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Abstract

Second-generation incretin-based therapies have transformed the pharmacological manage-
ment of obesity by inducing substantial and sustained weight loss. The weight-reducing
effects are primarily mediated through appetite suppression, reduced energy intake, and
modulation of eating behavior. While therapeutically beneficial, these mechanisms may
also influence dietary quality, micronutrient exposure, and overall nutritional status, partic-
ularly in individuals with obesity, a population already characterized by a high prevalence
of baseline nutritional inadequacy. This narrative review is intended to inform clinicians,
clinical nutrition specialists and researchers involved in obesity management by summa-
rizing baseline micronutrient vulnerability in obesity, synthesizing available evidence on
dietary intake, biochemical micronutrient status, and nutrition-related clinical outcomes
during incretin-based therapy, discussing plausible mechanisms linking these therapies to
micronutrient risk, and outlining approaches to risk-stratified nutritional monitoring in
clinical practice.
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1. Introduction
The rapid expansion of so-called second-generation incretin-based therapies has fun-

damentally transformed the pharmacological management of obesity. “Second-generation”
refers to newer, higher-potency incretin-based agents with enhanced weight-loss efficacy,
prolonged duration of action and broader metabolic effects compared with earlier ther-
apies. These include the GLP-1 receptor agonist (GLP-1 RA) semaglutide and the dual
GLP-1/glucose-dependent insulinotropic peptide (GIP) receptor agonist tirzepatide, which
produce clinically meaningful and sustained weight loss, alongside improvements in
glycemic control and cardiometabolic risk factors [1–4]. In phase 3 clinical trials, once-
weekly semaglutide 2.4 mg resulted in a mean weight loss of approximately 14.9% over
68 weeks [1], while once-weekly tirzepatide achieved mean reductions of up to 20.9%, with
one in three participants achieving ≥25% weight loss, closing the gap between previous
obesity pharmacotherapy and metabolic surgery [3].

The weight-reducing effects of incretin-based therapy are primarily mediated through
reductions in energy intake driven by enhanced satiety and reduced hunger. These effects
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are supported by gastrointestinal mechanisms, including delayed gastric emptying, in-
creased gastric retention of solid meals and altered gut motility, which collectively promote
earlier satiation and reduced meal size [5,6]. Beyond homeostatic appetite regulation,
emerging evidence suggests that these agents modulate reward-related eating behaviors by
influencing neural pathways involved in food motivation, cravings and hedonic eating [7,8].
These neuromodulatory effects may reduce the rewarding value of high-calorie foods and
external food cues, contributing to sustained reductions in energy intake beyond the effects
of satiety alone [7,8].

While their impact on appetite regulation, gastrointestinal function, and eating behav-
ior underpins therapeutic efficacy, they may also have downstream consequences for nutri-
tional status, particularly in individuals with obesity, a population already characterized by
a high prevalence of baseline micronutrient inadequacy [9]. Despite the rapidly increasing
use of incretin-based therapies in obesity management, their implications for micronutrient
intake, biochemical micronutrient status, and nutrition-related clinical outcomes remain
incompletely characterized. Most pivotal randomized controlled trials prioritize weight
loss, glycemic outcomes, and cardiovascular endpoints, while systematic evaluation of
dietary intake, dietary quality and micronutrient status is rarely incorporated [10].

This narrative review was informed by a targeted PubMed search for English-language
human studies published between January 2010 and January 2026. The search was also
complemented by manual screening of reference lists from key original studies, systematic
reviews, and clinical nutrition guidelines. Search terms included incretin-based obesity
pharmacotherapy (“GLP-1 receptor agonist”, “liraglutide”, “semaglutide”, “dual agonist”,
“tirzepatide”) combined with nutrition-related outcomes (“micronutrient”, “vitamin”, “min-
eral”, “food intake”, “diet variety”, “diet quality”, “deficiency”). Priority was given to
randomized controlled trials, observational studies, pharmacovigilance analysis, and mech-
anistic studies reporting dietary, biochemical, and nutrition-related outcomes. We aimed to
summarize micronutrient vulnerabilities commonly present in obesity, evaluate existing
evidence on dietary intake, biochemical micronutrient status and nutrition-related clinical
outcomes during incretin-based therapy, discuss plausible mechanisms linking incretin
pharmacotherapy to micronutrient risk, and outline implications for nutritional monitoring
in clinical practice.

Recent reviews have discussed nutritional considerations during incretin-based ther-
apy, primarily by extrapolating monitoring principles from metabolic surgery to phar-
macological obesity treatment, providing valuable conceptual frameworks that highlight
the importance of nutritional surveillance in the era of incretin-based therapies [11]. In
contrast, the present review specifically addresses baseline micronutrient vulnerability in
obesity, synthesizes emerging signals of micronutrient depletion and deficiency during
incretin-based therapy, and integrates mechanistic pathways linking appetite suppression,
dietary pattern changes, and gastrointestinal physiology and micronutrient handling. By
integrating mechanistic pathways with real-world and biochemical signals, this review
aims to inform a risk-stratified, obesity-specific approach to micronutrient monitoring that
extends beyond surgical paradigms.

2. Baseline Micronutrient Vulnerability in Obesity
Micronutrients represent essential vitamins and trace elements required in small

amounts for normal metabolic, neurological, immune and musculoskeletal function [12].
Micronutrient inadequacy is frequently observed in individuals with obesity despite excess
energy intake, a phenomenon often described as being “overfed but undernourished” [9].
This vulnerability reflects a combination of suboptimal dietary quality, obesity-related
inflammation, altered nutrient distribution and metabolism, and increased micronutrient
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requirements [13]. Understanding this baseline risk is essential when evaluating micronu-
trient signals observed during incretin-based therapy, as treatment-related reductions in
intake may exacerbate pre-existing depletions rather than induce de novo deficiencies.

Dietary patterns commonly associated with obesity are characterized by higher con-
sumption of energy-dense, ultra-processed foods and lower intake of fruits and vegetables,
whole grains, and dairy products, resulting in reduced micronutrient density. In a cohort
of individuals with morbid obesity, 40% of individuals were found to have three or more
micronutrient deficiencies prior to any intervention [14].

Obesity is associated with an increased volume of distribution for lipophilic substances,
including fat-soluble vitamins A, D, E and K [13]. As adipose tissue mass increases, a greater
proportion of these vitamins is sequestered in fat stores, resulting in lower circulating
concentrations despite potentially adequate total body content [13].

Vitamin D deficiency or insufficiency is the most consistently reported micronutrient
abnormality in obesity. Vitamin D deficiency is seen at a higher prevalence in individuals
with obesity, particularly in cohorts with severe obesity, compared to normal-weight and
overweight populations [15–18]. Mechanistically, reduced vitamin D status in obesity is
partly explained by decreased vitamin D bioavailability due to volumetric dilution and adi-
pose tissue sequestration, leading to lower circulating 25-hydroxyvitamin D concentrations
for a given intake or sun exposure [19]. Additionally, increased catabolism of vitamin D
metabolites in adipose tissue and impaired hepatic conversion in the presence of metabolic
dysfunction-associated steatotic liver disease also contribute to lower vitamin D levels [13].

Lower serum carotenoid concentrations and increased risk for vitamin A deficiency
have also been reported in individuals with obesity [20–22]. These alterations are attributed
to increased oxidative stress, inflammation and altered metabolism in obesity. Importantly,
lower carotenoid levels have been observed even when dietary intake does not differ,
suggesting that altered utilization rather than intake alone is the cause [13].

