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Abstract

Objective: Prescription drug use is on the rise, and the use of dietary supplementation remains common. In the United
States, more than half of all adults take a dietary supplement in any given month. As a result, drug-nutrient interactions
are becoming an important consideration when pharmacists counsel patients about their drug regimens. We reviewed
the literature to identify common and/or clinically relevant drug-nutrient interactions that pharmacists may encounter
in practice. Data Sources: A MEDLINE search for English-language publications from 1970 through March 2017 was
performed using search terms (and variations) related to drugs, medications, micronutrients, and interactions. Study
Selection and Data Extraction: Relevant studies, case reports, and reviews describing drug-nutrient interactions were
selected for inclusion. Data Synthesis: Some drug-nutrient interactions may result in micronutrient insufficiencies or
even frank deficiencies, thereby necessitating augmentation with multivitamin/minerals or individual vitamin/mineral dietary
supplements. This most often occurs with long-term therapy for chronic conditions, such as treatment with proton-
pump inhibitors and histamine-2 receptor antagonists. In addition, some chronic diseases themselves, such as diabetes,
may predispose patients to micronutrient insufficiencies, and dietary supplementation may be advisable. Conclusions:
Drug-nutrient interactions can often be resolved through specific dosing strategies to ensure that the full effect of the
medication or the dietary supplement is not compromised by the other. In rare cases, the dietary supplement may need
to be discontinued or monitored during treatment. Pharmacists are in a key position to identify and discuss these drug-
nutrient interactions with patients and the health care team.
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Introduction containing =1 vitamin; and 39% took a supplement containing

=1 mineral. Less than 10% of individuals report using 4 or
more supplement products.” Although their use has decreased
somewhat in recent years, MVMs remain the most common
type of dietary supplement used, being reported by almost one
third of US adults.? As expected, use of a daily MVM supple-
ment decreases the risk of nutritional inadequacies and
increases the prevalence of micronutrient intake exceeding the
upper intake level that is considered safe and tolerable
(although this remains relatively uncommon in large popula-
tion-based studies [<4% for any single micronutrient]).” Use

The majority of US adults take prescription drugs, with
their use increasing in recent years from 51% in 1999-2000
t0 59% in 2011-2012 based on National Health and Nutrition
Examination Survey (NHANES) data.' In a given 30-day
period, it is estimated that more than half of Americans use
at least 1 prescription drug, and this pattern of use tends to
increase with age. Polypharmacy (defined as use of =5
drugs) has also been rising and is also more common among
older adults,' making the elderly population particularly
susceptible to potential drug interactions.

Dietary supplementation with multivitamins/minerals
(MVMs) or individual vitamins and minerals is widespread.
According to NHANES data collected from 2011 to 2012,
52% of the US adult population reported use of any dietary
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Table I. Prevalence of Adults (=20 Years of Age) in the United States Taking Various Types of Supplements and Their Most

Commonly Reported Motivation for Use, 2007 to 2010.

Users, Overall, % (SE) Users Reporting
Type of Supplement n (N =11956) Most Common Reported Motivation Motivation, % (SE)
Multivitamin/mineral 3404 31.9 (0.8) To improve overall health 48 (1)
Calcium 1342 11.6 (0.6) For bone health 74 (2)
Vitamin C 764 7.1 (0.5) To boost immune system, prevent colds 45 (3)
Mutlivitamin 632 5.7 (0.4) To improve overall health 31 (2)
Vitamin D 542 4.9 (0.4) For bone health 38(2)
Vitamin E 439 3.7 (0.2) To improve overall health 40 (3)
Vitamin BI2 408 3.3(0.2) To improve overall health 31 (3)
Iron 245 1.8 (0.1) For anemia, low iron 67 (4)
Folic acid 194 1.5 (0.2) Other reason 15 (4)
Potassium 119 0.9 (0.1) For muscle-related issues 24 (5)
Magnesium 125 1.1 (0.1) To improve overall health 18 (4)
Vitamin B, 106 0.9 (0.1) To improve overall health 24 (5)
Vitamin A 103 0.8 (0.1) For eye health 44 (6)
Vitamin B, (niacin) 70 0.7 (0.1) For heart health, lower cholesterol 77 (6)

Abbreviation: SE, standard error.

Source: Adapted with permission from JAMA Intern Med. 2013;173(5): 355-361. DOI 10.1001/jamainternmed.2013.2299. Copyright ©2013 American

Medical Association. All rights reserved.*

of supplement products increased by age, with 72% of indi-
viduals =65 years of age taking at least 1 dietary supplement a
month.”> Supplementation was also more common among
women, non-Hispanic whites, and those who had attained
higher levels of education.” Individuals take dietary supple-
ments for numerous reasons, with improving and maintaining
overall health being the primary drivers (Table 1).*

The pharmacokinetics of some drugs can be affected
when administered with food or dietary supplements con-
taining certain micronutrients’ (ie, substances such as vita-
mins, essential minerals, and other trace elements that are
required in small amounts to support normal physiologic
functions). Drug-nutrient interactions refer to biochemical,
physicochemical, physiological, or pathophysiological rela-
tionships between medications and the specific micronutri-
ents involved in the interactions.® Many of these drug-nutrient
interactions, with the exception of major nutritional issues
associated with prescription medications, are not top of
mind and may be underrecognized in the pharmacy setting
since dispensing software only flags interactions with drugs
that are captured in the system. As a result, over-the-counter
(OTC) products, including nutritional supplements, may not
be included. In addition, there are a number of chronic con-
ditions for which there are special nutritional concerns,
including diabetes, inflammatory bowel disease, cardiovas-
cular disease, and alcoholism. As many as 48% of patients
taking dietary supplements concomitantly with prescription
drugs have been found to be at risk for a drug-micronutrient
interaction.” " In one study, approximately 29% of supple-
ment-drug interactions were classified as interactions that
were potentially clinically significant and required either
monitoring or a change in drug therapy.'’

Because pharmacists have regular access to patients’
medication histories, as well as insight on their use of
dietary supplements and other OTC products, they are well
positioned to monitor for drug-micronutrient interactions
and recommend therapeutic strategies to the prescribing
health care provider to address or avoid potential interac-
tions for at-risk patients. If a drug is known to significantly
affect the pharmacokinetics of specific micronutrients, any
potential deficiencies that may occur can be reversed
through supplementation with multivitamins or specific
micronutrients.” The purpose of this review is to highlight
the most common and/or clinically relevant drug-nutrient
interactions that pharmacists may encounter in practice,
with an emphasis on medications for chronic conditions
that can predispose individuals to micronutrient gaps.

