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Abstract

AIM: To evaluate the efficacy, safety and influential
factors of proton pump inhibitor (PPI) treatment for
non-erosive reflux disease (NERD).

METHODS: PubMed, MEDLINE, EMBASE and the
Cochrane Library were searched up to April 2013 to
identify eligible randomized controlled trials (RCTs) that
probed into the efficacy, safety and influential factors of
PPI treatment for NERD. The rates of symptomatic relief
and adverse events were measured as the outcomes.
After RCT selection, assessment and data collection, the
pooled RRs and 95%(CI were calculated. This meta-anal-
ysis was performed using the Stata 12.0 software (Stata
Corporation, College Station, Texas, United States). The
level of evidence was estimated by the Grading of Rec-
ommendations Assessment, Development and Evalua-
tion system.

RESULTS: Seventeen RCTs including 6072 patients

(4 9

Boishidengs  WIG | www.wjgnet.com

met the inclusion criteria. The results of the meta-
analysis showed that PPI treatment was significantly
superior to H2 receptor antagonists (H:RA) treatment
(RR = 1.629, 95%CI: 1.422-1.867, £ = 0.000) and pla-
cebo (RR = 1.903, 95%CI: 1.573-2.302, 2 = 0.000) for
the symptomatic relief of NERD. However, there were
no obvious differences between PPI and H:RA (RR =
0.928, 95%CI: 0.776-1.110, P = 0.414) or PPI and the
placebo (RR = 1.000, 95%CI: 0.896-1.116, P = 0.997)
regarding the rate of adverse events. The overall rate
of symptomatic relief of PPI against NERD was 51.4%
(95%CI: 0.433-0.595, # = 0.000), and relief was influ-
enced by hiatal hernia (P = 0.030). The adverse rate of
PPI against NERD was 21.0% (95%CI: 0.152-0.208, P
= 0.000), and was affected by hiatal hernia (P = 0.081)
and drinking (P = 0.053).

CONCLUSION: PPI overmatched H2RA on symptomat-
ic relief rate but not on adverse rate for NERD. Its relief
rate and adverse rate were influenced by hiatal hernia
and drinking.

© 2013 Baishideng Publishing Group Co., Limited. All rights
reserved.
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Core tip: As a kind of powerful and effective acid-
suppressive drugs, proton pump inhibitor (PPI) has
been used for patients with non-erosive reflux disease
(NERD), but its efficacy, safety and their influential fac-
tors are inconclusive. We performed this systematic
review and meta-analysis of randomized controlled tri-
als to assess its efficacy, safety and influential factors.
Based on the results of the meta-analysis, we conclude
that PPI has a higher symptomatic relief rate and
roughly the same adverse rate for NERD. Hiatal hernia
and drinking could influence symptomatic relief rate
and adverse rate of PPI on NERD.
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INTRODUCTION

Non-erosive reflux disease (NERD) is a heterogeneous
group of disorders, which present with the typical gas-
troesophageal reflux symptoms of heartburn, regurgita-
tion or both in the absence of visible esophageal injury
upon endoscopy“&]. Patients with NERD are more likely
to be female, young, thin, and without hiatal hernias™,
and over time, the regurgitation of gastric juice associ-
ated with NERD can have significant and comparable
negative effects on their quality of life that correlate with
heartburn severity” ™. To improve these patients’ quality
of life, provide a rapid relief of symptoms and reduce
the severity and number of recurrent episodeslw’m, acid-
suppressive drugs have been used to combat NERD.

Proton pump inhibitors (PPI) are a type of acid-
suppressive drugs that inhibit the secretion of gastric acid
by restraining the exchange of H K™ Due to their
powerful inhibition of the secretion of gastric acid, PPIs
have been widely used to treat gastroesophageal diseases
that result from too much acid, including gastroesopha-
geal reflux disease, gastritis and gastric and duodenal
ulcers'” ", However, the efficacy, safety and influential
factors of PPI use remain inconclusive, especially for
NERDU(),ZOJ.

Although two papersm’22J have previously discussed
the efficacy and influential factors of PPI use against
NERD, neither paper used randomized controlled trials
(RCTs) as the source of their data or used Ha receptor
antagonists (H2RA) or placebos as control groups. Mean-
while, the clinical safety of PPIs was not addressed by the
authors of these two papers. In view of the importance
of understanding their clinical implications, we deter-
mined that the quality of the previous two papers was
insufficient and performed the present meta-analysis.

MATERIALS AND METHODS

Search strategy

We conducted a computer-aided search for RCTs which
probed into the efficacy, safety and influential factors of
PPI for NERD. Source databases were PubMed (1966 to
April 2013), the Cochrane Library (1997 to April 2013),
MEDLINE (1966 to April 2013) and EMBASE (1985
to April 2013). The medical subject headings which were
used in retrieving citation were: non-erosive reflux disease
or NERD, proton pump inhibitors or PPI or esomepra-
zole or pantoprazole or omeprazole or rabeprazole or
lansoprazole. We also searched the references in retrieved
articles manually in order to prevent missing relevant
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publications.

