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(A)Nausea and vomiting

Tirzepatide 0.90 1.01 0.99 1.13 4.27
15 mg (Weekly) (0.59 - 1.35) (0.58 - 1.71) (0.46 -2.04) (0.67 — 1.88) (2.70 - 6.75)

1.16 Tirzepatide 1.13 1.1 1.26 4.76

0.61 -2.23) 10 ng(Weekly) (0.65 - 1.90) (0.52 -2.25) (0.75 -2.10) (3.03-7.52)
1.88 1.61 Semaglutide 0.97 1.11 4.21

(0.78 - 5.00) (0.67 -4.31) 2.4 mg (Weekly) (0.52 - 1.84) (0.81 -1.57) (3.27 - 5.67)
1.29 1.11 0.69 Semaglutide 1.15 4.33

(0.40 - 4.61) (0.34 - 3.93) (0.27 - 1.81) 0.4 mg (Daily) (0.64 -2.03) (245-17.8)
1.98 1.69 1.06 1.54 Liraglutide 3.77

(0.85 -5.38) (0.73 -4.59) 0.67 - 1.79) (0.65 - 3.67) 3 mg (Daily) (3.04 -4.83)
8.20 7.01 4.37 6.36 4.14 PMarebn

(3.75-19.99) (3.19-17.01) (2.91-6.51) (2.60 - 15.29) (2.74-5.77)

(B) Diarrhea and constipation
Tirzepatide 1.11 1.75 1.02 1.96 3.80
15 mg (Weekly) (0.32-3.89) (0.42 - 7.66) (0.18 - 5.86) (0.49 - 8.44) (1.06 — 13.33)

0.64 Tirzepatide 1.57 0.92 1.76 342

(0.22 -1.82) 10 mg (Weekly) (0.37 -7.03) (0.16 - 5.34) (0.44 - 7.65) (0.95 -12.04)
0.87 1.37 Semaglutide 0.58 1.12 2.17

(0.25 -3.04) (0.40 -4.72) 2.4 mg (Weekly) (0.15-227) (0.48 -2.71) (1.02-4.3)
0.61 0.96 0.70 Semaglutide 1.93 3.71

(0.12 -2.60) (0.19 -4.02) (0.19-2.19) 0.4 mg (Daily) (0.60 - 6.64) (1.1-12.31)
0.88 1.39 1.01 1.44 Liraglutide 1.94

(0.25 - 2.85) (0.39 -4.42) (0.46 - 2.00) (0.51 —4.35) 3 mg (Daily) (0.98 - 3.47)
2.18 3.42 2.49 3.57 2.46 Placebo

(0.75-6.51) (1.17 - 10.06) (1.36 — 4.58) (1.3-1156) (1.51-4.48)

Alkhezi OS, et al. Obesity Reviews. 2023;24(3).
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HEl 2| Ot%] & BELL GLP-1RAE fIHlE S5 S2|AI517| w20 19t LET &5t AL, 5HA
ot 35 HEjolME /R ET EElEH= As EH GLP 1RAZ} 71 ZFE XISete =M S4i0| 2dlet 7Hs
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Gastro-intestinal AEs reported in clinical trials
comparing tirzepatide with dulaglutide and semaglutide

Study Phase 2 (GPGB), 26 weeks [14] SURPASS-2, 40 weeks [16]
Agent Tirzepatide Dulaglutide Tirzepatide Semaglutide
Dose 5mg 10mg 15mg 1.5mg 5mg 10mg 15mg 1mg
Patient numbers per arm 55 51 53 54 470 469 470 469
Effectiveness
HbA, . reduction vs. baseline [%]* -16 =20 —24 -1.1 =20 =22 =23 -1.9
Body weight reduction vs. baseline [kg]' —438 —8.7 -11.3 -2.7 -7.8 -103 —-124 —-7.8
Adverse events
Nausea 20.0 216 39.6 296 174 19.2 22.1 179
Vomiting 7.3 15.7 264 93 57 8.5 9.8 83
Diarrhoea 236 235 32.1 16.7 132 16.4 138 11.5
Constipation 36 118 38 56 6.8 45 4.5 58
Any “gastro-intestinal” adverse event 32.7 510 66.0 426 400 46.1 449 41.2
Adverse event leading to treatment discontinuation 9.1 59 24.5 11.1 6.0 8.5 8.5 4.1

Nauck MA, D‘Alessio DA. Cardiovascular Diabetology. 2022;21(1).
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Unintended Health Consequences of
Anti-Obesity Medications

Al-Najim W, et al. Nutrients 2025;17(11):1934.
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Nutritional Assessment

» Assess nutrient deficiency
risk factors?

