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Background: Recent advancements with Glucagon-like Peptide-1 Receptor Agonists (GLP-1RA) result in
approximately 15 % or more weight reduction. Scientific research addressing specific nutritional concerns with
GLP-1RA are still emerging. While some guidelines currently exist for nutritional considerations, they are largely
focused on side effect management and providing basic dietary guidance during GLP-1RA.

Methods: This narrative review aims to provide practical evidence-based considerations for dietary supplemen-
tation to help optimize health outcomes while using GLP-1RA. We reviewed available literature of dietary
supplementation interventions among individuals with obesity, weight loss clinical trials, and adiposity-related
complications to help guide clinicians on potentially advantageous supplementation.

Results: Robust data from meta-analyses provides justification for a variety of dietary supplements that can
support the unintended consequences of GLP-1RA treatments. Multivitamins are recommended to address
micronutrient insufficiencies as determined by individual deficiencies and suboptimal intake. Protein supple-
ments can help individuals meet daily protein intake recommendations of 1.2-2.0 g/kg/d. When combined with
resistance training, whey protein can help preserve lean body mass during weight loss, with additional strength
benefits from creatine monohydrate and f-Hydroxy p-Methylbutyrate supplementation. Antioxidants and anti-
inflammatory nutrients can mitigate oxidative stress and inflammation. Fiber and probiotics can improve
bowel regularity and mitigate side effects.

Conclusion: Healthcare providers play an active role in supporting their patients with comprehensive obesity
treatment. Guidance should focus on improving their long-term health and potentially mitigating unintended
consequences. Optimizing nutrient intakes with therapeutic doses of dietary supplements may enhance outcomes
when used alongside GLP-1RA, such as increasing nutrient status, retaining lean mass, reducing oxidative stress
and inflammation, and improving gastrointestinal health.

1. Introduction

Recent pharmaceutical developments with Glucagon-like Peptide-1
Receptor Agonist (GLP-1RA), such as incretin-based and glucagon-like
peptide-1 receptor agonists, have significantly advanced medical treat-
ments for obesity [1]. A once-weekly GLP-1RA injection provides
approximately 14.9-20 % weight loss compared to an average of 5-7 %
using traditional diet and lifestyle modifications [2,3]. Despite the
proven weight loss efficacy of GLP-1RAs, addressing specific nutritional
concerns are still emerging. Glucagon-like Peptide-1 Receptor Agonist
can slow the transit time of the gastrointestinal tract and may suppress
appetite. This potentially displaces nutrient intake and could lead to
vitamin and mineral deficiencies. Further, side effects, such as nausea

* Corresponding author.
E-mail address: Brittany-johnson@gnc-hq.com (B.V.B. Johnson).

https://doi.org/10.1016/j.0bpill.2025.100209

and vomiting can interfere with food choices, leading to suboptimal
intakes of certain food groups. More concerning is the amount of skeletal
muscle loss from significant weight loss [4]. Achieving optimal health
outcomes with GLP-1RA requires a multifaceted approach that extends
beyond pharmacological interventions. Lifestyle modifications, such as
exercise, dietary habits, and complementary dietary supplementation
can promote optimal health outcomes during and possibly after
GLP-1RA treatment.

The need for more clinical trials that combine GLP-1RAs with tar-
geted diet and lifestyle modifications to enhance patient outcomes is a
growing call to action. Practicing Registered Dietitian Nutritionists
(RDN) have highlighted a lack of quality nutrition education for patients
using GLP-1RAs, noting similarities to the early stages of bariatric
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surgery when comprehensive dietary guidance was also insufficient [5].
A recent publication found within a 6-month window, bariatric surgery
declined 8.7 % and GLP-1RA prescriptions increased 105.6 % [6]. The
significant increase in GLP-1RA adoption further highlights the need to
provide evidence-based recommendations for GLP-1RA treatment.
Current clinical guidance focuses primarily on managing gastrointes-
tinal side effects during GLP-1RA treatment, with some nutrition con-
siderations recommended based on previous literature in weight loss
science [7-11]. Fitzpatrick et al. provided a “5 A’s” model (Assess,
Advise, Agree, Assist, Arrange) for obesity treatment as a clinical
interaction guide for patients. Within this model, behavioral weight loss
counseling and referrals to RDN and MNT as part of a comprehensive
treatment plan are emphasized [12]. Volek et al. [11] provides guide-
lines for dietary patterns during weight loss therapy and Almandoz et al.
[8] offers comprehensive evidence-based nutritional considerations for
advising patients using GLP-1RA based on previous weight loss research.
A joint advisory from four U.S. health agencies provides guidance on
nutrient adequacy from fruits, vegetables, whole grains, lean proteins,
and legumes while limiting refined carbohydrates, sugary beverages,
and processed foods with GLP-1RA treatment [13]. The guidelines
mention that dietary supplements can be considered to mitigate
nutrient, manage GI side effects, and preserve muscle mass. While these
are initial steps in synthesizing relevant data to guide patients using
GLP-1RAs, they lack comprehensive guidance for considering dietary
supplementation to help optimize outcomes.

Nutritional intake from whole-food sources should be the first line of
defense for improving health outcomes and mitigating side effects.
However, a focus solely on food intake misses opportunities to advance
and optimize health outcomes during weight loss, especially with lower
appetites and reduced food intake (See Fig. 1). Pharmaceutical and di-
etary supplementation interventions are often viewed as competing or
mutually exclusive [14]. Dietary supplements can offer beneficial in-
gredients that enhance or even counter the negative side effects of the
pharmaceutical intervention. The combination of antibiotic treatments
and probiotic supplementation illustrates this synergy. A meta-analysis
found co-administration of probiotics with antibiotics reduced the risk
of antibiotic-associated diarrhea by 37 % [15]. Complementary
GLP-1RA and dietary supplement interventions could benefit the patient
and help prevent unintended consequences of GLP-1RA treatment. This
requires a paradigm shift in the development of education, research, and
protocols on dietary supplementation in conjunction with GLP-1RAs.

Clinical studies investigating dietary intake while using GLP-1RA has
been lacking and often do not report actual diet composition [16]. Based
on available research, individuals report a 16-39 % reduction in total
caloric intake during GLP-1RA treatment. A recent publication found
suboptimal nutrient intake in community-dwelling individuals while
using an GLP-1RA for several key vitamins and minerals [17]. The sec-
ondary analysis on dietary analysis is consistent with the general
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American population where individuals are not meeting key dietary
intake for healthy eating [18]. With the available evidence, we can
hypothesize there is room for improving dietary intake and a need for
dietary supplementation to fill nutrient gaps. Consumer survey data
report 96 % of individuals currently on GLP-1RAs are using dietary
supplements [19]. However, in a cross-sectional study measuring di-
etary supplement intake in a cohort of individuals using GLP-1RA, only
43 % of subjects reported using dietary supplements and only 12 % were
provided with recommendations from their healthcare provider [20].
This underscores the lack of understanding on both sides of the aisle on
the important role of dietary supplements to support healthier weight
loss.

While additional research is needed to address knowledge gaps with
dietary supplementation in this population, current recommendations
can be provided based on evidence from the populations with obesity,
traditional dieting and weight loss, bariatric surgery interventions, and
adiposity-related complications. Suboptimal obesity treatments can in-
crease the risk of weight cycling, sarcopenia with aging, compromised
quality of life, and reduced functional health [21]. With the rapid evo-
lution of GLP-1RAs, nutritional interventions alongside GLP-1RA treat-
ments are in their infancy. Therefore, a review of literature provides
evidence-based considerations for dietary supplementation to build
upon the current body of knowledge and provide practical guidelines as
we wait for more rigorous research to be published. The purpose of this
narrative review is to provide evidence-based dietary supplement con-
siderations and recommendations for patients using GLP-1RAs.

2. Methods

Evidence for this review were identified through scientific databases
include Cochrane Library, EMBASE, PubMed, and SCOPUS using key-
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words “dietary”, “supplementation”, “dietary supplements”, “nutrition”,

2 G 2

“weight loss”, “obesity”, “diets”, “adiposity”, “glucagon-like-peptide-1”,
“bariatric”, “weight loss”, “muscle” and reviewed references for selected
inclusion from March-December 2024. Position papers from profes-
sional committees, such as the Academy of Nutrition and Dietetics, were
also explored. Meta-analyses, systematic reviews, and randomized
clinical trials were primary sources included in the review analysis.
High-quality dietary supplement interventions among individuals with
obesity, weight loss clinical trials, and adiposity-related complications
were used to develop the recommended doses. Open-label studies, case
reports, and studies based solely on correlation data were excluded to
ensure recommendations were grounded in robust clinical evidence.
Publications helped answer the question, what considerations should be
understood for weight loss and physiological changes? What evidence is
available on nutritional needs during weight loss? What dietary sup-
plements have been used to support related physiological changes from
weight loss? This evidence was critically evaluated and analyzed to

Nutritional Wellness Signals with Glucagon-like-1 Peptide Receptor Agonists Treatment Journey

Red Light

No Nutrition Specific
Care Plan

« Nutrient deficiencies
* Gastrointestinal distress

* Increased risk of
sarcopenic obesity

Only Dietary
Recommendations to
Support Treatment

* Suboptimal nutrient intake

* Lean mass loss

Green Light

Dietary Recommendations
Plus Supplementation to
Optimize Treatment

« Improved nutrient status

* Preserve lean mass &
support muscle strength

« Managing side effects

« Enhanced gastrointestinal
health

* Reduced oxidative stress
& inflammation

Fig. 1. Potential outcomes of obesity treatment care plans with and without nutritional and dietary supplementation interventions during glucagon-like-1 peptide

receptor agonists treatment.

Note: The stoplight analogy reflects the authors’ perspective and is not based on established criteria and should not be interpreted as a standardized framework.
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provide recommendations for dietary supplementation, making neces-
sary modifications from general population recommendations based on
the available evidence. There are large gaps in research with GLP-1RA,
noting future large-scale clinical trials are needed for dietary supple-
ment interventions.

3. Discussion

With the rapidly evolving advancements of GLP-1RA, limited nutri-
tional guidance is currently available for the needs of this specific
population. Therefore, existing research across the spectrum of obesity
and weight loss offers evidence-based approaches to guide dietary
intake and nutrient optimization for individuals using an GLP-1RA.
From previous weight loss studies, key areas of unintended conse-
quences appear to be poor nutrient status, losing significant amounts of
muscle mass, slowing metabolic rates, and metabolic dysfunction
[22-25]. Further, managing nausea, vomiting, and diarrhea side effects,
associated with GLP-1RA use should be considered as part of the MNT
patient-centered care. Previous practice guidelines provide a compre-
hensive review of nutritional considerations for individuals using
GLP-1RA [8,13]. This review expands upon those existing guidelines by
presenting data on dietary supplementation that may help prevent un-
intended consequences associated with significant weight loss.

