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1. INTRODUCTION

Milk is consumed wotldwide for its nutritional
value, with dairy intake averaging hundreds of pounds
per person annually. Oral drug absorption is a
governed by drug
properties,

multifaceted process
physicochemical

physiology, and the composition of co-ingested
substances, among which milk and dairy products are
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ABSTRACT

Milk consumption can significantly alter the pharmacokinetic and pharmacodynamic properties
of drugs, impacting their therapeutic efficacy and safety. These interactions primarily affect orally
administered medications through several key mechanisms. This review aims to systematically
summarize the pharmacokinetic and pharmacodynamic mechanisms of milk-drug interactions,
analyze their clinical implications across diverse populations, and provide practical
recommendations to optimize therapeutic efficacy and safety. A major factor is milk's high
calcium content, which can chelate with drugs like tetracyclines and fluoroquinolones, forming
insoluble complexes that may reduce drug bioavailability by as much as 50-60%. Furthermore,
milk proteins such as casein can bind to medications, altering their absorption in the
gastrointestinal tract. The fat content in milk plays a dual role, enhancing the absorption of
lipophilic drugs like griseofulvin while potentially delaying the absorption of hydrophilic drugs.
Milk also acts as a buffer, raising gastric pH and thereby impairing the dissolution of acid-
dependent drugs. While most interactions are pharmacokinetic, some pharmacodynamic effects
are notable, such as the risk of a hypertensive crisis when patients on monoamine oxidase
inhibitors (MAOIs) consume tyramine-rich aged cheeses. The clinical implications are significant,
especially for vulnerable populations like children and the eldetly who frequently consume milk
and take medications. To avoid therapeutic failure or toxicity, healthcare providers should offer
personalized dietary advice. A common recommendation is to separate drug administration from
milk consumption by at least one to two hours to ensure optimal medication effectiveness and

safety.

predominant due to their widespread dietary use. Milk
presents a complex matrix of proteins, divalent cations
(notably calcium and magnesium), and buffering
capacity, each of which can interact with drugs (Boyd
et al.,, 2018; Vegarud et al., 2000).

The ubiquitous consumption of milk and dairy
products makes their potential interaction with orally
administered drugs a significant, high-prevalence
concern in clinical pharmacotherapy, potentially

gastrointestinal
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compromising  therapeutic =~ outcomes  through
alterations in drug absorption and bioavailability
(Pandey & Kumar, 2022; Subkisha et al., 2024). The
clinical implications of milk-drug interactions extend
across multiple therapeutic classes, necessitating
careful consideration in medication management and
patient counselling. Understanding the
physicochemical  principles governing milk-drug
interactions, including pH partitioning, lipid solubility,
and protein binding characteristics, is essential for
predicting and preventing clinically  significant
interactions that could compromise patient care. This
review summarizes current evidence on the
pharmacokinetic and pharmacodynamic aspects of
milk-drug interactions, with the goal of systematically
examining their underlying mechanisms, emphasizing
clinical implications, and offering recommendations to
reduce risks while improving therapeutic outcomes.

2. METHODOLOGY

This paper was conducted as a scoping and
narrative review to systematically synthesize the
current evidence regarding the clinical pharmacology
of milk-drug interactions, emphasizing underlying
mechanisms, clinical implications, and therapeutic
recommendations.

2.1. Search Strategy and Selection Criteria

A comprehensive search of the literature was
performed across major academic databases, including
PubMed/MEDLINE, Scopus, and Google Scholar.

The primary search terms and keyword combinations

used were: "Milk-drug interactions,” "Drug-food
interactions," "Pharmacokinetics," "Dairy,"
"Chelation,"  "Tetracyclines,"  "Fluoroquinolones,"
"Levothyroxine," and  "Bisphosphonates”.  The

literature search included articles published up to
November 2025.

2.2. Data Inclusion and Synthesis

The review included clinical trials, systematic
reviews, meta-analyses, and relevant z wvitro/in vivo
mechanistic studies that specifically addressed the
interaction between milk or dairy products and orally
administered drugs. The focus was on studies detailing
changes in  pharmacokinetic = parameters (e.g.,
absorption, bioavailability, Cun.w, AUC) or clinically
significant ~ pharmacodynamic  outcomes  (e.g.,
therapeutic  failure, toxicity). Non-peer-reviewed
articles, case reports lacking pharmacokinetic data, and
studies solely focusing on drug transfer into breast
milk (a separate pathway) were generally excluded.
Data were synthesized narratively and comparatively,

with an emphasis on evaluating the magnitude of the
interaction (e.g., 10% vs. 60% reduction) and assessing
the strength of clinical evidence to support current
therapeutic recommendations.

3. MECHANISMS OF INTERACTION

Milk is a complex emulsion containing calcium,
proteins, fatty acids, lactose (milk sugar), and other
micronutrients  (Lambrini et al, 2021). Each
component can influence drug absorption through
distinct mechanisms (Figure 1).

The Clinical Pharmacology of
Milk-Drug Interactions

)

Pharmacodynamics

Acidity pH effects

Figure 1: Key pharmacokinetic and pharmacodynamic
mechanisms of milk-drug interactions.

3.1. Chelation by Calcium and Minerals

Dairy is rich in calcium (approximately 300 mg
per cup of milk) and also contains magnesium and
other cations. Many medications can form insoluble
complexes with divalent or trivalent ions. Classic
examples are the tetracycline antibiotics and
fluoroquinolones — these drugs have functional groups
(e.g. B-diketone in tetracyclines) that strongly bind
Ca2+ and Mg2+ (Neuvonen, 1976; Walden et al,
2021). The resulting chelate complexes precipitate in
the gastrointestinal tract and cannot be absorbed.
Chelation is perhaps the most critical mechanism,
affecting numerous drug classes.

3.2. Protein Binding and Complex Formation

Milk proteins (casein and whey) can interact
with drugs physically or chemically. In the acidic
stomach, casein precipitates (forming curds), which
may trap drugs or bind them. Some drugs may adsorb
onto these protein clumps, delaying their release or
transit (Kim et al., 2018). For example, casein has been
reported to reduce ciprofloxacin absorption by binding
the drug in addition to the calcium effect (Papai et al,,
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2010). Furthermore, proteins can buffer stomach pH
(as they have acid/base groups), potentially altering the
drug’s dissolution profile. While protein binding from
milk is less quantifiable than calcium chelation, it likely
contributes to the overall reduction in absorption for
protein-bound medications (Auestad & Layman,
2021). Conversely, from a formulation perspective,
milk proteins might also be used to enhance the
delivery of certain compounds (e.g., encapsulating a
drug to protect it through the stomach), although this
is not common in typical dietary scenarios.

3.3. Fat Content and Solubilisation

Whole milk contains ~3—4% fat, primarily as
triglycerides (Khan et al,, 2019). During digestion,
these fats are emulsified and broken down into fatty
acids and monoglycerides, which can facilitate the
dissolution of lipophilic (fat-soluble) drugs. Thus, milk
can act as a lipid-based drug delivery system for poorly
water-soluble drugs. Research has shown that some
drugs have higher solubility in milk than in aqueous
media, leading to increased absorption (Boyd et al.,
2018; Charkoftaki et al., 2010; Dhote et al., 2017,
Macheras et al., 1989; Sanka et al., 2014; Sonar et al.,
2015). For instance, the antimalarial drug halofantrine
(a highly lipophilic compound) remained in a
crystalline suspension in milk initially, but as the milk
fat underwent lipolysis in the gut, the drug was
solubilized and became more bioavailable (Boyd et al.,
2018). In a piglet model, administering the antibiotic
clofazimine in milk boosted its oral bioavailability to
~175% compared to a non-milk vehicle (Ponsonby-
Thomas et al.,, 2024). These findings highlight that
milk’s fat and emulsifying properties can enhance the
absorption of certain BCS class II drugs (poor
solubility, high permeability). However, this beneficial
effect is drug-specific — it tends to apply to highly
lipophilic drugs (like some antifungals, anti-parasitics,
or vitamins) that dissolve better with fats. On the other
hand, fats in milk also slow gastric emptying (as any
high-caloric/fat meal does), which can delay the rate of
absorption for most drugs (Song et al., 2011). A slower
absorption rate (lower Cmax, delayed Tmax) might or
might not be clinically significant depending on the
drug’s therapeutic window (Wiesner et al., 2024b). In
summary, milk fat can either help or hinder drug
absorption: enhancing the extent of absorption for
lipophiles while delaying kinetics for others.

