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Background. Metformin is commonly prescribed to treat polycystic ovary syndrome (PCOS) patients, but in some cases, it may not
be effective even at high doses or may cause intolerable side effects. Therefore, recent studies have examined the impact of
combining metformin with other antidiabetic medications. Methods. A systematic search was performed in Scopus, PubMed, Web
of Science, and Embase up to 30 June 2023. All interventional studies that assessed the efficacy of different antidiabetic agents were
included. Results. Among the 3488 records found in the primary search, 16 papers were included. Our study showed that
dipeptidyl peptidase-4 inhibitors (DPP4i) had the most significant impact on glycemic profile, while thiazolidinediones (TZDs)
had the most influence on lipid levels. However, it was observed that patients taking only metformin experienced a greater increase
in high-density lipoprotein cholesterol (HDL-C) levels. Glucagon-like peptide-1 receptor agonists (GLP1RAs) effectively modified
various anthropometric measurements, such as weight, body mass index, waist circumference, and waist-to-hip ratio. The effects
of different antidiabetic drugs on hormone levels were inconclusive, although testosterone levels were more affected by GLP1RA,
sodium-glucose cotransporter-2 inhibitors (SGLT2i), and TZDs. None of the combined therapies showed a significant change in
blood pressure. Conclusion. Since PCOS is a metabolic disorder, choosing the best combination of antidiabetic drugs in the clinical
course of PCOS patients will be very important. Today, it seems that we need a new metabolic approach for better treatment of the
metabolic aspects of these patients.

1. Introduction

Polycystic ovary syndrome (PCOS) is a common disorder
among females of reproductive age, with an estimated
prevalence of 4-20% worldwide [1, 2]. It is characterized by
different metabolic and hormonal abnormalities such as
oligoovulation or anovulation, hyperandrogenism, insulin
resistance (IR), type 2 diabetes mellitus (T2DM), obesity,
dyslipidemia, and ultrasound findings including polycystic

ovary [3, 4]. Rotterdam criteria are the commonly known
statements for diagnosis of PCOS. It is defined if any two
items of the following are present: first evidence of oli-
goovulation or anovulation, second biochemical or clinical
hyperandrogenism, and third polycystic ovarian morphol-
ogy on ultrasound, with the exclusion of other relevant
disorders [5]. IR is one of the common metabolic disorders
among PCOS patients, with a frequency of approximately
35-80%, independent of the body fat distribution or being
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obese. IR makes PCOS patients more likely to develop
further complications such as T2DM [6, 7]. According to the
Centers for Disease Control and Prevention (CDC), more
than half of PCOS patients develop T2DM by age 40 [8].
Since the exact pathophysiology behind PCOS has not yet
been well understood, most available therapies are symp-
tomatic, and few medications have been established for
hormonal and metabolic dysregulations [4, 9].

Metformin, from the family of biguanides, is usually
prescribed as the first-line drug for modifying the metabolic
features of PCOS, including obesity, IR, impaired glucose
metabolism, and T2DM [4, 10]. Metformin exerts its
therapeutic effects by diminishing glucose production in the
liver, inhibiting gluconeogenesis and lipogenesis, and in-
creasing insulin sensitivity across peripheral tissues [11].
Besides the metabolic parameters, metformin therapy
demonstrated a significant impact on lowering the total
testosterone, 17-hydroxyprogesterone, androstenedione,
and low-density lipoprotein cholesterol (LDL-C) and in-
creasing the possibility of pregnancy among PCOS patients
[12]. However, some cases do not respond effectively to
metformin monotherapy, even at the highest dose, and
others cannot tolerate its side effects. The most common side
effect of metformin is gastrointestinal discomfort, such as
nausea, vomiting, diarrhea, and abdominal pain [13, 14].
Thus, recent studies have assessed the effect of other anti-
diabetic drugs in combination with metformin [15, 16].
Here, we conducted a systematic review to find the studies
that evaluated the efficacy of hypoglycemic drugs, including
dipeptidyl peptidase-4 inhibitors (DPP4i), sodium-glucose
cotransporter-2 inhibitors (SGLT2i), thiazolidinediones
(TZDs), and glucagon-like peptide-1 receptor agonists
(GLP1RAs) as a combination therapy with metformin.
Moreover, we will discuss the preference of each add-on
medication regarding its effect on lipid profile, anthropo-
metric measures, sexual hormones, glucose metabolism, IR,
and blood pressure.

2. Methods

2.1. Search Strategy. 'This study was planned, performed, and
reported based on the Preferred Reporting Items for Sys-
tematic Reviews and Meta-Analyses (PRISMA) statement
[17]. The protocol of this systematic review was registered at
PROSPERO  (CRD42023462716). We  systematically
searched  databases, including Scopus, MEDLINE
(PubMed), Web of Science, and Embase, for articles pub-
lished up to the end of June 2023. The search string used
keywords such as metformin, polycystic ovary syndrome,
and clinical trial. The details of each database’s search line
are shown in Supplementary File 1.

2.2. Inclusion and Exclusion Criteria. All randomized clinical
trials (RCTs) that assessed the effect of metformin in
combination with other antidiabetic drugs on anthropo-
metric, metabolic, and hormonal parameters among PCOS
patients were included. There is no restriction for blindness,
follow-up duration, race, country, and publication year.
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Only English articles were included. We excluded the studies
that assumed other drugs as the main intervention and
assessed the effect of metformin as an add-on medication.
Duplicate records, conference proceedings, in vivo and
in vitro experiments, and studies with insufficient data or
poor quality were also excluded.

2.3. Screening Process and Data Extraction. Two reviewers
(MM and SM-T) independently screened the primary results
of the literature review according to the predetermined
criteria for inclusion and exclusion. The following in-
formation was extracted from the eligible articles by two
independent reviewers (MH and MM): first author, date of
publication, country, the exact design of the study (blindness
and arms of the trial), demographic characteristics of the
participants, intervention and the duration of it, dose of the
consumed medications, and the outcome of the patients.
Any disagreement surrounding the screening process or data
extraction was resolved by consultation with the third
reviewer (HR).