3.1. General dietary and nutrient considerations

Dietary patterns should focus on adequate energy balance, appro-
priate macronutrient distribution, nutrient-dense foods, and adequate
hydration. The use of dietary supplements can be considered as sup-
plementary, not meant to replace healthful diets. Several guidelines are
provided from the United States Department of Agriculture (USDA) to
promote well-balanced meals and nutrition guidelines, such as the Di-
etary Guidelines for Americans (DGA) and MyPlate recommendations
[26]. However, these guidelines are for the general public and may not
be appropriate for specialized populations, such as individuals with
obesity using GLP-1RAs. Expert panels and committees from the Food
and Nutrition Board of the Institute of Medicine developed DRIs based
on gender and age to promote health and prevent chronic disease.
However, there are no specific DRIs developed for medical weight loss,
limiting our understanding of nutrient requirements while using
GLP-1RAs. Previous studies investigating the nutritional status of in-
dividuals with obesity or overweight find higher prevalences of micro-
nutrient deficiencies compared to individuals of normal weight [27].
Studies from adults with extreme obesity undergoing bariatric surgery
have identified a wider array of pre-existing nutritional deficiencies
prior to surgery [28]. Further, a reduced calorie intake is correlated with
lower vitamin and mineral consumption [25]. It is unclear whether in-
dividuals taking GLP-1RA have inadequate nutritional status or if their
nutrient needs exceed the DRI standards.

Thus, key considerations for nutritional intake require a paradigm
shift from adequate intake to optimal intake. Adequate nutrient intake
represents the level required to prevent deficiencies and chronic disease.
Whereas optimal nutrient intake extends beyond those requirements
and considers levels necessary to achieve peak physiological function,
provide health benefits, and further disease prevention. Relying solely
on standard DRIs may be outdated, as some research finds higher ther-
apeutic doses support better health outcomes. For example, there are
certain recommended levels for vitamins and minerals that only address
adequate intake, yet robust data demonstrates higher levels are more
optimal. A recent meta-analysis on vitamin D supplementation in those
with type 2 diabetes found positive improvements in lowering hemo-
globin A1C and fasting blood glucose (FBG) with high doses of 50,000 IU
vitamin D per week (~7100 IU/day) [29]. This emphasizes that the
Recommended Dietary Allowance (RDA) for vitamin D of 600-800
IU/day is not aligned with therapeutic doses in randomized clinical
trials (RCT), which are significantly above the RDA. This demonstrates
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the need to focus on optimal intake rather than adequate intake for
nutrients. Individuals using GLP-1RA represent a specialized population
where general guidelines may be insufficient to support unique physi-
ological changes and concerns. Further, there are non-vitamin and
mineral nutrients with significant research supporting health benefits,
which would be otherwise unattainable from diet only, emphasizing the
importance of dietary supplementation.

3.2. Multivitamin supplementation

Previous research with individuals using GLP-1RA found diets fall
short of critical micronutrients and poor diet quality [17,18]. Dietary
supplements can serve as a tool in addressing nutrient shortfalls, espe-
cially in a society where dietary habits have remained largely un-
changed, despite decades of public health initiatives. Multivitamins
have typically been recommended to address nutrient gaps and support
the increased nutritional needs of specific populations. For example,
prenatal multivitamins are usually prescribed by healthcare providers to
meet the higher nutritional needs of the mother and baby. To our
knowledge, there is currently no intervention study assessing multivi-
tamin use during GLP-1RA treatment. To optimize GLP-1RA treatment
and long-term health afterwards, clinicians must be aware of
pre-existing nutritional deficiencies. When biomarker serum levels are
not available, there is preliminary evidence in this population that
micronutrient supplementation should be considered for calcium, iron,
magnesium, potassium, vitamin A, C, D, and E, and choline since dietary
intake was significantly below the DRI from food alone [17]. For rec-
ommended micronutrient supplementation dosing based on average
inadequate dietary intakes of those using GLP-1RA, see Appendix A.
Given the reduction in food intake associated with GLP-1RA and safety
of multivitamin interventions [30], multivitamins should be prescribed
with GLP-1RAs to help fill nutrient gaps. It is worth noting that nutri-
tional inadequacies are less common among those who take multivi-
tamin supplements, not only because of the nutrients they provide, but
also possibly because supplement users may eat more nutrient-rich foods
and have healthier lifestyles overall [31]. While multivitamin supple-
ments cannot replace eating adequate amounts of a variety of foods,
they may be particularly beneficial to people who have poor nutrition or
increased nutrients needs.

3.2.1. Vitamin D

Vitamin D is a fat-soluble vitamin that has garnered significant
attention in dietary supplementation, as naturally occurring food sour-
ces are scarce. While our bodies can synthesize vitamin D endogenously,
subclinical vitamin D deficiencies remain prevalent worldwide [32].
Individuals with obesity are 35 % more likely to be deficient in vitamin
D compared to those with a normal body weight [33], highlighting the
importance of vitamin D supplementation with GLP-1RAs as many are
likely starting at a deficient level. A meta-analysis found vitamin D3 was
more advantageous in raising serum 25-hydroxyvitamin D (25(OH)D)
levels compared to vitamin D2 [34]. As aforementioned, clinical studies
investigating vitamin D find therapeutic benefits above the RDA level.
Pre-clinical studies have shown that vitamin D plays a role in regulating
insulin secretion and therefore could affect insulin sensitivity [35]. In
human studies, a meta-analysis with 20 RCTs in patients with type 2
diabetes found vitamin D supplementation significantly improved serum
25(0OH)D levels and homeostasis model assessment of insulin resistance
[36]. Additional meta-analyses show that vitamin D supplementation
may reduce chronic low-grade inflammation in patients with type 2
diabetes [37]. Obesity is a multi-faceted disease and vitamin D supple-
mentation may be advantageous with GLP-1RA treatment, especially to
address potentially deficient serum 25(0OH)D levels.

3.3. Omega-3 fatty acids

Fish oil supplements are rich in omega-3 fatty acids Eicosapentaenoic
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acid (EPA) and Docosahexaenoic acid (DHA). Numerous health benefits
have been associated with fish oil supplementation, including improved
heart health, enhanced joint health, reduced inflammation, and
emerging research on muscle health [38-42]. Metabolic syndrome,
cardiovascular disease, and inflammation are highly correlated with
people living with obesity [43]. Fish oil supplementation has been
shown to have some positive impact on fasting blood sugars and insulin
resistance. In populations with diabetes, a meta-analysis found fish oil
supplementation beneficial for insulin sensitivity with at least one
symptom of metabolic disorders compared to placebo [44]. Fish oil
supplementation has also been shown to be correlated with reduced
cardiovascular disease risk in a linear dose-response relationship in
clinical trials [45]. Furthermore, emerging research with fish oil sup-
plementation finds positive impacts on muscle quality. Smith et al.
found fish oil slowed the normal decline in muscle mass and function in
older adults after 6 months of supplementation [46]. Additionally,
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compared to a placebo control group, 4 g/d of fish oil supplementation
significantly increased thigh muscle volume, handgrip strength, and
1-repetition maximum muscle strength. Another study supplementing
1020 mg of omega-3 fatty acids in conjunction with a weight loss pro-
gram found that abdominal fat mass and percentage decreased more in
the omega-3 fatty acid group than the control group. This data provides
additional insights into omega-3 fatty acids for weight loss. However,
other studies did not find a significant impact on weight loss with
omega-3 fatty acid supplementation [47,48]. Theories suggest that
omega-3 fatty acid supplementation supports muscle mass, muscle
strength, and muscle performance through its anti-inflammatory path-
ways, promoting skeletal muscle protection [49]. While weight loss is
not anticipated as a direct outcome of fish oil supplementation, its po-
tential mechanism in protecting muscle, along with its well-documented
metabolic and cardiovascular benefits, provides justification for fish oil
supplementation during GLP-1RA treatment. Based on the available

Table 1

Summary of dietary supplement clinical guidelines for Glucagon-like-1 Peptide Receptor Agonists treatments, including recommended doses, intervention consid-

erations, and level of evidence.

GLP-1RA Concern Dietary Component Primary Benefit Recommended Dose Intervention Considerations Level of
Evidence
[References]
General Dietary Multivitamins, Fill nutrient gaps from e Use a patient-centered Complete a nutrition assessment based on @6 [29-31]
Guidance Vitamins, and lower food intake approach average dietary intakes to better guide
Minerals e Suggested dosing for key missing nutrients for individuals. If available,
nutrients in Appendix A use biomarkers to assess nutrient status.
Vitamin D Improve A1C, support e High doses of 50,000 IU per Measure serum 25(0OH)D levels before 39 [34,35,

Omega-3 Fatty Acids

Muscle Mass
Protection

Protein Supplements

Whey Protein

HMB

Creatine

Metabolic Health Thermogenic

Antioxidants & Anti-

inflammatory
Compounds
Gastrointestinal Fiber
Side Effects
Probiotics

muscle quality, heart
health, low-grade
inflammation

Support muscle quality,
heart health, and anti-
inflammation

Help meet higher protein
needs during hypocaloric
dietary intake

Preserve lean body mass
during weight loss and
optimize body
composition

Stimulates mTOR
pathways and inhibits
ubiquitin-proteasome
system

Increase muscle mass and
strength

Increase energy
expenditure and fat
oxidation

Neutralize free radicals,
reduce inflammation,
potent antioxidant

Reduce constipation and
improve stool consistency
Improve bowel
movements, feed gut
microbiome, and support
body composition

week
~7100 IU/day to normalize
serum levels

At least 1 g/d of fish oil

Total protein intake from
food and
supplements:1.2-2.0 g/kg/d

20-40 g/d

3g/d

5¢g/d

0.02 g/mg catechin-caffeine
mixtures

0.01 g/mg caffeine-only
Antioxidants: Dose-not
specific

Curcumin 500-1500 mg/d

>10 g/d and treatment
durations of at least 4 weeks
Medium dose 1-30 x 10°
CFUs

High dose >30 x 10° CFUs

prescribing dose to determine level of
deficiency. If prescribing a multivitamin in
combination with a vitamin D supplement,
consider the total vitamin D dose across
supplementation + dietary intake.

Choose an omega-3 supplement higher in EPA
and DHA levels

Use adjusted body weight when greater than
115 % ideal body weight and recalculate
protein needs as body size reduces.

Consider protein powders/drinks and meal
replacements.

Distribute protein intake throughout the day,
recommend whey protein in the morning to
fill protein gaps at breakfast.

Combine with exercise for additional benefits

Combine with 3 d/week resistance training

Be aware of caffeine limits and patient’s total
daily caffeine intake

Antioxidants to consider: Polyphenols,
CoQ10, garlic, or vitamin A, C, and E.
Anti-inflammatory ingredients: polyphenols,
EPA and DHA, garlic, anthocyanins, and
lycopene.

Increase water intake with fiber
supplementation.

Look for probiotic strains that include
Lactobacillus or Bifidobacterium species.

371

oo® [38-42,
44-46]

®®® [50-55]

a® [58,59]

@ [61,62,64]

o [67-72]

® [75-79]

oo [84,86,
88-90]

DD [93,94]

@&® [97-100]

KEY: kg = kilog

rams; g = grams; mg = milligrams; d = day; IU = International units; CFU: colony forming units.
@4 Strong Evidence: Substantial clinical data available demonstrating the ingredient’s effectiveness in conjunction with weight loss interventions or in populations

with overweight, obesity, or diabetes.

@$ Moderate Evidence: Significant clinical data supporting the ingredient’s mechanism of action or benefits related to symptoms or side effects of weight loss, but

limited number of studies directly combining it with weight loss protocols.

@ Emerging Evidence: Limited clinical data specifically in weight loss or obesity populations. However, available evidence or mechanistic rationale suggests po-

tential, warranting further investigation.



