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Pharmaceutical drugs can affect the nutritional status of 
patients and contribute to nutrient depletions, even when 
they are prescribed according to the label instructions. 
For example, certain drugs may:

 ∙Impact the absorption of nutrients in the digestive tract 

 ∙Accelerate the metabolism of certain nutrients

 ∙Impact the excretion of nutrients 5 

 
Review Process
The Fullscript Integrative Medical Advisory Team (IMAT) conducted a review of existing literature to confirm the listed 
depletions. The preliminary review included over 200 studies, including human, randomized, double-blind, placebo con-
trolled (RDBPC) trials, in-vivo animals studies, and in-vitro studies. Periodic review will take place to ensure the content is 
up-to-date.

Rating Scales for Evidence Based Medicine
Class  Qualifying Studies      Mininmun Requirements

A  Systematic review or meta-analysis of human trials

B  RDBPC human trials     2+ studies and/or study with 50 + subjects   

C  RDBPC human trials        1 study

D  Non-RDBPC human or In-vivo animal trials 

E  In-vitro studies

F  Theoretical based on biochemistry/physiology/pharmacokinetics

G  No studies

 
The original content review included all literature posted/published via:

 ∙ Pubmed

 ∙U.S. Food & Drug Administration 

 ∙ American Academy of Family Physicians 

 ∙ Journal of the American Medical Association 

 ∙ Science Direct
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Acetaminophen/Hydrocodone 
(Vicodin, Norco, Paracetamol)
(B) When acetaminophen (paracetamol), is administered in any 
dose, the body’s cellular glutathione stores are depleted. This 
depletion is especially significant in the case of acetaminophen 
overdose, which can cause severe liver damage. 

The liver is responsible for metabolizing  acetaminophen. However, 
when the liver cannot safely metabolize it at an effective rate, an 
increase of oxidative stress results. This leads to the formation of 
a reactive metabolite called N-acetyl-p-benzoquinone imine 
(NAPQI), which is detoxified and inactivated through conjugation 
with reduced glutathione. When there is too much NAPQI, glutathi-
one becomes depleted and liver damage may occur.12 27 38

Recommended Dosing
When acetaminophen is used for prolonged periods, it is 
recommended to supplement with N-Acetyl-Cysteine (NAC),32 
an amino acid derivative and a precursor to glutathione. 
Supplementing with NAC is preferred over glutathione due 
to the improved oral bioavailability of NAC. However, recent 
studies have demonstrated that use of sublingual glutathione 
results in a more significant increase in  serum glutathione 
levels, and a subsequent more significant effect on reducing 
reactive oxygen species (ROS) markers.43 Therefore, sublingual 
glutathione supplementation could be an effective treatment 
for acetaminophen-induced liver damage. Glutathione sup-
plementation has also resulted in positive effects on ALT.23

The following FDA approved protocol for NAC supplementation is 
recommended to prevent depletion:

 ∙ Loading phase: 0.14 to 0.16 g/kg up to 17 doses

 ∙Maintenance dose: 0.069 to 0.083 g/kg 16

Albuterol (Salbutamol, Ventolin, Proventil)
(D) Studies have shown that albuterol reduces serum potassium 
levels. Beta-2 receptor agonists, including albuterol, increase con-
ductance of channels sensitive to potassium ions. Serum potassium 
levels are temporarily reduced (hypokalemia) due activation of 
Na/K ATPase pumps, which shift extracellular potassium into the 
intracellular space, leading to a decrease in circulating potassium.47 

(F) Recommended Dosing
Although mild to moderate hypokalemia may be asymptomatic, 
a review of potassium replacement therapy in clinical practice 
suggests increasing potassium intake when levels are between 
3.5 and 4.0 mmol, and supplementation for potassium levels 
below 3.5 mmol. Replacement of potassium is crucial when levels 
are very low (less than 3.0 mmol).10

Evidence suggests frequent testing to measure serum potassi-
um and replacement therapy in accordance with the severity 
of depletion.2

The following dosage for potassium is recommended:

 ∙Mild: 2.82 g/day of oral potassium supplementation for patients 
with serum potassium levels 3.0–3.4 mEq/L

 ∙Moderate: 3.75 g/day of oral potassium supplementation for 
patients with serum potassium levels 2.5–2.9 mEq/L

 ∙ Severe: Intravenous replacement of potassium should be 
considered for patients with symptoms of hypokalemia or with 
serum potassium levels less than 2.5 mEq/L.28

