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ABSTRACT: Drug-induced nutrient depletions are critical to evaluate when pharmacists review the safety and efficacy of patients’ medication therapies. While certain drug-induced nutrient depletions are well known by pharmacists, many are underdiscussed and subsequently underdiagnosed and undertreated. This article will provide an overview of common drug-induced nutrient depletions for which there is reasonable evidence to support the nutrient deficiency associated with particular medications. Common deficiencies are highlighted, with suggestions for evaluation of clinical significance and patient-care recommendations.
 Occurrences of drug-induced nutrient depletions are complex, resulting in inconsistent prevalence among patients taking the same medications with generally the same exposure.1 Nutrient depletions can occur from many pharmacologic treatments, and patients who take more medications may be more likely to have reduced levels of certain nutrients.1,2 While some nutrient depletions may be intentional (i.e., cancer treatments depleting folate), others may result in new comorbidities or unintended consequences.1,3,4 Often the mechanisms by which these depletions occur, and their subsequent outcomes, are not well understood.3 Although these nutrients are present in common foods, they are not present in sufficient levels or are present with bioavailability challenges.5 Therefore patients may require supplementation to avoid deficiencies.
Pharmacists are expected to evaluate the appropriateness of patients’ medications in terms of correct dosage, safety, drug interactions, and other potential benefits and risks associated with medication use; however, evaluation of the implications of drug-induced nutrient depletion is not as commonly performed, and less information is available to support pharmacists’ attempts to do so.6 Drug utilization review (DUR) is a central role of the pharmacist, particularly in the community pharmacy setting.7 DUR is defined as the review of the appropriateness of a medication prior to being dispensed to a patient. The DUR process should screen for drug-drug interactions, therapeutic duplication, drug-disease interactions, drug-allergy contraindications, clinical abuse and misuse, inappropriate dose and duration, and drug-food interactions.7,8 Patients and clinicians are likely unaware of potential nutrient depletions associated with medication use, providing an additional opportunity for pharmacists to contribute to interdisciplinary care of patients.9
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TABLE 1 provides a summary of major drug-induced nutrient depletions together with potentially causative medications. Specific nutrient depletions have been associated with certain medication exposures; however, overall medication burden has also been found to be a risk factor for nutrient depletions. Elderly patients who take 3 or more medications have been found to be more likely to have vitamin D, B1 (riboflavin), B2 (thiamin), B6 (pyridoxine), B9 (folic acid) and B12 (cobalamin) deficiencies.3 By using personalized, predictive, and preventive medicine, nutrient depletions can be identified, managed, and prevented in populations at risk through long-term fortification programs.4 TABLE 2 provides suggested dosing ranges for common nutrient depletions that are not subject to variation in recommended dosages based on associated cause of deficiency or the indication the supplementation is trying to prevent.
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NUTRIENT DEPLETIONS
Calcium
Long-term use of corticosteroids can decrease calcium absorption and increase renal excretion of calcium. This may impair bone formation and increase fracture risk. In patients who take corticosteroids long-term for chronic conditions (e.g., rheumatoid arthritis), supplementation is generally required. Deficiency should be verified before supplementation is offered, and vitamin D supplementation should be considered as well to improve calcium absorption.10 Benzodiazepines can also cause decreased calcium absorption and increase the metabolism of vitamin D.2
Many anticonvulsant medications have been associated with hypocalcemia, supported by radiographic, histologic, and biochemical evidence.11,12 Those most frequently associated with hypocalcemia and decreased bone mineral density are medications that are inducers of the cytochrome P450 enzyme (phenobarbital, carbamazepine, phenytoin). Valproate has also been associated with hypocalcemia. No single mechanism of action explains this hypocalcemia and the subsequent bone-health implications. All patients with long-term antiepileptic use should be monitored for bone disease.11
Coenzyme Q10 (CoQ10)
CoQ10 is an essential enzyme that is necessary for energy production. CoQ10 also has antioxidant properties and is a foundational gene regulator in muscle tissue. Clinical manifestations of deficiency can include various cardiovascular complications (hypertension, cardiomyopathy), fatigue, weakness, decreased immune function, and loss of cognitive function.1 Beta blockers have been found to decrease production of this enzyme.13 Evidence regarding statin-induced CoQ10 depletion is inconclusive. Some studies have shown decreases of up to 54% in CoQ10, and this is thought to be a dose-related effect.1 Furthermore, decreased  CoQ10 levels in the blood have been shown to be associated with statin-induced myalgia. However, CoQ10 supplementation does not always improve statin-induced muscle pain.10 Other medications with potential impact on CoQ10 levels are metformin, sulfonylureas, and thiazide diuretics.1
Folic Acid (B9)
