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REVIEW ARTICLE                                              
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ABSTRACT 
Objective: Fexofenadine is a second-generation inverse agonist of H1-receptor of histamine which is 
highly selective with proven efficacy in relieving symptoms associated with allergic conditions. It has 
an additional benefit of not penetrating the blood–brain barrier and therefore do not induce sedation 
and not impair the cognitive function/psychomotor performance. This review aimed at providing evi
dence based on available controlled studies to reinforce the non-sedative property of fexofenadine for 
treating patients with allergic rhinitis and urticaria.
Methods: We performed an electronic literature search using keywords such as fexofenadine, drowsi
ness, somnolence, sedation, fatigue, cognitive, impairment, psychomotor, driving performances, sleep, 
rapid eye movement, alertness, clinical study, in vitro study, in vivo study, and pharmacodynamics in 
the Embase search engine. The review included randomized controlled trials, review articles, systematic 
reviews, and meta-analyses, together with post-marketing analysis conducted in healthy subjects and 
patients with allergy and were focused on comparing the antihistaminic potential or safety of fexofe
nadine with other antihistamines or placebo.
Results: Positron emission tomography (PET) and proportional impairment ratio (PIR) data along with 
other objective tests from various studies confirmed the non-sedative property of fexofenadine. 
Results of brain H1-receptor occupancy (H1RO) obtained from PET showed no H1RO by fexofenadine, 
the receptor which is known to cause sedation of H1 antihistamines. Most studies calculating PIR value 
as 0 showed fexofenadine to be a non-impairing oral antihistamine regardless of dose. Clinical trials in 
adults and children showed fexofenadine to be well tolerated without sedative effect or impairment 
of cognitive/psychomotor function even at higher than recommended doses.
Conclusion: Published literature based on various parameters and clinical trials conducted for evaluat
ing the effect of fexofenadine on sedation and central nervous system shows fexofenadine is both 
clinically effective and non-sedating.
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Introduction

In allergic reactions, histamine and other preformed proinflam
matory mediators are released following mast cell degranulation. 
Histamine and its receptors have a pivotal role in the allergic dis
ease pathogenesis. For allergic conditions, oral antihistamines 
have been considered as an effective and first-line treatment 
option for decades. The anti-allergic role of antihistamines has 
been attributed, to their ability to serve as competitive antago
nists on H1-receptors, thereby preventing the circulating 

histamine to bind. However, most antihistamines, as is the case 
with fexofenadine, also act as inverse agonists. H1 receptors 
have constitutive activity, and in their natural state are in equilib
rium between their active and inactive conformations, even in 
the absence of histamine or other agonists. Fexofenadine binds 
to these receptors at different sites within the H1 receptors than 
histamine does, and stabilizes them in their inactive form1.

Oral antihistamines have been grouped into first and 
second generation on the basis of their pharmacological 
characteristics (selectivity, affinity, PK/PD, whether or not 
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they are active metabolites of the parent molecules, etc.), 
and not only on the basis of the adverse events associated 
with them2. First-generation antihistamines include mole
cules, such as diphenhydramine, promethazine, chlorphenir
amine, and hydroxyzine, and second-generation molecules 
include loratadine, desloratadine, cetirizine, levocetirizine, 
bilastine, mizolastine, rupatadine, and fexofenadine1,2.

Although first-generation antihistamines are efficient in 
decreasing various symptoms of allergic conditions, the lack 
of specificity for H1-receptor and their tendency of crossing 
the blood–brain barrier (BBB) can cause detrimental adverse 
effects. The BBB consists of non-fenestrated capillaries with 
tight endothelial junctions, pericytes, and astrocytes that pre
vent harmful substances from reaching the brain. Further
more, first-generation antihistamines affect the central 
nervous system (CNS) by blocking the neurotransmitter effect 
of endogenous histamine3, leading to various adverse events, 
including sedation, drowsiness, and psychomotor impairment4. 
In addition, the anticholinergic activity of these antihistamines 
can lead to dryness of mouth, dryness of eyes, constipation 
and urine retention, and, most concerning, can, even at the 
prescribed doses, lead to accidental toxicity and death in chil
dren5. Many studies have shown that due to their tendency 
to interfere with histamine-mediated neurotransmission at 
CNS, first-generation antihistamines potentially lead to sed
ation, drowsiness, and fatigue eventually leading to impaired 
cognitive function, memory, and psychomotor performance. 
They alter the circadian sleep/wake cycle, and it has been well 
established that these drugs can cause daytime somnolence, 
impairment of concentration and decreased mental acuity. 
Somnolence frequency has been reported from 40% after use 
of chlorpheniramine or brompheniramine and 80% after 
hydroxyzine6. First-generation antihistamines cause increased 
latency to the onset of rapid eye movement (REM) sleep dur
ing the night and reduced the duration of REM. The residual 
effect of first-generation antihistamines is carried to even the 
next morning activities, which has manifestations that include 
reduced vigilance, working memory, and sensory motor per
formance7. The sedative effect of antihistamines can be fatal 
while driving or operating any machine because both these 
tasks require high level of alertness8. In addition to first gener
ation antihistamines being used for allergic rhinitis, they are 
also sometimes recommended for non-allergic rhinitis to 
reduce the anterior and posterior rhinorrhea noted with this 
condition and benefited from the anticholinergic effects of 
first generation antihistamines5.