« Evaluate nutrient intake
(e.g., 24-h dietary recall)

* Nutrition-focused history and
physical; assessment of

Monitor Treatment Response

During AOM Treatment

body composition

Assess response monthly during AOM dose
escalation, then every 3 months

Adjust concomitant medications if needed
Address Gl symptoms, if they occur?
Ensure appropriate social/emotional support
Monitor for emergence or worsening of
mood disorders

Advise on
Recommended Intakes?

CE—

Fluid: >2-3 L/day
Protein: >60 g/day (up to 1.5 g/kg BW/day)
Dietary fiber: >21 g/day (women)
>30 g/day (men)

Energy: 1200-1500 kcal/day (women)

1500-1800 kcal/day (men)
Micronutrients: Treat preexisting
deficiencies and counsel on adequate
micronutrient intake. Consider
supplementation with vitamin D, calcium, and
a complete multivitamin.

Almandoz JP, et al. Obesity. 2024;32(9):1613-1631.




A. AARIE 2 A (Meal Frequency and Symptoms)
HE otF0l| Z 77|2] AA/ZHAS EAMLI? = /2 3]?
CtSS Sato| UBLITE  Z7| =kt ( )oll/( )otle
AIAF HZ7| ( )ol/( )of|e
XISl HAHE £ E ( )oll/( )OH|L
A2 Bx ()ol/()oL
B. A5x dFF CF =2 2ol SFACHHE M35HM|L) (Food Group Intake)
1t 2~3 portion ( )oll/( )ot|2
xH£ 4 portion OJ4t ( )oll/( )ofe
CHHE 2~3 portion (FF, 44, Agt, 7, /FHE) ( )oll/( )ofe
FHIZE = L& 43t AE 2~3 portion ( )oll/( )ole
SIR0l| (A 1.5~2 L9 2 = & ( )oll/( )ot|
C. CHHE 2 of| X| MF[ZF "I} (Protein and Energy Intake Assessment)
StE =8 of|HX| HFE kcal
StE =7 THlE MF S g
CHIEE MF[2F0| >1.2 g/AISkg YLI7H? ()ol/( )ot
D. Q2 9/ X HZ/AMH & S (Nutritional Risk Indicators/Clinical Red Flags)
Ol X| A %|2F0| <800 kcal/ L|7t? ( )oll/( )op
EF MET HA|(O: EtralE, FAIS)2 HFE TSt JSL7F? ( )oll/( )ot|2
IE B4 1LE, AL (>38l/F) YL ( )oll/( )of|2
O|2Z, 0{X|2{g, HH| & SHeS SASIL|I? ()ol/( )of|e
XEtSSHE, H|Z, = HISHEQ! MAL RS WEL|IL? ( )ol/( )of
O|Hoj HZICHA =S HWATALE MAIEONE 811 JUSLIT? ( )Ol/( )ot|L

Al-Najim W, et al. Nutrients 2025;17(11):1934.
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Caloric restriction and muscle , : Pharmaceutical agents for
: : Insulin and muscle protein < :
protein synthesis & weight loss
» Effects of short-term calorie restriction * Insulin suppresses muscle proteolysis and results * GLP-1 receptor agonists (GLP-1RAs)
o Lowers post-meal muscle protein synthesis rates in the gain of muscle protein » Dual GLP-1R/glucose-dependent insulinotropic
o Maintains or lowers basal muscle protein synthesis « Insulin resistance in muscle tissue leads to polypeptide receptor agonists (GIP-RAs)
» Effects of prolonged caloric restriction decreased muscle mass and muscle quality;
o Enhances rate of muscle protein synthesis common in sarcopenic obesity
o Increases muscle proteolysis and causes weight
loss