2.4. Quality Assessment. The quality of the included articles
was evaluated using the National Institute of Health (NIH)
quality assessment tool for controlled intervention studies
[18]. This scale consists of 14 questions and qualifies studies
as poor, fair, or good. Two independent reviewers (MH and
SM-T) assessed the quality of the studies, and controversies
were reconciled via consensus with the third reviewer (HR).

3. Results

3.1. Study Selection. A total of 3488 records were found from
the primary search in the mentioned databases. After du-
plicate removal, 1648 reports remained. According to the
title and abstract screening, 52 articles were eligible for
further assessment through the full text. Finally, 16 RCTs
were eligible for inclusion in the systematic review. Figure 1
demonstrates the study selection process.

3.2. Study Characteristics. The details of the 16 included
studies are summarized in Table 1. A total of 878 PCOS
patients were investigated between 2004 and 2023. The
lowest and highest sample sizes of the included studies were
23 [23] and 137 [15], respectively. Most of the included
studies have used the Rotterdam criteria for diagnosing
PCOS. Included studies utilized different levels of blindness
as follows: 13 reports open-label, 1 single-blind, and
2 double-blind. The duration of the intervention varied from
8 weeks to 24 weeks. In all included citations, the control
group consumed different dosages of metformin varying
from 850 to 2000 mg per day. On the other hand, in most
cases, for the intervention group, an antidiabetic drug was
added to the same dosage of metformin that had been
consumed in the control group. The impact of different
antidiabetic agents, including DPP4i, SGLT2i, GLP1RA, and
TZDs, on glycemic and lipid profiles, anthropometric
measures, and sexual hormones was investigated. All
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Figure 1: PRISMA flow diagram.

investigations in this review were single-center assays from
different countries, including China [15, 26-32], Iran
[16, 21], Slovenia [24, 25], the USA [22, 23], Pakistan [19],
and Venezuela [20].

According to the NIH quality assessment tool, 12 out of
16 included studies in this review qualified as good and 4 as
fair. The details of the quality assessment process are
demonstrated in Supplementary File 2.

According to the available literature, the low number of
studies on each add-on medication, on the one hand, and the
great heterogeneity of the included studies due to different
patients’ conditions, on the other hand, persuade us not to
conduct a meta-analysis.

3.3. Effects of Antidiabetic Drugs as an Add-On Medication to
Metformin on Glycemic Profile. Fifteen reports out of 16
included studies have assessed the changes in fasting blood
sugar (FBS) [15, 16, 19, 20, 23, 26-28, 30-32] or homeostatic

model assessment of insulin resistance (HOMA-IR)
[15, 16, 19, 21-28, 30-32]. Effects of different agents, in-
cluding pioglitazone, saxagliptin, rosiglitazone, exenatide,
beinaglutide, liraglutide, and canagliflozin on both FBS and
HOMA-IR, have been evaluated. Besides, two studies have
examined the effect of sitagliptin on HOMA-IR [24, 25]. The
details of the glycemic profile alterations are shown in
Table 2.

3.4. Effects of Antidiabetic Drugs as an Add-On Medication to
Metformin on Anthropometric Measures. Fourteen included
reports have investigated the alterations in different anthro-
pometric measures, including body weight (BW)
[15, 16, 19, 20, 22, 24, 25, 27-32], body mass index (BMI)
[15, 16, 19, 20, 22-25, 27-32], waist circumference (WC)
[15, 23-25, 27, 28, 30], and waist-to-hip ratio (WHR)
[15, 16, 20, 28, 30]. The impact of different drugs, including
pioglitazone, sitagliptin, rosiglitazone, exenatide, saxagliptin,

8SUSD17 SUOWIWOD dA1ER.D 3edtjdde au Ag pausenob aJe sajo1Le VO (88N JO s3I 10} Akeud173UUO A1 UO (SUORIPLOD-pUe-SWLBY WO A | 1M Afeid 1 pUT|UO//SONY) SUOTIPUOD pue SWLS L 8U1 835 *[7202/80/0€] uo Aig1 auliuo Ao|im ‘(ou | eAnge ) aanopesy AQ £T20066/720Z/SSTT OT/I0p/W0d /3| 1M Aleiq 1 pul|uo//sdny Wwoy papeojumoq ‘T ‘7202 ‘€LST



1573, 2024, 1, Downloaded from https://onlinelibrary.wiley.com/doi/10.1155/2024/9900213 by Readcube (Labtiva Inc.), Wiley Online Library on [30/08/2024]. See the Terms and Conditions (https://onlinelibrary.wiley.com/terms-and-conditions) on Wiley Online Library for rules of use; OA articles are governed by the applicable Creative Commons License

‘urzopSeued “YNVO Ppnnidelr gI1
cundrdexes ‘yXVS opneusxs xq undrdeys y 1S uozejdisor ‘Ogy Duozejdord zod ‘ururojouwr oIy uonodd(ur uriads orwse[dojdoenur O pariodar Jou YN UOTIUIAIAIUT U] [OIJUOD UOD) DUWIOIPULS
Areao onshoh[od ‘SODJ e [earurpd pazrwopuel ‘1Y "DTIVIH ‘0¢ anssaxd pooiq drjoiserp ‘g1 2amssaid poorq o1[03s4s ‘g1 ouoiaysadord /T S-VAHA ‘9T OGHS ‘ST Qu01a3s03sa) T undeord ‘¢T ‘HSI T ‘HT
TTD-TAH 0T D-TAT ‘6 (012330 [€30) @ OpLI2dA[S11) £ “YI-VINOH 9 “redns poolq Sunsej ‘g ‘onjex diy-03-1stem § 29oU2I2JUINIII JSTeM ‘¢ XIPUT SSBW APoq 7 JYS1oM ‘T :SMOJ[0] S PIZLIBWUNS dTE SIUIOIINQ) ,

