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Abstract

Background Polycystic ovary syndrome (PCOS) is a common endocrine condition which affects women in the repro-
ductive age group. South Asian women with PCOS have a higher risk of insulin resistance and metabolic disorder
compared to women from other ethnic backgrounds. Lifestyle interventions such as dietary advice and physical
exercise are recommended as a first-line management option for infertile women with PCOS. Most of the randomized
controlled trials evaluating the role of lifestyle interventions in infertile PCOS women were characterized by meth-
odological issues. The uptake of lifestyle modifications as a treatment strategy in the South Asian population is com-
plicated by a difficult-to-change conventional high-carbohydrate diet and limited availability of space for physical
activity in the region.

Methods The study is designed as an open-label, multicentre, randomized controlled trial in South Asian women
with PCOS. Women attending the fertility clinic will be screened for eligibility, and women aged between 19

and 37 years who have been diagnosed with PCOS and wishing to conceive will be invited to participate in the trial.
We will include women with body mass index (BMI) between > 23 and < 35 kg/m? and duration of infertility <3 years.
We plan to randomize women with PCOS into two groups: group A will receive the intervention which will consist

of individualized advice on diet and physical exercise along with a telephonic reminder system and follow-up visits,
and group B (control) will receive one-time advice on diet and physical exercise. Both groups will receive up to three
cycles of ovulation induction with letrozole after 3 months of randomization during the 6-month treatment period.
The primary outcome of the trial will be the live birth following conception during the intervention period. The sec-
ondary outcomes include clinical pregnancy rate, ongoing pregnancy rate, miscarriage rate, ectopic pregnancy rate,
stillbirth, time to pregnancy, mean weight loss, differences in anthropometric parameters, improvement in menstrual
regularity and quality of life score.
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Discussion The IPOS trial results could help clarify and provide more robust evidence for advocating an individual-
ized lifestyle intervention in PCOS women who wish to conceive.

Trial registration Clinical Trial Registry of India CTRI/2023/04/051620. Registered on 13 April 2023.

Background

Polycystic ovary syndrome (PCOS) is a common endo-
crine disorder which affects women in the reproduc-
tive age group [1]. Worldwide, 1.55 million new cases of
PCOS among women aged between 15 and 49 years were
reported in 2017 which translated into an increase of
4.47% within a time period of 10 years [2]. The incidence
of PCOS was 82.44 per 100,000 in 1 year (2017) among
women in the reproductive age group [2]. There are geo-
graphical differences in the prevalence of PCOS [2]. Dif-
ferences in the prevalence due to ethnicity also have been
observed with a higher prevalence of PCOS observed
among women from South Asian ethnicity residing in
the UK compared with Caucasian women [3]. Further-
more, South Asian women with PCOS have a higher risk
of insulin resistance and metabolic disorder compared
to women from other ethnic backgrounds [3, 4]. These
variations in PCOS prevalence due to ethnicity and geo-
graphical location have been attributed to obesity, genetic
predisposition, phenotypic differences, health care access
and awareness [2—4].

The underlying insulin resistance and the resultant
hyperinsulinaemia are considered one of the important
pathophysiological factors for PCOS [5]. Hyperinsuline-
amia is linked to an increase in the production of andro-
gen and lower sex hormone-binding globulin (SHBG),
resulting in excess free androgens [5]. The increased level
of free androgen contributes to most of the clinical fea-
tures of PCOS, such as hirsutism, acne and ovulatory
dysfunction [6, 7]. More specifically, the increased levels
of androgen and luteinizing hormone (LH) hypersecre-
tion at the ovarian level leads to anovulation and oligo-
ovulation, which clinically manifests as infertility in these
women with PCOS [8]. Overweight and obesity worsen
the underlying metabolic disturbance and clinical symp-
toms of PCOS [9].

Lifestyle interventions such as dietary advice and phys-
ical exercise are recommended as a first-line manage-
ment option for infertile women with PCOS [6, 9]. There
is a strong rationale for encouraging weight loss follow-
ing lifestyle modifications as it helps improve menstrual
symptoms as well as increase chances of conception in
women with PCOS [10].

Several trials have been conducted in the European,
North American and Australian populations evaluating
the efficacy of lifestyle interventions in PCOS women
[11-15]. In an open-label three-arm, randomized

controlled trial (RCT) conducted at two sites in the
USA (n=149), the investigators compared the effec-
tiveness of preconception lifestyle intervention before
ovulation induction in PCOS women [11]. The lifestyle
intervention included calorie-restricted meals, medi-
cation for weight loss and physical exercise, and the
treatment period was 16 weeks. The study reported
significant weight loss following lifestyle intervention
and higher ovulation rates. In another single-centre
RCT (n=183) from The Netherlands, the authors com-
pared lifestyle intervention in the form of diet, exercise
and cognitive behavioural therapy with or without tel-
ephonic reminders versus the usual care for a period
of 12 months in PCOS women who wished to conceive
[12]. The authors reported significantly higher weight
loss following lifestyle intervention compared to usual
care. There are few trials in the South Asian population
evaluating the role of diet and exercise in PCOS women
[16, 17]. One of the smaller trials (n=66) from India
reported significant improvement in menstrual symp-
toms and anthropometric parameters in PCOS women
following exercise and metformin [16].

