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Abstract

Background: As a new generation antihistamine, fexofenadine has been widely used in allergic diseases. However,
there is still a lack of collective evidence regarding the antihistamine effects and safety profiles of fexofenadine
relative to other antihistamine drugs and placebo. Therefore, we aimed to systematically evaluate the antihistamine
effects and safety of fexofenadine.

Methods: An electronic literature search of randomized controlled trials (RCTs) was performed using Embase,
Cochrane and PubMed from establishment to January 1st, 2018. RCTs comparing the antihistamine effects or safety
(adverse events, sedative effects, and cognitive/psychomotor function) of fexofenadine with either other
antihistamines or placebo for healthy subjects and patients with allergy were selected.

Results: Fifty-one studies of 14,551 participants met the inclusion criteria. When compared with the first-generation
antihistamines, fexofenadine produced significantly lower adverse events frequency (OR =0.446; 95% Cl: 0.214 to
0.929, P=0.031), significantly lower sedative effects frequency (OR =0.265; 95% Cl: 0.072 to 0.976, P=0.046) and
significantly less change of all cognitive/psychomotor function. When compared with the second-generation
antihistamines, fexofenadine produced significantly marginal sedative effects (OR=0.59; 95% Cl, 0.38 to 0.93; P=
0.02) and significantly less change of most of the cognitive/psychomotor function. When compared with placebo,
fexofenadine produced more significant antihistamine effects.

Conclusions: Fexofenadine has a positive antihistamine effect, which is probably no worse than the second-
generation antihistamines. Fexofenadine probably has a favorable safety profile, which is more likely better than
that of the first-generation antihistamines. There is lack of data to support that fexofenadine has a better overall
safety profile compared to the second-generation antihistamines, however, some presently available evidence on
sedative effects and certain aspects of cognitive/psychomotor function favors fexofenadine. Therefore, fexofenadine
may be worthy of recommendation for safety related workers.
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Background

The incidence of allergic diseases such as allergic rhinitis
(AR), allergic asthma (AA), chronic idiopathic urticaria
(CIU) and atopic dermatitis (AD) has continued to rise
over the past several decades, affecting a large number of
people worldwide [1]. Symptoms such as itching, sneezing,
rhinorrhea and rhinobyon caused by allergic diseases usu-
ally lower the quality of life [2]. In fact, millions of people
have been reported to experience physical impairments
and reductions in quality of life, as well as economic bur-
dens, derived from allergic diseases and its associated co-
morbidities [3]. Antihistamines have been widely used as a
first-line drug in the treatment of allergic diseases. The
first-generation antihistamines were no longer recom-
mended because of their side effects including hepatotox-
icity, cardiotoxicity, sedative effects, anticholinergic effects
and lack of selectivity for the HIl-receptor [4]. The
second-generation antihistamines have replaced the first-
generation antihistamines as commonly used drug in the
treatment of allergic diseases because of their modest
sedative effects and more significant and persistent cura-
tive effect compared with the first-generation antihista-
mines [4]. However, some of the second-generation
antihistamines, such as terfenadine and astemizole, are
rarely used because of their apparent cardiotoxicity [5]. As
a new generation antihistamine and an active metabolite
of terfenadine - a highly selective H1 antagonist, fexofena-
dine has positive antihistamine effects [6]. In addition, fex-
ofenadine has no cardiotoxicity and minimal adverse
effects on liver because only about 5% dosage of fexofena-
dine is metabolized by liver. As the substrate of P-
glycoprotein, fexofenadine that is difficult to pass the
blood-brain barrier may have no sedative effect and other
central nervous functions [7]. To date, there is still a lack
of collective evidence regarding the antihistamine effects
and safety profiles of fexofenadine relative to other anti-
histamine drugs and placebo. As such, the aim of this
study was to analyze the antihistamine effects and safety
of fexofenadine in healthy subjects and patients with aller-
gic diseases including AR, AA, CIU, and AD when com-
pared with other antihistamines or placebo.

Methods

Eligibility criteria

Randomized controlled trials (RCTs) involving compari-
sons of antihistamine effects and safety of fexofenadine
with either other antihistamines or placebo were included.
Participants in these RCTs including healthy volunteers
and patients with indications requiring treatment of
antihistamines.

Search strategy
A systematic literature search of Embase, Cochrane and
PubMed were conducted with no limits on language,
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publication year, or publication status. The date of the
last search was January 1st, 2018. The search term strat-
egy was as follows: “fexofenadine”, “telfast”, “allegra”,
AND “health*”, “allerg*”, “rhinitis”, “cold”, “asthma”,
“Kimura”, “atopic”, “dermatitis”, “atopy”, “urticaria”, OR

w0

“effec*”, “antihistami*”, “skin”, “wheal”, “flare”, “safe*”,
“drows*”, “sleep*”, “somnolence”, “alert*”, and “sedat*”.
References of included studies and additional sources

were examined to reduce the search bias.

Study selection process

Endnote X7 program was used to eliminate duplicate
references. The first round of screening was performed
by reading title and abstract, the second round of
screening was eligibility evaluation from the full text. All
operations were performed by 2 separate reviewers and
checked by the principal investigator. Any disagreements
were resolved by discussion.

Data extraction

For each included literature, the following data were ex-
tracted: first author, date of publication, mean age, gen-
der, number of subjects lost to follow-up, study type,
participant, number of subjects receiving fexofenadine,
comparators, number of subjects receiving comparators,
the dose of fexofenadine and comparators, study dur-
ation, outcome measures. If more than 1 dose of fexofe-
nadine or more than 1 type of other generation
antihistamines were assessed, we selected the one con-
sidered more effective and safer by the authors of the
paper as the assessment of antihistamine effects and cog-
nitive/psychomotor function, and combined all doses of
fexofenadine or the same generation antihistamines for
the evaluation of adverse events (AE) frequency and
sedative effects frequency. When data were not available
in certain papers, the authors were contacted directly by
e-mail. If the results were only presented in graphs,
these were digitalized and then converted to numbers
using the Digitizelt 1.5.7 program (Digitizelt 2003; Bor-
mann, Braunschweig, Germany). Two independent re-
viewers extracted data from the selected papers,
reconciling differences by consensus.

The outcomes measured were as follows: antihista-
mine effects were assessed by the inhibition rate of
histamine-induced wheal and flare (24 h after treatment);
safety was assessed by AE frequency, sedative effects fre-
quency and the change of cognitive/psychomotor func-
tion scores (3 to 5h after treatment). Cognitive/
psychomotor function scores included critical flicker fu-
sion (CFF), choice reaction time (CRT), compensatory
tracking test (CTT), line analogue rating scales for sed-
ation (LARS), and visual analogue score (VAS) of drow-
siness, which were used for the assessment of
information processing capability, reaction speed, the
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degree of attention focusing, vigilance and fatigue, som-
nolence degree. Annotations of cognitive/psychomotor
function scores are as follows:

CFF. The CFF referred to the frequency of intermittent
light stimulation when the flicker happened to achieve
fusion and was used to evaluate the information process-
ing ability. Our eyes will produce a sense of flicker when
receiving light stimulation with low intermittent fre-
quency. With a gradual increase of the intermittent fre-
quency produced by light stimulation, the flicker
gradually disappears. Our eyes will feel a steady and con-
tinuous light when the flicker reaches a certain fre-
quency, which is called the fusion of flicker. The
decrease in CFF suggested a reduction in the ability to
process information.

CRT. The CRT was taken as a sensitive measurement
of drug-induced changes in psychomotor speed. From a
central starting position subjects were required to extin-
guish one of the six red lights and illuminated at random
by touching the appropriate response button. The in-
crease in CRT indicated a reduction in the response
speed of subjects.

CTT. The CTT was used as a means to assess divided
attention. Subjects were required to keep a cursor in
alignment with a moving target on a visual display unit
screen using a mouse. The evaluation measure of this
tracking task was the mean difference between the cen-
ters of the target and cursor in pixels, sampled 5 times
per second, during the 10 min test period. Higher scores
were indicative of less concentration.

