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Abstract
Objective: To compare between different combined oral contraceptive pills (COCPs) as part of the update of the International Evidence-Based 
Guidelines on the Assessment and Management of polycystic ovary syndrome (PCOS).
Design: A systematic review and meta-analysis was performed, Prospero CRD42022345640. 
Methods: MEDLINE, EMBASE, All EBM, CINAHL, and PsycINFO was searched on July, 8, 2022, for studies including women with PCOS, 
comparing 2 different COCPs in randomized controlled trials.
Results: A total of 1660 studies were identified, and 19 randomized controlled trials (RCTs) were included.
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Fourth-generation COCP resulted in lower body mass index (BMI) (mean difference [MD] 1.17 kg/m2 [95% confidence interval {CI} 0.33; 2.02]) 
and testosterone (MD 0.60 nmol/L [95% CI 0.13; 1.07]) compared with third-generation agents, but no difference was seen in hirsutism.

Ethinyl estradiol (EE)/cyproterone acetate (CPA) was better in reducing hirsutism as well as biochemical hyperandrogenism (testosterone [MD 
0.38 nmol/L {95% CI 0.33–0.43}]) and BMI (MD 0.62 kg/m2 [95% CI 0.05–1.20]) compared with conventional COCPs.

There was no difference in hirsutism between high and low EE doses. No evidence regarding natural estrogens in COCP was identified.
Conclusion: With current evidence, combined regimens containing an antiandrogen (EE/CPA) may be better compared with conventional 
COCPs in reducing hyperandrogenism, but EE/CPA will not be recommended as a first-line COCP treatment by the pending PCOS guideline 
update, due to higher venous thrombotic events (VTE) risk in the general population. Later-generation progestins offer theoretical benefits, 
but better evidence on clinical outcomes is needed in women with PCOS.
Trial registration: The protocol for the systematic review was registered prospectively in Prospero, CRD42022345640.
Keywords: polycystic ovary syndrome, combined oral contraception, progestins, cyproterone acetate, hirsutism

Significance

This is the most up-to-date evidence on the effect of different oral contraceptive pills in polycystic ovary syndrome (PCOS) 
which along with broader evidence on the oral contraceptives, consumer preference, and multidisciplinary expertise directly 
informs the 2023 update of the evidence-based guidelines on assessment and treatment of PCOS.
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Introduction
Combined oral contraceptive pills (COCPs) are a commonly 
prescribed treatment for women with polycystic ovary syn-
drome (PCOS), targeting key features including irregular 
menstrual cycles and clinical hyperandrogenism, also providing 

contraception and endometrial protection.1 Clinical hyperan-
drogenism and irregular cycles adversely impact health- 
related quality of life (HRQoL) in women with PCOS.2–4 In 
2018, the first Evidence-Based International Guidelines for 
the assessment and management of PCOS was published, 
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recommending that COCP should be recommended in 
adult women for the management of hyperandrogenism 
and/or irregular menstrual cycles.1,5 Evidence-based data 
from the general population in conjunction with consumer 
preferences, multidisciplinary expertise, and robust guideline 
development processes informed these 2018 Guidelines. 
However, recommendations regarding the specific types 
or doses of estrogens or progestins to be used in women 
with PCOS could not be made due to a paucity of adequate 
data.

Combined oral contraceptive pills contain two active com-
ponents, an estrogen and a progestogen.6 The most common-
ly used estrogen in COCPs is ethinyl estradiol (EE); more 
recently COCPs containing other estrogens have become 
available. Combined oral contraceptive pills reduce hyperan-
drogenism due to the estrogen’s hepatic effects to increase 
globulin production, including sex hormone binding globu-
lins (SHBG) that bind to circulating testosterone, resulting 
in lower free testosterone concentrations.7 However, the in-
creased hepatic protein synthesis promoted by estrogens (par-
ticularly EE) also leads to hypercoagulability, resulting in an 
increased risk for venous thrombotic events (VTE) with 
COCP use. Combined oral contraceptive pill use essentially 
doubles the risk of VTE from 2–10 events/10 000 women- 
years to 7–10 events/10 000 women-years.8,9 A French cohort 
study on the general population in over five million women 
showed that EE doses of 20 µg were associated with lower 
risks of pulmonary embolism, ischemic stroke, and myocar-
dial infarction, compared with 30–40 µg,10 with low absolute 
risks. Over the years, EE doses have been reduced, and more 
COCPs now use EE doses of 20–35 µg.10,11 Interestingly, re-
cent study showed that regiments containing natural estro-
gens seem to present lower risk for VTE compared with EE 
preparations.12

Progestogens refer to a class of compounds with progesta-
tional activity, whereas progestin refers to synthetic progesto-
gens which act as progesterone agonists.13 Progestins have 
been categorized into different generations, depending on 
time of introduction, and structural properties. Progestins 
vary in their androgenic activity depending on the binding af-
finity to the androgen receptor, the effect they have on decreas-
ing SHBG, and the degree to which they bind to SHBG.7,11,14

The later-generation progestins have been shown to result in 

higher SHBG increase compared with second-generation 
COCP in healthy women.15 Progestins can also have mild 
metabolic effects, mainly on lipids, which may be relevant in 
PCOS as a high-risk metabolic condition.16

We conducted a systematic review and meta-analysis to pro-
vide evidence regarding specific COCPs for the 2023 update of 
the international PCOS guidelines.17 We compared COCPs 
with high vs. low dose of EE, different estrogens, different gen-
eration progestins, COCP vs. progestin alone, and conven-
tional COCPs vs. EE + cyproterone acetate (CPA) to inform 
recommendations and to guide future research.

Materials and methods
This work was conducted according to the PRISMA guide-
lines18,19 and complies with the Declaration of Helsinki. The 
protocol (CRD42022345640) was prospectively registered 
in Prospero. Ethical consent was not needed as this work is 
based on already published data.

In the previous guideline, studies published before 2017 
were assessed.5 Using the same search string, the search was 
updated on July, 8, 2022, using the databases EMBASE, 
Medline, CINAHL, All EBM, and PsycINFO. The search ad-
dressed three treatments in relation to the PCOS guideline up-
date: COCP, metformin, and antiandrogens.

Effects of COCP compared with no medical treatment have 
previously been reported.20 This publication focuses on com-
parisons between different oral contraceptive pills.

Table S1 shows the search strategy in detail.

Study selection
The Patient, Intervention, Comparison and Outcomes (PICO) 
relevant here, shown in Table 1, was determined based on priori-
tized outcomes, established previously through a Delphi process 
involving 700 clinicians, academic opinion leaders, and consum-
ers.18 Covidence was used for assessments.21 After duplicate re-
movals, title and abstract screening was made in duplicate. 
Studies included in the previous guidelines, relevant for this 
PICO, were included, and the excluded list from the previous 
search was reviewed for comprehensiveness. Full text screening 
and extraction was done in duplicate. The risk of bias (RoB) as-
sessments were done using RoB2,22 and the tool Robvis was 
used for visualization.23 The Grading of Recommendations, 

Table 1. The patient, intervention, comparison, and outcomes (PICO) of this systematic review and meta-analysis.

PICO Description

Patients: Females with PCOS (diagnosed by Rotterdam, National Institutes of Health [NIH], or Androgen Excess and PCOS Society 
[previously Androgen Excess Society {AES}] criteria) of any ethnicity and weight. 

Subgroups: adolescents (10–19 years), adults, and smokers. Exclusion criteria: females without PCOS, <2 years post menarche, and 
women with type 2 diabetes, comorbidities, or major depression.

Intervention: All types of COCPs, low 20 µg estrogens or less vs. standard or high 30 µg or more. Different generation progestins. Estradiol and 
natural. For hirsutism, a minimum of 6 months of treatment required. At least 3 months for all other outcomes. 

