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ABSTRACT

A single molecular construct engages
three specified class-B GPCR systems
whose metabolic actions can oppose
and complement one another.

This monograph examines retatrutide as a single engineered triple-receptor agonist. It maps
receptor design, exposure, metabolic effects, body-composition findings, hepatic-fat data and the
limits of current outcome evidence. It does not transfer findings from semaglutide, tirzepatide or
native glucagon to retatrutide.

This monograph begins with the molecule and follows the causal chain through biochemistry,
cellular mechanism, exposure and integrated physiology. Population studies enter only at the
terminal stress-test: useful for the proposition actually tested, incapable of defining the molecule
or replacing the causal model.

ESTABLISHED UNRESOLVED

» Defined triple-receptor construct * Long-term clinical outcomes

* Large controlled metabolic signal * Complete phase 3 peer review
* Dose-related tolerability profile ¢ Individual lean-mass trajectory

EVIDENCE HIERARCHY

Mechanistic evidence is not a lower-grade substitute for population medicine. Physical constraints, biochemical
measurements, historical and non-English records, exposure studies and clinical outcomes answer different
qguestions. Controlled clinical trials test the complete implemented proposition; they cannot manufacture a missing
identity, mechanism or exposure bridge.

Molecular identity and chemistry

Il Biochemistry and target architecture

1] Cells and ex-vivo tissues

v Animal and in-vivo pharmacology

Y Integrated physiology and translation
VI Human PK and observational signal
Vi Controlled clinical trials

CONTENTS

01 Action ledger

02 Methods and coverage



CLINIC TERRAIN CLINICAL INTELLIGENCE UNIT

03 Evidence atlas

04 Molecular dossier: the entity before the outcome

05 Historical and international corpus

06 Pre-construct lineage: Three mature receptor sciences precede one new molecule
07 2022-2026: Rapid construct-specific human programme

08 Mechanistic calculus — CONSTRAINED: One construct, not three independent drugs
09 Mechanistic calculus — MEASURED: Dose changes both benefit and biological cost
10 Mechanistic calculus — INFERRED: The glucagon contribution remains only partly separable
11 Causal architecture: Receptor binding is the first causal event

12 Causal architecture: Second-messenger integration

13 Causal architecture: The glucagon tension is mechanistically productive

14 Causal architecture: Translation requires composition, not scale alone

15 Molecular identity and entity resolution

16 Biochemical mechanism and target architecture

17 In-vivo pharmacology and exposure

18 Integrated physiology and individual terrain

19 Terminal human stress-test

20 Counterevidence and causal boundaries

21 Scientific conclusion

22 Molecular architecture and receptor balance

23 Exposure and dose architecture

24 Human metabolic and body-composition evidence

25 Hepatic-fat signal

26 Counterevidence and unresolved outcomes

27 Diabetes programme and outcome maturity

28 Falsification map

29 Research agenda

30 Cited primary evidence corpus



CLINIC TERRAIN CLINICAL INTELLIGENCE UNIT

ACTION LEDGER

Describe the action before judging its

value.

Benefit is a downstream clinical judgement. The scientific object is the action itself: what moves,
under which exposure, in which biological state, and where the inference stops.

01
Attributed biochemical
action

02
Exposure and reachability

03
Physiological direction is
contextual

04
Individual adjudication
boundary

A single molecular construct engages three specified class-B GPCR systems
whose metabolic actions can oppose and complement one another.

Human development establishes prolonged, dose-dependent exposure and
supports once-weekly administration. The relevant unit of interpretation is the
authentic molecular construct, formulation, delivery system and escalation
schedule studied.

The organismal result emerges from competing fluxes: reduced intake,
incretin-dependent endocrine signalling, glucagon-linked hepatic substrate
handling, lipid mobilisation and possible change in energy expenditure. Body
composition, glucose trajectory, liver-fat movement, resting heart rate,
nutritional sufficiency and physical function therefore describe the biological
response more faithfully than scale weight alone.

How receptor balance, energy deficit and tissue-specific signalling partition the
observed loss of adiposity, liver fat and lean tissue in an individual. A larger
average weight change does not prove a universally superior metabolic state,
preserved function or a favourable outcome at every tissue.
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METHODS AND COVERAGE

A reproducible boundary, not an
implied exhaustive review.

This curated mechanistic monograph uses primary indexed records and reference-chaining. It
does not claim systematic-review completeness. Absence of a retrieved result is not evidence that

an effect is absent.