Study selection

The titles and abstracts were independently screened by
two reviewers (Zhang JX and Song J), and studies were
chosen for the meta-analysis if they fit the following
criteria: (1) randomized controlled trials; (2) comparing
PPI with other acid-suppressive drugs or placebo; and
(3) probing into the efficacy, safety and influential factors
of PPI on the symptomatic relief of NERD. We did not
consider the restriction on language of publication. Ex-
clusion criteria were: (1) no human subjects in the study;
(2) without control group; (3) comparing a PPI with
another one; (4) incomplete outcome data; (5) selective
reporting; and (6) duplicate publication.

Data extraction and quality assessment

Independently, three reviewers (Qiu S, Ai MH and Wang J)
extracted data including the following items: first author,
year of publication, country, type of publication, study
duration, age, gender, medication duration, drug dose,
follow-up time, methods of treatment, H. pylori infection
and primary outcomes. Based on the adequate sequence
generation, allocation concealment, blinding, incomplete
outcome data addressed, free of selective reporting, free
from baseline imbalance, sample size calculation and
free from sources of funding bias, the risk of bias was
evaluated in detail. Each quality component was judged
as high, unclear, or low. On the basis of each separate
component, the quality of the trials was assessed. When
difference appeared, a forth reviewer (Lei HB) joined in
the discussion.

Statistical analysis

We treated the rates of symptomatic relief of PPI us
placebo and PPI »s H2aRA as the primary endpoints and
the rates of adverse events as the secondary endpoints.
Meanwhile, factors influencing rates of symptomatic
relief and adverse events of PPI against NERD were
analyzed. The RRs, to summary statistics in meta-
analysis, were strongly recommended for dichotomous
data. So we used Statal2.0 to calculate RR for the rates
of symptomatic relief and the rates of adverse events
in this meta-analysis. When the P value was less than
0.05, it was considered significant. The data was pooled
according to the Mantel-Haenszel fixed-effects model
and the DerSimonian and Laird random-effects model.
The differences were shown as pooled RRs and 95%CI
between different groups. The statistical heterogeneity
among trials was assessed by the y” test and I test. The
percentage of the variability in the estimates of effect,
caused by heterogeneity but not chance, was described
by I’ test. When the values were greater than 50%, it
was considered having substantial heterogeneity. If
there was no statistically significant heterogeneity, the
fixed-effects model was chosen. According to the drug
dose and therapeutic duration, subgroup analysis was
performed.
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‘ Potentially relevant titles identified on search (7 = 651) ‘

|

‘ Full text papers obtained for potential inclusion (7 = 103)‘

Reasons for exclusion:

Case series reports (7 = 11)

> Duplicate publication (7 = 9)

Open non-randomized trial (7 = 23)
Other reasons (7 = 38)

Full text papers obtained for potential inclusion (7 = 22)

Reasons for exclusion:

Data cannot be obtained fully (7 = 2)

I Endpoint not including efficacy and safety (7 = 1)
Comparing a PPI with another one (7 = 2)

Studies chosen into the meta-analysis (7 = 17)

Figure 1 Screening process of studies. PPI: Proton pump inhibitor.

Risk of bias and publication bias

We assessed the risks of bias according to assessment of
study quality in Cochrane Handbook 4.2.2. Egger’s test
and Begg’s test were used to check the publication bias,
and P < 0.05 indicated that there was a tisk of bias.

Sensitivity analysis
Sensitivity analysis was performed to identify the studies
which influence the result obviously.

Meta-regression analysis

Meta-regression analysis was performed to study the re-
lationship between covariates and the outcomes and to
find the source of heterogeneity.

Assessment of quality evidence
Grade system was applied to assess the quality of these
outcomes.

RESULTS

Study identification and selection

Following the searching strategy, we initially acquired
651 studies. Having discarded the studies of repetitive
publication and that did not meet the criteria apparently,
and after reading the titles and abstracts, there were 51
studies left. To search and read the full text, 34 studies
which were not RCTs or without control groups were
abandoned and 17 RCTs"* were left finally. The screen-
ing process of studies is shown in Figure 1.

Study characteristics

For the 17 RCTs, 5 were single-center studies and 12
were multi-center studies. In the RCTs, there were 6072
patients with 3937 patients in the combination group and
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the 2135 patients in PPI alone group. The details of these
studies are listed in Table 1.

PPI vs H:RA on the rate of symptomatic relief

Seven studies™ 777 | which involved 1882 patients,
compared PPI with HaRA on the rate of symptomatic
relief of NERD. There are 935 patients who received
PPI and 947 patients who received H2RA. Heterogeneity
analysis showed that there was obviously statistical het-
erogeneity among these studies (I’ = 42.4%, P = 0.096).
Sensitivity analysis indicated that one study”” influenced
the result apparently, and after excluding this study, the
heterogeneity disappeared (I = 0.1%, P = 0.422). The re-
sult showed that PPI was significantly superior to H2RA
on the rate of symptomatic relief of NERD (RR = 1.629,
95%Cl: 1.422-1.867, P = 0.000), (Figure 2A).