To provide alternatives to CNS depressant/sedative adverse 
effects of first-generation antihistamines while maintaining 
similar efficacy, second-generation oral antihistamines were 
developed. The advances of second-generation antihistamines 
helped to overcome the adverse consequences of first-gener
ation antihistamines, as they are highly selective to H1-recep
tors, provide low brain permeability, and generally have a 
longer duration of action. Second-generation antihistamines 
were developed to bind to peripheral H1-receptors, and these 
do not bind to central cholinergic or H1-receptors; therefore, 
they do not cause the same degree of sedation8. Unlike first- 
generation antihistamines, second-generation antihistamines 

are amphiphilic in nature due to the introduction of hydro
philic groups in their chemical structure. Therefore, these 
always have positive or negative charge and reduced move
ment across the lipid-containing BBB9,10.

Studies have demonstrated that second-generation antihist
amines are preferable due to their favorable therapeutic ratio 
with a relatively low incidence of sedation3,11. One of the 
major factors for no/modest sedative potential of second-gen
eration antihistamines is the P-glycoprotein. This protein is 
expressed in the BBB and acts as an efflux pump that reduces 
the concentration of H1-antihistamines in the brain. This 
reduces the effect of drug on the CNS, resulting in less seda
tive effect. P-glycoproteins are present apically on the epithe
lium. The transmembrane domain of P-glycoprotein binds the 
drug molecule/substrate and the nucleotide-binding domain 
binds to and hydrolyze the ATP for generating energy to 
efflux the drug12.

It is clear that P-glycoprotein is crucial in minimizing the 
sedative effects of second-generation H1-antihistamines. 
Nonetheless, additional elements might influence their mod
estly or non-sedating characteristics, such as individual vari
ability in blood-brain barrier permeability, differences in 
metabolism, Cytochrome P450 enzymes, enantiomers, 
molecular weight, and pKa of the individual drug. All these 
factors may contribute to the modestly or non-sedating 
properties of the second-generation antihistamines12.

Fexofenadine

Fexofenadine is a second-generation potent, selective, non- 
sedating inverse agonist of the H1-receptor. It has demon
strated significant efficacy in relieving clinical symptoms and 
in improving quality of life (QoL) of patients who suffer from 
allergic rhinitis (AR), chronic spontaneous urticaria, and other 
allergic conditions. Fexofenadine, as mentioned previously, is 
an inverse agonist of H1-receptor. Fexofenadine binds to the 
inactive form of the receptor, which occurs with active form 
in equilibrium. The inactive form of the receptor is stabilized, 
and equilibrium is shifted towards the inactive form, which 
further reduces the number of active receptors for binding 
of the endogenous histamine. Fexofenadine can also down
regulate the constitutive activity of the receptor, even if his
tamine is not present13.

Fexofenadine has been used for treating AR and urticaria 
for more than 26 years12,14. It has high selectivity towards 
peripheral H1-receptors and is a substrate molecule for P- 
glycoprotein. It does not penetrate BBB, due to its affinity 
towards P-glycoprotein, thereby minimizing the drug effects 
on the CNS and resulting in decreased sedation15.

The additional clinical benefit to not inducing sedation is 
that concentration, memory, or performance are not affected. 
This review aimed at providing clinical evidence based on 
well-conducted controlled studies assessing the fexofenadine 
safety and lack of sedating effects.

Methods

Embase search engine was used to perform an electronic litera
ture search. The following keywords were used for the search: 
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fexofenadine, drowsiness, somnolence, sedation, fatigue, cogni
tive, impairment, psychomotor, driving performances, sleep, 
REM, alertness, clinical study, in vitro study, in vivo study, 
pharmacodynamics, objective tests, safety, H1-receptors, cen
tral nervous system (CNS), and antihistamines. Randomized 
controlled trials (RCTs), review articles, and post-marketing 
analysis conducted in healthy subjects and patients with 
allergy which focused on comparing the antihistaminic poten
tial or safety of fexofenadine with other antihistamines or pla
cebo were selected.