Atorvastatin (Lipitor)
(B) Decreases in Coenzyme Q10 (CoQ10) levels have been 
observed in patients treated with atorvastatin. Statins inhibit 
cholesterol synthesis effectively, but not selectively. HMG-CoA 
reductase inhibitors, such as rosuvastatin, not only decrease 
the synthesis of cholesterol, but other products downstream 
of mevalonate (the precursor to both cholesterol and CoQ10.), 
including CoQ10.31

(B) Recommended Dosing
Supplementing 50-200 mg qd of CoQ10 is recommended to 
prevent deficiency.6 The effects of 100mg per day of CoQ10 
supplementation on patients receiving statin treatment found 
that plasma CoQ10 levels decreased by 42% compared to 
baseline in the placebo group, while plasma CoQ10 increased 
by 127% in patients receiving CoQ10 supplementation.31

Scientific studies to determine the effectiveness of CoQ10 in 
reducing statin-related muscle pain have had mixed results. 
Some researchers have suggested that CoQ10 supplements 
may reduce the incidence or severity of muscular side effects 
resulting from statin treatment, since CoQ10 plays a role in 
energy production.42 Other studies have been inconclusive and 
researchers suggest larger studies with higher doses of CoQ10 
should be conducted.
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Gabapentin (Neurontin, Neuraptine)
(B) Gabapentin is a relatively new drug used to treat both pain 
and epilepsy. Its nutrient depletions and side effects are still being 
discovered and, therefore, studies are scarce.  Gabapentin use 
was linked to lower levels of serum folate levels,30 however, there 
is insufficient supporting research to explain the mechanism of 
action for folic acid depletion with gabapentin use.

Recommended Dosing
In order to prevent a deficiency in folic acid, consumption of the 
RDA (400 mcg per day) is recommended as a minimum. Single 
ingredient folic acid supplements are available, as well as multivi-
tamins and B complex supplements that contain at minimum 400 
mcg of folic acid or folate.33

Insulin Glargine (Lantus Solostar)
(B) Insulin causes an increase in magnesium excretion.14 
Hypomagnesemia has been seen with overdoses of insulin 
and with diabetic acidosis.45 The relationship between insulin 
and hypomagnesemia is likely a result of insulin’s activity in 
the kidneys. Insulin activates the renal Mg2+ channel transient 
receptor potential melastatin type 6 that determines the final 
urinary Mg2+ excretion.21 In one study, supplementation of 
magnesium was able to restore magnesium status and reduce 
the occurence of polyneuropathy.11

(F) Recommended Dosing
To prevent magnesium depletion, it is recommended that type 2 
diabetics consume 336 mg per day of supplemental magnesium 
for 3 months.49

Lisinopril (Prinivil, Zestril)
(A) Angiotensin Converting Enzyme (ACE) inhibitors, such as lisin-
opril, have been shown to reduce serum zinc levels and increase 
urine zinc levels in patients with hypertension. This indicates that 
ACE inhibitors increase urinary excretion of zinc and may contrib-
ute to zinc deficiency. 7 20 46  

Although studies have demonstrated increased excretion of zinc 
as a result of ACE inhibitor treatment, the mechanism of action 
explaining this relationship is theoretical. ACE inhibitors inhibit 
MMPs in general, including zinc metalloproteinase, which may 
explain the increased excretion of zinc.9

(F) Recommended Dosing
To prevent zinc depletion, patients should consume the RDA of 11 mg 
a day for men and 8 mg a day for women.25

Metformin (Glucophage)
(B) Short term use of metformin has been shown to decrease 
serum levels of folic acid (vitamin B9) and cobalamin (vitamin 
B12).41 48

Metformin decreases methionine and folate production by bac-
teria, suggesting that folate is depleted via action of metformin on 
the gut microbiome. Escherichia coli dihydrofolate reductase, an 
ecDHFR-enzyme located in the gut needed to synthesize purines, 
thymidylic acid and certain amino acids, is inhibited by Metformin. 
Furthermore, metformin seems to form complexes with pABG 
(p-aminobenzoyl-l-glutamate) in addition to other ligands, which 
occupy the folate-binding sites that interact with pABG.19

There are several mechanisms that explain the depletion of 
vitamin B12 due to metformin, including:

 ∙ Bacterial overgrowth in the small bowel caused by alteration of 
its motility;

 ∙ Interaction with the cubilin endocytic receptor;

 ∙Competitive inhibition of vitamin B12 absorption;

 ∙ Alterations in intrinsic factor levels;

 ∙ Inhibition of the calcium dependent absorption of vitamin B12-
intrinsic factor complex at the terminal ileum 29 

(F) Recommended Dosing
It is recommended to supplement with 5 mg of folic acid per day 
to prevent depletion associated with metformin treatment.1