Data Sources

We conducted MEDLINE searches for English-language
publications from 1970 through March 2017 using search
terms related to drugs, medications, micronutrients (includ-
ing related terms such as vitamin, mineral, antioxidant, etc),
and interactions. Additional relevant papers were identified
via cross-referencing of the articles identified via these lit-
erature searches. Additional studies and reviews were eval-
uated to provide background and context.

Bidirectional Relationship Between
Micronutrients and Medications

Medications can affect a patient’s micronutrient status either
directly or indirectly (Figure 1).""'* Some medications may
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Patient-related

o Age

o Sex

e Nutritional status (undernutrition/malnutrition,
obesity)

e Metabolic status (hyperglycemia,
hypertriglyceridemia)

e Composition and calories of diet

e End-organ function
(renal, hepatic, cardiac, intestinal dysfunction)

o Health status/multimorbidity

o |nfection/stress

e Consumption of drug with vehicles other than water

e Consumption of substances/unhealthy habits
(alcohol, smoking)

e Consumption of herbals or supplements without
prescription

RISK/INFLUENCING FACTORS

Drug-related Micronutrient-related

Route of administration e Physicochemical
(oral, intravenous) properties (eg,
Pharmaceutical form (oral structure, water-
solid dosage forms, liquid, soluble, fat-soluble)
etc) ® Absorption,

Indication, dosage, distribution,

duration of therapy metabolism/ _
Absorption, distribution, biotransformation,
metabolism, and storage, and excretion
elimination/excretion (nutrikinetics)

(pharmacokinetics) ¢ Biochemical and
Clinical or physiologic physiologic effects
effects (pharmaco- (nutriadynamics)
dynamics)

Narrow therapeutic index

Mono- or combination

e Inactivation of digestive enzymes

e Formation of bile acids, complex formation
e Damage to oral mucosa/intestinal flora

¢ |mpairment of gastrointestinal motility

e pH changes

e Genetic factors (individual variability) therapy
Possible outcomes on the
micronutrient balance
e Impairment of
D # micronutrient metabolism
rug and/or endogenous
micronutrient synthesis
e |ncreased intestinal/renal
excretion
e |mpaired absorption/
bioavailability
Potential drug-induced pathways e Disruption (in serious
e« Micronutrient antagonism metabolic dysfunction)
¢ Induction of micronutrient-metabolizing enzymes k )

¢ Inhibition of micronutrient-intermediate metabolism enzymes

e |oss of appetite, nausea, vomiting, diarrhea, constipation

Figure |. Bidirectional relationship of drug-micronutrient interactions. Reproduced from Karadima et al."?

directly affect the pharmacokinetic properties (absorption,
distribution, metabolism, or excretion) of micronutrients
because both may use the same metabolic and transport path-
ways in the body. In addition, physiologic changes resulting
from the drug’s mechanism of action may directly affect the
micronutrient. The medication itself may indirectly affect the
patient’s health due to its effect on overall nutritional (eg,
weight gain, weight loss), metabolic (eg, hyperglycemia,
hypertriglyceridemia), or specific micronutrient or mineral
(eg, hypokalemia, zinc deficiency) status.”™* Many medica-
tions have gastrointestinal (GI) adverse effects, such as

nausea, vomiting, and diarrhea.>'* Other adverse effects of
medications, including cognitive, visual, and gait distur-
bances, may alter a patient’s ability to obtain, prepare, and
consume food. The elderly are particularly at risk for these
adverse effects given their more prevalent use of medications
and lower tolerance for adverse effects.”'>'* As an example,
antacids can affect the absorption of concomitantly adminis-
tered oral preparations via alterations in GI transit time or by
binding to or chelating the substances.'” Thus, iron or folic
acid supplements should be separated by 2 hours, and citrus
fruit/juice or calcium citrate supplements should be separated
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by 3 hours from antacid use.'® Additionally, prolonged use of
gastric acid suppressants (eg, proton-pump inhibitors [PPIs]
and histamine-2 receptor antagonists [H RAs]) has been
associated with vitamin B, malabsorption and deficiency,
although the clinical significance of this vitamin-drug inter-
action is not clear.'™'®

Conversely, micronutrients can influence the pharmaco-
kinetics and pharmacodynamics of medications.® Dietary
supplements may interact with medications through various
mechanistic pathways, such as alterations in transport pro-
teins or enzymes; complexation, chelation, or deactivation
processes occurring in the gut; and in some cases, pharma-
codynamic interactions occurring at the site of action.’ The
micronutrient status of the patient can indirectly affect the
efficacy of medications because nutritional deficiencies
may affect drug absorption and metabolism."” When a
patient experiences severe energy or protein deficiencies,
enzyme concentrations in tissues can be decreased, reduc-
ing drug absorption or protein binding and possibly causing
liver dysfunction. Alterations in the GI tract can also reduce
drug absorption and modify response. A specific example is
the association of hypomagnesemia and digoxin toxicity.*
Digoxin inhibits the magnesium-dependent enzyme
Na+/K+-ATPase, and therefore, in patients who are magne-
sium-deficient, plasma potassium is also reduced, thereby
enhancing the effects of digoxin.”**' A deficiency of vita-
min C may also reduce the activity of drug-metabolizing
enzymes, as suggested in scorbutic guinea pigs who demon-
strated significantly decreased levels of various compo-
nents of the P450 cytochrome enzyme complex.'”***

Supplementation with micronutrients may also be rec-
ommended to improve the efficacy of a medication. For
example, raloxifene and teriparatide should be administered
with adequate dietary intake of calcium and vitamin D; oth-
erwise, dietary supplementation may be necessary to ensure
the efficacy of these medications.'® Likewise, epoetin-alfa
may need to be administered with supplemental iron, vita-
min B . and folic acid to provide effective therapy.'®

Drug-Nutrient Interactions of Concern
in Clinical Practice

Table 2 summarizes several drug-nutrient interactions that
commonly occur in clinical practice.'"'**>* In many cases,
the effect of short-term use of these medications in healthy
individuals is negligible and does not require intervention.
In addition, some interactions may be clinically significant
only when micronutrient intake is very low; therefore, aver-
age daily intake of the micronutrient may need to be consid-
ered. However, long-term medication use in chronic
conditions may require an increased or decreased intake of
specific micronutrients or monitoring of the intake of these
micronutrients to prevent adverse outcomes.

