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Effects of glucagon-like peptide 1 receptor
agonists on comorhbidities in older patients

with diabetes mellitus
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Abstract: Elderly patients with diabetes are at high risk of polypharmacy because of multiple
coexisting diseases and syndromes. Polypharmacy increases the risk of drug-drug and
drug-disease interactions in these patients, who may already have age-related sensory

and cognitive deficits; such deficits may delay timely communication of early symptoms of
adverse drug events. Several glucagon-like peptide-1 receptor agonists (GLP-1 RAs) have
been approved for diabetes: liraglutide, exenatide, lixisenatide, dulagluatide, semaglutide, and
albiglutide. Some are also approved for treatment of obesity. The current review of literature
along with clinical case discussion provides evidence supporting GLP-1 RAs as diabetes
medications for polypharmacy reduction in older diabetes patients because of their multiple
pleiotropic effects on comorbidities (e.g. hyperlipidemia, hypertension, and fatty liver) and
syndromes (e.g. osteoporosis and sleep apnea) that commonly co-occur with diabetes. Using
one medication (in this case, GLP-1 RAs] to address multiple conditions may help reduce
costs, medication burden, adverse drug events, and medication nonadherence.
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Key points

e Glucagon-like peptide-1 (GLP-1) receptor
agonists (RAs) have multiple pleiotropic
effects that can help reduce polypharmacy
in older diabetes patients with co-occurring
chronic diseases (e.g. fatty liver disease and
hypertension) and syndromes (such as sleep
apnea and Parkinson’s disease).

e GLP-1 RAs in older patients with diabetes
may manifest salutary effects in systems
other than the endocrine system.

e The multisystemic effects of GLP-1 RAs
warrant more rigorous studies to harness
their positive effects while minimizing the
risk of negative effects.

Introduction

Medications for type2 diabetes with low risk of
hypoglycemia are especially important in the set-
ting of multiple coexisting chronic diseases

(multimorbidity) and advanced age. The risks of
hypoglycemia and adverse drug events (ADEs) are
amplified in the older adults by myriad diabetic
complications: chronic kidney disease affecting
drug clearance, stroke and peripheral neuropathy
affecting manual dexterity, physical ability and cog-
nition, and diabetic retinopathy affecting proper
dosing of insulin.!> Higher rates of complications
and mortality are associated with both longer dura-
tion of disease and greater age, as well as coexist-
ence of multiple chronic diseases.?> When diabetes
coexist with multiple chronic diseases such as
Alzheimer’s and Parkinson’s disease in an older
adults, the risk of serious hypoglycemia is further
heightened by exposure to multiple medications
(polypharmacy), age-related change in drug meta-
bolism and sensory function, and suboptimal
adherence to diet and medications. Hypoglycemic
events place older adults with diabetes at greater
risk for falls, fractures, depression, cardiac arr-
hythmias and other cardiac events, dementia, and
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reduced quality of life.#> One strategy to reduce
hypoglycemic events, polypharmacy, ADEs, cost,
and treatment nonadherence in older diabetic
patients is to use one medication, such as glucagon-
like peptide-1 receptor agonists (GLP-1 RAs), to
address multiple conditions and chronic diseases
that are commonly associated with diabetes.

Why is it important to favor a strategy of treating
many conditions with one therapeutic agent?
Many older adults with diabetes present with con-
comitant multiple conditions and chronic diseases
that complicate their treatment, with use of multi-
ple medications with potential for ADEs and bur-
densome lifestyle changes. A 2011 study found
that about two-thirds of Medicare beneficiaries
had two or more chronic conditions, including
diabetes.® In addition to the known cardiovascular
complications of diabetes (including coronary
artery, peripheral artery, and cerebrovascular dis-
eases), diabetes has been associated with nonalco-
holic fatty liver disease (NAFLD),” cognitive
impairment and dementia,> mood disorders, and
pain.® Older adults in general are at higher risk for
sleep apnea®!? and bone loss and fractures.!! This
review presents evidence and illustrative cases on
the effects of glucagon-like peptide-1 receptor
agonists (GLP-1 RAs) on diabetes-associated
comorbidities (e.g. NAFLD and hypertension)
and geriatric syndromes (e.g. Parkinson’s and
sleep apnea) beyond the endocrine system. GLP-1
RAs may allow clinicians, especially geriatricians
and primary care physicians, caring for clinically
complex diabetes patients, to address multiple
symptoms and conditions with one medication—
GLPI1RAs. Such a ‘one-stop shop’ approach can
lead to reduction of medication burden, adverse
drug events, hypoglycemic episodes, medication
costs, and treatment nonadherence.

The mechanism of action of GLP-1 RAs in diabe-
tes has been well documented in both human and
animal studies.!'?>!4 Briefly, the gastrointestinal
tract releases GLP-1 when food is ingested.
GLP-1 receptor agonists stimulate GLP-1 recep-
tors expressed on pancreatic islet beta cells, but
also those expressed in cells in multiple systems,
thus potentially explaining the other beneficial
effects of GLP-1 RAs,!%13 as discussed below and
presented in Table 1.145% The use of GLP-1 RAs
is associated primarily with dose-related gastroin-
testinal side effects (nausea, diarrhea, vomiting),
and is not indicated in patients at risk for pancrea-
titis or kidney disease.>> Despite these contraindi-
cations, a recent meta-analysis (7=4330) found

GLP-1 receptor agonists superior to alternative
incretin-based therapy, dipeptidyl peptidase-4
(DPP-4) inhibitors, in reducing hemoglobin Alc
(HbAlc).>¢

Methodology of evidence review

The primary aim of the current review was to
characterize the secondary effects of GLP-1 RAs
that may be relevant to clinically complex older
adults with diabetes and multimorbidity, in whom
polypharmacy is a concern.’”5® In September
2017, a PubMed search was conducted for rele-
vant terms, including glucagon-like peptide-1
receptor agonists, exenatide, liraglutide, lixisena-
tide, albiglutide, dulaglutide, and semaglutide,
and suspected secondary effects (e.g. exena-
tide + cardiovascular); a search of cited and
related articles was done in PubMed and Google
Scholar. Sources were examined until no new
human studies were found. The relevance of each
reference was discussed until consensus was
obtained. Animal studies were included when
human studies were missing. Expert opinion was
included when deemed relevant by the authors.
A summary of results (Table 1) was developed
using previous guides.>*>7 Drugs were evaluated
based on the effect on a secondary system (i.e.
blood lipids, hypertension, liver, brain, etc.)
and effects refined as indicated. Levels of
Evidence for Therapy/Prevention/Etiology/Harm:
1a, Systematic reviews (with homogeneity) of ran-
domized controlled trials (RCTs); 1b: Individual
RCTs (with narrow confidence interval); 1c: All-
or-none RCTs; 2a: Systematic reviews (with
homogeneity) of cohort studies; 2b: Individual
cohort study or low quality RCTs (e.g. <80%
follow-up); 2c: ‘Outcomes’ Research; ecological
studies; 3a: Systematic review (with homogeneity)
of case-control studies; 3b: Individual case-control
study; 4: Case-series (and poor quality cohort and
case-control studies); and 5: Expert opinion with-
out explicit critical appraisal, or based on physiol-
ogy, bench research or ‘first principles’.>*

Secondary effects and mechanism of action
of GLP-1RAs on comorbidities: evidence
from clinical and basic science research

Effects on the cardiovascular system

The effect of GLP-1 receptor agonists on triglycer-
ide, low-density lipoprotein cholesterol (LDL-C),
and high-density lipoprotein cholesterol (HDIL-C)
levels has been evaluated in multiple studies.

journals.sagepub.com/home/taj


https://journals.sagepub.com/home/taj

OF Onoviran, D Li et al.