Measuring sedation

Most of the population taking antihistamines is ambulant; 
therefore, there is a need to evaluate the cognitive and psy
chomotor effect of these drugs using standardized method
ology and psychometric tests. Proportional impairment ratio 
(PIR) is a method, which has been adapted from the one 
used in pharmacovigilance, to predict if a certain antihista
mine has associated cognitive or psychomotor impairment 
effect16. If the antihistamine is found to be associated with 
these adverse effects, it provides the extent of that impair
ment in comparison with the effects of other antihistamines. 
The greater PIR indicates greater cognitive and psychomotor 
impairment17. Various studies based on PIR values have 
shown that fexofenadine does not cause impairment17,18.

While evaluating the effect of antihistamines on BBB and 
further on CNS, various terms, such as somnolence/fatigue 
and sedation, are used for assessment/reporting. It is impor
tant to understand the differences between these terminolo
gies. The frequency and level of daytime dysfunction and 
impairment determines the severity of abnormal somno
lence. The International Classification of Sleep Disorders-2 
defined excessive sleep as a “State, subjectively reported by 
the patient, in which he or she experiences difficulty main
taining alertness and wakefulness, followed by rapid 
entrance into sleep when sedentary”19. Sedation has also 
been distinguished as impairment and drowsiness. Any inter
ference with patient’s ability to perform tasks is referred to 
as cognitive impairment and measured by objective tests. It 

might happen that drowsiness can limit performance, but 
there could be situation where it may not impact perform
ance20. The most undesirable scenario would be impairment 
without any signs of drowsiness, as it would then be difficult 
for the patient to detect or recognize their impairment with
out any subjective clues. Various objective tests have been 
designed to measure sedation. Sedation scoring must be 
objective because the assumption regarding the depth of 
sedation may not provide accurate or consistent measure
ment. Table 1 indicates various sedation scales that have 
been used in clinical practice for defining the level of sed
ation; they vary according to need and local practice24.

There are various other parameters to measure the effect 
of antihistamines on CNS. The critical flicker fusion (CFF) 
threshold evaluates the level of CNS arousal and the capacity 
to process information. It specifically measures the ability to 
distinguish between discrete units of sensory information. 
Choice reaction time (CRT) is used for measuring the drug- 
induced modification in psychomotor speed. In compensa
tory tracking task (CTT), a moving arrow is tracked on a 
visual display unit for measuring the sensorimotor function. 
The brake reaction time (BRT) test evaluates cognitive and 
psychomotor functions in relation to driving, such as atten
tional efficiency24.

Results

Brain H1-receptor occupancy

The assessment of whether the drug molecule crosses the 
BBB and affects the CNS needs to be determined by rigorous 
objective assessment along with non-subjective pharmaco
logical evidence. The lipophilic nature of a drug molecule 
indicates whether it can cross the BBB and reach cerebral H1- 
receptors. Psychometric tests are developed for evaluating the 
effect of a drug on CNS or positron emission tomography 
(PET) can help to objectively measure the penetration of the 
drug molecule into the CNS2. In PET, brain H1 receptor occu
pancy (H1RO) is measured as an index of sedative potential 
using a radioactive tracer 11 C-doxepin that investigates the 

Table 1. Sedation scales.

Scale Description Merits/demerits

Ramsay Scale21 1) Three levels of “awake” states (score 1–3) 
2) Three levels of “asleep” states (score 4–6)

1) Lacks detailed descriptors for a clear 
discrimination between sedation levels 

2) Different levels are not mutually exclusive22

Sedation-Agitation Scale23 1) Scores from þ3 (agitated) to −3 (unarousable) 
2) Optimum sedation would aim for a score of 0 

(calm and cooperative)

1) Excellent inter-rater reliability 
2) Validated against other common sedation 

scales24

Motor Activity Assessment Scale25 1) Seven categories to describe the level of 
sedation 

2) Each category based on observed levels of 
motor activity ranging from 0 (unresponsive) to 
6 (dangerously agitated)

NA

Richmond Agitation-Sedation Scale26 1) Scores patients on a 10-point scale from þ4 
(combative) to −5 (unarousable) 

2) Zero denoting the level of optimum sedation

1) Easy and quick to use 
2) Validated in medical and surgical patients, both 

with and without mechanical ventilation or 
sedation

Adaptation to the Intensive 
Care Environment Scale27

1) Most comprehensive assessment scale 
2) Provides assessment across domains of 

consciousness (awakeness and comprehension) 
and tolerance (calmness, ventilator synchrony, 
and face relaxation)