SEARCH SURFACE

QUERY FRAME

EVIDENCE CUTOFF

ENTITY EXCLUSION

TRACEABILITY

INTERPRETIVE RULE

PubMed/MEDLINE primary records, Russian-language indexed abstracts, and
reference-chaining for entity-defining, historical and translational studies.
Language, geography, regulatory status and journal fashion are not evidence
grades.

retatrutide - LY3437943 - GIP receptor - GLP-1 receptor - glucagon receptor - obesity
- type 2 diabetes - liver fat

23 August 2026

Its receptor-balance and exposure belong to the exact retatrutide construct.
Evidence from native glucagon, GLP-1, GIP or another co-agonist is related
context-not substitute evidence.

12 extended claim units plus 2 historical records and 3 mechanistic-calculus
records; 7 cited records in the complete corpus.

Identity —» physical constraint = measured reaction or binding — reachable
exposure - system response — outcome. Statistical significance does not
manufacture mechanism; mechanistic plausibility does not manufacture a patient
outcome.
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EVIDENCE ATLAS

Every claim keeps its experimental
address.

12 claim units are mapped to evidentiary layer, experimental frame and source records. The layer
describes the question answered; it is not a popularity score.

IMolecular Molecular architecture Retatrutide is not a mixture of three agonists. It is one [1][3]
identity and receptor balance - acylated peptide engineered to activate the GIP, GLP-1
claim 1 and glucagon receptors with a defined balance of

potency. That balance matters: changing sequence,
acylation, formulation or exposure can change the
relative contribution of appetite suppression,
insulinotropic signalling, gastric effects, lipid
mobilisation and energy expenditure.

IMolecular Molecular architecture The glucagon component creates the central [11[3]
identity and receptor balance - mechanistic tension. Glucagon-receptor signalling may
claim 2 increase hepatic glucose output while also favouring

lipid mobilisation and energy expenditure. GIP and
GLP-1 activity can counterbalance glycaemic pressure
through glucose-dependent insulin secretion and
reduced energy intake. The observed phenotype
therefore belongs to the integrated construct, not to
any receptor considered alone.

VIHuman Exposure and dose Human development uses once-weekly subcutaneous [1][3]
exposure or architecture - claim 1 administration with stepwise escalation. The escalation
signal schedule is part of the intervention because

gastrointestinal tolerability, discontinuation and
achieved exposure depend on starting dose and the
speed at which higher doses are reached. A nominal
maintenance dose without its escalation history is an
incomplete pharmacological description.

VIHuman Exposure and dose Dose-response is visible in both efficacy and [1]
exposure or architecture - claim 2 tolerability. In the phase 2 obesity trial, higher-dose
signal groups produced larger average weight reductions,

while gastrointestinal events and transient heart-rate
increases were also dose related. This is not a simple
linear claim that more exposure is always better; it is a
benefit-cost surface shaped by phenotype, tolerability
and duration.
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VIHuman
exposure or
signal

VIHuman
exposure or
signal

VIHuman
exposure or
signal

IVIntegrated
in-vivo model

IVIntegrated
in-vivo model

VliControlled
human
proposition

Human metabolic and
body-composition
evidence : claim 1

Human metabolic and
body-composition
evidence - claim 2

Hepatic-fat signal - claim
1
Hepatic-fat signal - claim

2

Counterevidence and
unresolved outcomes -
claim 1

Counterevidence and
unresolved outcomes -
claim 2

The 338-participant obesity trial provides the strongest
published efficacy signal. At 48 weeks, mean weight

change ranged from -8.7% at 1 mg to -24.2% at 12 mg,

compared with -2.1% with placebo. These are
treatment-group averages in adults meeting trial
criteria; they do not predict the magnitude,
composition or durability of weight change in an
individual.

Body weight is an incomplete endpoint. A prespecified
DXA substudy in people with type 2 diabetes examined
fat mass and lean mass rather than scale weight alone.
This improves biological resolution, but the substudy
remains smaller than the parent programme and does
not settle individual preservation of muscle function,
protein adequacy or resistance-training response.

In the 98-participant MASLD substudy, relative liver-fat
change at week 24 ranged from -42.9% at 1 mg to
-82.4% at 12 mg, versus +0.3% with placebo. Normal
liver-fat content below 5% was reached by 86% of the
12 mg group. The result is a strong imaging signal, but
MRI-PDFF improvement is not identical to histological
fibrosis regression or long-term liver-outcome benefit.

Liver-fat reduction tracked with changes in body
weight, abdominal fat and metabolic markers. That
association supports an integrated metabolic
mechanism but does not isolate direct hepatic
glucagon-receptor action from the consequences of
energy deficit and adipose loss. Mechanistic attribution
therefore remains plural rather than singular.