Gastric Acid Suppressants

OTC, as well as prescribed, PPIs and H RA acid suppres-
sants are often used for the treatment of heartburn and gas-
troesophageal reflux disease.'®** Due to the reduction in the
secretion of gastric acid and pepsin that they produce, pro-
longed use of PPIs and H RAs has been associated with
vitamin B | malabsorption and deficiency.'”"*** Aside from
the obvious consequences of vitamin B deficiency (ie,
megaloblastic anemia and neurologic symptoms), there is
also the risk that slight vitamin B _ deficiency will increase
serum homocysteine, which has been associated with car-
diac and vascular conditions, impaired cognition, and other
adverse effects, particularly in the elderly and in those who
have had gastric surgery.'”” Therefore, a supplement con-
taining vitamin B | may be advisable in patients receiving
long-term PPl and H RA therapy.'®'®%

Because an acidic environment in the GI tract is needed
for absorption of insoluble calcium, long-term acid sup-
pression could theoretically decrease the solubility and
absorption of calcium from the gut, leading to a reduction in
bone mineral density and increased risk of osteoporosis and
fracture.”® A modest increased risk of fracture has been
observed in patients taking PPIs.”” Because of this potential
association between PPIs and fractures, the US Food and
Drug Administration issued a warning regarding the possi-
ble increased risk of fractures among patients using high-
dose PPIs for extended periods.”® However, it is important
to note that these findings are limited by the potential con-
founding factors and biases inherent to observational data,
and evidence supporting whether the association is medi-
ated through impaired calcium absorption from the gut has
been mixed.”” Nevertheless, several practical strategies can
be recommended by the pharmacist for individuals taking
PPIs long-term to address the issue.’® When calcium intake
is adequate, the impact of gastric acidity on the solubility of
calcium salts relative to overall absorption would be mini-
mal, so patients chronically using PPIs should be instructed
to ensure they are obtaining the recommended amount of
daily calcium for their age/sex (via either dietary intake or
supplementation).”® The calcium content of the typical
vegan diet is of concern,”® so vegans in particular may con-
sider taking calcium supplements with a PPI. Soluble cal-
cium salts, such as calcium citrate, would be less subject to
changes in bioavailability related to gastric pH.*® Absorption
of insoluble salts, such as calcium carbonate, can be
improved when administered with meals, which is routinely
recommended but may be particularly important in the con-
text of acid suppression.”® Likewise, gastric acid is needed
for iron absorption, and therefore, the use of acid-suppres-
sive therapy could decrease iron absorption. Use of H RAs,
for example, has been shown to decrease the absorption of
iron by as much as 65%.*>* This interaction can be avoided
by taking H RAs at least 2 hours before or after iron intake. o



(panunuod)

snlels N_m UIWEJIA JOJIUO|,|

uswom jueudaud AjuejnonJed
‘uoneuswa|ddns pioe dijo) pasu Ael|
juawia|ddns ) ulwelA e

Snup J4a3ye unoy | Jo sJ0jeq

sanoy ¢ Aq Ajoreaedas Juaws|ddns AN
40 Quiz ‘wnisaugew ‘uoJi ‘wnpded dxe ]

J3yye sanoy 9 Jo

940439 sJanoy g 3se9)| 3e Juswa|ddns AW
40 ‘uodl Duiz ‘wnisauSew ‘wnidjed de

9)[EIUl Y UIWEIIA SSBI.IDU| 01 pasu Aely|
9)[E1UI DUIZ 9SBSJDU| 01 paau Aely

uoneuawa|ddns | ulWEIIA YaIm uoined)
UO.1 J33JE JO 310§3q SINoY 7= e

asn
w.3-8uo| yam smess ¢'g uiweaa Jonuoyy

juawa|ddns uoJl sAnBUIRSIE UB 3S
(324210 WNIDJED)

S)[es WnId[ed 3|qN|OS JO ISN JSPISUOD)
Ajjiqejreaeolq aaoadwi 03 sjeaw

Yyam sauaws|ddns a3euoqJed WNIdJEd e

(uoneiuswa|ddns Jo/pue 381p BIA) WNIEd
JO O[eIUl A|lep PIPUSWIWOD3J 34nsug

papaau aq Aew uonejuswsa|ddns
‘smye3s °'g uiweaa Joduop

sinoy ¢
Aq Aj9reJaedas @181 WNEd e ‘sunoy
T Aq Aj1eJedas pioe d1j0} U0 uodl e |

rlwauIsAdowoyaadAy ‘(elwaue
ansejqofeSaw) Aduapyap ©'g uiwenp

Aduapiep aejo4
sNJeIs D) UIWEBIA DPAA Paseatdsg

Aoed1ye dnoIqIIUE paseaUda(

Ao®d1e dnoiqnue paseaddn
sanjjew.ouqe Suipas|q o1 Suipes|
Ajjennualod ‘sniels Y| UIWELIA Pasea.d9(]
pases.dsp smels durz
smels
3| UIWEIIA PUE UIIOIGQ UO SID9YD 9SI9APY

pasea.dap sniels uod|

Aouaiyep Y uweap
syuswsa|ddns Sujureuod
-uoui |[AuogJed jo Aljiqe|ieAROIq padnpay

sjJes wnp|ed
ajgnjosul jo Aujiqe|ieAeoIq padnpay

elwauIsAdowoytadAy ‘(elwaue
ansejqojeSaw) Adusiyep <'g uiwei

eiwajeydsoydodAy ‘Apuatinouod
paJalsiuiwpe ji uoneyudwsa|ddns pioe
3|0} IO UO.I JO 1294J0 POsEa.IP [elIUSI0

(uonduosqe padredwr) xajdwod
' g-41 aya Jo siso1hdopua pareipaw
-103da3a. Juspuadap-wnidfes jo uoliqiyu)

aseldnpad
912|0JOJpAYIp UO 123y AloqIyu|
UONRIDXD D) UIWEBIIA [BUSJ PIsEa.dU|

anoiqnue jo uond.aosqe
paseaudap ‘xa|dwod jo uonew.io

8nup Jo
A|iqejieaeolq pue uond.osqe pases.da(
sISayuAs
3 UlwelA snousSopus jo uoniqiyu|
uond.osqe duiz pasestdaQ
SISaYIUAS
3| UIWEIIA PUE UROIG [BUISSIUI JO UORIGIYY|

pasea.dsp uondiosqe uod|

N_m ulwellA ‘feauswsa|ddns

10U Inq ‘AJeIaIp Jo uondiosqe
Pases.d9p ‘UONEZIUO|OD |BlISIdEg

uo.i |Auoqued jo uondiosqe pasesJdag

wnid[es a|gnjosul jo uond.iosqe

paseaudap [enuslod ‘Hd orised aydiy
03 NP wiNjed Jo AM|IN|OS PaseaUd3(]