Exclusion criteria: Nonoral formulation of contraceptives.
Comparisons: Same as intervention.
Outcomes: Androgenicity: hirsutism measured by Ferriman Gallwey (FG) score, free androgen index (FAI), testosterone and sex hormone 

blinding globulin (SHBG), dehydroepiandrosterone sulfate (DHEAS), androstenedione, and irregular cycles. Metabolic: insulin 
resistance measured by Homeostatic Model Assessment for Insulin Resistance (HOMA-IR), clamp test, oral glucose tolerance test 
(OGTT), cholesterol, low-density lipoproteins (LDL), high-density lipoproteins (HDL), triglycerides, and C-reactive protein 
(CRP). Psychological: health-related quality of life (HRQoL) and depression. Anthropometric: weight, BMI, and waist-hip-ratio 
(WHR). Others: thromboembolic events and plasminogen activator inhibitor (PAI)-1 levels. Adverse effects.

Study type: Randomized controlled trials. Evidence-based guidelines and systematic reviews for further references. Limits: English language. 
Limit to last 20 years given change in doses and progestins.
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Assessment, Development, and Evaluations (GRADE) approach 
was used to estimate the strength of evidence.24 Both RoB and 
GRADE assessments were done in duplicate. When meta- 
analysis could be performed, review manager version 5.4.1. 
was used, with the random effect model. Funnel plots were in-
spected and there was no evidence of publication bias.

Results
A total of 1660 studies were identified in the search and 19 
randomized controlled trials (RCTs) were included. A flow 
chart of included/excluded studies is shown in Figure 1.

Included studies, described in Table 2, had a duration be-
tween 3 and 24 months, were published 2002-2021, and ori-
ginated from Europe (n = 11), Middle East (n = 3), and Asia 
(n = 5) (Table 2). Three included only adolescents. Four had 
a low RoB, 3 moderate risk, and 12 high RoB (Figure S1).

The progestins (abbreviations in brackets) identified in the 
included studies were: 

• First generation: Chlormadinone acetate (CMA)
• Second generation: Levonorgestrel (LNG)
• Third generation: Desogestrel (DSG) and gestodene 

(GSD)
• Fourth generation: Drospirenone (DRSP) and dienogest 

(DNG)
• Other: CPA

COCP with low vs. high dose of EE: different 
estrogens
Two 12-month RCTs compared high (30–35 μg) vs. low 
(20 μg) EE doses.25,26 A meta-analysis could not be per-
formed. The only common outcome was hirsutism, but the 
studies reported hirsutism differently. The systematic review 
showed no difference in hirsutism. Groups were similar except 
for a greater high-dose EE increase in SHBG (mean change 
167.4 ± 89.0 vs. 125.5 ± 124.6 nmol/L for high vs. low dose 
EE, respectively) (data not shown).

All identified studies used preparations containing EE, and 
thus, comparisons between different estrogens could not be 
done.

First-generation COCPs
No studies were identified comparing first-generation with 
second-generation COCPs and only one small study comparing 
first-generation with third-generation COCPs27 (data not 
shown). Regarding first-generation vs. fourth-generation 
COCPs, four RCTs ranging from 3 to 24 months of duration 
were identified, all with a high RoB. All studies compared EE/ 
CMA (first generation) with fourth-generation progestin 
DRSP/EE, with details given in Table 2.27–30 In Yildizhan,30

follow-ups were done at 6 monthly with 12-month follow-up 
used here to align to the other studies. Meta-analysis was 
performed for androgen levels and showed a greater decrease 
in DHEAS (mean difference [MD] 0.78 μmol/L [95% confidence 
interval {CI} 0.29; 1.27]) and androstenedione (MD 1.13 nmol/L 
[95% CI 0.64; 1.62]), favoring fourth-generation progestins, 
with no difference in SHBG and testosterone (Figure S2).

Results from the systematic review showed no difference in 
hirsutism; cholesterol and C-reactive protein (CRP) levels were 
lower after treatment with the fourth-generation progestin, 

compared with first generation. There were no differences in oth-
er outcomes (Table S2). Cycle regularity was not reported.

COCP with second-generation vs. COCP with 
third-generation progestins
Two RCTs were identified, both with a high RoB, comparing 
second-generation EE/LNG with the third-generation EE/DSG 
in both studies.31,32 One was a crossover study, involving four 
arms,31 with a 6-month treatment, a 6–8-week washout, and 
then a further 6 months with a COCP containing a different 
progestin. Results were presented using generalized estimating 
equations models at 6 months of therapy. The second study 
was a 6-month four-arm trial comparing COCPs with four dif-
ferent progestins on lipid profiles.32 Since the studies report 
outcomes in different ways, a meta-analysis could not be per-
formed. The crossover study showed greater changes in FAI, 
DHEAS, and SHBG, favoring the third-generation progestin. 
No other difference, including in hirsutism, was seen between 
the groups (Table S3). Cycle regularity was not reported.

COCP with second-generation vs. COCP with 
fourth-generation progestins
Two RCTs were identified,31,32 and both had a high RoB. The 
progestins compared here were the second-generation proges-
tin LNG vs. the fourth-generation DRSP. Since the studies re-
port outcomes in different ways, a meta-analysis could not be 
performed. The crossover study showed greater change in FAI, 
DHEAS, and SHBG, favoring the fourth-generation progestin, 
with no difference for other outcomes, including hirsutism 
(Table S3). Cycle regularity was not reported.

COCP with third-generation vs. fourth generation 
progestins
Five RCTs were identified that compared third-generation 
(DSG and GSD) with fourth-generation progestins (DRSP 
and DNG). One, Bhattacharya (2012), was a 12-month trial 
with three arms, with EE/DSG (n = 49) and EE/DRSP (n =  
50) relevant for this comparison.33 The study had a low 
RoB. Another study, De Leo 2010, was 3-month trial with 
four arms, with the three arms EE/GSD (n = 10), EE/DSG (n  
= 10), and EE/DRSP (n = 10) relevant for this comparison.27

The study had a high RoB.27 This study had two third- 
generation progestins; when possible to include in a meta- 
analysis, the EE/DSG group was chosen to align to the other 
studies.27 A 6-month study, Kriplani (2010), compared EE/ 
DSG (n = 29) with EE/DRSP (n = 29), with a high RoB.34 A 
further 6-month study, Amiri (2021), had four arms with 
four different progestins, with the two arms of EE/DSG (n =  
20) and EE/DRSP (n = 17) relevant to this comparison; the 
study had a high RoB.32

Meta-analysis showed that body mass index (BMI) was 
lower after treatment with fourth-generation compared with 
third-generation progestins (MD 1.17 kg/m2 [95% CI 0.33; 
2.02]). Total testosterone (MD 0.60 nmol/L [95% CI 0.13; 
1.07]) and low-density lipoprotein (LDL) levels (MD 
0.26 mmol/L [95% CI 0.07; 0.46]) were lower, and high- 
density lipoprotein (HDL) levels were higher (MD −0.15 
[95% CI −0.22; −0.08]) after treatment with a fourth- 
generation progestin. For other outcomes, including hirsutism, 
no differences were seen. Cycle regularity was not reported in 
any of the included studies.
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Figure 1. PRISMA flowchart over included studies. The search was performed for three questions (treatment with COCP, metformin, and antiandrogens) 
related to the update of the PCOS guidelines. In this systematic review, results comparing COCP with different levels of EE, different progestins, the 
combination EE/CPA, and progestin alone are included. *Included in metformin and/or antiandrogen questions, but not in COCP. COCP, combined oral 
contraceptive pills; EE, estrogen; and CPA, cyproterone acetate.
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Results are shown summarized in Table S4. Results from 
meta-analyses are shown in Figure 2 and narrative results 
from the systematic review (where a meta-analysis could not 
be performed) in Table S5.

COCP vs. EE/CPA
Eleven studies, of 3–12-month duration, were identified com-
paring COCPs containing CPA with COCPs with other 

progestins. Seven had a high RoB,31,32,35–39 one moderate,40

and three a low RoB.26,33,41 Two37,41 were conducted in an 
adolescent population. Details on study characteristics are 
shown in Table 2, summary results in Table 3, meta-analysis 
in Figure 3, and narrative results (when a meta-analysis could 
not be performed) in Table S6.

