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per 12 ounces). The tyramine content of any protein-rich 
food may be increased if stored for long periods or 
improperly refrigerated.”4

Is a Tyramine-Restricted Diet Necessary?

Acknowledging that there is a 16-fold difference between 
other MAOI allowances and linezolid leads to the ques-
tion of whether a tyramine-restricted diet is necessary for 
patients taking linezolid. More specifically, is a tyramine-
restricted diet necessary for hospitalized patients receiv-
ing linezolid?

Our institution, New York–Presbyterian Hospital, 
with > 2300 beds, may have >100 patients on linezolid at 
any given time. At our institution, the pharmacy depart-
ment is responsible for communicating the initiation of 
linezolid to the department of food and nutrition. It is not 
practical to generate a list from our physician order entry 
system (Eclipsys XA, Atlanta, GA). Upon order entry of an 
MAOI, including linezolid, a screen appears requesting 
the pharmacist to contact the department of food and 
nutrition regarding an appropriate diet. Under the previ-
ous hospital policy titled Drug–Nutrient Interactions, the 
pharmacist was required to contact the clinical dietitian 
from the department of food and nutrition to communi-
cate that an order for an MAOI had been received for a 
specific patient. The food and nutrition department then 
automatically instituted a tyramine-restricted diet; con-
tacted the prescriber, if necessary, to ensure that an 
appropriate diet order was written; and then notified 
nursing. The clinical dietitian initiated diet education, 
when necessary, and documented this in the medical 
record on the Interdisciplinary Patient and Family 
Education Form. This process and the volume of patients 
placed on linezolid resulted in a significant time commit-
ment for both the pharmacy department and the food and 
nutrition department. To conserve valuable resources, we 
investigated whether the tyramine–linezolid interaction is 
clinically meaningful for hospitalized patients. Our objec-
tive was to evaluate the possibility that the tyramine die-
tary restriction is not necessary for hospitalized patients 
receiving linezolid.

Literature Review

To identify pertinent literature, including but not limited 
to case reports describing a food–drug interaction between 
linezolid and tyramine, we conducted a search using 
MEDLINE (1996 to January 2010), PubMed, and the 
Google Scholar engine using the search terms linezolid, 
tyramine, and reversible MAOI and a combination of text 
and MeSH terms. Bibliographies of identified articles 

were subsequently reviewed for additional citations. The 
studies are summarized below. The product manufacturer 
was contacted for information regarding the interaction 
and reported cases.

No case reports were retrieved from the literature. 
Our search encompassed the time from discovery of lin-
ezolid in 1996, prior to Food and Drug Administration 
(FDA) approval in 2000, to January 2010. According to 
the manufacturer, no interactions were found during 
phase II or III clinical studies of linezolid. Since FDA 
approval in April 2000, only 1 case has been reported to 
the manufacturer. The details of the case are unknown 
except that the patient was receiving linezolid as an out-
patient and that the event ceased when the patient 
stopped consuming tyramine (A. Alla, Pfizer Inc, New 
York, NY, personal communication, July 23, 2009). Thus, 
there are no documented cases of a linezolid-tyramine 
reaction occurring in hospitalized patients. Several clini-
cal studies evaluating the interaction between linezolid 
and tyramine were retrieved.

A placebo-controlled, crossover study in 12 healthy 
volunteers evaluated the effect of oral linezolid on the pres-
sor response to oral tyramine.6 Tyramine doses were esca-
lated at increments of 25 mg from 25 to 450 mg until an 
increase of at least 30 mm Hg in systolic blood pressure 
(SBP) was observed. Subjects received linezolid (625 mg 
twice daily orally), moclobemide (another reversible MAOI 
marketed in the United Kingdom; 150 mg 3 times daily), 
or placebo for up to 7 days. The pressor dose (ie, PD>30) is 
the most widely used measure of sensitivity to tyramine 
and represents the smallest tyramine dose required to 
cause a 30 mm Hg increased in SBP. In the study, the 
PD>30 was 100 mg with linezolid treatment and 75 mg with 
moclobemide treatment. At 75-mg doses, no patients 
reached PD>30. In most patients, however, the smallest 
dose was 200 mg. Pharmacokinetic analysis revealed the 
mechanism to be decreased clearance of tyramine, consist-
ent with MAOI activity. The magnitude of the effect 
observed was similar to moclobemide. No changes in blood 
pressure were observed when tyramine was given con-
comitantly in doses within the range of normal dietary 
intake (<100 mg per meal).6 The authors concluded that 
restriction of normal dietary intake of tyramine-containing 
foods is not warranted for patients receiving linezolid.