(panunuoy)
(G0'0>d 118) 2-7100 pue ‘undauodipe 1e1d} payjoljuod
‘unda) winuas pue (L0°0>d /N0~ "SA -ogaoe)d
¥G-) LV (100 >d “1/10WWGQ 0+ "SA £'0-) ‘paziwopuel 0z(9102)
6112€C10 1ON ql 9zis a)dwes jews 7071-104835810Y2 padnpad apiinbedr sjusned g| ‘pung-a1gnoQ Buouyswy
(GZ0'0=0 ‘% 8°Z1 SA ¥'8) Uol}EDIpaW
Bursamor-pidn 10 (920°0=d '% 7°9Z SA
¥°0¢) @AIsualiadAy jeuonippe papaau
1no paddoup 043u0d Jamay Ajueoniubig "sapliadkbiiy pue 1qH
21wa2A16 Buruieyurew jou paroldwi pey (G1G=u) apleusaxa snd apliidawnb sa 01(6102)
¢9.65€00 1ON ql 950y} ‘1eld} 19ge)-uadQ  UIWJO0J}aW Y00} OYM 3S0Y} ‘SUIUOW 9¢ JOAQ 6¢0L  9pleusxa jo |0y owis
(G6°0-8G°0 1D %G6 '7L°0 YH) 4041 amo
1BIRJUOU ‘||N ]BIBJUOU ‘SBSNED \Q WO} J0 4HD 'aAD
yyeap paanpad Ajpueosiyiubis apiynibewss paysigeisa 1e1d} 1B2IUID 81(9102)
979702410 LON ql ‘s1eak | 'Z JO UOIIRIND UBIPSW B J3AQ YIIM £62€ 9-NIV1SNS 0sJep
(£6°0-8L°0 1D %G6 '£8°0 ¥H) &40d1s SJ0}oe}
1BIBJUOU ‘||N 1BIBJUOU ‘SBSNED A WO} )SId 10 gAD
yieap paonpaJ Apuesyiubis apinibedn paysigelss 1e) 2(9102)
87064110 1ON ql ‘s1eakg’g JO UONRIND UBIPSW B J3AQ Yum ovee 1B21UNS Y3ava 0sJep
d49d (dga
pue 4gs uo 109} JO SWJa} Ul Sjusead) 10} G4L'8L=U
#| Buowe JeId1jaUS(q }1SOW Se payuel alam 'dgs Joy sisAjeue
apiinbigie pue ‘apiin)bedn) ‘aplieusxa ey} 068'72=U) -B12W pUB M3
e| pa1edIpul sisA|eue-elaWw yJomiau uelsakeg ‘s1ely g9 newalshks  4,(G10Z) uns
juediubis A)1e213SIIBIS 10U 8J9M SUOI}ONpPal
d9Q 11041U02 BAI}IB SNSIBA (7' |- 'GE'E-
10%G6) BHWW ¢ z- pue ogadeyd snsuan Buo) sisAjeue
71(§10Z) uns (79°0- “76°Z- "10%G6) BHWW 6/ |-  SYIIMZ| 1SB3]  -BI2W PUB MBIABI s1(€102)
el Y}IM S3IpNn}s awos saleysg dgS paonpaJ aplieuaxa Jo aplin)bedi 1B S|ely zg J11ewalsAg uosuiqoy
0-QH Ul Juawanoidwi
Saw021no wuedijiubis ou Ing sapldadAibiiy pue (0%€'yL=u) sishjeue
Je)noseAolipJed aiedipul 0} 10491S9]0Y2 1B10) ‘Q-(] Ul SUOIIDNpad  Sjuswieali gl -BlaWl pue malAal
el pPapaau 9dUapIA3 Jayiin4 1S9pOW Y}IM paleID0SSE 31aM Sy |-dT19 ylIm siely g onewslsks  ,(G10Z) uns
Jenosenolple)
Jagqwinu Aob  ,9duUdpIAd (1eaAh)
*sjelesun) JO 19A97 suoneywi sbuipulj Jueaaay azis a)jdweg adA} acuapiAg  Joyjneisdiq

'SYY L-d79 J0 S109}d AIBPU0ISS U0j 9DUBPIAS JO 19A3T *| d)qeL

journals.sagepub.com/home/taj


https://journals.sagepub.com/home/taj

Therapeutic Advances in Chronic Disease 10

[panunuoy)

JaAIn
sjualied anlisualladAy
Wl0J} S91J9}Je JBUSI Ul UOI}OUNY 1BIBYI0pUD
paroJdull pue s1182 1e119Y10pUd J1340B YHS
paipnis uo13onpoJd apIXo d14}IU Ul payINsad #-X3 suawidads
J0U 9J9M S3IJd}Je JUB)SISal ‘syuaiied anlsualiadAy pue aAlsuajowlou JSEINLREENEY! juawiJadxa
o uo undnbeys jo s30ay43 wouJy suawlidads A1ayde jeuad uewny g uj uewny Q| uewny pue jey «2(210Z) NI
3uO0e uolyedlipow
91A1591) sA sueakg g 03 dn Joj 4gQ pue
dgS paonpad apljeuaxa pamoys Apnis
payjage) uado uy ‘SYluow 9 Joj paise)
9PI1BUBXS JO S108))8 dAISualladAynue
Pamoys S)eld} 9 wodj eyep pajood
‘poliad yaam-g e Jano syualjed 8sago Ul
(BHWwW £°€-) 490 Pue (BHWW /'G-) 489S
ueaw padnpaJ os)e aplinbedi] ‘ogadeyd
pajage) uado auam SABHWW gZ- 490 pue bHww g g- y2(1102)
ez S3IpN}S Pamalnal awos Aq 495 ueaw pasnpaJ apl}euaxy M3INDY eyeue]
(GE'L-"8L7C — *10%S6)
BHWW 9G*| - 0 U0I}ONPaL 4gS B pamoys
SISA|euB-B)3|N "19POW }084}9 WOpUEL B
Buisn (Gz'0- 01 0Z'L- :10%G6) L7'0- 40 S1el} €€ 0
dga ul QWM PUB ‘(L1 = 01 6~ 10G6) Apnis uoissaibau
BHWWZZ"Z- 40 485 Ul (QINM) @dUdUa41p elaw pue
ueaw pajybiam e yjIm pajerdosse siskjeue-ejaw z(7102)
ez sem Adedayy | -9 40 s¥oam9G-7| 69%'Z1 J1}ewa)sAs 1nojey
uoisnjul salpnis
(syuaned wJa3-buo) Jo |-479 jo uoisnyul jeydsoy  QyD Jo aunjiey 1B21UND 9AlY
2Ll PUBQZ ‘'0Z ‘2l ‘0l 40 Jaye (yibuauys A1BUO0J0D Jo Saunseaw  JJeay ‘[N YUm pue jesjuioaud 22(€102)
e¢ mo_bjam_ 9ZIS wdarcmm news J9Y]0 J0 SaJ03ds n_m_>|: Um>OLQE_ Sjuslied mwcw_ama VA4 10 M3IADY oeyy
dga uo 129)3 Juedyiubis ou VSO yim
1ng 0gadeyd yum patedwod 4gS paonpad  sjualjed 8saqo
1ety bunp ino apnmbedi (L1 =u) ogade)d Jo (08| =U) dl}agelpuou 134 12(9102)
al paddoup s303[qns 4o %ez°Z apimbedn Buig°g Jaya %003 sjualjed 6G€ pung-e1gnog uewoelg
Jagqwinu Aob  ,9d3uUdpINd (1eah)
*sjelaes’lun) J0 1397 suoneywi] sbuipulj Jueas)ay az|s 9)dwes adAy @douaping  uoyinesuiq

(PenuUBUOY) | 31qeL

journals.sagepub.com/home/taj


https://journals.sagepub.com/home/taj

OF Onoviran, D Li et al.

(panunuoy)
JuaJayIp A)jeonsiiels
J0U S9402S QP pue
saJ02s daa)s ‘uoissaldap
‘syse} pawl] ‘syuaiied syjyuow %z Aq pasealoul aiam
9say} Joj pajsnipe sem sasop 037 palamo) Ajsnoiraid (900°0=4)
siskjeue ‘poliad juswyeady Z-SYQ Ssen ayy uo Jaybiy syulod¢'g pue (51043U00
-1sod ayy bulinp sg@ (00°0=4d) 91eds Jojow SYAdN-SAW Ul % ‘Paieali 0g) 8z(7102)
paJinbau (s1043u02 g ‘dnoab Jaybiy syuiod 9'g palods sjuaiied pajes.y syuaned qd sowQ
ql Juswieady Ul |) syuaned ¢ aplleusXxa ‘Juswieadi-jsod syyuow z| 3y 9leJdpow ¥y |eld) pung a)bulg -S3YINY
9Seas|p s ,uosulyJded
uledg
11V 1ewou pansiyoe g | % pue (1000°0 >d
/NS L+ ¥0L-) LTV pednpad pey (91| =)
sulnsseq e |V WN.Jss pajeAs)s Yim 1el4} pa7043u0d £2(8002)
ql (aplieuaxa sieakGg'g Yim |G| ) syualied syuaned /|z 0gaoeld Jjouony
(1L0°0>d !s1043u0d pajeasiun
‘SA 9%,9'%¢) se1kooieday uewny Asewiud
ul sisausbodi) paseaudap pue {(Go'0>d
19%0€° L+ "SA 9Z°L-) OAIA Ul Ssisauabodi) orou 1B14} Pa110J43u0d
ap oneday pasealdap (GO 0 >d ‘unnsul -ogaoe)d
9S0P-MO] SA %Y%GZ~ "SA 9€'6~) AAlISuas ‘pasiwopuel 0z(9102)
611L4ECL0 LON ql unnsui oneday pasea.oul apinibedr sjuaned g| ‘pung-e1gnoq buossway
S1S0.4Q1} PUB ‘Uol}eWWE)Ul
sajdwes ‘sIS01e9)S pasealdap pamoys buibew
3NSSI} 40 S]0J3U0D JO ¥OB) Y}IM S3IPN}S "UOIIEWIWIE)JUI JBAI) 4O}
‘UIWI04}9W 400} 0S]Ee OyMm Jo9yJdew e ']y wWnJas pasealdap Nazl 19pOW S10944d
(%Y°61) siuedidnued 9g| jo Auesyiubis (syeamgy-yz) siouqiyul pue g14vN wopueu buisn 92(5102)
el 9¢ ul Buipunojuoo eljualod #-dd(@ 40 sisiuobe |-479 Yy}Im jusawiead | YIMm 9¢| siskleue-ela auogJe)
Jaqwinu Aob  ,9duUdpINd (1edh)
*sjelaes’lun) J0 1397 suoneywi] sbuipulj jueas)ay 9zis 91dwes adAy sdouaping  uoyinesuiq