B.V.B. Johnson et al.

evidence, fish oil supplementation rich in omega-3 fatty acids can serve
as a valuable adjunct to GLP-1RA treatment (see Table 1), with more
research needed in the population.

3.4. Nutrient considerations for muscle mass

Preventing loss of muscle mass during GLP-1RA treatment is critical
for long-term weight management and metabolic health [11]. In-
dividuals using GLP-1RAs lose around 20-50 % of lean body mass,
which is much higher than weight loss through traditional diet and
exercise [50]. The degree of muscle mass decline during weight loss
varies based on the intervention, however, the specific amount of skel-
etal muscle mass is largely not reported. Experts have noted that a 10 %
muscle mass loss in 68 weeks using an GLP-1RA is similar to two decades
of age-related muscle mass loss [21]. Long-term health and weight
management are highly correlated with the retention of lean body mass
since it plays a role in total energy expenditure, strength, activities of
daily living, and lifespan [11]. Therefore, dietary supplementation
considerations for preserving and promoting muscle mass should be part
of the patient-centered care plan. This section will review the evidence
on dietary supplements that have robust evidence for preserving and
increasing lean body mass and muscular strength.

3.4.1. Protein supplements

Proper nutrition, such as higher protein diets, and exercise in-
terventions are needed along with GLP-1RA treatments to minimize loss
of muscle mass [50-52]. Muscle loss can impair metabolic function,
decrease resting metabolic rate, reduce physical performance, and lead
to a decline in overall health. While emerging research explores nutri-
tion and resistance training (RT) interventions with GLP-1RAs, robust
evidence shows that higher protein intake preserves lean mass during
weight loss [53-55]. Daily protein goals should be 1.2-2.0 g/kg based
on adjusted body weight. In previous research, GLP-1RA users, only 43
% consumed at least 1.2 g/kg of protein, 10 % consumed at least 1.6
g/kg, and 5 % consumed at least 2.0 g/kg, calculated based on adjusted
body weight [56]. In a 12-week preliminary RCT, patients with obesity
on GLP-1RA following a diet consisting of 1.3 g/kg protein successfully
promoted fat mass reduction while preserving fat free mass, muscle
strength, and resting metabolic rate compared to those following a
traditional isocaloric diet [57]. This further indicates the importance of
high protein intake during GLP-1RA-associated weight loss.

Reaching higher daily protein needs can be challenging with reduced
food intake and protein supplements can help fill those gaps. Whey
protein is a high-quality source of protein due to its high leucine content,
the primary branched-chain amino acid responsible for muscle protein
synthesis. Whey protein supplementation is shown to improve body
composition in individuals with overweight and obesity by reducing
body weight and total fat mass [58]. In previous clinical studies, higher
protein intake has been documented to improve body composition
during weight loss. Further, protein is also necessary as part of a dietary
strategy for weight loss maintenance and the prevention of weight
regain [59]. There are currently large gaps in understanding optimal
protein dosing and timing for specific GLP-1RA needs. Future research is
needed combining protein supplementation, resistance training, and
GLP-1RA in randomized clinical trials to attenuate muscle mass loss.

3.4.2. Beta-hydroxy-beta-methylbutyrate (HMB)
Beta-Hydroxy-Beta-Methylbutyrate (HMB) is a metabolite of the
amino acid leucine, however, only about 5 % of leucine is converted into
HMB, with the majority being metabolized into isovaleryl-CoA. Due to
poor endogenous synthesis, exogenous HMB supplementation is
required to achieve the clinically meaningful dose of 3 g per day. HMB
activates the mammalian target of rapamycin (mTOR) signaling
pathway, which promotes muscle protein synthesis, while concurrently
inhibiting proteolytic processes through the ubiquitin-proteasome
pathway. This dual action suggests HMB’s unique capability to
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stimulate protein synthesis and help prevent muscle degradation path-
ways simultaneously [60]. Stimulating the mTOR pathway is important
during weight loss because mTOR plays a central role in regulating
muscle protein synthesis, growth, and repair. During weight loss, caloric
restriction can reduce the signals that normally promote muscle growth,
increasing the risk of muscle breakdown. By stimulating the mTOR
pathway, HMB may help to preserve lean muscle mass, even in a
calorie-deficient state. Additionally, HMB exerts muscle-preserving ef-
fects by modulating the ubiquitin-proteasome pathway. The
ubiquitin-proteasome system is the primary mechanism by which cells
degrade and recycle damaged or unnecessary proteins. In muscle tissue,
this system becomes particularly active during periods of muscle atro-
phy, inflammation, or stress, leading to the breakdown of muscle pro-
teins. By modulating this pathway, HMB has an anticatabolic effect,
creating a favorable environment for muscle protein turnover.

HMB has shown some promise for preserving and increasing lean
body mass across elderly populations and novice exercisers. In a meta-
analysis of older adults, HMB supplementation significantly increased
muscle mass by 0.352 kg with no change in fat mass compared to the
control groups [61]. These findings indicate a positive effect of HMB on
muscle mass during aging. In a more recent publication, Lin et al. found
similar results regarding HMB supplementation on improving lean body
mass with significant increases in fat-free mass in older adults compared
to control groups [62]. Further sub-analyses found HMB combined with
exercise had no additional impact on fat-free mass. This suggests HMB
supplementation alone can be an effective intervention for improving
muscle mass in older individuals. While older adults are not the exact
population sample of all individuals using GLP-1RA, previous research
has correlated muscle loss during 68-72 week GLP-1RA treatment to
two decades of age-related muscle loss [21].

In women with overweight and obesity, two clinical trials have been
performed. A pilot study examined a supplement containing arginine,
glutamine, and HMB on body composition in postmenopausal women
with obesity. Fat-free mass (FFM) was maintained significantly in the
supplemented group. However, it is challenging to conclude a direct
benefit of HMB for body composition changes since it was combined
with other ingredients [63]. Another study found six weeks of HMB
supplementation improved upper and lower body strength compared to
placebo in sedentary women with obesity [64]. However, no significant
changes in body composition between groups were observed. These
findings suggest that HMB may help preserve lean body mass and sup-
port muscle strength during weight loss. Based on the existing evidence,
the definitive benefits of HMB within a weight management program
remain inconclusive, however there is initial evidence suggesting posi-
tive results. The mechanistic basis for this potential benefit is strong to
help preserve muscle mass during such rapid and substantial weight loss,
although this has not yet been studied. Future research should investi-
gate whether HMB supplementation during weight loss induced by
GLP-1RA can mitigate the loss of lean muscle mass. For now, based on
the available evidence, 3 g/d of HMB supplementation is warranted as a
recommendation to help support pathways related to protein turnover.

3.4.3. Creatine

Creatine is a naturally occurring nitrogen-containing compound
found primarily in myocytes. Creatine supplementation is well estab-
lished for its ability to enhance exercise performance, improve body
composition, and increase muscular strength. Creatine has only been
briefly studied for benefits related to weight management. In preclinical
data, creatine appears to play some role in browning adipose tissue, and
a human study found creatine increased resting metabolic rate, indi-
cating potential weight management benefits [65,66]. While there is
limited data on creatine supplementation combined with weight loss
interventions, sport performance studies provide evidence for its role in
muscle mass and strength. A comprehensive analysis of 35 RCTs found
creatine supplementation significantly increased lean body mass with a
mean difference of 0.68 kg across a variety of populations with and
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without exercise [67]. When combined with RT, lean body mass was
more pronounced, averaging an increase of 1.1 kg across various de-
mographics. Further, long-term studies investigating creatine supple-
mentation find significant gains in muscle strength. Two large
meta-analyses with 60 RCTs found improvements in lower body
strength and 53 RCTs found improvements in upper body strength [68,
69]. Dosing protocols varied across clinical trials, with a daily 5-g dose
predominantly administered, typically combined with 3 d/week of
resistance training.

Creatine exhibits similar muscle health benefits in older adults.
Meta-analyses in adults 50-80 years old show significant gains in muscle
mass when creatine is combined with RT compared to placebo and RT
only [70,71]. The creatine group increased lean body mass by an
average of 1.32 kg compared to placebo, adding almost three more
pounds of lean mass. Even more compelling was the statistically sig-
nificant increase in lean tissue when creatine was only consumed on
training days rather than every day of the week; concluding creatine is
still effective for improving lean tissue when taken on training days only
[16]. Creatine supplementation is also widely regarded as safe to
consume with little to no side effects across various age groups [72].
While creatine supplementation has not been studied in a GLP-1RA
population, from the previous evidence, it’s clear daily creatine sup-
plementation with RT should be considered for an GLP-1RA care plan.
Muscle mass and strength gains may not be as pronounced due to a
hypocaloric diet; however, it’s hypothesized it could help preserve lean
body mass and strength greater than no creatine supplementation. Based
on creatine’s available evidence, creatine supplementation combined
with RT could be advantageous during GLP-1RA weight loss (See Table 1
for specific dosing protocols).

3.5. Nutrient considerations for metabolic health

Obesity is associated with metabolic disturbances, chronic stress, and
low-grade inflammation. Chronic stress and low-grade inflammation
within the body can dysregulate metabolic health and lead to oxidative
stress. Oxidative stress and inflammation can both lead to chronic dis-
ease and have a negative impact on weight loss efforts. Focusing on
lifestyles to help manage metabolic stress and improving metabolic rate
during weight loss are essential for overall health and weight mainte-
nance. Maintaining higher metabolic rates and supporting cellular
health through decreasing oxidative stress and inflammation may pro-
mote longer-term health outcomes. Several dietary supplement in-
gredients have been shown to improve resting energy expenditure and
various aspects of cellular health by reducing oxidative stress and
inflammation.

3.5.1. Thermogenic ingredients

The majority of clinical studies have not reported participants’
resting metabolic rate before, during, and after GLP-1RA treatment. This
is a significant gap in understanding how these drugs impact metabolic
rate and daily calorie expenditure, which is a key aspect of long-term
weight management. Weight loss results in a smaller body mass,
which naturally lowers energy expenditure. This effect can be further
compounded by the rate and degree of weight loss, dramatically
impacting metabolic rates. The best available data comparing metabolic
rate changes during rapid weight loss is a longitudinal study with par-
ticipants of “The Biggest Loser” competition [73]. After a six-year fol-
low-up, participants regained 70 % of their original weight loss, and
their resting metabolic rate was nearly 700 calories lower than their
baseline body weight. In contrast, their predicted resting metabolic rate
was overestimated by approximately 500 calories, as calculated based
on body composition changes. Clinically, this presents a challenge, as
metabolic rate is typically calculated indirectly in practice and over-
estimated by approximately 26 % [73]. Preserving muscle mass is the
primary target for maintaining a higher metabolic rate, however, po-
tential ingredients with a thermogenic effect may provide additional
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support during weight loss [74].

Thermogenic dietary supplements can provide functional benefits
through various biological pathways, such as activating uncoupling
proteins, inhibiting phosphodiesterase, or targeting f s-adrenergic re-
ceptor agonists to increase energy expenditure and activate brown adi-
pose tissue [75]. Dietary supplement ingredients like caffeine, green tea
extracts, capsaicin, and other herbal ingredient blends have been shown
to increase energy expenditure in clinical studies [76]. A meta-analysis
of catechin-caffeine mixtures and caffeine-only supplements signifi-
cantly increased energy expenditure over a 24-h period by 4.7-4.8 %
with a dose-dependent response by 0.4-0.5 kj/mg administered [77].
Few studies have examined thermogenic ingredients over extended pe-
riods. However, a handful of research studies provide evidence that the
increase in metabolic rate persists for up to 8 weeks [78,79]. As previ-
ously mentioned, the metabolic rate remains low after significant weight
loss and appears to remain low even with weight regain. Therefore,
thermogenic supplementation during weight loss and post-weight loss
may potentially support more optimal metabolic rates. This is a potential
area of research to explore with adjunct diet and lifestyle weight loss
modification and GLP-1RA use.