3.4. pH and Gastrointestinal Environment

Milk has a near-neutral to slightly acidic pH
(around 0.7) and notable buffering capacity. In the
stomach, ingestion of milk can raise the gastric pH

temporarily (proteins in milk buffer acid, and calcium
can act as an antacid initially) (Al-Behaisi et al., 2002).
This change in pH can impact drugs that require a
strongly acidic environment to dissolve. A prime
example is ketoconazole, an antifungal that needs low
gastric pH for absorption; consuming milk or other
alkali foods could reduce its dissolution and
bioavailability, much like taking an antacid would
(Cooper et al,, 2003; Sinawe & Casadesus, 2023).
Conversely, milk might protect acid-labile drugs (like
certain penicillins or didanosine) from degradation in
the stomach by slightly neutralizing pH, though such
benefits are less documented (Abuhelwa et al., 2017).
Once milk reaches the small intestine, its lactose and
proteins can ferment or be digested, which might alter
local pH and osmolarity (Matar et al., 1996; Walters et
al., 2024). Individuals with lactose intolerance cannot
fully digest lactose; as a result, lactose ferments in the
colon producing lactic acid and gas, potentially
speeding up intestinal transit (diarrhoea). If a lactose-
intolerant patient takes a drug with milk, the faster
transit and altered gut environment could reduce the
time for absorption, compounding the interaction
(Misselwitz et al., 2019). While not a direct chemical
interaction, this physiologic effect is important in
subsets of patients and can be considered a
pharmacokinetic  interaction (reduced absorption
window due to dairy-induced GI upset) (Xue et al,,
2020).

3.5. Alteration of Drug Transport and Metabolism

Milk components might indirectly influence
drug transporters or metabolic enzymes. For example,
high calcium levels can down-regulate the absorption
of iron by competition; similatly, one might speculate
that calcium could compete at cation transport sites
for certain drugs, though concrete examples are few
(Lynch, 2000). There is no strong evidence that milk
inhibits or induces CYP450 enzymes (unlike grapefruit
juice’s well-known effect) (Chen et al, 2018), so
metabolic interactions are minimal in that regard.
However, dairy can impact bile release (fat in a meal
stimulates  bile), which in turn affects drug
solubilisation (Pavlovi¢ et al., 2018). Another aspect is
that calcium can sometimes precipitate bile acids and
certain drugs in the gut. For instance, calcium may
bind to drugs like levothyroxine forming less
absorbable complexes (Liu et al., 2023). Additionally,
changes in gut motility from a heavy dairy meal could
influence how quickly a drug moves past its prime
absorption site (Stacher et al., 1991).

3.6. Pharmacodynamic Interactions
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Although the focus is on absorption
(pharmacokinetics), it's  worth  noting  direct
pharmacodynamic interactions where a component of
dairy affects the drug’s effect. The classic example is
the “cheese effect” with monoamine oxidase inhibitors
(MAOIs). Aged cheeses (a dairy product) are high in
tyramine, a naturally occurring monoamine. MAOIs
prevent tyramine breakdown; high tyramine intake can
cause excessive release of norepinephrine, leading to
dangerous hypertension (Berry, 2004; D'andrea et al.,
2003; Gainetdinov et al., 2018; Gillman, 2018;
Krishnan, 2007; Salter & Kenney, 2018; Varounis et
al., 2017). This is not about absorption per se
(tyramine is absorbed fine, but its pharmacologic effect
is enhanced in the presence of MAOIs), yet it
underscores that dairy products can influence drug
effects beyond just uptake.

In aggregate, these mechanisms illustrate that
the presence of milk in the GI tract changes the fate of
many medications. The exact effect depends on the
physicochemical properties of the drug (e.g., tendency
to bind calcium, lipophilicity, pH solubility profile) and
the composition of the dairy product (e.g., milk vs.
cheese vs. yogurt — each has different fat/protein
content and consistency).

4. CLINICAL IMPLICATIONS

Understanding milk—drug interactions is crucial
for optimizing therapeutic outcomes. Clinically, such
interactions can lead to reduced efficacy, treatment
failure, or adverse effects if not managed. Below, we
analyse the implications for various scenarios and
populations and provide practical guidance.

4.1. Impact on Therapeutic Efficacy

When milk significantly reduces a drug’s
bioavailability, patients may not achieve therapeutic
drug concentrations. For instance, patients on
antibiotics like tetracyclines or fluoroquinolones who
take their doses with dairy could experience persistent
infection or delayed recovery because the drug levels in
plasma and tissues are too low to effectively kill
bacteria (Eljaaly et al., 2021; Leyden, 1985). A classic
teaching example is a urinary tract infection not
improving on oral ciprofloxacin because the patient
was taking each dose with a glass of milk — the dairy
calcium bound the drug, leading to less absorption and
potentially sub-therapeutic levels (Neuvonen et al.,
1991). Similarly, improper intake of tetracycline-class
antibiotics with dairy has been linked to acne or
respiratory infections not responding until the diet
interaction was corrected. In the case of levothyroxine
(thyroid hormone), concurrent milk ingestion lowered

the drug’s absorption (about 8% lower AUC in one
study) (Chon et al., 2018), which could translate into
inadequately treated hypothyroidism if routinely taken
together. Indeed, some patients have shown elevated
TSH (thyroid-stimulating hormone) levels due to
taking their thyroid medication with breakfast
(including milk) — a sign that the dose wasn’t fully
absorbed (Virili et al., 2018). These examples highlight
therapeutic failures that can occur if milk—drug
interactions are not accounted for. On the other hand,
there are drugs where milk improves efficacy — for
instance, fat-dependent drugs like certain antiparasitics
may work better with milk (as seen with halofantrine
or clofazimine models) (Boyd et al., 2018; Ponsonby-
Thomas et al., 2024).

4.2. Influence on Safety and Side Effects

Co-ingesting milk with medication can
sometimes be beneficial for safety/tolerability, even if
it alters pharmacokinetics. A common clinical practice
is advising patients to take irritating medications with
food or milk to protect the stomach. For example,
NSAIDs (like ibuprofen) are often taken with milk or a
snack to reduce the risk of gastritis (Lee et al., 2022).
While milk might slightly delay NSAID absorption,
this is wusually not problematic; the priority is
preventing gastric ulceration (a pharmacodynamic
benefit) (Ruiz-Hurtado et al., 2021). Another example
is doxycycline, known to cause esophagitis if taken on
an empty stomach. Guidance allows taking doxycycline
with food or milk if needed to avoid severe GI upset.
Studies indicate that although milk can lower
doxycycline’s peak concentration (e.g. ~20% lower
C_max), the clinical efficacy may not be compromised
significantly, especially for acne treatment, and the
improved patient adherence (due to less nausea) is a
net positive (Tao et al.,, 2023). Thus, the risk—benefit
must be considered. If a drug has a narrow therapeutic
index or is treating a serious condition, avoiding milk
might be critical. If a drug’s absorption is only
moderately affected and it’s taken for a non-life-
threatening condition, allowing milk to improve
comfort could be reasonable.

4.3. Special Populations
Certain groups merit extra attention regarding
milk—drug interactions.

4.3.1. Pediatrics

Children often consume more dairy (milk is a
major part of many children’s diets) and may even take
medications with milk to mask taste. Pediatric
formulations (antibiotic suspensions, etc.) might be

3185



given in a spoonful of yogurt or milk. This is
problematic for drugs like oral iron supplements (iron
drops mixed in milk will have reduced iron absorption
due to calcium competition) or antibiotics like cefdinir
(an oral cephalosporin that can form non-absorbed
complexes with iron and possibly with calcium as well)
(Wiesner et al., 2024a). Infants on formula (which is
essentially a milk substitute fortified with minerals)
may have interactions: for instance, giving oral
ranitidine or phenobarbital mixed in formula might
alter drug absorption kinetics in neonates (though
limited data exist, it’s plausible by the same
mechanisms) (Pressler et al., 2023). Children are also
often fast metabolizers and have different gastric pH
(neonates have higher gastric pH), which can
exacerbate or mitigate these interactions (Nicolas et al.,
2017). Additionally, pediatric patients might not
communicate subtle decreases in drug effectiveness, so
caregivers and clinicians need to proactively manage
dairy intake around medication schedules.

4.3.2. Geriatrics

Elderly patients frequently take multiple
medications (polypharmacy) and also often consume
dairy for calcium and nutrition. They may be on
osteoporosis  medications  (bisphosphonates  like
alendronate) where strict dosing rules apply — these
drugs have such poor absorption that any co-ingestion
(even water with minerals, or coffee) drastically lowers
bioavailability (Gertz et al., 1995; Wilkins Parker &
Preuss, 2023). For example, alendronate taken with
coffee or juice can cut absorption by 60%, and with
milk nearly abolishes it (Gertz et al., 1995). Thus, older
patients must be educated to take their weekly
bisphosphonate fasting with plain water only. Another
consideration is that older adults might have
achlorhydria (lower stomach acid) or slower gastric
emptying, which can interact with the effects of milk
(Aalaei et al., 2021) — e.g. an eldetly person with low
stomach acid might already have trouble absorbing
vitamin B12 or certain antifungals; milk raising pH
further could worsen that. Cognitive factors are
important too: if an older patient is accustomed to
taking pills with their morning porridge and milk, they
may forget to separate them, requiring simpler regimen
adjustments or caregiver help (Austin et al., 2017; Cho
et al., 2018; Smith et al., 2017). Moreover, many elderly
are on thyroid replacement (Zamfirescu & Carlson,
2011), antthypertensives, or digitalis — drugs for which
anecdotal interactions with milk are noted. For
instance, the beta-blocker propranolol and the cardiac
glycoside digoxin are mentioned as having reduced
bioavailability with milk (Reis & Joaquim, 2015), so in

an older patient with heart conditions, taking these
with a milk-based supplement could affect blood
pressure or heart rate control.