(PanunuoY) *| 31qel

journals.sagepub.com/home/taj


https://journals.sagepub.com/home/taj

Therapeutic Advances in Chronic Disease 10

[panunuoy)

sisiuobe
Joydadals uobeomb/d4|9/1-479 91d1) pue
‘sysiuobe 103dedal 419/ -d79 1BNP ‘X0
‘sJoNqIyul 7-ddq ‘sisiuobe 4|9) saipnis

aseasi( s.Jawliayz)y

‘STY  1ediundadd ul paysa) usaq aAey spunodwod
‘QH ‘ad 'ay = saseasip JB)IWIG "S)elJ} 1BDIUID Ul S}Nsad aAljisod
G aAlyeJauabapolnaN UMOYS aAeY (d|9 PUe |-479) sullaJou] 910114B M3IADY 46(9102) 17
swoldwiAs Jo aseasip ay)
S)eaJ} }l JaYIdYM aulWId}ap
0} sysiuobe |-479 jo
wsSIuRYdaW dulwWlalap
!S]]IS J0}0W JO SWJd) Ul ee(£102)
Koealyya pue Ayajes wua) aluAyjo4 pue
G Buo) aulwJialap 0} paaN M3IABJ PaYIAU| epneyly
a1e)s aseasip Jo 1aip ‘abe Aq
Joj pajunodoe aq jou p1nod jey} edopoaa) edopona) lLL61)
Yym pajeady syuaijed gd Ui punoy | |9 Y}Im pajeady Janenp
ofs 1ewdJouqge pue asuodsad unnsul padiedw|  sjuaned qd vz Apnis jediung pue 11a0p
Koeoiyys jo jooud
ueyy Jayjed 3daouod jo
jooud, synsaJ ay} Japisuod
0} suolne) ‘aouediyiubis  poldad JN0-YSemM %aam-gZ | pue jJuswiealy jo 1e14} 10J3U0D
yoeaJd JOU pIp Sainseawl  Sydam gy Jaye pajsistad swoydwAs Jojow syuaned qd ogaded punq e 0el£102)
ql awo02ino Alepuodag  (d 40 Ayuanss ul syuswanoldwi yueoyiubls  ebeis-piu, g9 a1gnop g aseyd epneyly
@l u1 aseaudul
0} anp sjuaijed pajeaJy g ul
paonpaJ 037 ‘azis aydwes
40 asnedaq ;deadouod jo
jooud, paiapisuod ag pjnoys
'S10J3U0D UBY} 9S4N0D syjuow 4| 0} pajsisiad sadualayiq
aseaslIp Jaydoys Ajybns "(L£0°0=d) syulod z'z paundap sjyusned «2(€102)
pey pue Japjo Ajybns pajeaJjun ‘syyuow g | e sYAdN-SAn syuaned qd soulQ
0L8%7Z110 LON ql aJam sjualjed paiead| ur syurod £z paroadwi syusijed pajeal]  @leJepoul, G7  |eld} puijg @1buls -S3)INY
Jagqwinu Aob  ,9dudpIAd (1eaAh)

'SIELNEdIUNY  JO 9A9T suoneywr

sbuipulj Jueasjay

9z|s 9)dweg adA) @duapiAg  Joyineisdiq

(Panunuoy) *| 31qel

journals.sagepub.com/home/taj


https://journals.sagepub.com/home/taj

OF Onoviran, D Li et al.

(panunuo))
0v(L10Z)
(av) .se18qelp gadAy, fuog
G 1suiebe syy | -4719 4o asn Joj sanbuy M3INDY pue aeg
Apnis jo)1d
sy0algns pajeaJ) Ul syyuow 9 je panosdde IO dnoub-18))esEd
uonualle pue Alowsp ‘(0| =u) ogadeyd Jo d13sauule Jo ‘pung-a)gnop
(0z=u Ajiep bu ¥) suozey)bisod Jo 8sunod av plw yim ‘pa110Jiuod ¢c(5002)
ql yjuouwl-9 e 0} paziwopued alam s3oalgng syalqgns gg -0gaoeld UoSIEM
wslogejaul
950on16 1eJgalad pue jesaydiiad yjoq
0} PaYul] S}08449 9AI}d8304doInau aAey
os)e Aew pue ueds | 34 buisn asuejeq
as0on)6 1eugaJad uieyulew oy sdiay
pue uleaq ayj} ul jedauab ur asoon|b
jo yJodsuedy ggg saonpad |-419 Apn3s JaA0SS04D
‘jueoiyiubis pa110J3u0d
10U SEM 92U3Ja}Ip 8y} Ing uoisnjul -0gaoeyd
L-d19 UM %8L-z| Aq paonpal sem usw papung-s1gnop 8(8002)
ql 9zis ajdwes )jews 9s00n16 Jo 9)eJ d1j0gr}dW 1BUgaIBD BY | Ayneay g| paziwopuey ayoJa
1e13 3011d 1@21UN2
(0%) Qv payoJjuod
SYuoW Z Jayyiny e 1oy 9)eJapow-0} -ogaoeyd
paisisdad dnoub pajeady ul syuswanoldwi -pliw 4o (%9) ‘pung-s)gnop (2102)
ql AJowaw ‘yuswlieady syjuowly Jayy 1D Yim %01 ‘paziwopued Hyeun
‘uoijiubod Apmys
Jo uoljejnwindoe plojAuwe Adenqiy uo papung-ajgnop
Apnis 109}J9 ou pey inq uoidwnsuod asoon|b pa1)0J3u0d
1GE69YL0 LON qL  yuowg ‘azis adules jews uredq 4o auldap ayy pajusnald sy |-d19 8¢€ -0gadeld  4¢(9107) 1e9
ay ‘enuawsasp
Jenosen ‘|NazL o salpnis
uaamiaq 1sixa Aew sanjea Bl}USWAP 9)0J43s-}s0d JO ¥si salpnys
JUBJaY4Ip ‘elIUBWAP JO Jaybiy sawiy £-g e aAeYy INQZL YHM 9soy) 1euipniibuo)
sl pue sajaqgelpadd jo 1ey) paylodau (sjuaied 8)041s 8667 =U) pue JeuOoI}I8S siskjeue-ejaw
el diysuoiyejad palpnis auoN salpnys 1eaibojoiwapida Jolew g Jo £ -SS04) pue MaIrdy ce(7102) 17
Jagqwinu Aob  ,9d3uUdpIAd (1eah)
*sjelaes’lun) J0 1997 suoneywi] sbuipulj Jueas)ay 9zis 91dwes adAy @douaping  uoyinesuiq

(Panunuoy) °| 31qel

journals.sagepub.com/home/taj


https://journals.sagepub.com/home/taj

Therapeutic Advances in Chronic Disease 10

[panunuoy)