LARS. The LARS was employed as a measure of the
subjective effects of psychoactive drugs. Subjects marked
a series of 10 cm line analogue scales, indicating their
present feeling with regards to a mid-point, which repre-
sented their normal state of mind before treatment
began. The mean scores of ratings of ‘tiredness’, ‘drowsi-
ness’, and ‘alertness’, presented among several distracter
scales, were taken as a measurement of perceived sed-
ation. The higher the score (in mm), the less alert and
more tired and drowsy the subjects felt.

VAS of drowsiness. The VAS of drowsiness was used
as a subjective indicator of somnolence degree marking
by subjects with end points of ‘not drowsy and ‘very
drowsy. Higher scores were indicative of more
somnolent.

Risk of Bias assessment

The risk of bias and methodological quality were evalu-
ated using the Cochrane Collaboration tool [8]. There
are 6 aspects including (a) sequence generation, (b) allo-
cation concealment, (c) blinding of caregivers, personnel
and outcome assessors, (d) incomplete outcome data, (e)
selective outcome reporting, and (f) other sources of bias
need to be graded as three levels of risk: (A) low risk of
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bias, (B) unclear risk of bias, and (C) high risk of bias.
Two independent reviewers assessed the risk of bias of
the selected studies, reconciling differences by
consensus.

Data synthesis

Data analysis was performed using the RevMan 5.3 pro-
gram (The Cochrane Collaboration, Oxford, UK) and Com-
prehensive Meta Analysis V2 (Biostat, Englewood, NJ
07631 USA). Pooled weighted mean differences (WMDs)
was used for continuous data (the inhibition rate of
histamine-induced wheal and flare, the change of cognitive/
psychomotor function scores). Odds ratio (OR) was used
for dichotomous data (AE frequency, sedative effects fre-
quency). Heterogeneity was assessed by I and Cochrane’s
Q test. When heterogeneity was not present (P < 50%),
fixed-effects model (FEM) and Peto OR were applied. For
P> 50%, a random-effects model (REM) and DerSimonian-
Lair OR were used. Potential publication bias was evaluated
using funnel plots. Sensitivity analysis was performed by
eliminating the selected studies one by one.

Results

Search results

As shown in Fig. 1, our search identified 841 records;
394 were excluded due to duplication, 351 were ex-
cluded after the first round of screening, and 96 full-text
articles were assessed for eligibility. Of these, 25 were
excluded because they were reviews, case reports, open
studies, or studies aimed at other purposes. Seventy-one
clinical trials on the comparison of antihistamine effects
or safety of fexofenadine with other antihistamines or
placebo for participants were potentially relevant. The
second round of screening excluded 20 comparative tri-
als which had outcomes not eligible for inclusion cri-
teria. Finally, 51 RCTs satisfied the inclusion criteria and
then were included in our meta-analysis [9-59]. Notably,
partial data from 8 RCTs [15, 24, 28, 30, 36, 53, 56, 58]
were only reported in graphics and; the attempt to ob-
tain data directly from the authors failed, so graphics
were digitized and the SD were estimated using an im-
putation method.

Trial characteristics

Of 51 included studies, 20 (39.2%) are parallel and 31
(60.8%) are cross-over trials. The mean age of a total of
14,551 participants included was 31.7 years and 45.0%
were male. Among these participants were 3024 cases of
healthy subjects, 10,521 cases of AR, 536 cases of CIU,
470 cases of pollinator. Characteristics of the included
studies are shown in Table 1.
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Records identified through Embase,

Cochrane, PubMed searching
(n=841)

A

Records screened

A 4

394 excluded as duplicates

351 excluded during screening as

(n=447)

A 4

Records assessed in full text

not related to the topic

25 excluded
Reasons for exclusion:

Review =1

(n=96)

A 4

Potentially relevant RCTs

Case report =1
Open study = 1
Other research purposes = 22

20 excluded as outcomes not valid

(n=71)

A 4

RCTs satisfied the inclusion criteria
(n=51)

Fig. 1 Flow diagram of study selection

A\ 4

for inclusion criteria

Antihistamine effects

The inhibition rate of histamine-induced wheal

Six studies reported the inhibition rate of histamine-
induced wheal after taking fexofenadine [25, 31, 36, 55—
57]. Of the 6 studies on healthy subjects, 1 compared
with the first-generation antihistamines [55], 5 compared
with the second-generation antihistamines [25, 31, 36,
55, 56], and 5 compared with placebo [25, 31, 36, 56,
57]. The comparison between fexofenadine and the first-
generation antihistamines was not pooled for meta-
analysis because there was only 1 study included. When
compared with the second-generation antihistamines, as
shown in Fig. 2, the inhibition rates of histamine-
induced wheal were not different (WMD = - 17.56; 95%
CL: -44.77 to 9.65, P=0.21). The heterogeneity was
99%, which may be generated from the inconsistent
doses of fexofenadine and types of the second-
generation antihistamines. When compared with pla-
cebo, the results indicated that fexofenadine produced
significantly higher inhibition rate of histamine-induced
wheal. After sensitivity analysis and checking the trial
methods, 2 studies were excluded because of different
study duration compared with other studies [25, 36]. As
shown in Additional file 2: Figure S2 the inhibition rate

of histamine-induced wheal of fexofenadine was signifi-
cantly higher than that of placebo (WMD =-18.93; 95%
CI: 15.29 to 2257, P<0.00001). A I* of 8% represents
low heterogeneity.

The inhibition rate of histamine-induced flare

Six studies reported the inhibition rate of histamine-
induced flare after taking fexofenadine [25, 31, 36, 55—
57]. Of the 6 studies on healthy subjects, only 1 com-
pared with the first-generation antihistamines [55],
which was not suitable for meta-analysis. Four studies
compared with the second-generation antihistamines
[25, 36, 55, 56], as shown in Fig. 3, the inhibition rate of
histamine-induced flare were not different (WMD =
4.58; 95% CI -40.70 to 49.85, P=0.84). Five studies
compared with placebo [25, 31, 36, 56, 57], as shown in
Additional file 3: Figure S3, fexofenadine produced sig-
nificantly higher inhibition rate of histamine-induced
flare (WMD =35.75, 95% CI: 18.67 to 52.83, P<
0.00001). The heterogeneity may be generated from the
inconsistent doses of fexofenadine and different type of
the second-generation antihistamines. Sensitivity analysis
showed the meta-analysis results were similar.
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Table 1 Characteristics of included studies