In the subgroup analysis of short duration (PPI
158/372, placebo 112/384, I = 0%, P = 0.640), PPI ad-
vanced over H:RA (RR = 1.521, 95%CI: 1.303-1.775, P
= 0.000). In the subgroup analysis of long duration (PPI
90/186, placebo 43/184, I = 0%, P = 0.737), similar
result was found (RR = 2.063, 95%CI: 1.544-2.756, P =
0.000).

In the subgroup analysis of low dose (PPI 130/308,
placebo 78/307, F'=0%,P= 0.422), PPI significantly
overmatched H.RA (RR = 1.656, 95%CI: 1.320-2.078,
P = 0.000). In the subgroup analysis of high dose (PPI
220/526, placebo 141/537, I = 23.5%, P = 0.365),
PPI was also superior to H:RA (RR = 1.614, 95%ClI:
1.361-1.914, P = 0.000).

In the subgroup analysis of lansoprazole (PPI
227/585, placebo 141/584, I = 0%, P = 0.603), PPI ad-
vanced over H:RA (RR = 1.866, 95%CI: 1.435-2.448, P
= 0.000). But compared with groups of omeprazole (PPI
41/67, placebo 31/64, F=0%,P= 0.434), there wete no
statistical differences (P = 0.149).

PPl vs placebo on the rate of symptomatic relief

There were 11 studies™"7" I which compared
PPI with placebo on the rate of symptomatic relief of
NERD. In the 5416 patients of the 11 trials, there are
3287 patients who received PPI and 2129 patients re-
ceived placebo. Heterogeneity analysis showed that there
was obviously statistical heterogeneity among these stud-
ies (I = 84.3%, P = 0.000). Sensitivity analysis did not
find studies that influenced the result obviously. The re-
sult showed that PPI was significantly superior to placebo
on the rate of symptomatic relief of NERD (RR = 1.903,
95%Cl: 1.573-2.302, P = 0.000), (Figure 2B).

In the subgroup analysis of long duration (PPI
407/855, placebo 114/315, I’ = 65.4%, P = 0.034), PPI
advanced over placebo (RR = 1.442, 95%CI: 1.034-2.010,
P = 0.031). In short duration (PPI 1139/2432, placebo
459/1241, I’ = 78.6%, P = 0.000), similar result was also
found (RR = 2.029, 95%CIL: 1.665-2.473, P = 0.000).

In the subgroup analysis of high dose (PPI 486/1098,
placebo 131/718, F'=0%,P= 0.5006), PPI significantly
overmatched placebo (RR = 2.664, 95%CI: 2.251-3.154,
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A Study

ID

RR (95%Cl)

Events, Events, %
treatment control  weight

Richter (2000)

1.59 (1.22, 2.08)

102/276 64/276  29.57

Richter (2000) — 1.52 (1.16, 1.98) 97/277 64/277  29.57
Talley (2002) ® 2.12(1.45, 3.11) 62/154 29/153  13.44
Fujiwara (2005) 1.17 (0.80, 1.72) 28/50 23/48 10.84
Juul-Hansen (2009) ® 1.94 (1.29, 2.92) 28/32 14/31 6.57
Nakamura (2010) 1.53 (0.88, 2.67) 13/17 8/16 3.81
Kobeissy (2012) ® 1.81 (1.17, 2.80) 20/28 17/43 6.20
overall (2 = 0.1%, P = 0.422) 1.63 (1.42, 1.87) 350/834 219/844 100.00
T T
0.322 3.11

B Study Events, Events, %
ID RR (95%Cl) treatment  control weight
Lind (1997) — 2.34(1.38,3.97) 62/199 14/105 4.61
Lind (1997) —@®—— 3.48(2.09, 5.78) 95/205 14/105 4.74
Lind (1999) 1.49 (1.27,1.76) 116/139 80/143 6.81
Lind (1999) 1.25 (1.04, 1.49) 99/142 80/143 6.73
Richter (2000) e 2.48 (1.37,4.48) 102/276 10/67 4.24
Richter (2000) o 2.35 (1.30, 4.25) 97/277 10/67 4.23
Talley (2001) 1.49 (0.92, 2.43) 45/140 17/79 4.89
Talley (2002) — 1.90 (1.13,3.21)  83/238 13/71 4.67
Talley (2002) 1.63 (0.96, 2.76) 70/235 13/71 4.62
Miner (2002) — 1.74 (1.16, 2.61) 36/64 22/68 5.41
Miner (2002) — 1.75(1.17, 2.62) 38/67 22/68 5.43
Bytzer (2004) 1.14 (1.01, 1.30)  209/242 71/94 6.95
Uemura (2008) @ 2.70 (1.44, 5.05) 31/96 11/92 4.04
Uemura (2008) 2.16 (1.12, 4.15)  24/93 11/92 3.89
Fass (2009) R 2.94 (2.26,3.82) 161/294 54/290  6.31
Fass (2009) —— 2.69 (2.06, 3.52) 145/289 54/290 6.28
Kahrilas (2009) 2.29(1.33,3.94) 34/105 15/106 4.52
Kinoshita (2011) 1.44 (1.01, 2.04) 44/88 31/89 5.75
Kinoshita (2011) 1.61 (1.15, 2.25) 55/98 31/89 5.87
Overall (> = 84.3%, P = 0.000) 1.90 (1.57, 2.30) 1546/3287 573/2129 100.00
NOTE: Weights are from random effects analysis

