emphasized
in several reports.(7, 8) Asian women with
unprecedented polycystic ovary endocrinopathy and
metabolic outcomes have also implication to revisit
the PCOS diagnostic criteria and criterion for
heterogeneity in phenotypes.(9) However, several
studies implicated endocrine and metabolic
complications in PCOS subjects are inevitable with
age (6, 10, 11) emphasizing on the importance of age
associated ovarian functions alteration with metabolic
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disorder (MetS) expression including cardiovascular
risk (CVR).(7, 12) Obesity and cardiometabolic risk
association were found more severe among women
than men, but in both genders this equivocal
exacerbation unlike attenuation was also noticed with
increasing age (1, 13) and hence hitherto controversial.
Whereas Macut D, et al. (14) examined 1.6% CVR
among Serbian PCOS women without transcended
age rendered a chasm of information. However very
lately a retrospective study indicated the higher
probability of general CVR was in both adolescent
and adult PCOS black women than white thence
emphasized on importance of longitudinal study
addressing the impact of PCOS and race on CVR in
women.(15)  Therefore, the current study is designed
to observe age related PCOS manifestation among
women from Faisalabad, Pakistan. The objective of
this study was to examine the impacts of ageing on
cardiovascular risk in commencing 10 years (CVR

10
)

through Framingham risk scoring system (FRSS)
among PCOS women with MetS.

Materials and methods
The present cohort study was carried out on PCOS

women of reproductive age following signed consent
recruited from hospitals in Faisalabad, District Head
Quarter Hospital, Allied Hospital, and gynecology
clinics, during the period of August 2014 to February
2015. Recommendation was obtained following
submission of research proposal with methodology,
revised following STROBE guidelines for cohort study,
to institutional to Institutional Review Board for human
research.  Briefly, questionnaire, prepared for face-
to-face interview, had two sections, one was socio-
demographic information and other was compendium
of question related to reproductive history of recruited
women.

Participant’s criteria
Geographically, Faisalabad city is divided into

sub-regions and marked the gynecological centers and
hospitals in each for cluster sampling. Subsequently,
questionnaire and probability of PCOS patients visited
was discussed with gynecologist in each unit. Finally,
randomly selected two to three clinics and/or hospitals
from each sub-region were subjected for recruitment
of women and interview. In this study, positive
diagnosis of PCOS (n = 500) [(on the basis of two
amid three diagnostic parameters) oligomenorrhoea/
oligo-ovulation Oligomenorrhea was distanced as
having fewer than eight menstrual cycles/year, or

when the duration of a cycle exceeds 35 days.
Amenorrhea was ascertained by the absence of three
to six consecutive menstrual cycles, or four or fewer
menstrual periods per year (16), clinical or biochemical
hyperandrogenism and polycystic ovaries on
ultrasound,  12 follicles in each ovary, measuring
2 – 9 mm in diameter and/or increased ovarian
volume of each ovary 10 ml] (17) while metabolic
syndrome (MetS) as described by World Health
Organization (WHO) (18) high-density lipoprotein
(HDL) < 50 mg/dL, waist-to-hip ratio > 0.85 and
fasting blood glucose > 110 mg/dL) was mandatory
for participation of females. However women with
incomplete sought metabolic profile, inherited
disorders, Cushing syndrome, insulin resistance,
congenital adrenal hyperplasia and ovarian or adrenal
tumor were not included in this study.

Reproductive history and clinical evaluations
Reproductive cyclic history was recorded by

sets of question subjected menarche and after
marriage cyclic changes like age at both stages with
menses duration and menstrual  cycles/year.(16)

Ultrasonographic scans of right and left ovaries with
volumes, follicular number and diameters were also
recorded as described by Balen AH, et al. (19) Finally
physical examination of body mass index (BMI), blood
pressure, modified Ferriman-Gallwey (F-G) hirsutism
score as practiced by Wijeyaratne CN, et al. (17) and
Unluhizarci K, et al. (20), and waist and hip
circumference with  their ratio as outlined by Balen
AH, et al. (19) were also included in the current study.
Fasting blood glucose, total cholesterol, low density
lipoprotein (LDL) and HDL cholesterol, triglyceride
and gonadotropins luteinizing hormone (LH) and
follicle-stimulating hormone (FSH) concentrations in
serum samples from each participant was also
determined as alluded in standard assay protocols.
While FRSS was also employed to estimate 10-year
cardiovascular risk percentage among women
considering the metabolic attributes points including
age, total cholesterol, HDL, smoking status and systolic
blood pressures in all participants as described in
National Institutes of Health guidelines.(21) Fertility
related questions like the number of miscarriages and
live births were also included in questionnaire.