Thermogenic ingredients are not intended to promote significant
weight loss but rather support the pathways of energy expenditure and
browning of white adipose tissue. There is also evidence that activation
of thermogenesis has other positive impacts on metabolic functions,
such as insulin resistance, hyperglycemia, and elevated blood lipids,
which may provide other benefits to those on GLP-1RA [80]. While there
is no evidence of thermogenic supplements during GLP-1RA treatment,
the mechanism warrants further exploration, especially post-GLP-1RA
treatment (See Table 1 for specific dosing protocols).

3.5.2. Antioxidants & anti-inflammation

Oxidative stress, marked by reactive oxygen species (ROS), is
another potential target for supplementation during GLP-1RA treat-
ment. Obesity can induce oxidative stress, while the co-morbidities
associated with obesity can further exacerbate it, such as hyperglyce-
mia, nutrient deficiencies, and impaired mitochondrial function [81].
Accumulation of ROS may alter the nature of lipids and proteins, causing
cellular dysfunction [82]. Therefore, increasing the intake of antioxi-
dants that help neutralize free radicals may be beneficial for obesity.
Dietary intake of antioxidant compounds is primarily through fruits and
vegetables. Previous research indicates that those on GLP-1RA are not
consuming adequate daily servings of fruits, vegetables, and antioxidant
nutrients such as vitamins C and E [17]. Therefore, individuals using
GLP-1RA may benefit from dietary supplementation with antioxidants.

Antioxidants are a broad class of dietary supplements comprised of
several ingredients [83]. A meta-analysis of antioxidant supplementa-
tion in individuals with obesity has shown beneficial effects on reducing
body mass index (BMI), waist circumference (WC), fasting blood
glucose, and improving markers of oxidative stress and inflammation
compared to placebo [84]. During GLP-1RA, antioxidant supplementa-
tion may support cellular health and help to prevent the long-term
negative health consequences of uncontrolled oxidative stress. Howev-
er, a patient-centered approach needs to be considered as not all anti-
oxidant supplementation supports disease outcomes. For example,
supplementation with beta carotene, vitamin A, and Vitamin E may
increase mortality [85]. To our knowledge, there have been no pub-
lished studies with antioxidant supplementation in conjunction with
GLP-1RA. Further research is needed to determine the optimal antioxi-
dant ingredient and dose needed in this population for optimal health
outcomes.

Many nutrients and botanicals have anti-inflammatory properties,
such as antioxidants and fish oil, as previously mentioned. A highly
studied supplement is curcumin, which has been clinically studied in
several RCTs for its anti-inflammatory properties. A large meta-analysis
of 66 RCTs found curcumin/turmeric supplementation significantly
reduced levels of inflammatory markers, including C-reactive protein,
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tumor necrosis factor, and interleukin-6, and improved antioxidant ac-
tivity compared to placebo [86]. In clinical applications, numerous
studies have demonstrated beneficial effects on arthritis, depression,
atherosclerosis, and metabolic syndrome [87,88]. In a meta-analysis of
50 RCTs, curcumin supplementation significantly reduced BMIL, BW, and
WC, however the daily doses varied widely from 50mg to 3,000 mg [89].
Other novel dietary supplement ingredients show promise in reducing
inflammation, include polyphenols (such as resveratrol), EPA and DHA,
garlic, anthocyanins, and lycopene [88,90]. Several studies indicate that
polyphenol supplementation reduces markers of central adiposity (body
fat percentage, fat mass, waist circumference) and visceral adipose tis-
sue, however there is no consensus on dosage or form [91]. Since obesity
and weight loss are associated with inflammation, dietary supplements
with these anti-inflammatory ingredients may help reduce inflammation
(See Table 1 for specific dosing protocols). More research is needed to
understand the effect of different types of anti-inflammatory ingredients
in combination with GLP-1RA treatment.

3.6. Nutrient considerations for gastrointestinal health

Gastrointestinal side effects, such as constipation and diarrhea, have
been documented with some GLP-1RA treatments [10]. Due to increased
nausea and vomiting, dehydration is a major area of concern with
GLP-1RA treatments. Therefore, ongoing monitoring and follow-up
should include regular reassessment of hydration status [13]. Dietary
supplements, such as fiber and probiotics, can help mitigate these issues
and should be considered for patients experiencing these side effects.

3.6.1. Fiber

Due to slowing gastric transit time, constipation is a primary side
effect with GLP-1RA. Fiber-rich foods are well-documented to provide
digestive support and promote regular bowel movements, yet average
fiber intakes remain consistently low in American diets [92]. Fiber
consumption while using GLP-1RA from food sources averaged 14.5 g,
significantly below the daily recommendations of 25-38 g per day [18].
While it’s important to emphasize fiber-rich food choices from fruits,
vegetables, and whole grains, meeting daily fiber needs can be a chal-
lenge, especially with lower calorie intake. Some patients may be able to
obtain daily fiber goals from food alone, whereas others may need to
supplement their nutritional intake. There is evidence from a large
dataset of human clinical trials for fiber supplementation reducing
constipation [93]. Similarly, Christodoulides et al. found fiber supple-
ments, including prebiotics, significantly increased stool frequency and
softening stool consistency compared to placebo [94]. Adequate fiber
intake can help promote digestive health if individuals are unable to
meet their daily fiber intake from food alone and suffering from con-
stipation. Therefore, fiber supplements may be beneficial for GLP-1RA
patients on a case-by-case basis (See Table 1 for specific dosing
protocols).

3.6.2. Probiotics

The role of the microbiome in weight management has garnered
significant interest within the scientific community and among health
professionals [95,96]. Probiotics, defined as live microorganisms, have
been shown to positively influence the gut microbiome, metabolic
function, and overall health [97]. This is particularly relevant as
emerging research suggests that the gut microbiome plays a critical role
in regulating body weight. Emerging research reports gut microbiome
differences between individuals with obesity compared to individuals of
normal weight [98]. Intervention studies find prebiotics, probiotics, and
synbiotics significantly reduce body weight, BMI, and fat mass
compared to placebo [99]. Therefore, probiotics could contribute to
improved body composition. Most strikingly, these studies demonstrate
that probiotics can significantly promote weight loss independent of
dietary modifications. This provides compelling evidence for the role of
gut health in weight management and highlights the synergy of
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nourishing the gut microbiome as a complementary approach for
obesity treatment. Probiotics have also been shown to improve the ef-
ficacy of bowel movements in adults with constipation [97,100]. Sup-
plementation with products containing Lactobacillus or Bifidobacterium
species increase stool frequency and reduces transit time-related con-
stipation in some studies [100]. Probiotics could be part of a comple-
mentary therapy alongside GLP-1RA treatment to improve unwanted GI
side effects and promote a diverse microbiome (See Table 1 for specific
dosing protocols).

4. Clinical practice framework

This review examined the existing evidence to assess the potential
role of dietary supplementation as an adjunct to GLP-1RA treatments.
Table 1 summarizes practical clinical recommendations based on the
efficacy of select ingredients shown to support physiological adaptations
during weight loss, drawing from prior clinical trials across populations
with obesity and adiposity-related complications. These recommenda-
tions offer a preliminary framework for clinicians to consider during
obesity management, while ongoing research continues to inform the
development of customized medical nutrition therapy guidelines for
GLP-1RA treatments.

Given the vast dietary supplement market, healthcare practitioners
may face challenges in identifying and recommending products. Fig. 2
provides a recommended step-by-step process for incorporating dietary
supplements into patient care and a checklist for evaluating supplement
products.

4.1. Scientific organizations

The current guidance from professional organizations regarding di-
etary supplementation with GLP1-RA are provided in a joint advisory
position paper from the American College of Lifestyle Medicine, the
American Society for Nutrition, the Obesity Medicine Association, and
The Obesity Society [13]. The guidelines mention vitamin D, calcium,
B12, and a multivitamin supplement can be considered to reduce
nutrient deficiencies. Additionally, recommendations for fiber and
magnesium supplements are included to help manage GI side effects
protein shakes to preserve muscle mass.

5. Limitations

To our knowledge, no clinical trials have directly evaluated the use of
dietary supplementation in conjunction with GLP-1RA treatments, rep-
resenting a key limitation of this review. As such, the clinical relevance
of the active ingredients reviewed remains unclear for specific pop-
ulations using GLP-1RA. There is evidence available to support the role
of dietary supplementation across clinical trials in individuals with
obesity, including weight loss interventions and adiposity-related com-
plications. In the absence of GLP-1RA-specific data, clinicians must rely
on existing literature, expert clinical judgement, and a patient-centered
approach regarding dietary supplementation while using a GLP-1RA.
The majority of recommendations cited were derived from meta-
analyses identifying efficacious dosages for targeted health benefits.
Nutrition is inherently individualized, influenced by genetics, epige-
netics, and lifestyle factors, which should all be taken into consideration.
Additionally, there is an absence of safety data on these ingredients in
combination with GLP-1RA, including unknown drug-nutrient in-
teractions. Future large scale, randomized-clinical trials are warranted
to assess the efficacy and safety of dietary supplements as adjuncts to
GLP-1RA therapy for improving and optimizing health outcomes.

6. Conclusion

Patients using GLP-1RA to treat obesity should receive individual-
ized, evidence-based care focused on optimizing health outcomes and
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Approach to Dietary Supplements in Clinical Practice
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Gastrointestinal Side Effects:

- Fiber, Probiotics
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Fig. 2. Step-by-step process for incorporating dietary supplements into patient care and a checklist for evaluating dietary supplementation during glucagon-like-1

peptide receptor agonists treatments.

Note: This guide for implementing dietary supplementation reflects the authors’ perspective.

mitigating unintended consequences of significant weight reduction.
Based on this review, there is prior knowledge and data supporting
considerations for dietary supplementation with GLP-1RA treatment.
This review provides an initial guide for clinical practice and patient
education for optimizing nutrient status, preserving lean mass and
muscle strength, supporting metabolic health, and reducing gastroin-
testinal side effects. Future randomized clinical trials are needed to
examine the health effects of combining dietary supplements with GLP-
1RA treatments.

Key takeaways

Multivitamins, vitamin D, and omega-3 or fish oil supplements can
fill nutrient gaps from dietary intake, increase suboptimal serum
nutrient levels, and potentially offer long term health benefits.
Protein, whey, creatine, and HMB supplementation can preserve lean
mass while building muscle strength during weight loss.

e Thermogenic, antioxidants, and anti-inflammatory dietary supple-
ments can support metabolic function and reduce oxidative stress
and inflammatory markers.

Fiber and probiotic supplements can reduce constipation and
improve stool consistency, a common side effect of GLP-1RA.

Author contribution

Conceptualization: BJ, MM, RK, RJ. Methodology: BJ. Validation: BJ,
MM, RK, RJ. Investigation: BJ, MM. Data Curation: BJ, MM. Writing —
Original Draft: BJ, Writing — Review & Editing: MM, Editing: RK, RJ. All
authors reviewed and approved the final version of the manuscript for
submission and publication. Visualization: BJ, MM.