IHV YHMm
paje)allod Ajaanisod sem pue ‘(0g=U) YSO

dnoub gyd9 Jo} 9J9A8S Y}IM asoyy ul Jaybiy Ajyueoiyiubis
1041U02 ou ‘uelsy sjusiyed sem |-d79 bunse} ‘(dvd) .syiuow g pey sjualjed Apnis (9102)
qz e ‘azis aydwies jews £%) VSO0 Jo s18A8) buikien yum syuaned uj VS0 96  10Yod 1enplaipu| ojownsie
d8Qa uo 10849 yuedijiubis
ou Ing ogadeyd Yiim sa 4gs padnpad
apinbeli *(4noy/ sjusAe g ¥ |9 SNSJaA
8'l T ¢'¢1) 0gaderd sa dnoub apnnbedn ayy
ul Ajpuediyiubis paseaddap |HY ‘sHeamze VSO Yim
WV "SY29MZ| 1SdI} Ul paldnddo |Hy ueaw  sjualjed asaqo
1ety buinp ino ul uoONPal }SON “(641 =u) 0gadeld o dl}egelpuou 134 12(9102)
ql paddoup s3o8lqns Jo %Ez°Z (081 =u) apnmbedn buig'g %00} syualed 65¢€ pung-s1qnoQg ueunjoelg
|HV ul abueyd
0U peyY S10J3U0) "JusWieal) 0} asuodsal
OU PaMOYs %€ ING ‘% ¥y Ag paundap |HY
‘dnoub pajeauy ayy Jo 9,/°z Ul (200 0=4d)
uolyeanp JNoy/sjuans Qg ¥ 8€ 01 Z€ F 0§ wody (S1043U02 4 7(5102)
ql 1oys ‘azis a)dwes 1jews pasealdap dnolb pajead) Joj |HY 11B48AQ  ‘Paleal) 8l) 4T 10y 1BenpIAlpu| Uty
eaude daa)s
(G0'0>d) unnsuryym - NdZL Pe11043uod
UINSUl UO 9S0Y} JOU }NQ ‘BPI}RUIXD UO 19 ‘apiieusxa  Ayood Joj unnsul
950y} Joj panoldwi uoissaidap pue bulaq Y3m Jo apljeuaxa uo er(1102)
qz -119M ‘UOI}OBJSI}ES JUBUIIEDI] JO S8100G syuaiied |/ sdnodb payoiepy Juelq
Jamod jeonsiels (uonisinboe
MoO) Apnis ayy jo uoljednp /Aiowsw Buluiea)) | JAVY pue (uonuane
Moys ‘syuabe jeanayjodAy ‘buissedoud jo paads ‘uoidUN) BAIINIBXB)
Jayjyo Jo dnoub ogaoe)d 1SS@ Y} PIP Se ‘7 ¥2aMm 0} aulaseq (1011d YoM
jo yoe) tubisap 1aqge) wouJy Ajjueolyiubis pasealoul uolouny agdJo  -y)epnlnmbeun jo (£102)
qz -uado !azis ayduwles jews aAIINdaXa (g 159} buijew 11ey) glNL 3yl Aamw Yyum g1 1eldy 1age) uadQ nsuep
SJapJosip poow/uoissaldag
uolouNny aAlubod uo
JUBWIEaU} VY |-dT19 0 109449 1eIdIyaUa] B
G uoluido yJuadx3  UMOYS SEBY 92UBPIAS JO Junowe buiouiauo) uoluido padx3  ,(110Z) Meg
Jagqwinu Aob  ,9dudpIAd (1eah)
*sjelaes’lun) J0 1997 suoneywi] sbuipulj Jueas)ay 9zis 9)dwes adAy @ouapiAg  uoyinesuiq

(Panunuoy) °| 31qel

journals.sagepub.com/home/taj


https://journals.sagepub.com/home/taj

OF Onoviran, D Li et al.

(panunuoy)
(6€°L-77010%G6 *8L°0 ¥O
‘[pe) @sn vy |-d79 JU844Nd Y}IM pajeldosse S10J3U0D
uoljeloosse J0U 0S]e SEM ¥SIJ aJnjoedy o13040doaysQ 711'622
12939p 0} Aynige bumiwn - *[€9°L-€8°0 10%G6 ‘91°L HO ([pe) paisnipe] ‘(34n3oe.y
sdeyJad ‘(sy@am9g) 140ys 94NJ0BJY JO YSIJ PASEIII8P B YHM Yym) sased Apnis 2(5102)
7 SEM3snyy |-d79 abeJtsAy  paleIDOSSE J0U SBM 3SN Y | -d9 JuaJin) 711'622 1041U0 ase) uassali(
sbnup o1wadAk biadAynue uayyo jo Apnis
SJ9SN "SA 94N}OB 9UO( JO ¥YSIJ paSealdap }10yod paseq 16(S102)
qz B Y}IM PBIBIDOSSE JoU 3SN Y |-d19 918'91Z -uonejndogd uassali(
dn mo1o4
%99M-ZG }e pue sso) Jyblam Jusyje uoljeulloy 1aIp
auoq Jajealb 99| pey os|e Jaye) 8y}  ssojiybiam uo
‘dnoub apiin)bedn ayy sa dnodb joJjuod ayy  uswom 3saqo 05(6102)
€81%760¢0 LON ql ul Jajeaub sawiy unoj sem sso0) QNG 1e10 ] Aynesy 1g 12y uasds)
Qg 40 saaxJew NQZL Yim 1B1d} Pa}]0J43u0d
Janoudny auoq uo yoedwi ou pey ing pasoubelp -ogaoeyd
10J1u02 9s02n)b panoidwi auozeynboid Jo Amau ‘paziwopuel
ql UNNSuUl ‘apljeuaxa UM JUsaW}eal) Yaam-yg sjyuaiied z9 “1911eded 67(5102) 17
jueayubis
JOU SEM 32U3J3Ip INq ‘YO #-ddQ SnsJan sjely ul (696 0=d
-HW J4ayb1y pey sxaamzg> '20'2-82°0 10 %S6) GL'0 Sem sisiuobe S1Jd LW gv7(7102)
¢€G5€600 LON el dn mo104 € ypm salpnis J403dedal |-d79 10} YO-HIN Pajood sjuaned gGzY S10d L neaniqen
(LZy-€0°L
10 %G6 ‘60°C=40-HW] XSl pa1gnop e yim
P21BID0SSE SEM JUBUI}EAI)} BPIIEUSXS IN|
‘(£8°0-L1°010 %G6 '8E°0=H0-HW) s84n3deY
au0(Q JuapIdul JO ¥sid Jamo) Ajjuedijiubis sjualjed s19Y4 91
el B Y}IM pajeidosse sem aplinibed| 90Z‘'LL  Jo sishjeue-eyo #(§102) NS
auog
sn}e)s 21wWadAk|b
pue ||Ng ‘xas Joj buiysnlpe uaye abuaneyd
Apnis 1euoi}oas 9s00n1b6 0} asuodsal | 479 Jamo] Yyim Apnis 9(£102)
Y -55042 'az1s 91dwes Jjews pajel1dosse sem A}14aAas SO buiseadou) L 1BU01}09S SS04) 1nYeJinay
JaqwnuAob  ,9du3piAe (1eak)
*sjelesaun) J0 19A97 suonejwi sbuipuly Jueasay azis a)jdweg adA} acuapiAg  uoyjne)sdiq

(PenuUBUOY) | 31qeL

journals.sagepub.com/home/taj


https://journals.sagepub.com/home/taj

Therapeutic Advances in Chronic Disease 10

- so1didulid 1su1y, 40 youeasad youaq ‘AbojoisAyd uo paseq Jo “esiesdde 12213142 11211dxs 1noyym uoluido uadx3:g
‘(s81pN3S 10J1U02-8SeD pue 140yo2 A)ijenb Jood pue) salies-ased:y

"ApN1S 1043U0D-8SED 1BNPIAIPU|:QE

"S8IpN)S 10Jju02-3sed Jo (Ajlsuabowoy y)yim) Mainad d11ewa)sAs:eg
'salpnys 1821601029 {Yoleasay SawodInQ g
‘(dn-moni0) 908> 6°3) 510y Ainenb mo) Jo Apnys 140yod 1enpiAlpul:qz

'S$31pN1s 140yo2 Jo (Aj1suabowoy yim) smalaad dllewa)sAs:ez

'S| QY dUoU IO 1D

‘(1BAJS}UI @DUBPIJUOD MOJIIBU YIIM) S| DY 1BNPIAIPU|:q]
's10Y Jo (Aysusbowoy yiim) smainad dljewslsAs:e|

ye:udeH/Abojong/uonusnald/Adesay] J1oj 82UaplAg JO S19AdT,

"90UaJa)Ip ueaw payybiam ‘gNM ‘@inssaid pooiq o1103sAs ‘dgs f1eld} Pa)1043u0d paziuwopueld ‘| 3y
‘)siuobe uoydadau ‘vy ‘a)1 Jo Aynenb oD !esessiq s,uosujied ‘qd ‘xapu| A}lusASS pue ealy SISEII0SH ‘|SYd ‘UNPOWOiUAX0 ‘|NXQ ‘8Seasip JaAl A13e) 2110Yod1euopN ‘g14VN ‘uonoJejul
1eIpJed0AW ‘[N {011BJ SPPO 19ZSUsBH-19lUBN ‘YO-HIN ‘91825 buliey aseasiq s,uosujded paijiun A1a120G s1aplosig JUsWaAol ‘SYAdN-SAW 4aposip aalssatdap Jolew ‘qg ‘91€9S
Buijey enpuswag siepW ‘Z-Syd SINE ‘uoiidedj uoidafs JendlijusA Ya) ‘43N] ‘eisaurysAp paanpul-edop-T ‘gl ‘esop juajeainba edoponsT ‘g3 ‘o1led pdezey ‘YH ‘aseasip s,uoibuipuny
‘QH ‘sistuobe Joydadal | -apndad ayn-uobeomb ‘syy |-479 ‘epndadAjod oidosjounnsul yuapuadap-asoomb ‘dj9 ‘v uipuaxa ‘#-X3 ‘#-asepiydad Apndadip ‘7-44Q ‘uoneinwiig uleag
dsa( ‘sgQ ‘aunssaid poo)q dNolselp ‘dg(Q ‘8seasip Jejnaseolpled ‘gAQ ‘dejnasenoipded ‘AJ ‘Adeday) aunssald Aemuie aAlisod snonuiuod ‘qyd) ‘aseasip Asupiy d1uoayd ‘gyd {(1eadaiul
92U8pIU0D) |] *adn)iey 1ueay aAsabuod ‘4H) ‘eseasip Ausyle Aleuodod ‘qy AjIsusp jedaulw suoq ‘qNg ‘3usjuo0d Jedaulw suoq ‘QNg ‘JepJlosip Jejodig g ‘Jslileq uledq pooiq ‘ggg
'359} uonejod paonpul aulydiowode ‘] |yy ‘Juswdiedwl aAlUbOD pliw dl3SBUWIE QB BSBUIUIBSUBI) SUIUR|E ‘|TY ‘SIS04810s |edaie) diydoljohuwe ‘§Ty ‘xapul eaudodAy eaude ‘|Hy