GLP-1RAs and dual GLP-1R/GIP-RAs improve insulin sensitivity via weight loss and increased insulin secretion

Lean mass vs. muscle mass
" inweight loss

GLP-1-based weight loss therapies in clinical trials

* Lean mass includes muscle mass along with masses * In the STEP-1 trial of semaglutide in obesity * In the SURMOUNT-1 trial of tirzepatide in obesity
of bone, organs, fluids, and water in fat tissue o 6.92 kg or 13.2% reduction in lean mass o 5.67 kg or 10.9% reduction in lean mass
« Systematic review of the effects of GLP-1RAs in o 15.3 kg or 14.9% reduction in weight o 22.1 kg or 20.9% reduction in weight
humans o 45.2% fraction of weight lost from lean mass o 25.7% fraction of weight lost from lean mass
o Lean mass contributes 20%-50% of total weight * In a SUSTAIN-8 sub-study of semaglutide in patients * In patients with type 2 diabetes
loss with type 2 diabetes o Treatment with semaglutide (1 mg) and
o 2.3 kg or 4.5% reduction in lean mass tirzepatide with placebo resulted in lean mass
o 5.3 kg or 6.0% reduction in weight reductions of 15% or less of total weight loss

o 43.4% fraction of weight lost from lean mass across all groups

Neeland |J, et al. Diabetes, Obesity and Metabolism 2024;26(S4):16-27.



Pharmacological agent

Semaglutide (STEP-1)*

Semaglutide
(SUSTAIN-8)**

Tirzepatide
(SURMOUNT-1)?

Liraglutide + lifestyle
(Neeland)®*?*

Liraglutide
(Lundgren)®*

Liraglutide + exercise
(Lundgren)®*

Summary of GLP-1RA effects
on lean mass/volume in RCTs

Population

BMI 230 kg/m? or BMI
>27 kg/m? + comorbidity
No diabetes

Type 2 diabetes

BMI 230 kg/m? or BMI
>27 kg/m? + comorbidity
No diabetes

BMI 230 kg/m” or BMI
>27 kg/m? + metabolic
syndrome No diabetes

BMI 232 kg/m? No diabetes

Neeland |J, et al. Diabetes, Obesity and Metabolism 2024;26(S4):16-27.

Measurement

DXA (lean mass)

DXA (lean mass)

DXA (lean mass)

MRI (lean volume)

DXA (lean mass)

Body weight change
from baseline in kg or
litres (%)

—15.3(-14.9%)

—5.3 (- 6.0%)°

~22.1(—20.9%)"

—~6.75 (- 6.6%)

~0.7 (-0.7%)*

~3.4 (—3.5%)"

Lean change from
baseline in kg (%)

—6.92 (—13.2%)°

—2.3 (—4.5%)°

~5.67° (—10.9%)

—1.02 (—2.5%)"

0.0 (0.0%)*

0.5 (+0.8%)?

Fraction lost (or
gained) of lean
mass/volume as a
proportion of total
weight loss (%)

—45.2%"

~43.4%"

~25.7%°

—-15.0%"

0.0%"

+14.7%"
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Strategies to reduce muscle loss during weight loss therapies
- Dietary modifications

- Increased intake of proteins - Whey proteins - Branched-chain amino acids
* Preserves lean mass » Can increase the secretion of insulin and » Aided the maintenance of muscle mass
» Reduces adaptive thermogenesis GLP-1 and improved muscle strength in post-
» Causes negative energy balance » High dosage requirements restrict regular use mbenopausal women with sarcopenic
obesity

o Endurance and resistance-type exercises aid in preserving muscle mass
o Resistance-based exercises improve muscle strength
Combining protein supplementation with resistance training exercises may further induce increases in lean body mass
- Growth hormone
© Improves body composition and reduces body weight ) Reduces postoperative muscle mass loss after bariatric surgery
- Bimagrumab
o Monoclonal antibody that binds to activin type Il receptor of activin A and myostatin
o Resultsin: - 6.5% loss in weight * 3.6% increase in lean mass + 20.5% reduction in fat mass

. Exercise

Key messages
@ Effective weight loss therapies that reduce fat mass @ Novel pharmacological targets and treatments to

while enhancing muscle mass can aid treatment maintain and improve muscle mass during weight-loss
outcomes interventions can be beneficial

Neeland |J, et al. Diabetes, Obesity and Metabolism 2024;26(S4):16-27.
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AA alopecia areata, AGA
androgenetic alopecia,
TE telogen effluvium,
ACP american college of
physicians

Almohanna HM, et al. The Role of
Vitamins and Minerals in Hair Loss: A
Review. Dermatology and Therapy.
2019;9(1):51-70.