T T
0.173 5.78

C Study Events,  Events, %
ID RR (95%Cl) treatment control  weight
Armstrong (2001) 0.76 (0.53, 1.11) 32/101 39/94 31.63
Talley (2002) 1.03 (0.84, 1.26) 86/154 83/153 65.19
Juul-Hansen (2009) 0.48 (0.10, 2.46) 2/32 4/31 3.18
Overall (* = 25.1%, P = 0.263) 0.93(0.78, 1.11)  120/287 126/278 100.00

T T
0.0955 10.5
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Overall (2 = 27.9%, P = 0.156)

1.00 (0.90, 1.12)

D study Events, Events, %
D RR (95%Cl) treatment  control  weight
Lind (1997) 0.45 (0.16, 1.31) 6/199 7/105 2.05
Lind (1997) 0.80 (0.32, 2.02)  11/205 7/105 2.07
Talley (2001) — 1.61(1.07,2.44)  60/140  21/79 5.99
Talley (2002) 0.75 (0.15, 3.76) 5/238 2/71 0.69
Talley (2002) 0.91(0.19,4.39)  6/235 2/71 0.69
Miner (2002) 0.88 (0.47, 1.63)  14/64 17/68 3.68
Miner (2002) 1.01(0.57,1.82)  17/67 17/68 3.77
Bytzer (2004) P 1.20 (0.91, 1.57) 113/279  47/139  14.01
Uemura (2008) 0.69 (0.35, 1.37)  12/96 17/94 3.83
Uemura (2008) 1.31(0.74, 2.30)  22/93 17/94 3.77
Fass (2009) o 1.09 (0.87, 1.37) 103/294 93/290 20.90
Fass (2009) 0.74 (0.58, 0.94) 92/389 93/290 23.79
Kinoshita (2011) 0.98 (0.66, 1.45)  32/93 32/91 7.22
Kinoshita (2011) i 1.03 (0.71, 1.51)  37/102 32/91 7.55

530/2494 404/1656 100.00

T
0.148

6.76
Study %
D ES (95%Cl) weight
Lind (1997) e 0.31(0.25,0.38) 4.11
Lind (1997) —@ 0.46 (0.39, 0.53)  4.09
Lind (1999) 0.83(0.77,0.90) 4.12
Lind (1999) 0.70 (0.62, 0.77)  4.07
Richter (2000) o 0.37(0.31,0.43) 4.13
Richter (2000) - 0.35(0.29, 0.41) 4.13
Talley (2001) —o— 0.32(0.25,0.39) 4.09
Armstrong (2001) —— 0.53 (0.43, 0.62)  3.99
Talley (2002) o 0.42 (0.37,0.48) 4.13
Talley (2002) o 0.31(0.26, 0.36) 4.14
Miner (2002) 0.57 (0.45, 0.69) 3.86
Miner (2002) 0.57 (0.45, 0.68)  3.87
Talley (2002) —o— 0.40 (0.32, 0.48) 4.06
Bytzer (2004) 0.86 (0.82, 0.90) 4.17
Fujiwara (2005) — 0.56 (0.42, 0.70) 3.76
Uemura (2008) —o— 0.32 (0.23,0.42) 3.9
Uemura (2008) —o— 0.26 (0.17,0.35) 4.01
Juul-Hansen (2009) —e —0.88(0.76,0.99) 3.89
Fass (2009) 0.55 (0.49, 0.60) 4.14
Fass (2009) 0.50 (0.44, 0.56) 4.14
Kahrilas (2009) —o— 0.32 (0.24, 0.40) 4.05
Nakamura (2010) —@—— 0.75(0.54,0.96) 3.32
Kinoshita (2011) — 0.50 (0.40, 0.60) 3.96
Kinoshita (2011) 0.56 (0.46, 0.66)  3.98
Kobeissy (2012) 0.71 (0.58, 0.85)  3.79
Overall (> = 96.8%, P = 0.000) 0.51 (0.43, 0.60) 100.00
NOTE: Weights are from random effects analysis
-0.59 0.59
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F Study %
ID ES (95%Cl) weight
Lind (1997) O 0.03 (0.01, 0.05)  5.60
Lind (1997) - 0.05 (0.02, 0.09) 5.56
Richter (2000) —o— 0.15(0.11,0.19)  5.49
Richter (2000) — @ 0.18 (0.14,0.23) 5.46
Talley (2001) o 0.06 (0.03, 0.10)  5.52
Armstrong (2001) — 0.32 (0.23,0.41) 5.00
Talley (2002) L3 0.03 (0.01, 0.04) 5.62
Talley (2002) o 0.02 (0.00, 0.04) 5.63
Miner (2002) — 0.22(0.12,0.31) 4.84
Miner (2002) — 0.25(0.15,0.35) 4.80
Talley (2002) —— 0.56 (0.48, 0.64) 5.12
Bytzer (2004) e 0.41 (0.35,0.46) 5.35
Uemura (2008) — 0.13(0.06, 0.19)  5.27
Uemura (2008) — 0.24 (0.15,0.32)  5.02
Juul-Hansen (2009) e 0.06 (-0.02, 0.15)  5.05
Fass (2009) —— 0.35(0.30, 0.40)  5.40
Fass (2009) —o— 0.32(0.27,0.37) 5.41
Kinoshita (2001) e 0.43(0.33,0.53) 4.83
Kinoshita (2001) e 0.27 (0.18,0.36)  5.02
Overall (2 = 97.5%, P = 0.000) 0.21 (0.15, 0.27) 100.00
NOTE: Weights are from random effects analysis