Folic acid, or folate, is also commonly referred to as B9. It is a water-soluble vitamin. Folate deficiency can pre-sent as megaloblastic-macrocytic anemia.4 Several medications can cause folate deficiency. Most pharmacists are familiar with folate deficiency associated with methotrexate, which inhibits dihyrofolic acid reductase; however, management strategies are unclear.1,14 Low-dose methotrexate has been well tolerated for long periods of time without significant side effects, although many healthcare providers may recommend OTC folic acid supplementation to mitigate side effects of this antifolate therapy.15 In practice though, supplementation often requires higher methotrexate doses for clinical benefit. Toxic effects of methotrexate do occur, though, when folic acid deficiency exists.15 Pharmacists should ensure folic acid levels are frequently monitored in patients taking methotrexate. Sulfamethoxazole has also been found to contribute to folate deficiency.16 The clinical significance of this deficiency may not be frequently relevant, owing to the limited duration of therapy for antibiotics.
Another commonly used medication that can result in folate deficiency is estrogen. It reduces absorption of folic acid and increases excretion as well. In women who have adequate intake of folic acid, this is likely clinically insignificant.1 However, since the CDC recommends that all women of child-bearing potential receive folic acid supplementation, pharmacists should ensure women who are taking oral contraceptives are also taking folic acid supplements.17 Estrogen can also cause several other deficiencies, including deficiencies in vitamins B2 (riboflavin), B6 (pyridoxine), B12 (cobalamin), vitamin C, vitamin E, magnesium, selenium, and zinc. These deficiencies can contribute to side effects experienced with oral contraceptives.5 Pancreatic enzymes can reduce absorption of folic acid and are another common medication that causes deficiency. Pharmacists should monitor for depletion.1 Inversely, folic acid can reduce levels of anticonvulsants, increasing the risk of breakthrough seizures.1 However, this is not a class-wide effect, as some anticonvulsants (carbamazepine, phenytoin) reduce absorption of folic acid while increasing excretion, which puts patients at risk for folic acid deficiency. Some patients may require supplementation.10 Pharmacists should use drug-information resources for each anticonvulsant to understand its interaction with folic acid and subsequent management.
Magnesium
Decreased magnesium absorption has been found in patients who take proton-pump inhibitors (PPIs), especially when duration of use exceeds 1 year. While levels should be checked before recommending a magnesium supplement, many patients will require supplementation to stay within normal ranges.10 Magnesium is an important nutrient because it is involved in over 300 enzymatic reactions—including nerve transmission, energy production, temperature regulation, muscle activation, and development of healthy bones and teeth.1 Magnesium also has key physiologic benefits such as blood-pressure regulation, bone development, and muscular activity. Deficiency has even been associated with increased cardiovascular risk, such as hypertension, stroke, heart attack, and atherosclerosis.1
Long-term magnesium deficiency can result in cardiac arrhythmias.18 Although loop diuretics are typically associated with other nutrient deficiencies (calcium, potassium), magnesium does typically drop 4.7% to 11% with loop-diuretic therapy, although clinical trials have generally not found this to be clinically significant.19 Thiazide diuretics can be another source of depleted magnesium levels. While literature is controversial regarding clinical significance, enough studies have shown magnesium-depleting effects to screen for depletion in patients taking thiazide diuretics.1,20
Potassium
Corticosteroids can cause potassium depletion in addition to calcium depletion. Some patients may require potassium-chloride supplementation, but deficiency should be verified before supplementation is started, due to risks associated with hyperkalemia.10 As pharmacists are aware, many diuretics (loop diuretics, thiazide diuretics) can cause potassium depletion. Potassium levels should be monitored, and potassium supplementation is frequently required in patients taking loop diuretics.10
Vitamin B6 (Pyridoxine)
Vitamin B6 is an essential cofactor in many enzymatic reactions. Deficiency is rare in healthy individuals. Symptoms of deficiency include weakness, dizziness, irritability, inflammation, bilateral limb numbness, and development of confusion. 21 Estrogens (oral contraceptives, hormone replacement therapy) interfere with metabolism of vitamin B6; however, low-dose oral contraceptives seem to naturally correct for this deficiency.6
Vitamin B12 (Cobalamin)
Vitamin B12 is an essential nutrient for cardiovascular, neurologic, and hemopoietic function.22 Vitamin B12 requires intrinsic factor (IF) for transportation to the small intestine and absorption into the blood stream. IF is produced in the gut.6 Bile acid sequestrants can bind IF-vitamin B12 complexes; however, absorption of vitamin B12 is not completely impaired, and this is unlikely to be clinically significant.6 Deficiency can result from a lack of IF or hydrochloric acid in the stomach that is required to liberate vitamin B12 from its bound state.23 Vitamin B12 deficiency has been associated with multiple metabolic abnormalities, such as insulin resistance and defective neurotransmitter synthesis.24 Deficiency is prevalent among patients with both type 1 and type 2 diabetes.22 This is particularly important to monitor for, considering that metformin use has been linked to vitamin B12 deficiency and prevalence ranges from 5.8% to 33%, although only 2.6% of patients supplement vitamin B12.22 Vitamin B12 levels have been shown to decrease by at least 22% and are not seen with other diabetes therapies, such as sulfonylureas.22