Statistical analysis
The data of 500 subjects sorted into five age

groups of youngest/ adolescent (< 19 years), younger
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(20 - 26 years) young (27 - 33 years) old (34 - 40
years) and older (> 41 years) women with diagnosed
PCOS. Age associated changes in cyclic, gondotropin
and F-G-hirsutism score, ovarian scans attributes as
well as metabolic malfunctioning recordings were
also determined employing regression analysis with
R2 values and regression line equation reflecting the
mean values deviation from alluded line. However,
the one-way analysis of variance (ANOVA) was also
applied to ascertain the difference in parameters from
each group and Tukey’s post hoc test also carried out

to determine the exact significant difference between
the means of each parameter from two different age
groups.  All these statistical analysis were carried out
on software Graphpad Prism Version 6.0.

Results
This study was designed to address the effects

of age on metabolic disorder manifestation in PCOS
women from hospitals located in Faisalabad city of
Pakistan. An overview of reproductive history of
recruited subjects (n = 500) is presented in Table 1.

Table 1.  An overview of reproductive history of PCOS subjects (n = 500) recruited from hospitals in Faisalabad.

Mean  SEM

Age (yr) 25.83  0.32 (500)
Body weight (kg) 73.69  0.65 (500)
Reproductive cycles

Age at Menarchea (yr) 13.90  0.05 (500)
Menstural dischage (day) 6.44  0.11 (500)
Number of Menstural cycles/year 12.48  0.17 (500)
Age at Marriage (yr) 22.39  0.24 (414)
Menstural cyles (day) 72.03  2.34 (500)
Number of Menstural cycles/year 6.57  0.20 (498)

Endocrinology
LH 19.94  0.18 (500)
FSH 7.25  0.07 (500)
LH:FSH 2.83  0.03 (500)
Hirsutism score 6.95  0.16 (499)

Ultrasonographic scan
Right ovary

Volume (cm3) 10.55  0.17 (500)
Number of Follicles 13.15  0.09 (500)
Diameters of Follicles (mm) 4.85  0.04 (500)

Left ovary
Volume (cm3) 13.03  2.49 (500)
Number of follicles 12.83  0.26 (500)
Diameters of Follicles (mm) 4.88  0.04 (500)

Metabolic components
Blood pressures

Systolic (mmHg) 123.87  0.61 (500)
Diastolic (mmHg) 84.48  0.39 (500)

Lipid assessment
BMI (kg/m2) 29.19  0.26 (500)
LDL (mg/dL) 176.41  1.09 (148)
HDL (mg/dL) 31.87  0.29 (148)
Total Cholestrol (mg/dL) 205.43  2.35 (148)
Triglyceride (mg/dL) 154.58  2.47 (134)
Waist Circumfrence (cm) 113.79  1.35 (500)
Hip Circumfrence (cm) 124.14  1.40 (500)
Waist: Hip ratio 0.97  0.06 (498)

Fasting Blood Glucose Level (mg/dL) 181.88  1.81 (161)
Fertility potential

Age at diagnosis (yr) 30.52  0.45 (134)
Age at first conception (yr) 25.64  0.31 (135)
Number of live births 2.67  0.20 (134)
Number of miscarriages 0.83  0.07 (135)

Note: SEM is standard error of mean and values in parenthesis are the number of PCOS subjects
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Menstrual cycle alteration
Mean number of menstrual cycles per year at

menarche and after marriage within  five age including
youngest/ adolescent (< 19 years, n = 115), younger
(20 - 26 years, n = 161), young (27 - 33 years,
n = 139), old (34 - 40 years, n = 78) and older
(> 41 years, n = 7) age groups are shown in Figure 1,
top left panel. Mean number of cycles/year during
both times carried considerably (F = 80.45 at
menarche, F = 11.13 after marriage, P < 0.0001) in
PCOS subjects from five age groups. Predominantly,
old aged females (34 – 40 years) had the fewest mean
cycles/year (P < 0.001, 3% decline from youngest
females), after the onset of first period, than other
age females. While the mean numbers of cycles/year
at menarche ensued from females of each age
group were diverted from regression line though non-
significantly progressive with increasing age groups.
However mean number of cycles/year after marriage
was considerably (P < 0.01) declining with increasing
age groups with values closer to regression line. PCOS
females of old age (34 - 40 years) had significantly
(P < 0.01, 47% decline from youngest females) fewer
mean number of cycles/year after marriage than other
age females. But the fewest cycle/ year (3.14  0.74/
year, 63% decline from youngest females) was
recorded in females from older age groups (> 41 years)
when compared to old age females.