4.3.3. Pregnant and Lactating Individuals

Pregnancy often increases dairy consumption
for calcium needs, but pregnant women may also be
on medications (e.g., levothyroxine for gestational
hypothyroidism, or iron and calcium supplements).
The timing of supplements is crucial: obstetric
guidelines advise separating calcium and iron to
maximize iron absorption; similarly, levothyroxine
should be taken on an empty stomach, separate from
prenatal vitamins or dairy (Virili et al, 2018). A
pregnant patient who takes her thyroid pill with a
morning latte could unknowingly undermine her
thyroid therapy, which is risky for fetal development.
On the flip side, overly strict avoidance of dairy
around medication times could contribute to calcium
deficiency in pregnancy (Gil & Ortega, 2019; Huang et
al., 2022). This balancing act was highlighted in a
recent commentary: Australian clinicians noticed
women avoiding dairy for two hours after thyroid
medication, leading to concerns about inadequate
calcium intake (Virili et al,, 2018). They ultimately
recommended that after the standard 30-60 minute
post-thyroid-medication window, pregnant patients
should consume their needed dairy, as evidence did
not show significant interaction beyond that window
(Chon et al, 2018; Thyroid Disease in Pregnancy,
2020; Wiesner et al., 2021). In lactating women, a
different perspective arises: medication taken by the
mother could transfer into breast milk and then to the
infant (which is a separate pharmacokinetic pathway
than what we discuss here). However, one should note
that if a lactating mother’s medication absorption is
compromised by dairy, that could also indirectly affect
how much of the drug gets into her milk. Generally,
though, the primary concern in pregnancy and
lactation is ensuring both mother and baby get
adequate nutrients while medications remain effective
— thus requiring careful scheduling and possibly more
monitoring (e.g., checking thyroid levels, antibiotic
responses, etc., more frequently if dairy co-ingestion is
unavoidable).

5. RESEARCH FINDINGS

Research into milk and drug interactions has
been ongoing for over half a century, ranging from 7
vitro experiments to clinical pharmacokinetic trials to
meta-analyses. Here we summarize key studies and
compare findings across drug classes (Table 1).
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Table 1: Summary of Key Milk-Drug Interactions and Clinical Recommendations

Drug Class Specific Drug(s) Mechanls'm of Clinical Effect Clinical . Reference
Interaction Recommendation
Sl%z(liﬁc;zdy Separate
Antibiotics Tetracycline, Chelation with absor tlilon © administration Wiesner et al.,
(Tetracyclines) Doxycycline calcium p &> from dairy by at 2024
~65% for
. least 1-2 hours.
tetracycline)
Reduced Avoid concurrent
Antibiotics . . Chelation with bioavailability (e.g:, S Neuvonen et al.,
. Ciprofloxacin . o consumption with
(Fluoroquinolones) calcium ~30% for dairv, 1991
ciprofloxacin) Y
o . Take withplain . i ka eeal,
. Alendronate, Chelation with Absorption is water only, on a .
Bisphosphonates , . " : " 2022; Mitchell et
Risedronate calcium neatly abolished completely empty AL 1999
stomach. °
. Separate the dose
. Chelation/complex = Modestly reduced .
Thyroid . . . . from milk by at
Levothyroxine formation with absorption (e.g;, Chon et al., 2018
Hormones . least 30-60
calcium ~8%) .
minutes.
Tranvlevbromine. | Pharmacodvnamic Hypertensive crisis | Avoid tyramine-
MAOIs P{l I};p Lsin ’ (Tyr mii; ) (from tyramine in | rich dairy products Berry, 2004
cnene yramitie aged cheese) (e.g., aged cheeses).
It may be
Griseofulvin Increased Enhanced beneficial to take
Lipophilic Drugs Vi, solubilization from . . with milk or a Boyd et al., 2018
Halofantrine . bioavailability ) .
milk fat high-fat meal (if
prescribed).
Often taken with
(No significant milk to reduce
NSAIDs Ibuproten Gastric irritation 8 gastric upset and Lee et al., 2022

PK interaction) improve

tolerability.

5.1. Antibiotics (Tetracyclines and Macrolides)
One of the earliest recognized interactions was
between tetracycline antibiotics and dairy. A landmark
clinical trial in 1985 quantified this: J.J. Leyden and
colleagues gave volunteers tetracycline or minocycline
with water, food, milk, or iron. Tetracycline’s
bioavailability dropped 46% with food and a striking
05% with milk. Minocycline, a newer tetracycline
derivative, was less affected (13% reduction with food,
27% with milk) (Leyden, 1985). This showed that not
all drugs in a class behave identically — minocycline and
doxycycline have higher lipid solubility and are
absorbed more completely, so a glass of milk, while
still reducing absorption, does not nullify their uptake
to the same extent as tetracycline. Consistently, 7z vitro
studies found that doxycycline binds calcium less
avidly than tetracycline (Tao et al., 2023). Another
tetracycline, demeclocycline, was reported to have
>40% reduction with milk (Wiesner et al., 2024c).
Meanwhile, macrolide antibiotics (like erythromycin,

azithromycin) are less discussed in terms of dairy; they
don’t chelate metals, but food in general can affect
their ~ absorption.  Erythromycin’s  acid-sensitive
formulations might actually benefit from a slight pH
buffer by milk (though generally it’s taken on empty
stomach for best absorption). A systematic review
went beyond tetracyclines to examine J-lactam
antibiotics and food/dairy interactions (Wiesner et al.,
2024a). They found that out of 25 B-lactams studied,
18 had clinically important food interactions. With
respect to milk as a beverage, they noted >40%
decreases in absorption for penicillin V, penicillin G,

cefalexin, and cefradine when taken with milk
(Wiesner et al, 2024a). Interestingly, one
cephalosporin  — cefuroxime — had moderately

increased absorption with milk (Wiesner et al., 2024a).
Cefuroxime axetil is a prodrug that needs esterase in
the gut and is known to absorb better with food
(probably due to bile stimulation or solubilization),
which likely explains this anomaly. This underscores
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that while the general rule is “milk reduces antibiotic
absorption,” there are exceptions where milk or food
can enhance absorption of certain drugs (especially
prodrugs or those requiring lipids). The review also
pointed out a lack of interaction for some antibiotics
with other beverages like cranberry juice (Wiesner et
al., 2024a), highlighting that the type of food/beverage
matters. Overall, consistent findings are that
tetracyclines and many (-lactams are negatively
affected by dairy, whereas some specific agents have
neutral or positive interactions.

5.2. Fluoroquinolone Antibiotics

A significant body of research in the late 1980s
and early 1990s delineated the impact of dairy on
quinolone antibiotics. P.J. Neuvonen published a 1991
study examining ciprofloxacin with milk and yogurt. In
this crossover trial with volunteers, milk reduced
ciprofloxacin’s Cmax by 36% and AUC by ~30%, and
yogurt caused a similar reduction (~30-36% AUC)
(Neuvonen et al., 1991). The recommendation was
clear: avoid taking ciprofloxacin with dairy to prevent
therapeutic failure. A follow-up study in 1992 by
Kivisto et al. showed that milk also significantly
inhibited norfloxacin absorption. A recent systematic
review and meta-analysis (Clinical Pharmacokinetics,
2024) compiled results for various quinolones with
dietary factors. It confirmed that milk and yogurt
consistently reduced the absorption of several
quinolones, including ciprofloxacin, norfloxacin,
pazufloxacin, and prulifloxacin, aligning with the effect
of equivalent calcium supplements. However, the same
review found that some fluoroquinolones (like
moxifloxacin, ofloxacin, lomefloxacin, enoxacin)
showed neutral interactions with dairy. Moxifloxacin,
for example, is known to have minimal interaction
with food or divalent cations in comparison to
ciprofloxacin. These discrepancies are likely due to
differences in molecular structure and binding affinity
for cations. The review’s general conclusion was that if
a quinolone has an interaction with calcium pills, it will
behave similarly with milk or yogurt (Wiesner et al.,
2024b). A meta-analysis within that study might have
quantified an average reduction in AUC or C_max
across studies — often the decrease is on the order of
20-40%, which can be clinically significant for serious
infections (Neuvonen, 1976). Importantly, regulatory
documents (Summary of Product Characteristics) for
fluoroquinolones have long listed dairy as a
contraindicated co-administration. The consistency of
findings across decades solidifies the advice that all
patients on oral fluoroquinolones should separate
those doses from dairy to ensure effective antibiotic

exposure.