Declaration of use of artificial intelligence

No artificial intelligence was used during the preparation of this
publication.

Funding

This research did not receive any specific grant from funding
agencies in the public, commercial, or not-for-profit sectors.

Conflict of interest disclosures

All authors are employed by GNC Holdings, LLC.

Appendix A. Supplementary data

Supplementary data to this article can be found online at https://doi.
0rg/10.1016/j.0bpill.2025.100209.

References

[1] Yao H, Zhang A, Li D, et al. Comparative effectiveness of GLP-1 receptor agonists
on glycaemic control, body weight, and lipid profile for type 2 diabetes:
systematic review and network meta-analysis. BMJ 2024;384:€076410. https://
doi.org/10.1136/bmj-2023-076410.

Bray GA, Ryan DH. Evidence-based weight loss interventions: individualized

treatment options to maximize patient outcomes. Diabetes Obes Metabol 2021;23

(Suppl 1):50-62. https://doi.org/10.1111/dom.14200.

Wilding JPH, Batterham RL, Calanna S, Davies M, Van Gaal LF, Lingvay I,

McGowan BM, Rosenstock J, Tran MTD, Wadden TA, Wharton S, Yokote K,

Zeuthen N, Kushner RF, STEP 1 Study Group. Once-weekly semaglutide in adults

with overweight or obesity. N Engl J Med 2021 Mar 18;384(11):989-1002.

https://doi.org/10.1056/NEJMo0a2032183. Epub 2021 Feb 10. PMID: 33567185.

Ida S, Kaneko R, Imataka K, et al. Effects of antidiabetic drugs on muscle mass in

type 2 diabetes mellitus. Curr Diabetes Rev 2021;17(3):293-303. https://doi.org/

10.2174/1573399816666200705210006.

Despain D, Hoffman B. Optimizing nutrition, diet, and lifestyle communication in

GLP-1 medication therapy for weight management: a qualitative research study

with registered dietitians. Obes Pillars 2024:100143. https://doi.org/10.1016/j.

obpill.2024.100143.

[6] Lin K, Mehrotra A, Tsai TC. Metabolic bariatric surgery in the era of GLP-1

receptor agonists for obesity management. JAMA Netw Open 2024 Oct 1;7(10):

€2441380. https://doi.org/10.1001/jamanetworkopen.2024.41380. PMID:

39453660; PMCID: PMC11581531.

Gentinetta S, Sottotetti F, Manuelli M, Cena H. Dietary recommendations for the

management of gastrointestinal symptoms in patients treated with GLP-1

receptor agonist. Diabetes Metab Syndr Obes 2024 Dec 19;17:4817-24. https://
doi.org/10.2147/DMS0.5494919. PMID: 39722834; PMCID: PMC11668918.

Almandoz JP, Wadden TA, Tewksbury C, et al. Nutritional considerations with

antiobesity medications. Obesity 2024 Jun;10. https://doi.org/10.1002/

oby.24067.

Gorgojo-Martinez JJ, Mezquita-Raya P, Carretero-Gémez J, et al. Clinical

recommendations to manage gastrointestinal adverse events in patients treated

with GLP-1 receptor agonists: a multidisciplinary expert consensus. J Clin Med

2023;12:145. https://doi.org/10.3390/jcm12010145.

[10] Wharton S, Davies M, Dicker D, et al. Managing the gastrointestinal side effects of
GLP-1 receptor agonists in obesity: recommendations for clinical practice.
Postgrad Med J 2022;134(1):14-9. https://doi.org/10.1080/
00325481.2021.2002616.

[11] Volek JS, Kackley ML, Buga A. Nutritional considerations during major weight
loss therapy: focus on optimal protein and a low-carbohydrate dietary pattern.
Curr Nutr Rep 2024;13:422-43. https://doi.org/10.1007/513668-024-00548-6.

[12] Fitzpatrick SL, Wischenka D, Appelhans BM, Pbert L, Wang M, Wilson DK,
Pagoto SL. An evidence-based guide for obesity treatment in primary care. Am J
Med 2016;129(1):115.e1-7. https://doi.org/10.1016/j.amjmed.2015.07.015.

[13] Mozaffarian D, Agarwal M, Aggarwal M, Alexander L, Apovian CM, Bindlish S,
Bonnet J, Butsch WS, Christensen S, Gianos E, Gulati M, Gupta A, Horn D,
Kane RM, Saluja J, Sannidhi D, Stanford FC, Callahan EA. 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. Obesity 2025 May 30. https://doi.org/
10.1002/0by.24336. Epub ahead of print. PMID: 40445127.

[2

=

[3

=

[4

=

[5

—

[7

—

[8

[t

[9

—


https://doi.org/10.1016/j.obpill.2025.100209
https://doi.org/10.1016/j.obpill.2025.100209
https://doi.org/10.1136/bmj-2023-076410
https://doi.org/10.1136/bmj-2023-076410
https://doi.org/10.1111/dom.14200
https://doi.org/10.1056/NEJMoa2032183
https://doi.org/10.2174/1573399816666200705210006
https://doi.org/10.2174/1573399816666200705210006
https://doi.org/10.1016/j.obpill.2024.100143
https://doi.org/10.1016/j.obpill.2024.100143
https://doi.org/10.1001/jamanetworkopen.2024.41380
https://doi.org/10.2147/DMSO.S494919
https://doi.org/10.2147/DMSO.S494919
https://doi.org/10.1002/oby.24067
https://doi.org/10.1002/oby.24067
https://doi.org/10.3390/jcm12010145
https://doi.org/10.1080/00325481.2021.2002616
https://doi.org/10.1080/00325481.2021.2002616
https://doi.org/10.1007/s13668-024-00548-6
https://doi.org/10.1016/j.amjmed.2015.07.015
https://doi.org/10.1002/oby.24336
https://doi.org/10.1002/oby.24336

B.V.B.

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

Johnson et al.

Kisling LA, Stiegmann RA. Alternative medicine. PubMed: StatPearls Publishing;
2024, February 26. https://www.ncbi.nlm.nih.gov/books/NBK538520/.
Goodman C, Keating G, Georgousopoulou E, Hespe C, Levett K. Probiotics for the
prevention of antibiotic-associated diarrhoea: a systematic review and meta-
analysis. BMJ Open 2021 Aug 12;11(8):e043054. https://doi.org/10.1136/
bmjopen-2020-043054. PMID: 34385227; PMCID: PMC8362734.

Christensen S, Robinson K, Thomas S, Williams DR. 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 Jul 25;11:100121. https://doi.
org/10.1016/j.0bpill.2024.100121. Erratum in: Obes Pillars. 2024 Oct 02;12:
100136. doi: 10.1016/j.0bpill.2024.100136. PMID: 39175746; PMCID:
PMC11340591.

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. https://doi.org/10.3389/
fnut.2025.1566498.

Johnson B, Milstead M, Green L, Kreider R, Jones R. Diet quality and nutrient
distribution while using glucagon-like-peptide-1 receptor agonist: a secondary
analysis. Obesity Pillars 2025;16. https://doi.org/10.1016/j.0bpill.2025.100195.
New Hope Network. Active lifestyle issue: march 2025 | NBJ. n.d. https://store.ne
whope.com/products/march-2025-active-lifestyle-issue?_pos=1& _sid=53f9a09
18&_ss=r.

Johnson B, Milstead M, Green L, Kreider R, Jones R. Impact of dietary
supplements on nutrient intake with GLP-1 medications: a cross-sectional
analysis. Obesity Society 2025.

Mechanick JI, Butsch WS, Christensen SM, Hamdy O, Li Z, Prado CM,
Heymsfield SB. Strategies for minimizing muscle loss during use of incretin-
mimetic drugs for treatment of obesity. Obes Rev 2025;26(1):e13841. https://
doi.org/10.1111/0br.13841.

Ashtary-Larky D, Bagheri R, Abbasnezhad A, Tinsley GM, Alipour M, Wong A.
Effects of gradual weight loss v. rapid weight loss on body composition and RMR:
a systematic review and meta-analysis. Br J Nutr 2020;124(11):1121-32. https://
doi.org/10.1017/s000711452000224x.

Chen Y, Michalak M, Agellon LB. Importance of nutrients and nutrient
metabolism on human health. Yale J Biol Med 2018 Jun 28;91(2):95-103. PMID:
29955217; PMCID: PMC6020734.

Damms-Machado A, Weser G, Bischoff SC. Micronutrient deficiency in obese
subjects undergoing low calorie diet. Nutr J 2012 Jun 1;11:34. https://doi.org/
10.1186/1475-2891-11-34. PMID: 22657586; PMCID: PMC3404899.

Zhang W, Chen P, Huo S, Huang X, Zhao Y. Requirements for essential
micronutrients during caloric restriction and fasting. Front Nutr 2024;11. https://
doi.org/10.3389/fnut.2024.1363181.

U.S. Department of Agriculture, U.S. Department of Health and Human Services.
Dietary guidelines for Americans. tenth ed. Washington, DC: Departments of
Agriculture; 2020 [Internet]. [cited 2024 Nov 20]. Available from: https://www.
dietaryguidelines.gov.

Damms-Machado A, Weser G, Bischoff SC. Micronutrient deficiency in obese
subjects undergoing low-calorie diet. Nutr J 2012;11:34. https://doi.org/
10.1186/1475-2891-11-34.

Xanthakos SA. Nutritional deficiencies in obesity and after bariatric surgery.
Pediatr Clin 2009 Oct;56(5):1105-21. https://doi.org/10.1016/j.
pcl.2009.07.002. PMID: 19931066; PMCID: PMC2784422.

Afraie M, Bahrami P, Kohnepoushi P, Khateri S, Majidi L, Saed L, Zamani K,
Baharm HM, Moradi Y, Moradpour F. The effect of vitamin D supplementation on
glycemic control and cardiovascular risk factors in type 2 diabetes: an updated
systematic review and meta-analysis of clinical trials. J Diabetes Res 2024 Sep 10;
2024:9960656. https://doi.org/10.1155/2024/9960656. PMID: 39290798;
PMCID: PMC11407890.

Biesalski HK, Tinz J. Multivitamin/Mineral supplements: rationale and safety - a
systematic review. Nutrition 2017 Jan;33:76-82. https://doi.org/10.1016/].
nut.2016.02.013. Epub 2016 Mar 4. PMID: 27553772.

Prentice RL. Clinical trials and observational studies to assess the chronic disease
benefits and risks of multivitamin-multimineral supplements. Am J Clin Nutr
2007;85:3085-13S. https://doi.org/10.1093/ajcn/85.1.3088S.

Kaur J, Khare S, Sizar O, Givler A. Vitamin D deficiency. 2025 Feb 15. In:
StatPearls [Internet]. Treasure island (FL). StatPearls Publishing; 2025 Jan.
PMID: 30335299.

Pereira-Santos M, Costa PR, Assis AM, Santos CA, Santos DB. Obesity and vitamin
D deficiency: a systematic review and meta-analysis. Obes Rev 2015 Apr;16(4):
341-9. https://doi.org/10.1111/0br.12239. Epub 2015 Feb 17. PMID: 25688659.
Tripkovic L, Lambert H, Hart K, Smith CP, Bucca G, Penson S, Chope G,
Hypponen E, Berry J, Vieth R, Lanham-New S. Comparison of vitamin D2 and
vitamin D3 supplementation in raising serum 25-hydroxyvitamin D status: a
systematic review and meta-analysis. Am J Clin Nutr 2012 Jun;95(6):1357-64.
https://doi.org/10.3945/ajen.111.031070. Epub 2012 May 2. PMID: 22552031;
PMCID: PMC3349454.