Other menstrual history characteristics including
mean age, menses duration (day) at menarche and
cycle’s duration (day) after marriage of PCOS
subjects from five different age groups are shown in
Table 2. Regression analysis ensued no effect of age
over the age of menarche and bleeding duration at
menarche but mean menses duration in cycles were
noticeably the longest in younger PCOS subjects
compared to other age groups except older aged
women (Figure 1A) (P < 0.01). However, age at
marriage also declined while mean days of cycles
duration increased appreciably with increasing age of
PCOS subjects (P < 0.05). Whereas the longest mean
duration of cycles was found significant from old (74%
increased from youngest females) and older age
groups (161% increased from youngest females)
when compared to other lower age groups (P < 0.05).

Gonadotropins and hirsutism
There is no appreciable difference among the age

groups of PCOS when F-G hirsutism score and LH:
FSH ratio data statistically tested employing
ANOVA and regression analyses (Table 2). However,
gonadotropins ratio was ensued the highest in youngest

subjects but slight drop was also visible among all age
groups (2, 5, 3 and 13% decline in younger, young, old
and older age groups respectively). Whereas the least
mean FG hirsutism score was estimated in subject of
older age group and the highest in youngest females.
Moreover, no  significant (P > 0.05) decline in score
was also ascertained with progressive   age of subjects
(10, 5, 12 and 44% decline in younger, young, old and
older age groups, respectively).

Ultrasonographic ovary scan
Mean volume of ovary, diameter of follicles and

number of follicles from right ovary of PCOS subjects
were significant difference (P < 0.001) among the
age groups. Mean volume of ovary [47% (old aged)
and 91% (older aged) higher from youngest females]
and diameter of follicles [11% (old aged) and 36%
(older aged) higher from youngest females] from old
and older age groups was significantly (P < 0.05)
greater than lower age groups. But the mean number
of follicles of right ovary from young aged females
were significantly higher (6%) (P < 0.05) than youngest
females. However, the slight progression in mean
ovarian volume and diameter of follicles, from both
right and left, with increasing age while obvious
deviation between calculated and expected in values
ensued from young (27 - 33 years) and old age
(34 - 40 years) groups (Figure 1B, D & F). There
was no significant difference in number of follicles of
both ovaries from all age groups and without any
statistical effect of age on mean numbers. However
1%, 4% and 7% decreases were also recorded in
the mean number of follicles in right ovary from older
aged PCOS subjects compared to youngest, young
and old aged females, respectively.

Blood pressure and body mass index (BMI)
A considerable increase in mean systolic and

diastolic pressure and mean BMI was ascertained as
age progressed without any noticeable divergence
of means from regression line (Figure 1C & E)
(P < 0.01). However, both pressures and BMI from
old age groups (34 - 40 years) were significantly
(P < 0.05) higher than lower age groups including
< 19 (18, 21 and   20 % increase in systolic, diastolic
pressures and BMI, respectively), 20 - 26 (10, 14 and
10 % increase in systolic, diastolic pressures and BMI
respectively) and the groups of 27 - 33 years old
(7, 11 and 5 % increase in systolic, diastolic pressures
and BMI respectively). While there was no  significant
difference in both pressures and BMI from both age
groups, 34 - 40 years and > 41 years old (P > 0.05).
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Lipid profile
Mean total cholesterol, LDL and triglyceride

serum levels in PCOS subjects were neither
statistically showing any significant association with
increasing age nor considerably different from
each another age groups (Table 2) (P > 0.05). While
mean waist circumference and hip circumference
(WC and HC) have appreciable  association with
progressive age groups (P < 0.01) and means were
not deviated from regression line. Whereas the old
aged subjects (34 – 40 years) had significantly higher
both circumferences compared to young (20 - 26
years) (10% WC and 15% HC higher) and younger
(< 19 years) (22% WC and 25% HC higher) aged

subjects (P < 0.001). Moreover, older subjects had
the highest both circumferences (26% WC and 27%
HC higher than youngest).

WHO criteria for metabolic syndrome
Mean HDL and mean fasting glucose had no

association with the progressive age groups while the
divergence of mean waist-to-hip ratio from regression
line was ascertained the unlike association between
age and ratio (Figure 2A).  However, the mean fasting
blood glucose of PCOS subjects from older age group
was considerably higher than the younger (29%),
young (30%) and old age groups women (18.4%)
(P < 0.05).