5.3. Bisphosphonates and Osteoporosis Drugs

Oral bisphosphonates (alendronate,
risedronate, ibandronate) are notoriously difficult to
absorb — even under optimal conditions, bioavailability
is <1%. Research in the 1990s and 2000s
demonstrated that any co-ingested material, especially
those with calcium, virtually abolishes absorption. A
2000s study on risedronate confirmed that taking it
with food (even 2 hours after a meal) significantly
impaired absorption, whereas fasting gave the best
results (Mitchell et al., 1999). Mechanistic studies have
shown that bisphosphonates chelate calcium strongly,
forming insoluble complexes, which is why milk (rich
in Ca™2+) is particulatly problematic (Zielinska et al.,
2022). One analysis noted that a dose of alendronate
with coffee or orange juice reduced absorption by
~060%, and co-ingestion with milk would be expected
to be even worse. By the early 2000s, drug labels
explicitly instructed patients to avoid all food and drink
besides plain water with these drugs (Gertz et al.,
1995). A recent open-access study in 2022 by Zielinska
et al. explored food binding affinities to
bisphosphonates in  simulated digestion. They
confirmed that calcium-containing products caused
insoluble chelate formation with alendronate, further
dropping its already low bioavailability (Zielifiska et al.,
2022). They interestingly screened various foods to see
which bind bisphosphonates least — finding that egg
whites and white bread bound them minimally,
whereas dairy was not suitable (Ichikawa et al., 2025;
Zielinska et al., 2022). This line of research suggests
potential for “safe foods” vs “unsafe foods” when
timing cannot be perfectly empty stomach (though
current clinical practice remains to administer
bisphosphonates in a completely fasted state). In
summary, the research consensus is unwavering:
bisphosphonates should never be taken concurrently
with dairy. The interactions are consistently adverse,
and even a small amount of milk can reduce an already
tiny absorbed fraction to nearly zero. This can have
grave implications for bone density outcomes if
patients are not truly getting the medication.

5.4. Other Notable Drug Classes and Examples

5.4.1. Thyroid Hormone (Levothyroxine)

As discussed earlier, a 2018 study by Chon et
al. demonstrated reduced levothyroxine absorption
with milk. This was a controlled pharmacokinetic study
on healthy volunteers, showing about an 8% decrease
in total T4 absorption over 6 hours when taken with

3188



355mlL skim milk. While modest, this effect could be
clinically relevant in patients who require precise
dosing. Prior to this study, it was assumed milk
interfered because calcium supplements do (calcium
carbonate taken with levothyroxine can cause
elevations in TSH). Chon’s study provided direct
evidence, leading to reinforced counselling for thyroid
patients (Chon et al., 2018). However, as the RACGP
article in 2023 noted, beyond the 30-60 minute
window, there is no data — meaning if a patient waits
the instructed time after the dose, moderate dairy
intake thereafter likely has no significant effect (Chon
et al., 2018; Thyroid Disease in Pregnancy, 2020;
Wiesner et al., 2021). Some discrepancies in advice (2-
hour avoidance vs. 1-hour) were identified and
corrected in Australia to avoid unnecessarily long
fasting that might reduce calcium intake (Ichikawa et
al., 2025; Kruger et al., 2007). Thus, research on
levothyroxine teaches us that even small studies can
influence practice, and that we should balance
evidence with nutritional needs.

5.4.2. Iron Supplements and Multivalent lons

Although not a drug in the classical sense, iron
(often taken as ferrous sulfate for anemia) has
absorption heavily affected by dairy. Calcium competes
with iron uptake in the gut. Decades of nutrition
research show that drinking milk with iron-rich meals
inhibits iron absorption. For patients on oral iron
therapy, consuming milk at the same time can blunt
the increase in hemoglobin. This is often relevant in
pediatrics (toddlers who drink a lot of cow’s milk can
develop “milk anemia” partly because calcium and
casein hinder iron absorption from other foods). The
recommendation is to avoid giving iron supplements
with milk; instead, give with vitamin C or on an empty
stomach (Hallberg et al., 1992). This interaction is
more nutritional than pharmacologic, but it parallels
the principles we see with drugs.

5.4.3. Beta-Lactams

The interaction of beta-lactam antibiotics with
milk appears to be more varied compared to
tetracyclines and fluoroquinolones. Research indicates
that for several beta-lactams, including ampicillin,
cefaclor, cefroxadine, cefradine, cloxacillin, oxacillin,
penicillin V, and sultamicillin, food intake generally has
a negative impact on their absorption. Specifically,
when considering milk as the beverage, the extent of
absorption was found to be decreased by more than
40% for cefalexin, cefradine, penicillin G, and
penicillin V. Conversely, the absorption of cefuroxime
was observed to increase moderately in the presence of

milk. Additionally, the bioavailability of cefdinir is
significantly reduced when taken with iron salts
(Wiesner et al., 2024a). These findings suggest that the
interaction between beta-lactam antibiotics and milk is
not uniform across the entire class. While some
antibiotics in this group experience reduced absorption
when taken with milk, potentially impacting their
efficacy, others might have their absorption enhanced
or remain largely unaffected. This variability
underscores the importance of considering each
specific beta-lactam antibiotic individually when
assessing the potential for interaction with milk.
Healthcare providers should consult specific guidelines
for each drug to provide accurate advice to patients
regarding their administration with or without milk.

5.4.4. Antacids, H2 Blockers, and PPIs

These aren’t interactions with milk, but rather
other things that change pH, similar to milk. For
example, proton pump inhibitors (PPIs like
omeprazole) raise gastric pH significantly, and this can
reduce the absorption of drugs needing acidity (similar
to milk’s mild effect). Interestingly, one review listed
omeprazole itself as a drug whose absorption is
interfered by milk (Ogawa & Echizen, 2010). This is
not a commonly cited interaction; omeprazole is
enteric-coated and wusually taken before meals
regardless. It’s possible that milk’s pH change or other
factors slightly alter omeprazole’s dissolution.
Regardless, PPIs and H2 blockers demonstrate how
altering gastric pH (as milk does, albeit weakly) can
have downstream impacts on drug absorption.
Additionally, there is the concept of “milk-alkali
syndrome,” where excessive milk and antacids cause
hypercalcemia and metabolic alkalosis; while not
directly a drug absorption issue, it underscores that
milk plus calcium-containing medications (like calcium
carbonate antacids) can have systemic effects

(Medarov, 2009).

5.4.5. Cardiovascular Drugs

Some surprising interactions have been noted.
The secondary review by Reis (2015) lists propranolol
(a beta-blocker) and amiloride (a potassium-sparing
diuretic) as having reduced bioavailability with milk.
Critically, primary pharmacokinetic studies confirming
a major interaction for these two agents are not widely
cited, suggesting these entries may stem from older,
less-replicated observations. Propranolol is lipophilic
and highly protein-bound; one might think milk’s fat
could increase its absorption, but propranolol also
undergoes first-pass metabolism extensively. If milk
slows absorption, it could reduce C_max but perhaps
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increase AUC. Without specific data, it’s hard to
interpret, but clinicians haven’t historically warned
about milk with beta-blockers. It might have been an
observation in a small study where milk slightly
lowered propranolol plasma levels. As for amiloride,
it’s a fairly polar molecule; perhaps milk delayed its
absorption, or the alkaline load of milk affected its
urinary excretion. These instances highlight that more
research could be needed to confirm less obvious
interactions. They also remind us that when giving any
drug with nutritional supplements like Ensure (which
contains milk protein) or via feeding tubes with dairy
formulas, checking for interactions is wise. Another
cardiovascular example: digoxin (for heart failure) was
noted to have a possible milk interaction (Reis &
Joaquim, 2015). Digoxin absorption can be affected by
many factors (e.g. fiber, gut flora). If milk reduces
digoxin levels significantly, it could lead to loss of rate
control or heart failure symptoms. However, current
digoxin monographs don’t list milk as a major concern.

5.4.6. Miscellaneons Drugs

Some other drugs mentioned in literature
include mercaptopurine (an oral chemotherapy for
leukemia) — dairy may reduce its bioavailability (Reis &
Joaquim, 2015), which is crucial since dosing is weight-
based and precise for remission maintenance. Patients
(often children) on mercaptopurine are typically
counseled to avoid milk around the dose. Lithium was
referenced in a functional medicine article as
interacting with dairy (Eljaaly et al., 2021). Lithium
absorption isn’t known to be decreased by milk
significantly (it’s a small ion that is readily absorbed),
but lithium’s excretion is sensitive to sodium — not
directly a dairy issue unless large volumes of milk (with
sodium/calcium) alter renal handling. Possibly they
included lithium because of reports that calcium might
affect its levels, or simply to reinforce separating it
from any cation-rich food. In any case, the evidence is
not strong, indicating a need for more clarity. Another
example is antiretroviral drugs for HIV: integrase
inhibitors such as dolutegravir and elvitegravir can
chelate with polyvalent cations similar to quinolone
antibiotics (Podany et al., 20106). Product guidelines for
dolutegravir state if taken without food, it should be
separated by a few hours from calcium-rich foods or
supplements (Waters et al., 2022). A study found that
taking dolutegravir together with a calcium-fortified
meal did not significantly diminish levels (because food
slows its absorption, allowing time to avoid chelation),
whereas taking the pill with just milk on an empty
stomach would likely reduce absorption (Song et al.,
2014). This nuance (meal-dependent effect) was

illustrated in a BHIVA (British HIV Association)
document (Waters et al., 2022). It emphasizes that for
medications like these, instructions can be complex:
patients are told either to take with a full meal if
they’re having dairy, or if they prefer to take on an
empty stomach, to avoid dairy around it.