‘g'¢ 0} siealk g pue

8% WoJj pue g'Q| 03 '€l WO} S8403S |SVd gy syuaned (¢=v) (1 102)
Y paonpaJ Ajpueoiyiubis apiynibedn) jo syaam9 ?ew ¢ S9149S 9s5e) ueboH

S)oaMG Jano bug'|

0} pajedyl} apiinibed) yim syjuow g je pue
Kjaieipawiwil panosdwi uoljednp deak-g| ajew es(7102)
Vi jo siseliosd anbe)d a)geis pue ajelapopy P10 Jedk-4G | 1Jodau ase) noyosane4
umms
Jaqunu Aob  ,9d5udpIne (1e3Ah)
*sjerded’iun)d JO 19A97 suonejywi] sbuipulj Jueaaray az|s ajdwes adA) aduapiAg  Joyine)sdiq

(PenuUnBUOY) | 31qeL

journals.sagepub.com/home/taj

10


https://journals.sagepub.com/home/taj

OF Onoviran, D Li et al.

In the meta-analysis by Sun and colleagues, 35
trials were analyzed for the effects of exenatide,
liraglutide, or taspoglutide on lipid profile.!4
GLP-1 agonist therapy was associated with
modest decreases in LDL-C, triglycerides, and
total cholesterol, but no significant effect on
HDL-C. Compared with placebo, the GLP-1
agonist group demonstrated a reduction in
LDL-C from —0.08 mmol/L to —0.16 mmol/L.!4
Exenatide, liraglutide, and taspoglutide treat-
ment led to a decrease in total cholesterol, while
liraglutide and taspoglutide led to a reduction in
triglyceride levels.!* Other studies showed a
reduction in one or more lipid levels with exena-
tide or liraglutide.19:20

Hypertension, found in 30-70% of those with
type 2 diabetes, is a well-known risk factor for
both cardiovascular and cerebrovascular dis-
ease.2* The mechanisms for the antihypertensive
effects of GLP-1 RAs include a reduction in the
risk of left ventricular hypertrophy, an increase in
sodium excretion and increased atrial natriuretic
peptide (ANP) secretion, leading to reduced
blood pressure (BP).22 Indeed, GLP-1 receptor-
deficit mice secreted no ANP when given GLP-1
RAs, indicating a putative BP-regulating pathway
via a gut-heart GLP-1 receptor-dependent and
ANP-dependent axis.?? In humans, Zhao found
strong evidence from clinical and preclinical stud-
ies that GLP-1 RA treatment can benefit patients
with myocardial ischemia and heart failure.?? Sun
and colleagues, in a second systematic review and
network meta-analysis of 26,654 patients, found
exenatide to significantly reduce systolic blood
pressure  (SBP) compared with insulin
(-4.86 mmHg 95%CI: —8.33, —1.40) or sulpho-
nylurea (—3.00mmHg 95% CI: —5.84,-1.35). In
the same review, albiglutide reduced BP com-
pared with placebo but not when compared with
other treatments. Exenatide also reduced dias-
tolic blood pressure (DBP) significantly
(-0.9mmHg 95%CI: —1.68, —0.11), as did sul-
phonylurea (-1.60 mmHg 95%CI: —2.86, —0.35).
Dulaglutide produced no significant effect.!® A
similar meta-analysis of 32 trials found that lira-
glutide or exenatide reduced SBP —1.79 mmHg
(95%CI: —2.94, —0.64) wversus placebo and
-2.39mmHg (95%CI: —3.35, —1.42) oersus
active control; DBP reductions were not statisti-
cally significant.!> Liraglutide also reduced mean
SBP (-5.7mmHg) and DBP (-3.7mmHg) in
obese patients over a 3-week period.2*

Long-term studies indicate a sustained effect of
GLP-1 RAs on BP. For example, in a systematic
meta-analysis and meta-regression study of 33 tri-
als covering 12-56weeks (n=12,469), Katout
and colleagues found a weighted mean difference
(WMD) in SBP reduction of —-2.22mmHg
(95%CI: —2.97 to —1.47), and WMD in DBP
reduction of —0.47mmHg (95%CI: —1.20 to
—0.25) in the GLP-1 RAs group wversus control.23
The greatest BP-lowering effect was found with
exenatide, which reduced mean SBP by
—3.8mmHg at 5-10mcg and DBP —-2.3mmHg
at 10 mcg versus placebo. Data from six large trials
showed that the antihypertensive effects of exena-
tide lasted 6 months, with greatest reduction in
patients with SBP greater than 150mmHg. In
another open labeled study, exenatide treatment
for up to 3.5years reduced SBP and DBP in dia-
betic patients, in comparison with lifestyle modi-
fication alone.?*

The effect of GLP-1 RAs on cardiovascular health
has been studied in a number of large trials. Four
trials of the cardiovascular effects of GLP-1 RAs
in patients with diabetes and cardiovascular risk
factors have been published: ELIXA (lixisena-
tide)y LEADER (liraglutide), SUSTAIN-6
(semaglutide), and EXSCEL (exenatide extended
release).17:18:5960  Of these, LEADER and
SUSTAIN-6 showed significant reductions in the
primary outcome and reduction in cardiovascular
death. Liraglutide reduced the primary outcome
(a combination of first occurrence of death from
cardiovascular causes, nonfatal myocardial infarc-
tion, including silent, or nonfatal stroke) 13%
[hazard ratio (HR) 0.87, 95% CI 0.78, 0.97] and
reduced cardiovascular death 22% over a median
follow up of 3.8years.!” Semaglutide, over a
median follow up of 2.1years, reduced the same
primary outcome 26% (HR 0.74, 95% CI 0.58,
0.95) but did not significantly affect cardiovascu-
lar death.18 A meta-analysis of seven trials, includ-
ing LEADER and SUSTAIN-6, concurs that
liraglutide and semaglutide both offer protection
from adverse cardiovascular events, but only lira-
glutide reduced cardiovascular mortality.®! One
review recommended that GLP-1 RAs could
replace metformin as a first-line therapy in those
with type 2 diabetes with high cardiovascular risk
factors or those who are intolerant to metformin. %2
The PIONEER 6 trial, to determine the cardio-
vascular safety of semaglutide in type2 diabetes
patients with high cardiovascular risk, is currently
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ongoing and has enrolled 3183 patients in 21
countries (NCT02692716).63

Effects in the liver

NAFLD is common in patients with type2 diabe-
tes.” Indeed, a 2015 systematic review in JAMA
estimates 66% of adults over 50 who are overweight
and have diabetes are also likely to have the NAFLD
subtype, nonalcoholic steatohepatitis with advanced
fibrosis.®* NAFLD and diabetes together worsen
hepatic function and hasten development of diabe-
tes complications.” Mechanistic evidence from sev-
eral animal studies indicate that treatment of
diabetes with GLLP-1 RAs affects hepatic function
both directly and indirectly. Treatment of mice
with exenatide for 60days significantly decreased
hepatic lipid content.%> In mice fed a high fat/fruc-
tose diet, the liraglutide group demonstrated a sig-
nificant reduction in hepatic lipid accumulation as
well as significant improvements in insulin sensitiv-
ity and glucose tolerance, lower serum triglyceride
and cholesterol levels.%°