Regarding BMI, seven studies were identified, with four in-
cluded in the meta-analysis, showing EE/CPA had a lower BMI 
compared with COCPs without CPA (MD 0.62 kg/m2 [95% 

Figure 2. Comparison of combined oral contraceptive pills (COCPs) with third-generation vs. COCP with fourth-generation progestins in women with 
PCOS.
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Figure 2. Continued
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CI 0.05–1.20]). At baseline, there was a trend for a difference in 
BMI, 23.24 vs. 23.05 kg/m2 for COCP without CPA compared 
with EE/CPA, respectively. For WHR, no difference was appar-
ent. Treatment with EE/CPA improved hirsutism and FAI levels, 
as shown in the narrative summary. On meta-analysis, total tes-
tosterone levels were lower after EE/CPA treatment (MD 
0.38 nmol/L [95%CI 0.33_0.43]). Sex hormone binding globu-
lins, DHEAS, or androstenedione levels did not differ.

Regarding metabolic parameters, EE/CPA treatment re-
sulted in higher LDL and cholesterol. No differences were 
seen in glucose, insulin, HOMA-IR, HDL, or cholesterol or 
CRP levels. Cycle regularity was not reported in any of the in-
cluded studies. Regarding adverse effects, this was not as-
sessed systematically in the included papers, but no major 
adverse effects were reported (Table S6).

Any COCP vs. progestin alone
Two studies, both with a moderate RoB, were identified, one 
in adolescents42 and one in adults.43 Both used medroxypro-
gesterone acetate alone. Chung et al. compared it with EE/ 
CPA over 4 months, and Ozdemir et al. compared it with 

EE/DRSP over 6 months (Table S7). Meta-analysis on BMI, 
WHR, and total testosterone showed no differences in any 
of these outcomes (Figure S3).

Other outcomes, with results from only one study, showed 
lower FAI and higher SHBG after conventional COCP treat-
ment and lower triglyceride levels after progestin alone. 
Hirsutism and HRQoL did not differ (Tables S7 and S8).

Discussion
This systematic review and meta-analysis directly compares 
the efficacy of different COCPs in the treatment of PCOS. 
These results will inform the 2023 update of the 
International Evidence-Based Guidelines on the Assessment 
and Treatment of PCOS and advance evidence from the 
2018 guidelines.1,5 The use of COCP specifically as a treat-
ment in PCOS is off label, and the benefits as well as risks 
must be considered. According to our systematic review, EE/ 
CPA had a better effect on hirsutism and biochemical hyperan-
drogenism compared with COCPs with other progestins. 
However, it is associated with more adverse events like VTE 

Figure 3. Comparison of combined oral contraceptive pills vs. ethinyl estradiol (EE)/cyproterone acetate (CPA) in women with PCOS.

Forslund et al.                                                                                                                                                                                                    S9
D

ow
nloaded from

 https://academ
ic.oup.com

/ejendo/article/189/1/S1/7223903 by U
niversity of Adelaide user on 08 August 2023

http://academic.oup.com/ejendo/article-lookup/doi/10.1093/ejendo/lvad082#supplementary-data
http://academic.oup.com/ejendo/article-lookup/doi/10.1093/ejendo/lvad082#supplementary-data
http://academic.oup.com/ejendo/article-lookup/doi/10.1093/ejendo/lvad082#supplementary-data
http://academic.oup.com/ejendo/article-lookup/doi/10.1093/ejendo/lvad082#supplementary-data


T
ab

le
 3

. 
C

om
bi

ne
d 

or
al

 c
on

tr
ac

ep
tiv

e 
pi

lls
 (C

O
C

P
s)

 c
om

pa
re

d 
w

ith
 e

th
in

yl
 e

st
ra

di
ol

 (E
E

) +
 c

yp
ro

te
ro

ne
 a

ce
ta

te
 (C

P
A

) t
re

at
m

en
t.

 O
ut

co
m

es
 t

ha
t 

co
ul

d 
no

t 
be

 in
cl

ud
ed

 in
 t

he
 m

et
a-

an
al

ys
is

, i
nc

lu
di

ng
 r

ep
or

te
d 

ad
ve

rs
e 

ef
fe

ct
s,

 a
re

 r
ep

or
te

d 
na

rr
at

iv
el

y 
in

 T
ab

le
 S

6.

C
om

pa
ri

so
n:

 C
O

C
P 

vs
. E

E
/C

PA

Po
pu

la
ti

on
N

o.
 

st
ud

ie
s

Q
ua

lit
y 

as
se

ss
m

en
t

N
o.

 
pa

rt
ic

ip
an

ts
E

ff
ec

t,
 r

an
do

m
 

[9
5%

 C
I]

Fa
vo

rs
C

er
ta

in
ty

D
es

ig
n

R
is

k 
of

 b
ia

s
In

co
ns

is
te

nc
y

In
di

re
ct

ne
ss

Im
pr

ec
is

io
n

O
th

er
C

O
C

P
E

E
/ 

C
PA

O
ut

co
m

e:
 B

M
I

A
du

lt
s

4a
R

C
T

V
er

y se
ri

ou
sb

N
o 

se
ri

ou
s 

in
co

ns
is

te
nc

y
N

o 
se

ri
ou

s 
in

di
re

ct
ne

ss
N

o 
se

ri
ou

s 
im

pr
ec

is
io

n
N

on
e

81
89

M
D

 0
.6

2 
kg

/m
2
 

(0
.0

5;
 1

.2
0)

L
ow

er
 a

ft
er

 E
E

/ 
C

PA
⊕

⊕
◯

◯
 

L
ow

O
ut

co
m

e:
 W

H
R

A
du

lt
s

2c
R

C
T

V
er

y se
ri

ou
sb

N
o 

se
ri

ou
s 

in
co

ns
is

te
nc

y
N

o 
se

ri
ou

s 
in

di
re

ct
ne

ss
Se

ri
ou

sm
N

on
e

30
38

M
D

 0
.0

0 
(−

0.
01

; 0
.0

1)
N

o 
di

ff
er

en
ce

⊕
◯

◯
◯

 
V

er
y 

lo
w

O
ut

co
m

e:
 F

A
I

A
du

lt
s

3
R

C
T

V
er

y se
ri

ou
sb

N
o 

se
ri

ou
s 

in
co

ns
is

te
nc

y
N

o 
se

ri
ou

s 
in

di
re

ct
ne

ss
N

o 
se

ri
ou

s 
im

pr
ec

is
io

n
N

on
e

10
0

10
4

N
ot

 a
pp

lic
ab

le
—

se
e 

na
rr

at
iv

e 
su

m
m

ar
y

L
ow

er
 a

ft
er

 E
E

/ 
C

PA
⊕

⊕
◯

◯
 

L
ow

O
ut

co
m

e:
 T

ot
al

 t
es

to
st

er
on

e
O

ve
ra

ll
3d

R
C

T
V

er
y se
ri

ou
sb

N
o 

se
ri

ou
s 

in
co

ns
is

te
nc

y
N

o 
se

ri
ou

s 
in

di
re

ct
ne

ss
N

o 
se

ri
ou

s 
im

pr
ec

is
io

n
N

on
e

65
67

M
D

 0
.3

8 
nm

ol
/L

 
(0

.3
3;

 0
.4

3)
E

E
/C

PA
⊕

⊕
◯

◯
 

L
ow

A
du

lt
s

2
R

C
T

V
er

y se
ri

ou
sb

N
o 

se
ri

ou
s 

in
co

ns
is

te
nc

y
N

o 
se

ri
ou

s 
in

di
re

ct
ne

ss
N

o 
se

ri
ou

s 
im

pr
ec

is
io

n
N

on
e

51
53

M
D

 0
.3

8 
nm

ol
/L

 
(0

.3
3;

 0
.4

3)
E

E
/C

PA
⊕

⊕
◯

◯
 

L
ow

A
do

le
sc

en
ts

1
R

C
T

V
er

y se
ri

ou
sb

N
o 

se
ri

ou
s 

in
co

ns
is

te
nc

y
N

o 
se

ri
ou

s 
in

di
re

ct
ne

ss
V

er
y 

se
ri

ou
sk

N
on

e
14

14
M

D
 0

.4
5 

nm
ol

/L
 

(−
0.