Most of the randomized controlled trials evaluat-
ing the role of lifestyle interventions in infertile PCOS
women were characterized by small sample size, short
follow-up period and high attrition rate [10]. There
were no high-quality trials with long-term follow-up
evaluating the effectiveness of lifestyle interventions
in PCOS women [10]. None of the published trials has
included live birth rates as the outcomes, which is one
of the important patient-centric fertility endpoints [10].
Furthermore, there is a definite paucity of adequately
powered multicentric trials that have examined the effi-
cacy of structured lifestyle intervention in South Asian
women with PCOS.

Additionally, the uptake of lifestyle modifications as
a treatment strategy in the South Asian population is
complicated by a difficult-to-change conventional high-
carbohydrate diet and limited availability of space for
physical activity in the region [18, 19]. This limits the
applicability of findings from some of the earlier trials
for the PCOS population from South Asia [11, 12]. For
the reasons highlighted above, we plan to conduct an
adequately powered multicentric RCT to evaluate the
efficacy of individualized lifestyle intervention versus
usual care in Indian women with PCOS who wish to
conceive.
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Method and design

Aim of the study

The overall aim of the study is to evaluate the efficacy
of individualized lifestyle intervention compared to the
usual care in PCOS women who wish to conceive. We
hypothesized that individualized lifestyle intervention
improves fertility outcomes in PCOS women who wish
to conceive when compared to the usual care. To test
the hypothesis, we plan to randomize PCOS women
into two groups: group A will receive the intervention
which will consist of individualized advice on diet and
physical exercise along with a telephonic reminder sys-
tem and follow-up visits, and group B (control) will
receive one-time advice on diet and physical exercise.
Both groups will receive up to three cycles of ovulation
induction with letrozole after 3 months of randomiza-
tion during the 6-month treatment period.

Study setting
The study is designed as an open-label, multicentre,
superiority, randomized controlled trial. The study
has been designed in accordance with the Standard
Protocol Items Recommendations for Interventional
Trials (SPIRIT) guidelines [20]. The trial has been pro-
spectively registered with the Clinical Trial Registry of
India (CTRI/2023/04/051620, registered on 13/4/2023).
The sponsor and the funding agency for the trial is
the Indian Council of Medical Research (ICMR), New
Delhi. The sponsor will be overall responsible for the
design, conduct, governance and data management of
the trial as well as the final dissemination of the results.
The trial will be conducted at five sites across India
which are as follows: (1) Division of Reproductive
Medicine, Department of Obstetrics and Gynaecology,
All India Institute of Medical Sciences (AIIMS), New
Delhi; (2) Department of Reproductive Medicine and
Surgery, Christian Medical College (CMC), Vellore,
Tamil Nadu; (3) Department of Obstetrics and Gynae-
cology, Post-graduate Institute of Medical Education
and Research (PGIMER), Chandigarh; (4) Department
of Obstetrics and Gynaecology, All India Institute of
Medical Sciences (AIIMS), Bhubaneswar, Odisha; and
(5) Department of Obstetrics and Gynaecology, Sawai
Man Singh (SMS) Medical College, Jaipur, Rajasthan.
All the sites are medical colleges representing popula-
tions from northern, southern, eastern and western
regions of India and will have investigators from the
endocrine speciality to provide inputs to the design

Page 3 of 12

of lifestyle interventions and facilitate the metabolic
assessments.

Inclusion and exclusion
Women attending the fertility clinic will be screened
for eligibility. The inclusion criteria will be (i) women
aged between 19 and 37 years who have been diag-
nosed as PCOS by the Rotterdam criteria and wish-
ing to conceive, (ii) body mass index (BMI) > 23 kg/m?
but <35 kg/m? and (iii) duration of infertility <3 years.
The exclusion criteria will be as follows: (i) women
planning to take medical treatment at hometown and
not available for follow-up period (6 months); (ii) does
not have a mobile phone in the house; (iii) pregnancy;
(iv) late-onset congenital adrenal hyperplasia (CAH)
and androgen secreting tumours; (v) diabetes mellitus,
uncontrolled hypothyroidism (TSH > 10 IU/ml), hyper-
prolactinemia (>70 ng/ml), bronchial asthma, chronic
kidney and liver disease; (vi) prediabetic on metformin
or insulin sensitizers or other anti-diabetic medicines;
(vii) inflammatory arthritis or any lower limb pathology
which precludes exercise; (viii) gastro-intestinal con-
ditions (e.g. ulcerative colitis, Crohn’s disease, coeliac
disease) which require special dietary advise; (ix) on
anti-psychiatric medications; (x) undiagnosed uterine
bleeding; (xi) medical conditions which are contraindi-
cations for pregnancy; (xii) previous history of receiv-
ing>6 ovulation induction cycles with letrozole or
laparoscopic ovarian drilling; (xiii) previous history of
bariatric surgery or planning other strategies for weight
loss beyond the trial intervention including but not lim-
ited to Fad diets, intra gastric procedures or on weight
loss medication; and (xiv) other known causes of infer-
tility which are indications for assisted reproductive
technology (ART) treatment, namely severe endome-
triosis, severe male factor infertility, male partner with
azoospermia and documented severe tubal pathology.