First author, Years  Study design  Subject Number Experimental Comparators Study Outcome measures
duration
Barbanoj [25], 2003  RCT, healthy 18 FEX 120 mg EBA 20 mg.. 5 days Wheal, flare, AE, sedative
crossover n=18 n=18; effects
study PLn=18
Boyle [36], 2005 RCT, healthy 18 FEX 60 mg, LOR 10 mg, 2months  Wheal, flare, AE, sedative
crossover n=18 n=18 effects
study PLn=18
Larbig [57], 2006 RCT, healthy 30 FEX 120 mg, PLNn =30 24 h Wheal, flare
crossover n=30
study
Simons [55], 2002 RCT, parallel  healthy 21 FEX 180 mg, CHL 8 mg, 9days Wheal, flare
study n=7 n=7
LOR 10 mg,
n=7
Simons [31], 2003 RCT, healthy 15 FEX 30 mg, CET 10 mg, 24 h Wheal, flare, sedative
crossover n=15 n=15 effects
study
Takahashi [56], RCT, healthy 7 FEX 120 mg, BEP 20 mg, 24 h Wheal, flare, VAS of
2004 crossover n=7 n=7 drowsiness
study PLn=7
Finn [11], 1999 RCT, parallel ~ ClU 439 FEX40mg/ 120mg/240 PL n=90 4 weeks AE, sedative effects
study mg/480 mg,
n =349
Berger [41], 2006 RCT, parallel AR 432 FEX 180 mg, PLn=144 15 days AE, sedative effects
study n=288
Berkowitz [42], RCT, AR 63 FEX 180 mg, PLn=63 2 weeks AE, sedative effects
2006 crossover n=63
study
Boyle [43], 2006 RCT, healthy 18 FEX 120 mg, CHL 6mg, n=18; 10h AE, sedative effects
crossover n=18 PLn=18
study
Bronsky [10], 1998  RCT, parallel AR 548 FEX 80 mg/ 120 mg/ PLNn=137 14 days AE, sedative effects
study 240 mg,
n=411
Casale [13], 1999 RCT, parallel AR 861 FEX 120 mg/ 180 mg, PLn=292 3 weeks AE, sedative effects
study n=>569
Van Cauwenberge  RCT, parallel AR 685 FEX 120 mg, n=232 LOR 10 mg, 14 days AE, sedative effects
[17], 2000 study n=228;
PL n=225
Day [33], 2004 RCT, parallel AR 575 FEX 180 mg, n=239 CET 10 mg, 24h AE, sedative effects
study n=240;
PLNn=96
Ramesh [50], 2013 RCT, parallel AR 50 FEX 120mg, n=25 CHL 4 mg, 14 days AE, sedative effects
study n=25
Grant [14], 1999 RCT, healthy 14 FEX 60 mg, CET 10 mg, 24h AE, sedative effects
crossover n=14 n =14
study EPI 20 mg,
n =14
TER 60 mg,
n =14
LOR 10 mg,
n =14
PLn=14
Grant [23], 2002 RCT, healthy 18 FEX 180mg, n=18 EBA 10 mg, 24 h AE, sedative effects
crossover n=18
study LOR 10 mg,
n=18;
MIZ 10 mg,

n=18



Huang et al. BMC Pharmacology and Toxicology (2019) 20:72 Page 6 of 18

Table 1 Characteristics of included studies (Continued)

First author, Years  Study design  Subject Number Experimental Comparators Study Outcome measures
duration
PLn=18
Hampel [26], 2003 RCT, parallel AR 495 FEX 180 mg, n =248 CET10mg, n=247 2 weeks AE, sedative effects
study
Hampel [45], 2007  RCT, parallel AR 393 FEX 30 mg/ 60 mg, PL n=200 8 days AE, sedative effects
study n=193
Hashiguchi [52], RCT, healthy 126 FEX 120mg, n=126 BIL 10 mg/ 3 days AE, sedative effects
2016 crossover 20 mg,
study n=252;
PLn=126
Hindmarch [24], RCT, healthy 15 FEX 360mg, n =15 PRO 30mg n =15, 7h AE, sedative effects, CFF,
2002 crossover PLn=15 CRT, LARS
study
Hindmarch [15], RCT, healthy 24 FEX 120mg, n =24 PRO 30 mg, 24 h AE, sedative effects, CFF,
1999 crossover n =24 CRT, LARS
study LOR 10 mg,
n =24
PLn=24
Horak [20], 2001 RCT, AR 40 FEX 120 mg, n=40 CET 10 mg, 2 days AE, sedative effects
crossover n =40;
study PL n=40
Horak [48], 2010 RCT, allergic 75 FEX 120mg, n=70 CET 10 mg, 2 days AE, sedative effects
crossover volunteers n==068;
study BIL 20 mg,
n=74
PLn=70
Horak [34], 2005 RCT, allergic 94 FEX 120mg, n=9%4 PLn=94 2 days AE, sedative effects
crossover volunteers
study
Howarth [16], 1999 RCT, parallel AR 722 FEX 120 mg/ 180 mg, CET 10 mg, 2weeks  AE, sedative effects
study n=421 n=209;
PL n=209
Inami [53], 2016 RCT, healthy 20 FEX 60 mg, DIP 50 mg, 6h AE, sedative effects, LARS
crossover n=20 n=20;
study PLn=20
Kaiser [47], 2008 RCT, parallel AR 835 FEX 120 mg, n =359 LOR 10 mg, 7 days AE, sedative effects
study n=2357;
PLn=119
Kaiser [21], 2001 RCT, parallel AR 836 FEX 120 mg, n =360 LOR 10 mg, 7 days AE, sedative effects
study n =357,
PLn=119
Kamei [49], 2012 RCT, healthy 24 FEX 60 mg, PRO 25 mg, 8h AE, sedative effects, CFF,
crossover n=24 n =24 CRT, LARS
study OLO 5mg,
n =24
PLn =24
Kamei [28], 2003 RCT, healthy 11 FEX120mg, n=11 d-CHL 4 mg, 8h AE, sedative effects, CFF,
crossover n=11; CRT, CTT, LARS
study OLO 10 mg,
n=11;
PLn=11
Mansfield [29], RCT, healthy 42 FEX 180 mg, n=42 DIP 50 mg, 2h AE, sedative effects
2003 crossover n =42
study PLn=42
Milgrom [46], 2007  RCT, parallel AR 453 FEX 60 mg, PL n=231 2weeks  AF, sedative effects
study n=222
Okubo [44], 2006 RCT, healthy 9 FEX60mg,n =9 EPI 20 mg, 5h AE, sedative effects
crossover n=9

study PLn=9
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Table 1 Characteristics of included studies (Continued)

First author, Years  Study design  Subject Number Experimental Comparators Study Outcome measures
duration
Okubo [54], 2016 RCT, parallel AR 747 FEX 120 mg, n =247 BIL 20 mg, 2 weeks AE, sedative effects
study n=249;
PL n=251
Prenner [18], 2000  RCT, AR 929 FEX 120 mg, n =457 LOR 10 mg, 14 days AE, sedative effects
crossover n=472
study
Purohit [22], 2001 RCT, healthy 26 FEX 120 mg/ 180 mg, CET 10 mg, 24h AE, sedative effects
crossover n=>52 n =726;
study PLn=26
Purohit [35], 2004 RCT, healthy 42 FEX 180mg, n=42 CET 10 mg, 4h AE, sedative effects
crossover n=42
study
Ridout [30], 2003 RCT, healthy 18 FEX 180mg, n =18 HYD 50 mg, 5h AE, sedative effects, CFF,
crossover n=18 CRT, LARS
study PLn=18
Schapowal [39], RCT, parallel AR 220 FEX 180mg,n=113 PLNn=107 14 days AE, sedative effects
2005 study
Schoepke [51], RCT, healthy 18 FEX 120mg,n =18 PLn=18 24 h AE, sedative effects
2013 crossover
study
Simons [9], 1997 RCT, healthy 20 FEX 120 mg, n =40 LOR 10 mg, 24h AE, sedative effects
crossover n=20
study PLn=20
Tsuda [40], 2005 RCT, healthy 10 FEX 120mg, n=10 CET 5mg/10mg, 24h AE, sedative effects
crossover n=20;
study LOR 10 mg,
n=10;
PLn=10
Wahn [32], 2003 RCT, parallel AR 935 FEX 30 mg, PLn=471 14 days AE, sedative effects
study n =464
Weiler [19], 2000 RCT, healthy 40 FEX 60 mg, DIP 50 mg, 5h AE, sedative effects, VAS of
crossover n =40 n =40; drowsiness
study PLn =40
Ballmer-Weber [12], RCT, healthy 20 FEX 180 mg, n =20 CET 10 mg, 1h sedative effects
1999 crossover n =40;
study ACR 8 mg,
n=20
Day [37], 2005 RCT, parallel AR 599 FEX 180 mg, n =250 CET 10 mg, 7h sedative effects
study n =249,
PLn=100
Handa [27], 2004 RCT, parallel  ClU 97 FEX 180 mg, n =45 CET 10 mg, 28 days sedative effects
study n=>52
Hyo [38], 2005 RCT, parallel  healthy 113 FEX 120 mg, n=28 CET 10 mg, 2 days sedative effects
study n=30;
LOR 10 mg,
n =28
PLn=27
Ridout [58], 2002 RCT, healthy 24 FEX 120 mg, n =24 PRO 25 mg, 8h CFF, CRT, CTT, LARS
crossover n =24
study PLn=24
Naicker [59], 2013 RCT, healthy 11 FEX 180mg,n =11 PRO 25mg, n =11, 3h CRT, CTT, VAS of
crossover LOR 10 mg, drowsiness
study n=11;