Multiple clinical trials and meta-analyses show
improved hepatic function in NAFLD as meas-
ured by transaminase levels, biopsy, and images.
In studies of patients with both type2 diabetes
and NAFLD (diagnosed by imaging or biopsy),
GLP-1 receptor agonists (liraglutide and/or
exenatide) and a DPP-4 inhibitor (sitagliptin)
lowered serum alanine aminotransferase (ALT)
levels by a mean of 14.1IU/L. Other studies of
GLP-1 RAs using ultrasound or proton magnetic
resonance spectroscopy assessment of fat content
or liver biopsy showed a 42% median relative
reduction in intrahepatocellular lipid in imaging,
and significant histological improvement in the
biopsy group.26 Other RCTs found similar posi-
tive results: an average reduction of ALT of
—541U/L in the liraglutide group versus —4.0 IU/L
in the placebo group, with p<<0.01 and a signifi-
cant decrease in de novo lipogenesis in the lira-
glutide group (-1.26% wversus +1.30%;
$<0.05);3! and a mean ALT reduction over
3years in 217 diabetes patients values, with mean
ALT change of —10.4 +/- 1.5IU/L; (p<0.0001)
in a 3-year clinical trial of exenatide therapy.2”

Effects in the brain

GLP-1 receptors are present in many areas of the
brain, including neurons, glia, and astrocytes.
Studies show an abundance of GLP-1 receptors in

the central nervous system (CNS), especially in
areas of the brain critical for memory, learning,
and locomotion.57-%° These include the pyramidal
neurons of the hippocampus and the cerebral cor-
tex. In addition, activated glial cells express GLP-1
receptors under stress, suggesting a potential role
for GLP-1 RAs in modulating the inflammatory
response.®”70 Han and colleagues found that
GLP-1 RAs and GLP-1 receptors are produced by
the hippocampus, first as a post-translational prod-
uct of preglucagon, acting as a growth factor in the
brain.”! GLP-1 is neurotrophic via its protection of
neurons against glutamate-mediated apoptosis and
oxidative injury. Indeed, both mice and rats over-
expressing hippocampal GLP-1 receptors experi-
enced substantial neurotic growth, learned faster,
and had better memory.”0-80 In addition, adminis-
tration of liraglutide significantly protected against
amyloid beta 25-35-induced reduction in spatial
cognition in rats.”!-74 Similar anti-amyloid effects
were demonstrated with lixisenatide.”?

Parkinson’s disease. The evidence from basic sci-
ence research, mostly in animal models,80-82-85 Jed
to human studies and clinical trials of GLP-1
RAs,28-32 especially since GLP-1 agonists/analogs
have been shown to cross the blood-brain-barrier
(BBB) and stimulate the GLP-1 receptor in the
brain.378!1 Lerche and colleagues found that
GLP-1 RAs modulate transport of glucose
through the BBB and help maintain cerebral glu-
cose balance, as shown by PET scans. This func-
tion may have neuroprotective effects via
peripheral and cerebral glucose metabolic path-
ways that may benefit Parkinson’s Disease (PD)
patients.3” A 12-month trial of exenatide in 44
‘moderate’ PD patients (20 treated, 24 controls)
found that the treated patients improved by
2.7points in Movement Disorders Society Uni-
fied Parkinson’s Disease Rating Scale (MDS-
UPDRS) scores, while untreated patients declined
2.2 points (p=0.037); these differences lasted for
14months.?® In an open-labelled RCT of 45
patients with PD, a mean improvement of
1.8 points in the Mattis dementia rating scale, was
observed at 24months in patients treated with
exenatide, compared with a mean deterioration of
3.5 in the control group.?® Similarly, in a single
center, double-blind, randomized placebo-con-
trolled 60-week trial with 62 participants,3® the
exenatide group had MDS-UPDRS scores
3.5points lower than the placebo group. This
improvement in severity of PD motor systems
persisted for 48 weeks of treatment and through
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the 2-week wash-out period.?® These results are
considered ‘proof of concept’ rather than ‘proof of
efficacy,” and larger and longer RCT studies are
needed to confirm these findings.8¢

Alzheimer’s disease. Impairment of short-term or
long-term memory and learning is a key symptom
of Alzheimer’s disease (AD), the cause of 60—80%
of all cases of dementia in older adults.87-88 Thus,
there is an urgent need for more effective medica-
tions to treat AD and other neurodegenerative dis-
eases.8%:90 GLP-1 RAs in particular have shown
promise as therapy for AD and other causes of
dementia.87-8%% The hallmark of AD is the accu-
mulation of amyloid plaques in the hippocampus
and cerebral cortex,’%88 and the effects of GLP-1
RAs on reducing amyloid load and neuroinflam-
mation are documented.”®7° Type 2 diabetes and
AD share several clinical and pathologic character-
istics, including the role of insulin signaling in neu-
roprotection, neuronal stem cell activation, and
general cell growth.3%20 GLP-1 RAs help normal-
ize insulin signaling,®! and GLP-1 receptors are
located widely throughout the brain.92-%4

In a 26-week, placebo-controlled double-blinded
intervention (z=38) in AD patients with long-
standing diabetes, the use of liraglutide prevented
the expected decline of cerebral metabolic rate
for glucose uptake (using FDG-PET) in the pari-
eto-temporal frontal and posterior cingulate cor-
tices.?> Clinical studies on GLP-1 RAs provide
evidence of promising neuroprotective, and even
regenerative, properties that may be utilized in
patients with AD or PD.28-32:35-38 Given further
clinical evidence, they have the potential to be
the therapeutic agent of choice for diabetic
patients with AD.28:40,89,90 For example, in clini-
cal trials, exenatide-treated patients showed a
clear improvement in cognitive score, suggesting
a beneficial effect on cognition and memory; this
benefit was still visible 1year after the trials.28
Optimism for the benefit of GLP-1 RAs in AD
has recently been dampened, however. A recent
Cochrane review found no relationship between
the use of diabetes medications and cognitive
decline during a follow-up period of 40-
60 months,®> and a recent review of clinical treat-
ment of diabetes in the elderly argues for a
holistic approach that incorporates caregiver
input, screening for geriatric syndromes, func-
tional medicine, and periodic re-evaluation of
targets and strategies.%®

Depression/mood  disorders. Mood  disorders
(major depressive and anxiety disorders) are com-
mon coexisting chronic diseases in diabetic
patients, which increase morbidity, disability, and
mortality in these patients.® GLP-1 receptor ago-
nists have been found to affect areas of the brain
associated with emotional regulation.®’ In a meta-
analysis, McIntyre and colleagues found improve-
ment in mood and cognition with GLP-1 RAs,
regardless of psychiatric diagnoses.® More
recently, Billings and colleagues found that those
taking weekly GLP1-RAs (exenatide, dulaglutide,
or semaglutide) had greater health-related quality
of life (i.e. improved treatment satisfaction and
willingness to continue treatment) over those tak-
ing daily GLP-1 RAs; weekly semaglutide was
associated with the greatest treatment satisfac-
tion.?® The cognitive effects of GLP-1 RAs are
especially important in patients with diabetes and
psychiatric comorbidities, given the high preva-
lence of cognitive impairment and antipsychotic
related metabolic syndrome in this population.100
In a case-controlled study of diabetic patients
(n=138), Grant and colleagues found that exena-
tide-treated patients had significantly reduced
Hospital Anxiety and Depression Scale (HADS)
scores at 6 months when compared with the insu-
lin-treated group, indicating greater treatment
satisfaction and higher wellbeing.4? Another open
labelled trial with 19 patients showed a significant
increase from baseline to week4 in scores for the
Trail Making Test B (executive function), in Digit
Symbol Substitution Test (DSST; executive func-
tion, speed of processing, attention) and in the
Rey Auditory Verbal Learning Test (RAVLT;
learning memory)/acquisition), in response to
liraglutide, especially in patients with comorbid
bipolar disorder (BD) or major depressive disor-
der (MDD) and cognitive impairment.4!

The mechanisms for the above findings have not
been well described but initial studies provide
some insight. Sharma and colleagues found that
liraglutide reversed the behavioral depression and
metabolic abnormalities (weight gain, increased
blood lipids) associated with long-term atypical
antipsychotic treatment in rats.!°° In another
experimental rat model, Anderberg and col-
leagues found that liraglutide reversed the antip-
sychotic-induced metabolic abnormalities in rats,
and that chronic injections of exenatide were nei-
ther anxiogenic nor anxiolytic, but caused a
reduction in depression-like behavior.®” The
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presence of GLP-1 receptor in the dorsal raphe
(DR), a major area of serotonergic neurons, sug-
gests a potential role for GLP-1 RAs in emotional
processing and mood regulation. Activation of
the DR-GLP-1 receptor alone is sufficient to
increase anxiety-like behavior — an effect similar
to findings in the initial use of selective serotonin
reuptake inhibitors.®7 In summary, use of GLP-1
RAs in older multimorbid diabetes patients with
depression and bipolar and other psychiatric dis-
orders may help improve mood and cognition,
while reducing the metabolic side effects of antip-
sychotics such as obesity, hyperlipidemia, and
hypertension.100

However, those with nondementia psychoses are
likely to be unaffected, or any effect is not clini-
cally relevant. A recent study from Denmark
found no cognitive improvement from exenatide
in obese patients with clinically stable schizophre-
nia who were also receiving antipsychotic treat-
ment. The authors noted, however, that 3 months
may not have been enough time for cognitive
effects to manifest. These subjects were primarily
young and middle-aged adults, and none were
over 65years (exenatide group: n=23, age
37.1 +10.6, range 19-65years; placebo group:
n=22, age 34.5 +10.1, range 19-56years).10!