Newly detected prediabetics will be included only if
they are willing for an initial trial of lifestyle interven-
tion for glycaemic control. We will repeat glycosylated
haemoglobin (HbAlc) at 3 months interval, post-rand-
omization, to assess the glycaemic control. If the Hb1Ac
is>6.5%, then initiation of metformin will be considered,
and the participant will be followed up as per protocol
but will not be considered for per protocol analysis.

The presence of diabetes and prediabetes will be
defined based on the criteria from the American Dia-
betes Association [21]. Individuals with fasting plasma



Malhotra et al. Trials (2023) 24:457

glucose value>126 mg/dl and/or 2-h plasma glucose
value of >200 mg/dl and/or HbAlc>6.5% will be diag-
nosed to have diabetes. Those with a fasting plasma glu-
cose value between 100 and 125 mg/dl with a 2-h plasma
glucose<140 mg/dl (impaired fasting glucose) and/or
a 2-h plasma glucose between 140 and 200 mg/dl with
a fasting plasma glucose less than 100 mg/dl (impaired
glucose tolerance) OR HbAlc (5.7-6.4%) will be diag-
nosed as pre-diabetics. Those with fasting plasma glu-
cose<100 mg/dl and a 2-h plasma glucose<140 mg/
dl and HbAlc<5.7% will be considered to have normal
glucose.

Dropout criteria

Those participants who are randomized but do not
report for further follow-up visits at 3 and 6 months will
be considered as dropouts. Randomized participants who
withdraw their consent also will be considered as drop-
outs. The participants who report for the follow-up visit
but do not comply with dietary and/or exercise advice
will be considered as either non-compliant or partially
compliant but will not be considered as “dropouts” as per
the agreed criteria shown in Table 1.

Ethical issues

All the trial sites have taken ethical clearance from their
institutional review board and submitted the same to
the sponsor. The trial registration was initiated after
receiving the individual ethics approval letters from
all the sites and registration was completed on 13.4.23
(CTRI/2023/04/051620). The eligible participants will be
invited to participate in the trial, and sufficient time will
be given for them to go through trial-related informa-
tion and make a decision. Those eligible participants who
are willing to participate will be recruited for the trial
after obtaining written informed consent in their local
language. While no ancillary study has been planned in
the current trial, we will take an additional consent for
obtaining and storing blood samples for future use in an
ancillary study.

Sequence generation and allocation concealment

Once eligibility is confirmed, web-based randomization
will be initiated in the presence of the trial staff. The ran-
domization will be done using PHP as the frontend and
MySQL as the backend database. Block randomization
stratified for the site and BMI (>23-27 kg/m? and>27
to <35 kg/m?) will be performed. The randomization will
be done in a 1:1 ratio to the intervention or the control
arm. The trial staff from each site will enter the partici-
pant information following which a randomization num-
ber will generated and assigned if they fulfil the eligibility
criteria. The random number and the allotted arm details
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will be provided to the trial staff by an authorized per-
son in each site. The allocation will be concealed until the
point of randomization. The allotted intervention will be
informed to the clinical team as well as the trial staff, and
the trial number will be noted.

Blinding

The nature of the intervention will preclude blinding
of the participant and the caregiver. However, the pri-
mary and most of the secondary outcomes are objective
in nature and are less likely to introduce detection bias.
However, performance bias cannot be ruled out.

Intervention

In the interventional arm, a focused approach to lifestyle
interventions involving customized advice on diet and
exercise and a follow-up along with medical advice/treat-
ment as per protocol for those seeking fertility treatment
will be offered.

For dietary advise, a dietician will assess the usual die-
tary intake using 24-h dietary recall and food frequency
questionnaire (FFQ) at the clinic. The 24-h recall will
help to calculate daily macronutrient and micronutrient
composition and the quantum of calories consumed per
day.

Following a dietary recall, each woman will be given a
customized diet plan as per the recent consensus guide-
lines for the South Asian region [18]. Diet modification
will include a reduction in total calories, refined carbo-
hydrates and fats; avoidance of sugar; and inclusion of
normal recommended protein and fibre-rich foods. We
will monitor the compliance at 3 and 6 months intervals.
Compliance will be monitored using a 24-h dietary recall
at the fertility clinic.

For the advice on physical activity, a physiotherapist
will assess the physical activity using the G-PAQ ques-
tionnaire at the fertility/gynaecological clinic. Subjects
who are involved in physical labour or who had to walk
or cycle for>30 min/day and were performing exercises
regularly will be asked to continue their routine activi-
ties. Subjects engaged in sedentary or light physical activ-
ity, as assessed in the initial interview will be advised and
regularly motivated to walk briskly for at least 30 min
each day. These will be customized for each participant
based on their physical limitations and current weight.
The compliance at 3 and 6 months intervals by using
the G-PAQ questionnaire. The follow-up period will be
6 months for each participant.