International Journal of Endocrinology

2l “IT .%w Hwo czq O wwwﬂw%wﬁw%wmwz ?Emm\,woom 8SFET €FFGST 1T 0T Emwwwmm S00d @mﬁ%w”m&smsé?o ﬁwLHmM% eulyy  gzoe  [eg] e 3o Sueyz
0L ,Mwﬂw,m;ﬂw 7 4! Nwwmmw\.mhwwmwmmww %EM:%OD PYFLOT TEFHST 0¢  OF Emwwmwé wwom §ODd 25290 ﬁwLHﬂM% BUIYD €707 [0€] Te 30 wam
S T . pue Mwwwﬂo%oom o %Em%%oow AN AN 05 05 B e wwwmmwﬁwwma me_wn_wwﬂ% wugd 10z (6T e ovL
I s R G e T T e esor e uonsont e v sz o
ot T e ™ T e w R weesoo T e
D116 A%M Qe 4 - Emﬁwﬁﬂﬁm T P Qw\m%oﬂ SYFI0E ¥PFI8C ST ST Emwwmwm SODd 25240 pue JYSMIAQ Hu.w%umww% BUYD  120C [£T] Te 30 BN
PLTITI6L9%S 44 Emﬁw\wﬂw%ﬂoz %Em% O zerse 6T s Emwwwwm uawom §00J 25290 HWWH@MMH% eUYD 1107 [92] e 12 oer]
01682 .wﬁ.m G vT Emﬁw\wﬂwﬁwﬂzz %_u\m%oﬂ VF6ST VVFSST 69 89 Emwwmwm udWOM SODd 95290 hwm_wﬁ_wwﬂmo rulyD  0T0T [s1] 1R 11
SLBSUSLTLT Tl o TRMO0T gerpre perere 1o AN D b IQURPTR gusors i [sa) o o3
S O TN N I T S I A s S P R
b1 ﬁoﬂ%w wﬁ%w c7 EM wmwmm owww MQE %EMM% W srve e o OMMQMMZ HAMHOM SO0 FRaqEpaid wa%”_wﬁﬁé vsa e ﬁéwwmwm
ST €T TT 9 8 ﬁﬁ”ﬁwmwﬁ\wwooﬁowwwwz %wﬁ\mw\%ooﬁ TEFT0e LTF68C ST st EWM“W%M”MwN 10J UHNﬁ_—qumeWwaog SODOd HUMMHMM”%“SO@ el ceoe Te 19 SO.Emmﬂme

‘81 ‘01 ‘ST m& svyTT ¢ osy EMM%%EN@ PN \MEMMM qep [TFSL 60FLLT 0T 8T N ﬁﬁﬁﬂmwmﬁw%@_wwﬂmmz Humﬁﬂmwwﬂsov FENEMIA 00T e g E&E%M
PTETTLT1°9 ‘6 T 1 41 @=ﬁ>mmmww%mowwwuz %EMM_%OS LEFHST STFIST €5 €S zwom@mmmwm uswom $0Dd Hu.w%uﬂﬂm% uelsDlEd  610C [61] e 9 IV

uy uo) juyp uo)
LuwoomQ Croam) UONJUSAIIU] [onuo) 71 LD syuednre udisap Apmig Anunop  1edax loymy
uoneIng (as ¥ ueaw) a8y e onsouserp $OOd

*SAIPNIS PAPN[OUT A1) JO $ONSLIDIORIRYY ] ATAV],



1573, 2024, 1, Downloaded from https://onlinelibrary.wiley.com/doi/10.1155/2024/9900213 by Readcube (Labtiva Inc.), Wiley Online Library on [30/08/2024]. See the Terms and Conditions (https://onlinelibrary.wiley.com/terms-and-conditions) on Wiley Online Library for rules of use; OA articles are governed by the applicable Creative Commons License

