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Context: Polycystic ovary syndrome (PCOS) is a prevalent disorder that affects women of child-
bearing age and may be related to obesity and insulin resistance.

Objective: The purpose of this systematic review was to appraise the evidence of the impact of
lifestyle modification (LSM) interventions on outcomes of women with PCOS.

Data Sources: Sources included Ovid Medline, OVID Embase, OVID Cochrane Library, Web of
Science, Scopus, PsycINFO, and CINAHL (up to January 2011).

Study Selection: We included randomized controlled trials that enrolled woman of any age with
PCOS who received LSM and compared them against women who received no intervention, min-
imal intervention, or metformin.

Data Extraction: Two authors performed the data extraction independently.

Data Synthesis: We included 9 trials enrolling 583 women with a high loss to follow-up rate, lack
of blinding, and short follow-up. Compared with minimal intervention, LSM significantly reduced
fasting blood glucose (weighted mean difference, �2.3 mg/dL; 95% confidence interval, �4.5 to
�0.1, I2 � 72%, P � .04) and fasting blood insulin (weighted mean difference, �2.1 �U/mL, 95%
confidence interval, �3.3 to �1.0, I2 � 0%, P � .001). Changes in body mass index were associated
with changes in fasting blood glucose (P � .001). Metformin was not significantly better than LSM
in improving blood glucose or insulin levels. We found no significant effect of LSM on pregnancy
rate, and the effect on hirsutism was unclear.

Conclusions: The available evidence suggests that LSM reduces fasting blood glucose and insulin
levels in women with PCOS. Metformin has similar effects. Translation of these short-term effects
to patient-important outcomes, beyond diabetes prevention, remains uncertain. (J Clin Endocrinol
Metab 98: 4655–4663, 2013)

Polycystic ovary syndrome (PCOS) is a prevalent dis-
order that affects approximately 10% of women of

childbearing age (1, 2) with classic features of anovulatory
infertility, menstrual dysfunction, and hirsutism (3). Other
important manifestations include metabolic abnormalities,
includinginsulinresistanceanddyslipidemia,low-gradeinflam-
mation, an increased risk of type 2 diabetes, and cardiometa-
bolic risk particularly in the presence of obesity (4–8).

Approximately 50% of the affected women are over-
weight or obese, and some studies demonstrate greater

visceral fat tissue than that of body mass index (BMI)–
matched healthy control women (9, 10). Obesity greatly
affects the severity of PCOS and might have an important
role in the development of hyperandrogenism and chronic
anovulation (11). Increased amounts of adipose tissue are
associated with numerous abnormalities of sex steroid me-
tabolism such as increased androgen production and sup-
pression of sex hormone–binding globulin. Obese pa-
tients with PCOS have more severe cardiovascular and
metabolic risk factors than their lean counterparts (12).
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Obesity, abdominal obesity, and weight gain in teenage
and adult women can be used as predictors of the future
presence of hirsutism and menstrual irregularities in PCOS
(13).

Given the association of insulin resistance with in-
creased cardiometabolic risk, its reduction is one of the
primary goals in treating obesity and PCOS (14). In most
cases, this can be achieved with modest weight reduction
(15–17). Lifestyle modification (LSM) programs, com-
prising diet and/or physical activity, are recommended for
high-risk patients (prediabetic) to delay the onset of adult
type 2 diabetes (18, 19), one of the most serious compli-
cations of PCOS. In addition, overweight and obese
women with PCOS may benefit from LSM through adi-
posity reduction (20), improved ovulatory function (21),
and a reduction in overall cardiovascular risk (22).
Whether LSM may improve some aspects of the pheno-
type in normal-weight women with PCOS is still unclear.
However, sustained weight loss achieved after bariatric
surgery (23) or long-term dietary intervention (24) has
been found to significantly improve the phenotype in most
women with PCOS.

Previous observational studies showed that LSM can be
associated with clinical improvement in PCOS. Kiddy et al
(15) demonstrated that moderate weight loss during long-
term calorie restriction is associated with marked clinical
improvement in menstrual function and fertility. Clark et
al (16) demonstrated in a retrospective study that weight
loss is associated with improvement in ovulation, preg-
nancy outcome, self-esteem, and endocrine parameters in
women who are infertile and overweight.