Beyond the aforementioned drug classes, other
medications have also been reported to interact with
milk. Lithium, a medication used to treat bipolar
disorder, can potentially have its effects influenced by
high calcium intake from dairy, as long-term lithium
use can sometimes lead to an increase in calcium levels
in the body (Steardo et al, 2020). Some HIV
medications, such as dolutegravir, may experience
reduced absorption if taken concurrently with calcium-
rich dairy products, unless they are consumed as part
of a meal (Podany et al, 2016). Methotrexate, an
immunosuppressant and antimetabolite, may have its
levels decreased when taken with milk-rich foods
(Koziolek et al, 2019). Interestingly, not all
interactions with milk result in decreased absorption.
For instance, one study found that the absorption of
enoxacin, an antibiotic, was not impaired by milk
intake (Lehto & Kivisto, 1995). Furthermore, research
suggests that milk digestion is crucial for the
solubilization and absorption of halofantrine, an
antimalarial drug, indicating a potential benefit of
taking this medication with milk (Boyd et al., 2018).
Similarly, the absorption of cefuroxime, a beta-lactam
antibiotic, has been observed to increase moderately
with milk consumption (Wiesner et al., 2024a). These
diverse interactions highlight the importance of
considering the specific properties of each drug when
evaluating the potential for interaction with milk.

5.5. Consistent Findings vs. Discrepancies
Across the literature, some patterns are very

consistent:  calcium-mediated  chelation  causing
decreased absorption is  well-documented  for
antibiotics (tetracyclines, fluoroquinolones),

bisphosphonates, thyroid hormone, and iron. The
magnitude can range from moderate (~10-30%
reductions, as with doxycycline or levothyroxine) to
severe (>50% reduction, as with tetracycline, certain
cephalosporins, and alendronate) (Leyden, 1985;
Wiesner et al., 2024a). These consistent findings have
made it into standard prescribing guidelines and
patient counseling points. On the other hand,
discrepancies exist in less-studied drugs and in newer
agents. For example, one cephalosporin (cefuroxime)
bucking the trend with increased absorption on a full
stomach with milk (Wiesner et al., 2024a), or the case
of minocycline being less affected by milk than older

3190



tetracyclines (Leyden, 1985), or moxifloxacin having
negligible interaction while ciprofloxacin is heavily
affected (Reis & Joaquim, 2015). These discrepancies
often relate to a drug’s chemistry — e.g., moxifloxacin
doesn’t chelate as strongly, cefuroxime axetil is a
prodrug needing esterase, which are more active post-
meal. Another area of discrepancy is the clinical
significance of the interactions. Some studies note a
pharmacokinetic change but conclude it’s not clinically
meaningful. For instance, a slight reduction in AUC
for a drug with a wide therapeutic window might not
change patient outcomes. We saw this debate with
levothyroxine: a statistically significant drop in T4
levels was observed (Chon et al., 2018), yet whether
that affects a patient’s TSH enough to matter is
debatable. In contrast, for an antibiotic treating a
serious infection, even a 20% reduction could be
critical if the pathogen is only marginally susceptible
(Ruiz-Ramos et al., 2023).

6. REGULATORY
RECOMMENDATIONS

Regulatory bodies issue guidelines concerning
food-drug interactions, which include specific
recommendations regarding the consumption of milk
with certain medications (Lynch, 2000). Many drug
labels for medications known to interact with milk
contain explicit warnings and instructions about the
timing of administration relative to dairy intake (Tao et
al., 2023). These recommendations typically advise
patients to separate the administration of the drug
from the consumption of milk or other dairy products
by a specified time interval, often ranging from 1 to 4
hours (Zergiebel et al., 2022). Certain guidelines are
tailored to specific drug classes; for example, the
recommendation to take bisphosphonates with plain
water on an empty stomach and to avoid dairy for a
defined period afterward is a well-established guideline
(Song et al, 2014). However, inconsistencies in
labeling and recommendations can sometimes occut,
as illustrated by the varying advice surrounding the
interaction between doxycycline and milk (Martinez et
al., 2024). While regulatory guidelines provide a crucial
framework for managing these interactions, ensuring
their consistent application and promoting patient
understanding remain ongoing challenges. Healthcare
professionals play a vital role in providing clear,
accurate, and up-to-date instructions to patients
regarding potential milk-drug interactions.

GUIDELINES AND

7. CONCLUSION
Milk and dairy products significantly influence
drug therapy, often in under-recognized ways.

Pharmacokinetic  interactions  primarily  involve
calcium-induced chelation that reduces absorption of
drugs like tetracyclines, fluoroquinolones,

bisphosphonates, levothyroxine, and iron supplements,
as well as changes in solubility and gastric emptying
that may hinder or sometimes enhance absorption.
Pharmacodynamic effects, such as tyramine in aged
cheese provoking hypertensive crises with monoamine
oxidase inhibitors (MAOIs), highlight that not all
interactions occur via absorption.

Clinically, these interactions can lead to
treatment failure, persistent infection, hormonal
imbalance, or increased fracture risk. Preventive
strategies are simple yet vital: separating drug and dairy
intake, educating  patients—especially  children,
pregnant women, and the elderly—and monitoring
therapy when avoidance is impossible. For providers,
this means routinely inquiring about dietary habits,
counselling on appropriate timing (e.g., 30 minutes for
levothyroxine vs. longer or strict avoidance for
fluoroquinolones  and  bisphosphonates),  and
considering alternatives when needed.

Evidence consistently shows  significant
reductions in antibiotic and osteoporosis drug
absorption, while variable effects with newer agents
warrant further research. Ultimately, milk—drug
interactions exemplify the vital link between diet and
pharmacotherapy, underscoring that safe, effective
treatment requires aligning nutrition with medication
use.

7.1 Limitations and Future Directions

This review is limited by its primary focus on
oral drug absorption and the scope of the literature
search. While many older and high-impact drug-dairy
interactions are well-documented, data are limited for
many newer drug classes, particularly in specialized
areas like oncology and HIV. The clinical significance
of small pharmacokinetic changes, such as the 8%
reduction observed for levothyroxine, remains
debatable, necessitating a balance between therapeutic
efficacy and maintaining adequate nutritional intake,
especially in vulnerable populations.

Future research could further explore the
nuanced roles of specific milk proteins in drug
interactions, investigate the impact of different types
of milk (e.g., skim, whole, fortified, plant-based
alternatives) on drug absorption, and examine the
prevalence and clinical outcomes of milk-drug
interactions across diverse populations. A continued
focus on understanding and managing these
interactions is essential to optimize pharmacotherapy
and ensure patient safety.

3191



Acknowledgements

I am sincerely grateful to my guide for their
invaluable guidance and support. 1 also thank J.K.K.
Nattraja College of Pharmacy for providing the necessary
resources and conducive environment. Their collective
contributions were instrumental to the successful
completion of this review article.

Conflict of interest

The authors declare that there is no conflict
of interest regarding the publication of this
manuscript.

Funding
This research did not receive any specific
grant.

REFERENCES

Aalaei, K., Khakimov, B., De Gobba, C., & Ahrné, L. (2021).
Gastric digestion of milk proteins in adult and eldetly:
Effect of high-pressure processing. Foods, 10(4), 786.
https://doi.org/10.3390/foods10040786

Abuhelwa, A., Williams, D., Upton, R., & Foster, D. (2017).
Food, gastrointestinal pH, and models of oral drug
absorption.  Ewuropean  Journal — of  Pharmacentics — and
Biopharmacentics, 112, 100-108.
https://doi.org/10.1016/j.ejpb.2016.11.034

Al-Behaisi, S., Antal, I., Morovjan, G., Drabant, S., Plachy, ],
Marton, S., & Klebovich, I. (2002). Study of the acid
buffering capacity of dietary components regarding food-
drug interactions. Acta Pharmacentica Hungarica, 72(3), 151—
157. PMID: 12494789.