1) Relatively more complex and might be difficult 
to use in everyday ICU clinical practice

ICU, intensive care unit.
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distribution of the cerebral H1-receptors and blocking effect of 
antihistamines9. “Consensus Group of New Generation of 
Antihistamines (CONGA),” an expert meeting sponsored by 
the British Society for Allergy and Clinical Immunology, also 
confirmed the use of H1RO as an index for measuring the 
non-sedative property of antihistamines28. A classification of 
first- and second-generation antihistamines based on the level 
of H1RO after a single oral administration of antihistamine was 
given by Yanai and colleagues10 that classified antihistamine 
as non-sedating [<20% occupancy], less sedating [20–50% 
occupancy], and sedating [>50% occupancy]. Based on the 
results of various studies conducted, fexofenadine was 
included in the non-sedating group10,29.

A double-blind, placebo-controlled study used three dif
ferent criteria for comparing the sedative potential of fexofe
nadine and cetirizine in 20 healthy Japanese patients at the 
baseline and after the administration of 120-mg fexofenadine 
or 20-mg cetirizine (the double of recommended daily dose), 
with hydroxyzine 30 mg as a positive/active control. Results 
showed fexofenadine (120 mg) H1RO as minimal (−0.1%), 
whereas for cetirizine 20 mg, it was found to be moderately 
high (26.0%) suggesting that fexofenadine was non-impairing 
and non-sedating11. Psychomotor test results showed no sig
nificant difference between fexofenadine and placebo. On 
the contrary, 20 mg cetirizine was not found to fulfill the cri
terion for a non-sedative antihistamine as it showed signifi
cant difference from placebo in few measures for subjective 
sleepiness and cognitive impairment. Cetirizine 20 mg was 
not found to have been significantly different from active 
control. Both H1RO and psychometric tests along with sub
jective sleepiness showed that 120-mg fexofenadine can be 
distinguished from cetirizine 20 mg.

Another study evaluated H1RO of levocetirizine, a second- 
generation antihistamine, in comparison with fexofenadine 
as a negative active control. Negative mean cortical H1RO 
after 60-mg fexofenadine administration indicated no H1RO 
at all, which was in concordance with the results of the pre
vious study9. Levocetirizine also did not bind significantly to 
brain H1Ros, neither it induced any significant sedation. 
Table 2 elucidates the studies on PET showing the lack of 
H1-receptors in the brain occupancy with fexofenadine com
pared to placebo. Figure 1 represents the H1RO value of anti
histamines based on the published literature. It could be 
seen that among published studies, fexofenadine has the 
lowest H1RO value9,11,32–36.

Proportional impairment ratios

PIR, which is based on subjective feeling and objective per
formance, is another index of measuring sedation due to H1 

antihistamines. It has been used for ranking many first- and 
second-generation antihistamines. PIR compares the extent 
to which a particular compound causes disruption compared 
to other antihistamines18.

The formula to calculate the PIR of an antihistamine is:
PIR ¼ a/aþ b divided by c/cþ d

An extensive review conducted by McDonald et al.17 col
lated the results of H1-receptor antagonist studies for evaluat
ing the magnitude of impairment produced by a particular 
antihistamine by calculating PIR for each of the drug molecules. 
Among PIR values calculated based on the objective tests, only 
one test showed impairment for fexofenadine compared to 92 
tests showing no impairment. PIR value based on 26 subjective 
tests was 0 for fexofenadine even at high dose of 360 mg. The 
significance of that one test result was discounted suggesting 
fexofenadine as impairment free17. A recent systematic review 
based on their interpretations ranked fexofenadine as the anti
histamine causing least psychomotor impairment compared to 
other antihistamines present in the Japan market. In this study, 
Isomura et al. calculated PIRs together with 95% confidence 
intervals (CIs), as an index of reliability for antihistamines avail
able to compare them for their intrinsic capacity of causing 
impairment18. A total of 45 studies were included in the calcu
lation of new PIR, and the PIR was calculated separately for 
objective and subjective tests. It was found that 65 objective 
test results showed no impairment caused by fexofenadine. For 
fexofenadine, doses between 60, 80, 120, 180, 240, and 360 mg 
did not show any impairment in objective tests, and PIR values 
were calculated as 0 at all doses.

Clinical studies assessing CNS safety of fexofenadine

In addition, various human studies have been conducted to 
ascertain if fexofenadine induces any sedation. In a 

Table 2. Studies indicating the nature of fexofenadine based on PET.

