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Significance of the study

What is known about this subject?
 ► No meta- analysis assessing the perioperative mor-
tality rates of complicated peptic ulcer disease 
(PUD) has been conducted representative of the en-
tire African continent.

 ► Prior meta- analysis focused only on sub- Saharan 
Africa (SSA).

 ► We assessed the incidence of perioperative mortal-
ity rates in Africa and the associated risk factors.

What are the new findings?
 ► Perioperative mortality rates from complicated PUD 
display regional and sub- regional variations, higher 
in SSA than in North Africa.

 ► Within SSA, the mortality rate is greatest in southern 
Africa.

 ► Mortality rates were moderately correlated for 
perforated ulcers but had a weak correlation with 
bleeding PUD.

 ► Meta- regression demonstrated that increasing age 
was a major risk factor for perioperative mortality.

How might it impact on clinical practice in the 
foreseeable future?

 ► Perioperative mortality rates from complicated PUD 
in Africa are high and could be increasing. Region- 
specific preventative strategies are urgently needed 
to improve survival.

AbSTrACT
Introduction In 2013, peptic ulcer disease (PUD) caused 
over 300 000 deaths globally. Low- income and middle- 
income countries are disproportionately affected. However, 
there is limited information regarding risk factors of 
perioperative mortality rates in these countries.
Objective To assess perioperative mortality rates from 
complicated PUD in Africa and associated risk factors.
Design We performed a systematic review and a 
random- effect meta- analysis of literature describing 
surgical management of complicated PUD in Africa. We 
used subgroup analysis and meta- regression analyses to 
investigate sources of variations in the mortality rates and 
to assess the risk factors contributing to mortality.
results From 95 published reports, 10 037 patients 
underwent surgery for complicated PUD. The majority 
of the ulcers (78%) were duodenal, followed by gastric 
(14%). Forty- one per cent of operations were for 
perforation, 22% for obstruction and 9% for bleeding. The 
operations consisted of vagotomy (38%), primary repair 
(34%), resection and reconstruction (12%), and drainage 
procedures (6%). The overall PUD mortality rate was 6.6% 
(95% CI 5.4% to 8.1%). It increased to 9.7% (95% CI 7.1 
to 13.0) when we limited the analysis to studies published 
after the year 2000. The correlation was higher between 
perforated PUD and mortality rates (r=0.41, p<0.0001) 
than for bleeding PUD and mortality rates (r=0.32, 
p=0.001). Non- significant differences in mortality rates 
existed between sub- Saharan Africa (SSA) and North 
Africa and within SSA.
Conclusion Perioperative mortality rates from 
complicated PUD in Africa are substantially high and could 
be increasing over time, and there are possible regional 
differences.

IntroductIon
Peptic ulcer disease (PUD) is a common 
affliction across the globe. According to the 
Global Burden of Disease estimates, PUD was 
responsible for over 300 000 deaths in 2013 
globally.1 Its sequelae are variable but can be 
deadly when PUD is complicated by bleeding, 

obstruction or perforation.2 Until recently, 
surgery was the dominant method of treat-
ment. Currently, medical therapies provide 
effective treatment, thereby decreasing 
complications and the need for surgery.2 3

Overall, the success of medical therapy 
has led to a decreased incidence of compli-
cated PUD. This evolution has occurred over 
the past century by three likely mechanisms: 
the improved socioeconomic conditions of 
patients, recognition and subsequent treat-
ment of the pathogen Helicobacter pylori, and 

copyright.
 on M

ay 19, 2023 by guest. P
rotected by

http://bm
jopengastro.bm

j.com
/

B
M

J O
pen G

astroenterol: first published as 10.1136/bm
jgast-2019-000350 on 17 F

ebruary 2020. D
ow

nloaded from
 

http://orcid.org/0000-0001-9465-0781
http://orcid.org/0000-0003-1565-5731
http://crossmark.crossref.org/dialog/?doi=10.1136/bmjgast-2019-000350&domain=pdf&date_stamp=2020-02-17
http://bmjopengastro.bmj.com/


2 Peiffer S, et al. BMJ Open Gastro 2020;7:e000350. doi:10.1136/bmjgast-2019-000350

Open access 

the advent of proton- pump inhibitors.2 Additionally, 
diagnostic and therapeutic endoscopy has become a 
prominent component of PUD management. The bene-
fits of these advances can be substantial, though they are 
not universally available.4