The risk of development of metformin-induced vitamin B12 deficiency increases with age, vegetarian diet, metformin dose, and duration of use (>3 years).3,6,22 Vitamin B12 levels can start to decrease as early as 3 months into metformin therapy; however, clinical significance typically does not become evident until 5 to 10 years of therapy due to large stores in the liver that are slowly depleted.22 Deficiency has also been associated with an increased risk of gestational diabetes and peripheral neuropathy.24,25 Guidelines currently do not recommend or advocate for routine screening among patients with type 2 diabetes; however, screening could be considered at baseline and in patients who are elderly, who are taking high doses (2 g/day), or who have long-term metformin use (>3-4 years) or worsening neuropathy.22
Like metformin, histamine-2 receptor antagonists (H2RAs) can result in vitamin B12 deficiency, because they can decrease absorption of vitamin B12. While this is clinically insignificant with short-term or occasional use, patients who use H2RAs long-term (>2 years) should be assessed for depletion. Supplementation may be required, particularly in patients taking high doses for prolonged time periods. PPIs can also cause vitamin B12 deficiency, but as with H2RAs, it is likely clinically insignificant.23 Gastric acid is required to cleave vitamin B12 from dietary proteins through pepsin. It has been hypothesized that since pepsin is activated from its precursor by an acidic pH, acid could lead to vitamin B12 deficiency from achlorhydria and atrophic gastritis.26
Colchicine is another medication that can cause decreased vitamin B12 through disruption that results in malabsorption.6 This is not likely to occur in clinical practice because doses of 1.9 to 3.9 mg/day are required for deficiency to develop; these are higher than commonly used doses.  Vitamin B12 deficiency is important to prevent, identify, and treat, because both vitamin B12 and folate can elevate homocysteine levels.1 Supplementation of these nutrients has been found to reduce homocysteine levels and subsequently ameliorate insulin resistance.27
Vitamin D
Vitamin D is inactivated by many anticonvulsants, such as carbamazepine. This leads to decreased vitamin D levels through dihydroxy–folic acid reductase inhibition.11,12 In turn, this can slow the rate of calcium absorption from the gut, putting patients at risk for both calcium and vitamin D deficiency. Supplementation should be considered in patients who take anticonvulsants more than 6 months after deficiency is verified.10
Vitamin K
Bile acid sequestrants reduce absorption of all fat-soluble vitamins (vitamins A, D, E, K) from the gut. Vitamin A deficiency will most commonly present with visual disturbances.4
Depletion should be monitored in patients who take warfarin, as warfarin’s anticoagulant effects are subsequent to its vitamin K antagonist activity.10,28 This is especially concerning in patients who may have international normalized ratios (INRs) that trend higher because the deficiency of vitamin K activity will continue to elevate the INR. The consistency of dietary intake of vitamin K should also be frequently reviewed with patients taking warfarin.28
Orlistat has also been evaluated for its impact on fat-soluble vitamins. Orlistat works to produce weight-loss effects through decreasing the absorption of fat-containing foods in the diet.29 As a result, absorption of fat-soluble vitamins could result. McDuffie and colleagues evaluated doses of orlistat 120 mg administered three times a day in adolescents. Patients were also provided supplementation of vitamin A 5,000 IU daily; vitamin D 400 IU daily; vitamin E 300 IU daily; and vitamin K 25 mcg. Vitamin E absorption was found to be impaired, but serum levels were not found to be significantly decreased from baseline. Vitamin K levels decreased but were not significant. Significant reductions in vitamin D were found compared with baseline after 1 month of therapy.30
Zinc
Zinc deficiency has been associated with angiotensin converting enzyme (ACE) inhibitor use when these medications are used for 6 months or longer.3 Deficiency can also occur with diuretic use that is 4 weeks or longer in duration.3 Zinc deficiency is important; emerging evidence suggests that it may play a role in the development of metabolic syndrome.25 Zinc is involved in over 300 enzymatic reactions and plays a critical role in cell gene expression specific to immune cells.1,31 Zinc deficiency has been found to increase production of tumor necrosis factor alpha, interleukin (IL) beta and IL-8. Increased production of these inflammatory cytokines produces increased production of metabolic markers.2,31 Medications that may warrant zinc monitoring include ACE inhibitors, loop diuretics, and thiazide diuretics.1
Addressing Nutrient Deficiencies
Widespread supplementation of nutrients is not recommended without establishing nutrient deficiencies or identifying that the patient is at high risk for a nutrient deficiency.  When evaluating potential drug-induced nutrient deficiencies, the first step pharmacists should take is to assess whether the deficiency is subclinical or clinically relevant.32 Are there potential health implications if this deficiency is not corrected, or is the deficiency minor and unlikely to result in health consequences? Next, evaluate whether therapy is still appropriate or if an alternative medication could be used for symptom/disease state control without these risks.26 For example, does the patient truly need a PPI or would discontinuation be warranted? Additionally, pharmacists should assess patient diets and address potential dietary intake issues that could be contributing to nutrient deficiencies.33
Conclusion
Drug-induced nutrient depletions are common occurrences in patient medication use and should be monitored for and appropriately managed when deficiencies are identified. Although nutrient depletions can have clinically significant implications for patients, supplementation should not occur until a deficiency has been verified (i.e., via laboratory testing), reasonable evidence exists to suspect deficiency, or there is limited risk with supplementation when a deficiency has not been verified.
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Table 1