PLn=1
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Test for overall effect: Z = 1.26 (P = 0.21)

generation antihistamines

Heterogeneity: Tau? = 947.81; Chi* = 296.53, df = 4 (P < 0.00001); I* = 99%

Fig. 2 Suppression Percentage of histamines-induced wheal: fexofenadine vs. the second-generation antihistamines. 2nd gen AH second
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Safety

Adverse events frequency

Forty-one studies reported AE after taking fexofenadine
[9-11, 13-26, 28-30, 32-36, 39-54]. Of 41 studies, 10
compared with the first-generation antihistamines [15,
19, 24, 28-30, 43, 49, 50, 53], 22 compared with the
second-generation antihistamines [9, 14, 16-18, 20-23,
25, 28, 33, 35, 36, 40, 44, 47-49, 52-54], and 37 com-
pared with placebo [9-11, 13-17, 19-25, 28-30, 32-34,
36, 39-49, 51-54]. When compared with the first-
generation antihistamines, as demonstrated in Fig. 4a,
fexofenadine produced significantly lower AE frequency
(OR =0.446; 95% CI: 0.214 to 0.929, P=0.031). When
compared with the second-generation antihistamines, as
shown in Fig. 4b, the AE frequency for fexofenadine ver-
sus the second-generation antihistamines were not dif-
ferent (OR =0.987; 95% CI: 0.815 to 1.195, P =0.890).
When compared with placebo, as shown in Additional
file 4: Figure S4, the AE frequency of these two groups
were not different (OR = 0.999; 95% CI: 0.863 to 1.156,
P =0.987).

Sedative effects frequency

Forty-six studies reported sedative effects frequency after
taking fexofenadine [9-54]. Of 46 studies, 10 compared
with the first-generation antihistamines [15, 19, 24, 28—
30, 43, 49, 50, 53], 27 compared with the second-
generation antihistamines [9, 12, 14, 16-18, 20-23, 25,

27, 28, 31, 33, 35-38, 40, 44, 47-49, 52-54], and 38
compared with placebo [9-11, 13-17, 19-25, 28-30,
32-34, 36, 38-49, 51-54]. When compared with the
first-generation antihistamines, as shown in Fig. 5a, fexo-
fenadine produced significantly lower sedative effects
frequency (OR=0.265; 95% CIL: 0.072 to 0.976, P=
0.046). When compared with the second-generation an-
tihistamines, as shown in Fig. 5b, fexofenadine produced
significantly lower sedative effects frequency (OR =
0.578; 95% CI: 0.369 to 0.906, P =0.017). When com-
pared with placebo, as shown in Additional file 5: Figure
S5, the sedative effects frequency for fexofenadine versus
placebo were not different (OR = 1.608; 95% CI: 0.884 to
2.924, P =0.120), but not statistically significant (OR 1.6
[0.8-2.9]). Five studies (18, 432, 126, 113, 747 patients
respectively) showed more AE for fexofenadine than pla-
cebo and none of the others showed that for placebo
more AEs than fexofenadine.

Cognitive/psychomotor function

CFF. Six studies reported the CFF of subjects after tak-
ing fexofenadine [15, 24, 28, 30, 49, 58]. Of the 6 studies
on healthy subjects, 3 compared with the second-
generation antihistamines [15, 28, 49], 6 compared with
the first-generation antihistamines and placebo [15, 24,
28, 30, 49, 58]. When compared with the first-
generation antihistamines, as shown in Fig. 6a, fexofena-
dine produced significantly less change of CFF (WMD =

N
Mean Difference
1V, Random, 95% CI

Mean Difference
1V, Random, 95% CI

FEX 2nd gen AH
Study or Subgroup Mean SD Total Mean SD Total Weight
Barbanoj 2003 [25] 346 75 18 689 6.3 18 25.1%
Boyle 2005 [36] 43 5.8 18 -89 945 18 25.1%
Simons 2002 [55] 794 41 7 745 126 7 24.9%
Takahashi 2004 [56] 84.3 5.8 7 885 945 7 25.0%
Total (95% ClI) 50 50 100.0%

Test for overall effect: Z = 0.20 (P = 0.84)

generation antihistamines

Heterogeneity: Tau? = 2120.85; Chi? = 614.15, df = 3 (P < 0.00001); I = 100%

-34.30 [-38.82, -29.78] -
51.90 [46.78, 57.02] -
4.90 [-4.92, 14.72]
-4.20 [-12.41, 4.01]
4.58 [-40.70, 49.85]
-100 -50 0 50 100

Favours FEX Favours 2nd gen AH

Fig. 3 Suppression Percentage of histamines-induced flare: fexofenadine vs. the second-generation antihistamines. 2nd gen AH second




Huang et al. BMC Pharmacology and Toxicology

(2019) 20:72

Page 9 of 18

a
Frequency of adverse events: fexofenadine vs. the first-generation antihistamines
Study name Statistics for each study Peto odds ratio and 95% CI
Peto Lower Upper
odds ratio limit limit Z-Value p-Value
Boyle 2006 [43] 2028 0.197 20.860 0.595 0.552 -
Hindmarch 1999 [15] 0.456 0.160 1.300 -1.469 0.142 ——
Hindmarch 2002 [24] 1.000 0.000 46757334002463.398 0.000 1.000
Inami 2016 [53] 1.000 0.000 775095803516.189 0.000 1.000
Kamei 2003 [28] 1.000 0.000 7286995580067600.000 0.000 1.000
Kamei 2012 [49] 1.000 0.000 75268506707.877 0.000 1.000
Mansfield 2012 [29] 1.000 0.000 181697035.105 0.000 1.000
Ramesh 2013 [50] 0294  0.092 0938  -2.089 0.039 ——
Ridout 2003 [30] 1.000 0.000 3270511690688.450 0.000 1.000
Weiler 2000 [19] 1.000 0.000 288910611.492 0.000 1.000
0.446 0.214 0.929 -2.156 0.031 ’
0.01 0.1 1 10 100
Favours FEX Favours 1stgen AH
Frequency of adverse events: fexofenadine vs. the second-generation antihistamines
Study name Statistics for each study Peto odds ratio and 95% CI
Peto Lower Upper
odds ratio limit limit ZValue  p-Value
Barbanoj 2003 [25] 1.000 0274 3656 0.000 1.000 —_—,
Boyle 2005 [36] 1.000 0.000 3270511690688.450 0.000 1.000
Day 2004 [33] 1422 0.869 2326 1.401 0.161 +—
Grant 1999 [14] 1.000 0.000 120525219998 684 -0.000 1.000
Grant 2002 [23) 2830 0.473 16.917 1.140 0.254
Hashiguchi 2016 [52] 0.884 0.380 2055 -0.287 0774 —
Horak 2001 [20] 1978 0.200 19512 0.584 0559
Horak 2010 [48] 0.220 0.027 1794 -1.414 0.157
Howarth 1999 [16] 0.903 0612 1334 0511 0.609 -
Inami 2016 [53] 1.000 0.000 775095803516.189 0.000 1.000
Kaiser 2001 [21] 0.741 0.437 1257 -1.112 0.266 —
Kaiser 2008 [47] 0743 0.438 1.261 -1.101 0.271 —
Kamei 2003 [28] 1.000 0.000 7286995580067600.000 0.000 1.000
Kamei 2012 [49] 1.000 0.000 75268506707.877 0.000 1.000
Okubo 2006 [44] 1.000 0000  277762504064972000.000 0.000 1.000
Okubo 2016 [54] 0.730 0.360 1477 -0.876 0.381 —
Prenner 2000 [18] 1611 0.966 2687 1.828 0.067 ——
Purohit 2001 [22] 1.000 0.000 28738230973.536 0.000 1.000
Purohit 2004 [35) 0.132 0.008 2147 -1.423 0.155
Simons 1997 [9] 1.000 0.000 21897384494.852 0.000 1.000
Tsuda 2005 [40] 1.000 0.000 53535894653355.797 0.000 1.000
Van Cauwenberge 2000 [17] 1.183 0.358 3.908 0276 0783 B —
0.987 0815 1195 -0.138 0.890 4
0.01 0.1 1 10 100
Favours FEX Favours 2nd gen AH
Fig. 4 Frequency of adverse events: a fexofenadine vs. the first-generation antihistamines; b fexofenadine vs. the second-generation
antihistamines. 7st gen AH the first-generation antihistamines, 2nd gen AH second generation antihistamines