The published programme establishes a large
metabolic effect but does not yet establish long-term
cardiovascular, renal, skeletal or mortality outcomes.
Gastrointestinal illness can also create dehydration,
renal stress and nutritional compromise. Those
outcomes require direct measurement rather than
reassurance by analogy with another incretin-based
medicine.

Sponsor-reported phase 3 topline findings, when
discussed, must remain labelled as non-peer-reviewed
until complete methods and results are publicly
available. A larger sample does not correct an
unavailable methods section. This monograph
therefore anchors quantitative conclusions to
accessible primary publications.

[4]

[2]

(2]

[1][3]

[1][2][4]
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VliControlled Diabetes programme A phase 2 trial in adults with type 2 diabetes extended [5]
human and outcome maturity - the controlled human programme beyond obesity and
proposition claim 1 showed dose-dependent glycaemic and body-weight

effects against placebo and dulaglutide. This
establishes translation in a second metabolic
phenotype, but the comparator, background therapy
and diabetes-specific baseline prevent direct
substitution for an obesity-only estimate.

VllControlled Diabetes programme TRANSCEND-T2D-1 is a phase 3 randomised test in [6][7]
human and outcome maturity - adults with type 2 diabetes and obesity or overweight.
proposition claim 2 Its peer-reviewed publication materially advances

efficacy and safety maturity, while still leaving
cardiovascular, renal and mortality outcomes as
separate questions. Metabolomic and lipid-profile
analyses can refine pathway hypotheses, but remain
intermediate measures rather than patient-important
outcomes.

SECTION 01

Molecular dossier: the entity before the outcome
ENTITY — One sequence-engineered, lipidated peptide; not a three-product mixture
BIOCHEMICAL CLASS — Long-acting triple agonist peptide

PRIMARY SYSTEM — GIPR - GLP-1R - GCGR

IDENTITY BOUNDARY — Its receptor-balance and exposure belong to the exact retatrutide
construct. Evidence from native glucagon, GLP-1, GIP or another co-agonist is related context-not
substitute evidence.

SECTION 02

Historical and international corpus

Retatrutide is a recent molecular entity built on a much older incretin and glucagon research
lineage. The age of the receptor fields cannot be transferred to the exact triple agonist.

The contemporary programme is unusually information-rich for a new peptide, but exact
construct, acylation, receptor balance and achieved exposure remain inseparable from every
conclusion.

SECTION 03



CLINIC TERRAIN CLINICAL INTELLIGENCE UNIT

Pre-construct lineage: Three mature receptor
sciences precede one new molecule

GLP-1, GIP and glucagon biology long predate retatrutide. That historical depth explains the
engineering rationale, but it does not constitute evidence for the integrated construct because
simultaneous agonism can create non-additive and opposing effects.[3]

SECTION 04

2022-2026: Rapid construct-specific human
programme

Early human pharmacology was followed by obesity, diabetes, liver-fat and body-composition
studies. The short calendar age therefore coexists with unusually dense direct exposure and
outcome data; recency alone is not a scientific weakness.[1][2][3][4]1[5][6]

SECTION 05

Mechanistic calculus — CONSTRAINED: One
construct, not three independent drugs

The observable phenotype is generated by one acylated peptide and its relative activity across
GIPR, GLP-1R and GCGR. Receptor effects cannot be added arithmetically from separate drug
literatures.[3]

SECTION 06

Mechanistic calculus — MEASURED: Dose changes
both benefit and biological cost

Escalating exposure produces larger average adiposity and liver-fat effects while gastrointestinal
events and heart-rate movement also change. The correct object is a multidimensional
dose-response surface, not a maximisation rule.[1][2][3]

SECTION 07

Mechanistic calculus — INFERRED: The glucagon
contribution remains only partly separable

Energy expenditure and lipid mobilisation are compatible with GCGR engagement, but concurrent
energy-intake reduction and adipose loss prevent simple attribution of the hepatic and whole-body
phenotype to one receptor arm.[1][2][3]
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SECTION 08

Causal architecture: Receptor binding is the first
causal event

Retatrutide activates GIPR, GLP-1R and GCGR through one engineered peptide. The relevant
biochemical object is therefore the joint potency profile of the construct, not a verbal sum of three
receptor names. A change in sequence, acylation or exposure can alter that balance and the
phenotype that follows.[1][3]