Figure 1. A) Age corresponding changes in mean number of menstrual cycles/ year recorded at menarche and after
marriage of PCOS women. C) Positive trend of mean BMI and E) mean systolic and diastolic blood pressures
ascertain positive trend towards advancing age groups. While B), D) & F) presenting the mean number of
follicles in right and left ovary, mean volume of both ovaries and mean diameter of antral follicles in both
ovaries respectively recorded in PCOSs from five different age groups. However, unprecedented increase in
ovarian volume with increasing age of PCOS women, though stable number of follicle pool was also ascertain
in all age groups.
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A)

Figure 2. A) Mean HDL (mg/dL) and fasting blood glucose (mg/dL) (primary axis) had non-significant decrement and
increment (R2 = 0.553, P = 0.150 and R2 = 0.631, P =  0.109 respectively), with advancing age of PCOS women.
Whereas B) mean waist circumference to hip circumference ratio (secondary axis) had shown fluctuation at
each age group point though comply futile association with increasing age. However, a successive elevation
trend was ensued in FRS points in each age group of PCOS women and was maximum in older PCOS women.
While corresponding to FRS, CVR

10
 (percentages at top of each bar) was also shown the same age associated

trend with maximum cardiovascular diseases risk PCOS women from old (34 - 40 years) and older (> 41 years)
age groups.
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Fertility potential
Mean age at diagnosis and at first conception of

PCOS subjects from old age group was considerably
higher than younger and young aged subjects
(Table 2) (P < 0.05). Whereas appreciable regression
line was ascertained the progressive association
between the mean age of diagnosis and age groups
(P < 0.05). Similar progressive association was also
resulted between mean number of live births and age
groups. Mean number of live births among older aged
PCOS females was significantly the highest (242%)
compared with young and younger age groups
of females (P < 0.01). However, no significant
difference existed between the age groups when
analyzed from means number of miscarriages, even
the means were not associated with progressive
regression line.

Framingham risk scoring system (FRSS)
Mean Framingham risk scores for cardiovascular

risk percentage estimated in females from old
and older age groups were found considerably
higher (327%) than the young and younger age
groups (Figure 2B). While the positive association
(R2 = 0.8968) was also estimated between scores and
increasing age of females. Likewise the older aged
females were found most susceptible to cardiovascular
diseases (CVR

10
 =  1.51%) than the other groups’

females.

Discussion
The findings of the study not only revealed the

severity of clinical features of PCOS subjects with
increasing age but also implicate parallel association
with MetS and Framingham CVR

10
.  It is very rational

that older women are more prone to exacerbation of
endocrinopathy and infertility associated with
metabolic disorders especially cardiovascular risks.
Hence, a diagnostic criterion for PCOS is more likely
to be reviewed accordingly with increasing age of
women even from every region of world. Likewise,
oligoamenorrhea and amenorrhea had already been
evident common among adolescent ages however
regularity in menstruation was endeavored among
older aged women with PCOS.(22) Unprecedented
ovarian volume and number of follicles were also
marred with senescence of women, either PCOS or
normal. (23) Similarly, deficit in insulin action may likely
strengthen the expression of metabolic disorders and
endocrinopathy scaffolding menace fertility.

While PCOS diagnostic importance Anti-
Mullerian hormone (AMH) serum levels (24) and its
correlation with the number of menstrual cycles per
year subsequently explain the unlike irregular cycles
in PCOS subject during older age.(25) Similar, studies
revealed conversion of 20% anovulatory PCOS
patients into ovulatory after five years follow up at
the mean age of 45 years and justified by follicular
loss with ovarian ageing.(26) Current study’s results
were also corroborated with the same notion of
significant (P < 0.01) decline (47%) in the mean
number of menstruation per year at old (34 - 40 years)
age compared to youngest females after marriage.
Moreover, mean number of cycles per year also
gradually dropped 63%, 52% and 50% among
females in older age group (> 41 years) from youngest,
younger and young age groups respectively. PCOM
examinations of the current study also shows the same
diminishment in follicular pool. This decline in cycles
per year and follicular pool in ovaries with increasing
age was likely normalizing the menstruation
and ovarian ageing. Hence, increased potential of
conception was also observed strengthen in older
PCOS. Moreover four years delay in menopause was
also ascertained lately among PCOS than normal. (27)

While in contrast, ovarian volume was resulted
positively associated with advance age contradicted
from the findings of Carmina E, et al. (28)

A comprehensive study by Bili H, et al. (11)

revealed the exponential decrease in LH, testosterone
and LH to FSH ratio recorded from old PCOS women
when compared to younger women.  In addition, obese
oligoamnorrhoeic hirsute patients had higher serum
testosterone compared to patients with normo-
ovulatory hirsutism (28) which indicated a relation of
hyperandrogenism and women cyclicity. However,
inverse relationship between serum androgens and age
had already been documented among the normal
women at their reproductive age and above 45 years
age even stable serum LH was reckoned. (29)

However, Moran C, et al. (30) resulted 25 - 30%
deflation in serum androgens in PCOS women of
22 to 45 years old.