1.73; 95% CI:

1.14 to 2.32, P<0.00001) and the

0.06, P=0.17). After checking the trial methods, we

subgroup-analysis showed that fexofenadine 120 mg/d
produced significantly less change of CFF compared with
promethazine (WMD =1.62; 95% CI: 1.33 to 1.91, P<
0.00001). When compared with the second-generation
antihistamines, as shown in Fig. 6b, the change of CFF
were not different (WMD = 0.20; 95% CI: - 0.16 to 0.56,
P =0.28) and the subgroup-analysis showed that fexofe-
nadine produced significantly less change of CFF com-
pared with olopatadine (WMD =0.37; 95% CI: 0.24 to
049, P<0.00001). When compared with placebo, as
shown in Additional file 6: Figure S6, the change of CFF
were not different (WMD = -0.15; 95% CI: -0.37 to

found that the heterogeneity for fexofenadine versus pla-
cebo may be generated from the inconsistent doses of
fexofenadine. Sensitivity analysis showed the meta-
analysis results were similar.

CRT. Seven studies reported the CRT of subjects after
taking fexofenadine [15, 24, 28, 30, 49, 58, 59]. Of the 7
studies on healthy subjects, all of the included studies
compared with the first-generation antihistamines [15, 24,
28, 30, 49, 58, 59], as shown in Fig. 7a, fexofenadine pro-
duced significantly less change of CRT (WMD = - 61.41;
95% CI. —81.87 to -40.96, P<0.00001). Four studies
compared with the second-generation antihistamines [15,
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a
Frequency of sedative effects: fexofenadine vs. the first-generation antihistamines
M Statistics for each stud Peto odds ratio and 95% CI
Peto Lower Upper
odds ratio limit limit Z-Value  p-Value
Boyle 2006 [43] 1.000 0.060 16.648 0.000 1.000 »
Hindmarch 1999 [15] 1.000 0.000 846896741.958 0.000 1.000
Hindmarch 2002 [24] 1.000 0.000 46757334002463.398 0.000 1.000
Inami 2016 [53] 1.000 0.000 775095803516.189 0.000 1.000
Kamei 2003 [28] 1.000 0.000 7286995580067600.000 0.000 1.000
Kamei 2012 [49] 1.000 0.000 75268506707.877 0.000 1.000
Mansfield 2003 [29] 1.000 0.000 181697035.105 0.000 1.000
Ramesh 2013 [50] 0.174 0.039 0776  -2.291 0.022 ——
Ridout 2003 [30] 1.000 0.000 156845750.313 0.000 1.000
Weiler 2000 [19] 1.000 0.000 288910611.492 0.000 1.000
0.265 0.072 0.976 -1.996 0.046 |
0.01 0.1 1 10 100
Favours FEX Favours 1st gen AH
Frequency of sedative effects: fexofenadine vs. the second-generation antihistamines
Slud! name Statistics for each Studl Peto odds ratio and 95% CI
Peto Lower Upper
odds ratio limit limit ZValue p-Value
Ballmer-Webber 1999 [12] 0.356 0.087 1.456 -1.437 0.151
Barbanoj 2003 [25] 1.264 0.331 4832 0.342 0.732 —_—
Boyle 2005 [36] 1.000 0.000 3270511690688.450 0.000 1.000
Day 2004 [33] 1.000 0.000 2991.471 0.000 1.000
Day 2005 [37] 0.134 0.008 2152 -1.418 0.156
Grant 1999 [14] 1.000 0.000 120525219998.684 -0.000 1.000
Grant 2002 [23] 1.000 0.099 10.100 0.000 1.000
Handa 2003 [27] 0575 0.111 2936 -0.659 0.510
Hashiguchi 2016 [52] 20.086 0314 1283.969 1414 0.157
Horak 2001 [20] 1.000 0.000 96048806.473 0.000 1.000
Horak 2010 [48] 1.000 0.000 352846.577 0.000 1.000
Howarth 1999 [16] 0.419 0.203 0863 2358 0.018 ——
Hyo 2005 [38] 1.038 0.179 6.035 0.042 0.967 —_—
Inami 2016 (53] 1.000 0.000 775095803516.189 0.000 1.000
Kaiser 2001 [21] 1.000 0.001 695.057 0.000 1.000
Kaiser 2008 [47] 1.000 0.001 698.212 0.000 1.000
Kamei 2003 [28] 1.000 0.000 7286995580067600.000 0.000 1.000
Kamei 2012 [49] 1.000 0.000 75268506707.877 0.000 1.000
Okubo 2006 [44] 1.000 0000  277762504064972000.000 0.000 1.000
Okubo 2016 [54] 0516 0.053 4,985 -0.572 0.568
Prenner 2000 [18] 1.000 0.003 314.393 0.000 1.000
Purohit 2001 [22] 1.000 0.000 28738230973.536 0.000 1.000
Purohit 2004 [35] 0.132 0.008 2147 -1.423 0.155
Simons 1997 [9] 1.000 0.000 775095803516.189 0.000 1.000
Simons 2003 [31] 1.000 0.238 4205 0.000 1.000 —_—
Tsuda 2005 [40] 1.000 0.000 53535894653355.797 0.000 1.000
Van Cauwenberge 2000[17] 1.000 0.000 3523.029 0.000 1.000
0578 0.389 0.906 2392 0.017 -
0.01 041 1 10 100
Favours FEX Favours 2nd gen AH
MHodel Effect size and 95% interval Test of null (2-Tail) Heterogeneily Tausquared
Nunber Point Lower Upper Tau Standard
Madel Studies eslimate limit it Z-value  P-value Q-value df(Q) P-value |-squared Squared Error  Vanance Tau
Fived 27 0578 0.359 0.908 23%2 0.017 8819 2% 0.939 0,030 0.030 0433 0.220 0.000
Random 27 0578 0.359 0.908 23%2 0.017
Fig. 5 Frequency of sedative effects: a fexofenadine vs. the first-generation antihistamines; b fexofenadine vs. the second-generation antihistamines.
Tst gen AH the first-generation antihistamines, 2nd gen AH second generation antihistamines

28, 49, 59], as shown in Fig. 7b, the change of CRT
were not different (WMD =5.28; 95% CI: -3.07 to
13.63, P=0.22). Six studies compared with placebo
[24, 28, 30, 49, 58, 59], as shown in Additional file 7:

Figure S7, the change of CRT were not different
(WMD =3.68; 95% CI: —2.95 to 10.32, P=0.28). The
heterogeneity may be generated from the inconsistent
doses of fexofenadine and different antihistamines in
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a FEX 1st gen AH Mean Difference Mean Difference
ud uk J otal Mea D 95% ClI IV. Random, 95% CI
14.1.1 CFF: FEX (120mg) vs 1st gen AH (PRO)
Hindmarch 1999 [15] -0.62 0.21 24 -2.28 091 24 16.3% 1.66 [1.29, 2.03] =
Ridout 2002 [58] -0.01 0.3 24 -158 1.11 24 15.8% 1.57 [1.11, 2.03] -
Subtotal (95% Cl) 48 48 32.0% 1.62[1.33,1.91] ‘
Heterogeneity: Tau? = 0.00; Chi? = 0.09, df =1 (P = 0.77); I? = 0%
Test for overall effect: Z = 10.98 (P < 0.00001)
14.1.2 CFF: FEX (other doses) vs 1st gen AH (other types)
Hindmarch 2002 [24] -0.45 0.09 15 -3 0.01 15 17.4% 2.55[2.50, 2.60] -
Kamei 2003 [28] 048 03 11 -044 03 11 16.9% 0.92[0.67, 1.17] -
Kamei 2012 [49] -0.06 0.31 24 -208 04 24 171% 2.02[1.82,2.22] -
Ridout 2003 [30] -0.3 0.6 18 -19 03 18 16.6% 1.60 [1.29, 1.91] -
Subtotal (95% Cl) 68 68 68.0% 1.78 [1.04, 2.52] L 4
Heterogeneity: Tau? = 0.56; Chi? = 207.46, df = 3 (P < 0.00001); I* = 99%
Test for overall effect: Z = 4.69 (P < 0.00001)
Total (95% Cl) 116 116 100.0% 1.73 [1.14, 2.32] ‘
Heterogeneity: Tau? = 0.52; Chi? = 238.56, df = 5 (P < 0.00001); I = 98% i 1’0 5 : 5 1’0

Test for overall effect: Z = 5.72 (P < 0.00001)
Test for subaroun differences: Chi2 = 0.14. df =1 (P =0.70). 12 = 0%

b

FEX 2nd gen AH

15.1.1 CFF: FEX vs 2nd gen AH (OLO)

Kamei 2003 [28] 048 0.3 11 0.03 0.31 1 31.8%
Kamei 2012 [49] -0.06 0.31 24 -04 0.16 24 35.8%
Subtotal (95% Cl) 35 35 67.7%
Heterogeneity: Tau? = 0.00; Chi? = 0.55, df = 1 (P = 0.46); I = 0%

Test for overall effect: Z = 5.85 (P < 0.00001)

15.1.2 CFF: FEX vs 2nd gen AH (other types)

Hindmarch 1999 [15]  -0.62 0.21 24 -0.41 057 24 32.3%
Subtotal (95% CI) 24 24 32.3%
Heterogeneity: Not applicable

Test for overall effect: Z = 1.69 (P = 0.09)

Total (95% Cl) 59 59 100.0%

Heterogeneity: Tau? = 0.09; Chi? = 17.72, df = 2 (P = 0.0001); I* = 89%
Test for overall effect: Z = 1.07 (P = 0.28)
Test for subaroup differences: Chi? = 17.17. df = 1 (P < 0.0001). 1> = 94.2%

_Study or Subgroup  Mean SD Total Mean SD Total Weight V. Random,95% Cl

Fig. 6 Critical flicker fusion: a fexofenadine vs. the first-generation antihistamines; b fexofenadine vs. the second-generation antihistamines. 1st
gen AH the first-generation antihistamines, 2nd gen AH second generation antihistamines

Favours FEX Favours 1st gen AH

Mean Difference
IV, Random,95%ClI

Mean Difference

0.45 [0.20, 0.70]
0.34 [0.20, 0.48]
0.37 [0.24, 0.49]

0¢+

-0.21[-0.45, 0.03]
-0.21 [-0.45, 0.03]

-
<@

0.20 [-0.16, 0.56]

N .

-2 -1 0 1 2
Favours FEX Favours 2nd gen AH

each comparator. Sensitivity analysis showed the
meta-analysis results were similar.

CTT. Three studies on healthy subjects compared the
CTT of subjects with the first-generation antihistamines,
the second-generation antihistamines and placebo [28,
58, 59]. When compared with the first-generation anti-
histamines, as shown in Fig. 8a, fexofenadine produced
significantly less change of CTT (WMD = -21.79; 95%
CIL: - 42.44 to — 1.14, P = 0.04) and the subgroup-analysis
showed that fexofenadine 120 mg/d or less dose pro-
duced significantly less change of CTT (WMD = - 10.04;
95% CI: - 13.16 to - 6.44, P <0.00001). When compared
with the second-generation antihistamines, as shown in
Fig. 8b, fexofenadine produced significantly less change
of CTT (WMD =-2.43; 95% CI: —3.67 to - 1.18, P=
0.0001). When compared with placebo, as shown in

Additional file 8: Figure S8, the change of CTT were not
different (WMD =0.11; 95% CI: — 3.81 to 4.02, P =0.96).
Sensitivity analysis showed the meta-analysis results
were similar.

LARS. Seven studies reported the LARS of subjects
after taking fexofenadine [15, 24, 28, 30, 49, 53, 58]. Of
the 7 studies on healthy subjects, 3 compared with the
second-generation antihistamines [15, 28, 49], all com-
pared with the first-generation antihistamines and pla-
cebo [15, 24, 28, 30, 49, 53, 58]. As shown in Fig. 9 and
Additional file 9: Figure S9, fexofenadine produced sig-
nificantly less change of LARS when compared with the
first-generation antihistamines (WMD = - 6.34; 95% CI:
-10.53 to - 2.15, P =0.003), the second-generation anti-
histamines (WMD =-7.75; 95% CL: -12.56 to —2.93,
P =0.002) and placebo (WMD = -2.67; 95% CI: —3.99



Huang et al. BMC Pharmacology and Toxicology (2019) 20:72 Page 12 of 18

-

a FEX 1st gen AH Mean Difference Mean Difference

Study or Subgroup __ Mean __ SD Total Mean _ SD Total Weight 1V, Random, 95% ClI IV, Random, 95% C

Hindmarch 1999 [15] 593 232 24 4402 3276 24 138%  -38.09[-54.15,-22.03] -

Hindmarch 2002 [24] 08 441 15 8811 135 15 14.8%  -87.31[-94.50,-80.12] =

Kamei 2003 [28] 161 1797 11 325 187 11 13.9% -16.40 [-31.73, -1.07] ]

Kamei 2012 [49] 201 625 24 611 141 24 149%  -63.11[-69.28, -56.94] o

Naiker 2013 [59) 568 1022 11 375 105 11 147%  -31.82[-40.48,-23.16) N

Ridout 2002 [58] -5.37 13.58 24 110.11 43.08 24 13.5% -115.48[-133.55,-97.41] .=

Ridout 2003 [30) 55 194 18 727 11 18 145%  -78.20 [-88.50, -67.90] =

Total (95% Cl) 127 127 100.0%  -61.41 [-81.87, -40.96] <

Heterogeneity: Tau? = 722.95; Chi? = 179.06, df = 6 (P < 0.00001); I = 97% t t t t

Test for overall effect: Z = 5.88 (P < 0.00001) -200 Fa;l)?ﬁs FEXO Favou::?st ge fg&
b FEX 2nd gen AH Mean Difference Mean Difference

ady or Subgroup an a ean al_Weigh 95% CI IV, R: Y,

Hindmarch 1999 [15 593 2332 24 176 3.08 24 248%  4.17 [-5.24,13.58)

Kamei 2003 [28] 16.1 17.97 11 346 232 11 14.1% -18.50[-35.84, -1.16]

Kamei 2012 [49] 201 625 24 -104 6 24 341% 8.39(4.92, 11.86] b

Naiker 2013 [59] 568 1022 11 -9.12 908 11 27.0% 14.80([6.72,22.88] =

Total (95% Cl) 70 70 100.0%  5.28 [-3.07, 13.63]

1 1 5
T 1

100 -50 0 50 100
Favours FEX Favours 2nd gen AH

Heterogeneity: Tau? = 50.16; Chi? = 12.38, df = 3 (P = 0.006); I> = 76%
Test for overall effect: Z = 1.24 (P = 0.22)