Mitri J, Pittas AG. Vitamin D and diabetes. Endocrinol Metab Clin N Am 2014
Mar;43(1):205-32. https://doi.org/10.1016/j.ecl.2013.09.010. Epub 2013 Dec
12. PMID: 24582099; PMCID: PMC3942667.

Li X, Liu Y, Zheng Y, Wang P, Zhang Y. The effect of vitamin D supplementation
on glycemic control in type 2 diabetes patients: a systematic review and meta-
analysis. Nutrients 2018 Mar 19;10(3):375. https://doi.org/10.3390/
nul0030375. PMID: 29562681; PMCID: PMC5872793.

Mousa A, Naderpoor N, Teede H, Scragg R, de Courten B. Vitamin D
supplementation for improvement of chronic low-grade inflammation in patients
with type 2 diabetes: a systematic review and meta-analysis of randomized

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

[48]

[49]

[50]

[51]

[52]

[53]

[54]

[55]

[56]

[57]

Obesity Pillars 16 (2025) 100209

controlled trials. Nutr Rev 2018 May 1;76(5):380-94. https://doi.org/10.1093/
nutrit/nux077. PMID: 29490085.

Wang Y, Wang Y, Shehzad Q, Su 'Y, Xu L, Yu L, Zeng W, Fang Z, Wu G, Wei W,
Jin Q, Zhang H, Wang X. Does omega-3 PUFAs supplementation improve
metabolic syndrome and related cardiovascular diseases? A systematic review
and meta-analysis of randomized controlled trials. Crit Rev Food Sci Nutr 2024
Sep;64(26):9455-82. https://doi.org/10.1080/10408398.2023.2212817. Epub
2023 May 24. PMID: 37222574.

Deng W, Yi Z, Yin E, Lu R, You H, Yuan X. Effect of omega-3 polyunsaturated fatty
acids supplementation for patients with osteoarthritis: a meta-analysis. J Orthop
Surg Res 2023 May 24;18(1):381. https://doi.org/10.1186/513018-023-03855-
w. PMID: 37226250; PMCID: PMC10210278.

Rangel-Huerta OD, Aguilera CM, Mesa MD, Gil A. Omega-3 long-chain
polyunsaturated fatty acids supplementation on inflammatory biomakers: a
systematic review of randomised clinical trials. Br J Nutr 2012 Jun;107(Suppl 2):
$159-70. https://doi.org/10.1017/50007114512001559. PMID: 22591890.

Bird JK, Troesch B, Warnke I, Calder PC. The effect of long chain omega-3
polyunsaturated fatty acids on muscle mass and function in sarcopenia: a scoping
systematic review and meta-analysis. Clin Nutr ESPEN 2021 Dec;46:73-86.
https://doi.org/10.1016/j.clnesp.2021.10.011. Epub 2021 Oct 20. PMID:
34857251.

Delpino FM, Figueiredo LM, da Silva BGC. Effects of omega-3 supplementation on
body weight and body fat mass: a systematic review. Clin Nutr ESPEN 2021 Aug;
44:122-9. https://doi.org/10.1016/j.clnesp.2021.04.023. Epub 2021 May 19.
PMID: 34330455.

Kachur S, Lavie CJ, de Schutter A, Milani RV, Ventura HO. Obesity and
cardiovascular diseases. Minerva Med 2017 Jun;108(3):212-28. https://doi.org/
10.23736/50026-4806.17.05022-4. Epub 2017 Feb 1. PMID: 28150485.

Gao H, Geng T, Huang T, Zhao Q. Fish oil supplementation and insulin sensitivity:
a systematic review and meta-analysis. Lipids Health Dis 2017 Jul 3;16(1):131.
https://doi.org/10.1186/512944-017-0528-0. PMID: 28673352; PMCID:
PM(C5496233.

Hu Y, Hu FB, Manson JE. Marine Omega-3 supplementation and cardiovascular
disease: an updated meta-analysis of 13 randomized controlled trials involving
127 477 participants. J Am Heart Assoc 2019 Oct;8(19):e013543. https://doi.
org/10.1161/JAHA.119.013543. Epub 2019 Sep 30. PMID: 31567003; PMCID:
PMC6806028.

Smith GI, Julliand S, Reeds DN, Sinacore DR, Klein S, Mittendorfer B. Fish oil-
derived n-3 PUFA therapy increases muscle mass and function in healthy older
adults. Am J Clin Nutr 2015 Jul;102(1):115-22. https://doi.org/10.3945/
ajen.114.105833. Epub 2015 May 20. PMID: 25994567; PMCID: PMC4480667.
Munro IA, Garg ML. Dietary supplementation with n-3 PUFA does not promote
weight loss when combined with a very-low-energy diet. Br J Nutr 2012 Oct 28;
108(8):1466-74. https://doi.org/10.1017/50007114511006817. Epub 2012 Jan
3. PMID: 22214842.

DeFina LF, Marcoux LG, Devers SM, Cleaver JP, Willis BL. Effects of omega-3
supplementation in combination with diet and exercise on weight loss and body
composition. Am J Clin Nutr 2011 Feb;93(2):455-62. https://doi.org/10.3945/
ajen.110.002741. Epub 2010 Dec 15. PMID: 21159785.

Huang YH, Chiu WC, Hsu YP, Lo YL, Wang YH. Effects of Omega-3 fatty acids on
Muscle Mass, muscle strength and muscle performance among the elderly: a
meta-analysis. Nutrients 2020 Dec 4;12(12):3739. https://doi.org/10.3390/
nul2123739. PMID: 33291698; PMCID: PMC7761957.

Grosicki GJ, Dhurandhar NV, Unick JL, Arent SM, Thomas JG, Lofton H,
Shepherd MC, Kiel J, Coleman C, Jonnalagadda SS. Sculpting success: the
importance of diet and physical activity to support skeletal muscle health during
weight loss with new generation glucagon-like Peptide-1 receptor agonist. Curr
Dev Nutr 2024 Oct 18;8(11):104486. https://doi.org/10.1016/j.
cdnut.2024.104486. PMID: 39624804; PMCID: PMC11609469.

Heymsfield SB, Gonzalez MC, Shen W, Redman LM, Thomas DM. Weight loss
composition is one-fourth fat-free mass: a critical review and critique of this
widely cited rule. Obes Rev 2014;15(4):310-21. https://doi.org/10.1111/
obr.12143.

Garrow JS, Summerbell CD. Meta-analysis: effect of exercise, with or without
dieting, on the body composition of overweight subjects. Eur J Clin Nutr 1995;49:
1-10 [PubMed: 7713045].

Leidy HJ, Clifton P, Astrup A, et al. The role of protein in weight loss and
maintenance. Am J Clin Nutr 2015;101(6):1320S-9S. https://doi.org/10.3945/
ajen.114.08403.

Kim JE, O’Connor LE, Sands LP, Slebodnik MB, Campbell WW. Effects of dietary
protein intake on body composition changes after weight loss in older adults: a
systematic review and meta-analysis. Nutr Rev 2016;74(3):210-24. https://doi.
org/10.1093/nutrit/nuv065.

Carbone JW, Pasiakos SM. Dietary protein and muscle mass: translating science to
application and health benefit. Nutrients 2019 May 22;11(5):1136. https://doi.
org/10.3390/nul11051136. PMID: 31121843; PMCID: PMC6566799.

Johnson B, McGlasson T, Thomas O, Kreider R, Jones R. Suboptimal protein
intake for hypocaloric diet needs while using glucagon-like Peptide-1 receptor
agonists. J Int Soc Sports Nutrit 2025.

Schiavo L, Santella B, Mingo M, Rossetti G, Orio M, Cobellis L, Maurano A,
Tannelli A, Pilone V. Preliminary evidence suggests that a 12-Week treatment with
tirzepatide plus low-energy ketogenic therapy is more effective than its
combination with a low-calorie diet in preserving fat-free mass, muscle strength,
and resting metabolic rate in patients with obesity. Nutrients 2025 Mar 30;17(7):
1216. https://doi.org/10.3390/nul17071216. PMID: 40218974; PMCID:
PMC11990520.


https://www.ncbi.nlm.nih.gov/books/NBK538520/
https://doi.org/10.1136/bmjopen-2020-043054
https://doi.org/10.1136/bmjopen-2020-043054
https://doi.org/10.1016/j.obpill.2024.100121
https://doi.org/10.1016/j.obpill.2024.100121
https://doi.org/10.3389/fnut.2025.1566498
https://doi.org/10.3389/fnut.2025.1566498
https://doi.org/10.1016/j.obpill.2025.100195
https://store.newhope.com/products/march-2025-active-lifestyle-issue?_pos=1&amp;_sid=53f9a0918&amp;_ss=r
https://store.newhope.com/products/march-2025-active-lifestyle-issue?_pos=1&amp;_sid=53f9a0918&amp;_ss=r
https://store.newhope.com/products/march-2025-active-lifestyle-issue?_pos=1&amp;_sid=53f9a0918&amp;_ss=r
http://refhub.elsevier.com/S2667-3681(25)00053-1/sref20
http://refhub.elsevier.com/S2667-3681(25)00053-1/sref20
http://refhub.elsevier.com/S2667-3681(25)00053-1/sref20
https://doi.org/10.1111/obr.13841
https://doi.org/10.1111/obr.13841
https://doi.org/10.1017/s000711452000224x
https://doi.org/10.1017/s000711452000224x
http://refhub.elsevier.com/S2667-3681(25)00053-1/sref23
http://refhub.elsevier.com/S2667-3681(25)00053-1/sref23
http://refhub.elsevier.com/S2667-3681(25)00053-1/sref23
https://doi.org/10.1186/1475-2891-11-34
https://doi.org/10.1186/1475-2891-11-34
https://doi.org/10.3389/fnut.2024.1363181
https://doi.org/10.3389/fnut.2024.1363181
https://www.dietaryguidelines.gov
https://www.dietaryguidelines.gov
https://doi.org/10.1186/1475-2891-11-34
https://doi.org/10.1186/1475-2891-11-34
https://doi.org/10.1016/j.pcl.2009.07.002
https://doi.org/10.1016/j.pcl.2009.07.002
https://doi.org/10.1155/2024/9960656
https://doi.org/10.1016/j.nut.2016.02.013
https://doi.org/10.1016/j.nut.2016.02.013
https://doi.org/10.1093/ajcn/85.1.308S
http://refhub.elsevier.com/S2667-3681(25)00053-1/sref32
http://refhub.elsevier.com/S2667-3681(25)00053-1/sref32
http://refhub.elsevier.com/S2667-3681(25)00053-1/sref32
https://doi.org/10.1111/obr.12239
https://doi.org/10.3945/ajcn.111.031070
https://doi.org/10.1016/j.ecl.2013.09.010
https://doi.org/10.3390/nu10030375
https://doi.org/10.3390/nu10030375
https://doi.org/10.1093/nutrit/nux077
https://doi.org/10.1093/nutrit/nux077
https://doi.org/10.1080/10408398.2023.2212817
https://doi.org/10.1186/s13018-023-03855-w
https://doi.org/10.1186/s13018-023-03855-w
https://doi.org/10.1017/S0007114512001559
https://doi.org/10.1016/j.clnesp.2021.10.011
https://doi.org/10.1016/j.clnesp.2021.04.023
https://doi.org/10.23736/S0026-4806.17.05022-4
https://doi.org/10.23736/S0026-4806.17.05022-4
https://doi.org/10.1186/s12944-017-0528-0
https://doi.org/10.1161/JAHA.119.013543
https://doi.org/10.1161/JAHA.119.013543
https://doi.org/10.3945/ajcn.114.105833
https://doi.org/10.3945/ajcn.114.105833
https://doi.org/10.1017/S0007114511006817
https://doi.org/10.3945/ajcn.110.002741
https://doi.org/10.3945/ajcn.110.002741
https://doi.org/10.3390/nu12123739
https://doi.org/10.3390/nu12123739
https://doi.org/10.1016/j.cdnut.2024.104486
https://doi.org/10.1016/j.cdnut.2024.104486
https://doi.org/10.1111/obr.12143
https://doi.org/10.1111/obr.12143
http://refhub.elsevier.com/S2667-3681(25)00053-1/sref52
http://refhub.elsevier.com/S2667-3681(25)00053-1/sref52
http://refhub.elsevier.com/S2667-3681(25)00053-1/sref52
https://doi.org/10.3945/ajcn.114.08403
https://doi.org/10.3945/ajcn.114.08403
https://doi.org/10.1093/nutrit/nuv065
https://doi.org/10.1093/nutrit/nuv065
https://doi.org/10.3390/nu11051136
https://doi.org/10.3390/nu11051136
http://refhub.elsevier.com/S2667-3681(25)00053-1/sref56
http://refhub.elsevier.com/S2667-3681(25)00053-1/sref56
http://refhub.elsevier.com/S2667-3681(25)00053-1/sref56
https://doi.org/10.3390/nu17071216