The Endocrine Society formed a task force of experts to
develop clinical practice guidelines to aid practicing clini-
cians in the provision of care to women with PCOS. Con-
sistent with the Institute of Medicine guidance (25), The
Endocrine Society commissioned the conduct of system-
atic reviews to support the development of key recom-
mendations. In this systematic review and meta-analysis,
we aim to appraise and summarize the evidence about the
benefits associated with LSM in women with PCOS.

Materials and Methods

Search and analyses methods, eligibility criteria, and the out-
comes of interest were specified in advance in a protocol, devel-

oped by the task force and study investigators. Outcomes of
interest were chosen based on importance to patients and neces-
sity for decision making. Patient-important outcomes were hir-
sutism (measured by the modified Ferriman-Gallwey score
[FGS]), fertility, amenorrhea, and acne. Metabolic outcomes
such as fasting blood glucose (FBG) and insulin (FBI) were also
included.

Eligibility criteria
We included randomized controlled trials (RCTs) that en-

rolled woman of any age with PCOS who received LSM, broadly
comprising modifications of diet and/or physical activity, and
compared them against women who had the same diagnosis but
received metformin, the most commonly used agent in PCOS
(26, 27) or minimal intervention (MI), which could be a control
or placebo intervention.

Search methods
An expert reference librarian (P.J.E.), following the protocol,

designed and conducted an electronic search strategy (Supple-
mental Table 1, published on The Endocrine Society’s Journals
Online web site at http://jcem.endojournals.org). We searched
electronic databases to identify relevant studies (Ovid Medline,
OVID Embase, OVID Cochrane Library, Web of Science, Sco-
pus, PsycINFO, and CINAHL) through January 2011. To iden-
tify additional candidate studies, we reviewed the reference lists
of the eligible primary studies, narrative reviews, and systematic
reviews, and we queried the expert members of the commission-
ing task force.

Selection of studies
Two reviewers working independently considered the poten-

tial eligibility of each of the abstracts and titles that result from
executing the search strategy. Eligible studies were reviewed in
full-text versions (all available versions of each study). There
were no disagreements between the reviewers in the full text
screening.

Data extraction and management
Using a standardized, piloted, and web-based data extraction

form and working in duplicates, we abstracted the following
descriptive data from each study: full descriptions of participants
enrolled (principal baseline characteristics such as age, child-
bearing, weight, and BMI), the interventions they received (type
and frequency), the control interventions, the monitoring for
efficacy of the follow-up and adherence to the treatment, the
measure of outcome (specifically defined as an event or measure
and time frame for the ascertainment of this outcome) and the
source of funding. We extracted the outcomes of interest at the
longest point of complete follow-up.

Knowledge and Evaluation Research Unit (J.P.D., G.P., R.J.M., A.W., P.E., A.B., V.M.M., M.H.M.), Division of Preventive, Occupational and Aerospace Medicine (M.H.M.), Division of
Endocrinology, Diabetes, Metabolism, Nutrition (V.M.M.), and Division of General Internal Medicine (A.W.), Mayo Clinic, Rochester, Minnesota 55905; Unidad de Conocimiento y Evidencia
(J.P.D., G.P. V.M.M.), Lima, Peru 32; Department of Internal Medicine (A.H.), University of North Dakota, Fargo, North Dakota 58102; Division of Endocrinology (R.P.), Department of
Clinical Medicine, Sant’Orsola-Malpighi Hospital, University Alma Mater Studiorum of Bologna, 40126 Bologna, Italy; University of Minnesota Medical School (R.J.M.), Minneapolis,
Minnesota 55455; Division of Endocrinology and Metabolism (V.S.), Louisiana State University Health Sciences Center, Shreveport, Louisiana 70112; Department of Obstetrics and
Gynecology (K.H.), Division of Reproductive Endocrinology, University of Rochester Medical Center, Rochester, New York 14627; Pharmacy Practice (O.J.P.), Western University of Health
Sciences, Pomona, California 91766; Department of Medicine (M.B.E.), Texas Tech University Health Science Center at Amarillo, Amarillo, Texas 79106; Department of Pediatrics (G.P.),
Children’s Hospital of Michigan, Wayne State University School of Medicine/Detroit Medical Center, Detroit, Michigan 48201; and Department of Internal Medicine (J.P.D.), Henry Ford
Hospital, Detroit, Michigan 48202
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Author contact
When data were not available from the published articles,

repeated efforts were made to contact the authors. We decided a
priori to attempt a maximum of 2 times per each author (through
e-mail), with 2 weeks between each attempt. When the author’s
e-mail address was not available, the contacts were made by mail.

