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Introduction

Current prevalence of celiac disease is estimated to be around 1%

in the general population of Europe [1] and the United States [2].

Cardiovascular disease has an even higher prevalence and is the

leading cause of death in these regions, causing 46% of all deaths

in the European Union [3] and 32% in the United States [4].

Given that many cardiovascular drugs are orally administered,

absorption of these drugs may be significantly altered in celiac dis-

ease.

Cardiovascular Disease in Patients with
Celiac Disease

Large population studies have found celiac disease to be associated

with significant increases in cardiovascular disease compared with

the general population [5–7], although in other studies, no eleva-

tion in risk has been observed [8,9]. Celiac disease has been associ-

ated with 19% higher risk of incident ischemic heart disease [5]

and with 43% higher all-cause mortality 1 year post-myocardial

infarction compared with the general population [10]. Despite

this, a more favorable risk factor profile has been seen in celiac

individuals than that seen in the general population with ischemic

heart disease, including less smoking, lower body mass index,

lower serum cholesterol, and less extensive coronary disease at

angiography [11]. The proportion of patients with celiac disease

using different classes of cardiovascular drugs has been found to

be similar or higher than that of comparator groups [7]; however,

one study in patients with celiac disease following myocardial

infarction found lower prescription rates of statins and aspirin,

and higher prescription rates of warfarin [11].

The reasons for the apparent increase in cardiovascular risk in

the presence of favorable risk factors are not clear. Chronic

inflammatory states are associated with atherosclerosis and car-

diovascular disease [12,13], and elevated cardiovascular risk has

been observed in other auto-immune conditions [14,15]. The

presence of gluten in the bowel and resultant chronic inflamma-

tion causes increased expression of interferon-c and other cyto-

kines in celiac disease, which are known to promote progression

of atherosclerosis [16]. Reduction of inflammation with a gluten-

free diet improves inflammatory markers and also markers of vas-

cular impairment [17]. A further contributor may be hyperhomo-

cysteinemia secondary to malabsorption of folic acid and vitamin

B12, which is a recognized cardiovascular risk factor and associated

with thrombosis [18].

Pathophysiology of Celiac Disease

Patients with celiac disease have an intolerance to gliadin, an alco-

hol-soluble fraction of gluten, present in wheat, barley, and rye

[19]. Gluten ingestion results in an immunologically mediated

inflammatory response which damages the mucosa of the small

bowel, predominantly the jejunum, resulting in maldigestion and

malabsorption. This damage occurs when gliadin is presented by

human leukocyte antigen (HLA) molecules to T helper cells which

then mediate the inflammatory response. The resulting villous

atrophy and destruction of the absorptive surface may alter

absorption of orally administered medication.
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How Celiac Disease Affects
Pharmacokinetics

Celiac disease has a significant effect on drug absorption [20]. Due

to its vast surface area compared with the stomach, most drug

absorption occurs in the small intestine and in celiac disease, the

surface area available for absorption is substantially reduced due

to villous atrophy. The rate of gastric emptying is increased, deliv-

ering drug to the small intestine which can result in earlier absorp-

tion [21]. The majority of drugs are absorbed by passive diffusion.

Nonionized molecules have greater lipid solubility and diffuse

readily, while ionized molecules are less lipid soluble and cross

membranes less effectively [22]. In celiac disease, the intraluminal

pH of the small bowel is more alkaline [23], and this alters the ion-

ization of the drug, which is determined by the drug’s acid dissoci-

ation constant (pKa)—the pH at which half the drug exists in the

ionized form. Drugs with a high pKa are more nonionized in alka-

line environments, favoring their absorption. Changes to the in-

traluminal pH also alter the gradient across the intestinal

membrane which can affect passive diffusion. Villous atrophy can

also result in the loss of cytochrome p450 enzymes located in the

tips of the villi and reduce first-pass metabolism [24].

Evidence of Drugs Affected

A small number of pharmacokinetic studies in celiac disease look-

ing at cardiovascular drugs have been performed. Most were per-

formed some decades ago. Drug absorption can be increased,

delayed, reduced, or normal in celiac disease [25]. Drugs with

increased absorption include propranolol [23,26,27], aspirin [28],

methyldopa [29], and simvastatin [30]. Reduced absorption is

seen with digoxin [31].