SECTION 09

Causal architecture: Second-messenger integration

All three receptors are class-B G-protein-coupled receptors with strong coupling to cyclic-AMP
signalling, but they are expressed in different tissues and embedded in different feedback loops.
Pancreatic insulin secretion, appetite circuitry, gastric physiology, hepatic substrate flux and
adipose mobilisation must be interpreted as a coupled system.[1][3]

SECTION 10

Causal architecture: The glucagon tension is
mechanistically productive

GCGR engagement can increase hepatic glucose production while supporting lipid mobilisation
and energy expenditure. Concurrent incretin-receptor signalling and reduced intake can constrain
glycaemic pressure. The net outcome is an emergent property of exposure, nutritional state and
receptor balance-not proof that glucagon signalling is intrinsically beneficial or harmful.[1][3]

SECTION 11

Causal architecture: Translation requires
composition, not scale alone

Weight and liver-fat changes are downstream integrative outputs. They do not identify the
proportion attributable to appetite, direct tissue signalling, altered substrate flux or loss of lean
tissue. DXA, functional measures and longitudinal metabolic markers are therefore mechanistic
discriminators, not optional embellishments.[2][4]

SECTION 12

Molecular identity and entity resolution

Retatrutide is a single engineered, long-acting peptide that activates GIP, GLP-1 and glucagon
receptors. It is a calibrated multi-receptor pharmacology, not three drugs added together.

10
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SECTION 13

Biochemical mechanism and target architecture

GIP and GLP-1 receptor activity integrates glucose-dependent insulin secretion and appetite
reduction. Glucagon-receptor activity may increase energy expenditure and lipid mobilisation
while changing glycaemic and cardiovascular demands. Receptor balance, exposure and
escalation are integral to the effect.

SECTION 14

In-vivo pharmacology and exposure

Human development establishes prolonged, dose-dependent exposure and supports once-weekly
administration. The relevant unit of interpretation is the authentic molecular construct,
formulation, delivery system and escalation schedule studied.

SECTION 15

Integrated physiology and individual terrain

The organismal result emerges from competing fluxes: reduced intake, incretin-dependent
endocrine signalling, glucagon-linked hepatic substrate handling, lipid mobilisation and possible
change in energy expenditure. Body composition, glucose trajectory, liver-fat movement, resting
heart rate, nutritional sufficiency and physical function therefore describe the biological response
more faithfully than scale weight alone.

SECTION 16

Terminal human stress-test

In a 338-participant phase 2 obesity trial, mean weight change at week 48 ranged from -8.7% at 1
mg to -24.2% at 12 mg, versus -2.1% with placebo. A 98-participant MASLD substudy found large
liver-fat reductions at week 24. Sponsor-reported phase 3 topline results remain labelled as such
until full peer-reviewed reports are available.

SECTION 17

Counterevidence and causal boundaries

Gastrointestinal events were dose-related and heart rate increased dose-dependently before
declining. Scale weight does not resolve lean mass, nutritional adequacy, gallbladder or pancreatic
symptoms, renal stress during severe gastrointestinal illness, or long-term outcomes.

SECTION 18

11
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Scientific conclusion

Retatrutide has a developed identity-to-human-effect chain for metabolic outcomes. Its
interpretation remains phenotype-, formulation- and exposure-specific; it is not scientifically
reducible to a ‘stronger GLP-1’ claim.

SECTION 19

Molecular architecture and receptor balance

Retatrutide is not a mixture of three agonists. It is one acylated peptide engineered to activate the
GIP, GLP-1 and glucagon receptors with a defined balance of potency. That balance matters:
changing sequence, acylation, formulation or exposure can change the relative contribution of
appetite suppression, insulinotropic signalling, gastric effects, lipid mobilisation and energy
expenditure.[1][3]

The glucagon component creates the central mechanistic tension. Glucagon-receptor signalling
may increase hepatic glucose output while also favouring lipid mobilisation and energy
expenditure. GIP and GLP-1 activity can counterbalance glycaemic pressure through
glucose-dependent insulin secretion and reduced energy intake. The observed phenotype
therefore belongs to the integrated construct, not to any receptor considered alone.[1][3]

SECTION 20

Exposure and dose architecture

Human development uses once-weekly subcutaneous administration with stepwise escalation. The
escalation schedule is part of the intervention because gastrointestinal tolerability, discontinuation
and achieved exposure depend on starting dose and the speed at which higher doses are reached.
A nominal maintenance dose without its escalation history is an incomplete pharmacological
description.[1][3]