International Journal of Endocrinology

AN AN AN AN AN AN AN AN AN AN AN AN AN AN AN AN AN AN AN AN YHM
(8) (9°6) L(18)  (T6) (sTn (T @D (S6)
wD
AN AN AN AN /26 16 <6 996 AN AN AN AN 0l €0l 8801 8901 AN AN AN AN (w2) DM somseaur
8% (L97) +(9°€) (9€) (tee) (7€) (87 (919) (@) (@) () (@) (VA9) ¥s) .(9) (v) supwodoryiuy
LT6T 91€ (414 $9'67 76T 80€ £9'67 70¢ T6€ 60% €T X34 rse 8he S6¢ 8L€ uN N N N e
JSzen (€D (®8) .F60D (@ID  L(SL6) (80D ) (O] ) (1) (6T Wen (T 5
99, veg (0D o LS'8L yET8 S0'LL ree  woor P e yenr wior wool  gsol ol UN N N N @) Mg
TT 0. 0, 9670, €T T (190 6770, ULV 0 270
AN AN AN AN DLy ©¢s D8y | . ) ¢ 8 T mer . 7t . S 1 ¢ . 7 sDer . ) ¢ . ) 8 4 ¢ . ot | ) \AI-VIWOH
6v'y S LS €09 e 19 65°€ 98°¢ €p'e 607 atgoxd arweokio
(¥'8) (zon) (Te6) (€8) 3 ’
jiig
AN AN AN AN s 56 s o6 AN AN AN AN AN AN AN AN AN AN AN AN (Tp/3w) Sgq
1sod a1 1sod g sod a1d sod 21d A%0d 21d 2%0d g isod a1 sod g s0d a1d Jsod a1
Aep Aep Lep/Bur o1 Aep/Bw 001
Pam/Sw +4£e Aej
/80 Xa+4ep  Aep/Swoooz BN T \w,\u 0 om W,ME P fep/Busoost W /8 oz Xd +Aep Sw ooow p— VIS +4ep Aep/3w 000z P VLIS + Aep Aep/Swr 0001 1PN
/3w 000z PN /3w 000z PN /3w 000z PN /3w oot PN
UOIUAAIU] Tonuo) UONUIAIIU] Tonuo) UONUATIIIU] [onuo) UOIJUATIIIU] [onuo) UOTJUAIAIU] [onuo)
[62] apnvuaxg [£T] apnvuaxg [ce] apnvuaxg [¥e] undydons [12] undysSons
AN AN AN AN AN AN AN AN AN AN AN AN wm w. MN Wm %Ncm AN AN AN AN AN AN AN AN (BHww) 49a
AN AN AN AN AN AN AN AN AN AN AN AN ®0) o o 60 AN AN AN AN AN AN AN AN (BHww) 4gs .
L811  TECL  S6Il  6€Tl
(S0 (PO (6E0) (SE0) IR ) 0y (T
AN AN AN AN AN AN AN AN AN AN AN AN 3 o ¢ ce @O T (€0 o1 AN AN AN AN s sovana
<0 <60 o 680 L[tro)  (1T0)  .(800)  (800)  .(6T0) (§T0)  .(8T0) (LT0O) (900) (€T0)  (¥00)  (IT0) (10) 970 (To)  .(810) (T0)  .(£00)  (¥T0) .(60°0) (T0) (Tw/3u)
’ : L£0 L5°0 90 LS50 90 590 S0 990 70 61 L£0 Tl 90 90 L0 810 870 610 €0 2012350153,
L(796)  (99€1)  L(T'TIED  (F'S8T) (T
a[yoid [euourio
AN AN AN IN AN AN AN AN AN AN AN AN AN AN AN AN AN AN AN AN o6l reet 7197 co/s  /Bu) undepoid [yoid p H
(€2) (51 (61 . e FD e (6D . (x7) o oee WD .(8°€) o) - (8°€) .
P 99 occ @9 GDee o¢ o€t oe AN AN AN AN AN AN AN AN (T L P 1SS zc o @9 Ls z9 ¥'8 (1/01) HSd
. . . . {(zo) (LY . (o) g (LD {0 (€0 (s (6V'F) oy o o) /-
658 801 LT01 91l e et Neaihd By AN AN AN AN AN AN AN AN (T 9 P 9 6L s 99 @ ey (L9Ls  (1/AD HT
(2) ¥Lg) (68D  (800) L) (OTD (L) 1) .(608) (TR .(91€)  (S0€) (862)  (s€€) (£92) (1P
T601  T8IT  T60I  TOIL €€L (4201 888 (4208 LS8 STl 598 LTl N AN N N 4t gozt BOLL g N N AN N /8w) D-1AT
L(Fon (o1 S(Lze) (el (Ten  (Ten (1m (rzn (1P
uN N N N N N N N €€S S0S LS 867 UN N N N LSS TTS 675 r'1s UN N N N /3w) O-1aH agoxd prdry
L(608)  (9€) (02) (€70 [(€67)  (9€9)  L(rTy)  (§SE) (9s¢)  (99¢)  (TLe)  (599) 3
jieg
€6L1  T68T  €SLI €81 N uN UN UN [X4al €Lt €851 €6L1 N AN N UN L61 961 L'60T 64 N UN N UN (T/3) OL
J(1€8)  (TVh) L(29)  (802) +(09) J(€9)  (Te9) (s82)  (€68)  (684)  (T'89) 3
. . . . -
L190T  €9€T §9tt 8'IET L1 g 6L brze g (¥S) 291 051 091 AN AN AN AN P €1 e c0p1 AN AN AN AN (Ip/8w) OL
=(9070) 900) +(90°0) 900) N (1070) N (100) (5007 w00) F00) (€007
AN AN AN AN AN AN AN AN 0 60 680 60 80 180 80 0 280 250 80 €80 AN AN AN AN MHM
AN AN AN AN AN AN AN AN (2) To6 0 Lo o AN AN AN AN AN AN AN AN AN AN AN AN (w2) DM
) $'T6 S'68 76 saamseaw
(67) . J(s€)  (To) (T (o) L(871) (@ (ro)y  (¢0) (ro)  (zo) . (Te) () (9°¢) .97) (19) «(59) (99) smpwodorgiuy
oge  OTE g £6T N N N N 6'ST €17 ST LLT 97T 9%T €T oie TO8 o VLT ST €8T 88T 667 o€ e
WL8)  (8%6) .(o1) (6'8) ) . (0 F0) (o) (€0 (90) (8°6) (GO T € VR (o 4 VI (4} (6T1) (9D (89D 5
v'sL 18 SU LvL N UN UN N v @) veo @0 o 179 719 179 SIL 9L L €1L 9vL LSt S9L L9L @) ma
JFTE s IS¢ ST .%N: @ s *MN: 6Ds .(sD9E (D) SS *Mm: ,M.m: AN AN AN AN *%ﬁe ,M.N: ;M.N: PN.W fw_@s 99Ty J(D)ee () TL AI-VWOH
aqgoxd oruradk[n
(Ca V(2 2)] (81 (81) (701 (6'2) (19) (L) (87) (67) (4] ¥7) (6) «(79) (6) (8°) (99) 3
o6 Tl Ve vee ToL 18 8€L 9sL ST6 786 916 896 Y8 6L iad] gog GO g 816 vis W o g1 (D606 (TP sad
1504 1d sod 21d 250d 21d 504 1d %0d 21d 250 21d 2504 21d 250d 21d J50d 21d sod 1d 1504 a1d sod 1d
Kep/Bur o1 Kep fep/Suay s Aep Aep Kep
VNVO+4Aep  Aep/Swo00z 1O /Swy DSy +4ep  Aep/SwoosT PN wwe 0 o%mmmz P fep/Bwoost BN Bup DSY+Aep  kep/Suwrosg BN /Bwog Zod +kep  Aep/SwoogT BN Bwiog zod+Aep  Aep/Sw 001 BN
/3w 000z PN /3w oSt PN /3w g8 PN /3w 00ST PN /Burooor PN
UOTJUIAIIU] Tonuo) UOIUAATAU] Tonuo) UONUAIIIU] Tonuo) UONUAIU] [onuo) UONUAIIIU] Tonuo) UOTJUIAIIU] Tonuo)

[z€] urzopySeur)