Auestad, N., & Layman, D. (2021). Dairy bioactive proteins and
peptides: a narrative review. Nautrition Reviews, 79(Suppl 1),
60—068. https://doi.org/10.1093 /nutrit/nuab097

Austin, J., Klein, K., Mattek, N., & Kaye, ]. (2017). Variability in
medication  taking is associated with cognitive
petformance in nondemented older adults. Akbeimer's &
Dementia: Diagnosis, Assessment & Disease Monitoring, 6, 124—
130. https://doi.org/10.1016/j.dadm.2017.02.003

Berry, M. (2004). Mammalian central nervous system trace
amines. Pharmacologic amphetamines, physiologic
neuromodulators. Journal of Neurochemistry, 90(2), 257—
271. https://doi.org/10.1111/4.1471-4159.2004.02501.x

Boyd, B, Salim, M., Clulow, A., Ramirez, G., Pham, A, &
Hawley, A. (2018). The impact of digestion is essential to
the understanding of milk as a drug delivery system for
pootly water soluble drugs. Journal of Controlled Release,
292, 13-17.
https://doi.org/10.1016/j.jconrel.2018.10.027

Charkoftaki, G., Kytariolos, J., & Macheras, P. (2010). Novel
milk-based oral formulations: proof of concept.
Im‘emaz‘zom[ Journal of  Pharmaceutics, 390(2), 176—181.

j.ijpharm.2010.01.038

Chen, M., Zhou S., Fabriaga, E., Zhang, P, & Zhou, Q. (2018).
Food -drug interactions prec1p1tated by fruit juices other
than grapefruit juice: An update review. Journal of Food and

Drug Analysis, 26(2), S61-S71.
https://doi.org/10.1016/}.ifda.2018.01.009

Cho, M., Shin, D., Chang, S., Leeg, J., Jeong, S., Kim, S., Yun, J., &
Son, K. (2018). Association between cognitive
impairment and poor antihypertensive medication
adherence in elderly hypertensive patients without
dementia. Scientific Reports, 8), 10834.
https://doi.org/10.1038/s41598-018-29974-7

Chon, D., Reisman, T., Weinreb, J., Hershman, J., & Leung, A.
(2018). Concurrent milk ingestion dectreases absorption
of levothyroxine. Thyroid, 28(4), 454-457.
https://doi.org/10.1089/thy.2017.0428

Cooper, K., Martin, P, Dane, A., Warwick, M., Raza, A., &
Schneck, D. (2003). Lack of effect of ketoconazole on
the pharmacokinetics of rosuvastatin in healthy subjects.
British  Journal of  Clinical  Pharmacology, 55(1), 94-99.
https://doi.org/10.1046/].1365-2125.2003.01720.X

D'andrea, G., Terrazzino, S., Fortin, D., Farruggio, A., Rinaldi,
L., & Leon, A. (2003). HPLC electrochemical detection
of trace amines in human plasma and platelets and
expression of mRNA transcripts of trace amine receptors
in circulating leukocytes. Nexuroscience Letters, 346(1-2), 89—
92. https://doi.org/10.1016/S0304-3940(03)00573-1

Dhore, P, Dave, V., Saoji, S., Bobde, Y., Mack, C., & Raut, N.
(2017). Enhancement of the aqueous solubility and
permeability of a pootly water soluble drug ritonavir via
lyophilized milk-based solid dispersions. Pharmacentical
Development — and Technology, 22(4), 536-546.
https://doi.org/10.1080/10837450.2016.1193193

Eljaaly, K., Helal, A., Almandeel, T., Algarni, R., & Alshehri, S.
(2021).  Multivalent  cations  interactions  with
fluoroquinolones or tetracyclines: A cross-sectional study.
Sandi  Journal of Biological Sciences, 28(10), 5824-5829.
https://doi.org/10.1016/}.sibs.2021.07.065

Gainetdinov, R., Hoener, M., & Berry, M. (2018). Trace amines
and their receptors. Pharmacological Reviews, 70(3), 549—620.
https://doi.org/10.1124/pr.117.015305

Gertz, B., Holland, S., Kline, W., Matuszewski, B., Freeman, A.,
Quan, H., Lasseter, K., Mucklow, J., & Porras, A. (1995).
Studies of the oral bioavailability of alendronate. Clinical
Pharmacology & Therapeutics, ~ 58(3),  288-298.
https://doi.org/10.1016/0009-9236(95)90245-7

Gi, A, & Ortega, R. (2009). Introduction and executive
summary of the supplement, role of milk and dairy
products in health and prevention of noncommunicable
chronic diseases: A seties of systematic teviews. Advances
in Nutrition, 10(suppl_2), S67-S73.
https://doi.org/10.1093 /advances/nmz020

Gillman, P. (2018). A reassessment of the safety profile of
monoamine oxidase inhibitors: elucidating tired old
tyramine myths. Journal of Newural Transmission, 125(11),
1707-1725. https://doi.org/10.1007/s00702-018-1932-y

Hallberg, L., Rossander-Hultén, L., Brune, M., & Gleerup, A
(1992). Calcium and iron absorption: mechanism of
action and nutritional importance. European Journal of
Clinical Nutrition, 46(5), 317-327.

Huang, D., Wu, Q., Xu, X,, Ji, C,, Xia, Y., Zhao, Z., Dai, H., Li,
H., Gao, S., Chang, Q., & Zhao, Y. (2022). Maternal
consumption of milk or dairy products duting pregnancy
and birth outcomes: A systematic review and dose-
response meta-analysis. Frontiers in Nutrition, 9, 900529.
https://doi.org/10.3389 /fnut.2022.900529

3192


https://doi.org/10.3390/foods10040786
https://doi.org/10.1016/j.ejpb.2016.11.034
https://doi.org/10.1093/nutrit/nuab097
https://doi.org/10.1016/j.dadm.2017.02.003
https://doi.org/10.1111/j.1471-4159.2004.02501.x
https://doi.org/10.1016/j.jconrel.2018.10.027
https://doi.org/10.1016/j.ijpharm.2010.01.038
https://doi.org/10.1016/j.jfda.2018.01.009
https://doi.org/10.1038/s41598-018-29974-7
https://doi.org/10.1089/thy.2017.0428
https://doi.org/10.1046/J.1365-2125.2003.01720.X
https://doi.org/10.1016/S0304-3940(03)00573-1
https://doi.org/10.1080/10837450.2016.1193193
https://doi.org/10.1016/j.sjbs.2021.07.065
https://doi.org/10.1124/pr.117.015305
https://doi.org/10.1016/0009-9236(95)90245-7
https://doi.org/10.1093/advances/nmz020
https://doi.org/10.1007/s00702-018-1932-y
https://doi.org/10.3389/fnut.2022.900529

Ichikawa, R., Shibata, M., Nakura, Y., lizuka, K., Uenishi, K.,
Sekiya, T., Suzuki, A., & Nishizawa, H. (2025). Inadequate
calcium and vitamin D intake among Japanese women
during the perinatal period: A cross-sectional study with
bone health assessment. Nutrients, 17(6), 1075.
https://doi.org/10.3390 /nul7061075

Khan, 1., Nadeem, M., Imran, M., Asif, M., Khan, M., Din, A., &
Ullah, R. (2019). Triglyceride, fatty acid profile and
antioxidant characteristics of low melting point fractions
of Buffalo Milk fat. Lspzds in Health and Disease, 18(1), 47.
https://doi.org/10.1186/s12944-019-0995-6

Kim, M., Oh, S., & Imm, J. (2018). Buffering capacity of dairy
powders and their effect on yoghurt quality. Korean Journal
Jfor Food Science of Animal Resources, 38(2), 273-282.
https://doi.org/10.5851 /kosfa.2018.38.2.273

Koziolek, M., Alcaro, S., Augustijns, P, Basit, A., Grimm, M.,
Hens, B., Hoad, C., Jedamzik, P., Madla, C., Maliepaard,
M., Marciani, L., Maruca, A., Parrott, N., Pavek, P, Porter,
C., Reppas, C., Van Riet-Nales, D., Rubbens, ., Statelova,
M., Trevaskis, N., Valentova, K., Vertzoni, M., Cepo, D,
& Corsetti, M. (2019). The mechanisms of
pharmacokinetic food-drug interactions - A perspective
from the UNGAP group. Euwropean Journal — of
Pharmacentical Sciences, 134, 31-59.
https://doi.org/10.1016/j.ejps.2019.04.003

Krishnan, K. (2007). Revisiting monoamine oxidase inhibitors.
The Journal of Clinical Psychiatry, 68(Suppl 8), 35—41.

Kruger, H., Rautenbach, P, Venter, C., Wright, H., & Schwarz, P.
(2007). An inverse association between calcium and
adiposity in women with high fat and calcium intakes.
Ethnicity & Disease, 17(1), 93-98.

Lambrini, K., Aikaterini, F., Konstantinos, K., Christos, I.,
Ioanna, P, & Areti, T. (2021). Milk nutritional
composition and its role in human health. Journal of
Pharmacy and Pharmacology, 9D, 10-15.
https://doi.org/10.17265/2328-2150/2021.01.002

Lee, J., Kwak, H., Shin, D., Seo, H., Park, S., Hong, B., Shin, M.,
Kim, S., & Kang, K. (2022). Mitigation of gastric damage
using Cinnamonm cassia extract: Network
pharmacological analysis of active compounds and
protection effects in rats. Plants, 11(6), 716.
https://doi.org/10.3390/plants11060716

Lehto, P, & Kivisto, K. (1995). Effects of milk and food on the
absorption of enoxacin. British Journal of  Clinical
Pharmacology, 39(2), 194-196.
https://doi.org/10.1111/].1365-2125.1995.TB04431.X

Leyden, J. (1985). Absorption of minocycline hydrochloride and
tetracycline hydrochloride. Effect of food, milk, and iron.
Journal of the American Academy of Dermatology, 12(2 Pt 1),
308-312. https://doi.org/10.1016/S0190-9622(85)80041-
4

Liu, H., Lu, M., Hu, J., Fu, G, Feng, Q., Sun, S., & Chen, C.
(2023). Medications and food interfering with the
bioavailability of levothyroxine: A systematic review
Therapeutics and Clinical Risk Management, 19, 593—6006.
https://doi.org/10.2147/TCRM.S414460

Lynch, S. (2000). The effect of calcium on iron absorption.
Nutrition Research Reviews, 13(2), 141-158.
https://doi.org/10.1079/095442200108729043

Macheras, P, Koupparis, M., & Antimisiaris, S. (1989). Effect of
temperature and fat content on the solubility of
hydrochlorothiazide and chlorothiazide in milk. Journal of
Pharmacentical Sciences, 78(11), 942-944.