—0.é36 0 0.é36

Figure 2 Forest plot. A: Comparison of proton pump inhibitor (PPI) vs Hz receptor antagonists (H2RA) on the rate of symptomatic relief; B: Comparison of PPI vs pla-
cebo on the rate of symptomatic relief; C: Comparison of PPI vs H2RA on the rate of adverse events; D: Comparison of PPI vs placebo on the rate of adverse events; E:
Overall efficacy of PPI against non-erosive reflux disease (NERD); F: Adverse rate of PPl against NERD.

P = 0.000). In low dose (PPI 1060/2189, placebo
4421411, I = 751%, P = 0.000), PPI was significantly
superior to placebo (RR = 1.726; 95%CI: 1.451-2.054, P
= 0.000).

In the subgroup analysis of lansoprazole (PPI
505/1136, placebo 128/714, F'=0%,P= 0.879), pan-
toprazole (PPI 252/649, placebo 88/320, F=0%P=
0.844), omeprazole (PPI 427/874, placebo 210/680, =
81.4%, P = 0.000) and rabeprazole (PPI 317/478, place-
bo 130/336, I' = 81.3%, P = 0.001), PPI advanced over
placebo (P = 0.000).

PPl vs H:RA on the rate of adverse events

Three studies”>” which involved 565 patients, com-
pared PPI with H2RA on the rate of adverse events of
NERD. There were 287 patients who received PPI and
278 patients who received H2RA. Because there was no
obviously statistical heterogeneity among these studies (I
= 25.1%, P = 0.263), fixed-effects model was chosen to
perform the meta-analysis. The result showed that there
was no significantly difference between PPI and H2RA
on the rate of adverse events of NERD (RR = 0.928;
95%CI: 0.776-1.110, P = 0.414, Figure 2C).

PPl vs placebo on the rate of adverse events

There were eight studies™?* which compared PPI

(4 9
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with placebo on the rate of adverse events of NERD.
Among the 4150 patients, 2494 patients received PPI and
1656 patients received placebo. Because there was no
obviously statistical heterogeneity among these studies r
= 27.9%, P = 0.150), fixed-effects model was chosen to
perform the meta-analysis. The result showed that there
was no significant difference between PPI and placebo
on the rate of adverse events of NERD (RR = 1.000;
95%CI: 0.896-1.116, P = 0.997), (Figure 2D).

In the subgroup analysis of long duration (PPI
184/892, placebo 72/360, I'=85%, D= 0.364), there
was no significant difference between PPI and placebo
(RR = 0.921, 95%CI: 0.812-1.046, P = 0.200). In short
duradon (PPI 346/1602, placebo 332/1296, I = 0%, P
= 0.565), PPI was significantly superior to placebo (RR =
1.290, 95%CI: 1.032-1.613, P = 0.025).

In the subgroup analysis of high dose (PPI 316/1661,
placebo 252/1068, I = 45.6%, P = 0.075), there was
no obvious difference between PPI and placebo (RR
= 0.999, 95%CI: 0.868-1.150, P = 0.988). In low dose
(PPI 214/833, placebo 152/588, F=29%,P= 0.398),
no significant difference was found either (OR = 1.002,
95%ClI: 0.841-1.195, P = 0.979).