Despite these advances, the burden of this disease 
persists in low- income to middle- income countries 
(LMICs). Previous studies have found that countries with 
fewer resources exhibit higher rates of death from PUD.2 
In fact, PUD has been identified as the leading cause of 
death among emergent surgical conditions with a rate of 
3.5 per 100 000 deaths, 85% of which occur in LMICs.3

A previous review has examined perforated PUD 
focusing on sub- Saharan Africa (SSA).5 However, no 
systematic review has investigated perioperative mortality 
rates following PUD surgery in all of Africa. Africa is a 
heterogeneous continent where countries have different 
political, social and economic structures. Diseases and 
health outcomes tend to be heterogeneous, and there-
fore, providing a one- size- fits all health message becomes 
ineffective if not tailored to the regional or country level. 
We, therefore, sought to add North Africa to our study 
with the aim of exploring possible regional differences in 
the perioperative mortality rates that could exist between 
North Africa and SSA. Factors responsible for the varia-
tions in mortality rates have not been explored. To fill in 
the gap in knowledge, we aimed to systematically describe 
the literature on the profile of PUD requiring surgical 
intervention and the associated mortality in Africa and to 
explore sources of variations.

Methods
Literature search strategy
We developed a study protocol (see online supplemen-
tary text 1) based on the Preferred Reporting Items 
for Systematic Reviews and Meta- Analyses guidelines 
(see online supplementary table 1). We searched three 
databases (MEDLINE, Embase and Cochrane Library) 
to identify all studies which reported on mortality rates 
following surgical management of complicated PUD. 
The last search date was 8 February 2019. Keyword 
and Medical Subject Headings were done with various 
combinations of search terms “peptic ulcer disease”, OR 
“gastric ulcer”, OR “duodenal ulcer”, AND (“mortality” 
OR “Death” OR “Hospital Mortality” OR “Perioperative 
Period”, AND “Africa”). The full list of search terms is 
given in online supplementary table 2. No restrictions 
were imposed on the year of publication, patient charac-
teristics such as gender, ethnicity and age at diagnosis, or 
on the language of the publication in order to maximise 
catchment of relevant studies and to allow for a more 
thorough analysis.

Inclusion criteria, study population and case ascertainment
Studies were included in the analysis if they met the 
following inclusion criteria: the study examined the 
incidence of mortality among patients who underwent 

surgery for complicated PUD (the proportion of patients 
with PUD who died perioperatively and postoperatively). 
The definition of complicated PUD in our study was an 
ulcer with bleeding, perforation, obstruction or refrac-
tory to conservative management. We defined the periop-
erative mortality rate as in- hospital death during or after 
the operation.

study selection
Two of the authors (SP and MP) independently reviewed 
titles and abstracts to identify records that were deemed 
potentially eligible for inclusion. Two authors (SP and 
MP) independently confirmed the eligibility of retrieved 
articles. Data were extracted from eligible articles. We 
excluded publications that were duplicates, and studied 
only non- complicated PUD, case reports and case series.

data extraction and quality assessment
Data were extracted from studies independently by two 
authors (SP and MP) using an adapted version of a 
standard data entry electronic form (see online supple-
mentary table 3). Disagreements between extractors 
were discussed with other coauthors (PS and LK) until 
a consensus was reached. The overall mortality rate of 
the study population was extracted from each eligible 
paper. Data on country and region in which the study 
was conducted, year of publication, study design, sample 
size, mean age at the time of presentation for surgery, 
gender, history of PUD and duration of chronic symp-
toms, risk factors (non- steroidal anti- inflammatory drugs 
(NSAIDs), smoking, alcohol, H. pylori), ASA status, pres-
ence of shock on admission, duration of acute symp-
toms, presence of free air on X- ray, ulcer location, type 
of PUD complication (bleeding, perforation, obstruction 
or other) and type of surgical procedure. Two authors 
(SP and MP) independently assessed the quality of the 
papers included in the review using the Oxford Centre 
for Evidence- Based Medicine’s Levels of Evidence Guide-
lines (March 2009).6

data analysis
The primary outcome was the estimation of the overall 
perioperative mortality rate in patients with complicated 
PUD. The metaprop function from R package meta was 
used to calculate the pooled effect estimates of mortality 
rates in patients with PUD.7 There was significant 
between- study heterogeneity (I2=80%, p<0.01). There-
fore, a random- effect model was employed for the anal-
ysis. The random- effect models are more conservative 
than fixed- effect models and generate a wide CI. We used 
the byvar option to conduct subgroup analysis by region 
(SSA vs North Africa), sub- region (West, East, Central, 
South and North Africa) and country. The proportions 
(mortality/sample size) were transformed using the logit 
transformation to stabilise the variance. We chose the 
logit function because it does not have problems with 
back- transformation observed when Freeman- Tukey 
double arcsine is used.8 We used the DerSimonian- Laird 
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Figure 1 PreferredReporting Items for Systematic Reviews and Meta- Analyses flowchart of a systematic review of peptic 
ulcer disease mortality in Africa.