Control

Usual care, which is the medical advice/fertility treat-
ment as per unit protocol for those seeking fertility treat-
ment and one time referral to the dietician for dietary
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advice and exercise by the physiotherapist in the fertility
clinic. There will be no planned follow-up for compliance
for the lifestyle intervention in the control arm. The con-
trol also will receive the fertility treatment after 3 months
following randomization if they do not conceive as per
unit protocol. The participant will be reviewed after
6 months to measure the anthropometric and reproduc-
tive outcomes at the department of reproductive medi-
cine and surgery/gynaecology outpatient clinic. This visit
will be combined with any medical treatment-related
appointment to avoid multiple visits to the hospital. As
mentioned, the participant in the control arm also will
receive medical treatment as per unit protocol 3 months
post-randomization if she does not conceive.

Medical treatment 3 months post-randomization

for intervention and control arm

These will be as per standard infertility guidelines starting
with letrozole. Ovarian induction may be followed with
timed intercourse or IUI (combined male factors such as
sexual dysfunction) as per the participant’s profile. The
treatment will be given for up to 3 cycles depending on
the unit policy, while the lifestyle intervention follow-
up will continue in the interventional arm over the next
3 months, to be completed for 6 months.
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Dispensing and scheduling of the individualized lifestyle
intervention

Weeks 0 and 1 (session 1) (for intervention and control arm)
Post-randomization, same day: blood tests (hormonal
and metabolic parameters) and anthropometric meas-
urements, including body weight, will be measured.
The blood tests will include blood count, serum follicle
stimulation hormone (FSH), serum luteinizing hormone
(LH), prolactin, thyroid-stimulating hormone (TSH),
dehydroepiandrosterone sulphate (DHEAS), 17 hydroxy
progesterone, serum testosterone, sex hormone-binding
globulin (SHBG), serum insulin, oral glucose tolerance
test with 75 g glucose at 0 and 2 h, fasting lipid profile,
HbAlc, uric acid and serum adiponectin. The hormonal
and other metabolic parameters will be collected at indi-
vidual sites and sent to a designated central laboratory
for analysis. This central accredited laboratory facility
will ensure standardization.

A transvaginal ultrasound will be performed and
antral follicle counts and ovarian volume (using TVS
with a 6.5 to 8.0 MHz probe). The trial staff will then
take the anthropometric measurements while the clini-
cian will obtain the ultrasound report. The clinician will
also record information on menstrual regularity and
pregnancy status. A pregnancy test will be performed if
clinically indicated. The trial staff or nurse will record the
quality-of-life score using the prespecified tool [22].

Table 1 Compliance and dropout criteria for inclusion in per-protocol/ITT or additional analysis

Intervention arm
Time point
At 3 months
At 6 months

Ovulation induction with letrozole Yes

Control arm
At 6 months

Ovulation induction with letrozole Yes

Diet compliance
Point of assessment 1
Point of assessment 3

Point of assessment 3

Exercise compliance
Point of assessment 2
Point of assessment 4
Yes

Point of assessment 4
Yes

For per protocol analysis inclusion only

« Compliance: for a minimum of three points of assessment and at least one ovulation induction cycle with letrozole (intervention arm)

« Compliance: for both the time points (3 and 4) and at least one ovulation induction cycle with letrozole (for control)

Additional analysis (partial compliance)

« Compliance for at least 2 time points of assessment in the intervention (per protocol will include full compliance and those who were partially compliant) and at

least one cycle of ovulation induction

« Compliance at least in 1 time point plus at least one cycle of ovulation induction in the control arm

The following will be included in the intention-to-treat analysis only (not included in per protocol or additional analysis)

« Compliance for less than 2 time points irrespective of ovulation induction for intervention

« Compliance for no time points irrespective of ovulation induction for control
« Did not take ovulation induction irrespective of compliance for both the arms
«Who were dropouts (did not turn up at 6 months)

« Did not receive intervention for at least 4 months

Criteria for deciding non-compliance at each visit:

« Diet: participant consuming > 100 cal over the recommended calories intake

« Exercise: participant GPAQ score <600
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STUDY PERIOD

Enrolment Follow up
(Pre- Allocation Post-allocation: (6 months) period (if

screening) patient

conceives)

Close-out

TIMEPOINT** -t 0 1st | 2nd | 39 | 4th]| 5th | 6th | 9 months

15 months

ENROLMENT:

Eligibility screen X

Informed consent X

Ultrasound
hormonal assay &
semen analysis for
eligibility*

Allocation X

INTERVENTIONS:

[Individualized life
style
diet/physiotherapy]

[Routine life style
advise]

[Ovulation induction
with Letrozole for
both arms]

ASSESSMENTS:

[Ultrasound]

[hormonal assays
& metabolic X** X
biomarkers**]

[Pregnancy status]

[Anthropometric X X X
parameters$]

[PCOS guality of X X
life score]

* Screening work up: Transvaginal ultrasound, TSH, Prolactin, serum total Testosterone, blood glucose levels which could be
Hb1ac or fasting / Post prandial & semen analysis for male.