In the subgroup analysis of lansoprazole (PPI
308/962, placebo 233/719, I =754%,P= 0.017), pan-
toprazole (PPI 80/668, placebo 68/224, I' = 0%, P =
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Table 2 Results of univariate meta-regression analysis

exploring factors influencing efficacy and adverse rate of
proton pump inhibitor for non-erosive reflux disease

Factors Efficacy Adverse rate
Coefficient P value Coefficient P value
Age 0.0177315 0.170 0.0075041 0.665
Gender -0.2213605 0.186 0.0209630 0.894
BMI -0.0127987 0.484 -0.0044024 0.808
n -0.0005643 0.154 -0.0001338 0.733

Helicobacter -0.6007750 0.217 0.1326016 0.736

pylori infection
Hiatal hernia

0.9702707 0.030 -0.4392244 0.081

Smoking -0.2591453 0.528 0.5030517 0.245
Drinking 0.3296374 0.303 -0.6776039 0.053
Therapeutic 0.0008200 0.857 -0.0015192 0.722
duration

Dose -0.0026090 0.414 0.0003684 0.897

BMI: Body mass index.

0.981), omeprazole (PPI 51/593, placebo 48/398, =
23.5%, P = 0.270) and rabeprazole (PPI 31/131, placebo
34/136, I' = 0%, P = 0.732), the significant difference
was also not found (P > 0.05).

Overall efficacy of PPl against NERD and its influential
factors

All the 17 studies™ ™ provided the data of the efficacy
of PPI against NERD and its influential factors. Hetero-
geneity analysis showed that there was obviously statisti-
cal heterogeneity among these studies (I’ = 96.8%, P =
0.000). The result showed that the overall rate of symp-
tomatic relief of PPI against NERD was 51.4% (95%cCI:
0.433-0.595, P = 0.000), (Figure 2E).

In the subgroup analysis of long duration, the ef-
fective rate of PPI against NERD was 51.4% (95%CI:
0.433-0.595, P = 0.000). In short duration, the rate was
51.5% (95%CI: 0.432-0.598, P = 0.000).

In the subgroup analysis of high dose, the effec-
tive rate of PPI against NERD was 48.4% (95%CIl:
0.404-0.564, P = 0.000). In low dose, the rate was 56.3%
(95%CI: 0.395-0.732, P = 0.000).

In the subgroup analysis of lansoprazole, the ef-
fective rate of PPI against NERD was 52.1% (95%CI:
0.392-0.650, P = 0.000). In that of pantoprazole,
omeprazole and rabeprazole, the effective rate were
44.7% (95%CI: 0.369-0.526, P = 0.000), 52.1% (95%CI:
0.355-0.688, P = 0.000) and 60.8% (95%CI: 0.367-0.849,
P =0.000), respectively.

Univariate meta-regression analysis found that the
rate of hiatal hernia (P = 0.030) was associated with the
rate of symptomatic relief of PPI against NERD, but
not with others.

Overall safety of PPl against NERD and its influential
factors

Twelve studies provided the data of the
rate of adverse events of PPI against NERD and its in-
fluential factors. Heterogeneity analysis showed that there

[23-25,27,28,31,32,34,37-39]
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was obviously statistical heterogeneity among these stud-
ies (I' = 97.5%, P = 0.000). Sensitivity analysis indicated
that no study influenced the result apparently. The result
showed that the adverse rate of PPI against NERD was
21.0% (95%CI: 0.152-0.208, P = 0.000), (Figure 2F).

In the subgroup analysis of long duration, the ad-
verse rate of PPI against NERD was 18.0% (95%CI:
0.094-0.265, P = 0.000). In short duration, the rate was
23.3% (95%CI: 0.145-0.322, P = 0.000).

In the subgroup analysis of high dose, the ad-
verse rate of PPI against NERD was 21.1% (95%CI:
0.152-0.268, P = 0.000). In low dose, the rate was 20.8%
(95%CI: 0.100-0.317, P = 0.000).

In the subgroup analysis of lansoprazole, the ad-
verse rate of PPI against NERD was 21.5% (95%CI:
0.121-0.309, P = 0.000). In that of pantoprazole, omepra-
zole and rabeprazole, the effective rate respectively were
26.2% (95%CI: 0.150-0.375, P = 0.000), 9.8% (95%CI:
0.036-0.161, P = 0.002) and 29.5% (95%CI: 0.165-0.4206,
P =0.000).

Univariate meta-regression analysis found that the
rate of hiatal hernia (P = 0.081) and drinking (P = 0.053)
were associated with the rate of adverse events of PPI
against NERD, but not with the other factors (Table 2).

Sensitivity analysis

In the analysis of PPI »s H2RA on the rate of symptom-
atic relief, sensitivity analysis indicated that one study™
influenced the result apparently, and after excluding the
this study, the heterogeneity disappeared (F'=01%, P=
0.422). And in other analysis, there was no study which
influenced the results.