32
; 1

.2
2)

N
o 

di
ff

er
en

ce
⊕

◯
◯

◯
 

V
er

y 
lo

w
O

ut
co

m
e:

 S
H

B
G

O
ve

ra
ll

3e
R

C
T

V
er

y se
ri

ou
sb

N
o 

se
ri

ou
s 

in
co

ns
is

te
nc

y
N

o 
se

ri
ou

s 
in

di
re

ct
ne

ss
N

o 
se

ri
ou

s 
im

pr
ec

is
io

n
N

on
e

65
67

M
D

 −
5.

86
 n

m
ol

/L
 

(−
35

.3
4;

 2
3.

63
)

N
o 

di
ff

er
en

ce
⊕

⊕
◯

◯
 

L
ow

A
du

lt
s

2
R

C
T

V
er

y se
ri

ou
sb

Se
ri

ou
ss

N
o 

se
ri

ou
s 

in
di

re
ct

ne
ss

Se
ri

ou
s 

im
pr

ec
is

io
nt

N
on

e
51

53
M

D
 3

.3
6 

nm
ol

/L
 

(−
49

.7
9;

 5
6.

52
)

N
o 

di
ff

er
en

ce
⊕

◯
◯

◯
 

V
er

y 
lo

w
A

do
le

sc
en

ts
1

R
C

T
V

er
y se
ri

ou
sb

N
o 

se
ri

ou
s 

in
co

ns
is

te
nc

y
N

o 
se

ri
ou

s 
in

di
re

ct
ne

ss
V

er
y 

se
ri

ou
sk

N
on

e
14

14
M

D
 −

12
.9

1 
nm

ol
/L

 
(−

67
.5

1;
 4

1.
69

)
N

o 
di

ff
er

en
ce

⊕
◯

◯
◯

 
V

er
y 

lo
w

O
ut

co
m

e:
 A

nd
ro

st
en

ed
io

ne
O

ve
ra

ll
2g

R
C

T
V

er
y se
ri

ou
sb

V
er

y 
se

ri
ou

sh
N

o 
se

ri
ou

s 
in

di
re

ct
ne

ss
V

er
y 

se
ri

ou
si

N
on

e
35

35
M

D
 0

.7
8 

nm
ol

/L
 

(−
3.

03
; 4

.5
8)

N
o 

di
ff

er
en

ce
⊕

◯
◯

◯
 

V
er

y 
lo

w
A

du
lt

s
1

R
C

T
V

er
y se
ri

ou
sb

N
o 

se
ri

ou
s 

in
co

ns
is

te
nc

y
N

o 
se

ri
ou

s 
in

di
re

ct
ne

ss
V

er
y 

se
ri

ou
sk

N
on

e
15

15
M

D
 2

.9
0 

nm
ol

/L
 

0.
52

; 5
.2

8)
E

E
/C

PA
⊕

◯
◯

◯
 

V
er

y 
lo

w
A

do
le

sc
en

ts
1

R
C

T
V

er
y se
ri

ou
sb

N
o 

se
ri

ou
s 

in
co

ns
is

te
nc

y
N

o 
se

ri
ou

s 
in

di
re

ct
ne

ss
V

er
y 

se
ri

ou
sk

N
on

e
14

14
M

D
 0

.9
7 

nm
ol

/L
 

(−
2.

85
; 4

.7
9)

N
o 

di
ff

er
en

ce
⊕

◯
◯

◯
 

V
er

y 
lo

w
O

ut
co

m
e:

 D
H

E
A

S
O

ve
ra

ll
2j

R
C

T
V

er
y se
ri

ou
sb

N
o 

se
ri

ou
s 

in
co

ns
is

te
nc

y
N

o 
se

ri
ou

s 
in

di
re

ct
ne

ss
V

er
y 

se
ri

ou
sk

N
on

e
29

29
M

D
 1

.1
4 

nm
ol

/L
 

(−
0.

29
; 2

.5
8)

N
o 

di
ff

er
en

ce
⊕

◯
◯

◯
 

V
er

y 
lo

w
A

du
lt

s
1

R
C

T
V

er
y se
ri

ou
sb

N
o 

se
ri

ou
s 

in
co

ns
is

te
nc

y
N

o 
se

ri
ou

s 
in

di
re

ct
ne

ss
V

er
y 

se
ri

ou
sk

N
on

e
15

15
M

D
 1

.2
2 

nm
ol

/L
 

(−
0.

68
; 3

.1
2)

N
o 

di
ff

er
en

ce
⊕

◯
◯

◯
 

V
er

y 
lo

w
A

do
le

sc
en

ts
1

R
C

T
V

er
y se
ri

ou
sb

N
o 

se
ri

ou
s 

in
co

ns
is

te
nc

y
N

o 
se

ri
ou

s 
in

di
re

ct
ne

ss
V

er
y 

se
ri

ou
sk

N
on

e
14

14
M

D
 1

.0
4 

nm
ol

/L
 

(−
1.

15
; 2

.5
8)

N
o 

di
ff

er
en

ce
⊕

◯
◯

◯
 

V
er

y 
lo

w
O

ut
co

m
e:

 I
ns

ul
in

O
ve

ra
ll

3l
R

C
T

Se
ri

ou
sf

N
o 

se
ri

ou
s 

in
co

ns
is

te
nc

y
N

o 
se

ri
ou

s 
in

di
re

ct
ne

ss
Se

ri
ou

s 
im

pr
ec

is
io

nm
N

on
e

43
43

M
D

 0
.8

6 
μU

/m
L

 
(−

0.
78

; 2
.5

0)
N

o 
di

ff
er

en
ce

⊕
⊕

◯
◯

 
L

ow
A

du
lt

s
2

R
C

T
V

er
y se
ri

ou
sb

N
o 

se
ri

ou
s 

in
co

ns
is

te
nc

y
N

o 
se

ri
ou

s 
in

di
re

ct
ne

ss
V

er
y 

se
ri

ou
sk

N
on

e
25

25
M

D
 0

.5
8 

μU
/m

L
 

(−
1.

20
; 2

.5
3)

N
o 

di
ff

er
en

ce
⊕

◯
◯

◯
 

V
er

y 
lo

w

(c
on

ti
nu

ed
) 

S10                                                                                                                          European Journal of Endocrinology, 2023, Vol. 189, No. 1
D

ow
nloaded from

 https://academ
ic.oup.com

/ejendo/article/189/1/S1/7223903 by U
niversity of Adelaide user on 08 August 2023

http://academic.oup.com/ejendo/article-lookup/doi/10.1093/ejendo/lvad082#supplementary-data


T
ab

le
 3

. 
C

on
tin

ue
d 

 

C
om

pa
ri

so
n:

 C
O

C
P 

vs
. E

E
/C

PA

Po
pu

la
ti

on
N

o.
 

st
ud

ie
s

Q
ua

lit
y 

as
se

ss
m

en
t

N
o.

 
pa

rt
ic

ip
an

ts
E

ff
ec

t,
 r

an
do

m
 

[9
5%

 C
I]

Fa
vo

rs
C

er
ta

in
ty

D
es

ig
n

R
is

k 
of

 b
ia

s
In

co
ns

is
te

nc
y

In
di

re
ct

ne
ss

Im
pr

ec
is

io
n

O
th

er
C

O
C

P
E

E
/ 

C
PA

A
do

le
sc

en
ts

1
R

C
T

Se
ri

ou
sf

N
o 

se
ri

ou
s 

in
co

ns
is

te
nc

y
N

o 
se

ri
ou

s 
in

di
re

ct
ne

ss
V

er
y 

se
ri

ou
sk

N
on

e
18

18
M

D
 2

.4
3 

μU
/m

L
 

(−
1.