Y'q uiwea qeauswaddns

30U Inq ‘Ae3alp jo uondiosqe pasea.adap

‘upp304d-y wouy ¢'g uiwelA jo ssesjeu
pasea.dap ‘Hd d1u3sed paseaddu|

snJoydsoyd
pue ‘uou ‘@1e|o} Jo uondiosqe pases.tdsq

Y uwenp VIVIRICTRETIN
sonaqoipnuy
9|ozexoylawey|ns
a1e|04 -wradoyrawia |
D ulwelip

Juiz ‘wnisaudew

‘uodi ‘wnmped) saulPAdea39 |

uou

OuIZ ‘wnisausew
‘wniped) sauojouinbouon|4
3 UIWelp suriodsofeydar

duiz

3 UlWeA ‘unolg

sonoiqnuy
uou|
sisiuogejue
“q uiweap  Joidedes z-sulwelsiH
uod|
wnped
sJoqiyul
4
g ulweip dwnd-uojouy
apIxo.pAy
wnisaugew
snioydsoyd jwnuiwnye
‘uou ‘@1e|04 Sulureuod speIuy

$432NpaJ pIdD puD SpPDIUY

paJinbay (s)uonoy |enusiog

(s)@duanbasuor

VOW

JUSLIINUOIDI|A 3nuq

LR TATN

['Pa.inbay (s)uonoy [enusiod pue ‘(s)uondessiul ays Jo s35uanbasuo) ‘SYQOIW J18Y | ‘SUONIEIBIU| JUBLINUODIL-ENIC UOWWOD *T d]qeL

220



(panunuod)
SAIVSN Yum pajeosse Aunful
[esoonwi 2143sES JO POOYI|9Y|l| INPaJ pue 3 UlWEIA ueYIBWOPpUL
paJinbau Ajjesauag uonoe oN Aoeolye Adojewwepul-nue adueyud Ael  Aq pasenuslod uoniqyul Z-XOD A8JauAlg Julwelp  ‘usjouadngi Oeusjopiq
s3vy jo sudis Aep/N| 008= °3esop
[ed1ul]d 40y JojluoW ‘uoiIde dHdads ON awn 3uipas|q jo uoneduojoid J UIWEJIA 3B 3| UIWEIIA YIIM UOIIDBIDIU| J ulwenA
s3V jo sudis saueJquRaW
[ed1Ul]D J40) JoJUOW ‘uonIde dYdads O SJ92|Nn JO dsiJ ‘AJIjIqeJS|OIUl [ PASEaUDU|  SNODNW UO UOMDE JUBILLII JO UOIIEBIIISURIU]| uod|
UOIBIIUIIUOD D)
asop y3iy wu:n UIWE)IA D1IISESRIIUl PISEIISP ‘UOIIDIIXD
-3uo| yam D ulwellA ul Y31y Spooy aseaUdu| a8ewep esodnw d14IseS pasea.ou] [euas paseaudul ‘uond.aosqe paseadds D UIWeNA urdsy
SaLOIDWWDUI-NUY
[BIIUSSSD Y| UIWEIIA JO 3> EIUl JUSISISUOD) wssiuogejue Juendeoduy wsjuogeuy 3 UlWelp
(4Nl
Jojjuow) uliejrem Jo Adediye adnpad i uiweaia pue °'p (urregrem)
syusw|ddns o_O SWAZUS0D PIOAY ued o_O awAzus02 Jo sasop Jay3iH 9WAZUS0d UddIMID] AJLIB|IWIS [BINIDNAIS o_O dWAZUS0D)  sIsluoSelue Y UIWEIA
supjn3podnuy
Ayredounau [esaydiuad ([exop1iAd) 0m ulWellA pue (suizedpAy)
uoneauswaiddns Sw 0oz-00| g UIWEIA pasea.dul ‘Aduaidyap g UIWENA auize[eapAy usamiaq 3uipuoq JUS[BAOD) °q uiwenp auize[edpAH
3uoN (e1sna8odAy ‘39) uons|dap duiz POsEa.dUl UOIISJIIXS JUIZ [eudy Uz
9 el wnisserod Jjwij/1onuoly ejwaexJadAH Pasea.dap UoIaIdXd wnisselod [eusy wn|ssejod sgyV Pue s|3DVv
sanisuspadAynuy
juawsa|ddns asn w9y
J0 3>ejul (] UIWEIA PUB WNID[BD 3SBaUdU]  -8UO| YIIM SIS010d0a1SO JO sl pasea.du] wis|joqelaw (] UIWElIA paseaJdu| q Ulwep
UOIBIIUIIUOD
SUNIUJED PASEAIIDP ‘UONDIIXD SUNIUIBD
uonejuswsa|ddns supnjuied pasau sai8ojoed JaAl| ‘ondney -|[Aoad|eA pasea.du] ‘9sedo|sued)y
Aew axeaul Auelalp 91enbapeul YIIM 9soy]  ‘UondunysAp deipJed ‘Adusidysp suniuleD) aunjuJed-|A2e-aunjuJed pases.da auniuied-] pioe djoadjep
asn w.e3-8uo| yum uoneluswsa|ddns sanijew.Iouqe auoq o1 J9AI| Ul 9se|AX0upAY-GT
wnpjed ‘g ulwellA pasau Ael  Suipes| Ajlenualod ‘paseatdsp G-HO-ST @ UIWElA Jo KA S9ONPaY  UlweA
Aoeoiye ondajidanue
paseaudap ‘(eisejduadAy [eaiduid wssijogelaw ujoiduayd
ujoaduayd ‘ejwaue dnse|qofedaw ‘aurdisAoowoy 9AnEpIXO pasea.dul ‘uondiosqe s1ejo4
YIIM palJels uayo ‘Ajiep pioe d1joj Sw | = paseaudul) Aouspdlep a1ejo4 pasea.dsp ‘WisijoqeIsW 938|0) Pasea.du| 91|04 ulokuayd
paseaJdap uoneziinn auidszewreq.ed
saniew.Iouqe auoq o3 Suipes| |[e winid[ed pue paseaJdap s| uond.iosqe ‘suopiwiad
asn wJ33-3uo| Yam uoneuswsa|ddns ‘paseaJdul auljoulplaAd ‘paseasul Hid win[d[ed ‘wsijoqelaw (J UIWEIA S9SBaJdUl a ‘[e31qreqouayd
wnipjed ‘g ulwellA pasu Ael] ‘paseaddsap mn_.NAIOYmN,_ pue mD-IO-mN Y2IYM ‘UOIdNPUI OGpd SWOUYD0IAD  UIWELIA ‘Wnid[eD) ‘ulo3duayd

sondsjids-nuy

paJinbay (s)uonoy |enusiod

(s)@duanbasuor

VOW

JUSLIINUOIDI|A 3nuq

(panunuod) 'z sjqe |

221



(panunuod)