Pain. Pain syndromes of multifactorial etiologies
are highly prevalent, but potentially treatable,
causes of excess disability in diabetes patients.®
GLP-1 RAs may be useful in pain management.
Gong and colleagues, in a rat model experiment,
found GLP-1 receptors expressed in spinal
microglia and upregulated after peripheral nerve
injury.192 When GLP-1 RAs stimulate spinal
microglia GLP-1 receptors, beta-endorphins are
released and pain diminishes. Exenatide and
GLP-1 have been associated with a decrease in
pain hypersensitivity woia its antinocioceptive
effect, an effect mediated by activation of GLP-1
receptors. This effect can be blocked by naloxone,
suggesting a modulatory effect on opioidergic
pathways. 102,103

Sleep apnea. Obstructive sleep apnea (OSA)
symptoms include snoring, apneas during sleep,
and excessive daytime somnolence.% !9 Untreated,
OSA has been linked to hypertension, stroke,
congestive heart failure, type2 diabetes, and
depression. OSA is common in mid and later life
especially in older obese men.%1% In an RCT of 30
OSA subjects, Amin and colleagues found that

the overall apnea-hypopnea index (AHI) for
patients treated with liraglutide decreased from
50+ or =32 to 38+ or =30 (p=0.002). In 70% of
the treated group, AHI declined by 44% or 20+
or —12 events per hour, while 30% showed no
response to treatment. AHI was 32.6+ or —21
versus 33.2+ or —21 at follow up. Body mass
index (BMI) did not change from baseline in
either group.*? In another double blinded RCT
(n=359), Blackman and colleagues found that
the greatest reduction in AHI occurred in the first
12weeks of treatment and minimally thereafter.
In the liraglutide group, AHI was significantly
reduced after 32weeks compared with placebo,
independent of age, baseline BMI or OSA sever-
ity. Fewer subjects in the liraglutide group met the
criteria for OSA diagnosis after treatment.2! A
cross-sectional study by Reutrakyl and colleagues
(n=70) found that increasing OSA was associ-
ated with a lower GLP-1 response to a glucose
challenge after adjusting for sex, BMI, and glyce-
mic status.%> In an individual cohort study, Mat-
sumoto and colleagues (z=96) found higher
fasting GLP-1 levels in a severe OSA group, and
concluded that this was a compensatory mecha-
nism to increase insulin levels to prevent the
development of diabetes, since hypoxia leads to
pancreatic damage.** The benefit of GLP-1 RAs
may therefore increase as the severity of OSA
increases.

Effects in bone

Evidence, mostly from basic science research
(largely in rodents and in vitro studies), supports
the salutary effects of GLP-1 RAs on bone mass
and strength reported in human studies; however,
the effect on fracture prevention is less clear.
Overall, research shows the presence of GLP-1
receptors in bone tissue, especially in osteoblasts,
osteocytes, and osteoclasts.104-109 The thyroid par-
afollicular cells, known as C-cells, make a peptide
hormone called calcitonin that controls calcium
homeostasis. A rise in serum calcium levels stimu-
lates calcitonin secretion from C-cells, which, in
turn, inhibits osteoclast-induced bone resorption.
The C-cells express GLP-1 receptors; C-cell acti-
vation suppresses bone-resorption activity and
osteoclast proliferation.104-106 The localization of
GLP-1 receptors in bone and C-cells has led to
various mechanistic studies explaining the anti-
resorptive and bone-building effects of GLP-1
RAs. These mechanisms include an increase in the
activity of osteoblast in response to GLPIR
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agonist; an increase in the activity of C-cells, which
leads to increased levels of calcitonin — a potent
inhibitor of osteoclast-induced bone resorption;
and improvement in collagen synthesis, bone
blood supply, and bone architecture.!06-109

Reports of the effect of GLP-1 agonist on bone
integrity in humans are mixed, ranging from no
difference between GLP-1 agonist and other anti-
diabetic medications,*3:50 to significant reduction
in fractures with liraglutide and a higher rate of
fractures with exenatide.*® The meta-analysis by
Mabileau and colleagues analyzed the fracture
rate of seven RCTs, and found that GLP-1 recep-
tor agonists (specifically, exenatide in three stud-
ies, liraglutide in four) did not significantly reduce
incidents of bone fracture in comparison with
other antidiabetic medications.*’” Another meta-
analysis by Su and colleagues of 16 RCTs using
GLP-1 agonists showed that patients receiving
liraglutide had a significantly decreased risk of
bone fracture, whereas those receiving exenatide
had an increased risk of bone fracture.# The
bone-protective effect of liraglutide was further
supported by Iepsen and colleagues in their RCT
of 17 obese women randomized to liraglutide or
placebo; liraglutide increased bone formation by
16% and prevented the bone loss associated with
weight loss.¥® A more recent Bayesean network
meta-analysis of many of the same studies found
that exenatide was the safest GLP-1 RA to pre-
scribe to reduce fracture risk, followed by dula-
glutide, then liraglutide, albiglutide, lixisenatide,
and finally semaglutide.!19 Other controlled trials
and cohort studies have also shown no significant
difference between the GLP-1 agonist group and
the control group using other anti-glycemic
drugs.5%51 However, these studies failed to sepa-
rate out the effect of different GLP-1 agonist
medications (liraglutide wversus exenatide wersus
others). Some of the inconsistency between trials
may reflect differences among patients in dose
and duration of GLP-1 RAs, type and number of
coprescribed medications, severity of diabetes,
adherence to diabetes medications, and comor-
bidity burden. Additional studies are needed to
clarify the effect of different GLP-1 receptor ago-
nists on bone formation.

Effects on skin

The evidence for GLP-1 RAs on skin diseases is
still very preliminary, with antioxidant, anti-
inflammatory, and neuromodulatory mechanisms

likely responsible for the effects. In a case report
by Faurschou and colleagues, psoriasis was found
to clear after liraglutide was prescribed for the
patient’s type2 diabetes.>? In another case, the
patient was taken off liraglutide and psoriasis
returned; two subsequent patients showed lower
Psoriasis Area and Severity Index (PASI) scores
with treatment.53 In all four cases, PASI scores
lowered immediately. Another report showed
plaque clearance with sitagliptin.!!! Glycemic
control was not associated with plaque clearance,
suggesting another mechanism, perhaps anti-
inflammatory or the operation of T-cells.52:53:112

Contraindications

Important clinically relevant adverse effects (nau-
sea, vomiting, and diarrhea) warrant men-
tion.!13-116 These adverse effects are extensions of
the pharmacological effects of the GLP-1 RAs,
especially when they are started at higher doses in
frail elders with dementia and multiple coexisting
morbidities. Indeed, the side effects of nausea
(about 50%, mostly mild and transient) and vom-
iting (about 10%) were the reasons most com-
monly reported for discontinuing GLP-1 RAs,
which occurs in about 5% of patients. Rarely, the
gastrointestinal side effects can lead to dehydra-
tion and acute kidney injury.5> The severity of
gastrointestinal side effects depends on both the
dose of the GLP-1 RAs and the coprescribed
drug, such as metformin. Lowering the dose,
using long-acting GLP-1 RAs, and avoiding pro-
diarrhea/emetic drugs (e.g. metformin or high-
dose cholinesterase inhibitors) can reduce the
incidence of side effects.116

In a systematic analysis of 32 clinical trials with
GLP-1 RAs, Bettge and colleagues found a sig-
nificant relationship between the risk of nausea
and diarrhea and the dose of long-acting GLP-1
RAs; however, this relationship was not signifi-
cant for vomiting. They also found that concomi-
tant use of metformin significantly increased the
odds of nausea (»p=0.04) and vomiting
(p=0.0009).116 Among all GLP-1 RAs, lixisena-
tide treatment resulted in the least nausea and
vomiting, and semaglutide the most, while all
long-acting GLP-1 RAs had lower rates of nausea
and vomiting, but higher rate of diarrhea, than
short-acting ones.!16-118 Minor side effects, such
as injection site reactions, headache, and naso-
pharyngitis, rarely led to drug discontinuation
and were usually transient. Because of the
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pancreatic and thyroid tissue effects of GLP-1
RAs, reports of adverse effects from animal stud-
ies and database analyses have raised concerns
about the potential for increased risk pancreatitis,
pancreatic cancer, and thyroid cancer in GLP-1
RA wusers, but no cause and effect associations
have been seen in any of these studies.!13-116 Most
recently, once-weekly semaglutide has been asso-
ciated with an increased risk of diabetic retinopa-
thy complications.!!® Nevertheless, patients on
GLP-1 RAs should be monitored for these side
effects if the clinical scenario fits. Although
GLP-1 RAs do not cause hypoglycemia, all clini-
cians should reduce or discontinue concomitant
sulphonylurea or insulin to avoid hypoglycemia.