** Baseline blood tests: Complete blood count, Serum follicle stimulation hormone (FSH), Serum Luteinizing hormone (LH), Anti
Mullerian hormone (AMH), Prolactin, Thyroid stimulating hormone (TSH), DHEAS,17 hydroxy Progesterone, Serum Testosterone,
Sex hormone binding globulin (SHBG), Oral glucose tolerance test with 75 grams glucose at 0 and 2 hours, Fasting Lipid profile,
Glycosylated haemoglobin (HbA1C), SGPT, Uric acid & Serum Adiponectin.

*** Blood tests at 6 months: AMH, Serum Testosterone, Sex hormone binding globulin (SHBG), Serum Insulin (fasting and 2 hours
post-meal), Blood sugar (fasting and 2 hours post prandial), Fasting Lipid profile, Glycosylated haemoglobin (HbA1C), SGPT, Uric
acid, Serum Adiponectin

$ Anthropometric parameters: Body weight, Body mass index (BMI), Waist circumference, Waist hip ratio, Neck circumference,
Wrist circumference, Visceral adiposity Index (VAI), Lipid accumulation Product (LAP)

Fig. 1 IPOS trial—schedule of enrolment, interventions, and assessments

In-person introduction of the programme and the questionnaire, the dietician and physiotherapist will
need for weight loss. Participants will be given the food advise individualized diet/exercise for the intervention
and activity questionnaire and reviewed the same day/ arm. For the control arm, one-time advise on diet and

week over the phone/in person (flexible). Based on the exercise will be given (Fig. 1).
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Between weeks 2 and 12 (up to the end of the 3rd month)
(only for the intervention arm)
Once a week text messages and/or videos on diet and
physical exercise to re-in force the intervention.

Once a month telephonic contact to assess compli-
ance with diet/exercise with the participant.

Week 13- (session 2) (only for the intervention arm)

In person to check compliance for diet and physical
exercise, check weight and anthropometric parameters
and as the pregnancy status of the participants. An
ultrasound will be performed before initiating ovula-
tion induction.

Weeks 14-25 (only for the intervention arm)
Once a week text messages and/or videos on diet and
exercise to re-in force the intervention.

Once a month in telephonic contact to assess compli-
ance for diet/exercise with the participant.

Week 26- (session 3) (for both the intervention and control
arms)

In person check anthropometry and blood tests (hor-
mones and metabolic parameters) and TVS. The fol-
lowing blood tests will be repeated at 6 months: AMH,
serum testosterone, SHBG, serum insulin (fasting and 2 h
post-meal), blood sugar (fasting and 2 h post-prandial),
fasting lipid profile, glycosylated haemoglobin (HbA1C),
SGPT, uric acid and serum adiponectin.

Compliance with dietary intake and physical exercise
will be assessed for participants in the intervention and
control arms using 24 h diet recall and GPAQ tool.

Medical treatment for infertility can be commenced
after 12 weeks on post-randomization in case the par-
ticipant does not conceive. The lifestyle intervention shall
stop at 6 months when a final follow-up on anthropom-
etry, metabolic, hormonal and ultrasound will be done in
women from both arms. For those who conceive within
6 months post-randomization, the follow-up will extend
until delivery/end of pregnancy for recording obstetrics
and neonatal outcomes.

Primary outcome

The primary outcome for the trial will be the live birth
following conception during the intervention period
(time frame: O to 16 months post-randomization for
participants who conceive within 6 months following
randomization). A live birth is defined as the delivery of
a live foetus after 20 weeks of gestation [23]. The twins
and higher births will be considered as a single live birth
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event. The denominator for primary analysis will be per
woman.

Secondary outcomes

There will be several secondary outcomes which will
measure clinical, endocrinological and quality of life
parameters and are listed below:

(i) Clinical pregnancy rate (time frame: 0 to 9 months
post-randomization for participants who conceive
within 6 months following randomization): ultra-
sound evidence of gestational sac or definitive clin-
ical evidence of pregnancy. An ectopic pregnancy
will also be considered a clinical pregnancy [24].

(i) Ongoing pregnancy rate (time frame: 0 to 9 months
post-randomization for participants who conceive
within 6 months following randomization): a viable
intrauterine pregnancy as documented by ultra-
sound after 12 completed weeks of gestation.

(ili) Miscarriage rate (time frame: O to 12 months
post-randomization for participants who conceive
within 6 months following randomization): miscar-
riage is defined as a spontaneous loss of pregnancy
before 20 completed weeks of gestational age [23].

(iv) Ectopic pregnancy rate (time frame: 0 to 9 months
post-randomization for participants who conceive
within 6 months following randomization): ectopic
pregnancy is defined as pregnancy outside the
uterus as diagnosed by ultrasound, surgically or by
histopathology [24].