Micronutrients TE/AGA AA Premature hair ACP outcome
graying study grading
Vitamin D Study results are conflicting, but  Several studies showed an  Screening for Moderate in all
most authors agree on association between AA  deficiency and studies
supplementing vitamin D in and low vitamin D levels  supplementation
patients with hair loss and Correction of vitamin D are recommended
vitamin D deficiency deficiency improves AA
outcome and enhances
response to treatment
Vitamin C Crucial in patients with hair loss Few studies, thereby Data are not Very low in AA
associated with iron deficiency precluding available studies
recommendations

Vitamin E Data not available

Iron/Ferritin Most authors agree on iron
supplcrncntation in patients
with iron or ferritin deficiency
and hair loss

Zinc Data are not homogenous and

I ——

findings are too inconsistent to

recommend screening

Moderate in AA

studies

Data are not

available

Conflicting data, thereby
precluding

recommendations

Moderate in all
studies

Iron deficiency reported in Screening for
female patients, likely deficiency and
coincidental supplementation

are recommended

Moderate in
TE/AGA and
AA studies

Most studies revealed low Data are not

available

serum levels in AA

Evidence-based
information on efficacy
of zinc supplementation
in AA is lacking



Micronutrients TE/AGA AA

Premature hair

ACP outcome

graying study grading
Selenium Toxicity can cause hair loss. There No data to provide Screening for Low in TE/
are no data to recommend recommendations deficiency and AGA and
screening supplementation premature
are reccommended  graying of hair
studies
Riboflavin Deficiency can cause hair loss. Data are not available Data are not Very low in TE/
Data are too scarce to available AGA studies
recommend screening
AA alopecia areata, AGA  Biotin Biotin levels can be low in patients No studies on biotin as Data are not Low and very
androgenetic alopecia, complaining of hair shedding monotherapy available low in TE/
TE telogen effluvium, AGA studies

ACP american college of
physicians

Almohanna HM, et al. The Role of
Vitamins and Minerals in Hair Loss: A
Review. Dermatology and Therapy.
2019;9(1):51-70.

Efficacy of supplementation not
supported by evidence-based
trials

Exogenous biotin interferes with
some laboratory tests, creating
false negative or false positive
results



Micronutrients TE/AGA AA Premature hair ACP outcome

graying study grading
Folic acid/ Data are not sufficient to A few studies suggest that  Screening for -Low in TE/
Vitamin B12  recommend screening and the levels of folate or deficiency and AGA studies
supplementation vitamin B12 might supplementation ¢ 4.

modify progression of are reccommended A A o040

AA premature
Data are scarce for graying of hair
recommending studies
supplementation
AA alopecia areata, AGA Vitamin A Hypervitaminosis A causes hair Data are not available Data are not Low and very
androgenetic alopecia, loss available low in TE/
TE telogen effluvium, Screening is recommended in AGA studies
ACP american college of selected cases
physicians

Almohanna HM, et al. The Role of
Vitamins and Minerals in Hair Loss: A
Review. Dermatology and Therapy.
2019;9(1):51-70.
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OFH| ArE0] mi2F AKI O] Ei4et o~ QUCH HEHHE| = acute interstitial nephritis2t
prerenal disease?| 7}s35tX|2t, prerenal diseaseE 3| F=2|al{OF StCt.
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Gallbladder-related disorder Semaglutide

SELECT (SubQ 2.4mg) 246/8803 (2.8) 203/8801 (2.3)

SUSTAIN-6 (SubQ 1.0mg) 26/822 (3.2) 23/825 (2.8)

OASIS1 (oral 50mg) 13/334 (4) 4/333 (1)

Tirzepatide vs. placebo or basal insulin Tirzepatide vs. selective GLP-1RA

the composite of gallbladder or biliary diseases
the composite of gallbladder or biliary diseases

