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Introduction

Between 2019 and 2023, the number of non-diabetic patients 
starting GLP-1RAs in the US rose over 700% (Yeo et al., 2024). 
With this surge, the potential for clinically signifi cant DDIs is a 
growing concern. Several studies have systematically evaluated 
DDIs between GLP-1RAs and co-administered drugs, including 
narrow-therapeutic-index agents, via clinical or modelling 
approaches [1-4]. These interactions stem from physiological 
changes that alter the PK of co-administered drugs, such as 
increased GFR, renal plasma fl ow, altered body composition 
from weight loss, and, most studied, delayed gastric emptying 
[5,6]. Delayed gastric emptying is also seen in endocrine, 
gastrointestinal, and neurological disorders [7,8]. Beyond 
GLP-1RAs, drugs like anticholinergics, ganglion blockers, and 
tricyclic antidepressants also delay gastric emptying [8]. Meal 
factors: volume, composition, and gastric/intestinal distension 
play a role as well [9,10]. Genetics, particularly GLP-1R gene 

variability, is another contributor to inter-subject differences 
[11]. Gastric emptying rate (GER) is critical for modifi ed-
release dosage forms, whose drug release depends on reaching 
the small intestine’s higher pH [12].

Some studies note differences in extent of GER effects 
between oral vs. injectable GLP-1RAs and short- vs. long-term 
use, but inconsistent study designs under similar conditions 
prevent fi rm conclusions [13].

Predicting clinical signifi cance for modifi ed-release 
drugs requires baseline understanding of normal gastric pH 
fl uctuations and gastric emptying in obese or diabetic patients.

In healthy individuals, median fasting gastric pH is 1.7 
(1.4–2.1). After eating, pH quickly rises to a median of 5.0 (4.3–
5.4), peaking at 6.7 (6.4–7.0) depending on meal composition. 
The pH then gradually declines as gastric acid secretion and 
emptying restore fasting levels within 3 hours post-meal 
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[14,15]. This matters because prolonged gastric retention in the 
fed state can compromise enteric coatings, causing premature 
drug release.

Many enteric-coated drugs were approved before GLP-1 
RAs, so this DDI may not be caught in their labels. 

Before discussing the effect of GLP-1 RAs on GER, it’s 
important to understand the gastric emptying baselines of the 
populations who commonly use GLP-1RAs.

GER in obesity

Reports on gastric emptying in obesity are inconsistent. 
Numerous studies describe slower emptying [16-18], yet others 
report faster emptying [19,20]. Meanwhile, another study 
identifi es effects linked specifi cally to food consistency [21].

These discrepancies could be attributed to experimental 
conditions, such as the number of participants, the GER 
measurement tool, and the enrolled patients’ variability in the 
degree of obesity and obesity duration. 

GER  in diabetes

Gas tric emptying rate (GER) does not signifi cantly differ 
between healthy individuals and diabetes patients, though the 
diabetic group shows greater inter-subject variability [19,22]. 

Ho w ever, delayed GER is common in gastroparesis, a 
frequent complication of uncontrolled diabetes [20,23]. Thus, 
aside from gastroparesis, baseline GER is not defi nitively 
altered by obesity or diabetes alone. 

There is a lack of data evaluating the effects of GLP-1 RAs 
in patients with gastroparesis. Nevertheless, because GLP-1 
RAs are known to delay gastric emptying, while not listed as  
contraindication, caution should be exercised in using GLP-1 
RAs in patients with gastroparesis until additional evidence 
becomes available.

GER  effect of GLP1-RA

GL P-1 RA initiation results in a signifi cant GER delay, 
but attenuates over time. This is particularly observed with 
long-acting agents. Short-acting agents do not show this 
attenuation, which may explain their stronger overall effect on 
gastric emptying. This claim lacks systematic validation, as no 
study has directly compared all agonists under standardised 
conditions [24-26].