estimator method to estimate the pooled between- study 
variance.9 Results were graphically displayed in forest 
plots.

A random- effect meta- analysis model assumes that the 
observed mortality rates among patients with PUD can 
vary across studies because of real differences in the PUD 
mortality rates in each study, as well as sampling vari-
ability (chance). Such heterogeneity is caused by differ-
ences in study populations (such as the age of patients), 
type of PUD complication and other risk factors. 
Between- population heterogeneity was assessed using I2 
statistics, expressed as % (low (25%), moderate (50%) 
and high (75%) and Cochrane’s Q statistic (significance 
level of <0.05).10 To investigate potential sources of 
heterogeneity, we conducted meta- regression analyses.11 

We examined independent correlates of mortality rates 
using mean age, sub- region and year of publication as 
predictors. Study- level determinants of mortality rates 
were expressed as absolute differences in the percentage 
of perioperative mortality. Potential ascertainment bias 
(as might be caused by publication bias) was assessed 
with funnel plots, by plotting the study effect size against 
SEs of the effect size, and Egger’s test.12

resuLts
clinical and surgical attributes
Our search retrieved 1196 articles, of which 122 were 
carefully reviewed (figure 1). We retrieved the full text 
for all of these articles and carefully reviewed each one. 
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Figure 2 Distribution of the number of articles analysed.

Figure 3 Distribution of the perioperative peptic ulcer 
disease mortality rates in Africa.

Table 1 Clinical and surgical attributes of patients with 
peptic ulcer disease included in the meta- analysis

Attributes Cohort (N=10 037)

Age, mean (SD) 38.6 (8.6)

Gender

  Male, n (%) 7142/9084 (79)

  Female, n (%) 1942/9084 (21)

Ulcer location

  Gastric, n (%) 1368 (14)

  Duodenal, n (%) 7823 (78)

  Both, n (%) 56 (1)

  Other, n (%) 759 (7)

History of ulcer, n (%) 2918/4580 (64)

Duration of Sx (years), mean (SD) 5.2 (3.3)

History of NSAID use, n (%) 714/2060 (35)

History of smoking, n (%) 892/1562 (57)

History of alcohol, n (%) 449/1003 (45)

ASA status

  ASA1 215/434 (50)

  ASA2 137/434 (32)

  ASA3 37/434 (9)

  ASA4 36/434 (8)

  ASA5 9/434 (2)

Shock on admission, n (%) 219/1181 (19)

Sx>24 hours, n (%) 826/1344 (61)

Free air on X- ray, n (%) 1580/1976 (80)

Indication for surgery

  Perforation, n (%) 4115 (41)

  Bleeding, n (%) 875 (9)

  Obstruction, n (%) 2195 (22)

  Other or unknown, n (%) 2850 (28)

Procedure type

  Primary repair, n (%) 3411 (34)

  Vagotomy and drainage, n (%) 3798 (38)

  Resection and reconstruction, n (%) 1238 (12)

  Drainage, n (%) 577 (6)

  Other of unknown, n (%) 1013 (10)

Mortality, n (%) 609 (6)

ASA, American Society of Anesthesiologists; n, sample size; 
NSAID, non- steroidal anti- inflammatory drug; Sx, symptom.