Beta-blockers are used in hypertension and atrial fibrillation for

their blood pressure and heart rate lowering properties, and have

been shown to improve mortality in patients with heart failure

and acute myocardial infarction. There is wide variation in the

pharmacology of beta blockers and lipid solubility in particular,

with most beta-blockers having lower lipid solubility than pro-

pranolol [22]. Three studies found increased propranolol levels in

patients with celiac disease compared with normal subjects. Par-

sons et al. [26] compared two beta-blockers with differing absorp-

tive properties. Propranolol, which is highly lipid soluble, was

compared with practolol, which is a water-soluble beta-blocker

that does not undergo hepatic metabolism. Fourteen patients with

celiac disease in remission on gluten-free diet were compared with

ten normal subjects. The plasma concentration and area under the

curve (AUC) for propranolol was significantly higher in celiac sub-

jects when compared to normal subjects. This was attributed to an

increased rate of diffusion across the abnormal jejunal mucosa of

the lipid soluble drug (with earlier peak levels) and also reduced

hepatic clearance through saturation of first-pass hepatic metabo-

lism. The plasma practolol concentration was slightly reduced

compared to normal subjects, which the authors interpreted as

indicating impaired diffusion of water-soluble drugs in celiac dis-

ease. However, another potential factor which can alter drug

absorption is that some water-soluble drugs, including beta-block-

ers in current use, are absorbed via transporters in the intestine

[32]. Practolol has since been removed from the market due to

severe side effects including conjunctival scarring, fibrosis, and

metaplasia [33]. A follow-on study by Schneider et al. [27] found

similar results, with increased plasma propranolol levels in the

first four hours, but AUC was not increased. The authors ques-

tioned whether first-pass metabolism was saturated by the

increased rate of absorption. Another study found that higher

jejunal surface pH correlated with increased propranolol absorp-

tion and impaired folate absorption in celiac subjects compared

with healthy controls [22]. Propranolol has been largely super-

seded in cardiovascular disease by beta-blockers with more tar-

geted beta-receptor affinity and once daily dosing.

Acetylsalicylic acid, or aspirin, is a lipid-soluble, acidic platelet

inhibitor. Absorption occurs in the stomach and in the small intes-

tine. Low-dose aspirin (75–150 mg) is used for secondary preven-

tion of myocardial infarction and also to reduce thrombophilic

risk in heart failure. Low-dose aspirin has not been specifically

examined in celiac disease; however, one study investigated aspi-

rin at analgesic doses (600 mg) [28]. Absorption of aspirin

occurred earlier in the patients with celiac disease than in the

healthy controls, but overall the amount absorbed was the same

in both groups, and by 45 min, the salicylate concentrations were

the same in both groups. This finding is counter-intuitive, as

absorption of acidic substances is impaired in a high pH environ-

ment, and suggests that factors other than the pKa of lipid-soluble

drugs may play a more prominent role in affecting absorption.

The authors explain the earlier absorption by faster gastric empty-

ing time delivering the aspirin to the small intestine earlier. It is

difficult to say whether these altered pharmacokinetics have any

clinical relevance with low-dose aspirin.

Methyldopa is an alpha-adrenergic agonist used mostly in preg-

nancy-induced hypertension. It is predominantly absorbed from

the gut with high first-pass metabolism by sulfate conjugation

which is most likely to occur in the intestinal wall. Renwick et al.

[29] showed elevated blood levels of methyldopa, with a near

doubling of the peak plasma concentration and the AUC in

patients with celiac disease compared with healthy controls. Uri-

nary methyldopa was collected and surprisingly, showed no

increase in the amount of drug absorbed in the patients with celiac

disease. The authors’ explanation for this was a decrease in the

distribution from plasma to tissues in celiac disease, which was

consistent with the observation of no increase in pharmacological

response to the drug in the celiac group.