SUOI3EJIU3dUOD WiNid|ed pooi|q J0}IUOo|,|

(auaws|ddns
Jo) wnisserod pue wnisaudew aseauou|

D puey
sujwellA ‘wnissejod jo (uoneuswsaiddns
J0 13Ip BIA) 93Ul pasea.dul pasu Ael

3sN W.2)-3U0| YIIM PapuUSILIODID.
uonejusws|ddns @ ulwenA/wNPRED

3uisop ajeuoydsoydsiq

wouy duiz uipnpul syusws|ddns ayeaedag
syuswa|ddns uoul
Jo ‘winisauSew ‘wnid[ed JO Uone.ISIuIWpPE
UDIMISQ SINOY [BJIASS JO [BAIDIUI SUNSUD
‘8uppoe| S| eIUl A4elaip JI papasu
9q Aew uonejuswsa|ddns ‘enuasss

eIUl g UlWeIA/WNID[ed 31enbapy

Pasea.dUul UO[EBIIUSDUOD WN(D[Ed poo|g
(paseaudap
9oueud|03 asodn3 ‘eiwapidijdadAy)
‘pasea.dap 4JAT ‘pases.dul

94nssaJd poojq ‘UONDIIISUOIOSEA

wnisseaod ‘D UIWEIA Y UIWELIA
JO SUONEIIUSIUOD POO|q Pasea.a(

siso10doa1so padnpul-piodn.ioD)

pasea.dap sniels duiz
‘pasea.dap sareuoydsoydsiq jo Adeoiy3

paseaudap sareuoydsoydsiq jo Aoediy3

elwaeydsoydodAy pue elwsdjedodAy jo
€

Pasea.d9p UOMBJIX3 WNID[ED [BUDY

pasea.dap wnisauSew
pue wnissejod [eipJedoAw ‘pasea.dul
uonaJdxa wnissezod pue wnisaudel

wnissejod pue
D UIWEIIA JO UONRUDXD AJBUlIN Pasea.du]
paseaJdap
UONEJIUSIUOD UID[BI0ISO WINISS
‘PaSEaJDUI UOISJIXD [BUSJ ‘PIsEadap
uond.uosqe wnid[ed 112343 ( UIWEIA—IUY

ajeuoydsoydsiq
pue duiz y1oq jo uond.osqe pases.tdsq

saxa|dwod
3|qeqJosqe AlJood jo uoprew.o

sawAzua J3Al| [ewosoJdiw

a
UIWEYIA ‘Wnid[eD)

wnisselod
‘winisaudel

wnisseyod ‘D
UIWEIA ‘Y UIWEIIA

a
UIWEJIA ‘Wnid[eD)

suiz

wnisaugew
‘uod ‘wnpeD)

QuaJajwelay
\w_u_Nm_r_uOLO_r_UOL_U%I

aplwasouny ‘sapizely |
sonaJnig

auojosiupa.d

‘auojosiupaidjAyzaw
‘QUOSEBIBWEX]
SP10431S0211107)

9)BUOJPASII
‘91BUOIPUdY
[p4o ‘sarpuoydsoydsig

uonejuswa|ddns  ulwelA pasu Ae| ISl ‘SISEBAUDIP UOIIBIIUIDUOD “(Q-HO-ST  JO UOIDINPUI 03 NP UMOP>E3Iq (] UIWEIIA q Ulwelp uidweyry
(snanau ando ‘sprinau
Ayzedounau [esaydiuad jusaaud o1 (Ajrep [esaydiiad ‘saunzies ‘89) Ad1xoloanau (aseq H1yss) uonew.oy xajdwod
8w 0g-97) uoneuswsa|ddns AVm ulwenp pasea.nul ‘Aduspyap @m_ ujwellp 01 anp jeydsoyd [exopliAd jo uoneandeu| nm.m_ ulWweNA pizejuos|
a8ewep aAJau 213do pue uondUN [BNSIA paseaJoul
paJinbau aq Aew uonejusws|ddns ourz  jo saduequmsip d|qissod ‘AdUSDIPP JUIZ  UOIIBJIDXS DUIZ [BUSJ ‘UONEBWLIO) X3|dwoD) suiz Joanquieyag
(Aepj8w o5<) papaau aq Aew °g uiwela seisayysaded ‘A)dIxo0104nau uonew.oy xajdwod
Jo sasop ague| yam uoneuswa|ddng  paseauour ‘Aduspyap areydsoyd [exoplikd 01 anp aeydsoyd |exopliAd jo uoneAnseu| °q ulweap BULIBSO[IAD
san0jn2Jaqninuy
SNIJYIJE PIOJBWNAY Ul 91BX3J30U3W
YaIm pasn uaym uoneuaws|ddns pioe dljo4  eliwaueisAdowoyladAy ‘Adusidyap a1ej04 pasea.dap uond.osqe 91ej04 31|04 auIze|ese)|ng
S109Y9 |9 elwauIsAoowoyaadAy
PUE |BJO 9SE3JD3P O} IEXD.I0YIDW YIIM ‘siuAIBuI ‘sniewols ‘eluadolf>oquiouys (403qiyur
paquidsaud andsad (pIdE J1UljO)) ULIOAOINDT ‘eluadodna| ‘Aduaidlep aejo4 ase1dnpaJ JH 1) Isiucdeiue a1ejo4 3je|04 21eX3.130Y33)
paJinbay (s)uonoy [enusiod (s)@dusnbasuo) VYOW JUSBLIINUOIDI| 3nug

(penunuod) ‘'z a|qe L

222



‘|92 Poo|q 33YM ‘DGAA (918[0j0.IpAYRIRI ‘JH ] Buow.ioy
proJAyeded ‘H | d ‘s8nip A1ojeWWEUI-IUE [BPIOJSISUOU ‘S[VYSN (UOIIE JO WSIUBYIBW ‘YOI {[B42UIW/UILBIARINW ‘AN UONIEI) UONDIBID JBINJLIIUSA 13| ‘4IAT ‘OlFed PIZI[BW.IOU [BUOHEBUIIUI
“dNI| 10308} dIsuLiaul ‘4| {[eunnsDIUI0IISES ‘|0 (Z-9SBUBBAXO00|2AD ‘7-X D ‘sasiuodelue Joidedaul || uisum10IBue ‘GYY IUSAS BSI9APE ‘JY LI03IqIYUI SWAZUS SUNISAUOI-UISUSIOISUE ‘DY SUOHBIASIGQY

uond.osqe
YIIM 9DUR.194I9JUI PIOAE O) J3yE SINOY G-
Jo uond unoy | syuswa|ddns saasiuiwpy