Evidence regarding vitamin B status in obesity is more heterogeneous, inconsistent,
and largely observational, with some studies showing lower concentrations of vitamin
B1 (thiamine), B6 (pyridoxine), B9 (folic acid) or B12 (cobalamin), while others show
no significant deficiencies [18,23–25]. However, increased metabolic demand, dietary
quality, and concomitant medication use, such as metformin in type 2 diabetes, may further
contribute to vulnerability in certain subgroups [13]. Individuals with overweight or
obesity also have a higher prevalence of vitamin C deficiency, a water-soluble antioxidant
vitamin often found in fruits and vegetables. This deficiency likely reflects a lower intake
of fruits and vegetables and increased oxidative stress associated with obesity [13,23].

Iron levels and iron homeostasis are frequently altered in obesity, likely due to
chronic low-grade inflammation [18,26]. Elevated inflammatory signaling increases hep-
atic hepcidin expression, which reduces intestinal iron absorption and mobilization from
stores, leading to functional iron deficiency even when total body stores are not severely
depleted [26].

Obesity is further associated with an altered status of several trace elements, including
zinc, magnesium, manganese, chromium and selenium [13]. Zinc deficiency is particularly
relevant given its role in insulin synthesis, storage, and signal transduction. Lower serum
zinc concentrations have been consistently reported in individuals with obesity, reflecting
both increased metabolic demand and suboptimal dietary intake [16,27,28].

Table 1 summarizes common baseline micronutrient vulnerabilities in obesity and
their respective key mechanisms.

https://doi.org/10.3390/nu18040677

https://doi.org/10.3390/nu18040677


Nutrients 2026, 18, 677 4 of 14

Table 1. Common baseline micronutrient vulnerabilities in obesity and plausible mechanisms.

Micronutrient Typical Findings in Obesity Key Mechanistic Drivers References

Vitamin D Lower circulating 25(OH)D
Volumetric

dilution/adipose sequestration.
Altered metabolism in obesity.

[15–17,19]

Vitamin A/
carotenoids Lower serum carotenoids Oxidative stress/inflammation.

Altered metabolism and distribution. [17,21,22]

B vitamins (B1,
B6, folate, B12)

Variable lower values
depending on population

and concomitant medications

Diet quality.
Increased metabolic demand.

Concomitant medications.
[13,16,18,23–25]

Vitamin C Lower intake/status more frequent Low fruit/vegetable intake.
Oxidative stress. [13]

Iron Functional iron deficiency tendency
Low-grade inflammation,

higher hepcidin, and lower
absorption and iron mobilization.

[16–18,26]

Zinc Lower serum zinc reported in obesity Lower intake/diet quality.
Increased requirement/inflammation. [16,27]

Magnesium Often lower intake/status Diet quality. [13,17]

3. Evidence for Micronutrient-Related Outcomes During Incretin-
Based Therapy

Direct evidence linking incretin-based therapy to micronutrient deficiency remains
limited and current evidence is derived primarily from real-world claims data, phar-
macovigilance analyses, dietary intake studies and a small number of observational or
mechanistic investigations [29–33].

3.1. Real-World Signals of Nutritional Deficiency and Related Complications

The strongest large-scale signal for nutrition-related outcomes comes from a retrospec-
tive claims study including 461,382 adults prescribed GLP-1 receptor agonists. By using
diagnostic codes at 6 and 12 months after treatment initiation, this study identified nutri-
tional deficiencies and deficiency-related complications in 12.7% of patients at 6 months
and 22.4% at 12 months [29]. Recorded diagnoses included vitamin deficiencies, mineral
deficiencies, nutritional anemia, iron deficiency anemia, thiamine deficiency and volume
depletion. Vitamin deficiency codes were most frequently recorded, driven primarily by
vitamin D deficiency (7.5% at 6 months and 13.6% at 12 months), followed by other vitamin
B deficiencies (1.3% at 6 months and 2.6% at 12 months), thiamine deficiency (0.1% at
12 months), mineral deficiency (0.4% at 6 months and 0.8% at 12 months), volume depletion
(1.8% at 6 months and 3.5% at 12 months) and iron deficiency anemia (1.6% at 6 months
and 3.2% at 12 months) [29].

Importantly, deficiencies were more commonly documented among individuals who
had a dietitian visit within 6 months of initiating incretin-based therapy, consistent with
probable detection or surveillance bias rather than direct pharmacologic causation [29].
Although these findings do not establish the incidence of biochemical deficiency, they
provide clinically relevant signals that nutrition-related complications are being identified
in routine care among patients receiving incretin-based therapy.

3.2. Pharmacovigilance Evidence: Dehydration as Nutritional Signal

Post-marketing pharmacovigilance analysis provides complementary evidence by
capturing spontaneously reported adverse events. A disproportionality analysis of the
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FDA Adverse Event Reporting System (FAERS) identified dehydration as a prominent
and consistent signal among multiple agents [30]. Dehydration events were frequently
reported early after treatment initiation, often within the first month. While dehydration
is not a micronutrient deficiency, it represents a clinically meaningful complication that
may reflect reduced fluid intake, gastrointestinal adverse events or concurrent reductions
in food intake, underscoring the relevance of nutritional monitoring during early phases of
incretin therapy, particularly during dose escalation [30].

3.3. Dietary Intake Patterns and Risk of Micronutrient Inadequacy

Beyond diagnostic signals, dietary intake studies provide additional context. A cross-
sectional study using 3-day dietary records in 69 adults treated with incretin-based therapy,
mostly semaglutide (53.6%) or tirzepatide (33.3%) for at least a month, demonstrated
widespread nutrient inadequacies, such as inadequate average intakes of multiple mi-
cronutrients, including calcium, iron, magnesium, potassium, vitamins A, C, D, E, K, and
choline, relative to dietary reference intakes [31]. Participants also overconsumed calories
from fat and saturated fat, while showing inadequate intake of key food groups, including
vegetables, grains, fruit, and dairy products. Dietary fiber intake was also inadequate, and
protein intake was also below levels commonly recommended for lean mass preservation
during weight loss, with only 10% meeting a protein intake of at least 1.6 g/kg/day [31].

Another cross-sectional study reported suboptimal diet quality, with low Healthy
Eating Index scores and skewed meal patterns, with the largest proportion of energy and
protein consumed at dinner, potentially affecting micronutrient distribution associated
with protein intake and meal timing. The group also found low intakes of fruit, vegetables,
whole grains, dairy and plant/seafood proteins. Since these food groups are primary
sources of key vitamins and minerals, a reduced diet quality may increase the risk of
micronutrient inadequacy [34].

3.4. Biochemical and Functional Evidence of Micronutrient Alterations

Biochemical data remains scarce. In a retrospective study, Japanese patients with
obesity and type 2 diabetes received semaglutide at least 12 months after prior sleeve
gastrectomy. Over 12 months of semaglutide treatment, the group observed significant
declines in vitamin B12 and zinc concentrations, accompanied by a macronutrient dietary
shift from protein to carbohydrate compared with post-surgery patterns [32].

While most available literature on incretin-based therapy describes signals consistent
with micronutrient depletion rather than overt deficiency, rare cases of clinically significant
micronutrient deficiency have been reported [35]. Notably, Wernicke encephalopathy has
been reported in patients receiving incretin-based therapy in the context of prolonged
vomiting and reduced food intake [35]. A recent pharmacovigilance analysis identified
15 cases of GLP-1 RA-associated Wernicke encephalopathy, most commonly reported with
semaglutide and tirzepatide, with increased reporting odds compared with other medica-
tions, highlighting the need for clinical vigilance in patients with severe gastrointestinal
symptoms and prolonged poor intake [36].