A ssociation of DDI with GER

A review of GLP-1 RA DDIs using clinical and PK modelling 
studies shows most investigated drugs have no interaction 
or a clinically insignifi cant one. Where signifi cant Cmax and 
tmax changes occurred, AUC changes were minor and not 
statistically signifi cant, deemed not clinically relevant [4]. 
The only potential DDI concerns were oral contraceptives and 
levothyroxine, though some studies refute even those [2,3]. 
Based on delayed-release mechanisms, coating materials, drug 
properties, and indications, our study highlights a potential 

DDI between enteric-coated products and GLP-1 RAs, and 
discusses the supporting rationale [2-4].

Enteric Coated Acid Labile Drugs: Prolonged time spent in 
the stomach can diminish the effectiveness of acid-sensitive 
coated drugs, since substantial drug degradation may occur 
even when the coating remains intact [12]. 

1. Duloxetine: GLP -1 RAs should be used with high caution 
[27]. 

Duloxetine is a major depressive disorder and generalised 
anxiety drug and is very acid-sensitive. Its enteric coat releases 
the drug at a pH around 5.5 [28]. Duloxetine degrades in acidic 
media into a very toxic naphthol molecule, causing cramping, 
nausea, and vomiting, so even minor acid degradation is 
undesirable [29]. Prolonged gastric residence may allow acidic 
media diffusion through the coating, leading to degradation 
and production of n a p hthol.

2. Proton Pump Inhibitors (PPIs): The PPIs are acid-labile 
[30]. Although formulated in enteric-coated pellets for 
gastric protection, prolonged exposure to stomach acid, 
as caused by co-administration with GLP-1 RAs, can 
lead to signifi cant drug degradation even with an intact 
coating [12]. The most sensitive among the PPIs are 
omeprazole and lansoprazole, both degrades by around 
50% in 30 minutes at a pH of 2 [31]. 

As PPIs irreversibly inhibit the gastric H⁺/K⁺-ATPase, 
full acid suppression develops gradually, so the predicted 
interaction is expected to be more pronounced early in 
treatment, before maximal pH elevation is achieved. Yet, some 
DDI risk may persist, since PPIs, in particular omeprazole and 
lansoprazole, remain susceptible to degradation even at pH 
values up to 5 [32]. 

3. Erythromycin delayed-release tablets: Eryt hromycin, a 
broad-spectrum antibiotic, is available in base or ester 
form. It is acid-sensitive with low bioavailability due to 
gastric hydrolysis, low solubility, and fi rst-pass effect 
[33,34].

 Interindividual variability stems from differences in 
absorption [35]. Enteric-coated base tablets offer better 
bioavailability in fasting and fed states [36]. The pellets protect 
from gastric acid and dissolve rapidly in the upper duodenum 
for optimal absorption [37]. Coadministered with GLP-1 RAs, 
delayed gastric emptying may prolong acid exposure [38]. 

Lon ger gastric residence allows acid diffusion through 
intact coatings, risking degradation [12]. The   d egradation half-
life at pH 3 is 5.5 minutes [39]. Thus, the more stable ester 
form (erythromycin ethylsuccinate) may be safer with GLP-1 
RAs than the enteric-coated form, though this requires further 
study. The ester is acid-stable, absorbed well, and hydrolysed 
to active drug in the blood.

4. Pancrelipase enteric coating: Pancrelipase enteric tablets 
treat exocrine pancreatic insuffi ciency. The coating 
protects enzymes from gastric acid, with in vivo release 
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at pH >5.5. Despite identical labelled potency, delivery 
varies by formulation; selection should consider 
duodenal pH and gastric emptying rate (GER). With 
delayed GER, lower-pH-release formulas risk gastric 
enzyme destruction. In vitro testing confi rms pH 
stability variation among marketed products [40]. Even 
with equivalent enzyme amounts, different release pH 
(4.5–5.5) affects duodenal bioavailability. A pH 5.5 
formulation is preferred with GLP-1 RAs [41]. As with 
other acid-sensitive coated drugs, delayed GER may 
cause partial inactivation despite an intact coat.

In conclusion, prolonged gastric residence can reduce 
effi cacy of acid-sensitive coated drugs, depending on the drug 
acid sensitivity and therapeutic index. This is especially critical 
for drugs like duloxetine, where acid degradation produces 
irritating or toxic compounds.