Martinez, J., Escudero, E., Badillo, E., Yuste, M., Galecio, J., &
Marin, P. (2024). Pharmacokinetics of doxycycline in
plasma and milk after intravenous and intramuscular
administration in dairy goats. Animals, 14(16), 2416.
https://doi.org/10.3390/ani14162416

Matar, C., Amiot, J., Savoie, L., & Goulet, J. (1996). The effect of
milk fermentation by Lactobacillus helveticus on the release
of peptides during in vitro digestion. Journal of Dairy
Science, 79(6), 971-979.
https://doi.org/10.3168/]1DS.50022-0302(96)76448-2

Medarov, B. (2009). Milk-alkali syndrome. Mayo Clinic Proceedings,
84(3), 261-267. https://doi.org/10.1016/S0025-
6196(11)61144-0

Misselwitz, B., Butter, M., Verbeke, K., & Fox, M. (2019). Update
on lactose malabsorption and intolerance: pathogenesis,
diagnosis and clinical management. Guz, 68(11), 2080—
2091. https://doi.org/10.1136/gutjnl-2019-318404

Mitchell, D., Heise, M., Pallone, K., Clay, M., Nesbitt, J., Russell,
D., & Melson, C. (1999). The effect of dosing regimen on
the pharmacokinetics of risedronate. British Journal of
Clinical Pharmacology, 484, 536-542.
https://doi.org/10.1046/].1365-2125.1999.00035.X

Neuvonen, P. (1976). Interactions with the absorption of
tetracyclines. Drugs, 11(1), 45-54.
https://doi.org/10.2165/00003495-197611010-00004

Neuvonen, P, Kivistd, K., & Lehto, P. (1991). Interference of
dairy products with the absorption of ciprofloxacin.
Clinical Pharmacology & Therapeutics, 50(5 Pt 1), 498-502.
https://doi.org/10.1038/clpt.1991.174

Nicolas, J., Bouzom, E, Hugues, C., & Ungell, A. (2017). Oral
drug absorption in pediatrics: the intestinal wall, its
developmental changes and current tools for predictions.
Biopharmacentics &  Drug  Disposition, 38(2), 83-100.
https://doi.org/10.1002/bdd.2052

Ogawa, R., & Echizen, H. (2010). Drug-drug interaction profiles
of proton pump inhibitors. Clinical Pharmacokinetics, 49(8),
509-533. https://doi.org/10.2165/11531320-000000000-
00000

Pandey, P, & Kumat, S. (2022). Influence of interaction of milk
fat on release, characteristics and absorption of
theophylline. Indian Drugs, 59(01), 21-29.
https://doi.org/10.53879/id.59.01.12239

Papai, K., Budai, M., Ludanyi, K., Antal, 1., & Klebovich, I.
(2010). In vitro food-drug interaction study: Which milk
component has a decreasing effect on the bioavailability
of ciprofloxacin? Journal of Pharmacentical and Biomedical
Analysis, 52(1), 37-41.
https://doi.org/10.1016/}.jpba.2009.12.003

Pavlovié, N., Golocorbin-Kon, S., Pani¢, M., Stanimirov, B.,
Al-Salami, H., Stankov, K., & Mikov, M. (2018). Bile acids
and their derivatives as potential modifiers of drug release
and pharmacokinetic profiles. Frontiers in Pharmacology, 9,
1283. https://doi.org/10.3389 /fphar.2018.01283

Podany, A., Scarsi, K., & Fletcher, C. (2016). Comparative
clinical pharmacokinetics and pharmacodynamics of
HIV-1 integrase strand transfer inhibitors. Clinical
Pharmacokinetics, 56(1), 25-40.
https://doi.org/10.1007/540262-016-0424-1

Ponsonby-Thomas, E., Pham, A., Huang, S., Salim, M., Klein, L.,
Offersen, S., Thymann, T., & Boyd, B. (2024). Human
milk improves the oral bioavailability of the pootly water-
soluble drug clofazimine. Exrgpean Journal of Pharmacentics

3193


https://doi.org/10.3390/nu17061075
https://doi.org/10.1186/s12944-019-0995-6
https://doi.org/10.5851/kosfa.2018.38.2.273
https://doi.org/10.1016/j.ejps.2019.04.003
https://doi.org/10.17265/2328-2150/2021.01.002
https://doi.org/10.3390/plants11060716
https://doi.org/10.1111/J.1365-2125.1995.TB04431.X
https://doi.org/10.1016/S0190-9622(85)80041-4
https://doi.org/10.1016/S0190-9622(85)80041-4
https://doi.org/10.2147/TCRM.S414460
https://doi.org/10.1079/095442200108729043
https://doi.org/10.3390/ani14162416
https://doi.org/10.3168/JDS.S0022-0302(96)76448-2
https://doi.org/10.1016/S0025-6196(11)61144-0
https://doi.org/10.1016/S0025-6196(11)61144-0
https://doi.org/10.1136/gutjnl-2019-318404
https://doi.org/10.1046/J.1365-2125.1999.00035.X
https://doi.org/10.2165/00003495-197611010-00004
https://doi.org/10.1038/clpt.1991.174
https://doi.org/10.1002/bdd.2052
https://doi.org/10.2165/11531320-000000000-00000
https://doi.org/10.2165/11531320-000000000-00000
https://doi.org/10.53879/id.59.01.12239
https://doi.org/10.1016/j.jpba.2009.12.003
https://doi.org/10.3389/fphar.2018.01283
https://doi.org/10.1007/s40262-016-0424-1

and Biopharmacentics, 197, 114604.
https://doi.org/10.1016/j.ejpb.2024.114604

Pressler, R., Abend, N., Auvin, S., Boylan, G., Brigo, E, Cilio, M.,
De Vries, L., Elia, M., Espeche, A., Hahn, C., Inder, T,
Jette, N., Kakooza-Mwesige, A., Mader, S., Mizrahi, E.,
Moshé, S., Nagarajan, L., Noyman, I., Nunes, M., Samia,
P, Shany, E., Shellhaas, R., Subota, A., Triki, C., Tsuchida,
T., Vinayan, K., Wilmshurst, ], Yozawitz, E., &
Hartmann, H. (2023). Treatment of seizures in the
neonate: Guidelines and consensus-based
recommendations—Special report from the ILAE Task
Force on Neonatal Seizures. Epilepsia, 64(10), 2555-2570.
https://doi.org/10.1111/epi.17745

Reis, A., & Joaquim, J. (2015). Drug interaction with milk and
the relevance of acidifying/alkalizing nature of food.
Clinical Therapeutics, 37(8), e109.
https://doi.org/10.1016/].CLINTHERA.2015.05.202

Ruiz-Hurtado, P, Gardufio-Siciliano, L., Dominguez-Verano, P,
Balderas-Cordero, D., Gorgua-Jiménez, G., Canales-
Alvarez, O., Canales-Martinez, M., & Rodtiguez-Monroy,
M. (2021). Propolis and its gastroprotective effects on
NSAID-induced gastric ulcer disease: A systematic
review. Nutrients, 13(9), 3169.
https://doi.org/10.3390 /nul1 3093169

Ruiz-Ramos, J., Gras-Martin, L., & Ramirez, P (2023).
Antimicrobial pharmacokinetics and pharmacodynamics
in critical care: Adjusting the dose in extracorporeal
circulation and to prevent the genesis of multiresistant
bacteria. Abntibiotics, 12(3), 475.
https://doi.org/10.3390/antibiotics 12030475

Salter, M., & Kenney, A. (2018). Myocardial injury from
tranylcypromine-induced hypertensive crisis secondaty to
excessive tyramine intake. Cardiovascular Toxicology, 18(6),
578-581. https://doi.org/10.1007/s12012-018-9476-9

Sanka, K., Munjulury, V., Mohd, A., & Diwan, P. (2014).
Enhancement of solubility, dissolution release profile and
reduction in ulcerogenicity of piroxicam by inclusion
complex with skimmed milk. Drug Delivery, 27(4), 295—
303. https://doi.org/10.3109/10717544.2013.856964

Sinawe, H., & Casadesus, D. (2023). Ketoconazole. In SzatPearls.
StatPearls Publishing;
https://www.ncbi.nlm.nih.gov/books/NBK559221

Smith, D, Lovell, J., Weller, C., Kennedy, B., Winbolt, M., Young,
C., & Ibrahim, J. (2017). A systematic review of
medication non-adherence in persons with dementia or
cognitive impairment. PLoS ONE, 72(2), e0170651.
https://doi.org/10.1371 /journal.pone.0170651

Sonar, P, Behera, A., Banerjee, S., Gaikwad, D., & Harer, S.
(2015). Preparation and characterization of simvastatin
solid dispersion using skimmed milk. Drug Development and
Industrial Pharmacy, 41(7), 1153-1163.
https://doi.org/10.3109/03639045.2013.845836