(v) Stillbirth: defined as the death of a foetus prior
to the complete expulsion or extraction from its
mother after 20 completed weeks of gestational age
[23].

(vi) Time to pregnancy (time frame: 0 to 8 months
post-randomization for participants who conceive
within 6 months following randomization): from
randomization to the documentation of pregnancy
(calculated in days).

(vii) Positive pregnancy rate (time frame: 0 to 7 months
for participants who conceive within 6 months fol-
lowing randomization): defined as positive urine
pregnancy test or serum beta human chorionic
gonadotrophin (hCG) > 5 IU/ml.

(vii)Mean weight loss (time frame: 6 months post-
randomization): difference between baseline and
follow-up at 6 months).

(ix) Improvement in menstrual regularity (time
frame: 6 months post-randomization): (accord-
ing to the International Federation of Gynecol-
ogy and Obstetrics (FIGO) 2018 guidelines vari-
ation of the cycle to be called regular is 7-9 days
depending on age. Age 18-25 years<9 days; age
26-41 years<7 days is regular); proportion of
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women in whom regularization of the menstrual
cycle is recorded by a total number of women in
whom menstrual regularity is recorded.

(x) Differences in anthropometric parameters (time
frame: 6 months post-randomization) (waist cir-
cumference, hip circumference, neck circumfer-
ence, waist hip ratio, waist height ratio and wrist
circumference) at the end of the trial period.

(xi) Improvement in hormonal and metabolic param-
eters (time frame: 6 months post-randomization)
[biochemical markers such as lipid profile and gly-
caemic parameters, visceral adiposity index (VAI)
and lipid accumulation product (LAP)] over the
baseline.

(xii) Quality of life (PCOS specific) assessment (time
frame: 6 months post-randomization) [22].

(xili)Pregnancy-related complications (time frame:
0-17 months post-randomization for participants
who conceive within 6 months following rand-
omization) (GDM, PIH, preterm birth): obstetric
outcomes—gestational diabetes, hypertensive dis-
order of pregnancy, preterm delivery (<37 weeks),
very preterm birth (<32 weeks), low birth weight
(<2500 g) or high birth weight (>4000 g)

Safety management and adverse events

Any adverse event (AE), which is any untoward medi-
cal occurrence, will be documented by the trial site and
periodically reviewed by the trial management team.
The serious adverse events (SAEs) will be notified to the
sponsor, data monitoring safety committee and other
sites by the principal investigators (PI) within a stipulated
time period of 48 h.

Any adverse event or reaction which (i) is life or limb-
threatening, requires hospitalization or a medical inter-
vention or leads to congenital defect is considered a SAE
or serious adverse reaction (SAR).

The following will not be included as AE: (i) medical or
surgical procedures during the trial (the condition which
led to the procedures is deemed an adverse event), (ii)
pre-existing condition which did not worsen during trial
period and (iii) other unrelated reason for hospitalization
(for example, viral fever or incidental illness).

In the intervention arm, if the participant suffers any
fracture or other bodily injury which requires hospital
care, then it will be considered a notable event. Any food
allergy which leads to a hospital visit or admission should
be notified. Overall, the lifestyle advise is considered a
low-risk intervention and is very unlikely to give rise to
any serious adverse events during the trial period.

The participants who conceive during the trial period
will be provided with usual ante-natal care based on local
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unit protocol. Once the woman conceives, the pre-preg-
nancy lifestyle intervention advised during the trial will
be discontinued and pregnancy-specific advice for diet/
physical exercise will be given in both arms.

Early pregnancy complications such as threatened,
inevitable, incomplete and complete miscarriage and
ectopic pregnancy will be recorded. If they are reported
during the trial period, they will be recorded as AE or
SAE. However, they will not be considered adverse reac-
tion (AR)/serious adverse reaction (SAR) as the inter-
vention is unlikely to have a causal relationship with the
early pregnancy complications. Obstetric complications,
namely, pregnancy-induced hypertension, pre-eclamp-
sia and gestational diabetes, will be recorded during the
follow-up period. The low birth weight and pre-term
birth also will be recorded. Since these outcomes will be
observed after the intervention period, they will not be
recorded as adverse events.

Medical procedures/surgical procedures performed
to manage pregnancy complications will be recorded as
well. They will not be recorded as AE, but the reason for
the medical/surgical procedure will be recorded as AE.
The trial site staff will inform the PI/Co-PI within 48 h
of recording the SAE and enter the same in the database.
If the event requires activation of referral or further hos-
pital care, the process should be facilitated. For other
AEs, the trial staff should enter the event in the database
within 7 days of recording the event.

Data collection and management

The data related to clinical characteristics, anthropomet-
ric measurements and endocrinological parameters of
the participants at the baseline will be collected. Subse-
quent information collected at the follow-up along with
outcome data will be captured at the end of the treat-
ment period. The data will be collected from the source
data and entered into the central database by the data
operator. Each entry will be double-checked by one of
the trial staff. Finally, as a quality control measure, 10%
of the entries will be validated by the central monitor-
ing team who will cross-verify the entries by comparing
the CRF/source data, if deemed necessary. The CRFs
provided to the central monitoring team will carry only
anonymised participant-related data. The data access will
be restricted to designated trial staff at each site and the
members of the sponsoring agency, ICMR to maintain
data confidentiality.