Risk Ratio %
Author (year) (95% Cl) Weaght Risk Ratia 4
: Author (year) (95% CI) Weight
DahlD, etal (2022) 102 (0.04, 24.86) 0.00
Del Pralo, S, etal (2021) - 15.08 (0.86, 263.60) 0.00 .
. Frias, J.P, et al (2021 2.00 (0.45, £.80 65.33
Frias, J P, otal (2018) . 074 (0,03, 17.80) 000 rlas, J.P., et al (2021) H ¢ ]
¥
Ludvik, B.. et al (2021) - 3,68 (0.20, 66.45) 0.00 Frias, J P, et al (2018) e T 0.26 (0.02, 4.03) 34.67
Rosenstock, J., et al (2021) . 0.96 (0.04, 23.31) 0.00 Inagaki, N., et al (2022) T 3.68(0.20,66.22) 0.00
Jastrebofi, AM., et al 2022 --o-i- 145 (0.82, 2.58) 100.00 Overall, MH (I = 11.7% p = 0.322) -::::> 1.04 (0.58, 6.47) 100.00
Overall MH (I° = 0.0%, p = 0 558) <> 107 (1.14, 3 42) 100.00 : :
T ' 015625 1 64
0039062 1 2356

Lincoff AM, et al. N Engl J Med. 2023;389(24):2221-32./ Marso SP, et al. N Engl J Med. 2016;375(19):1834-44./
Knop FK, et al. The Lancet. 2023;402(10403):705-19./ Zeng Q, et al. Frontiers in Endocrinology. 2023;14.



GLP-1RA and cholelithiasis

Risk Of Experimental Control Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Randgm, 95% CI
ChOlel |th iaSiS Weinstock 2015 (45) 0 606 2 177 0.2% 0.06 [0.00,1.21] *
PIONEER-6 (30) 1 1591 3 1592 0.4% 0.33[0.03,3.21] ¢
for G LP_1 RA Diamant 2014 (60) 0 233 1 234 0.2% 0.33[0.01,8.22) ¢
Ahren 2014 (36) 0 302 2 710 0.2% 0.47 [0.02,9.79) ¢
Gough 2015 (68) 1 414 2 413 0.3% 0.50[0.04, 5.51]
VerSUS ELIXA (74) 21 3034 33 3034 6.7% 0.63[0.37,1.10] — T
SUSTAIN-6 (71) 9 1648 12 1649 2.7% 0.75[0.31,1.78) R
placebO/ Tuttle 2018 (48) 2 383 1 194 0.3% 1.01 [0.08, 11.24]
. EXSCEL (58) 178 7356 146 7386 41.2% 1.23[0.99, 1.54) -
aCtlve HARMONY OUTCOMES (35) 51 4731 41 4732 11.8% 1.25(0.82,1.88) =T
Weissman 2014 {(41) 1 504 0 241 0.2% 1.44 [0.06, 35.45] >
ComparatOrS Ahren 2017 (72) 3 818 1 407 0.4% 1.49[0.15, 14.41]
Garber 2011 (69) 1 498 0 248 0.2% 1.50 [0.06, 36.92) >
Pratley 2011 (66) 1 439 0 219 0.2% 1.50 [0.06, 37.01] >
LEADER (62) 145 4668 90 4672 28.5% 1.63[1.25,2.13] ——
Rosenstock 2019 (73) 5 1397 1 467 0.4% 1.67 [0.20, 14.36]
REWIND (5) 23 4949 13 4852 4.3% 1.77 [0.90, 3.51] T
Blonde 2015 (46) 2 588 0 296 0.2% 2.53([0.12,52.82) >
Inagaki 2012 (61) 1 215 0 212 0.2% 2.97[0.12,73.37) >
NCT01648582 1 263 0 263 0.2% 3.01 [0.12, 74.26) >
Davies 2015 (64) 1 211 0 212 0.2% 3.03[0.12,74.76) >
Jaiswal 2015 (57) 1 22 0 24 0.2% 3.42[0.13, 88.40) >
Jahhour 2018 (59) 3 461 0 233 0.2% 3.56 [0.18, 69.30) >
Home 2015 (37) 1 271 0 392 0.2% 4.35(0.18, 107.26] »
Gallwitz 2012 (54) 2 490 0 487 0.2% 4,99 (0.24, 104.20) >
Total (95% Cl) 38953 35893 100.0% 1.28 [1.11, 1.48] &
Total events 454 348
Heterogeneity: Tau*= 0.00; Chi*= 22.29, df= 24 (P = 0.56), F= 0% 0 65 052 1 é 250
Test for overall effect: Z= 3.42 (P = 0.0006) ; ' GLP-1RA Favours [control]