A pilot study assessing intestinal iron absorption using an oral iron absorption test be-
fore and after initiation of semaglutide demonstrated attenuated intestinal iron absorption,
with a median reduction of 13% after 10 weeks of treatment [33]. Additionally, 17.6% of
participants experienced a ≥30% reduction from baseline. This diminished absorption
is likely influenced by semaglutide’s effects on gastric emptying and gut motility and
may contribute to iron deficiency or anemia, especially in susceptible individuals with
pre-existing low iron stores. While long-term iron status and anemia outcomes were not as-
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sessed, this study demonstrates that incretin-based therapies may influence micronutrient
handling through mechanisms beyond reduced intake alone [33].

Table 2 summarizes available evidence linking incretin-based therapy to micronutrient-
related outcomes.

Table 2. Evidence linking incretin-based therapy to micronutrient-related outcomes.

Population and Design Therapy Outcome Assessed Key Findings Limitations

Adults with type 2
diabetes (large real-world
cohort; N = 461,382) [29]

GLP-1 RAs
(class level)

ICD-coded nutritional
deficiencies/

complications

Higher incidence
of ICD-coded
diagnoses of

vitamin D
deficiency, B

vitamin deficiency,
iron deficiency,

anemia, mineral
deficiency and

volume depletion.

Strongest signal
dataset, but
diagnosis

code-based.
No biochemical

assessment.
Detection or

surveillance bias.

Adults using GLP-1 and
dual GLP-1/GIP therapies

(cross-sectional dietary
assessment, N = 69) with

3-day records [31]

Semaglutide
(53.6%)

Tirzepatide
(33.3%)

Dulaglutide
(11.6%)

Liraglutide
(1.4%)

3-day food records;
MyPlate food

group servings

Multiple nutrient
intakes below daily

reference intakes
(fiber, calcium, iron,

magnesium,
potassium, vitamins

A, C, D, E, K
and choline).

Lower intake in
fruit, vegetables,
grains and dairy.
Excess intake in

total and
saturated fat.

Protein intake
≥1.6 g/kg/day

only in 10%.

Cross-sectional
study.

No biochemical
assessment.
No baseline
comparison.

Post-sleeve gastrectomy
patients with obesity
and type 2 diabetes

(retrospective
single-center cohort,

N = 29) [32]

Semaglutide

Serial serum
nutritional metrics

and reported
macronutrient shift

Lower levels of B12
and zinc

concentration.

Small sample.
Selected high-risk
population (post-

metabolic surgery).

Type 2 diabetes
(mechanistic study) [33] Semaglutide Iron Reduction in iron

absorption. Short duration.

Case reports of GLP-1
RA-associated events

(real-world
pharmacovigilance

and case literature) [35]

Semaglutide
Tirzepatide

Clinically overt
thiamine deficiency

15 reported
Wernicke

encephalopathy
cases in the context

of prolonged
vomiting,

gastrointestinal
side-effects and
reduced intake.

Rare but
clinically important

outcome/signal.
Causal attribution

is limited.
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4. Mechanisms Linking Incretin-Based Therapy to Micronutrient Risk
Incretin-based therapies may influence micronutrient status through several over-

lapping and interacting pathways. These include reductions in total food intake and
absolute micronutrient exposure, changes in dietary patterns and food-group selection,
and gastrointestinal effects that may alter nutrient tolerance, timing and absorption.

4.1. Reduced Food Intake and Absolute Micronutrient Exposure

The most consistent and well-documented mechanism is a reduction in total energy in-
take. Incretin-based therapies reduce ad libitum intake primarily by enhancing satiety and
reducing hunger. At the central level, GLP-1 receptor agonists act on key hypothalamic and
brainstem nuclei involved in energy homeostasis. These include the arcuate nucleus, where
GLP-1 signaling enhances anorexigenic pro-opiomelanocortin (POMC) neuron activity
and suppresses orexigenic neuropeptide Y/agouti-related peptide (NPY/AgRP) pathways,
thereby reducing hunger. Additional action within the paraventricular nucleus integrates
satiety signals, while engagement of the nucleus tractus solitarious in the brainstem ampli-
fies vagal afferent input from the gastrointestinal tract, reinforcing meal termination [37].
Across multiple crossover and parallel-group trials, liraglutide, oral semaglutide, once-
weekly semaglutide and tirzepatide have been shown to reduce ad libitum energy intake by
approximately 16–39%, with reductions occurring across meals and snack occasions [38–42].
These reductions in energy intake are accompanied by consistent changes in subjective
appetite regulation, including lower hunger ratings, reduced prospective food consump-
tion, and increased satiety and fullness, as assessed by validated visual analog scales and
appetite questionnaires [38–40,42,43].

Beyond homeostatic feeding, GLP-1 receptor agonists also influence reward-related
regions, including mesolimbic pathways involving the ventral tegmental area and nucleus
accumbens, with several studies also demonstrating improvements in appetite control and
eating behavior, including reductions in craving intensity or frequency, decreased food
preoccupation (often captured as food noise) and reduced binge-eating episodes, reflect-
ing dampened motivation to eat in response to external food cues rather than metabolic
need [7,37,43,44]. Together, lower homeostatic hunger drive and reduced hedonic respond-
ing can decrease eating opportunities and total food volume even beyond intentional
calorie restriction.

Caloric restriction and reduced food volume are well-recognized correlates of lower
micronutrient intake [45]. If reductions in intake are not accompanied by deliberate op-
timization of diet quality, absolute intake of vitamins and minerals may decline propor-
tionally, especially when daily energy intake falls below 1200 kcal for females or 1800 kcal
for males [46]. Earlier satiety and smaller meal sizes may also reduce consumption of
micronutrient-dense foods, while fewer eating occasions can further limit total micronu-
trient exposure [39,40]. Since micronutrient intake depends largely on food volume and
dietary variety rather than energy alone, sustained reductions in intake may increase the
risk of micronutrient depletion even when macronutrient requirements are met [46,47].

Lastly, reductions in total energy intake during incretin-based therapy are frequently
accompanied by changes in macronutrient distribution, particularly a reduction in absolute
protein intake, which may be insufficient to support lean mass preservation during weight
loss if not actively addressed [31,34,46]. Lean body mass is increasingly recognized as a
key determinant of nutritional resilience, serving as a functional reservoir for metabolic
substrates and micronutrient-dependent processes [12], and observational data demon-
strate positive associations between lean mass and micronutrients, such as selenium, zinc,
vitamin B12, iron and vitamin D, underscoring the interplay between body composition,
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macronutrient adequacy and micronutrient status in the context of weight loss and reduced
intake, including pharmacologically induced weight loss [48].

Direct comparative data evaluating differences between micronutrient outcomes be-
tween mono-GLP-1 receptor agonists and dual GLP-1/GIP receptor agonists are currently
lacking. Dual agonists generally produce greater weight loss [1,3], which may theoretically
lead to larger reductions in energy intake and amplify intake-mediated micronutrient
risk by more pronounced reductions in total food volume and dietary variety. However,
available evidence does not allow conclusions on differential micronutrient risk by agonist
class, which represents an important evidence gap requiring prospective investigation.

4.2. Dietary Pattern Changes and Food-Group Displacement

In addition to reducing total intake, incretin-based therapies may influence what
foods are consumed. Mechanistic studies consistently demonstrate reduced hunger or
cravings and shifts away from high-fat, energy-dense foods. While reduced hunger and
improved control of eating are metabolically favorable, these changes may translate into
fewer eating opportunities and less variety if not actively managed [39,40]. A recent
secondary analysis of a randomized trial showed that tirzepatide significantly reduced
preferences for foods high in fat and simple sugars, as well as reduced craving scores for
sweets, carbohydrates and fast-food fats [49]. Similarly, studies with oral semaglutide have
reported decreased total energy intake, with the greatest relative reduction in carbohydrate
intake, accompanied by diminished cravings and a reduced desire for sweets [50].