79
; 6

.6
5)

N
o 

di
ff

er
en

ce
⊕

◯
◯

◯
 

V
er

y 
lo

w
O

ut
co

m
e:

 G
lu

co
se

O
ve

ra
ll

3n
R

C
T

V
er

y se
ri

ou
sb

V
er

y 
se

ri
ou

sh
N

o 
se

ri
ou

s 
in

di
re

ct
ne

ss
N

o 
se

ri
ou

s 
im

pr
ec

is
io

n
N

on
e

43
43

M
D

 0
.0

4 
m

m
ol

/L
 

(−
0.

44
; 0

.5
1)

N
o 

di
ff

er
en

ce
⊕

◯
◯

◯
 

V
er

y 
lo

w
A

du
lt

s
2

R
C

T
V

er
y se
ri

ou
sb

V
er

y 
se

ri
ou

sh
N

o 
se

ri
ou

s 
in

di
re

ct
ne

ss
V

er
y 

se
ri

ou
sk

N
on

e
25

25
M

D
 0

.2
1 

m
m

ol
/L

 
(−

0.
23

; 0
.6

5)
N

o 
di

ff
er

en
ce

⊕
◯

◯
◯

 
V

er
y 

lo
w

A
do

le
sc

en
ts

1
R

C
T

Se
ri

ou
sf

N
o 

se
ri

ou
s 

in
co

ns
is

te
nc

y
N

o 
se

ri
ou

s 
in

di
re

ct
ne

ss
V

er
y 

se
ri

ou
sk

N
on

e
18

18
M

D
 −

0.
33

 m
m

ol
/L

 
(−

0.
73

; 0
.0

7)
N

o 
di

ff
er

en
ce

⊕
◯

◯
◯

 
V

er
y 

lo
w

O
ut

co
m

e:
 H

O
M

A
O

ve
ra

ll
2o

R
C

T
V

er
y se
ri

ou
sb

N
o 

se
ri

ou
s 

in
co

ns
is

te
nc

y
N

o 
se

ri
ou

s 
in

di
re

ct
ne

ss
Se

ri
ou

sm
N

on
e

33
33

M
D

 0
.1

0 
(−

0.
72

; 0
.9

2)
,

N
o 

di
ff

er
en

ce
⊕

◯
◯

◯
 

V
er

y 
lo

w
A

du
lt

s
1o

R
C

T
V

er
y se
ri

ou
sb

N
o 

se
ri

ou
s 

in
co

ns
is

te
nc

y
N

o 
se

ri
ou

s 
in

di
re

ct
ne

ss
V

er
y 

se
ri

ou
sk

N
on

e
15

15
M

D
 −

0.
30

 
(−

1.
48

; 0
.8

8)
,

N
o 

di
ff

er
en

ce
⊕

◯
◯

◯
 

V
er

y 
lo

w
A

do
le

sc
en

ts
1

R
C

T
Se

ri
ou

sf
N

o 
se

ri
ou

s 
in

co
ns

is
te

nc
y

N
o 

se
ri

ou
s 

in
di

re
ct

ne
ss

V
er

y 
se

ri
ou

sk
N

on
e

18
18

M
D

 0
.4

7 
(−

0.
67

; 1
.6

1)
,

N
o 

di
ff

er
en

ce
⊕

◯
◯

◯
 

V
er

y 
lo

w
O

ut
co

m
e:

 C
ho

le
st

er
ol

O
ve

ra
ll

2p
R

C
T

V
er

y se
ri

ou
sb

N
o 

se
ri

ou
s 

in
co

ns
is

te
nc

y
N

o 
se

ri
ou

s 
in

di
re

ct
ne

ss
Se

ri
ou

sm
N

on
e

34
42

M
D

 −
0.

59
 m

m
ol

/L
 

(−
1.

02
; −

0.
16

)
C

O
C

P
⊕

◯
◯

◯
 

V
er

y 
lo

w
A

du
lt

s
1

R
C

T
V

er
y se
ri

ou
sb

N
o 

se
ri

ou
s 

in
co

ns
is

te
nc

y
N

o 
se

ri
ou

s 
in

di
re

ct
ne

ss
V

er
y 

se
ri

ou
sk

N
on

e
20

28
M

D
 −

0.
70

 
(−

1.
27

; −
0.

13
)

C
O

C
P

⊕
◯

◯
◯

 
V

er
y 

lo
w

A
do

le
sc

en
ts

1
R

C
T

V
er

y se
ri

ou
sb

N
o 

se
ri

ou
s 

in
co

ns
is

te
nc

y
N

o 
se

ri
ou

s 
in

di
re

ct
ne

ss
V

er
y 

se
ri

ou
sk

N
on

e
14

14
M

D
 −

0.
44

 
(−

1.
11

; 0
.2

3)
N

o 
di

ff
er

en
ce

⊕
◯

◯
◯

 
V

er
y 

lo
w

O
ut

co
m

e:
 L

D
L

O
ve

ra
ll

2q
R

C
T

V
er

y se
ri

ou
sb

N
o 

se
ri

ou
s 

in
co

ns
is

te
nc

y
N

o 
se

ri
ou

s 
in

di
re

ct
ne

ss
Se

ri
ou

sm
N

on
e

34
42

M
D

 −
0.

36
 m

m
ol

/L
 

(−
0.

66
; −

0.
06

)
C

O
C

P
⊕

◯
◯

◯
 

V
er

y 
lo

w
A

du
lt

s
1

R
C

T
V

er
y se
ri

ou
sb

N
o 

se
ri

ou
s 

in
co

ns
is

te
nc

y
N

o 
se

ri
ou

s 
in

di
re

ct
ne

ss
V

er
y 

se
ri

ou
sk

N
on

e
20

28
M

D
 −

0.
40

 m
m

ol
/L

 
(−

0.
77

; −
0.

03
)

C
O

C
P

⊕
◯

◯
◯

 
V

er
y 

lo
w

A
do

le
sc

en
ts

1
R

C
T

V
er

y se
ri

ou
sb

N
o 

se
ri

ou
s 

in
co

ns
is

te
nc

y
N

o 
se

ri
ou

s 
in

di
re

ct
ne

ss
V

er
y 

se
ri

ou
sk

N
on

e
14

14
M

D
 −

0.
29

 m
m

ol
/L

 
(−

0.
81

; 0
.2

3)
N

o 
di

ff
er

en
ce

⊕
◯

◯
◯

 
V

er
y 

lo
w

O
ut

co
m

e:
 H

D
L

O
ve

ra
ll

2r
R

C
T

V
er

y se
ri

ou
sb

N
o 

se
ri

ou
s 

in
co

ns
is

te
nc

y
N

o 
se

ri
ou

s 
in

di
re

ct
ne

ss
Se

ri
ou

sm
N

on
e

34
42

M
D

 −
0.

08
 m

m
ol

/L
 

(−
0.

20
; 0

.0
4)

N
o 

di
ff

er
en

ce
⊕

◯
◯

◯
 

V
er

y 
lo

w
A

du
lt

s
1

R
C

T
V

er
y se
ri

ou
sb

N
o 

se
ri

ou
s 

in
co

ns
is

te
nc

y
N

o 
se

ri
ou

s 
in

di
re

ct
ne

ss
V

er
y 

se
ri

ou
sk

N
on

e
20

20
M

D
 −

0.
10

 m
m

ol
/L

 
(−

0.
27

; 0
.0

7)
N

o 
di

ff
er

en
ce

⊕
◯

◯
◯

 
V

er
y 

lo
w

A
do

le
sc

en
ts

1
R

C
T

V
er

y se
ri

ou
sb

N
o 

se
ri

ou
s 

in
co

ns
is

te
nc

y
N

o 
se

ri
ou

s 
in

di
re

ct
ne

ss
V

er
y 

se
ri

ou
sk

N
on

e
14

14
M

D
 −

0.
06

 m
m

ol
/L

 
(−

0.
22

; 0
.1

0)
N

o 
di

ff
er

en
ce

⊕
◯

◯
◯

 
V

er
y 

lo
w

O
ut

co
m

e:
 H

ir
su

ti
sm

A
du

lt
s

3
R

C
T

Se
ri

ou
s

N
o 

se
ri

ou
s 

in
co

ns
is

te
nc

y
Se

ri
ou

s 
in

di
re

ct
ne

ss
N

o 
se

ri
ou

s
N

on
e

92
90

N
ot

 a
pp

lic
ab

le
—

se
e 

na
rr

at
iv

e 
su

m
m

ar
y

E
E

/C
PA

⊕
⊕

◯
◯

 
L

ow

(c
on

ti
nu

ed
) 