Another study evaluated the effect of a single 600-mg 
dose of linezolid, 300 mg of moclobemide, or placebo on 
the pressor response to intravenous tyramine in 12 
healthy male volunteers (age 27-46 years), with body 
mass index of 18-31 kg/m2, no history of migraine or sero-
tonin syndrome, and resting blood pressure <130/90 mm 
Hg at screening.7 Tyramine doses of 1, 2, 4, 6, 8, and 
10 mg were escalated until SBP increased at least 30 mm 
Hg. The mean intravenous tyramine dose required to 
achieve a 30 mm Hg increase in SBP was 5.4 mg and  
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was 1.8 times greater with placebo than with linezolid. 
Again, linezolid and moclobemide had a similar pressor 
response to intravenous tyramine.

Although not specific to linezolid or any drugs, 
another study evaluated the tyramine content of previ-
ously restricted foods in typical tyramine-restricted MAOI 
diets.8 The tyramine content of 51 samples was analyzed 
via liquid chromatography. Food samples included sau-
sages, beverages, sliced meat products including chicken 
liver, raspberries, and bananas. A dangerously high con-
centration of tyramine was characterized as being ≥6 mg 
per serving. Many of the foods in the samples, although 
typically listed in tyramine-restricted MAOI diets, such as 
raspberries, bananas, beverages, and meats, were not 
found to be high in tyramine content. The study con-
cluded that of the foods analyzed, only those with high 
tyramine content per serving should be absolutely 
restricted. All other foods evaluated were deemed either 
safe for consumption or safe in moderation. Thus, 
research supports the concept that current MAOI–
tyramine diets are excessively restrictive and founded on 
poor scientific evidence.

Discussion

Although the interaction of irreversible MAOIs with 
foods containing high tyramine content is well known, for 
reversible MAOIs such as linezolid much less is known. 
What is known is that linezolid has in vitro MAOI activ-
ity,9 and coadministration of linezolid with adrenergic and 
serotonergic agents has been associated with elevated 
blood pressure in normotensive patients.10 It is also 
known that based on analysis of PD>30 indices, the small-
est tyramine dose required to cause a 30 mm Hg increase 
in SBP is 100 mg. This is reflected in the Zyvox product 
labeling.

Moclobemide, another reversible MAOI drug, has 
been extensively evaluated in tyramine pressor tests.11,12 
As a result, the potential of moclobemide to interact with 
food has been quantified. The magnitude of the effect 
observed appears to be similar to that of linezolid. 
Moclobemide is prescribed in the United Kingdom with-
out dietary tyramine restriction but with a general precau-
tion in the product labeling to avoid excessive amounts of 
tyramine-rich foods.13

The product labeling of Zyvox restricts its caution to 
limiting consumption of large amounts of foods or bever-
ages with high tyramine content.4 Unlike the Zyvox cau-
tion, the product labeling for the irreversible MAOI 
tranylcypromine sulfate (Parnate, GlaxoSmithKline, 
Research Triangle Park, NC) warns about the potential 
for hypertensive crises and lists combination with cheese 
or other foods with a high tyramine content as a contrain-
dication.14 Clearly, the different labeling for the reversible 
MAOI linezolid and the irreversible MAOI tranylcy-
promine reflect the 16-fold (100 vs 6 mg) difference in 
the amount of tyramine for PD>30.

Our research revealed no literature reports and only 
1 case in an outpatient, reported to the manufacturer, 
details unknown. Although a drawback of our research, in 
view of the nonexistent cases, we decided not to request 
from the FDA, under the Freedom of Information Act, 
postmarketing voluntary adverse event reports of linezolid 
that included a tyramine reaction.

A high-tyramine meal, judged from tyramine analysis 
of current commercially produced foodstuffs, could con-
tain ≥40 mg of tyramine. One study assessed the tyramine 
content of high-tyramine meals and found concentrations 
ranging from about 10 to 36 mg per meal.13 Thus, a 
tyramine content of ≥50 mg significantly exceeds amounts 
achievable from dietary tyramine sources unless high-
tyramine foods are consumed such as aged chicken liver. 
The tyramine content of various foods is found in Table 1 
in addition to the quantity required to provide 50 mg of 
tyramine.1,4,15,16 The vast majority of foods on the high-
tyramine list would not comprise a hospitalized patient’s 
meal tray offerings or dietary choices—beer, wine, yeast 
extract, or aged or cured meats. This is especially true 
because hospital menus are designed to consistently meet 
the Recommended Daily Allowances and U.S. Dietary 
Guidelines. However, even if these foods were on the 
menu, large quantities would need to be consumed. For 
example, a patient would need to consume 5 oz of aged 
cheese to receive 100 mg of tyramine (assuming 100% 
bioavailability).15 In 1 study, patients had difficulty ingest-
ing the amounts of cheese needed to provide 400 mg 
tyramine.17 Even if other foods included in Table 1 would 
need to be consumed in large quantities, such quantities 
typically would not be found in meals for hospitalized 
patients. Given these features, a wide tolerability margin 
for linezolid and dietary tyramine is expected.