Fig. 7 Choice reaction time: a fexofenadine vs. the first-generation antihistamines; b fexofenadine vs. the second-generation antihistamines. 1st
gen AH the first-generation antihistamines, 2nd gen AH second generation antihistamines

a FEX 1st gen AH Mean Difference Mean Difference
i % Cl IV, Random, 95% CI
20.1.1 CTT: FEX (120mg or less daily) vs 1st gen AH
Kamei 2003 [28] 428 1.1 11 136 82 11 33.6% -9.32[-14.21, -4.43] n
Ridout 2002 [58] 219 2.38 24 13.08 13.08 24 335% -10.89[-16.21, -5.57] =
Subtotal (95% CI) 35 35 67.0% -10.04[-13.64, -6.44] (]

Heterogeneity: Tau? = 0.00; Chi* = 0.18, df = 1 (P = 0.67); I’ = 0%
Test for overall effect: Z = 5.47 (P < 0.00001)

20.1.2 CTT: FEX (>120mg daily) vs 1st gen AH

Naiker 2013 [59] 2.15 3.66 11 477 11 11 33.0% -45.55[-52.40, -38.70] bd
Subtotal (95% CI) 1 11 33.0% -45.55 [-52.40, -38.70] ¢
Heterogeneity: Not applicable

Test for overall effect: Z = 13.03 (P < 0.00001)

Total (95% CI) 46 46 100.0% -21.79 [-42.44, -1.14] >

i
T

400 -5 0 50 100
Favours FEX Favours 1st gen AH

Heterogeneity: Tau? = 324.52; Chi? = 81.07, df = 2 (P < 0.00001); I> = 98%
Test for overall effect: Z = 2.07 (P = 0.04)
Test for subaroup differences: Chi? = 80.88. df = 1 (P < 0.00001). I> = 98.8%

b FEX 2nd gen AH Mean Difference Mean Difference
—Study or Subgroup Mean SD Total Mean SD Total Weight |V, Fixed, 95% CI 1V, Fi % Cl
Kamei 2003 [28] 428 11 11 7.82 3.58 11 31.7% -3.54[-5.75, -1.33] -
Naiker 2013 [59] 2.15 3.66 11 194 3.65 11 16.6% 0.21[-2.84, 3.26]
Ridout 2002 [58] 219 2.38 24 478 3.62 24 51.7% -2.59 [-4.32, -0.86] L
Total (95% CI) 46 46 100.0% -2.43 [-3.67, -1.18] ¢

20 10 0 10 20
Favours FEX Favours 2nd gen AH

Heterogeneity: Chi? = 3.87, df =2 (P = 0.14); I? = 48%
Test for overall effect: Z = 3.82 (P = 0.0001)

Fig. 8 Compensatory tracking task: a fexofenadine vs. the first-generation antihistamines; b fexofenadine vs. the second-generation antihistamines. 7st
gen AH the first-generation antihistamines, 2nd gen AH second generation antihistamines
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a

FEX 1st gen AH

Hindmarch 1999 [15] 057 3.05 24 326 42 24 14.0%
Hindmarch 2002 [24]  -1.06 043 15 145 215 15 14.3%
Inami 2016 [53] 291 15 20 16 221 20 14.3%
Kamei 2003 [28] 179 139 11 -136 097 11 14.4%
Kamei 2012 [49] 14 065 24 505 145 24 144%
Ridout 2002 [58] 152 15 24 25 221 24 143%
Ridout 2003 [30] 28 2 18 23 23 18 142%
Total (95% Cl) 136 136 100.0%

Heterogeneity: Tau? = 31.59; Chi? = 638.09, df = 6 (P < 0.00001); I = 99%

Test for overall effect: Z = 3.15 (P = 0.002)

Study or Subgroup  Mean SD Total Mean SD Total Weight IV. Random. 95% Cl

o _ -50
Test for overall effect: Z = 2.96 (P = 0.003) Favours FEX Favours 1st gen AH
b FEX 2nd gen AH Mean Difference Mean Difference

Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Hindmarch 1999 [15] 0.57 3.05 24 326 4.2 24 33.2% -2.69 [-4.77, -0.61] bl
Kamei 2003 [28] -1.79 1.39 11 127 45 11 31.6% -14.49[-17.27,-11.71] -
Kamei 2012 [49] -1.4 0.65 24 505 145 24 352% -6.45 [-7.09, -5.81] -
Total (95% Cl) 59 59 100.0%  -7.75 [-12.56, -2.93] <

ity 2 = - Chiz = - . 12 = OBY t t + t
Heterogeneity: Tau? = 17.04; Chi? = 44.61, df = 2 (P < 0.00001); I* = 96% 50 25 0 25 50

Fig. 9 Line analogue rating scales for sedation: a fexofenadine vs. the first-generation antihistamines; b fexofenadine vs. the second-generation
antihistamines. st gen AH the first-generation antihistamines, 2nd gen AH second generation antihistamines

Mean Difference Mean Difference

IV. Random. 95% ClI
-2.69[-4.77, -0.61] -
-15.56 [-16.67, -14.45] .
-13.09 [-14.26, -11.92] .
-0.43 [-1.43, 0.57) 1
-6.45 [-7.09, -5.81] .
-0.98 [-2.05, 0.09] 1
-5.10 [-6.51, -3.69] .
-6.34 [-10.53, -2.15] <

.25 0 25 50

Favours FEX Favours 2nd gen AH

to — 1.35, P<0.0001). The heterogeneity may be gener-
ated from the inconsistent doses of fexofenadine and dif-
ferent antihistamines in each comparator. Sensitivity
analysis showed the meta-analysis results were similar.
VAS of drowsiness. Three studies reported the VAS of
drowsiness of subjects after taking fexofenadine [19, 56,
59]. Of the 3 studies on healthy subjects, 2 compared
with the first-generation antihistamines [19, 59], 2 com-
pared with the second-generation antihistamines [56,
59], all compared with placebo [19, 56, 59]. The com-
parison between fexofenadine and the second-generation
antihistamines was not pooled for meta-analysis because
there was only 2 study included with a high heterogen-
eity. When compared with the first-generation antihista-
mines, as shown in Fig. 10, fexofenadine produced
significantly less change of VAS of drowsiness (WMD =
-15.72; 95% CI: —17.33 to - 14.11, P<0.00001). When
compared with placebo, as shown in Additional file 10:
Figure S10, the change of VAS of drowsiness were not
different (WMD =7.18; 95% CI: —0.64 to 14.99, P=

0.07). The heterogeneity may be generated from the in-
consistent doses of fexofenadine. Sensitivity analysis
showed the meta-analysis results were similar. Results
summary is shown in Table 2.

Risk of Bias

As shown in Additional file 1: Figure S1, most (82%) of
included studies had low risk of bias in random se-
quence generation. Twenty-two percent had low risk of
bias in allocation concealment. Twenty-seven percent
had low risk of bias in blinding of outcome assessment.
All studies had low risk of bias in incomplete outcome
data and selective reporting.