Song, I, Botland, J., Arya, N., Wynne, B., & Piscitelli, S. (2014).
Pharmacokinetics of dolutegravir when administered
with mineral supplements in healthy adult subjects. Journal
of Clinical Pharmacology, 55(5), 490-496.
https://doi.org/10.1002/jcph.439

Song, 1., Borland, J., Chen, S., Patel, P, Wajima, T., Peppercorn,
A., & Piscitelli, S. (2011). Effect of food on the
pharmacokinetics of the integrase inhibitor dolutegravir.
Antimicrobial Agents and Chemotherapy, 56(3), 1627-1629.
https://doi.org/10.1128/AAC.05739-11

Stacher, G., Granser, G., Bergmann, H., Kugi, A., Stacher-
Janotta, G., & Hobart, J. (1991). Slow gastric emptying
induced by high fat content of meal accelerated by
cisapride administered rectally. Digestive Diseases and
Sciences, 36(11), 1621-1627.
https://doi.org/10.1007/BF01307519

Steardo, L., Luciano, M., Sampogna, G., Carbone, E., Caivano,
V., Di Cetbo, A., Giallonardo, V., Palummo, C., Vece, A.,
Del Vecchio, V., De Fazio, P, & Fiorillo, A. (2020).
Clinical severity and calcium metabolism in patients with
bipolar  disorder.  Brain  Sciences,  10(7),  417.
https://doi.org/10.3390/brainscil0070417

Subkisha, M., Immaculate, J., Janani, B., & Lavanya, E. (2024).
Antibiotics interaction with dairy products - Exploring
health impacts and treatment consideration. Journal for
Research in Applied Sciences and Biotechnology, 3(4), 1-6.
https://doi.org/10.55544 /jrasb.3.4.1

Tao, R., Prajapati, S., Pixley, J., Grada, A., & Feldman, S. (2023).
Oral tetracycline-class drugs in dermatology: Impact of
food intake on absorption and efficacy. Antbiotics, 12(7),
1152. https://doi.org/10.3390/antibiotics12071152

Thyroid disease in pregnancy: ACOG Practice Bulletin, Number
223. (2020). Obstetrics and Gynecology, 135(6), e261—e274.
https://doi.org/10.1097/A0OG.0000000000003893

Varounis, C., Katsi, V., Nihoyannopoulos, P, Lekakis, ., &
Tousoulis, D. (2017). Cardiovascular hypertensive crisis:
Recent evidence and review of the literature. Frontiers in
Cardiovascular Medicine, 3, 51.
https://doi.org/10.3389/fcvm.2016.00051

Vegarud, G., Langsrud, T., & Svenning, C. (2000). Mineral-
binding milk proteins and peptides; occurrence,
biochemical and technological characteristics. Brizish
Journal of Nutrition, 84(S1), S91-898.
https://doi.org/10.1017/S0007114500002300

Virili, C., Giovanella, L., Fallahi, P., Antonelli, A., Santaguida, M.,
Centanni, M., & Trimboli, P. (2018). Levothyroxine
therapy: Changes of TSH levels by switching patients
from tablet to liquid formulation. A systematic review and
meta-analysis.  Frontiers  in  Endocrinology, 9, 10.
https://doi.org/10.3389/fendo.2018.00010

Walden, D., Khotimchenko, M., Hou, H., Chakravarty, K., &
Varshney, |. (2021). Effects of magnesium, calcium, and
aluminum chelation on fluoroquinolone absorption rate
and bioavailability: A computational study. Pharmacentics,
13(5), 594.
https://doi.org/10.3390/pharmaceutics13050594

Walters, K., Myers, K., Ingle, A., Donohue, T., & Noguera, D.
(2024). Effect of temperature and pH on microbial
communities fermenting a dairy coproduct mixture.
Fermentation, 10(8), 422,
https://doi.org/10.3390/fermentation10080422

Waters, L., Winston, A., Reeves, 1., Boffito, M., Churchill, D.,
Cromarty, B., Dunn, D.,, Fink, D., Fidler, S., Foster, C.,
Fox, J., Gupta, R., Hilton, A., Khoo, S., Leen, C., Mackie,
N., Naous, N., Ogbonmwan, D., Orkin, C., Panton, L.,
Post, E, Pozniak, A., Sabin, C., & Walsh, J. (2022).
BHIVA guidelines on antiretroviral treatment for adults
living with HIV-1 2022. HIV" Medicine, 23(S5), 3—115.
https://doi.org/10.1111 /hiv.13446

Wiesner, A., Gajewska, D., & Pasko, P. (2021). Levothyroxine
interactions with food and dietary supplements—A
systematic  review.  Pharmacenticals, 14(3),  2006.
https://doi.org/10.3390/ph14030206

3194


https://doi.org/10.1016/j.ejpb.2024.114604
https://doi.org/10.1111/epi.17745
https://doi.org/10.1016/J.CLINTHERA.2015.05.202
https://doi.org/10.3390/nu13093169
https://doi.org/10.3390/antibiotics12030475
https://doi.org/10.1007/s12012-018-9476-9
https://doi.org/10.3109/10717544.2013.856964
https://www.ncbi.nlm.nih.gov/books/NBK559221/
https://doi.org/10.1371/journal.pone.0170651
https://doi.org/10.3109/03639045.2013.845836
https://doi.org/10.1002/jcph.439
https://doi.org/10.1128/AAC.05739-11
https://doi.org/10.1007/BF01307519
https://doi.org/10.3390/brainsci10070417
https://doi.org/10.55544/jrasb.3.4.1
https://doi.org/10.3390/antibiotics12071152
https://doi.org/10.1097/AOG.0000000000003893
https://doi.org/10.3389/fcvm.2016.00051
https://doi.org/10.1017/S0007114500002300
https://doi.org/10.3389/fendo.2018.00010
https://doi.org/10.3390/pharmaceutics13050594
https://doi.org/10.3390/fermentation10080422
https://doi.org/10.1111/hiv.13446
https://doi.org/10.3390/ph14030206

Wiesner, A., Zagrodzki, P, Gawalska, A., & Pasko, P. (2024b).
Together or apart? Revealing the impact of dietary
interventions on bioavailability of quinolones: A
systematic ~ review  with  meta-analyses.  Clinical
Pharmacokinetics, 63(0), 617-635.
https://doi.org/10.1007/s40262-024-01377-0

Wiesner, A., Zagrodzki, P., Gawalska, A., & Pasko, P. (2024c).
Clinically important interactions of macrolides and
tetracyclines with dietary interventions—a systematic
review with meta-analyses. Jowrnal of _Antimicrobial
Chemotherapy, 79(10), dkae315.
https://doi.org/10.1093 /jac/dkae315

Wiesner, A., Zagrodzki, P, & Pasko, P. (2024a). Do dietary
interventions exert clinically important effects on the
bioavailability of [-lactam antibiotics? A systematic
review with meta-analyses. Journal of  Antimicrobial
Chemotherapy, 79(3), 565-577.
https://doi.org/10.1093/jac/dkac028

Wilkins Parker, L. R., & Preuss, C. V. (2023). Alendronate. In
StatPeatls. StatPearls Publishing,
https://www.ncbi.nlm.nih.gov/books/NBK526073

Xue, H., Zhang, M., Ma, J., Chen, T., Wang, E, & Tang, X.
(2020). Lactose-induced chronic diarthea results from
abnormal luminal microbial fermentation and disorder of
ion transport in the colon. Frontiers in Physiology, 11, 877.
https://doi.org/10.3389/fphys.2020.00877

Zamfirescu, I, & Carlson, H. (2011). Absorption of
levothyroxine when coadministered with vatious calcium
formulations. Thyroid, 21(5), 483—486.
https://doi.org/10.1089/thy.2010.0296

Zergiebel, S., Ueberschaar, N., & Seeling, A. (2022).
Development and optimization of an ultra-fast
microextraction followed by HPLC-UV of tetracycline
residues in milk products. Food Chemistry, 402, 134270.
https://doi.org/10.1016/j.foodchem.2022.134270

Zielinska, M., Garbacz, G., Sczodrok, J., & Voelkel, A. (2022).
The effects of various food products on
bisphosphonate’s availability. Pharmacentics, 14(4), 717.
https://doi.org/10.3390/pharmaceutics14040717

Cite this article: Anjali Ashok Thumbarambil, Venkateswaramurthy N. The Clinical Pharmacology of Milk-
Drug Interactions: From Pharmacokinetic Principles to Recent Therapeutic Recommendations. Asian J.
Pharm. Health. Sci. 2025;15(4):3182-3195. DO1:10.5530/ajphs.2025.15.91

3195


https://doi.org/10.1007/s40262-024-01377-0
https://doi.org/10.1093/jac/dkae315
https://doi.org/10.1093/jac/dkae028
https://www.ncbi.nlm.nih.gov/books/NBK526073/
https://doi.org/10.3389/fphys.2020.00877
https://doi.org/10.1089/thy.2010.0296
https://doi.org/10.1016/j.foodchem.2022.134270
https://doi.org/10.3390/pharmaceutics14040717