Prevention of cobalamin deficiency can be addressed with 1 mg 
injection annually,29 or 1000 mcg per day of sublingual B12.39 

Metoprolol (Toprol-XL/Lopressor)
(F) Melatonin may be depleted by metoprolol. Current evidence 
suggests that the mechanism by which beta-blockers decrease 
melatonin release is a result of adrenergic beta-1 receptor inhibi-
tion. Adrenergic receptors mediate the effects of norepinephrine, 
the neurotransmitter responsible for stimulating the release of 
melatonin from the pineal glands.44 

(F) Recommended Dosing
Several studies examining the effects of melatonin supplementation 
have demonstrated positive effects for those receiving treatment 
with beta-adrenergic receptor blockers. Melatonin supplementa-
tion of 0.3-6 mg before bed reduced CNS side effects (i..e, sleep 
disturbances) and other possible risks associated with insufficient 
melatonin production.15 
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Omeprazole (Prilosec, Zegerid)
Proton pump inhibitor (PPI) use may cause reductions in 
serum magnesium levels (hypomagnesemia), cobalamin 
(vitamin B12) stores, plasma calcium, and impair non-heme 
iron absorption. 

(A) The mechanism explaining the relationship between PPI 
treatment and decreased serum magnesium is unclear, how-
ever, it is believed to be related to impaired gastrointestinal 
magnesium absorption.17 22 

(C) It is hypothesized that PPIs inhibit gastric acid secretion resulting 
in impaired absorption of cobalamin,  calcium26 and iron24 as an 
acidic environment is necessary for the digestion of these nutrients. 

Recommended Dosing
The following supplementation is recommended to prevent 
nutrient depletions:

 ∙ (F) Magnesium: Hypomagnesemia in patients receiving PPI 
treatment can be addressed with magnesium supplementa-
tion (oral or IV). In some cases, PPI treatment must be dis-
continued to re-establish normal magnesium levels.8 Studies 
have shown that supplementing with at least 250-300 mg of 
magnesium per day is associated with a lower risk of devel-
oping several chronic diseases.13 35 

 ∙ (F) Vitamin B12: Cobalamin deficiency can be treated using 
oral supplementation or intramuscular injection. If digestion is 
impaired, injection may be the preferred method of admin-
istration since it bypasses the need for digestive absorption. 
As stated above, high doses of oral cobalamin between 1000 
mcg and 2000 mcg have been shown to be as effective as 
intramuscular injections.36

 ∙  (F) Calcium: For the treatment of acute hypocalcemia, intra-
venous calcium is necessary when serum calcium levels are 
below 1.9 mmol/L.  The suggested protocol is one or two 10-mL 
ampoules of 10% calcium gluconate diluted in 50 to 100 mL 5% 
dextrose. For long-term, chronic hypocalcemia, as seen with PPI 
use, 500-1000 mg of elemental calcium (carbonate or citrate) 
can be given three times per day and increased up to 2g, three 
times per day.18 

 ∙ (F) Iron: Therapeutic guidelines suggest 325–650 mg of fer-
rous sulfate daily (105–210 mg elemental iron) to increase iron 
stores.3 In cases of poor absorption or when rapid replace-
ment is needed, parenteral iron can be used to increase iron 
and hemoglobin levels.34

Rosuvastatin (Crestor)
(A) Studies have shown that Coenzyme Q10 (CoQ10) is depleted 
as a result of treatment with rosuvastatin.4 Statins inhibit choles-
terol synthesis effectively but not selectively. HMG-CoA reductase 
inhibitors, such as rosuvastatin, not only decrease the synthesis of 
cholesterol, but other products downstream of mevalonate (the 
precursor to both cholesterol and CoQ10.), including CoQ10.31  

(B) Recommended Dosing
Supplementing 50-200 mg qd of CoQ10 is recommended to 
prevent deficiency.6 The effects of 100mg per day of CoQ10 sup-
plementation on patients receiving statin treatment found that 
plasma CoQ10 levels decreased by 42% compared to baseline 
in the placebo group, while plasma CoQ10 increased by 127% in 
patients receiving CoQ10 supplementation.31 

Scientific studies to determine the effectiveness of CoQ10 in reducing 
statin-related muscle pain have had mixed results. Some research-
ers have suggested that CoQ10 supplementation may reduce the 
incidence or severity of muscular side effects resulting from statin 
treatment, since CoQ10 plays a role in energy production.42 Other 
studies have been inconclusive and researchers suggest larger 
studies with higher doses of CoQ10 should be conducted.
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