Forslund et al.                                                                                                                                                                                                  S11
D

ow
nloaded from

 https://academ
ic.oup.com

/ejendo/article/189/1/S1/7223903 by U
niversity of Adelaide user on 08 August 2023



T
ab

le
 3

. 
C

on
tin

ue
d 

 

C
om

pa
ri

so
n:

 C
O

C
P 

vs
. E

E
/C

PA

Po
pu

la
ti

on
N

o.
 

st
ud

ie
s

Q
ua

lit
y 

as
se

ss
m

en
t

N
o.

 
pa

rt
ic

ip
an

ts
E

ff
ec

t,
 r

an
do

m
 

[9
5%

 C
I]

Fa
vo

rs
C

er
ta

in
ty

D
es

ig
n

R
is

k 
of

 b
ia

s
In

co
ns

is
te

nc
y

In
di

re
ct

ne
ss

Im
pr

ec
is

io
n

O
th

er
C

O
C

P
E

E
/ 

C
PA

O
ut

co
m

e:
 F

re
e 

te
st

os
te

ro
ne

A
du

lt
s

2
R

C
T

V
er

y se
ri

ou
sb

N
o 

se
ri

ou
s 

in
co

ns
is

te
nc

y
Se

ri
ou

s 
in

di
re

ct
ne

ss
Se

ri
ou

sm
N

on
e

34
33

N
ot

 a
pp

lic
ab

le
—

se
e 

na
rr

at
iv

e 
su

m
m

ar
y

N
o 

di
ff

er
en

ce
⊕

◯
◯

◯
 

V
er

y 
lo

w

O
ut

co
m

e:
 O

G
T

T
A

du
lt

s
2

R
C

T
V

er
y se
ri

ou
sb

N
o 

se
ri

ou
s 

in
co

ns
is

te
nc

y
Se

ri
ou

s
Se

ri
ou

sm
N

on
e

38
37

N
ot

 a
pp

lic
ab

le
—

se
e 

na
rr

at
iv

e 
su

m
m

ar
y

N
o 

di
ff

er
en

ce
⊕

◯
◯

◯
 

V
er

y 
lo

w

O
ut

co
m

e:
 T

ri
gl

yc
er

id
es

A
du

lt
s

2
R

C
T

V
er

y se
ri

ou
sb

N
o 

se
ri

ou
s 

in
co

ns
is

te
nc

y
Se

ri
ou

s
Se

ri
ou

sm
N

on
e

37
47

N
ot

 a
pp

lic
ab

le
—

se
e 

na
rr

at
iv

e 
su

m
m

ar
y

N
o 

di
ff

er
en

ce
⊕

◯
◯

◯
 

V
er

y 
lo

w

O
ut

co
m

e:
 C

R
P

A
du

lt
s

2
R

C
T

V
er

y se
ri

ou
sb

N
o 

se
ri

ou
s 

in
co

ns
is

te
nc

y
Se

ri
ou

s
Se

ri
ou

sm
N

on
e

56
57

N
ot

 a
pp

lic
ab

le
—

se
e 

na
rr

at
iv

e 
su

m
m

ar
y

N
o 

di
ff

er
en

ce
⊕

◯
◯

◯
 

V
er

y 
lo

w

a T
w

o 
ad

di
ti

on
al

 s
tu

di
es

, n
ot

 in
cl

ud
ed

 in
 th

e 
m

et
a-

an
al

ys
is

: B
ha

tt
ac

ha
ry

a 
(2

01
2)

 r
ep

or
te

d 
m

ea
n 

ch
an

ge
, −

0.
45

 ±
 6

.7
5 

fo
r 

a 
th

ir
d-

ge
ne

ra
ti

on
 C

O
C

P 
vs

. −
0.

59
 ±

 4
.7

6 
kg

/m
2

 fo
r 

E
E

/C
PA

, P
 v

al
ue

 n
ot

 r
ep

or
te

d;
 K

ah
ra

m
an

 
(2

01
4)

 r
ep

or
te

d 
m

ed
ia

n 
ch

an
ge

, −
1 

(−
9 

to
 1

7)
 f

or
 a

 f
ou

rt
h-

ge
ne

ra
ti

on
 C

O
C

P 
vs

. −
1 

(−
12

 t
o 

6)
, P

 =
 .7

89
. 

b
D

ow
ng

ra
de

d 
tw

ic
e 

si
nc

e 
m

aj
or

it
y 

of
 s

tu
di

es
 h

ad
 a

 h
ig

h 
ri

sk
 o

f 
bi

as
. 

c T
w

o 
ad

di
ti

on
al

 s
tu

di
es

, n
ot

 in
cl

ud
ed

 in
 th

e 
m

et
a-

an
al

ys
is

: B
ha

tt
ac

ha
ry

a 
(2

01
2)

 r
ep

or
te

d 
m

ea
n 

ch
an

ge
, 0

.0
0 

±
 0

.0
8 

fo
r 

a 
th

ir
d-

ge
ne

ra
ti

on
 C

O
C

P 
vs

. −
0.

02
 ±

 0
.0

8 
fo

r 
E

E
/C

PA
, P

 v
al

ue
 n

ot
 r

ep
or

te
d;

 K
ah

ra
m

an
 (2

01
4)

 
re

po
rt

ed
 m

ed
ia

n 
ch

an
ge

, −
4 

(−
31

 t
o 

35
) 

fo
r 

a 
fo

ur
th

-g
en

er
at

io
n 

C
O

C
P 

vs
. 0

 (
−

11
 t

o 
14

),
 P

 =
 .0

3.
 

d
T

w
o 

st
ud

ie
s n

ot
 in

cl
ud

ed
 in

 th
e 

m
et

a-
an

al
ys

is
: B

ha
tt

ac
ha

ry
a 

(2
01

2)
 re

po
rt

ed
 m

ea
n 

ch
an

ge
 in

 T
T

, −
0.

10
 ±

 0
.3

9 
ng

/m
L

 fo
r a

 th
ir

d-
ge

ne
ra

ti
on

 C
O

C
P 

vs
. −

0.
03

 ±
 0

.4
2 

fo
r E

E
/C

PA
, P

 v
al

ue
 n

ot
 re

po
rt

ed
; K

ah
ra

m
an

 (2
01

4)
 

re
po

rt
ed

 m
ed

ia
n 

%
 c

ha
ng

e,
 −

39
 (

−
84

 t
o 

43
) 

fo
r 

a 
fo

ur
th

-g
en

er
at

io
n 

C
O

C
P 

vs
. −

16
 (

−
78

 t
o 

12
5)

 f
or

 E
E

/C
PA

, P
 =

 .0
87

. 
e T

w
o 

ad
di

ti
on

al
 s

tu
di

es
 n

ot
 in

cl
ud

ed
 in

 th
e 

m
et

a-
an

al
ys

is
: B

ha
tt

ac
ha

ry
a 

(2
01

2)
 r

ep
or

te
d 

m
ea

n 
ch

an
ge

, 9
9.

53
 ±

 6
7.

52
 n

m
ol

/L
 fo

r 
a 

th
ir

d-
ge

ne
ra

ti
on

 C
O

C
P 

vs
. −

14
2.

91
 ±

 6
0.