Assessment of risk of bias in included studies
To assess the methodological quality of the included RCTs,

we used the Cochrane risk of bias assessment tool to evaluate
randomization performance and methods, allocation conceal-
ment, baseline imbalances, extent of blinding (patients, caregiv-
ers, data collectors, outcome assessors, and data analysts), rate
of loss to follow-up, and monitoring of adherence.

Meta-analysis
For dichotomous outcomes we estimated the odds ratio (OR),

and for continuous outcomes we estimated the weighted mean
difference (WMD). The I2 statistic was used to measure incon-
sistency in results across studies not attributable to chance (28).
To pool data across studies, we tested random-effects and fixed-
effects models and present results for both. When the I2 statistic
is 0 (ie, there is no heterogeneity), the 2 models converge, and
data are presented only for 1 model. The random-effects model
offers the advantage of incorporating within-study and between-
study variances, whereas the fixed-effects model provides more
reliable estimates of between-study variance when the number of
included studies is small. Our analyses were performed using
Comprehensive Meta-Analysis (version 2.2; BioStat Inc.).

Assessment of publication bias
Evaluation of publication bias was not feasible because of

heterogeneity and the small number of included studies (29).

Subgroup analysis, meta-regression, and
sensitivity analysis

We determined a priori hypotheses (limited to a small number
to avoid chance findings) to explore subgroup interactions and
give a potential explanation for heterogeneity. Subgroup anal-
yses were based on (1) patients: baseline BMI (�30 vs �30 kg/
m2); (2) interventions: physical exercise vs diet vs combined
strategies; (3) study quality (good to moderate vs fair to poor);
and (4) achieved weight reduction vs no weight reduction
achieved. We conducted a test of interaction (30) to evaluate the
significance of subgroup analyses and potential correlation be-
tween subgroups and the pooled effect size. We also performed
a meta-regression to assess the correlation between BMI reduc-
tion (independent variable) and metabolic parameters (depen-
dent variable). We tested every outcome in sensitivity analysis to
determine the extent to which the choice of meta-analytic model
(fixed effect vs random effects) affects the inferences of each
result.

Results

Search results and study description
Aliterature search identified745articlesofwhich9RCTs

in 10 publications were eligible (Figure 1). The meta-analysis
included 610 women; their mean age was 27 years (range,
18–35 years). The average length of the follow-up was 5
months (range, 1.5–11 months). Five RCTs enrolled obese
patients, and 4 RCTs enrolled overweight patients. The in-
terventionsevaluated inthetrialswerehypocaloricdietalone
in 1 RCT, physical exercise alone in 3 RCTs (1 not included

Figure 1. Flow chart.
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in the meta-analysis), and a combined LSM approach (hy-
pocaloric diet plus physical exercise) in 5 RCTs. Trials were
publishedbetween1994and2011, leadingtosomevariation
in the diagnostic criteria of PCOS. There was important be-
tween-study inconsistency in thediagnosticcriteriaofPCOS,
disease severity (ie, infertile women with evident clinical pre-
sentation vs fertile subclinical presentations), patient BMI
and LSM regimens used (ie, different hypocaloric diets and
aerobic vs resistance physical exercise). Table 1 describes the
characteristics of included trials.

Author contact
We attempted to contact by e-mail authors of 4 stud-

ies (31–34) to clarify certain characteristics from their
trials and successfully received answers regarding 2 tri-
als (31, 34).

Risk of bias
All of the included RCTs had adequate randomization

methods, and 6 RCTs preserved randomization by imple-
menting concealed allocation. Two RCTs blinded out-

Table 1. Description of Included Studies

Name and

Year

Age,

y

Follow-Up,

mo No. Groups BMI Subject Characteristics Funding Main Conclusions

Brown et al,

2009 (32)a
18–50 6 11 LSM 38 Exercise: patients were assigned to a moderate

to intensive exercise program for 5 � 6 mo;

the load work per subject was 228 min/wk

NFP Moderate-intensity exercise without significant

weight loss improved several components of the

lipoprotein profiles of women with PCOS
Control 31 No intervention

Guzick et al,

1994 (33)