Although these shifts may reduce intake of highly processed foods, they may also
displace food groups that are important sources of specific micronutrients, such as iron,
zinc, vitamin B12 (animal-source foods), calcium (dairy), or folate and vitamin C (fruits
and vegetables), particularly when meals are smaller, fewer and less varied. This reduced
dietary diversity has consistently been associated with lower micronutrient adequacy
across populations [51,52]. Mechanistically, observed reductions in fruits, vegetables, and
whole-grain intake may plausibly reflect a combination of earlier satiation and smaller
meal size, avoidance of foods that exacerbate nausea or dyspepsia, and centrally mediated
shifts in reward-related eating that reduce cravings, hedonic drive and preference for
sweet-tasting foods [7,39,40,49,50].

4.3. Gastrointestinal Physiology and Adverse Events

Symptoms commonly labeled as gastrointestinal adverse events, such as nausea,
vomiting, and diarrhea, are largely mediated via central nervous system pathways despite
manifesting peripherally and directly affecting food tolerance and intake. These adverse
events are relatively common during incretin-based therapy, particularly during dose
escalation, are usually transient and mild-to-moderate in severity, and may temporarily
disrupt habitual eating patterns, reduce food tolerance and decrease both food and fluid
intake [30]. In cases of prolonged gastrointestinal intolerance, these effects may increase
the risk of dehydration and micronutrient depletion.

In addition, incretin-based therapies are also associated with delayed gastric emptying
of solid meals, increased gastric retention, and prolonged half-emptying time, reflecting
altered gastrointestinal transit [5,6]. While slowing of gastric emptying contributes to
satiety and glycemic control, it may also influence the timing and efficiency of nutrient
delivery to absorptive sites in the small intestine. Emerging mechanistic data suggest
that these effects may be relevant for specific nutrients, such as iron, for which reduced
absorption has been demonstrated following initiation of semaglutide [33].

Pancreatic exocrine insufficiency has been proposed as a theoretical contributor to
nutrient malabsorption during incretin-based therapy. However, available human data
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do not support this mechanism. In a randomized study comparing short-acting and long-
acting GLP-1 receptor agonists, fecal pancreatic elastase concentrations and other markers
of exocrine pancreatic function did not deteriorate following treatment, and no evidence
of fat malabsorption was observed [53]. These findings suggest that pancreatic exocrine
insufficiency is unlikely to contribute meaningfully to micronutrient risk.

4.4. Interaction with Concomitant Pharmacotherapy and Comorbidities

In addition to direct effects on appetite, dietary intake and gastrointestinal physiology,
micronutrient status during incretin-based therapies may also be influenced by concomi-
tant pharmacological treatment commonly used in populations with obesity. Metformin,
frequently prescribed in individuals with type 2 diabetes and polycystic ovary syndrome,
has been consistently associated with reduced vitamin B12 absorption and lower circulating
levels, particularly in long-term use [12,54]. Given the high prevalence of combined met-
formin and incretin-based therapy in clinical practice, an integrated nutritional assessment
is necessary.

Figure 1 summarizes key mechanisms by which incretin-based therapy impacts mi-
cronutrient status.

Figure 1. Key mechanisms by which incretin-based therapy impacts micronutrient status.

5. Nutritional Monitoring During Incretin-Based Therapy
The convergence of baseline micronutrient vulnerability in obesity and the appetite-

suppressing effects of incretin-based therapy raises important clinical considerations for
nutritional monitoring. Recent obesity-specific nutrition frameworks emphasize that phar-
macological obesity treatments, including incretin-based therapies, should be accompanied
by structured dietary strategies to preserve nutrient adequacy and lean mass, particularly
in the context of pharmacologically induced reductions in energy intake [20]. Comparisons
are frequently drawn between incretin-based pharmacotherapy and metabolic surgery due
to the magnitude of weight loss achieved; nevertheless, important distinctions must be
recognized. Metabolic surgery is associated with well-established, procedure-specific risks
of micronutrient deficiencies driven by anatomical alterations and malabsorption, resulting
in predictable deficiencies such as iron, vitamin B12, calcium, and fat-soluble vitamins [11].
In contrast, observed signals in incretin-based therapy are likely to be driven by reduced
dietary intake, altered food selection, and, in selected cases, delayed nutrient absorption
rather than true malabsorption [10,29,33]. Thus, while metabolic surgery provides a use-
ful conceptual framework for anticipating nutritional risk during substantial weight loss,
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direct extrapolation of deficiency prevalence, severity, and supplementation strategies to
incretin-based therapy is not appropriate.

Although current evidence does not support a blanket micronutrient supplementation
for all patients receiving incretin-based therapy, it does support a risk-stratified approach
to nutritional assessment and follow-up, consistent with established clinical nutrition
guidance [12]. Micronutrients most frequently identified in real-world data and dietary
intake studies overlap with those highlighted for in the recent expert recommendations out-
lining nutritional priorities to support incretin-based therapy in obesity, which emphasize
that pharmacologically induced reductions in energy intake increase the risk of insufficient
intake of several key micronutrients, particularly vitamin D, iron, vitamin B12, calcium,
and magnesium, unless diet quality is actively maintained [46].

Importantly, nutritional monitoring during incretin-based therapy should distinguish
between dietary intake inadequacy, micronutrient depletion and overt deficiency [12]. Ini-
tial assessment should prioritize dietary quality, food-group representation, gastrointestinal
tolerance and weight loss trajectory, with laboratory testing reserved for individuals with
clinical risk factors, symptoms suggestive of deficiency, or prolonged reductions in intake,
consistent with clinical nutrition guidance [12,20,46].

Individuals at higher nutritional risk include those experiencing rapid or pronounced
weight loss, persistent gastrointestinal adverse effects, restrictive dietary patterns or re-
duced dietary variety. Patients with pre-existing micronutrient insufficiency, severe obesity
or a history of metabolic surgery represent particularly vulnerable subgroups [13,14]. Older
age is another well-recognized risk factor for nutritional vulnerability, characterized by
higher rates of inadequate energy, protein and micronutrient intakes, as well as increased
prevalence of sarcopenia and functional decline [55,56]. Age-related changes intersect with
pharmacologically induced reductions in appetite and energy intake, warranting enhanced
nutritional monitoring and tailored dietary strategies in these individuals. Real-world data
suggest that nutrition-related diagnoses are more frequently identified among individuals
who interact with dietitians, underscoring the importance of active clinical surveillance
and nutritional assessment rather than passive observation alone [29].

Given their high baseline prevalence in obesity and consistent emergence as signals
during therapy, vitamin D and iron status warrant particular clinical attention. Baseline
evaluation may include a structured dietary assessment focused on nutrient density and
food-group representation [29]. The early treatment phase, particularly during dose esca-
lation, may represent a critical window for identifying nutritional risk, while progressive
accumulation of nutrition-related diagnoses over time suggests that ongoing surveillance
may be more appropriate than one-time assessment [29]. In individuals at increased nu-
tritional risk, targeted laboratory assessment may include serum ferritin and iron indices,
25-hydroxyvitamin D, vitamin B12, and, where clinically indicated, folate and zinc lev-
els. Baseline evaluation should be performed prior to or shortly after treatment initiation
in high-risk patients, with repeat assessment at approximately 6–12 months or earlier if
symptoms, rapid weight loss, or prolonged gastrointestinal intolerance develop.