71
 fo

r 
E

E
/C

PA
, P

 =
 .0

2;
 K

ah
ra

m
an

 (2
01

4)
 

re
po

rt
ed

 m
ed

ia
n 

%
 c

ha
ng

e 
(r

an
ge

) 
17

8 
(−

57
 t

o 
89

7)
 v

s.
 2

70
 (

31
 t

o 
10

62
) 

nm
ol

/L
, P

 =
 .2

38
. 

f D
ow

ng
ra

de
d 

on
ce

 s
in

ce
 s

om
e 

st
ud

ie
s 

ha
d 

m
od

er
at

e 
or

 h
ig

h 
ri

sk
 o

f 
bi

as
. 

g O
ne

 a
dd

it
io

na
l s

tu
dy

, n
ot

 in
cl

ud
ed

 in
 t

he
 m

et
a-

an
al

ys
is

: K
ah

ra
m

an
 (

20
14

) 
re

po
rt

ed
 m

ed
ia

n 
%

 c
ha

ng
e 

(r
an

ge
) 

−
29

 (
−

10
0 

to
 2

5)
 f

or
 C

O
C

P 
vs

. −
18

 (
−

47
 t

o 
52

) 
fo

r 
E

E
/C

PA
, P

 =
 .0

52
. 

h
D

ow
ng

ra
de

d 
tw

ic
e 

si
nc

e 
I2

 >
 5

0%
 a

nd
 C

Is
 n

ot
 o

ve
rl

ap
pi

ng
. 

i D
ow

ng
ra

de
d 

tw
ic

e 
du

e 
to

 w
id

e 
C

I 
an

d 
fe

w
 p

at
ie

nt
s.

 
j O

ne
 a

dd
it

io
na

l s
tu

dy
, n

ot
 in

cl
ud

ed
 in

 t
he

 m
et

a-
an

al
ys

is
: K

ah
ra

m
an

 (
20

14
) 

re
po

rt
ed

 m
ed

ia
n 

%
 c

ha
ng

e 
(r

an
ge

) 
−

32
 (

−
53

 t
o 

15
) 

fo
r 

C
O

C
P 

vs
. −

10
 (

−
49

 t
o 

63
) 

fo
r 

E
E

/C
PA

, P
 =

 .0
46

. 
k
D

ow
ng

ra
de

d 
tw

ic
e 

du
e 

to
 v

er
y 

fe
w

 p
at

ie
nt

s.
 

l T
w

o 
ad

di
ti

on
al

 s
tu

di
es

, n
ot

 in
cl

ud
ed

 in
 th

e 
m

et
a-

an
al

ys
is

: B
ha

tt
ac

ha
ry

a 
(2

01
2)

 r
ep

or
te

d 
m

ea
n 

ch
an

ge
, −

0.
02

 ±
 1

7.
35

 fo
r a

 th
ir

d-
ge

ne
ra

ti
on

 C
O

C
P 

vs
. 6

.3
8 

±
 1

5.
22

 fo
r E

E
/C

PA
, P

 v
al

ue
 n

ot
 r

ep
or

te
d;

 K
ah

ra
m

an
 (2

01
4)

 
re

po
rt

ed
 m

ed
ia

n 
%

 c
ha

ng
e 

(r
an

ge
) 

7 
(−

85
 t

o 
22

3)
 v

s.
 0

 (
−

82
 t

o 
12

8)
, P

 =
 .6

03
. 

m
D

ow
ng

ra
de

d 
on

ce
 d

ue
 t

o 
fe

w
 p

ar
ti

ci
pa

nt
s.

 
n
T

w
o 

ad
di

ti
on

al
 s

tu
di

es
 n

ot
 in

cl
ud

ed
 in

 t
he

 m
et

a-
an

al
ys

is
: B

ha
tt

ac
ha

ry
a 

(2
01

2)
 r

ep
or

te
d 

m
ea

n 
ch

an
ge

, −
4.

28
 ±

 1
1.

66
 f

or
 a

 t
hi

rd
-g

en
er

at
io

n 
C

O
C

P 
vs

. −
2.

46
 ±

 1
6.

86
 f

or
 E

E
/C

PA
, P

 v
al

ue
 n

ot
 r

ep
or

te
d;

 K
ah

ra
m

an
 

(2
01

4)
 r

ep
or

te
d 

m
ed

ia
n 

%
 c

ha
ng

e 
(r

an
ge

) 
0 

(−
15

 t
o 

6)
 v

s.
 0

 (
−

10
 t

o 
18

),
 P

 =
 .3

97
. 

o
T

hr
ee

 a
dd

it
io

na
l s

tu
di

es
, n

ot
 in

cl
ud

ed
 in

 th
e 

m
et

a-
an

al
ys

is
. B

ha
tt

ac
ha

ry
a 

(2
01

2)
 r

ep
or

te
d 

m
ea

n 
ch

an
ge

, −
0.

28
 ±

 3
.9

8 
fo

r 
a 

th
ir

d-
ge

ne
ra

ti
on

 C
O

C
P 

vs
. 1

.2
1 

±
 4

.0
3 

fo
r 

E
E

/C
PA

, P
 v

al
ue

 n
ot

 r
ep

or
te

d;
 K

ah
ra

m
an

 (2
01

4)
 

re
po

rt
ed

 m
ed

ia
n 

%
 c

ha
ng

e 
(r

an
ge

) 
2 

(−
71

 t
o 

21
6)

 v
s.

 −
18

 (
−

80
 t

o 
46

2)
, P

 =
 .2

27
. C

hr
is

ta
ko

u 
re

po
rt

ed
 m

ed
ia

ns
 (

IQ
R

) 
2.

25
 (

1.
65

) 
vs

. 2
.4

2 
(1

.4
4)

. 
p
O

ne
 a

dd
it

io
na

l s
tu

dy
, n

ot
 in

cl
ud

ed
 in

 t
he

 m
et

a-
an

al
ys

is
. K

ah
ra

m
an

 (
20

14
) 

re
po

rt
ed

 m
ed

ia
n 

%
 c

ha
ng

e 
(r

an
ge

) 
7 

(−
13

 t
o 

59
) 

fo
r 

C
O

C
P 

vs
. 1

1 
(−

17
 t

o 
79

) 
fo

r 
E

E
/C

PA
, P

 =
 .6

73
. 

q
O

ne
 a

dd
it

io
na

l s
tu

dy
, n

ot
 in

cl
ud

ed
 in

 t
he

 m
et

a-
an

al
ys

is
. K

ah
ra

m
an

 (
20

14
) 

re
po

rt
ed

 m
ed

ia
n 

%
 c

ha
ng

e 
(r

an
ge

) 
2 

(−
30

 t
o 

68
) 

vs
. 5

 (
−

16
 t

o 
63

) 
P

 =
 .5

55
. 

r T
w

o 
ad

di
ti

on
al

 s
tu

di
es

 n
ot

 in
cl

ud
ed

 in
 th

e 
m

et
a-

an
al

ys
is

. K
ah

ra
m

an
 (2

01
4)

 r
ep

or
te

d 
m

ed
ia

n 
%

 c
ha

ng
e 

(r
an

ge
) +

 5
 (−

42
 to

 4
5)

 a
ft

er
 C

O
C

P 
tr

ea
tm

en
t v

s.
 +

 1
6 

(−
45

 to
 4

6)
 a

ft
er

 E
E

/C
PA

, P
 =

 .0
70

. W
an

g 
20

16
 r

ep
or

te
d 

m
ed

ia
ns

, 1
.6

7 
(1

.4
5,

 1
.9

8)
 m

m
ol

/L
 a

ft
er

 C
O

C
P 

an
d 

1.
59

 (
1.

36
, 1

.8
9)

 m
m

ol
/L

 a
ft

er
 E

E
/C

PA
, P

 =
 .3

22
. 

s D
ow

ng
ra

de
d 

on
ce

 d
ue

 t
o 

I2
 >

 5
0%

. 
t D

ow
ng

ra
de

d 
on

ce
 d

ue
 t

o 
w

id
e 

C
I.

S12                                                                                                                          European Journal of Endocrinology, 2023, Vol. 189, No. 1
D

ow
nloaded from

 https://academ
ic.oup.com

/ejendo/article/189/1/S1/7223903 by U
niversity of Adelaide user on 08 August 2023



in the general population. For comparisons of generational 
progestins, evidence regarding the effect on clinical hyperan-
drogenism did not show a difference between different gener-
ations. However, the newer nonandrogenic progestins may be 
more beneficial on blood lipids compared with older 
generations.