32 5 12 LSM 38 Combined: low-calorie dietary intake (1000–

1200 kcal/d) and aerobic exercise (walking 2

miles/d, 5 days/wk) for 3 mo

NFP Weight loss in obese, hyperandrogenic, anovulatory

women appears to reduce insulin and non-SHBG

T concentrations despite the absence of a

change in gonadotropin secretion and may lead

to resumption of ovulation
Control No intervention

Hoeger et al,

2004 (34)

28 12 27 LSM 39 Combined: diet (500–1000 kcal/d) and exercise

(150 min/wk for 12 mo)

NFP Weight reduction might play the most significant

role in restoration of ovulation in obese women

with PCOS
Metformin Metformin: 1700 mg/d/12 mo
Control No intervention

Hoeger et al,

2008 (31)

18 6 32 LSM �25 Combined: diet, exercise, and behavioral tactics

for 6 mo; each patient was assigned in a

closed group format for intervention

NFP Both lifestyle modification and oral contraceptives

significantly reduce androgens and increase

SHBG in obese adolescents with PCOS;

metformin, in combination with lifestyle

modification and oral contraceptives, reduces

central adiposity, reduces total testosterone, and

increases HDL, but does not enhance overall

weight reduction
Metformin Metformin: 1700 mg/d for 6 mo
Control Placebo for 6 mo

Karimzadeh and

Javedani,

2010 (49)

27 6 255 LS M 27 Combined: hypocaloric diet (500 cal of deficit)

and 120 min of exercise per day, 3�5 d/wk

for 6 mo

NR Lifestyle modification improves the lipid profile in

PCOS patients

Metformin Metformin: 1500 mg/d
Palomba et al,

2010 (36)

18–35 1.5 64 LSM 32 Combined: hypocaloric diet plus exercise 3

times/wk for 1.5 mo

NR In overweight and obese clomiphene

citrate–resistant PCOS patients, a 6-wk

intervention of structured exercise training and a

hypocaloric diet was effective in increasing the

probability of ovulation
Control No interventions

Qublan et al,

2007 (50)

31 3 46 LSM 32 Diet: 1200–1400 kcal/d for 3 mo NR Amelioration of hyperinsulinemia and

hyperandrogenemia with dietary intervention or

metformin treatment improves significantly the

clinical features and reproductive function in

overweight PCOS women
Metformin Metformin: 1700 mg/d for 3 mo

Stener-Victorin

et al, 2009

(51, 52)

30 4 84 LSM 27 Exercise: aerobic exercise (30–45 min, 3 d/wks

with 1 d/wk of reinforcement) for 4 mo

Includes for

profit

funding

Low-frequency electroacupuncture and physical

exercise lower high sympathetic nerve activity

improve menstrual frequency and decrease the

levels of several sex steroids at week 16 and at

the 16-wk follow-up compared with no

intervention in women with PCOS
Control Any active interventions; only information

about diet and exercise
Vigorito et al,

2007 (53)

21.8 3 90 LSM 29 Exercise. 30 min of bicycle exercise, 3 times/wk

for 3 mo

NFP After 3 mo, a structured exercise training program

improves peak oxygen consumption, reduces

BMI and C-reactive protein, and improves insulin

sensitivity indexes
Control No exercise

Abbreviations: LSM, lifestyle modifications; NFP, not for profit; NR, not reported; SHBG, sex hormone–binding globulin. a Not included in the
meta-analysis.
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come assessors, and 1 RCT blinded the data analyst; none
of them blinded caregivers. Six of the 8 RCTs included in
the meta-analysis reported attrition during the follow-up,
with a mean of 16% (range, 9–76%); 3 RCTs did not have
any loss to follow-up. Loss to follow-up was greater in the
LSM groups, increasing the risk of bias. The overall risk of
bias was considered moderate to high. Supplemental Ta-
ble 2 describes the quality of the included trials.