3sn W.3-8U0| Y3IM PapuUsILIODD.
w04 [ea33udJed 40 3|qIdSIW-IDIEM Ul
SUlWelIA 3|qnjos-1g} Yaim uoneiuswalddng
asn wua3-8uo| Yyum
papuswwodaJ uopeuawa|ddns pioe d1j04

JUIZ ‘WINIU3I3S ‘winisaudew ‘g pue
2 suiweyA ‘xajdwod g ujwella Sujuieuod
uonejuswa|ddns [edsuIW/UIWEIARIN|

UONBUIqUIOD PIOAY
3SN JIUOUYD O} PIPUIWIWIOID dJE
syusws|ddns ¢'g uiwean jo sesop JaySiH

uonejuawsa|ddns wnisselod
pue a>ejul wnisselod SAISSIOXD PIOAY

asn w9

-8uo| yum sisouo0dos1so eIdB[RWONISO

‘Adusdyap | uiwelA o1 anp 3ulpas|q
smeas Y ‘3 ‘Q ‘V UIWEIA paseatdaq

Aouaidiyep a1ej04

suopnedidwod
Aoueudaud ‘saandsdeaauod eJo jo
UO[IBNUIIUOISIP J4334e A[JI0YS UJoq
salqeq ul $319949p aqn] [eJdnau ‘dunssaud
pooj|q pasea.oul ‘sisododoa)so ‘swseds
3|2sNW ‘SYdEpPEaY ‘S|9A3| UIUOIOISS MO|
“WSI|OqUISOqUIOJY3 JO [SI4 pPasea.dul
‘eluadoifooquioay ‘eluadodina| ‘elwauy

Ad1x01 Jejn|[@203eday JO djSId pasea.du|

BIWAUE
ansejqoeSaw ‘Aousidyap 'g uiwenp

elwa[eyJadAH

uond.osqge yum aJaiaaul
puE s95UBISQNS U910 O3 pulq ABW UISDY

SuIWeIIA 3|qn|os-18) jo uond.osqe
Sunuaaaud Agauay ‘spide 9)i1q spuig

91E|0} |92 PaJ JO UOIINPIY

wsijoqelsw

paJsae pue ‘Suipulq uie10.d pases.udsp

‘uonaudxa paseaJoul ‘uondiosqefew
Suipnpaul ‘swsiueYISW SNOLIBA

J3AI] Ul 288J03S UOU| pPasea.du|
paseaJdap pooy wo.Jy uondiosqe

g uiweaa o8ewep |esoonw e O

P3seaJd3p UOI1aJdX3 WN|SSselod

s[esauiw
/SUIWRLIA J3YI0

A3

‘Q 'V sulweyA
o1e|04 auiweafisajoyd
SNO3UD|[ISIY

N_m

uiwella A|qissod
“uiz °g pue °g
‘D ‘Y SulwelA
‘wnisaudew
‘uodi ‘21|04
‘1addod ‘wnidpe)

sunsagoud
pue |oIpesIsa [Auiyag
$9A1G92D.13U0D [DIQ
uou| [outandojy
‘g uureap auPIYI0D
s3nip 1no3-nuy

wnissel04 auoloejouo.idg

paJinbay (s)uonoy [enusiod

(s)@ouanbasuor

VOW

2US1IINUOIDIL 8nuqg

(panunuod) ‘g a|qe L

223



224

Journal of Pharmacy Technology 34(5)

Anticoagulants and Vitamin K Stability

Drug-nutrient interactions with anticoagulants such as war-
farin, and vitamin K are well known and can lead to life-
threatening  hemorrhagic  events.*’  Studies  have
demonstrated that clinicians have deficiencies in their
knowledge of warfarin-vitamin K interactions, which may
result in inaccurate patient counseling and adverse out-
comes.”* Patients should be counseled that they should
continue to consume the same amount of vitamin K in their
diet, including that contained in dietary supplements, while
taking concomitant anticoagulant therapy.*’ Diets low in
vitamin K can result in unstable international normalized
ratios (INRs); therefore, supplementation with vitamin K
may be needed in these patients.** Both phylloquinone
(vitamin K I) and menaquinone (vitamin Kz) in doses from
25 to 100 pg are contained in MVM supplements that are
available in the United States.” For patients using vitamin
K—containing dietary supplements with anticoagulants,
pharmacists should be aware of differences in potency
between the different forms of vitamin K. Specifically, vita-
min K_ is 3 to 4 times more potent than vitamin K in coun-
teracting coumarin-derived anticoagulants. As such, the
recommended upper limit for safe intake of vitamin K in
patients taking oral anticoagulants is 50 pg/day compared
with 100 pg/day with vitamin K _.* However, when
administered in combination with properly adjusted antico-
agulant doses, the longer half-life of vitamin K may pro-
vide more stable levels of anticoagulation effect.*
Moreover, anticoagulants that directly inhibit factor Xa or
thrombin are now available and have little or no interaction
with food or dietary supplements and other medications.*®

Chemotherapy

Patients being treated for cancer may require individualized
micronutrient supplementation management rather than fol-
lowing generalized recommendations due to the complex
nature of these therapies. This may be further complicated
by the fact that many cancer patients, without the knowl-
edge of their physician, take micronutrients to help alleviate
the disease itself or the adverse effects of therapy, or to
increase the efficacy of treatment.*’

Chemotherapy is an area where there is a particular need
for individualized assessments of nutritional intake during
treatment. As reviewed by Ozben,* evidence for the bene-
fits or risks associated with antioxidant supplementation in
patients undergoing cancer treatment is conflicting, and
results vary according to the form and intake level. Some
studies have suggested a potential benefit for vitamin E in
terms of enhanced effectiveness or reduced toxicity when
taken concurrently with chemotherapy.* Mechanistic stud-
ies using preclinical disease models have demonstrated that
vitamin C, as an inhibitor of hypoxia-induced factor-1

(HIF-1)-dependent angiogenesis, has the ability to counter-
act cancer-promoting processes.” However, studies are
needed to determine how oxidative homeostasis differs in
normal and malignant cells in order to find how antioxi-
dants may be incorporated into cancer treatment.*’

Niacin supplementation at a dose of 14 to 16 mg/day in
adults has been recommended to treat the symptoms of pel-
lagra (dermatitis, diarrhea, and dementia) that are often
associated with long-term chemotherapy in patients who
may be niacin deficient.”® In addition, niacin deficiency in
cancer patients has been shown to sensitize bone marrow
and increase the risk of chemically induced leukemia as a
result of the suppressive effects of chemotherapy.”