Data monitoring

The central data monitoring committee will be set up
and meet before the trial starts recruitment. The group
will have access to confidential information as well as
accumulating data including SAEs. The data monitoring
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committee (DMC) will review the trial data routinely
and using statistical analysis, inform the trial steering
committee about the following: (i) unequivocal evidence
that one arm is doing poorly compared to the other arm
as mentioned under stop trial conditions, (ii) good evi-
dence that one arm better than the other as mentioned
under stop trial conditions, (iii) any protocol changes
and (iv) safety data review. However, we do not antici-
pate any major safety concerns due to the nature of the
intervention.

The DMC will consist of trial statistician as well as
independent members who are not part of the trial and
submit periodic reports to the trial steering committee
(TSC). All the members will be treatment blind except
the statistician. They will also conduct the interim analy-
sis at 30 months.

Trial oversight

We will constitute a trial managing group (TMG) con-
sisting of PIs/co-PIs and trial managers from all the sites,
the trial statistician and representatives from the sponsor.
The TMG will meet at prespecified intervals for review-
ing and coordinating the conduct of the trial at the site
level. The TSC will also be formed for the trial govern-
ance. The TSC will have members from the TMG (PIs
and trial statistician), independent members and Patient
and Public Involvement (PPI) representative. The main
role of TSC will be to provide overall supervision for
the trial and give advice through its independent chair
on trial-related matters. The final decision regarding the
continuation of the trial will rest with the TSC. The TSC
will also oversee the dissemination of the results of the
trial and the publication process.

Recruitment strategies

All the sites are large tertiary care centres with a high vol-
ume of clinical work and eligible population. We do not
anticipate any difficulty in recruitment. However, we will
monitor the recruitment rate per site every 6 months.
During the monthly TMG meetings, those sites with
slower accrual (less than five participants per site per
month) will be advised to identify the reasons for the
lower recruitment rate and take the necessary corrective
steps. Furthermore, we have a review plan to review site
performance after 1 year and in case of any slow accrual
from any site, we will allocate additional participants to
other performing sites.

Patient and public involvement

Members from the public as well the patients will be
invited, and a group will be formed which will help at
the design stage as well as be involved in trial governance
through TSC.
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Ancillary study

The ancillary study has not been planned for the current
project. However, the individual sites can explore trans-
lational research at individual sites after seeking permis-
sion from TSC as well as seek fresh ethics committee
approval and separate funding for the same.

Additional blood samples will be stored for possible
future translational research. Written informed con-
sent incorporates the same and the participants will be
informed about the future study.

Sample size calculation

No previous data is available on live birth following indi-
vidualized lifestyle intervention in PCOS women who
wish to conceive. From previous study performed in one
of the trial sites, the live birth rate following usual care
which consisted of one-time lifestyle advise and ovula-
tion induction with Letrozole for up to five treatment
cycles, was reported as 30% [25]. Due to uncertainty
about the likely event rate (live birth rate) in the inter-
vention arm, it was assumed that to convince the clini-
cians and patients to adopt a change in practice, a modest
improvement of 10% in live birth would be required.

For alpha error set at 0.05 and power being 90%, to
detect a clinically relevant difference of 10% in the live
birth rate following individualized lifestyle intervention,
the calculated sample size will be 473 in each arm (total
sample size 946). Assuming an attrition of 20%, the total
sample size was 1183. We rounded off the total sample
size to 1200 with 600 in each arm. With 5 centres par-
ticipating in the study each site shall recruit 240 subjects
each.

Statical analysis

Data will be entered using ICMR software (developed by
ICMR, New Delhi) and screened for outliers and extreme
values using Box-Cox plot and histogram (for the shape
of the distribution). Summary statistics will be used for
reporting demographic and clinical characteristics using
mean (SD)/median (range) for the continuous variables,
and frequency along with percentage for categorical vari-
ables. An intention-to-treat analysis and per-protocol
analysis for the primary and secondary endpoints will
be performed. The continuous endpoints will be tested
using z-test for means, and the difference in means will
be presented with 95% CI. The categorical endpoints will
be tested using z-test for proportions and the difference
in proportion will be presented with 95% CI. A gener-
alized estimating equations (GEE) will be performed
to understand the compliance and the effect over time
between the two groups of intervention. To understand
the advantage of intervention the number needed to treat
will be presented.



Malhotra et al. Trials (2023) 24:457

Based on BMI 23-27 and >27-35 kg/m? we will per-
form subgroup analysis to explore whether there is any
difference in the effect of the intervention in different
subpopulations.

All the randomized subjects will be included in the
intention to-treat (ITT) analysis. The ITT analysis is done
for the primary endpoint and secondary endpoints and
analysed according to the group assigned by randomiza-
tion. For dropouts with no information on the outcome,
it will be assumed that the intervention did not result in a
live birth (Table 1).