Outcomes of interest
Compared with MI, LSM reduced FBG (fixed effect:

WMD, �2.3 mg/dL, 95% CI, �4.5 to �0.1, P � .04,
I2 � 72%) (Figure 2) and FBI (fixed effect: WMD, �2.1
�IU/mL, 95% CI, �3.3 to �1.0, P � .001, I2 � 0%)
(Figure 3). The effect of LSM on FGS was only significant
under the fixed effect (Supplemental Figure 1). Compared
with metformin, LSM was not different in its ability to
reduce FBG (fixed effect: WMD, 0.00, 95% CI �2.4 to
2.5, P � .97, I2 � 15.3%) (Supplemental Figure 2), FBI
(fixed effect: WMD, 0.0, 95% CI, �1.9 to 1.8, P � .98,
I2 � 0%) (Supplemental Figure 3), hirsutism score (re-

ported in 1 RCT: WMD, �0.8, 95% CI, �3.5 to 1.9, P �
.56) (Supplemental Figure 4) or pregnancy rate (reported
in 1 RCT: OR, 1.5, 95% CI, 0.7 to 3.3, P � .35) (Sup-
plemental Figure 5). None of the included studies reported
the effect of treatment on acne or other fertility-related
outcome.

The study by Brown et al (32) was not included in the
meta-analyses because it reported outcomes as median
percent change; thus, results could not be combined with
other trials. This study showed no significant differences
between the exercise group and the control group in FBG
(median percent change: exercise group � 4.75%, control
group � �0.54%) or FBI (median percent change: exer-
cise group � �4.88%, control group � 7.79%). More
participants were lost to follow-up in the LSM arm than in
the control arm (62% vs 32%).

Subgroup analysis, meta-regression, and
sensitivity analysis

We could not perform 2 of the planned subgroup
analyses: (1) weight reduction subgroup because all the

Figure 2. Lifestyle intervention vs minimal intervention outcome: FBG. MD, median.

Figure 3. Lifestyle intervention vs minimal intervention outcome: FBI. MD, median.
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included studies achieved some weight reduction and
(2) study quality subgroup because only 1 study had a
different overall risk of bias than the others. The other
2 subgroup analyses performed did not identify any sig-
nificant interactions. In a meta-regression model of
LSM vs MI, we found a direct correlation between the
change in BMI and FBG changes (slope � 3.34, 95% CI,
1.74 to 4.94, P � .001) (Supplemental Figure 6); with
regard to FBI, the meta-regression showed no signifi-
cant trend (slope � 2.09, 95% CI, �0.094 to 4.28, P �

.06) (Supplemental Figure 7). We did not find an inter-
action with hirsutism. When we used a random-effects
model to combine the data of LSM vs MI in FBG, we
found the same tendency of decreasing this metabolic
parameter but without a statistical significance differ-
ence (random effect: WMD, �4.2, 95% CI, �9.4 to 1.1,
P � .12) (Figure 2). Sensitivity analysis of the outcome
of hirsutism showed that the results are very susceptible
to change based on the correlation coefficients of before
and after values used in analysis and analysis model
(random vs fixed).

Discussion

Main findings
We conducted a systematic review and meta-analysis to

determine the efficacy of LSM on PCOS. Evidence from
RCTs at moderate to high risk of bias shows a significant,
but small, effect on glucose and insulin blood levels. In this
sense, the use of physical exercise and/or hypocaloric di-
eting seems to be efficacious in overweight or obese
women with PCOS. In these women, we also found a sig-
nificant direct correlation between the weight reduction
and the improvement in metabolic parameters that could
be attributed to decreased insulin resistance or to other
factors. The effects of metformin were no different from
the effects of LSM. The available literature does not pro-
vide long-term follow-up to ascertain the benefits on other
outcomes such as prevention of diabetes or obesity, fer-
tility, or hirsutism; the data from these important patient
and clinician outcomes would allow calculation of the
number needed to treat associated with LSM programs.
However, they does not allow evaluation of the indepen-
dent effect of LSM after accounting for weight loss. Con-
cordantly, studies were too brief to assess the impact of
LSM on the incidence of diabetes or cardiovascular
disease.

Comparison with other reviews
Our findings in terms of the effect of LSM on FBI are

consistent with those of a previously published Cochrane

Database systematic review (35). However, the effect on
FBG was not statistically significant in that review. In the
currentmeta-analysis, oneadditionalRCT(36)wasadded
to the analysis, making the effect of LSM on FBG signif-
icant. Furthermore, the Cochrane systematic review dem-
onstrated a small reduction in FGS score, whereas we
found this analysis unreliable. The statistical significance
was only demonstrated using the fixed-effects model (used
in the Cochrane review). In addition, the method of anal-
ysis was different between the 2 reviews (here, we com-
pared the change from baseline to the end of the trial be-
tween study arms, whereas in the Cochrane review, they
compared postintervention values between the two arms).
We also found that the analysis is sensitive to the choice of
pre/postintervention correlation coefficient used. There-
fore, this analysis is not robust, and the estimated effect on
FGS score is not reliable. Furthermore and aside from sta-
tistical significance, the observed change in FGS score in
both reviews is trivial and unlikely to be clinically
important.