Reference Findings

Hindmarch et al. 200230 1) Fexofenadine does not bind to the H1-receptor and can be differentiated 
from other antihistamines. 

2) Supraclinical doses of fexofenadine were found to be non-impairing.
Hindmarch 200431 1) Fexofenadine was identified as a class 1 drug, which is the safest option 

for CNS impairment and non-sedating and non-impairing even at 
supraclinical doses.

Tashiro et al. 200411 1) Fexofenadine is non-sedating and non-impairing as assessed by PET. 
2) Histamine H1-receptor occupancy in the brain was negligible with 

fexofenadine but moderately high with cetirizine.
Hiraoka et al. 20159 Negative mean cortical H1RO following fexofenadine 60 mg administration 

indicated no H1-receptor occupancy by fexofenadine in concordance with 
the results of a previous study.

CNS, central nervous system; H1RO, H1-receptor brain occupancy; PET, positron emission tomography; PIR, proportional impairment ratio.

Impairment No impairment

A specific AH a b
All other AHs on the database c d

a: Number of tests showing “impairment” with the named antihistamine.
b: Number of tests showing “no impairment” with the named antihistamine.
c: Number of tests showing “impairment” with all other antihistamines.
d: Number of tests showing “no impairment” with all other antihistamines.
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randomized, double-blind, crossover study that included 18 
healthy male participants, it was observed that fexofenadine 
HCl 180 mg alone and with alcohol (0.3 g/kg body weight or 
−0.43 to 0.50 g/L blood–alcohol concentration) did not show 
any significant effect on driving related objective measures, 
along with psychomotor and cognitive function. At any point 
of the study, results of fexofenadine group were comparable 
with placebo for most of the objective or subjective tests. 
On the contrary, hydroxyzine (50 mg), the positive internal 
control, either alone or taken with alcohol, showed CNS 
impairment considered as notable as observed in CFF, recog
nition reaction time, and total reaction time tests compared 
to both placebo and fexofenadine (p< 0.05). Additionally, 
hydroxyzine showed a significant impact on mean reaction 
time compared to placebo and fexofenadine (p< 0.001). 
Subjective observations were in line with the objective find
ings. Subjects treated with hydroxyzine (alone and with alco
hol) showed significant impairment in comparison to 
placebo when assessed based on a sedation factor compris
ing “less energetic,” “more tired,” and “more drowsy” than 
usual. However, study reported no significant or discernible 
effect in fexofenadine treated subjects. A significant tiredness 
was reported by subjects treated with hydroxyzine than with 
alcohol alone37.

Among various cognitive function disruptions caused by 
antihistamines, they could also affect the sleep architecture. 
A single site, randomized, double-blind, three-way, crossover 
study compared the effects of a single dose of chlorphenir
amine (6 mg), fexofenadine (120 mg), and placebo in 18 
healthy Japanese volunteers on the night sleep pattern and 
on cognitive function and psychomotor performance on the 

next day. The study observed a trend towards an increased 
latency to sleep onset and REM sleep and a reduced dur
ation of REM sleep (p� 0.01) with chlorpheniramine (p� 0.05 
for both) compared to placebo; this trend was not observed 
with fexofenadine. Next morning, there was a decrement in 
performance with chlorpheniramine, but not with fexofena
dine. Data of this study suggested that a single nocturnal 
dose of fexofenadine was advantageous over first-generation 
antihistamine chlorpheniramine. Fexofenadine did not cause 
any disruption in the nighttime sleep and caused no detri
mental effects on cognitive performance the following day38. 
Inami et al.39 conducted a placebo-controlled, double-blind, 
four-way, crossover study in healthy volunteers who received 
single doses of 5 mg levocetirizine, 60 mg fexofenadine, 
50 mg diphenhydramine, and placebo at a minimum interval 
of 6 days. To compare the driving performance between 
these four drugs, simple brake reaction time, choice brake 
reaction time task (CBRT), a lateral tracking (LT) task, and a 
multiple task (a mixture of CBRT and LT task) were used. The 
study also evaluated subjective sense of sedation. Subjects in 
the fexofenadine-treated group did not show any impair
ment of psychomotor performance. Car-driving test parame
ters were not significantly affected, after administering 5 mg 
levocetirizine. In addition, subjects receiving diphenhydra
mine significantly impaired the LT compared to placebo39.