B.V.B.

[58]

[59]

[60]

[61]

[62]

[63]

[64]

[65]

[66]

[67]

[68]

[69]

[70]

[71]

[72]

[73]

[74]

[75]

[76]

[77]

Johnson et al.

Wirunsawanya K, Upala S, Jaruvongvanich V, Sanguankeo A. Whey protein
supplementation improves body composition and cardiovascular risk factors in
overweight and Obese patients: a systematic review and meta-analysis. J Am Coll
Nutr 2018 Jan;37(1):60-70. https://doi.org/10.1080/07315724.2017.1344591.
Epub 2017 Oct 31. PMID: 29087242.

van Baak MA, Mariman ECM. Dietary strategies for weight loss maintenance.
Nutrients 2019 Aug 15;11(8):1916. https://doi.org/10.3390/nul1081916.
PMID: 31443231; PMCID: PMC6722715.

Kaczka P, Michalczyk MM, Jastrzab R, Gawelczyk M, Kubicka K. Mechanism of
action and the effect of beta-hydroxy-beta-methylbutyrate (HMB)
supplementation on different types of physical performance - a systematic review.
J Hum Kinet 2019 Aug 21;68:211-22. https://doi.org/10.2478/hukin-2019-
0070. PMID: 31531146; PMCID: PMC6724588.

Wu H, Xia Y, Jiang J, Du H, Guo X, Liu X, Li C, Huang G, Niu K. Effect of beta-
hydroxy-beta-methylbutyrate supplementation on muscle loss in older adults: a
systematic review and meta-analysis. Arch Gerontol Geriatr 2015 Sep-Oct;61(2):
168-75. https://doi.org/10.1016/j.archger.2015.06.020. Epub 2015 Jul 3. PMID:
26169182.

Lin Z, Zhao Y, Chen Q. Effects of oral administration of f-hydroxy
p-methylbutyrate on lean body mass in older adults: a systematic review and
meta-analysis. Eur Geriatr Med 2021;12:239-51. https://doi.org/10.1007/
$41999-020-00409-9.

Rondanelli M, Nichetti M, Peroni G, Naso M, Faliva MA, Iannello G, Di Paolo E,
Perna S. Effect of a food or special medical purposes for muscle recovery,
consisting of arginine, glutamine and beta-hydroxy-beta-methylbutyrate on body
composition and skin health in overweight and Obese class I sedentary
postmenopausal women. Nutrients 2021;13:975. https://doi.org/10.3390/
nul3030975.

Hashempour A, Hooshmand S, Tabesh MR, Alizadeh Z. Effect of 6-week HMB
(beta-hydroxy-beta methylbutyrate) supplementation on muscle strength and
body composition in sedentary overweight women. Obesity Med 2019;15:
100115. https://doi.org/10.1016/j.0bmed.2019.100115.

Kazak L, Chouchani ET, Jedrychowski MP, Erickson BK, Shinoda K, Cohen P,
Vetrivelan R, Lu GZ, Laznik-Bogoslavski D, Hasenfuss SC, et al. A creatine-driven
substrate cycle enhances energy expenditure and thermogenesis in beige fat. Cell
2015;163:643-55.

Arciero PJ, Hannibal NS, Nindl BC, Gentile CL, Hamed J, Vukovich MD.
Comparison of creatine ingestion and resistance training on energy expenditure
and limb blood flow. Metabolism 2001;50:1429-34.

Delpino FM, Figueiredo LM, Forbes SC, Candow DG, Santos HO. Influence of age,
sex, and type of exercise on the efficacy of creatine supplementation on lean body
mass: a systematic review and meta-analysis of randomized clinical trials.
Nutrition 2022 Nov-Dec;103-104:111791. https://doi.org/10.1016/j.
nut.2022.111791. Epub 2022 Jul 8. PMID: 35986981.

Lanhers C, Pereira B, Naughton G, Trousselard M, Lesage FX, Dutheil F. Creatine
supplementation and lower limb strength performance: a systematic review and
meta-analyses. Sports Med 2015 Sep;45(9):1285-94. https://doi.org/10.1007/
540279-015-0337-4. PMID: 25946994.

Lanhers C, Pereira B, Naughton G, Trousselard M, Lesage FX, Dutheil F. Creatine
supplementation and upper limb strength performance: a systematic review and
meta-analysis. Sports Med 2017 Jan;47(1):163-73. https://doi.org/10.1007/
540279-016-0571-4. PMID: 27328852.

Forbes SC, Candow DG, Ostojic SM, Roberts MD, Chilibeck PD. Meta-analysis
examining the importance of creatine ingestion strategies on lean tissue mass and
strength in older adults. Nutrients 2021;13(6):1912. https://doi.org/10.3390/
nul3061912.

Candow DG, Forbes SC, Chilibeck PD, Cornish SM, Antonio J, Kreider RB.
Effectiveness of creatine supplementation on aging muscle and bone: Focus on
falls prevention and inflammation. J Clin Med 2019;8(4):488. https://doi.org/
10.3390/jcm8040488.

Kreider RB, Kalman DS, Antonio J, Ziegenfuss TN, Wildman R, Collins R,

Lopez HL. International society of sports nutrition position stand: safety and
efficacy of creatine supplementation in exercise, sport, and medicine. J Int Soc
Sports Nutrit 2017;14(1). https://doi.org/10.1186/s12970-017-0173-z.
Fothergill E, Guo J, Howard L, Kerns JC, Knuth ND, Brychta R, Chen KY,
Skarulis MC, Walter M, Walter PJ, Hall KD. Persistent metabolic adaptation 6
years after "The Biggest Loser" competition. Obesity 2016 Aug;24(8):1612-9.
https://doi.org/10.1002/0by.21538. Epub 2016 May 2. PMID: 27136388;
PMCID: PMC4989512.

Stohs SJ, Badmaev V. A review of natural stimulant and non-stimulant
thermogenic agents. Phytother Res 2016 May;30(5):732-40. https://doi.org/
10.1002/ptr.5583. Epub 2016 Feb 9. PMID: 26856274; PMCID: PMC5067548.
Osuna-Prieto FJ, Martinez-Tellez B, Sanchez-Delgado G, Aguilera CM, Lozano-
Sénchez J, Arraez-Roman D, Segura-Carretero A, Ruiz JR. Activation of human
brown adipose tissue by capsinoids, catechins, ephedrine, and other dietary
components: a systematic review. Adv Nutr 2019 Mar 1;10(2):291-302. https://
doi.org/10.1093/advances/nmy067. PMID: 30624591; PMCID: PMC6416040.
Vaughan RA, Conn CA, Mermier CM. Effects of commercially available dietary
supplements on resting energy expenditure: a brief report. ISRN Nutr 2014 Jan 2;
2014:650264. https://doi.org/10.1155/2014/650264. PMID: 24967272; PMCID:
PMC4045300.

Hursel R, Viechtbauer W, Dulloo AG, Tremblay A, Tappy L, Rumpler W,
Westerterp-Plantenga MS. The effects of catechin rich teas and caffeine on energy
expenditure and fat oxidation: a meta-analysis. Obes Rev 2011 Jul;12(7):
e573-81. https://doi.org/10.1111/j.1467-789X.2011.00862.x. Epub 2011 Mar 2.
PMID: 21366839.

10

[78]

[79]

[80]

[81]

[82]

[83]

[84]

[85]

[86]

[87]

[88]

[89]

[90]

[91]

[92]

[93]

[94]

[95]

[96]

[97]

Obesity Pillars 16 (2025) 100209

Belza A, Frandsen E, Kondrup J. Body fat loss achieved by stimulation of
thermogenesis by a combination of bioactive food ingredients: a placebo-
controlled, double-blind 8-week intervention in obese subjects. Int J Obes 2007;
31(1):121-30. https://doi.org/10.1038/sj.ijo.080335.

Greenway F, de Jonge-Levitan L, Martin C, Roberts A, Grundy I, Parker C. Dietary
herbal supplements with phenylephrine for weight loss. J Med Food 2006;9(4):
572-8. https://doi.org/10.1089/jmf.2006.9.572.

Reguero M, Gémez de Cedron M, Wagner S, Reglero G, Quintela JC, Ramirez de
Molina A. Precision nutrition to activate thermogenesis as a complementary
approach to target obesity and associated-metabolic-disorders. Cancers (Basel)
2021 Feb 18;13(4):866. https://doi.org/10.3390/cancers13040866. PMID:
33670730; PMCID: PMC7922953.

Manna P, Jain SK. Obesity, oxidative stress, adipose tissue dysfunction, and the
associated health risks: causes and therapeutic strategies. Metab Syndr Relat
Disord 2015 Dec;13(10):423-44. https://doi.org/10.1089/met.2015.0095.
PMID: 26569333; PMCID: PMC4808277.

Abdali D, Samson SE, Grover AK. How effective are antioxidant supplements in
obesity and diabetes? Med Princ Pract 2015;24(3):201-15. https://doi.org/
10.1159/000375305. Epub 2015 Mar 14. PMID: 25791371; PMCID:
PMC5588240.

Flieger J, Flieger W, Baj J, Maciejewski R. Antioxidants: classification, natural
sources, activity/capacity measurements, and usefulness for the synthesis of
nanoparticles. Materials 2021 Jul 25;14(15):4135. https://doi.org/10.3390/
mal4154135. PMID: 34361329; PMCID: PMC8347950.