The effect of LSM observed in this report is also con-
sistent with that observed in other populations, such as
patients with impaired fasting glucose (37).

Limitations and strengths
The quality of the evidence presented in this review is

low because of the high rates of loss to follow-up, short
trial duration, heterogeneity, and imprecision (small sam-
ple size and wide confidence intervals). The included sub-
jects were overweight, limiting inference in nonover-
weight women with PCOS. In addition, the definition of a
lifestyle intervention includes diet, physical exercise, and
behavioral interventions; however, most of the included
studies did not contain such a comprehensive program and
have mostly investigated the effect of exercise. Consider-
ing that LSM is likely to act in a cumulative dose-depen-
dent fashion (38) and the brevity of the trials, it is probable
that currently available evidence underestimates the im-
pact of LSM.

The strength of this review relates to the comprehensive
nature of the literature search and the measures under-
taken to reduce the effect of bias and random error: pre-
defined protocol-driven work, duplicate review, and au-
thor contact.

Implications for practice and research
Despite the limitations of the existing evidence, LSM

programs should be recommended as first-line treatment
and as a part of any management plan for women with
PCOS, given the limited risk and overall likely, albeit mod-
est, benefit with such an intervention. Indirect evidence
regarding the benefits of LSM can also be derived from
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non-PCOS settings, such as individuals with type 2 dia-
betes (37, 39) and obesity (40, 41). This is particularly
important, considering the minimal harm and overall low
cost of such interventions and the additional cardiovas-
cular and metabolic benefits associated with LSM (42).
Because of the short-term follow-up of subjects, it is not
clear whether the LSM is maintained by the patients. Most
obese individuals regain some or all of their lost weight
over time (43, 44); thus, the benefits of LSM on PCOS may
not be continually conferred in the long-term. Many of the
reviewed studies used structured and supervised diet and
exercise programs, which were not continued after the
trial period. To transfer the benefits of an LSM interven-
tion to the patients’ usual daily activities, special attention
must be given to the sustainability of healthy behaviors
after initial interventions are complete. This may also be
true for adherence to metformin over time. Overweight
and obese women with PCOS may require long-term treat-
ment and monitoring of LSM by their health care provid-
ers. The National Institutes of Health clinical guidelines
(45) and the Scottish Intercollegiate Guidelines Network
(SIGN) guidelines for management of obesity (46) for last-
ing treatment of overweight and obesity recommend de-
signing attainable and sustainable long-term goals for
LSM (emphasize healthy eating and increased physical ac-
tivity and reduce sedentary behavior) with continual mon-
itoring and frequent assessment and feedback from a
health care provider. Determinants of long-term weight
loss maintenance for women with PCOS warrant further
study.

Further research is needed to clarify the effects of
LSM in lean women and teenagers and also the degree
of dependence between LSM effects and weight reduc-
tion. The accompanying clinical practice guidelines
from The Endocrine Society will provide practical rec-
ommendations for the treatment of PCOS (47). Further
trials with longer follow-up duration, larger sample
size, different comparison than metformin (ie, contra-
ceptive pills or ovulatory inductors), and clear diagnos-
tic criteria that evaluate patient-important outcomes
(48) are needed.

Conclusions

This systematic review and meta-analysis demonstrates
that LSM programs decrease the levels of fasting glucose
and insulin, suggesting that these programs will be bene-
ficial in overweight or obese women with PCOS. Changes
in BMI were associated with changes in FBG. Clinicians
prescribing LSM interventions must consider the patient’s
capacity to sustain diet and exercise adherence and weight

maintenance over time for the clinical benefits on PCOS to
continue. Longer and larger trials at low risk of bias are
needed to draw stronger conclusions about the effects of
LSM on outcomes more important to women with PCOS
and not only surrogates. It is likely that the current evi-
dence is underestimating the real effects of these
interventions.
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