[92] suozeyrBisoy

[s1] auozeySisoy

[0z] suozeySisoy

[91] auozeySorg

[61] auozeySorg

"UTULIOJ}oW 0} UOTBdIPIW UO-ppe ue se sdnip oneqerpniue juaiayip Summoroy sjusned §ODJ Jo s3oadse juazopip ur soduey) :g g14v],



1573, 2024, 1, Downloaded from https://onlinelibrary.wiley.com/doi/10.1155/2024/9900213 by Readcube (Labtiva Inc.), Wiley Online Library on [30/08/2024]. See the Terms and Conditions (https://onlinelibrary.wiley.com/terms-and-conditions) on Wiley Online Library for rules of use; OA articles are governed by the applicable Creative Commons License

International Journal of Endocrinology

‘parodar jou YN opnnSeny Y11 undrdexes YXVS Opneusxs Xq

amdrdeys v LIS ‘urzoprdeueds YNVD uozelndiso1 ‘0gy uozeydord zZnd ururopow 1A anssaid pooq orjoiserp ‘qg inssaxd poo[q d1[03s£s ‘Jqs OIS0y [e303 D I, ©Op112o£[S11) ‘) T, ‘onyex diy-o3-jsrem
UHM QOUIJUWNDIID ISTEM ‘D M XopUl ssewr Apoq TING uam_m\s £poq ‘Mg <1eSns poojq m:ﬁmﬁ ‘S ‘UOTIUAINUT J9)Je 950d SUOTIUDATIIUT 210Jq D1 I[QB[TBAR JT (UOTIBIASD PIBPUEL]S) UBIWI T SINTE A "WOTJUIAIIIUT

JI9)je pue 910J9q U99M]9q $adUIPIP uﬁmumﬁﬁwmw* "UOTIUIAIIUT JO SYooM § \—ou.wz\m "UOTJUIAINUT JO SHOM 9T k@u.w{xv "UOTIUSAIIIUT JO SYIoM § k@@{xm "UOTJUSAINUT JO SHaM ¢ kuuuj\m "UONUSAISIUT JO SYaaM T H@uwéﬂ