Although the current study ensued no significant
difference of mean hirsutism score and LH: FSH ratio
in PCOS females from five age groups but slight
decline in score and ratio was noticed with increasing
age (especially, 5% in older PCOS women). However,
blood sampling time, pulsatile nature of LH secretion
and immunoassay may alter LH and futility of negative
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relationship with advanced age (11) but age mediated
decline in hirsutism has already evidenced. (31)

Current PCOM results also revealed more
responsiveness of right ovary to age related changes
where mean ovarian volume and diameter of follicles
presented positive association with increasing age of
PCOS females while mean number of antral follicles
were reciprocal to ageing.

Metabolic syndrome related characteristics, mean
HDL, fasting blood glucose and waist-to-hip ratio had
futile association with progressive age. However, the
fasting blood glucose was recorded appreciably higher
in older PCOS females. Current findings also revealed
the implication of high fasting glucose levels mediated
amelioration of insulin resistance and inflated
ovarian insulin receptors responses justifying the
hyperandrogenism in older PCOS women. (11, 32)

Several studies have documented negative effect of
androgens on lipid metabolism especially on HDL in
normal both men and women (33) since increased
catabolism of HDL though hepatic endothelial
triglyceride lipase (34) also augmented by androgens.(35)

One of the recent studies also revealed the greater
prevalence of black PCOS women were with the low
high-density lipoprotein and high blood glucose.
Moreover, black adolescent and adult PCOS were
found more prone (relative risk 2.65 and 1.44,
respectively) to MetS than white PCOS subjects. (15)

In current study, similar decline in HDL was observed
in older PCOS female (13%) than younger likely
orchestrated with hyperandrogenism. However, the
mean total cholesterol progressively increased
in advanced age of PCOS females which likely
confirmed the establishment of hyperlipidemic
condition in metabolic syndrome.

Testosterone and BMI positive correlation (31) and
age driven inflation in obesity (36) were the hallmark
findings to ascribe the decrease incidents of insulin
resistance among younger PCOS women. (37) While
Carmina E, et al. (28) have revealed the futile influence
of ageing on the insulin sensitivity index however
metabolic abnormalities and waist circumference
increased. Similarly, in the current study, mean BMI,
blood pressure, WC and HC of all PCOS females
ascribed appreciative link with ageing especially the
females of old age group.

Metabolic syndrome is the compendium of cardio-
metabolic factors; hence, strengthens the incidence
of cardiovascular diseases (38) in both genders.
Moreover, androgen excess, a hallmark of PCOS, was

also found a major cause of risk of coronary artery
diseases. (39) Onslaught of hyperandrogenesim
on ovarian structure and functions enhanced
cardiovascular risk factors (40) especially in PCOS
women. (14) In similar manner, the current study
also revealed age related exacerbation in risk factors
(1.51% CVR

10
 was recorded in older age PCOS

women). Whereas, the FRSS estimations were
considering metabolic factors and age of PCOS
women revealed the same association of women
senescence as examined other parameters like obesity,
hypertensiveness and abnormal lipid profile.

However the ovarian ageing mediated normali-
zation in menstrual cyclicity is also evident except
increased ovarian volume which was more likely due
to more oocytes recruitment in each menstrual cycle
abnormally and hyperandrogenism. While MetS
components, waist to hip ratio and fasting blood
glucose levels had futile association with advance age.
Because of limited resources and facilities it
was not possible though other assessments for diabetes
including, oral glucose tolerance test, microalbuminurea
and HbA1c were more likely suitable to explain the
significant association with age. However ageing
impacts were also ascertained unequivocally other
metabolic dysfunctions related parameters including
blood pressure, lipid profile and BMI. Moreover old
and older PCOS women were also found more
susceptible for cardiovascular disease determined
CVR

10
.

Conclusion
Examination of endocrinopathy and PCOM

parameters in current study are evidenced inevitable
for PCOS diagnosis and are concordant with the
recent studies  on population from several regions of
world.
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