Table 1.    High Tyramine–Containing Foods and 
Quantity Required to Provide 50 mg of Tyramine

Serving 
Size

Tyramine 
Content  

Per Serving, 
mga

Quantity 
Required for 

50 mg of 
Tyramine

Chicken liver, aged 9 d 1 oz 63 0.8 oz
Aged cheeses 1 oz 7.5 6.7 oz
Soy sauce 15 mL 15 50 mL
Sauerkraut 4 oz 4 50 oz
Fermented or air-dried  
    meats 1 oz 4 12.5 oz
Tap beers 12 oz 4 150 oz
Red wine 8 oz 3 133 oz

aAverage from references 1, 4, 15, and 16.
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Tyramine pharmacokinetics are greatly altered by 
food. Oral bioavailability of tyramine is estimated to be 
approximately 50%. The bioavailability of oral tyramine is 
reduced by 50% when administered with food. Studying 
the effect of food on the pharmacokinetics of tyramine, 
VanDenBerg et al18 administered a 200-mg oral capsule of 
tyramine to 8 volunteers after an overnight fast. Following 
a 1-week tyramine-washout period, these patients also 
received a 200-mg oral capsule of tyramine together with 
a standard breakfast. Tyramine bioavailability was reduced 
by half (range, 32%-81%; P < .05), and the maximum 
concentration was reduced by 72% (range, 21%-96%; P < 
.05). The authors concluded that “systemic exposure to 
tyramine from foods is expected to be lower by approxi-
mately half compared to that obtained when tyramine is 
administered to fasting subjects in an experimental 
situation.”18,p609 In another study, 2.8 times higher oral 
tyramine doses were necessary to produce the pressor 
effect in fed vs fasted subjects.19

In the study on which the recommendation to limit 
tyramine to <100 mg per meal for patients taking line-
zolid was based, tyramine was not administered with a 
meal.6 Additionally, the dose of linezolid used was 625 
mg, not the 600-mg marketed dose. In the only other 
study involving administration of tyramine to subjects 
receiving linezolid, tyramine was administered intrave-
nously.7 Although linezolid coadministered with intrave-
nous tyramine pressor testing demonstrated potentiation 
of SBP increases, tyramine pressor challenge tests are 
difficult to translate into clinical significance of drug–
tyramine interactions. Much higher doses of oral tyramine 
are required to produce a pressor response compared with 
intravenous tyramine.20

Upon recommendation by both the pharmacy depart-
ment and the food and nutrition department, the New 
York–Presbyterian Drug-Nutrient Interaction Policy was 
revised to exclude a tyramine-restricted diet requirement 
for linezolid. The revised policy was approved by the hos-
pital’s formulary and therapeutics committee in December 
2009 and has been in effect since without reports of any 
problems.

Conclusion

These results suggest that the margin of safety regarding 
the lowest tyramine dose for PD>30 may be greater than 
previously estimated. Further research is needed to con-
firm this. Moreover, the amount of oral tyramine for 
PD>30 in the only clinical study significantly exceeds the 
amounts achievable from dietary sources.

Hospital dietary and pharmacy departments have 
policies and procedures to address the MAOI–tyramine 

food–drug interaction. Most hospital pharmacy depart-
ments use a mechanism to notify the nutrition depart-
ment when an MAOI is prescribed, whereby the patient 
is then placed on a tyramine-restricted diet. A question to 
our hospital’s Drug Information Center regarding the 
clinical significance of a low-tyramine diet for linezolid 
patients prompted a comprehensive review of available 
data and the literature and a query for case reports to the 
manufacturer. Based on our research, and interdiscipli-
nary collaboration between the departments of pharmacy 
and food and nutrition, a change in policy and procedures 
for patients placed on linezolid was deemed appropriate.

Based on these findings, we conclude that dietary 
restrictions of tyramine are not necessary for hospitalized 
patients on linezolid.
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