Illustrative cases

Case #1

A 76-year-old woman was seen regularly by her
primary care physician (PCP) for type 2 diabetes,
hypertension, hypertriglyceridemia, and vascular
dementia/AD. The duration of her conditions were
unclear except that she had been on antihyperten-
sive, antilipid and antidiabetes medications for at
least 6years. Her medications included donepezil
10 mg daily, hydrochlorothiazide 25 mg daily, lisin-
opril 20mg daily, sitagliptin100mg daily, met-
formin 1000mg twice daily, pravastatin1Omg
daily, gemfibrozil 600mg twice daily, omega-3-
fatty acid 2000 mg twice daily, aspirin 81 mg daily,
and insulin glargine 50-55units subcutaneous
injection daily. Diabetes remained uncontrolled,
with HbAlc levels at 12-13 and BMI at 29 kg/m?.
Because of prior episodes of recurrent hypoglyce-
mia in the setting of dementia [Mini-Mental State
Examination (MMSE) =25/30], the patient’s car-
egiver and clinician agreed to a noninsulin
approach for glycemic control. Thus, the patient
was started on weekly injections of 2mg exenatide,
changed 5months later to daily 1.2mg liraglutide
injections. Eight months thereafter, hypoglycemia
episodes abated, HbAlc levels fell to 5.3%, BMI
to 23kg/m?2, triglycerides from 849mg/dl to
250mg/dl, total cholesterol from 202mg/dl to
111mg/dl, thyroid stimulating hormone (TSH)
from 1.65mIU/l to 0.80mIU/l (normal range
0.45-4.70mIU/l), and SBPs averaged in the
100smmHg. Because of the aforementioned num-
bers, indicating tight control of blood pressure,
diabetes, and lipids, all medications were stopped
except vitamin D3 and aspirin. The patient’s fam-
ily stopped donepezil because of concerns about

additional weight loss and low appetite. After
3months of cessation, lisinopril, and liraglutide
were restarted due to an increase in HbAlc levels
to 8% and SBP into the 140smmHg. MMSE done
at the 1-year follow-up visit was 21. Because the
patient had nausea on a full GLP-1 RA dose,
the patient’s caregiver decided on her own, against
the physician’s instruction for daily dosing, to
reduce daily liraglutide to three times per week.
The nausea abated. The HbAlc level was 7.3% at
the 4-month follow up.

Case #2

A 73-year-old man was being followed by his PCP
for type2 diabetes, AD and vascular dementia,
low energy, OSA on a continuous positive
airway pressure (CPAP) machine, obesity (BMI
43 kg/m?2), uncontrolled hypertension (SBP in the
170smmHg), benign prostatic hyperplasia, hypo-
thyroidism, depression, hyperlipidemia, and sea-
sonal allergic rhinitis. The patient had received a
diagnosis of dementia 2 years prior to his first PCP
visit. He had been on medications for the rest of
his medical conditions for at least 5 years prior to
his visit, but the patient and his spouse were
unsure of the onset and duration of his conditions.
The patient received a once-a-day dose of the fol-
lowing medications: amlodipine 5mg, losartan
100 mg, hydrochlorothiazide 25 mg, levothyroxine
25ug, sitagliptin 100mg, bupropion SR 100mg,
finasteride 5 mg, rivastigmine patch 9.5mg, simv-
astatin 20mg, aspirin 81mg, and venlafaxine
37.5mg. Fexofenadine 60mg was twice daily.
Diabetes control was adequate for age, with mul-
tiple HbAc results ranging between 7% and 8%.
The patient’s BMI remained at 43kg/m?2? with
worsening of his mood (Patient Health
Questionnaire-2, PHQ-2), energy, and OSA.
MMSE was 22. His Geriatric Depression Scale
(GDS) score was zero, but his PHQ-2 screen posi-
tive for depression. His SBP remained in the
170smmHg despite three drugs. His tests showed
total cholesterol was 222mg/dl, LDL was 147
mg/dl, and TSH was 4.28 mIU/I. After a discus-
sion with the patient and his spouse about using
GLP-1 RAs for diabetes and weight, the patient
was started on subcutaneous exenatide 2mg per
week. His sitagliptin was stopped. Simvastatin was
changed to pravastatin, which is hydrophilic and
thus has lower cognitive side effects. His venlafax-
ine was increased to 75 mg daily to further help his
depression as well as his mild anxiety symptoms.
About 6 months thereafter, the patient’s average
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SBP remained in the 130smmHg, his BMI
remained around 39 kg/m?, and his HbAlc levels
ranged from 7% to 8%. His MMSE was 17,
despite the family reporting an improvement in
patient’s conversational skills, attention, and
memory for people names. His repeat blood tests
showed LDL was 103 mg/dl, total cholesterol was
180mg/dl, and TSH was1.91 mIU/l. Both his
GDS and PHQ-2 depression screens were nega-
tive. The patient reported being more energetic,
sleeping better, and feeling less depressed,
prompting discontinuation of his bupropion
(which, according to his spouse, worsened his
sleep). The patient’s family stopped fexofenadine
because of abatement of the allergic rhinitis symp-
toms and concerns about the patient taking too
many pills. Sitagliptin was stopped due to overlap-
ping mechanism of action (incretin-based thera-
peutics) with GLP-1 RAs. The patient continued
to tolerate the exenatide with no reports of nausea,
vomiting, diarrhea, or abdominal pain (known
side effects of exenatide). After up to 15 months of
periodic follow-up, the patient remained nonde-
pressed and free of gastrointestinal side effects.

The improvement in HbAlc, weight, lipid pro-
file, and blood pressure in the cases described
above (especially in our first patient) is consistent
with recent findings from the SUSTAIN-5 Trial,
a 30-week multicountry randomized double-
blind, placebo-controlled trial of weekly semaglu-
tide 0.5 or 1.0mg among 397 diabetes patients on
stable basal insulin dose.!? However, unlike the
subjects in the SUSTAIN-5 trial, basal insulin
was discontinued in our elderly dementia patient,
because of recurrent hypoglycemia episodes.

Clinical implications

A key approach from our clinical experience to
reducing the risk of GLP-1 RA-related gastroin-
testinal side effects is by starting at a low dose
(e.g. at 25% of recommended starting dose in
frail elders) and by slow titration over months
instead of weeks. Another approach is switching
to a different GLP-1 RA, as was done for Case #1
above, as the minor pharmacokinetic and dynamic
differences between GL-1 RAs may alter an indi-
vidual patient’s risk of adverse effects. The pre-
ponderance and variety of these GLP-1 RAs
studies (both human and animal, and n vitro)
would seem to indicate the need for larger, more
rigorous, studies. In particular, more understand-
ing is required of how genetic differences in drug

metabolism and GLP-RA effects on renal func-
tions among patients alter the secondary effects of
GLP-1 RAs and the mechanisms behind these
differences.!21-123 For example, recent evidence
supports the renoprotective effect (via reduced
proteinuria and increased natriuresis) of GLP-
1RAs: a slowing of progression of diabetic kidney
disease, and a better preservation of renal func-
tions in diabetes patients with CKD.122123 Future
studies are needed to understand the roles of
genomics and metabolomics in determining the
person-to-person differences in response to GLP-
1RAs. Data from such studies and others have the
potential to inform diabetes clinical practice
guidelines vis-a-vis the use of GLP-1RAs.

One limitation of this review is that many of the
studies lack the ‘gold standard’ rigor of RCTs.
The number and variety of effects do, however,
appear to indicate a trend. RCTs or database
analysis of a large number of patients may be the
next step before recommending prescribing
changes.

Conclusion

GLP-1 RAs have multiple pleiotropic activities
that may help reduce polypharmacy in elderly
diabetes patients living with other serious comor-
bidities. The cases and evidence presented here
support the potential for GLP-1 RAs to reduce
the incidence or symptoms of those conditions
(i.e. PD, osteoporosis, NAFLD, lipoprotein dis-
orders, and hypertension), among other com-
mon comorbidities in older adults with diabetes.
The effectiveness of GLP-1 RAs in patients with
diabetes with impairments in systems other than
the endocrine system — cardiovascular, liver,
brain, bone, and skin — may reflect the multisys-
temic role of GLP-1 receptor functions.
Inasmuch as the effects of GLP-1 RAs (both
positive and negative) are multisystemic, they
warrant more rigorous studies on how to harness
the positive effects while minimizing the risk of
negative effects. The usefulness of GLP-1 RAs
in reducing polypharmacy and medication costs
in patients with diabetes merits further study in
a large randomized, controlled, clinically com-
parative trial.
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