The estrogen component
Higher EE doses are associated with higher SHBG, the most 
important binding protein for testosterone which directly in-
fluences the bioavailable testosterone.44 Here, different doses 
of EE were compared, and as expected, the higher (30 µg) 
dose was associated with higher SHBG levels compared with 
lower EE (20 µg). However, despite this, no changes in hirsut-
ism, carbohydrate, or lipid parameters were evident after 12 
months. During the last decades, newer natural estrogens 
have been introduced in COCPs: 17β-estradiol, its valeric 
acid ester (estradiol valerate), and esterol (17α-hydroxy-estriol). 
In women without PCOS, these natural estrogens do not ap-
pear to negatively affect carbohydrate metabolism at all and 
have a more beneficial effect on lipid metabolism.16 Thus, 
these kinds of COCPs are of particular interest in women 
with PCOS, since they have increased metabolic risk factors.45

Here, no studies were identified comparing EE with other 
kinds of estrogens.

The progestin component
With current evidence, as presented in this review, EE/CPA 
were better than conventional COCPs in reducing hirsutism. 
However, the use of EE/CPA might be associated with an in-
creased metabolic risk (higher cholesterol and LDL). All EE/ 
CPA combination had a higher dose of EE, 35 µg, which 
may influence both results and risk profile, including risk of 
VTE. A possible treatment option that might be appealing in 
PCOS in the future could be a combination of CPA with a low-
er dose of EE or a natural estrogen compound, but to our 
knowledge, no such preparations are available to date. The 
comparisons regarding COCPs according to progestin genera-
tions had overall low-quality evidence; however, there are in-
dications favoring the latest fourth-generational COCPs in 
terms of their metabolic profile.

Irregular menstrual cycles
Combined oral contraceptive pills improve irregular cycles, 
with either continuous preparations or timed withdrawal 
bleeding to protect the endometrium from unopposed estro-
gen exposure. In the included studies here, improvement of ir-
regular cycles was not reported, and potential differences 
cannot be assessed. However, as shown in a previous study 
in women with PCOS, comparing COCP treatment normally 
results in regular bleedings compared with no treatment.46

Hyperandrogenism
Effects on hyperandrogenism may differ, with later-generation 
progestins theoretically offering advantages. The efficacy of 
COCP on hyperandrogenism is primarily related to the estrogen 
effect on SHBG production, reducing circulating free androgen 
levels. The progestins antagonize the estrogen-induced SHBG in-
crease to varying degrees, making the choice of progestin in 
COCP relevant, where third- and fourth-generation progestins 

result in more than 3–4 times higher SHBG increase compared 
with second-generation COCP.15

Overall, there is as yet inadequate evidence to influence con-
ventional COCP choice based on clinical hyperandrogenism, 
but here, we report less hirsutism after EE/CPA treatment 
compared with conventional COCP. The combination EE/ 
CPA is used second line in the treatment of severe acne and 
in hirsutism as per the World Health Organization (WHO) 
recommendations, both in women with and without 
PCOS.11,47 A previous systematic review on COCPs and the 
effect on hyperandrogenism in women with PCOS included 
both RCTs and non-RCTs, but only compared the difference 
between before and after treatments.44 These results sug-
gested, based on larger mean differences between before and 
after treatment, that EE/CPA would be more favorable in 
the treatment of hirsutism and also indicated that a longer dur-
ation of treatment resulted in a greater improvement (both for 
conventional COCPs and EE/CPA), but as that systematic re-
view and meta-analysis included no direct comparisons be-
tween the treatments, these conclusions must be considered 
with great caution.44

Effects on metabolism
Fourth-generation COCPs could be more beneficial in effects 
on metabolism, as LDL was lower, but HDL higher, after 
fourth-generation compared with third-generation COCP 
treatment. These effects on lipid metabolism are in line with 
findings from the general population, where the newer nonan-
drogenic progestins are more beneficial on lipids compared 
with older generations.16 In addition, BMI was lower after 
treatment with the fourth-generation COCPs, most likely re-
lated to mineralocorticoid effects of DRSP. However, all these 
findings were low-quality evidence.

The newer natural estrogens do not appear to negatively af-
fect carbohydrate metabolism and have a more beneficial ef-
fect on lipid metabolism.48,49 No RCTs in PCOS using these 
agents were identified.

Mental health and HRQoL
Women with PCOS have decreased HRQoL and increased 
prevalence of depression compared with women in gen-
eral.50,51 Mental health and HRQoL were reported as an out-
come only for the comparison COCP vs. progestin alone. 
Based on findings in the general population, some data suggest 
an increased risk of depression and suicidal behavior associ-
ated with COCP treatment.52,53 The risk of effects on mood 
appears higher if the patient had an ongoing or previous men-
tal health disorder prior to starting COCP treatment.54

In contrast, COCP treatment resulted in slightly improved 
HRQoL and decreased depressive symptoms when used as 
part of a preconception intervention in infertile women with 
PCOS; however, this is a distinct cohort of women.55

Importantly, available data regarding associations between 
specific COCP composition and mental health in women 
with PCOS are limited. Psychosocial and mental health out-
comes are important and should be included in future studies 
on COCP in PCOS.

VTE risk
Combined oral contraceptive pills with second-generation 
progestins, especially those containing LNG, are generally 
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considered the first-line COCP due to lower risk of VTE.56 In 
the included RCTs, there were no reports on VTEs. However, 
such adverse effects are rare and can be better studied in large 
epidemiological settings. A recent cohort study including al-
most 600 000 women from the general population showed 
an increased VTE incidence rate ratio of 1.4 of hormonal 
contraception users compared with nonusers,12 the risk vary-
ing depending on type of progestin and estrogen. The risk of 
VTE with EE/CPA compared with other COCPs is increased, 
with the risk more than doubled compared with EE/LNG in 
the general population.12,56 In the last guideline, EE/CPA 
was specifically not recommended as first-line COCP treat-
ment, due to the risk profile in the general population.1

Key knowledge gaps
In the previous guidelines, no recommendations regarding 
specific types of COCPs could be made. Here, evidence has ad-
vanced but remains mainly of low quality. This is largely due 
to few and small studies with a high RoB, and studies moving 
forward need to have appropriate methodology and sample 
size to overcome these concerns. There is a need for more 
RCTs with a low RoB for all comparisons reported here. 
Some of the most important gaps are prioritized for future re-
search, including high-quality studies with comparisons be-
tween COCPs with second- and fourth-generation progestins 
and with lower dose EE, natural estrogens, and CPA. In add-
ition, there is a need to systematically studying the impact on 
mental health, HRQoL, sexual function, and adverse effects, 
including severe events like VTE.

Strengths and limitations
These data provide up-to-date information regarding the ef-
fects of different COCPs in PCOS; this information will direct-
ly inform the 2023 update of PCOS guidelines. It identifies 
what is currently known about differences between different 
COCPs and also helps guide future research by identifying 
key gaps.

Relevant limitations of the studies included here were poor 
description of randomization process, no blinding, and a high 
drop-out rate. Regarding biochemical hyperandrogenism, dif-
ferent methods were used by different studies, limiting the 
comparisons. Another limitation is that only oral combined 
hormonal treatments were included; hence, our results are in-
applicable to other administrative routes. Due to lack of stud-
ies, subgroup analysis regarding adolescents could not be 
done.

Conclusions
We report available data regarding different COCPs in the treat-
ment of PCOS. With current evidence, EE/CPA may be better 
compared with conventional COCPs in reducing clinical as 
well as biochemical hyperandrogenism but is currently not rec-
ommended as a first-line treatment in PCOS due to higher 
VTE risk in the general population. Cyproterone acetate in com-
bination with lower dose EE or with natural estrogens could be 
an interesting option in the future. Later-generation progestins 
offer theoretical benefits, but more and better evidence on clinic-
al outcomes is needed in women with PCOS. There is no differ-
ence in improvement of hirsutism between low and high doses of 
EE, supporting the increased use of COCP with low EE doses 
also in women with PCOS.
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