Thus, not only may chemotherapy itself negatively affect
the nutrient status of the body, but the adverse effects of
chemotherapy (ie, anorexia, stomatitis, and diarrhea) can
also cause nutrient deficiencies.’'** However, because sup-
plementation with certain micronutrients may decrease the
efficacy of treatment in some circumstances, patients should
be advised of appropriate supplementation as part of their
overall treatment plan.*’**

Folic Acid Supplementation in Methotrexate
Therapy for Autoimmune Disorders

Folic acid supplementation in the context of anti-folate ther-
apy with methotrexate for treatment of psoriasis or rheuma-
toid arthritis is widely used despite the absence of generally
accepted evidence-based guidelines.” The goal of supple-
mentation with folic acid or folinic acid (5-formyl tetrahy-
drofolate, a cofactor of methotrexate’s target dihydrofolate
reductase) is to reduce adverse reactions to methotrexate
treatment.”* Baran et al reviewed literature reports published
between 1960 and March 2014 pertaining to the vitamin-
drug interaction in psoriasis patients and concluded that folic
acid supplementation may be effective in reducing the sever-
ity of methotrexate-related adverse effects.”® In a meta-anal-
ysis of 6 trials with 624 rheumatoid arthritis patients, folic/
folinic acid was found to reduce the incidence of GI tract
adverse effects in patients on methotrexate therapy.”
However, a meaningful effect of supplementation on the
hematological adverse effects of methotrexate cannot be
established. Importantly, folic/folinic acid supplementation
does not appear to affect the efficacy of methotrexate treat-
ment of theumatoid arthritis.”® A study comparing the effects
of 2 dose regimes of folic acid supplementation (5 mg/week
vs 30 mg/week) on the tolerability and efficacy of metho-
trexate in treatment of rheumatoid arthritis patients found no
differences with regard to adverse effects or methotrexate
discontinuation.’® However, the lower-dose group showed a
lower rheumatoid arthritis disease index, indicating that the
5 mg/week dose had a smaller negative effect on methotrex-
ate efficacy. Rheumatoid arthritis patients who receive coun-
seling from a rheumatologist are more likely to be prescribed
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folic acid-methotrexate combination therapy than patients
counseled by other health care providers, highlighting the
need for guidelines on folic acid supplementation in this
clinical setting.”’

Chronic Disease Contribution to
Vitamin/Mineral Insufficiencies

Some chronic diseases can predispose patients to vitamin/
mineral insufficiencies that may require dietary supplemen-
tation. Diabetes, malabsorptive disorders (including
Crohn’s disease and ulcerative colitis), cardiovascular dis-
ease, and alcoholism are some of the most common condi-
tions seen by pharmacists in clinical practice that may
necessitate patient counseling on the need for micronutrient
supplementation.

Diabetes

Type 2 diabetes mellitus (T2DM) has been associated with
poor nutrition and deficiencies in micronutrients involved
in glucose metabolism, pancreatic -cell function, and insu-
lin signaling.”' Therefore, deficiencies in these micronutri-
ents could also contribute to the development of T2DM.>®

It has been demonstrated that 14% to 48% of patients
with T2DM have hypomagnesemia, while patients without
diabetes have an incidence of only 3% to 15%.”% Low
serum magnesium concentrations are associated with com-
plications of diabetes, including an increase in the risk of
cardiovascular disease and diabetic retinopathy.”” A meta-
analysis of studies of oral magnesium use found evidence
that supplementation for 4 to 16 weeks may be effective in
reducing fasting plasma glucose concentrations and raising
high-density lipoprotein cholesterol in patients with T2DM,;
however, the authors noted that the long-term efficacy and
safety remained to be determined.®

Thiamin (vitamin B 1) deficiencies have been observed in
17% to 79% of patients with diabetes,”*”** and studies
suggest a beneficial role for supplementation in reducing
risk and severity of T2DM or its associated complica-
tions.”¢7! It has also been observed that compared with
healthy controls, patients with diabetes have lower plasma
concentrations of vitamin C’* and lower circulating concen-
trations of biotin, with an inverse correlation between biotin
status and fasting plasma glucose.”>”* Low levels of serum
vitamin D have been found to significantly increase cardio-
metabolic risk (including insulin resistance, metabolic syn-
drome, and cardiovascular disease risk),” and preliminary
evidence suggests that vitamin D with or without calcium
supplementation may improve glucose metabolism and
insulin signaling.”*"”

Antidiabetic medications can also affect micronutrient
status. For example, it has been demonstrated that metformin

hydrochloride lowers blood concentrations of vitamin B,
and folate by decreasing their absorption in the GI tract,
thereby causing neuropathies of the hands and feet.*™
Therefore, supplementation with folic acid (the synthetic
form of folate) in this patient population should be consid-
ered. The precise role of vitamin B, supplementation in dia-
betic patients taking metformin has not been established, but
it would be wise to monitor vitamin B, status in this group.®

Malabsorptive Disorders (eg, Crohn’s Disease,
Ulcerative Colitis)

Inflammatory bowel diseases (IBD), such as Crohn’s dis-
ease and ulcerative colitis, involve chronic inflammation
that ultimately damages the GI tract, and thereby impairs
absorption of nutrients.*” Patients suffering from Crohn’s
disease or ulcerative colitis are thus at increased risk of
micronutrient insufficiency.*” Vitamin B _ malabsorption is
of particular concern in IBD, and dietary supplementation
in the form of intramuscular injection is recommended in
those with clinical deficiency or severe B malabsorptive
disease (eg, patients with disease in the ileum or those who
have undergone small bowel surgery).*® Vitamin D defi-
ciency is associated with morbidity and the course of
inflammatory bowel disease,”’ and therefore, screening and
supplementation as appropriate are recommended.®”*
Crohn’s disease has been associated with reduced bone den-
sity and with osteoporosis due to reduced intake of vitamin
D—fortified dairy products, malabsorption of vitamin D, or
bacterial overgrowth.* As a result, patients should have an
intake of at least 1500 mg of calcium daily, either via diet or
supplementation.® In addition, iron deficiencies frequently
occur in individuals with ulcerative colitis and Crohn’s dis-
ease due to intestinal bleeding,*”***! and intravenous or oral
iron supplementation should be considered when iron-defi-
ciency anemia is present.’’