From a dietary perspective, nutritional management during incretin-based therapy
should prioritize ensuring nutrient adequacy within a lower-energy dietary pattern, rather
than caloric restriction alone. Consensus recommendations emphasize the importance of
maintaining diet quality by ensuring adequate intake of fruits, vegetables, whole grains,
protein-rich foods, nuts, and seeds, as well as adopting healthy eating habits with regular
small meals and adequate hydration [46]. During active weight reduction, higher protein
targets are often recommended, with absolute daily targets ranging from 80 to 120 g or,
if body composition data is available, 1.5 g per kg of fat-free mass per day [46]. Practical
dietary counseling may include prioritizing protein-rich foods at each meal, emphasizing
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nutrient-dense foods early in the meal when appetite is the greatest, maintaining regular
meal patterns and ensuring adequate fluid intake. Physical activity, particularly resistance
and mixed-mode exercise, also plays a critical role in preserving lean body mass during
weight loss and may mitigate reductions in appetite and nutrient intake [46].

To mitigate gastrointestinal adverse effects commonly observed during incretin-based
therapy, such as nausea, vomiting, or dyspepsia, supportive dietary strategies are com-
monly recommended. These include consuming smaller, more frequent meals, stopping
intake before reaching fullness, and avoiding high-fat, spicy foods, alcoholic beverages, and
carbonated beverages [20]. In individuals with constipation, attention to adequate fluid in-
take and gradual dietary fiber optimization may be beneficial. When non-pharmacological
measures are insufficient, short-term use of acid-suppressive therapy (proton pump in-
hibitors or H2 receptor blockers) or laxatives may be considered on an individual basis [20].

6. Limitations and Future Directions
This review has several limitations inherent to its narrative design. The available

evidence is dominated by observational studies, retrospective analysis, dietary assessments,
and pharmacovigilance data, with a notable absence of randomized controlled trials specif-
ically designed to evaluate micronutrient outcomes during incretin-based therapies. Conse-
quently, causal influences remain limited and the prevalence of biochemical deficiency may
be underestimated. In addition, heterogeneity in study populations, treatment durations,
and outcome definitions restrict direct comparisons across studies. These limitations further
emphasize the need for well-designed prospective studies to inform evidence-based nutri-
tional monitoring strategies. Future research should aim to characterize temporal changes
in micronutrient status across different treatment phases, identify patient subgroups at
higher nutritional risk, and determine whether observed micronutrient depletions translate
to clinically meaningful outcomes. Cooperative studies examining monoagonists and dual
agonist therapies are also warranted, as well as pragmatic nutritional monitoring strategies
in clinical practice.

7. Conclusions
To conclude, existing evidence suggests that incretin-based therapy may affect mi-

cronutrient status through reduced dietary intake, altered dietary patterns, gastrointestinal
effects, and, in selected cases, impaired nutrient absorption. However, current evidence
is characterized by indirect signals rather than definite causal evidence and the true inci-
dence rates of biochemical micronutrient deficiency during incretin-based therapy remain
unknown. These findings highlight the need for prospective, longitudinal studies that
systematically integrate dietary assessment, standardized biochemical micronutrient panels
and body composition measures in patients treated with incretin-based therapies. A risk-
stratified approach, prioritizing dietary quality, muscle mass preservation, and targeted
laboratory assessment in high-risk individuals, offers a pragmatic framework to mitigate
nutritional risk while preserving therapeutic efficacy.

Author Contributions: Conceptualization, A.K., A.J., T.P. and M.J.; methodology, A.K., A.J. and M.J.;
writing—original draft preparation, A.K.; writing—review and editing, A.K., A.J., T.P. and M.J.; su-
pervision, A.J. and M.J. All authors have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Data Availability Statement: No new data were created or analyzed in this study. Data sharing is
not applicable to this article.

Conflicts of Interest: A.K. reports receiving lecture honoraria from Eli Lilly, Novo Nordisk, Pfeizer,
Novartis, AstraZeneca, Boehringer Ingelheim and Sanofi and being a consultant of Novo Nordisk.

https://doi.org/10.3390/nu18040677

https://doi.org/10.3390/nu18040677


Nutrients 2026, 18, 677 12 of 14

A.J. has served as a consultant and is on Speakers Bureaus for AstraZeneca, Boehringer Ingelheim, Eli
Lilly, Abbott, Novo Nordisk, Medtronic, and Sanofi. T.P. reports no conflict of interest. M.J. reports
receiving lecture honoraria from Novo Nordisk, Eli Lilly, Pfeizer, Amgen, Novartis and Sanofi and
being an advisory board member of Novo Nordisk, Eli Lilly, Amgen and Pfeizer.

References
1. Wilding, J.P.H.; Batterham, R.L.; Calanna, S.; Davies, M.; Van Gaal, L.F.; Lingvay, I.; McGowan, B.M.; Rosenstock, J.; Tran, M.T.D.;

Wadden, T.A.; et al. Once-Weekly Semaglutide in Adults with Overweight or Obesity. N. Engl. J. Med. 2021, 384, 989–1002.
[CrossRef] [PubMed]

2. Davies, M.; Færch, L.; Jeppesen, O.K.; Pakseresht, A.; Pedersen, S.D.; Perreault, L.; Rosenstock, J.; Shimomura, I.; Viljoen, A.;
Wadden, T.A.; et al. Semaglutide 2·4 mg once a week in adults with overweight or obesity, and type 2 diabetes (STEP 2):
A randomised, double-blind, double-dummy, placebo-controlled, phase 3 trial. Lancet 2021, 397, 971–984. [CrossRef] [PubMed]

3. Jastreboff, A.M.; Aronne, L.J.; Ahmad, N.N.; Wharton, S.; Connery, L.; Alves, B.; Kiyosue, A.; Zhang, S.; Liu, B.; Bunck, M.C.; et al.
Tirzepatide Once Weekly for the Treatment of Obesity. N. Engl. J. Med. 2022, 387, 205–216. [CrossRef] [PubMed]

4. Garvey, W.T.; Frias, J.P.; Jastreboff, A.M.; Le Roux, C.W.; Sattar, N.; Aizenberg, D.; Mao, H.; Zhang, S.; Ahmad, N.N.; Bunck, M.C.;
et al. Tirzepatide once weekly for the treatment of obesity in people with type 2 diabetes (SURMOUNT-2): A double-blind,
randomised, multicentre, placebo-controlled, phase 3 trial. Lancet 2023, 402, 613–626. [CrossRef]

5. Jensterle, M.; Ferjan, S.; Ležaič, L.; Sočan, A.; Goričar, K.; Zaletel, K.; Janez, A. Semaglutide delays 4-hour gastric emptying in
women with polycystic ovary syndrome and obesity. Diabetes Obes. Metab. 2023, 25, 975–984. [CrossRef]

6. Halawi, H.; Khemani, D.; Eckert, D.; O’Neill, J.; Kadouh, H.; Grothe, K.; Clark, M.M.; Burton, D.D.; Vella, A.; Acosta, A.; et al.
Effects of liraglutide on weight, satiation, and gastric functions in obesity: A randomised, placebo-controlled pilot trial. Lancet
Gastroenterol. Hepatol. 2017, 2, 890–899. [CrossRef]

7. Badulescu, S.; Tabassum, A.; Le, G.H.; Wong, S.; Phan, L.; Gill, H.; Llach, C.-D.; McIntyre, R.S.; Rosenblat, J.; Mansur, R.
Glucagon-like peptide 1 agonist and effects on reward behaviour: A systematic review. Physiol. Behav. 2024, 283, 114622.
[CrossRef]