Per-protocol set (PPS) is the subset of ITT, where the
subjects are randomized and treated without any major
protocol deviations that impacts the efficacy of the
results. The PSS will be used for primary endpoint analy-
sis and secondary end-points. The analysis set will be the
subset of participants who are not dropped out of the
study and satisfy the protocol requirement. Non-compli-
ant will not be considered for the per-protocol analysis
but will be included in the ITT (Table 1). We will perform
additional analysis for partially compliant participants
and include them in the per-protocol analysis (Table 1).
The analysis will be performed by creating an interaction
term for the intervention group with partially and fully
complaint groups presenting multiple testing-adjusted
p-values.

We plan to adjust the results for the following covari-
ates: (i) number of letrozole cycles. Logistic regression
analysis will be used to adjust the covariates effectively
the adjusted effect size will be presented as an odds ratio
(95% CI) for binary outcomes. All the analyses will be
performed using STATA/IC 16.0.

Protocol amendments

The final protocol was approved on 2 April 2023. During
the conduct of the trial, if any major protocol amendment
is made, we plan to inform the ethics committee of all the
sites, the sponsor as well as the TSC.

Discussion

Lifestyle intervention is considered as the first line of
management for treating PCOS women who present
with infertility. While earlier studies have shown some
improvement in menstrual symptoms, endocrinological
parameters and ovulation rate, very few have reported
clinically important fertility outcomes, i.e. live birth [11-
14]. The current trial is planned to capture all the rele-
vant clinical domains which are important to the PCOS
women such as reproductive outcomes, improvement in
menstrual symptoms, changes in anthropometric meas-
urements and endocrinological parameters and, finally,
the quality-of-life score.
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High dropout rates and adherence issues are some of
the challenges in trials evaluating lifestyle intervention
[10, 26]. The Cochrane review evaluating the lifestyle
intervention reported high dropout rates (up to 46%),
especially in studies involving longer treatment peri-
ods [10]. A systematic review investigated the dropout
rates in studies evaluating the lifestyle intervention in
overweight and obese infertile women [26]. The review
included 15 studies, out of which 10 reported the dropout
rate. The median dropout rate was 24% (range 0-31%).
The authors could not find any modifiable predictors for
dropouts and reported lower weight loss in women who
had dropped out of the trial. The current study has calcu-
lated the sample size taking into account the possibility
of high attrition (20%) that may be encountered during
the conduct of the trial. In the currently planned trial, it
has been hypothesized that customized lifestyle interven-
tion delivered by the medical staff other than the treat-
ing clinician may help in greater adherence and lower
dropouts. The study will indirectly help us investigate the
impact of such an approach on the attrition rate for the
lifestyle intervention.

One of the reasons for planning the current study is the
limited applicability of trial findings conducted in other
parts of the world, such as Europe and North America
due to marked differences in dietary patterns [27]. Fur-
thermore, there are also differences in the level and
nature of daily physical activity performed by women
from South Asian region versus women from European
or North America [28]. Some of the urban areas in South
Asia have problems with limited public space and access
to sporting facilities. Hence, it is important to customize
the lifestyle interventions depending on each individual’s
preferences and availability of resources. Moreover, the
South Asian phenotype related to obesity is prone to
developing complications at a lower body mass index and
more resistant to lifestyle intervention [29, 30].

An adequately powered sample size is one of the main
strengths of the current study. Involving multiple sites
across the different regions of the country will help in
the generalizability of the findings. It is hypothesized
that the customized lifestyle intervention for PCOS
women primarily involving the dietician and physi-
otherapist and reducing the involvement of medical
doctors may help improve compliance. In low-resource
settings, the medical doctor is often overburdened and
may not be able to deliver such time-consuming inter-
ventions in an optimum manner. The intervention, if
found to be beneficial, can be replicated in real-world
clinical practice, especially in a low-resource setting.
One of the limitations of the study is the difficulty in
assessing adherence to the given dietary and exercise-
related advise. While it is possible to add additional
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monitoring tools such as electronic gadgets for exer-
cise and measuring diet specific marker or metabolite
in blood or urinary sample, we avoided using such tools
as it is difficult to replicate such measures in real-world
practice, especially in low-resource setting.

Through this protocol, we would like to connect with
other investigators who are planning to initiate simi-
lar trials or have ongoing projects investigating life-
style interventions in women with PCOS. We would
like to invite the investigators of such projects to join
us through a collaborative framework such as prospec-
tive meta-analysis or data sharing arrangement plan for
future individualized participant metanalysis [31].

The guidelines have always emphasized the lifestyle
intervention as the first line of management for PCOS
women [9]. However, these recommendations are
mostly based on data from smaller trials with limited
generalizability. The current trial results could help
clarify and provide more robust evidence for advocat-
ing an individualized lifestyle intervention in PCOS
women who wish to conceive.

Trial status
The trial will be open for recruitment from 1 May 2023.
We expect to complete the recruitment of all the par-
ticipants by March 2027 and the follow-up by Decem-
ber 2027. The protocol version 1 was approved on 2
April 2023.
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