Risk of bias and publication bias

Three studies”*" performed adequate sequence gen-
eration with the others unclear. No study carried out
allocation concealment. Two studies™ " were open-label
trials without blinding of participants and personnel and
11 studies™**"7**I mentioned blinding of partici-
pants and personnel. All the studies had complete data,
without selective reporting and other bias. According to
the Egger’s test and Begg’s test, we did not find obvious
publication bias in the outcome of PPI »s H2RA on the
rate of symptomatic relief (Egger’s test: P = 0.711 and
Begg’s test: P = 0.646), PPI »s H2RA on the rate of ad-
verse events (Egger’s test: P = 1.000 and Begg’s test: P =
0.374) and PPI ss placebo on the rate of adverse events
(Egger’s test: P = 0.125 and Begg’s test: P = 0.552). But
in the outcome of PPI »s placebo on the rate of symp-
tomatic relief, the potential publication bias may exist
(Egger’s test: P = 0.010 and Begg’s test: P = 0.013). A
language bias, inflated estimates by a flawed methodologic
design in smaller studies, and/or a lack of publication of
small trials with opposite results may be the causes.

Quality of evidence

Following the classification of the Grading of Recom-
mendations Assessment, Development and Evaluation,
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Table 3 Quality of outcomes according to Grade system

Outcome Study design  Risk of bias Inconsistecy Indirectness Imprecision Publication bias Quality of evidence
PPI vs H2RA on the rate of RCT Serious' No No No Serious* Low
symptomatic relief
Long-duration subgroup RCT Serious No No No Serious* Low
Short-duration subgroup RCT Serious No No No Serious Low
High-dose subgroup RCT Serious’ No No No Serious® Low
Lose-dose subgroup RCT Serious” No No No Serious* Low
PPI vs placebo on the rate of RCT No Series’ No No No Moderate
symptomatic relief
Long-duration subgroup RCT No Series’ No No No Moderate
Short-duration subgroup RCT No No No No No High
High-dose subgroup RCT No No No No No High
Lose-dose subgroup RCT No Series’ No No No Moderate
PPI vs H2RA on the rate of adverse RCT Serious” No No No Serious* Low
events
PPI vs placebo on the rate of adverse RCT No Series’ No No No Moderate
events
Long-duration subgroup RCT No No No No No High
Short-duration subgroup RCT No Series’ No No No Moderate
High-dose subgroup RCT No Series’ No No No Moderate
Lose-dose subgroup RCT No No No No No High
Overall efficacy of PPI against NERD RCT Serious' Series’ No No No Low
Long-duration subgroup RCT Serious” Series’ No No No Low
Short-duration subgroup RCT Serious” No No No No Moderate
High-dose subgroup RCT Serious” Series’ No No No Low
Lose-dose subgroup RCT Serious” No No No No Moderate
Opverall safety of PPI against NERD RCT Serious” Series’ No No Serious® Low
Long-duration subgroup RCT Serious” Series’ No No Serious® Low
Short-duration subgroup RCT No No No No Serious® High
High-dose subgroup RCT No Series’ No No Serious® Moderate
Lose-dose subgroup RCT Serious” No No No Serious® Moderate

!Allocation concealment and blind method were not offered which resulted in very serious bias; *Allocation concealment and blind method were not

offered which resulted in very serious bias mild bias; *The assessing standard of outcomes maybe contribute to the heterogeneity; ‘Publication bias may be

existed. RCT: Randomized controlled trials; NERD: Non-erosive reflux disease; PPI: Proton pump inhibitor; H2RA: Hz receptor antagonists.

the quality of evidences and their causes are shown in
Table 3.

DISCUSSION

PPIs have been widely used to treat NERD, but their
efficacy, safety and influential factors are unclear. Our
meta-analysis, including 17 well-designed randomized
controlled trials, 12 of which were multi-center and 5 of
which were single-center, had systematically and compre-
hensively evaluated the evidence concerning the efficacy,
safety and influential factors of PPIs against NERD.

The first major finding revealed by this comprehen-
sive approach was that the activity of PPIs is obviously
supetior to that of H2RA in its efficacy and safety against
NERD. Because heartburn, the main symptom of pa-
tients with NERD, results from erosion due to gastric
acid reflux into the esophagus, acid-suppressive drugs,
including PPI and H2RA, have been deemed effective
treatments for NERD™™"' After a meal, gastrin secretion
stimulates the release of histamine by enterochromaffin-
like cells, which binds to histamine H2 receptors, leading
to acid release via the hydrogen potassium ATPase (H'-
K'-ATPase) pump'”?. Compared to the mechanism of
H:>RA, which acts against one of the three histamine-Ha
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receptors, PPI acts against the H™-K'-ATPase/. To con-
trol for the influences of different dose and therapeutic
duration, we performed a subgroup analysis. This analysis
showed that PPI treatment against NERD was supetior
to H2RA and placebo regardless of the dose or duration.
However, only after short durations was PPI treatment
safer than placebo.