8. Park, J.S.; Kim, K.S.; Choi, H.J. Glucagon-Like Peptide-1 and Hypothalamic Regulation of Satiation: Cognitive and Neural
Insights from Human and Animal Studies. Diabetes Metab. J. 2025, 49, 333–347. [CrossRef]

9. Astrup, A.; Bügel, S. Overfed but undernourished: Recognizing nutritional inadequacies/deficiencies in patients with overweight
or obesity. Int. J. Obes. 2019, 43, 219–232. [CrossRef]

10. Jansson, A.K.; Gómez-Martín, M.; Hedin, L.; Clarke, E.D.; Cross, V.; Stanford, J.; Taylor, R.M.; Bogl, L.H.; De Vlieger, N.;
Koochek, A.; et al. A Systematic Review Identifying Critical Evidence Gaps in Reporting Dietary Change in Randomized
Controlled Trials Prescribing Liraglutide, Semaglutide, or Tirzepatide. Obes. Rev. 2026, 27, e70077. [CrossRef]

11. Sibal, R.; Balamurugan, G.; Langley, J.; Graham, Y.; Mahawar, K. Macronutrient, Micronutrient Supplementation and Monitoring
for Patients on GLP-1 Agonists: Can We Learn from Metabolic and Bariatric Surgery? Nutrients 2025, 17, 3659. [CrossRef]

12. Berger, M.M.; Shenkin, A.; Schweinlin, A.; Amrein, K.; Augsburger, M.; Biesalski, H.-K.; Bischoff, S.C.; Casaer, M.P.; Gundogan, K.;
Lepp, H.-L.; et al. ESPEN micronutrient guideline. Clin. Nutr. 2022, 41, 1357–1424. [CrossRef] [PubMed]

13. Lapik, I.A.; Galchenko, A.V.; Gapparova, K.M. Micronutrient status in obese patients: A narrative review. Obes. Med. 2020,
18, 100224. [CrossRef]

14. Peterson, L.A.; Cheskin, L.J.; Furtado, M.; Papas, K.; Schweitzer, M.A.; Magnuson, T.H.; Steele, K.E. Malnutrition in Bariatric
Surgery Candidates: Multiple Micronutrient Deficiencies Prior to Surgery. Obes. Surg. 2016, 26, 833–838. [CrossRef] [PubMed]

15. Pereira-Santos, M.; Costa, P.R.F.; Assis, A.M.O.; Santos, C.A.S.T.; Santos, D.B. Obesity and vitamin D deficiency: A systematic
review and meta-analysis. Obes. Rev. 2015, 16, 341–349. [CrossRef]

16. Sánchez, A.; Rojas, P.; Basfi-fer, K.; Carrasco, F.; Inostroza, J.; Codoceo, J.; Valencia, A.; Papapietro, K.; Csendes, A.; Ruz, M.
Micronutrient Deficiencies in Morbidly Obese Women Prior to Bariatric Surgery. Obes. Surg. 2016, 26, 361–368. [CrossRef]

17. Lefebvre, P.; Letois, F.; Sultan, A.; Nocca, D.; Mura, T.; Galtier, F. Nutrient deficiencies in patients with obesity considering
bariatric surgery: A cross-sectional study. Surg. Obes. Relat. Dis. 2014, 10, 540–546. [CrossRef]

18. Pellegrini, M.; Rahimi, F.; Boschetti, S.; Devecchi, A.; De Francesco, A.; Mancino, M.V.; Toppino, M.; Morino, M.; Fanni, G.;
Ponzo, V.; et al. Pre-operative micronutrient deficiencies in patients with severe obesity candidates for bariatric surgery.
J. Endocrinol. Investig. 2021, 44, 1413–1423. [CrossRef]

19. Blum, M.; Dolnikowski, G.; Seyoum, E.; Harris, S.S.; Booth, S.L.; Peterson, J.; Saltzman, E.; Dawson-Hughes, B. Vitamin D3 in fat
tissue. Endocrine 2008, 33, 90–94. [CrossRef]

20. Almandoz, J.P.; Wadden, T.A.; Tewksbury, C.; Apovian, C.M.; Fitch, A.; Ard, J.D.; Li, Z.; Richards, J.; Butsch, W.S.; Jouravskaya, I.;
et al. Nutritional considerations with antiobesity medications. Obesity 2024, 32, 1613–1631. [CrossRef]

21. Bonet, M.L.; Ribot, J.; Galmés, S.; Serra, F.; Palou, A. Carotenoids and carotenoid conversion products in adipose tissue biology
and obesity: Pre-clinical and human studies. Biochim. Biophys. Acta BBA-Mol. Cell Biol. Lipids 2020, 1865, 158676. [CrossRef]

https://doi.org/10.3390/nu18040677

https://doi.org/10.1056/NEJMoa2032183
https://www.ncbi.nlm.nih.gov/pubmed/33567185
https://doi.org/10.1016/S0140-6736(21)00213-0
https://www.ncbi.nlm.nih.gov/pubmed/33667417
https://doi.org/10.1056/NEJMoa2206038
https://www.ncbi.nlm.nih.gov/pubmed/35658024
https://doi.org/10.1016/S0140-6736(23)01200-X
https://doi.org/10.1111/dom.14944
https://doi.org/10.1016/S2468-1253(17)30285-6
https://doi.org/10.1016/j.physbeh.2024.114622
https://doi.org/10.4093/dmj.2025.0106
https://doi.org/10.1038/s41366-018-0143-9
https://doi.org/10.1111/obr.70077
https://doi.org/10.3390/nu17233659
https://doi.org/10.1016/j.clnu.2022.02.015
https://www.ncbi.nlm.nih.gov/pubmed/35365361
https://doi.org/10.1016/j.obmed.2020.100224
https://doi.org/10.1007/s11695-015-1844-y
https://www.ncbi.nlm.nih.gov/pubmed/26297429
https://doi.org/10.1111/obr.12239
https://doi.org/10.1007/s11695-015-1773-9
https://doi.org/10.1016/j.soard.2013.10.003
https://doi.org/10.1007/s40618-020-01439-7
https://doi.org/10.1007/s12020-008-9051-4
https://doi.org/10.1002/oby.24067
https://doi.org/10.1016/j.bbalip.2020.158676
https://doi.org/10.3390/nu18040677


Nutrients 2026, 18, 677 13 of 14

22. Botella-Carretero, J.I.; Balsa, J.A.; Vázquez, C.; Peromingo, R.; Díaz-Enriquez, M.; Escobar-Morreale, H.F. Retinol and α-Tocopherol
in Morbid Obesity and Nonalcoholic Fatty Liver Disease. Obes. Surg. 2010, 20, 69–76. [CrossRef] [PubMed]

23. Aasheim, E.T.; Hofsø, D.; Hjelmesæth, J.; Birkeland, K.I.; Bøhmer, T. Vitamin status in morbidly obese patients: A cross-sectional
study. Am. J. Clin. Nutr. 2008, 87, 362–369. [CrossRef] [PubMed]

24. Gunanti, I.R.; Marks, G.C.; Al-Mamun, A.; Long, K.Z. Low Serum Vitamin B-12 and Folate Concentrations and Low Thiamin and
Riboflavin Intakes Are Inversely Associated with Greater Adiposity in Mexican American Children. J. Nutr. 2014, 144, 2027–2033.
[CrossRef] [PubMed]