Common Drug-Nutrient Depletions

Nut

t Depletion Causative Medications

Calcium

Anticonvulsants (e.g, phenytoin,
carbamazepine)

Corticosteroids

HRAs

Loop diuretics

Coenzyme Q10

Hydralazine

Folic acid

Anticonvulsants (e.g, phenytoin,
carbamazepine)

Estrogens (oral contraceptives)
Pancreatic enzymes

Magnesium

Estrogens (oral contraceptives)
H,RAs

Loop diuretics

PPls

Thiazide diuretics

Potassium

Corticosteroids
Loop diuretics
Thiazide diuretics

Thiamine.

Loop diuretics
Thiazide diuretics

Vitamin A

Bile acid sequestrants

Vitamin B,,

Metiormin
H,RAs
PPIs

Vitamin D

Anticonvulsants (e.g., phenytoin,
phenobarbitl, carbamazepine)
Bile acid sequestrants

H,RAs

Vitamin K

Bile acid sequestrants

Zinc

[
Loop diuretics
Thiazide diuretics

HRA: histamine-2 receptor antagons

inbibitor.

PI: proton pump.

Source: References 4, 6, 10.
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Table 2

Dietary Supplement Doses?

Nutrient Recommended Dose
Calcium 1,000 mg daily

Folic acid 400-800 meg daily
Magnesium 250-400 mg daily
Vitamin B, (pyridoxine) 5 mg daily

Vitamin B, (cobalamin) 25-1,000 meg daily

inD 1,0002,000 1U

Zine 11mg

“Suggested dosing ranges for common nutrient depletions
that are ot subject 10 variation in recommended dosages
based on associated cause of deficiency or the indication the
supplementation is trying o prevent,

Source: References 2, 33.