Simvastatin is an HMG-CoA reductase inhibitor which lowers

cholesterol by blocking conversion of HMG-CoA to mevalonate,

an early, rate-limiting step in cholesterol synthesis. Statins are

absorbed from the intestine with extensive first-pass hepatic

metabolism. They are used in primary and secondary prevention

of myocardial infarction. An interesting study examined whether

simvastatin absorption could be used as a surrogate marker to

assess disease activity in celiac disease [30]. After a single 20 mg

dose, mean serum simvastatin levels were significantly elevated

in 18 untreated patients with celiac disease compared with 11

healthy controls (46 � 24 nM versus 19 � 11 nM, P < 0.005),

while in 25 treated patients with celiac disease on a gluten-free

diet, the mean simvastatin level was closer to normal

(21 � 16 nM). A cut-off value of 24 nM for diagnosis of inade-

quately treated celiac disease was suggested. The authors pro-

posed that the increase in serum simvastatin levels was explained

254 Cardiovascular Therapeutics 32 (2014) 253–256 ª 2014 John Wiley & Sons Ltd

Unsolicited Editorial



by reduced first-pass metabolism with the loss of intestinal

CYP3A4.

Digoxin is a cardiac glycoside and is absorbed passively

mostly in the duodenum and jejunum. Digoxin has a steroid

structure similar to fat soluble vitamins, which are also poorly

absorbed in patients with celiac disease. When used in atrial

fibrillation, digoxin lowers ventricular rate at rest, and in heart

failure, it modulates autonomic tone and is a positive inotrope.

A study of participants with compensated congestive cardiac

failure compared four patients with celiac disease with ten con-

trols without celiac disease [31]. Steady state digoxin levels on

a dose of 250 mcg daily were significantly reduced (P < 0.001)

in the patients with celiac disease (mean 0.4 ng/mL) compared

to controls (mean 1.3 ng/mL). Decreased intestinal absorption

was the likely explanation, as similar capacity for renal excre-

tion was found in both groups.

Various blockers of the renin-angiotensin-aldosterone system

including angiotensin-converting enzyme inhibitors, angiotensin

receptor blockers, and mineralocorticoid receptor antagonists,

used in hypertension, ischemic heart disease, and heart failure,

have not been studied. Nor have calcium channel blockers which

are commonly used in cardiovascular disease. Additionally, new

oral anticoagulants (NOACs) including dabigatran, rivaroxaban,

and apixaban which are used to reduce stroke risk in nonvalvular

atrial fibrillation, and various fixed dose anti-platelet agents

including dipyridamole, clopidogrel, ticlopidine, prasugrel, and ti-

cagrelor also have not been studied in celiac disease.

Implications for Cardiovascular Drugs

Cardiovascular drugs are used commonly in patients with celiac

disease and pharmacokinetic studies of cardiovascular drugs in

celiac disease are sparse, particularly for the more recently devel-

oped drugs. For some drugs, the altered pharmacokinetics may

have no clinical relevance, such as that seen with aspirin and

methyldopa whereas for other drugs, including beta-blockers and

other anti-hypertensive agents, plasma levels of drugs may be

increased or decreased. The ability to measure blood pressure or

heart rate allows a convenient way to confirm that the drug is

working, although increased vigilance may be appropriate to

ensure the drug is working over the full dosing period. There may

be altered synergism between the agents with combination anti-

hypertensive products as a result of altered absorption of individ-

ual components in celiac disease. Increased plasma levels of some

drugs may increase the risk of side effects, for example with sta-

tins, and these should be enquired about carefully. When avail-

able, therapeutic drug monitoring should be used, such as with

digoxin, and this should be pursued during remission as well as

during flares. Anticoagulation in celiac disease deserves particular

attention. Warfarin hypersensitivity can occur secondary to mal-

absorption of vitamin K [34]. No studies have investigated the

pharmacokinetics of the NOACs in celiac disease, and monitoring

of plasma drug levels, especially during initiation and flares,

should be considered [35].

In summary, clinicians should be aware that the pharmacology

of drugs may be altered in celiac disease, during both active and

remission periods. The etiology of changes to pharmacokinetics is

multifactorial and can be unpredictable. There is a need for a more

significant evidence base to inform clinical practice in this particu-

lar patient group, as the clinical consequences of altered absorp-

tion may be significant.
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