25. Mahabir, S.; Ettinger, S.; Johnson, L.; Baer, D.J.; Clevidence, B.A.; Hartman, T.J.; Taylor, P.R. Measures of adiposity and body fat
distribution in relation to serum folate levels in postmenopausal women in a feeding study. Eur. J. Clin. Nutr. 2008, 62, 644–650.
[CrossRef]

26. McClung, J.P.; Karl, J.P. Iron deficiency and obesity: The contribution of inflammation and diminished iron absorption. Nutr. Rev.
2009, 67, 100–104. [CrossRef]

27. Rios-Lugo, M.J.; Madrigal-Arellano, C.; Gaytán-Hernández, D.; Hernández-Mendoza, H.; Romero-Guzmán, E.T. Association of
Serum Zinc Levels in Overweight and Obesity. Biol. Trace Elem. Res. 2020, 198, 51–57. [CrossRef]

28. Fatani, S.H.; Saleh, S.A.K.; Adly, H.M.; Abdulkhaliq, A.A. Trace Element Alterations in the Hair of Diabetic and Obese Women.
Biol. Trace Elem. Res. 2016, 174, 32–39. [CrossRef]

29. Scott Butsch, W.; Sulo, S.; Chang, A.T.; Kim, J.A.; Kerr, K.W.; Williams, D.R.; Hegazi, R.; Panchalingam, T.; Goates, S.;
Heymsfield, S.B. Nutritional deficiencies and muscle loss in adults with type 2 diabetes using GLP-1 receptor agonists: A retro-
spective observational study. Obes. Pillars 2025, 15, 100186. [CrossRef]

30. He, L.; Li, Q.; Yang, Y.; Li, J.; Luo, W.; Huang, Y.; Zhong, X. Pharmacovigilance study of GLP-1 receptor agonists for metabolic
and nutritional adverse events. Front. Pharmacol. 2024, 15, 1416985. [CrossRef]

31. Johnson, B.; Milstead, M.; Thomas, O.; McGlasson, T.; Green, L.; Kreider, R.; Jones, R. Investigating nutrient intake during use of
glucagon-like peptide-1 receptor agonist: A cross-sectional study. Front. Nutr. 2025, 12, 1566498. [CrossRef]

32. Kanai, R.; Kinoshita, S.; Kanbe, I.; Sameda, M.; Yamaoka, S.; Horikawa, O.; Watanabe, Y.; Tatsuno, I.; Shirai, K.; Oshiro, T.; et al.
Once-weekly semaglutide administered after laparoscopic sleeve gastrectomy: Effects on body weight, glycemic control, and
measured nutritional metrics in Japanese patients having both obesity and type 2 diabetes. Obes. Pillars 2024, 9, 100098. [CrossRef]
[PubMed]

33. Melis, P.; Lucijanic, M.; Kranjcec, B.; Cigrovski Berkovic, M.; Marusic, S. The effect of semaglutide on intestinal iron absorption in
patients with type 2 diabetes mellitus—A pilot study. Diabetes Obes. Metab. 2025, 27, 3542–3545. [CrossRef] [PubMed]

34. Johnson, B.V.B.; Milstead, M.; Green, L.; Kreider, R.; Jones, R. Diet quality and nutrient distribution while using glucagon-like-
peptide-1 receptor agonist: A secondary cross-sectional analysis. Obes. Pillars 2025, 16, 100195. [CrossRef] [PubMed]

35. Gras, C.; De Wit, V.; Oussedik, N.; Daclin, S.; Bourdin, V.; Callot, D.; Chegrani, G.; Rives-Lange, C.; Chouchana, L. Semaglutide-
induced Wernicke encephalopathy: A comprehensive analysis. Eur. J. Clin. Nutr. 2025, 79, 1160–1163. [CrossRef]

36. Lev, D.; Leibowitz, A.; Lang, A.; Shlomai, G.; Twig, G.; Eden-Friedman, Y.; Engel, T.; Cukierman-Yaffe, T.; Dankner, R.;
Gerstein, H.C.; et al. Glucagon-like peptide-1 receptor agonists and Wernicke encephalopathy: A pharmacovigilance study and
literature review. Clin. Nutr. 2026, 57, 106571. [CrossRef]

37. Moiz, A.; Filion, K.B.; Tsoukas, M.A.; Yu, O.H.; Peters, T.M.; Eisenberg, M.J. Mechanisms of GLP-1 Receptor Agonist-Induced
Weight Loss: A Review of Central and Peripheral Pathways in Appetite and Energy Regulation. Am. J. Med. 2025, 138, 934–940.
[CrossRef]

38. Gibbons, C.; Blundell, J.; Tetens Hoff, S.; Dahl, K.; Bauer, R.; Bækdal, T. Effects of oral semaglutide on energy intake, food
preference, appetite, control of eating and body weight in subjects with type 2 diabetes. Diabetes Obes. Metab. 2021, 23, 581–588.
[CrossRef]

39. Blundell, J.; Finlayson, G.; Axelsen, M.; Flint, A.; Gibbons, C.; Kvist, T.; Hjerpsted, J.B. Effects of once-weekly semaglutide on
appetite, energy intake, control of eating, food preference and body weight in subjects with obesity. Diabetes Obes. Metab. 2017, 19,
1242–1251. [CrossRef]

40. Friedrichsen, M.; Breitschaft, A.; Tadayon, S.; Wizert, A.; Skovgaard, D. The effect of semaglutide 2.4 mg once weekly on energy
intake, appetite, control of eating, and gastric emptying in adults with obesity. Diabetes Obes. Metab. 2021, 23, 754–762. [CrossRef]

41. Van Can, J.; Sloth, B.; Jensen, C.B.; Flint, A.; Blaak, E.E.; Saris, W.H.M. Effects of the once-daily GLP-1 analog liraglutide on gastric
emptying, glycemic parameters, appetite and energy metabolism in obese, non-diabetic adults. Int. J. Obes. 2014, 38, 784–793.
[CrossRef] [PubMed]

42. Heise, T.; DeVries, J.H.; Urva, S.; Li, J.; Pratt, E.J.; Thomas, M.K.; Mather, K.J.; Karanikas, C.A.; Dunn, J.; Haupt, A.; et al.
Tirzepatide Reduces Appetite, Energy Intake, and Fat Mass in People With Type 2 Diabetes. Diabetes Care 2023, 46, 998–1004.
[CrossRef] [PubMed]

https://doi.org/10.3390/nu18040677

https://doi.org/10.1007/s11695-008-9686-5
https://www.ncbi.nlm.nih.gov/pubmed/18830789
https://doi.org/10.1093/ajcn/87.2.362
https://www.ncbi.nlm.nih.gov/pubmed/18258626
https://doi.org/10.3945/jn.114.201202
https://www.ncbi.nlm.nih.gov/pubmed/25411037
https://doi.org/10.1038/sj.ejcn.1602771
https://doi.org/10.1111/j.1753-4887.2008.00145.x
https://doi.org/10.1007/s12011-020-02060-8
https://doi.org/10.1007/s12011-016-0691-6
https://doi.org/10.1016/j.obpill.2025.100186
https://doi.org/10.3389/fphar.2024.1416985
https://doi.org/10.3389/fnut.2025.1566498
https://doi.org/10.1016/j.obpill.2023.100098
https://www.ncbi.nlm.nih.gov/pubmed/38230266
https://doi.org/10.1111/dom.16368
https://www.ncbi.nlm.nih.gov/pubmed/40116342
https://doi.org/10.1016/j.obpill.2025.100195
https://www.ncbi.nlm.nih.gov/pubmed/40852562
https://doi.org/10.1038/s41430-025-01653-7
https://doi.org/10.1016/j.clnu.2025.106571
https://doi.org/10.1016/j.amjmed.2025.01.021
https://doi.org/10.1111/dom.14255
https://doi.org/10.1111/dom.12932
https://doi.org/10.1111/dom.14280
https://doi.org/10.1038/ijo.2013.162
https://www.ncbi.nlm.nih.gov/pubmed/23999198
https://doi.org/10.2337/dc22-1710
https://www.ncbi.nlm.nih.gov/pubmed/36857477
https://doi.org/10.3390/nu18040677