The full- text review identified 95 eligible papers from 
24 countries in Africa. These studies yielded a total of 
10 037 patients with complicated PUD. The vast majority 
(85%) of the studies were from the sub- Saharan region. 
Nigeria contributed the most studies (25) followed by 
South Africa (15) (figure 2). The year of publication 
ranged from 1955 to 2018. Figure 3 shows the map of 
Africa displaying the mortality rates. The clinical and 
surgical attributes of the patients included are summa-
rised in table 1. Men constituted 79% of the patients, 
and the median age for the entire study sample was 39 
years (SD 8.6 years). The proportions of patients with a 
history of smoking, alcohol intake and NSAID use were 
57%, 45% and 35%, respectively, and 64% had a history 
of peptic ulcers. The anatomical location of the ulcers 
was predominantly duodenal (78%) followed by gastric 
(14%). Regarding complications indicated for surgery, 
the vast majority of the PUDs were perforated (41%). 
Obstruction and bleeding were the indication for surgery 

in 22% and 9% of the patients, respectively. Surgical 
procedural types were vagotomy and drainage in 38% and 
primary repair in 34% of the patients, although resection 
and reconstruction and drainage and were also slightly 
too moderately represented (12% and 6%, respectively). 
Study- specific details and references are in table 2. All of 
the articles were scored as level 2 B evidence (see online 
supplementary table 3).
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Table 2 Subgroup analysis and meta- regression for the 
perioperative mortality rates from complicated peptic ulcer 
disease in Africa

Study characteristic

Absolute difference 
(%) (95% CI) in 
mortality rates P value

Year of publication 0.1 (0.005 to 0.2) 0.04

UN region   

  Sub- Saharan Africa 2.3 (−2.4 to 7.0) 0.34

  North Africa Reference

UN sub- region   

  East Africa 0.6 (−5.0 to 6.2) 0.84

  West Africa 3.1 (−1.9 to 8.1) 0.22

  Central Africa −4.5 (−14.7 to 5.8) 0.39

  South Africa 3.4 (−2.4 to 9.2) 0.26

  North Africa Reference

Study mean age (years) 0.2 (−0.02 to 0.38) 0.07

UN, United Nations.

Meta-analysis
The overall perioperative mortality among patients with 
PUDs was 6.6% (95% CI 5.4% to 8.1%). (figure 4). It 
increased to 9.7% (95% CI 7.1% to 13.0%) when we 
limited the analysis to studies published after year 2000 
(figure 5), suggesting that the overall effect is not driven 
by older studies, which are more likely to have a small 
sample and report retroactive data. Displayed in figure 6 
are the country- specific mortality rates. The mortality 
rates varied widely between countries, with the lowest 
in Morocco, 1.11% (95% CI 0.07% to 15.43%) and the 
highest in Liberia, 35.00% (95% CI 17.68% to 57.44%). 
Between- study heterogeneity for the overall mortality rate 
was very high (I2=80%, p=0.01). On a sub- regional basis 
(figure 7), South Africa displayed the highest mortality 
at 9.14% (95% CI 6.46% to 12.78%), a rate which was 
higher than that of Central Africa, 1.78% (95% CI 0.85% 
to 3.69%), but not different from the mortality rates of 
East, West or North Africa. Regional disparities were also 
evident. Mortality rates were higher in SSA, 6.9% (95% 
CI 5.39% to 8.10%), compared with North Africa, 4.41% 
(95% CI 2.11% to 8.97%), even though the difference 
was not statistically significant (figure 8).

The main results in the preceding paragraph should 
be understood in light of possible publication bias. 
In fact, Egger’s test for publication bias was significant 
(p<0.0001), and the funnel plots—which showed the rela-
tionship between effect size against the SEs— displayed 
asymmetry (see online supplementary figure 1).

Pud mortality risk factor analysis: correlation
The scatterplots in figure 9 display the correlation 
between mortality rates and the selected covariates. As 
shown in figure 9A, duodenal ulcers were negatively asso-
ciated with mortality rates (r=−0.19, p=0.07); however, 
gastric ulcers were positively associated with mortality 

(r=0.23, p=0.036; figure 9B). Although both bleeding 
and perforated ulcers were both positively associated 
with mortality (figure 9C,D), the latter had a stronger 
association (r=0.41, p<0.0001). To test the hypothesis 
that survival rates are increasing in recent years, we 
investigated the correlation between publication year 
and mortality. There was a positive association between 
publication year and perioperative death rates (r=0.22, 
p=0.032; figure 9E). Likewise, as shown in figure 9F, 
mortality rate increased with increasing age at surgery 
(r=0.23, p=0.036).