Publication Bias

Symmetry was shown in funnel plots when the safety of
fexofenadine was compared to other antihistamines and
placebo (Additional files 11: Figures S11, Additional file
12: Figure S12, Additional file 13: Figure S13, Additional
file 14: Figure S14, Additional file 15: Figure S15,

FEX 1st gen AH Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight 1V, Fixed. 95% Cl 1V, Fixed. 95% CI
Naiker 2013 [59] 5.89 3.27 11 218 8.6 1 8.8% -15.91[-21.35, -10.47] L
Weiler 2000 [19] 14.7 3.7 40 304 4 40 91.2% -15.70[-17.39, -14.01] .
Total (95% CI) 51 51 100.0% -15.72[-17.33, -14.11] '
o Chiz = - - 2= Qo | | | } }
SO R T
estforoverall effect:2:= 13.10/( : ) Favours FEX Favours 1st gen AH
Fig. 10 Visual analogue drowsiness scores: fexofenadine vs. the first-generation antihistamines. st gen AH the first-generation antihistamines
J
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Additional file 16: Figure S16, Additional file 17: Figure
S17, Additional file 18: Figure S18, Additional file 19:
Figure S19), which means no publication bias in these
analyses. A modest asymmetric funnel was shown when
the antihistamine effect of fexofenadine was compared
to other antihistamines and placebo (Additional files 11:
Figure S11, Additional file 12: Figure S12, Additional file
13: Figure S13, Additional file 14: Figure S14, Additional
file 15: Figure S15, Additional file 16: Figure S16, Add-
itional file 17: Figure S17, Additional file 18: Figure S18,
Additional file 19: Figure S19), which means no signifi-
cant publication bias in these analyses.

Discussion

Based on our review of the literature, this is the first
meta-analysis to assess the antihistamine effects and
sedative effects of fexofenadine. Our meta-analysis indi-
cates that fexofenadine has better safety profiles com-
pared to the second-generation antihistamines. The
antihistamine effects (the inhibition rate of histamine-
induced wheal and flare) of fexofenadine were signifi-
cantly higher than that of placebo and were not signifi-
cantly different compared with the second-generation
antihistamines.

Antihistamine effects that assessed by the inhibition
rate of histamine-induced wheal and flare are important
measurements to evaluate the efficacy of antihistamines
in the treatment of allergic diseases [60]. Based on the
pooled analysis, we find that the antihistamine effects
and duration of fexofenadine are probably no worse than
that of the second-generation antihistamines and more
positive than that of placebo. Similarly to our study, a re-
cent systematic review and meta-analysis showed that
fexofenadine was effective on the treatment of nasal
symptoms in patients with seasonal allergic rhinitis
(SAR) [61]. On the contrast to that systematic review,
our study includes all RCTs involving fexofenadine treat-
ment that compared with other antihistamines or pla-
cebo by evaluating the inhibition rate of histamine-
induced wheal and flare, not only just SAR RCTs. There-
fore, fexofenadine that has positive antihistamine effects
is suitable for most of the patients with indications re-
quiring antihistamines. Of note, a study suggested that
the inhibition rate of fexofenadine on histamine-induced
wheal was lower than that of loratadine [36], while an-
other study showed that fexofenadine had a significantly
higher inhibition rate on histamine-induced wheal com-
pared with loratadine [55]. The reason for this may be
the different doses of fexofenadine (60 mg/d and 180
mg/d) and the same dose of loratadine (10 mg/d) in the
two study. Therefore, further studies are required to ex-
plore a more secure and effective dose of fexofenadine
that compared with loratadine.
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AE is closely related to drug damage to the body [62].
AE in included studies are as follows: headache, drowsi-
ness, fatigue, upper respiratory infection, asthma, pha-
ryngitis, dry mouth, cough, nausea, gastrointestinal pain,
diarrhea, rash, epistaxis, sinusitis, back pain, leukopenia,
etc. In the above AE, headache is the most common AE
in subjects who treated with fexofenadine. Overall, fexo-
fenadine is well-tolerated and discontinuation owing to
side effects generally occurs in < 5% of patients [63]. All
the first-generation antihistamines and most of the
second-generation antihistamines cause cardiotoxicity by
inhibiting muscarinic cholinoreceptor (M-ChR), which
can regulate heart rate, heart rhythm and cardiac muscle
[64]. A previous study indicated that fexofenadine did
not prolong QT interval and cause arrhythmia when it
was used alone or combined with other drugs such as
ketoconazole and erythromycin [65]. A dog model
showed that fexofenadine was 600 times more affinity
for H1 receptor than M-ChR, while desloratadine was
only 5 times than M-ChR although it was also a new
generation antihistamine, indicating that fexofenadine
may have no cardiotoxicity [66]. This study find that
there is no hepatotoxicity or cardiotoxicity related AE in
subjects treated with fexofenadine, further supporting
that fexofenadine may have no hepatotoxicity and cardi-
otoxicity. A systematic review and meta-analysis showed
that there was no significant difference of AE frequency
between fexofenadine and placebo in patients with SAR
[61]. Consistently in the respect of AE, our study indi-
cates that the safety profile of fexofenadine is more posi-
tive than that of the first-generation antihistamines and
similar to the second-generation antihistamines and
placebo.

Sedative effect is one of the most concerned issue of AE
[67]. The current study indicates that the risk of fexofena-
dine on sedative effects is lower than that of the first-
generation antihistamines and the second-generation anti-
histamines, and similar to placebo. A previous study
showed that fexofenadine may have no sedative effect or
only have mild sedative effects since fexofenadine could
not pass the blood-brain barrier [68]. Our study demon-
strates that the risk of fexofenadine on sedative effects was
lower than that of the first-generation antihistamines and
the second-generation antihistamines and even has been
as low as placebo. A recent meta-analysis showed that
levocetirizine had a mild sedative effects although it was a
new generation antihistamine [69]. According to our
study, fexofenadine with no sedative effect is more worthy
of recommendation among the new generation antihista-
mines. Based on the fact that fexofenadine may have no
sedative effect, an expert consensus in the United States
recommended National Aeronautics and Space Adminis-
tration (NASA) to authorize pilots to use fexofenadine if
necessary [70].
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The cognitive/psychomotor function is another im-
portant relevant issue of AE [71]. This study suggests
that fexofenadine has less cognitive/psychomotor im-
pairment compared with both of the first-generation an-
tihistamines and the second-generation antihistamines.
In addition, the cognitive/psychomotor impairment of
fexofenadine is similar to placebo. A recent systematic
review suggested that fexofenadine was ranked as the
least psychomotor impairment antihistamines compared
with all other antihistamines in Japanese market [72]. In
contrast to that systematic review, our study included
antihistamines used worldwide. Furthermore, we added
a comparison between fexofenadine and placebo. The
results further identify the fact that fexofenadine may
have no cognitive/psychomotor impairment. As for CFF,
we find that fexofenadine has a positive information pro-
cessing capability compared with promethazine. Simi-
larly, a study showed that the information processing
capability after treating with fexofenadine 120 mg/d or
60 mg/d was better than olopatadine 10 mg/d or 5 mg/d
[28, 49]. But another study demonstrated that the infor-
mation processing capability after treating with fexofena-
dine 120 mg/d was worse than that of loratadine 10 mg/
d [15]. The above discordance may be attributed to the
differences of washout period. Only 4 days applied in
study of Hindmarch may result in insufficient drug
clearance, which affected the reliability of its result.
Therefore, although fexofenadine has marginal cogni-
tive/psychomotor impairment compared with the
second-generation antihistamines, the comparison on
cognitive/psychomotor function between fexofenadine
and individual second-generation antihistamine remains
to be further explored.

There are several potential limitations in this study.
The setting of subgroups regarding dose/duration/type
of antihistamines was unavailable because of limited
studies. The comparison of antihistamine effects and
cognitive/psychomotor function were lack of large sam-
ple RCTs, which may increase the risk of bias. The way
to obtain outcome measures such as the frequency of
AE and sedative effects was different.

Conclusions

Fexofenadine has a positive antihistamine effect, which
is probably no worse than the second-generation antihis-
tamines. Fexofenadine probably has a favorable safety
profile, which is more likely better than that of the first-
generation antihistamines. There is lack of data to sup-
port that fexofenadine has a better overall safety profile
compared to the second-generation antihistamines, how-
ever, some presently available evidence on sedative ef-
fects and certain aspects of cognitive/psychomotor
function favors fexofenadine. Therefore, fexofenadine
may be worthy of recommendation for safety related
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workers. However, more multicenter, large sample, long-
term follow-up and well-designed head-to-head trials are
required to the further understanding of the efficacy and
safety of fexofenadine.
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