Nutrients 2026, 18, 677 14 of 14

43. Tronieri, J.S.; Wadden, T.A.; Walsh, O.; Berkowitz, R.I.; Alamuddin, N.; Gruber, K.; Leonard, S.; Bakizada, Z.M.; Chao, A.M.
Effects of liraglutide on appetite, food preoccupation, and food liking: Results of a randomized controlled trial. Int. J. Obes. 2020,
44, 353–361. [CrossRef] [PubMed]

44. Christensen, S.; Robinson, K.; Thomas, S.; Williams, D.R. Dietary intake by patients taking GLP-1 and dual GIP/GLP-1 receptor
agonists: A narrative review and discussion of research needs. Obes. Pillars 2024, 11, 100121. [CrossRef]

45. Zhang, W.; Chen, P.; Huo, S.; Huang, X.; Zhao, Y. Requirements for essential micronutrients during caloric restriction and fasting.
Front. Nutr. 2024, 11, 1363181. [CrossRef]

46. Mozaffarian, D.; Agarwal, M.; Aggarwal, M.; Alexander, L.; Apovian, C.M.; Bindlish, S.; Bonnet, J.; Butsch, W.S.; Christensen, S.;
Gianos, E.; et al. Nutritional Priorities to Support GLP-1 Therapy for Obesity: A Joint Advisory From the American College of
Lifestyle Medicine, the American Society for Nutrition, the Obesity Medicine Association, and the Obesity Society. Am. J. Lifestyle
Med. 2025, 122, 15598276251344828. [CrossRef]

47. Spreckley, M.; Ruggiero, C.F.; Brown, A. Nutrition Strategies for Next-Generation Incretin Therapies: A Systematic Scoping
Review of the Current Evidence. Obes. Rev. 2026, 27, e70079. [CrossRef]

48. Borda, M.G.; Samuelsson, J.; Cederholm, T.; Baldera, J.P.; Pérez-Zepeda, M.U.; Barreto, G.E.; Zettergren, A.; Kern, S.; Rydén, L.;
Gonzalez-Lara, M.; et al. Nutrient Intake and Its Association with Appendicular Total Lean Mass and Muscle Function and
Strength in Older Adults: A Population-Based Study. Nutrients 2024, 16, 568. [CrossRef]

49. Kennedy, S.F.; Knights, A.; Ravussin, E.; Sanchez-Delgado, G.; Nishiyama, H.; Qian, H.; Pratt, E.J.; Milicevic, Z.; Haupt, A.;
Coskun, T.; et al. Impact of tirzepatide treatment on participant-reported food craving and food preference: Secondary analyses
of a phase 1 randomised controlled trial in people with obesity with dietary restriction. Diabetes Obes. Metab. 2025, 27, 6784–6789.
[CrossRef]

50. Hironaka, J.; Ushigome, E.; Kondo, Y.; Hashimoto, Y.; Osaka, T.; Majima, S.; Nakanishi, N.; Okada, H.; Senmaru, T.; Hamaguchi, M.;
et al. Changes in food preferences after oral semaglutide administration in Japanese patients with type 2 diabetes: KAMOGAWA-
DM cohort. Diab. Vasc. Dis. Res. 2025, 22, 14791641251318309. [CrossRef]

51. Molani-Gol, R.; Kheirouri, S.; Alizadeh, M. Does the high dietary diversity score predict dietary micronutrients adequacy in
children under 5 years old? A systematic review. J. Health Popul. Nutr. 2023, 42, 2. [CrossRef]

52. Nguyen, P.H.; Huybregts, L.; Sanghvi, T.G.; Tran, L.M.; Frongillo, E.A.; Menon, P.; Ruel, M.T. Dietary Diversity Predicts the
Adequacy of Micronutrient Intake in Pregnant Adolescent Girls and Women in Bangladesh, but Use of the 5-Group Cutoff Poorly
Identifies Individuals with Inadequate Intake. J. Nutr. 2018, 148, 790–797. [CrossRef]

53. Quast, D.R.; Nauck, M.A.; Schenker, N.; Menge, B.A.; Kapitza, C.; Meier, J.J. Macronutrient intake, appetite, food preferences
and exocrine pancreas function after treatment with short- and long-acting glucagon-like peptide-1 receptor agonists in type 2
diabetes. Diabetes Obes. Metab. 2021, 23, 2344–2353. [CrossRef]

54. De Jager, J.; Kooy, A.; Lehert, P.; Wulffele, M.G.; Van Der Kolk, J.; Bets, D.; Verburg, J.; Donker, A.J.M.; Stehouwer, C.D.A.
Long term treatment with metformin in patients with type 2 diabetes and risk of vitamin B-12 deficiency: Randomised placebo
controlled trial. BMJ 2010, 340, c2181. [CrossRef]

55. Lorenzo-López, L.; Maseda, A.; De Labra, C.; Regueiro-Folgueira, L.; Rodríguez-Villamil, J.L.; Millán-Calenti, J.C. Nutritional
determinants of frailty in older adults: A systematic review. BMC Geriatr. 2017, 17, 108. [CrossRef]

56. Alvarez-Nuncio, M.D.C.; Ziegler, T.R. Micronutrient status and protein-energy malnutrition in free-living older adults: A current
perspective. Curr. Opin. Gastroenterol. 2024, 40, 99–105. [CrossRef] [PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.3390/nu18040677

https://doi.org/10.1038/s41366-019-0348-6
https://www.ncbi.nlm.nih.gov/pubmed/30926955
https://doi.org/10.1016/j.obpill.2024.100121
https://doi.org/10.3389/fnut.2024.1363181
https://doi.org/10.1177/15598276251344827
https://doi.org/10.1111/obr.70079
https://doi.org/10.3390/nu16040568
https://doi.org/10.1111/dom.70063
https://doi.org/10.1177/14791641251318309
https://doi.org/10.1186/s41043-022-00337-3
https://doi.org/10.1093/jn/nxy045
https://doi.org/10.1111/dom.14477
https://doi.org/10.1136/bmj.c2181
https://doi.org/10.1186/s12877-017-0496-2
https://doi.org/10.1097/MOG.0000000000001000
https://www.ncbi.nlm.nih.gov/pubmed/38193299
https://doi.org/10.3390/nu18040677

	Introduction 
	Baseline Micronutrient Vulnerability in Obesity 
	Evidence for Micronutrient-Related Outcomes During Incretin- Based Therapy 
	Real-World Signals of Nutritional Deficiency and Related Complications 
	Pharmacovigilance Evidence: Dehydration as Nutritional Signal 
	Dietary Intake Patterns and Risk of Micronutrient Inadequacy 
	Biochemical and Functional Evidence of Micronutrient Alterations 

	Mechanisms Linking Incretin-Based Therapy to Micronutrient Risk 
	Reduced Food Intake and Absolute Micronutrient Exposure 
	Dietary Pattern Changes and Food-Group Displacement 
	Gastrointestinal Physiology and Adverse Events 
	Interaction with Concomitant Pharmacotherapy and Comorbidities 

	Nutritional Monitoring During Incretin-Based Therapy 
	Limitations and Future Directions 
	Conclusions 
	References