The cognitive effect of fexofenadine 180 mg was com
pared with placebo and cetirizine 10 mg in healthy naval 
flight personnel. Aviation-related cognitive skills were eval
uated at both ambient conditions of atmosphere and normo
baric hypoxic conditions using Aeromedical Vigilance Test 
(AVT). A visual analog scale (VAS) was used for self-assessing 

Figure 1. Oral anti-histamines: brain H1 receptor occupancy (H1RO %).
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drowsiness by the participants. The effect of fexofenadine on 
cognitive skills important for pilots was found to be compar
able to placebo as evaluated by AVT errors. In contrast, cetiri
zine impaired cognition and could affect the piloting ability. 
However, no increase in drowsiness was observed in fexofe
nadine and cetirizine groups compared with placebo40.

A study involving 24 healthy volunteers used a random
ized, double-blind, placebo-controlled, six-way, crossover 
design to investigate the effects of fexofenadine at doses of 
80, 120, and 180 mg. The study found no significant differen
ces in CFF, CRT, and subjective sedation assessment using 
line analog rating scales for sedation (LARS) between the fex
ofenadine-treated group and the placebo group. Addition
ally, participants did not show any subjective or objective 
impacts on psychomotor performance, after the administra
tion of fexofenadine at all three tested doses8.

A randomized, double-blind, crossover study examined 
the single doses of second-generation antihistamines, fexofe
nadine (120 mg), and olopatadine (10 mg) for their acute 
effects on the cognitive and psychomotor performance. The 
study included 11 healthy Japanese volunteers and com
pared the effects of fexofenadine and olopatadine with pla
cebo and d-chlorpheniramine (4 mg) on both objective and 
subjective assessments. No disruption in psychomotor dys
function was observed when fexofenadine was administered 
at its regular daily dose. Additionally, the results indicated 
that fexofenadine had a distinct profile compared to olopata
dine, as olopatadine affected behavioral activity. Overall data 
suggest that fexofenadine is potentially more suitable for 
individuals who need to maintain mental alertness during 
tasks or activities41.

A placebo-controlled, double-blind, crossover study, com
pared the clinical efficacy of a first-generation antihistamine, 
promethazine, and second-generation antihistamines, fexofe
nadine and olopatadine, based on their potential as periph
eral inhibitors of histamine-induced wheal and flare in 24 
healthy volunteers. Their sedative effects on the CNS were 
tested using a battery of psychometric tests. Fexofenadine 
did not have any significant effect on any of the psycho
motor tests. These tests included CFF, CRT, compensatory 
tracking, rapid visual information processing, and a line ana
log rating scale for subjective evaluation of sedation. Wrist 
actigraphy showed no effect of fexofenadine on the behav
ioral activity. Fexofenadine and olopatadine showed signifi
cantly different inhibitory effects from those of the placebo 
on wheals and similar on flares42. A significant reduction in 
the wheal-and-flare responses induced by histamine was 
observed at single therapeutic dosages of all the 
antihistamines.

A randomized, double-blind, placebo-controlled, three-way, 
crossover study focused on additive effects that use of cellular 
phones could have on driving performance in antihistamine- 
taking individuals showed, no significant difference in Brake 
Reaction Time (BRT) with fexofenadine compared to placebo 
in four different tested conditions: while only driving, complet
ing simple and complex calculations while driving, and con
versing on a cellular phone while driving (Table 3), of course 
it is not recommended to use phone when driving43.

The danger related to the use of cellular phone while 
driving has been well documented, and these studies 
showed that with increasing cellular phone use, there was a 
drastic increase in car accidents52–55. Therefore, although this 
study supports the non-sedative potential of fexofenadine, 
but above data strongly give a message for not using mobile 
phones while driving.

In a double-blind, randomized, crossover study conducted 
by Gupta et al.44, involving 10 healthy adult volunteers, fexo
fenadine at doses of 120 mg did not show any significant dif
ferences compared to placebo in both subjective and 
objective tests. These measures included simple reaction 
time, multiple-choice reaction time task, critical flicker fusion 
frequency threshold, Stanford Sleepiness Scale, digit cancella
tion task, digit symbol substitution task, and mental arith
metic tests. Fexofenadine 120 mg did not cause any 
impairment in psychomotor function and did not differ from 
placebo in any test used44.

The effect of fexofenadine on modulation of daytime sleepi
ness or performance was studied in a placebo-controlled, dou
ble-blind trial with a six-way crossover design with six healthy 
volunteers. Fexofenadine did not cause any changes in the per
formance or sleepiness at any of the doses used (120, 180, and 
240 mg) at any time compared to placebo45.