82 (99 e (Ten) (6'8) (€1) (8°6) ’ 3
wrur
AN AN AN AN AN AN AN AN AN AN 66L 08 ToL -y N AN AN AN ceg <78 68 (8) 988 (BHWwW) d4a o
@y (D OFD (€D (e (] 3
e
AN AN AN AN AN AN AN AN AN AN Lozt i goll eIzl AN AN AN AN (€1) T€T ot (1) g€1 Lol (BHww) 4gs
(880) (ZZ0) CeT) ZTT) 9970) (180) (SS0) €50) (T
AN AN AN AN AN AN AN AN AN AN 61 z 1t e AN AN AN AN i o'l 1 orT  Aw)s-vaHd
(o) (To) oy (€0 (s€0)  (sTo)  (TO)  (L€0)  (9T0)  (820) . . . . (1T0)  (810) (zr0) (10) (Tu/Bu)
AN AN AN AN 200 70 (z0)6L0 6L'0 190 80 90 90 0 0 590 SLO 90 ¥L'0 150 0 €0 w0 auo1s0a,
(67) (C22] o) 7 (L9) (C52] ((49] (Tu
aqgoid [euourIo
AN AN AN AN pd 901 (9¢)zor el g0l g0t AN AN AN AN AN AN AN AN AN AN AN AN /8u) unoejorg [yoxd H
N o . . (rn {90 (6D N org  (TD (@D 8V . ’ . .
(6085 (DLs (80)6 e PP TG (@I kaa] P 6 <09 AN AN AN AN .L6'S 99°L .6'S 81’8 AN AN AN AN (1/01) HSd
(6€) (9%) (57) J(Lv) (S (T9) (189)  (¥9) (¥ . . . .
ot 201 b0t (€) o1 159 6 601 106 8021 611 AN AN AN AN 89°L 796 WSSL BLTL AN AN AN AN (1/01) H1
¥or)  (9%D (@1n (6°€1) (6'0¢)  (608) (€61  (I'€r) (851 (I'87) (LD (997) (€61 9'17) (reg) (€7 (1P
S11 €Ll €U €FII N N N N N N 481 €I€l 481 Tl 11 TIEL  STIT 574 S XN 44 8801 r8Ir /Bw) O-1dT
(z6) (€2 W7D (99D (o) wsp o) (D) . . . (1) (9°6) (1D (s€n) (P
8Th 312 605 o€y UN AN AN N UN AN vy T0S €9y vy 1 gLy s res 607 rov 60F Tey /Bw) O-IAH ayoxd prdry
(s8D)  (€LD) (z€) (€%2) (60¢)  (FTy)  (FsD  (T€0) (8°07) (€°62) (6€2) (L0 g
. . . W
eel resl Sl ebLl AN AN AN AN AN AN ot 9vor 9l crgl ST €S8 LT Lo6T o rest it rest (1p/8uw) D,
W(S59)  (sTL)  L(98F)  (€99) (tze)  (s90)  (LTe)  (LT¢€) (rse)  (T€9) (6'19) (999) 3
. . . w
TLET  LSST 4 0€T N N N N N N 6€Tl  6€Tl ST [4iat -8 8t AT LA STl 9791 SpEl (Tp/3us) 5L
(900)  (900)  (cr0)  (€10) «(500)  (900)  .(500)  (90°0)
360 660 60 60 AN AN AN AN AN AN AN AN AN AN 80 980 80 80 AN AN AN AN AHM
{79 (69) (9 s Fsn (L) (82 )
. . . . ws
i 396 68 i AN AN IN AN AN AN Poll 61zl Lozl el S18 L'Y8 L6'6L 878 (91 901 (SDTIT (€1 601 (1D III (w2) DM wMSmSE
L (60 (€0 w9 (9 o Ae) L@y @y () (1) (8% (5%9) ) ) . ) (Ton  (so1) . (€2) SHipwodoIpuy
P 287 (D) LT P 79z Py (7€) 9°6C g9z Py 387 P ole To¢ 99¢ WOF'ST  8€9T  LTEST ¥9T f ach @y w T INd
J{(69)  (89) L.(8€) (69 (TL) Ly . LSTD LTD (FTD (@) (900 (89)  (€9) . . . 3
799 6L oL czL 669 el (¥'8) 64 YL - coL 66 P 01 ze0t L9 €69 LT'S9 6'L9 AN AN AN AN 31 mg
(L) GBeD Bz (98T (0D (60°7) .(07) (oe) (17 (9¢) (&) (87
X . . . i AN . § AN . . . . . SPT wy L6TT 9 (1 oe  (@s  (L9es (9€)89  AI-VWOH
867 89S 96} 6€°S 9T 8% 98T [e52 1T L1 ST 8¢ atgoad arweskn
J(T9) (69 .(rsD 9 (TL) (zon (L) (€°6) (6°6) [€34] (zon
- . R . . Sw
126 1’66 o'c6 756 606 AN o201 o¢6 AN 086 AN AN AN AN S'T6 's01 106 101 (59) 06 001 L6 8001 (Tp/3uwr) Sgd
sod 21d sod 21d sod Jsod 21d sod Jsod 21d sod 21d sod 21 Asod aId 2%0d a1d A50d a1d »s0d aId
Aep/Burgg Aep/Bur gy Aep/Sur g Aep
Aep/Swr g1 Aep
apunSeuraq +Aep  Aep/3w 00L1 WO I+ Aep/Bu 0002 oI Aep/3ur 000z PN 1T+ 4ep /8 0007 PN VXVS+4Aep  Aep/Buroooz PN /Bwrg yXVS+Aep  Aep/wi 000z PN
Bwos1 PN /3ur 000 PN /3ur 0007 PN /w000 P
UOTJUIAINUT [onuo) UOTUIAINU] [onuo) UONUAINU] [onuo) UONUAINU] [onuo) UOTUIAINU] [onuo)
[og] apuniSoutag [1€] apunoury [s2] apumSout [8¢] undydoxog [€2] undydvxvg
AN AN AN AN AN AN AN AN AN AN AN AN AN AN AN AN AN AN AN AN BHww) 490 ad
AN AN AN AN AN AN AN AN AN AN AN AN AN AN AN IN AN AN AN AN (BHurw) 4ds
(990)  (180)  (€5°0) (T 1) 1o (1 (Tn @n (z0) (o) (zo)  (610) (z10) (811) (60°0) (2£0) (1
¥ET 8T 9T ssT (€D W7 €97 197 $9T 171 €Tl 191 Wl N N AN AN 850 18 990 67T /3w) S-VEHA
WLo)  (170)  L(€T0)  (8T0)  .(sTO)  (6T0)  .(z0) (cz0) (L00)  (800)  (00) (800)  (zO)  (LrO)  (L10O)  (LT0) N AN N AN (Tu/Bu)
$50 £9°0 €50 €90 ) $LO 950 8L°0 0 650 €50 950 LE0 L0 70 15°0 2U012}50153],
[(991] (69°0) (69°0) (s¥°0) (T a[yo1d [euowrIoy
AN AN AN AN AN AN AN AN AN AN AN AN AN AN AN N coct TbT b1 ool /Bu) undepoig
. (61 g (8D . (€7) . D (880) (1 (960)  (zL0)
(1) 59 vo (81 79 o AN AN AN AN AN AN AN AN (9 TS e @) 6v o cgc 166 86°c 6% (1/01) HSA
St @we {00 (99 (s¥D  (1I'8) e (ED)
<9 o o ) AN AN AN AN AN AN AN AN g L (£7) 86 o AN AN AN AN (10D H1
WSc6e1)  (T8Y)  L(OFD  (5°67) (s€r)  (rog) (L) ®) (8) ®) 8) (606)  (L¥e)  (Lve)  (L¥E) (1P
S801  L'6T1 €16 9911 (ee) st [ 241 TOST  SOE€T  9%el  T6ET  S6IT  9SIT  L6I1  §SII 481 481 N N N N /3w) O-1AT
E L) @. 9) @. 7) @ S) &. €1) @. 6)  .(6€D  (§®) Q. 13} @ @ 9] @ ,@ L) Q.b 1) ¥s ﬁ. L) AN AN N AN . (P
(434 9¢h 8Ly r'sy 95§ 6t 95 a4 9% 8% L'6€ g T0S £€°9F 705 /Bw) O-1aH aqyoad prdry
(¥s) (€60  (LL) (z€) (z'8¢€) (1og) J{ve)  (9€e) (Few)  (98€)  (vTv)  (9'8€) g
Jies
9Ll 8TI8T  66LL  TLLL 861 L/061 LT 8861 © 961 (©) 21z (6) L1 (6) 881 T681  T681 T8I €581 N N N N (/39 OL
WS6P)  (L90)  L(STD)  (€2L6) . . («Ln (s1) (Ln) (s ®02) (6190 (T¥y)  (TVD) 5
Juig
€501 T9LT rzen T'LET L st SR 9zl el 881 st 9Tl LTET  6€Tl ST N UN N UN (Tp/3) DL

ponunuo) g IdV],



International Journal of Endocrinology

beinaglutide, liraglutide, and canagliflozin as an add-on drug,
has been assessed. Table 2 summarizes the details of anthro-
pometric changes.

3.5. Effects of Antidiabetic Drugs as an Add-On Medication to
Metformin on Lipid Profile. Twelve included records have
considered the changes in different lipid profile components
including triglycerides (TG) [15, 16, 22-30, 32], total cho-
lesterol (TC) [15, 16, 22-25, 27-30, 32], high-density lipo-
protein cholesterol (HDL-C) [15, 16, 22-25, 28-30], and
low-density lipoprotein cholesterol (LDL-C) [15, 16,
22-30, 32]. Exenatide, saxagliptin, sitagliptin, liraglutide,
rosiglitazone, pioglitazone, beinaglutide, and canagliflozin
have been evaluated as add-on drugs to metformin. The
details of each drug on lipid parameters are shown in Table 2.