Nreu B, et al. Diabetes Res Clin Pract. 2020;161:108087.
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« GLP-1RA AIE2 E'd £ O|HIEE 2Hd3| Z7IA|ZICE. Liraglutide2t
semaglutide 250 aliEst, tirzepatideO|A = OH=E7HX|O|C,
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Acute pancreatitis
SELECT (SubQ 2.4mg)

SUSTAIN-6 (SubQ 1.0mg)

PIONEER 6 (oral 14mg)

#4Q. &S

Semaglutide

Tirzepatide vs. selective GLP-1RA

Author (year)

Frias, J.P., et al (2021)
Frias, J. P, ot al (2018)

Inagaki, N., et al (2022)

Overall, MH (I’ = 0.0%, p = 0.736)

Risk Ratio %

(95% CI) Weight

. } 0.4 (0.10, 1.98) 100.00

e 1.30 (0.06, 26 63) 0.00

E 1.00 (0.04, 24.53) 0.00

-<:> 074 (0.19, 2.89) 100.00
1

17/8803 (0.2)

I
03125

1 32

3/822 (0.4)

1/1591 (0.1)

Placebo
24/8801 (0.3)
9/825 (1.1)

3/1592 (0.2)

Tirzepatide vs. placebo or basal insulin

Author (year)

Del Prato, 5, etal (2021)

Frias, J.P. et al (2018)

Heise, T, et al (2022)

Jastreboff, A M., et al 2022

Overall, MH (I° = 39.7%, p = 0.173)

Risk Ratio

(5% Cl) Wieight
13.07 (0.74, 231.61) 0.00
1.23 (0.06, 25.16) 0.00
0.21 (0.01, 4.99) 4522
1.02(0.11,9.786) 54 78
3.05(0.77,12.11) 100.00

1
0039062

Lincoff AM, et al. N Engl J Med. 2023;389(24):2221-32./ Marso SP, et al. N Engl J Med. 2016;375(19):1834-44./
Husain M, et al. N Engl J Med. 2019;381(9):841-51./ Zeng Q, et al. Frontiers in Endocrinology. 2023;14.
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Nonarteritic anterior ischemic optic neuropathy
HSHG HL sizd AlLIZES, NAION)

wol: Zata
MSHQI QKL ANZRE DY, DY, OINKTES, 28T, B S
BSE5. + 4=? (GLP-1RA, PDES5 inhibitor)
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Survival Analyses for NAION

El Overweight or obesity

|A| Type 2 diabetes

100
90
80
70
60 -
50
40
30
20
10

Survival probability, %

Non-GLP-1 RA antidiabetes medications
Semaglutide

R Y N Y N (N N SR

HR, 4.28; 95% Cl, 1.62-11.29; P <.001

100 “‘ﬂ | L1l 1 L1
98
96 -

‘qu <

!J) <

90 4 T T T T T

No. at risk

T T T T 1

6 12 18 24 30 36
Time, mo

Non-GLP-1RA 234 228 228 224 221 219 181

antidiabetes
medication

Semaglutide

169 166 157 154 153 152 130

100
90
80
70
60
504
40
30
20+
10

Survival probability, %

Non-GLP-1 RA antiobesity medications
Semaglutide

1 — | - | | | |1

HR, 7.64;95%Cl, 2.21-26.36; P<.001
100 -l L1l -

98

96

94

92

90 -

-

No. at risk

Time, mo

Non-GLP-1RA 359 356 356 353 352 350 301

antiobesity
medication

Semaglutide 254 246 240 237 236 236 221

Hathaway JT, et al. JAMA Ophthalmology 2024;142(8):732.
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