The Test of Variables of Attention (TOVA) is a continuous 
performance test that is used for measuring the speed and 
accuracy of attentional processing. TOVA was used to evalu
ate the effect of 180 mg fexofenadine and 50 mg diphen
hydramine on the cognitive performance of 42 participants. 
This study also ascertained whether TOVA was sensitive 
enough to differentiate between the effects of first- and 
second-generation antihistamines on cognitive performance. 
Fexofenadine did not show any significant effect of TOVA 
measures of performance as well as no self-reported drowsi
ness compared to placebo46. Increased response time 
(p¼ 0.0230) and more omission errors (p¼ 0.0398) were 
observed in participants administered with diphenhydramine 
and this drug also led to increased drowsiness VAS ratings 
(p¼ 0.0065) compared to placebo. More commission errors 
were observed in participants treated with diphenhydramine 
than fexofenadine (p¼ 0.0354).

Genetic variations might affect the drug responses56. A 
randomized, crossover, double-blind study was performed in 
24 Japanese volunteers with a hypothesis that genetic varia
tions might attenuate the lack of effect of fexofenadine on 
CNS. Participants received single doses of 60-mg and 120 mg 
fexofenadine, 25 mg promethazine, and placebo, with a 
washout period of 6 days between treatments. Fexofenadine 
did not differ significantly from placebo in any of the object
ive measures, including CFF, CRT, and CTT. No negative cog
nitive or psychomotor effects were observed in any of the 
tests conducted with both the doses of fexofenadine in 
Japanese participants. Promethazine 25 mg showed notice
able sedative effects from 2 h after it was administered in 
the participants, and significant disruption of CFF, CRT, and 
CTT performance continued the whole test day. After 4 h of 
dosing, profound impairment was generally observed47.
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A systematic review and meta-analysis included various 
first- and second-generation antihistamines used worldwide 
for evaluating the effects and safety of fexofenadine. A total 
of 51 RCTs of 14,551 participants comparing the adverse 
events and sedative and cognitive functions impairment 
caused by antihistamines or placebo for healthy individuals 
and allergic patients were included in the study. In compari
son with placebo, fexofenadine was found to produce the 
most significant antihistaminic potential. The sedative effect 
and the cognitive/psychomotor impairment of fexofenadine 
were found to be similar to that of placebo and were recom
mended for safety-related workers57.

Since fexofenadine has proven efficacy in seasonal allergic 
rhinitis (SAR)48,49,58 cedar pollinosis, and other allergic condi
tions, various studies including patients with these ailments 
also supported the non-sedative nature and safety of fexofe
nadine. In a randomized, double-blind, double-dummy, four- 
treatment, four-period, crossover trial, effects of fexofenadine, 
diphenhydramine, alcohol, and placebo was assessed on the 
driving performance of 40 licensed drivers with SAR. 
Coherence and the capability of the drivers to match the 
changing speed of a vehicle followed by them was measured 
as the primary endpoint. Drowsiness along with other meas
ures of driving such as keeping vehicle within the lane and 

Figure 2. Driving performance measures: Alcohol vs Fexofenadine vs Diphenhydramine vs Placebo.
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response required for a vehicle that suddenly blocked the 
lane ahead were recorded as secondary endpoints. 
Participants in the alcohol or fexofenadine group had better 
coherence than those in the diphenhydramine group. Lane- 
keeping (crossing the center line and steering instability) was 
impaired in the alcohol and diphenhydramine groups com
pared to the fexofenadine group. Similar performance was 
observed in participants treated with fexofenadine or pla
cebo, suggesting that fexofenadine does not cause perform
ance impairment while driving20. Figure 2 summarizes some 
evidence showing the non-sedative property of fexofenadine 
based on the driving performance test.

Two doses of fexofenadine HCl (120 and 180 mg once a 
day) were compared with cetirizine (10 mg once a day) for 
the treatment of SAR in patients (12–65 years old) in a multi
center, double-blind, parallel-group, placebo-controlled trial. 
Both doses of fexofenadine were found to be better than 
placebo in reducing SAR symptoms. The combined inciden
ces of drowsiness or fatigue were similar to placebo (4%) 
and less than that of cetirizine (9%)48.

A 14-day, multicenter, double-blind, placebo-controlled 
trial including 517 patients who were suffering from moder
ate to severe ragweed SAR was conducted for evaluating the 
safety and efficacy along with dose–response relationship of 
fexofenadine HCl at doses 60, 120, and 240 mg bid. No seda
tive effect was observed in patients with these doses of 
fexofenadine49.