3.6. Effects of Antidiabetic Drugs as an Add-On Medication to
Metformin on Hormonal Profile. All included researches have
investigated the changes in various hormones, including
luteinizing hormone (LH) [16, 19, 24-26, 28-32], follicle-
stimulating hormone (FSH) [16, 19, 21, 24-26, 28-32],
prolactin [19, 21, 31], testosterone [15, 16, 19, 20, 22-32], sex
hormone-binding globulin (SHBG) [20, 22-25, 28, 29, 31, 32],
dehydroepiandrosterone sulfate (DHEA-S) [16, 20, 22, 23,
25, 27, 29], and progesterone [31]. The impact of all afore-
mentioned drugs has been assessed in different included
studies. Table 2 summarizes the details of changes in hor-
monal profile.

3.7. Effects of Antidiabetic Drugs as an Add-On Medication to
Metformin on Blood Pressure. Three studies have examined
the changes in systolic and diastolic blood pressure (SBP and
DBP) [20, 23, 25]. The impact of rosiglitazone [20], sax-
agliptin [23], and liraglutide [25] has been evaluated as an
add-on drug to metformin. Table 2 demonstrates the details
of blood pressure alteration following the mentioned drugs.

4. Discussion

The current review study aims to find the best choice for an
add-on medication to metformin in PCOS patients. Since
PCOS is a metabolic disorder associated with an increased
risk of multiple metabolic complications, choosing the best
combination of antidiabetic drugs in the clinical course of
PCOS patients will be very important. Therefore, selecting
a second agent as a metformin add-on therapy should be
based on the patient’s clinical characteristics.

According to the available literature, the impact of
different groups of antidiabetic drugs, including DPP4i,
SGLT2i, GLP1RA, and TZDs, on glycemic and lipid profiles,
anthropometric measures, sexual hormones, and blood
pressure was evaluated. As we were unable to conduct
a meta-analysis, we determined the best option for com-
bining with metformin based on the consensus of the studies
included. The glycemic profile was reported to be affected
most by exenatide [22, 27] and saxagliptin [23, 28] as an add-
on medication to metformin in PCOS patients.

Rosiglitazone influenced the lipid profile of PCOS patients
more than other antidiabetic agents [15, 26]. However,
HDL-C is reported to increase more among groups con-
suming metformin alone [15, 28]. It is worth mentioning
that rosiglitazone was withdrawn from the European market
in 2010 due to an increased risk of heart attacks. The
United States Food and Drug Administration (FDA) re-
stricted access to rosiglitazone in 2011. However, the FDA
removed its prescribing restrictions in 2013 based on studies
that reduced the suspicion of the cardiovascular risks of
rosiglitazone [33].

GLPIRA, including exenatide [22, 27], liraglutide [25],
and beinaglutide [30], demonstrated to be a good choice in
modulating different anthropometric measures such as BW,
BMI, WC, and WHR. Results surrounding the efficacy of
different antidiabetic drugs in hormonal profile modification
are ambiguous. Testosterone is influenced more than other
hormones by different antidiabetic drugs such as rosiglita-
zone [15, 26], liraglutide [31], beinaglutide [30], and cana-
gliflozin [32] as an add-on medication to metformin in
PCOS. None of the combined therapies demonstrated
a significant change in blood pressure [20, 23, 25]. Figure 2
demonstrates a flowchart for add-on therapies to metformin
based on the available literature.

TZDs or glitazones are a group of drugs with insulin-
sensitizing properties. TZDs reduce IR in the liver and
peripheral tissues by activating the nuclear hormone re-
ceptor peroxisome proliferator-activated receptor gamma
(PPARy). They were also reported to affect dyslipidemia
state [19, 22] positively. Among patients with T2DM, TZDs,
in combination with metformin, were found to be more
effective in controlling hyperglycemia than metformin
alone. However, metformin monotherapy is more effective
in lowering weight [34]. Among PCOS patients, the efficacy
of pioglitazone and rosiglitazone, in combination with
metformin, has been investigated. Two studies that evaluated
pioglitazone showed inconsistent results. Ali et al. found that
combination therapy appears to be more effective than
metformin monotherapy in improving IR through dimin-
ishing interleukin 6 (IL-6) and interleukin 8 (IL-8) levels
[19]. While Sohrevardi et al. showed no significant difference
between combination therapy and each drug monotherapy
[16], results of a Chinese network meta-analysis suggested
that a combination therapy is more effective than metformin
alone in reducing IR, total testosterone, and TG levels [35].
Rosiglitazone, in addition to metformin, was shown to
modulate the lipid profile among obese PCOS patients and is
a good choice in patients with severe IR, which do not
respond to metformin. Moreover, the combination therapy
effectively managed endocrinal abnormalities and modified
menstrual patterns among obese patients [15, 26]. However,
a study in nonobese PCOS patients without IR found no
more beneficial effects than metformin alone [20]. No se-
rious side effects have been reported for pioglitazone or
rosiglitazone.

DPP4i are a class of glucose-lowering drugs that act by
inhibiting GLP1 degradation. They reduce the serum levels
of the DPP4 enzyme by 70-90%, increasing the circulating
levels of GLP1 [36]. In patients with T2DM, the combination
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F1GURE 2: Flow diagram for preferred add-on medications according to the included studies in the systematic review. 'Saxagliptin is not yet
recommended. *GLP1RA’s such as exenatide, liraglutide, and beinaglutide. *However, testosterone levels were more affected by rosi-
glitazone, liraglutide, beinaglutide, and canagliflozin when used as an additional medication to metformin.