Dose-response is visible in both efficacy and tolerability. In the phase 2 obesity trial, higher-dose
groups produced larger average weight reductions, while gastrointestinal events and transient
heart-rate increases were also dose related. This is not a simple linear claim that more exposure is
always better; it is a benefit-cost surface shaped by phenotype, tolerability and duration.[1]

SECTION 21

Human metabolic and body-composition evidence

The 338-participant obesity trial provides the strongest published efficacy signal. At 48 weeks,
mean weight change ranged from -8.7% at 1 mg to -24.2% at 12 mg, compared with -2.1% with
placebo. These are treatment-group averages in adults meeting trial criteria; they do not predict
the magnitude, composition or durability of weight change in an individual.[1]

Body weight is an incomplete endpoint. A prespecified DXA substudy in people with type 2
diabetes examined fat mass and lean mass rather than scale weight alone. This improves

12
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biological resolution, but the substudy remains smaller than the parent programme and does not
settle individual preservation of muscle function, protein adequacy or resistance-training
response.[4]

SECTION 22

Hepatic-fat signal

In the 98-participant MASLD substudy, relative liver-fat change at week 24 ranged from -42.9% at
1 mg to -82.4% at 12 mg, versus +0.3% with placebo. Normal liver-fat content below 5% was
reached by 86% of the 12 mg group. The result is a strong imaging signal, but MRI-PDFF
improvement is not identical to histological fibrosis regression or long-term liver-outcome
benefit.[2]

Liver-fat reduction tracked with changes in body weight, abdominal fat and metabolic markers.
That association supports an integrated metabolic mechanism but does not isolate direct hepatic
glucagon-receptor action from the consequences of energy deficit and adipose loss. Mechanistic
attribution therefore remains plural rather than singular.[2]

SECTION 23

Counterevidence and unresolved outcomes

The published programme establishes a large metabolic effect but does not yet establish
long-term cardiovascular, renal, skeletal or mortality outcomes. Gastrointestinal illness can also
create dehydration, renal stress and nutritional compromise. Those outcomes require direct
measurement rather than reassurance by analogy with another incretin-based medicine.[1][3]

Sponsor-reported phase 3 topline findings, when discussed, must remain labelled as
non-peer-reviewed until complete methods and results are publicly available. A larger sample
does not correct an unavailable methods section. This monograph therefore anchors quantitative
conclusions to accessible primary publications.[1][2][4]

SECTION 24

Diabetes programme and outcome maturity

A phase 2 trial in adults with type 2 diabetes extended the controlled human programme beyond
obesity and showed dose-dependent glycaemic and body-weight effects against placebo and
dulaglutide. This establishes translation in a second metabolic phenotype, but the comparator,
background therapy and diabetes-specific baseline prevent direct substitution for an obesity-only
estimate.[5]

TRANSCEND-T2D-1 is a phase 3 randomised test in adults with type 2 diabetes and obesity or
overweight. Its peer-reviewed publication materially advances efficacy and safety maturity, while
still leaving cardiovascular, renal and mortality outcomes as separate questions. Metabolomic and
lipid-profile analyses can refine pathway hypotheses, but remain intermediate measures rather
than patient-important outcomes.[6][7]

13
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SECTION 25

Falsification map

Receptor engagement without the predicted exposure-response would weaken the integrated
agonism model.

Liver-fat change dissociated from exposure and metabolic flux would require a different causal
partition.

Loss of function or disproportionate lean tissue despite adiposity reduction would falsify a globally
favourable response claim.

RESEARCH AGENDA

What would materially change the
conclusion?

01 Peer-reviewed phase 3 efficacy and safety reports
02 Cardiovascular and renal outcome data

03 Longitudinal DXA and functional muscle outcomes
04 Durability and physiology after discontinuation

05 Mechanistic separation of glucagon-receptor effects from weight-loss mediation

CITED PRIMARY EVIDENCE CORPUS

7 source records

This corpus documents the claims made in this monograph; it is not presented as an exhaustive systematic-review
search.
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PMID 37366315 38858523

Urva et al. Lancet. 2022;400:1869-1881. - PMID Coskun et al. Effects of retatrutide on body
36354040 composition in people with type 2 diabetes. Lancet

Diabetes Endocrinol. 2025. - PMID 40609566

Rosenstock et al. Lancet. 2023;402:529-544. - PMID Bajaj et al. Lancet. 2026;407:2402-2413. - PMID
37385280 42250575

Pearson et al. ) Clin Endocrinol Metab. 2026.
Retatrutide and lipid and metabolite profiles. - PMID
42135195
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