I. Enteric Coated Stomach Irritation Drugs

1. Mycophenolic acid: Mycophenolic acid is an 
immunosuppressant used to prevent organ rejection 
after transplantation. Its enteric-coated formulation 
delays absorption to the intestine, reducing gastric side 
effects. From a PK viewpoint, this delayed absorption 
does not introduce signifi cant DDIs, aside from the 
expected prolonged tmax and a possible lower Cmax. 
The total systemic exposure, as measured by AUC, is 
unchanged [1]. This is particularly relevant given that 
drug effi cacy is a function of AUC [42]. But due to the 
drug’s narrow therapeutic index, with subtherapeutic 
levels risking rejection, and supratherapeutic levels 
causing toxicity, even unconfi rmed DDIs should be 
avoided.

2. NSAID: NSAIDs are frequently coated to protect the 
stomach from irritation. The delayed GER will possibly 
increase tmax and decrease Cmax without affecting the 
exposure. Therefore, patients using this formulation 
should be advised that the onset of pain relief may be 
delayed.

3. Bisphosphonates: Enteric-coated bisphosphonate 
releases the drug in the intestine. The bioavailability of 
the drug is as low as 0.63%. Drugs that raise gastric 
pH (e.g., proton pump inhibitors, H₂ blockers) can cause 
premature dissolution of enteric-coated formulations, 
leading to a 22% increase in AUC. With delayed 
gastric emptying, enteric-coated bisphosphonates’ 
bioavailability may increase, especially with food that 
elevates gastric pH. 

However, the current evidence remains insuffi cient to 
support defi nitive conclusions, and the potential clinical 
implications, particularly with long-term use and signifi cant 
bisphosphonate related GIT side effects, require cautious 
interpretation [43]. 

4. Sulfasalazine: Sulfasalazine is enteric-coated to prevent 
gastric irritation. Prolonged gastric residence may 

cause premature disintegration, leading to stomach 
irritation similar to that seen with immediate-release 
formulations, along with a possible increase in t1/2 and 
a drop in Cmax. The overall exposure and therapeutic 
effi cacy will possibly not change, yet the early exposure 
increases the potential for gastrointestinal side effects 
[44].

In conclusion, drugs coated to prevent gastric irritation 
typically exhibit the same overall exposure (AUC), but with a 
delayed tmax and a potentially lower Cmax. These changes are 
generally not clinically signifi cant but can result in early drug 
release and possible gastric irritation.

II. Enteric Coated Intestinal Targeting Drugs

1. Mesalamine: Delayed-release me salamine targets the 
colon for ulcerative colitis treatment. The delayed GER 
increases tmax, but colon delivery and therapeutic 
effi cacy are maintained. This is supported by evidence 
that once-daily and divided daily dosing yield similar 
outcomes, confi rming tmax does not meaningfully 
affect effi cacy [45]. Also, another s t udy confi rmed that 
food intake, local pH and diarrheal state do not affect the 
disposition of mesalamine from the prolonged-release 
formulation [46]. For both these studies, we conclude 
that there is no possible DDI between Mesalamine 
enteric targeted formulations and GLP-1 RAs

2. Bisacodyl: Bisacodyl is an enteric-coated prodrug used 
for the short-term relief of occasional constipation. The 
coating prevents dissolution in gastric acid (requiring 
a pH > 5.5, thereby avoiding gastric mucosal irritation. 
If delayed gastric emptying causes premature release, 
the prescriber should monitor for patient complaints 
of gastric discomfort. Colonic bacteria and enzymes 
hydrolyse bisacodyl into its active form, which stimulates 
peristalsis. Because this activation is pH-dependent 
and mediated through colon bacteria, delayed gastric 
emptying does not compromise therapeutic effi cacy, 
though it may prolong the onset of action beyond the 
typical 6–12 hours [47]. 

The pharmacist should be able to advise on the most 
appropriate drug formulation to minimise DDI risk by 
integrating their understanding of the drug and formulation 
properties such as solubility, dissolution, permeability, pH-
dependent stability, metabolic pathways, and formulation 
factors (e.g., coated drug or prodrug). They should be able to 
provide needed clinical oversight, predicting and preventing drug 
interactions (Figure 1).
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