of DPP4i and metformin reported better glycemic outcomes
than metformin alone. However, there is no significant
difference in weight change. Beyond these, other add-on
medications to metformin, such as TZDs, SGLT2i, and
GLPI1RA, were more effective in modulating glycemic profile
and body weight [34]. Among PCOS patients, two studies
evaluated sitagliptin’s effectiveness, and two others assessed
saxagliptin as an adjunct to metformin. Sitagliptin, in ad-
dition to metformin, is reported to be a good choice for
improving the fertilization rate but not the pregnancy rate. It
exerts its effect by increasing the growth differentiation
factor 9 (GDF9) and bone morphogenetic protein 15
(BMP15) expressions [21]. Sitagliptin, in addition to met-
formin, is more effective than metformin monotherapy in
preventing weight regain in PCOS patients who previously
consumed liraglutide [24]. The most frequent adverse effect
of the individuals consuming sitagliptin and metformin was
mild to moderate gastrointestinal complaints. Saxagliptin, in
addition to metformin, indicated desirable results in mod-
ulating different aspects of prediabetic and diabetic PCOS
patients, especially glycemic profile [23, 28]. This combi-
nation treatment did not show any additional adverse effects
to the gastrointestinal side effects of metformin alone.
GLP1RAs are a group of antidiabetic medications that
exert their effect by mimicking the action of the GLP1
hormone. GLP1 and glucose-dependent insulinotropic
polypeptide (GIP) are both incretin hormones that stimulate
insulin secretion after glucose administration. This medi-
cation benefits T2DM patients through different mecha-
nisms, such as increasing insulin excretion, delaying gastric
emptying, inhibiting glucagon production, and decreasing
pancreatic beta cell apoptosis [37]. According to the half-
time, GLPIRAs are categorized into short-acting drugs
(half-life of 2-4 hours), such as exenatide and beinaglutide,

and long-acting ones (half-time more than 12 hours) such as
liraglutide [38]. When added to metformin monotherapy,
GLP1RAs, especially long-acting ones, were reported to
induce better hypoglycemic effects than other antidiabetic
agents, such as DPP4i and SGLT2i [34, 39]. The combination
therapy of exenatide and metformin reported better results
than metformin alone in modulating anthropometric in-
dexes, insulin sensitivity, and menstrual cycle frequency
among overweight and obese PCOS patients [22, 27].

Recently, once weekly subcutaneous injection of sem-
aglutide as a potent GLP1RA approved for long-term weight
management has been shown to produce significant weight
loss in patients with overweight or obesity and have fa-
vorable effects on cardiometabolic risk factors. Also, the
FDA’s approval of oral semaglutide, the first oral GLP1RA,
signals a paradigm shift in treating patients with T2DM.
However, to our knowledge, there is no study on sem-
aglutide benefits on the anthropometric factors in combi-
nation with metformin in PCOS patients [40].

In addition, the combination therapy indicated higher
remission rates of prediabetic PCOS patients than metfor-
min monotherapy (64% and 32%, respectively) [29]. Asin all
the abovementioned studies, the exenatide was consumed
through subcutaneous injections. Pain and itching at the
injection site was a common side effect. Mild gastrointestinal
reactions were also another common adverse event. Bei-
naglutide as an adjunct to metformin exerts better short-
term effects than metformin alone in modifying different
anthropometrics, metabolic, and hormonal profiles [30].
Similar to exenatide, because of subcutaneous administra-
tion of beinaglutide, induration and pruritus at the injection
site were the common tolerable adverse events. In combi-
nation with metformin, liraglutide appears superior to
metformin monotherapy in weight loss among obese PCOS
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cases [25]. This combination was more effective than metformin
alone in improving hyperandrogenemia and reproductive
disorders. However, combination therapy has no more bene-
ficial effect on modulating glucose metabolism and IR [31]. Mild
and moderate gastrointestinal complaints were the most
common adverse reactions to this combination therapy.

SGLT2i are medications that primarily block glucose
reabsorption in the proximal convoluted tubules, leading to
lower blood sugar levels [41]. According to the results of
a meta-analysis surrounding adding medications to met-
formin, SGLT2i was found to be more efficacious than other
antidiabetic medications in managing T2DM. Although
genital tract infections were more frequent among SGLT2i
[42], unfortunately, up to date, only one clinical trial
assessed the effectiveness of SGLT2i combined with met-
formin versus metformin alone. Canagliflozin and metfor-
min exert no different outcomes from metformin
monotherapy in weight control, insulin sensitivity, androgen
excess, and menstrual frequency [32]. Further investigations
are needed to better clarify the efficacy of SGLT2i in addition
to metformin among PCOS patients.

It should be noted that the use of any of the mentioned
antidiabetic drugs, including TZDs [43], DPP4i [44],
GLP1RA [45], and SGLT2i [46], is prohibited during
pregnancy, and metformin alone should be prescribed.

Finally, it is important to note that lifestyle modification
is one of the pivotal interventions in the management of
PCOS patients at early stages [47, 48]. Some studies have
demonstrated the greater impact of lifestyle modification
than metformin therapy in modulating obesity and men-
strual frequency among PCOS patients [49, 50]. Most of the
included studies in this systematic review assessed the people
with normal diet and physical activity levels and did not
measure the impact of lifestyle modification. It is suggested
that further investigations assess the effect of lifestyle
modification in addition to the abovementioned therapies.

5. Strengths, Limitations, and Suggestions

Several review articles are regarding the efficacy of various
antidiabetic agents in PCOS patients. However, to the best of
our knowledge, this is the first systematic review sur-
rounding the efficacy of an additional medication to met-
formin. However, there is limited evidence to conduct
a meta-analysis, but we have found the best choices as an
adjunct for each aspect of PCOS. Further studies on all the
abovementioned categories of drugs, especially SGLT2i, are
needed to better clarify the best add-on medication to
metformin. Besides, all included studies have a 6-month or
lower duration of treatment, and we cannot compare the
efficacy of the long-term combination therapy and met-
formin monotherapy. Thus, further long-term trials are
needed to discover more accurate results regarding the ef-
ficacy and side effects of combination therapies.

6. Conclusion

Since PCOS is a metabolic disorder, choosing the best
combination of antidiabetic drugs in the clinical course of

PCOS patients will be very important. Today, it seems that
we need a new metabolic approach for better treatment of
these patients.
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