Mann et al.58 investigated the frequency of sedative 
events reported for four second-generation drugs: loratadine, 
cetirizine, fexofenadine, and acrivastine, using post-marketing 
surveillance studies. Data were obtained for a total of 43,363 
patients. After adjusting odd ratios for age and sex, the rate 
of sedation was calculated to be 0.63 (95% CI: 0.36–1.11; 
p¼ 0.1) for fexofenadine; 2.79 (1.69–4.58; p< 0.0001) for acri
vastine, and 3.53 for loratadine. Overall, this study suggested 
fexofenadine is more appropriate for individuals with job 
requirement of critical safety58.

A pooled analysis was conducted by Tanner et al.50 for 
two multicenter, placebo-controlled, double-blind, random
ized studies to assess the effect of fexofenadine on QoL in 
1498 patients suffering from SAR. One study including a sub
set of school-aged children showed significant reductions in 
missed classroom time and overall classroom impairment 
with fexofenadine compared with placebo at Week 1 
(p� 0.05); patients on fexofenadine also showed significant 
reductions in the impairment of work, overall performance 
impairment, along with reduced impairment of daily activ
ities than placebo recipients50.

Pooled data from three, randomized, double-blind, pla
cebo-controlled, parallel-group, 2-week trials in children (6– 
11 years) with SAR were taken to assess the safety of fexofe
nadine in children. It was found that fexofenadine HCL at 
doses of 15, 30, and 60 mg bid was safe and non-sedating 
and its dose of 30 mg bid could effectively reduce all symp
toms of SAR in children51.

Supraclinical dosage of fexofenadine (360 mg) was 
assessed in a 3-way, crossover, double-blind study wherein 
various aspects of cognitive and psychomotor impairment 

were compared between fexofenadine, placebo, and pro
methazine was used as positive internal control. Fifteen 
healthy volunteers received fexofenadine 360 mg, prometha
zine 30 mg, and placebo. CFF, CRT, and CTT tests were done 
for objective assessment and LARS for subjective assessment. 
Fexofenadine showed similar results for all the objective and 
subjective tests as placebo for up to 7 h of drug administra
tion. On the contrary, all the measures assessed were 
impaired significantly in the group treated with prometha
zine, confirming the test battery sensitivity for sedation. 
Findings of this study clearly showed that fexofenadine was 
non-sedative even at three times the usual SAR dose (off- 
label dosage) and double the dose which is recommended 
for chronic idiopathic urticaria30.

In view of the evidence that fexofenadine is non-sedative, 
an expert consensus in the United States of America recom
mended to the National Aeronautics and Space 
Administration (NASA) that pilots can use fexofenadine, if 
necessary59. All the clinical studies discussed so far have 
been summarized in Table 3.

Conclusion

H1-antihistamines are essential for managing allergic condi
tions such as SAR, PAR, and urticaria. Antihistamines are 
basically classified as first-generation and second-generation 
antihistamines. First-generation antihistamines are known for 
their sedative side effects, including drowsiness, impaired 
cognitive functions and psychomotor performance, and 
fatigue. Due to these drawbacks, second-generation antihist
amines were developed as a less sedative alternative. 
However, not all second-generation antihistamines are free 
from sedative effects, making it important to choose those 
that do not impair cognitive function. Fexofenadine is a non- 
sedating, second-generation antihistamine that selectively 
inhibits peripheral H1-receptors and does not penetrate the 
BBB, due to its affinity for P-glycoprotein. P-glycoprotein, 
expressed in the BBB functions as an efflux pump and helps 
minimize its impact on the CNS, thereby reducing sedation. 
One of the indices used to classify antihistamines into non- 
sedating, less sedating, and sedating groups is H1RO. Results 
from studies that calculated subjective and objective PIR val
ues for fexofenadine showed it as impairment free.

Studies including CFF, CRT, CTT, and BRT conducted in 
healthy individuals using these parameters have shown the 
non-sedative potential of fexofenadine. Further, observation 
based on results from various clinical studies also showed 
that fexofenadine is one of the best options among available 
antihistamines in terms of non-sedating properties. The stud
ies conducted for evaluating the efficacy and sedative prop
erty of fexofenadine in children found that fexofenadine 
could not only improve the disease condition but also had a 
subsequent effect on QoL. It did not display sedative proper
ties in children even at higher doses (higher doses are off- 
label). Moreover, it was also not found to be associated with 
impairment in any cognitive/academic performance or 
objective/subjective performance. Fexofenadine was also 
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found not to increase sleep latencies or affect the next day 
activities in individuals taking it.

Overall published data indicates that among all available 
oral antihistamines, fexofenadine is the only drug that does 
not cause impairment of cognitive and psychomotor function 
as demonstrated in controlled clinical studies.
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