Certain medications used in IBD may also cause nutrient
deficiencies. For example, folate deficiency may occur in
patients who are receiving sulfasalazine, and supplementa-
tion with folic or folinic acid is recommended to replenish
folate stores.”” Long-term use of prednisone and other anti-
inflammatory steroids can both inhibit the absorption of
calcium and increase renal calcium loss, thus having an
unfavorable effect on bone health.” Patients initiating cor-
ticosteroid medication should therefore also start supple-
mentation with calcium and vitamin D.*” The bile acid
sequestrant cholestyramine (used to treat diarrhea following
ileac resection) interferes with the absorption of fat and may
increase the risk for deficiency of vitamin D and other fat-
soluble vitamins in patients with Crohn’s disease.”**

Individuals with obesity who undergo bariatric surgery
are at increased risk of nutrient deficiencies due to malab-
sorption.”** At a minimum, a multivitamin supplement is
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recommended for all patients after bariatric surgery; addi-
tional supplementation may be necessary depending on the
type of surgery that was performed and the associated risk
of malabsorptive disease.”

Cardiovascular Disease

Vitamin and mineral deficiencies can cause significant
clinical problems that should be monitored in patients
with cardiovascular disease. Some research has suggested
that diets high in potassium, magnesium, and possibly cal-
cium may have beneficial effects on blood pressure, as
well as reducing the risk of stroke, and supplementation
may be beneficial if these needs are not met through
diet alone.””® The Atherosclerosis Risk in Communities
Study found that the lower the serum magnesium level,
the greater the risk of coronary heart disease.”” In addition,
a meta-analysis of hypertensive and normotensive indi-
viduals found that supplemental magnesium produced a
small but clinically significant reduction in blood pres-
sure, particularly for those who received a higher dosage
(>370 mg/day).”® Increased dietary potassium intake is
associated with a reduction in blood pressure,”® which, in
turn, has been shown to result in corresponding decreases
in vascular disease. A meta-analysis of prospective studies
further demonstrated that higher daily potassium intakes
were associated with a 21% lower risk of stroke.'®

A number of medications used to treat cardiovascular
disease can affect vitamin status. Cholesterol-lowering
drugs, such as cholestyramine, can limit the absorption
of dietary fats in the intestine, as well as the fat-soluble
vitamins A, D, E, and K.' Diuretics, such as
hydrochlorothiazide, increase levels of homocysteine,
which may in turn counter the cardioprotection resulting
from lower blood pressure.'® Supplementation with folic
acid, vitamin B, and vitamin B, can help reduce
homocysteine levels.'”

Alcoholism

Individuals who suffer from alcoholism usually have insuf-
ficient intake of certain micronutrients because most of
their calories come from alcohol.”’ Most notably, deficien-
cies in vitamin B , vitamin B_, folate, and thiamin may
contribute to the development of alcoholic liver dis-
ease.’"'"'" Higher intake of thiamin is needed during
alcohol withdrawal as a result of increased metabolism.'*
Therefore, vitamin supplements are recommended for
patients who suffer from alcoholism to help prevent thiamin
deficiency, as well as deficiencies in other micronutri-
ents.'®!'" In addition, during alcohol withdrawal, it is rec-
ommended that thiamin be administered either orally or
parenterally to offset the greater thiamin requirement.'®*

Drug-Micronutrient Interactions
and Unmet Nutritional Needs:
Opportunities for pharmacist
intervention

Recognition of At-Risk Individuals

One of the main factors that affect drug-nutrient interac-
tions is the patient’s nutritional status prior to the beginning
of treatment."" Underlying nutrient deficiencies, as well as
multiple comorbidities and polypharmacy, increase the risk
for drug-nutrient interactions. However, the most suscepti-
ble patients are those who are critically ill, as well as the
elderly, obese, frail, severely malnourished, and those with
underlying intestinal dysfunction.® Additional factors that
can affect micronutrient status include gender, self-medica-
tion with supplements, and liver and kidney function.'""
Length of treatment with a medication should also be con-
sidered, as short-term use usually does not require treatment
with dietary supplements.

Opportunities for the Pharmacist

The majority of health care professionals believe that phar-
macists are in the best position to discuss drug-nutrient
interactions with patients.'” Most pharmacists have access
to full medication histories and regularly provide counsel-
ing and disease state education; therefore, they can identify
areas of direct and indirect drug-nutrient interactions and
assess dietary supplement needs. Additionally, the avail-
ability of MVMs and other dietary supplements in most
pharmacies gives pharmacists a direct opportunity to iden-
tify and educate patients on appropriate use.

Pharmacists are in a position to evaluate drug-micronutri-
ent interactions for patients in whom the intake of a micronu-
trient is already inadequate, particularly in patients with
chronic disease who use long-term maintenance medications.
In addition, the elderly may be at particular risk due to comor-
bidities and polypharmacy.'"'® Pharmacists can also ask their
patients about dietary habits, MVM and other dietary supple-
ment use, including dose and duration of use, and concurrent
drug therapies during counseling sessions to get a comprehen-
sive overview of their patients” medication histories.'?

Collaboration between pharmacists and other providers,
including physicians, nutritionists/dietitians, and nurses,
can facilitate identification of recommendations that will
decrease drug-nutrient interactions and prevent adverse
events.'? Some drug-nutrient interactions may require spe-
cific dosing strategies to ensure that the desired effect of the
medication is not compromised by dietary supplementation.
The timing of administration may be important to ensure
that the medication is taken apart from these supplements.
For example, calcium, magnesium, iron, and zinc can form
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a complex with tetracycline that may decrease its absorp-
tion, and therefore, these supplements should be adminis-
tered 3 hours before or 1 hour after tetracycline.'® Another
example is that antacids can increase or decrease the rate
and/or extent of absorption of concomitantly administered
dietary supplements, and as a result, their administration
should be separated by 2 to 3 hours.'*'¢

Conclusions

Dietary supplement use with vitamins and minerals is wide-
spread, as is prescription drug use in the United States;
therefore, drug-nutrient interactions are an important con-
sideration. Some drug-nutrient interactions, as well as some
chronic diseases themselves, may result in micronutrient
deficiencies, thereby requiring augmentation with MVMs
or other dietary supplements. Pharmacists should be knowl-
edgeable of potential drug-nutrient interactions, monitor for
their occurrence, and recommend strategies to prevent
adverse outcomes when necessary.
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