The second major finding of this meta-analysis was
that the overall rate of symptomatic relief of PPI against
NERD was 51.4%; this value was influenced by the pres-
ence of a hiatal hernia. Compared with the approximate
50% symptomatic relief rate of PPI against ERD™"*),
the 51.4% rate of PPI against NERD is fairly high. PPIs
with a high dose, long duration and from a new genera-
tion should be more effective than those with a low dose,
short duration and from an older generation; however,
according to our subgroup analysis, there were no obvi-
ous differences among different doses, durations and PPI
types. PPI enacts its role by binding to the binding sites
of the saturable enzyme H'-K'-ATPase; therefore, an
excessively high blood concentration of PPI is not only
unable to increase but even dectreases the acid suppres-
sion effect of the enzyme. Univariate meta-regression
analysis found that the rate of hiatal hernia was associ-
ated with the rate of the symptomatic relief of PPI use
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against NERD. One role of the gastroesophageal junc-
tion 1s to minimize gastroesophageal reflux; hiatal hernias,
which are protrusions (or herniations) of the upper part
of the stomach into the thorax through a tear or weak-
ness in the diaphragm, can cause reflux and reduce the
clear effects of the esophagus[%]. Due to their effects on
gastroesophageal reflux and the normal function of the
esophagus, the presence of hiatal hernias may influence
the symptomatic relief rate of PPIs against NERD.

The third major finding of this meta-analysis was that
the adverse rate of PPI treatment against NERD was
21.0%; this value was affected by hiatal hernia and drink-
ing. PPI use was not, however, without shortcomings.
Primary adverse events, typically in the order of 1%-5%,
included headache, diarrhea, constipation, nausea, and
rash*’. Long-term PPI use was able to cause diminished
acid secretion and reduced somatostatin release, resulting
in enterochromaffin-like cell hyperplasia and hypergas-
trinemia™*. As indicated by univariate meta-regression
analysis, the adverse rate of PPI use for NERD was in-
fluenced by hiatal hernia and drinking. The mechanism
through which hiatal hernia influences the adverse rate
of PPI for NERD is uncertain, but the reason might be
that hiatal hernias cause reflux, stimulating the nausea-in-
ducing receptors in the esophageal and throat, as well as
other adverse events. In addition, the metabolism of PPI
generates two different CYP isoforms in the liver, which
are responsible for the majority of their biotransforma-
tion due to their susceptibility to ethyl alcohol (CYP2C19
and CYP3A4)™, Thus, as drinking increases the blood
concentration of ethyl alcohol, adverse events due to the
reduced biotransformation of CYP2C19 and CYP3A4
and an increased blood concentration of PPI may arise.

There are a few shortcomings in our meta-analysis
that should be mentioned. First, the analytical results are
influenced by the reviewers, although we attempted to
overcome this drawback. Second, a few differences may
exist due to the various assessments of the efficacy and
safety of PPI against NERD. Third, the evaluation index
resulted from subjective feelings, which may influence the
authenticity of these studies.

In conclusion, our meta-analysis showed that PPI is
more effective than H2RA or placebo for the treatment
of NERD. However, there was no significant difference
between the safeties of PPI and H2RA or placebo. In
addition, the effective rate of PPI for NERD was associ-
ated with hiatal hernia, while the adverse rate was associ-
ated with hiatal hernia and drinking. In the clinic, it is
necessary to choose a PPI with a suitable dose, therapeu-
tic duration and type for different NERD patients. More
multi-center, high-quality randomized controlled trials
with larger samples and longer term of follow-up visits
are desirable.

COMMENTS

Background
Patients with non-erosive reflux disease (NERD) suffer from heartburn due to
gastric acid in the reflux content. Acid-suppressive drugs, especially proton
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pump inhibitor (PPI), have been used widely to manage NERD.

Research frontiers

Though PPI has been used for patients with NERD for years, however, suf-
ficient and convictive evidences concerning its efficacy and safety are lacking
and whether its efficacy and safety are influenced by other factors remains
unclear.

Innovations and breakthroughs

The meta-analysis and systematic review was conducted according to Co-
chrane Handbook. The rates of symptomatic relief of PPl vs placebo and PPI
vs Hz receptor antagonists (H2RA) were treated as the primary endpoint and the
rates of adverse events as the secondary endpoint. Meanwhile, factors influ-
encing rates of symptomatic relief and adverse events of PPI against NERD are
analyzed.

Applications

This meta-analysis indicated that PPI overmatched HzRA on symptomatic
relief rate but not on adverse rate for NERD. The rate of symptomatic relief of
PPI against NERD was influenced by hiatal hernia and the adverse rate was
affected by hiatal hernia and drinking.

Peer review

This is a well written, sufficiently interesting original article in which the authors
reviewed the efficacy, safety and their influential factors of PPI against NERD.
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