Wang J, Liao B, Wang C, Zhong O, Lei X, Yang Y. Effects of antioxidant
supplementation on metabolic disorders in Obese patients from randomized
clinical controls: a meta-analysis and systematic review. Oxid Med Cell Longev
2022 Sep 1;2022:7255413. https://doi.org/10.1155/2022,/7255413. PMID:
36092166; PMCID: PMC9459443.

Bjelakovic G, Nikolova D, Gluud LL, Simonetti RG, Gluud C. Mortality in
randomized trials of antioxidant supplements for primary and secondary
prevention: systematic review and meta-analysis. JAMA 2007 Feb 28;297(8):
842-57. https://doi.org/10.1001/jama.297.8.842. Erratum in: JAMA. 2008 Feb
20;299(7):765-857. PMID: 17327526.

Dehzad MJ, Ghalandari H, Nouri M, Askarpour M. Antioxidant and anti-
inflammatory effects of curcumin/turmeric supplementation in adults: a GRADE-
assessed systematic review and dose-response meta-analysis of randomized
controlled trials. Cytokine 2023 Apr;164:156144. https://doi.org/10.1016/j.
cyt0.2023.156144. Epub 2023 Feb 15. PMID: 36804260.

Peng Y, Ao M, Dong B, Jiang Y, Yu L, Chen Z, Hu C, Xu R. Anti-Inflammatory
effects of curcumin in the inflammatory diseases: status, limitations and
countermeasures. Drug Des Dev Ther 2021 Nov 2;15:4503-25. https://doi.org/
10.2147/DDDT.S327378. PMID: 34754179; PMCID: PMC8572027.

Dama A, Shpati K, Daliu P, Dumur S, Gorica E, Santini A. Targeting metabolic
diseases: the role of nutraceuticals in modulating oxidative stress and
inflammation. Nutrients 2024 Feb 10;16(4):507. https://doi.org/10.3390/
nul6040507. PMID: 38398830; PMCID: PMC10891887.

Qiu L, Gao C, Wang H, Ren Y, Li J, Li M, Du X, Li W, Zhang J. Effects of dietary
polyphenol curcumin supplementation on metabolic, inflammatory, and
oxidative stress indices in patients with metabolic syndrome: a systematic review
and meta-analysis of randomized controlled trials. Front Endocrinol 2023 Jul 14;
14:1216708. https://doi.org/10.3389/fendo.2023.1216708. PMID: 37522129;
PMCID: PMC10376715.

Poles J, Karhu E, McGill M, McDaniel HR, Lewis JE. The effects of twenty-four
nutrients and phytonutrients on immune system function and inflammation: a
narrative review. J Clin Transl Res 2021 May 27;7(3):333-76. PMID: 34239993;
PMCID: PMC8259612.

Mendes I, Ribeiro MGC, de Souza LF, Rosa COB, Hermsdorff HHM, Bressan J.
Effect of polyphenol supplementation on adiposity: a systematic review of
randomized clinical trials. Curr Nutr Rep 2025 Feb 21;14(1):36. https://doi.org/
10.1007/513668-025-00626-3. PMID: 39982599.

Food Surveys Research Group. Dietary fiber intake of the U.S. population. htt
ps://www.ars.usda.gov/ARSUserFiles/80400530/pdf/DBrief/12 fiber_intake
_0910.pdf; 2014.

van der Schoot A, Drysdale C, Whelan K, Dimidi E. The effect of fiber
supplementation on chronic constipation in adults: an updated systematic review
and meta-analysis of randomized controlled trials. Am J Clin Nutr 2022 Oct 6;116
(4):953-69. https://doi.org/10.1093/ajcn/nqacl84. PMID: 35816465; PMCID:
PMC9535527.

Christodoulides S, Dimidi E, Fragkos KC, Farmer AD, Whelan K, Scott SM.
Systematic review with meta-analysis: effect of fibre supplementation on chronic
idiopathic constipation in adults. Aliment Pharmacol Ther 2016 Jul;44(2):
103-16. https://doi.org/10.1111/apt.13662. Epub 2016 May 12. PMID:
27170558.

Zhang Q, Wu Y, Fei X. Effect of probiotics on body weight and body-mass index: a
systematic review and meta-analysis of randomized, controlled trials. Int J Food
Sci Nutr 2015 Aug;67(5):571-80. https://doi.org/10.1080/
09637486.2016.1181156. Epub 2016 May 5. PMID: 27149163.

Lee CJ, Sears CL, Maruthur N. Gut microbiome and its role in obesity and insulin
resistance. Ann N Y Acad Sci 2020 Feb;1461(1):37-52. https://doi.org/10.1111/
nyas.14107. Epub 2019 May 14. PMID: 31087391.

Ding F, Hu M, Ding Y, Meng Y, Zhao Y. Efficacy in bowel movement and change
of gut microbiota on adult functional constipation patients treated with
probiotics-containing products: a systematic review and meta-analysis. BMJ Open
2024 Jan 18;14(1):e074557. https://doi.org/10.1136/bmjopen-2023-074557.
PMID: 38238054; PMCID: PMC10806726.


https://doi.org/10.1080/07315724.2017.1344591
https://doi.org/10.3390/nu11081916
https://doi.org/10.2478/hukin-2019-0070
https://doi.org/10.2478/hukin-2019-0070
https://doi.org/10.1016/j.archger.2015.06.020
https://doi.org/10.1007/s41999-020-00409-9
https://doi.org/10.1007/s41999-020-00409-9
https://doi.org/10.3390/nu13030975
https://doi.org/10.3390/nu13030975
https://doi.org/10.1016/j.obmed.2019.100115
http://refhub.elsevier.com/S2667-3681(25)00053-1/sref65
http://refhub.elsevier.com/S2667-3681(25)00053-1/sref65
http://refhub.elsevier.com/S2667-3681(25)00053-1/sref65
http://refhub.elsevier.com/S2667-3681(25)00053-1/sref65
http://refhub.elsevier.com/S2667-3681(25)00053-1/sref66
http://refhub.elsevier.com/S2667-3681(25)00053-1/sref66
http://refhub.elsevier.com/S2667-3681(25)00053-1/sref66
https://doi.org/10.1016/j.nut.2022.111791
https://doi.org/10.1016/j.nut.2022.111791
https://doi.org/10.1007/s40279-015-0337-4
https://doi.org/10.1007/s40279-015-0337-4
https://doi.org/10.1007/s40279-016-0571-4
https://doi.org/10.1007/s40279-016-0571-4
https://doi.org/10.3390/nu13061912
https://doi.org/10.3390/nu13061912
https://doi.org/10.3390/jcm8040488
https://doi.org/10.3390/jcm8040488
https://doi.org/10.1186/s12970-017-0173-z
https://doi.org/10.1002/oby.21538
https://doi.org/10.1002/ptr.5583
https://doi.org/10.1002/ptr.5583
https://doi.org/10.1093/advances/nmy067
https://doi.org/10.1093/advances/nmy067
https://doi.org/10.1155/2014/650264
https://doi.org/10.1111/j.1467-789X.2011.00862.x
https://doi.org/10.1038/sj.ijo.080335
https://doi.org/10.1089/jmf.2006.9.572
https://doi.org/10.3390/cancers13040866
https://doi.org/10.1089/met.2015.0095
https://doi.org/10.1159/000375305
https://doi.org/10.1159/000375305
https://doi.org/10.3390/ma14154135
https://doi.org/10.3390/ma14154135
https://doi.org/10.1155/2022/7255413
https://doi.org/10.1001/jama.297.8.842
https://doi.org/10.1016/j.cyto.2023.156144
https://doi.org/10.1016/j.cyto.2023.156144
https://doi.org/10.2147/DDDT.S327378
https://doi.org/10.2147/DDDT.S327378
https://doi.org/10.3390/nu16040507
https://doi.org/10.3390/nu16040507
https://doi.org/10.3389/fendo.2023.1216708
http://refhub.elsevier.com/S2667-3681(25)00053-1/sref90
http://refhub.elsevier.com/S2667-3681(25)00053-1/sref90
http://refhub.elsevier.com/S2667-3681(25)00053-1/sref90
http://refhub.elsevier.com/S2667-3681(25)00053-1/sref90
https://doi.org/10.1007/s13668-025-00626-3
https://doi.org/10.1007/s13668-025-00626-3
https://www.ars.usda.gov/ARSUserFiles/80400530/pdf/DBrief/12_fiber_intake_0910.pdf
https://www.ars.usda.gov/ARSUserFiles/80400530/pdf/DBrief/12_fiber_intake_0910.pdf
https://www.ars.usda.gov/ARSUserFiles/80400530/pdf/DBrief/12_fiber_intake_0910.pdf
https://doi.org/10.1093/ajcn/nqac184
https://doi.org/10.1111/apt.13662
https://doi.org/10.1080/09637486.2016.1181156
https://doi.org/10.1080/09637486.2016.1181156
https://doi.org/10.1111/nyas.14107
https://doi.org/10.1111/nyas.14107
https://doi.org/10.1136/bmjopen-2023-074557

B.V.B. Johnson et al.

[98] Cuevas-Sierra A, Ramos-Lopez O, Riezu-Boj JI, Milagro FI, Martinez JA. Diet, gut

[99]

Microbiota, and obesity: links with host genetics and epigenetics and potential
applications. Adv Nutr 2019 Jan 1;10(suppl_1):517-30. https://doi.org/10.1093/
advances/nmy078. PMID: 30721960; PMCID: PMC6363528.

John GK, Wang L, Nanavati J, Twose C, Singh R, Mullin G. Dietary alteration of
the gut microbiome and its impact on weight and fat mass: a systematic review

11

[100]

Obesity Pillars 16 (2025) 100209

and meta-analysis. Genes 2018 Mar 16;9(3):167. https://doi.org/10.3390/
genes9030167. PMID: 29547587; PMCID: PMC5867888.

Miller LE, Ouwehand AC, Ibarra A. Effects of probiotic-containing products on
stool frequency and intestinal transit in constipated adults: systematic review and
meta-analysis of randomized controlled trials. Ann Gastroenterol 2017;30(6):

629-39. https://doi.org/10.20524/a0g.2017.0192. Epub 2017 Sep 21. PMID:
29118557.


https://doi.org/10.1093/advances/nmy078
https://doi.org/10.1093/advances/nmy078
https://doi.org/10.3390/genes9030167
https://doi.org/10.3390/genes9030167
https://doi.org/10.20524/aog.2017.0192

	Dietary supplement considerations during glucagon-like Peptide-1 receptor agonist treatment: A narrative review
	1 Introduction
	2 Methods
	3 Discussion
	3.1 General dietary and nutrient considerations
	3.2 Multivitamin supplementation
	3.2.1 Vitamin D

	3.3 Omega-3 fatty acids
	3.4 Nutrient considerations for muscle mass
	3.4.1 Protein supplements
	3.4.2 Beta-hydroxy-beta-methylbutyrate (HMB)
	3.4.3 Creatine

	3.5 Nutrient considerations for metabolic health
	3.5.1 Thermogenic ingredients
	3.5.2 Antioxidants & anti-inflammation

	3.6 Nutrient considerations for gastrointestinal health
	3.6.1 Fiber
	3.6.2 Probiotics


	4 Clinical practice framework
	4.1 Scientific organizations

	5 Limitations
	6 Conclusion
	Key takeaways
	Author contribution
	Declaration of use of artificial intelligence
	Funding
	Conflict of interest disclosures
	Appendix A Supplementary data
	References