Pud mortality risk factor analysis: meta-regression
To further investigate the sources of heterogeneity, we 
applied meta- regression analysis using the following 
covariates: study- level mean or median age at surgery, 
year of publication, sub- region and study quality score. 
Substantial heterogeneity of effect estimates on peri-
operative mortality rate was evident (p value for heter-
ogeneity of <0.0001). Multivariable meta- regression 
model including the above- mentioned covariates indi-
cated that per every 10- year increase in publication year, 
the mortality rates increased by 1% (table 2). Regions 
and sub- regions were not significantly associated with 
mortality rates. However, the association between age 
and mortality risk was marginally significant. With every 
10- year increase in age, the mortality rate increased by 
2% (p=0.07).

dIscussIon
The results of this meta- analysis show that the mortality 
rate due to surgical PUD in Africa is approximately 6.6%, 
which is comparative to previous reviews limited to SSA 
that found a mortality rate of 5.7%.5 There is consider-
able heterogeneity across the continent, both between 
countries and between geographical sub- regions. The 
disease characteristics, including the mortality rate, are 
not consistent with what is observed in high- income 
countries (HICs).3 The majority of patients in the popu-
lation studied were young, adult men. Most ulcers were 
located in the duodenum rather than the stomach. In 
HICs, this was historically the predominant profile of 
patients with PUD; however, this has changed consider-
ably over the last 50 years such that the male to female 
ratio is nearly equivalent; patients are older; and gastric 
ulcers predominate.3 These changes, attributed to 
economic development, have not yet been observed in 
much of low- income countries, as seen in this review. 
The prevalence and the severity of ulcer complications 
in HICs have decreased over time as a consequence of 
eradication of H. pylori, avoidance of NSAIDs and use of 
acid suppression medications, especially proton- pump 
inhibitors.3 13 14 The opposite is true in LMICs, such as 
those in Africa. Here, the mortality rates from compli-
cated PUD increased from approximately 4.8% in 1950 
to 10% in 2010, but PUD mortality rate still diverges 
from secular decrease in overall mortality in the region. 
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Figure 4 Overall pooled peptic ulcer disease mortality rates (%) in Africa.
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Figure 5 Pooled peptic ulcer disease mortality rates (%) in Africa stratified by publication year.
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Figure 6 Country- specific peptic ulcer disease mortality 
rates (%) in Africa.

There could be several factors explaining the observed 
secular trend of increased mortality. First, earlier studies 
included operations predominantly for chronic ulcers, 
whereas recent papers were predominantly perforations 
(see online supplementary table 3), which have a worse 
prognosis. Therefore, the observed trend could be a 
data- driven effect from selection bias as the focus of the 
surgical PUD literature shifted from uncomplicated PUD 
to complicated PUD over time. Second, earlier papers 
could have had poor quality compared with the recent 
paper. However, the quality assessment showed that the 
majority of the included published papers had a similar 
score of 2B.

The surgical care for complicated PUD has mirrored 
changes in presentation. Globally, definitive ulcer oper-
ations have become all but obsolete15 as medical care 
for PUD evolved. This pattern is also depicted in this 
analysis wherein primary repairs now predominate. 
Over the time period studied, the number of operations 
performed for perforation increased, along with associ-
ated mortality and primary repairs. The observed overall 
increase in mortality may reflect the emergent nature 
of these complications. When once, patients underwent 
elective surgery for chronic PUD and may not have had 
access to emergent surgical care, now, patients may have 
access to emergent surgery. Alternatively, it may be a data- 
driven artefact from selection bias as the focus of the 
surgical PUD literature shifted from uncomplicated PUD 
to complicated PUD over time.

In a recent first national study in the UK of complicated 
PUD requiring emergency surgery found in- hospital 
60- day mortality to be higher in patients with bleeding 
(17.8%) than in patients with perforated PUD (11.7%),16 
and yet the vast majority of complicated PUD was perfora-
tion (86%). However, a recent European study reported 
90- day mortality rates to be higher for perforated PUD at 
29.8% than in bleeding PUD at 5.3%.17 In our analysis, 
the correlation was stronger between perforated PUD 
and mortality (r=0.41) than bleeding PUD and mortality 
(r=0.32). It is important to note that this review includes 
only patients who underwent surgical therapy and there-
fore does not aim to characterise the overall prevalence 
of the different complications of PUD.

Furthermore, endoscopic therapies may decrease 
mortality rates where available, and a lack of access to 
these may contribute to the mortality rates seen in LMICs. 
Additionally, older patients are more likely to die from 
complications of PUD. With increasing life expectancies 
that accompany economic development and improved 
healthcare, mortality due to PUD may be a rising problem 
in ageing populations.18–20

This review demonstrated substantial heteroge-
neity in mortality from PUD across continental Africa. 
This heterogeneity could be due to several factors. For 
example, cultural and socioeconomic factors vary across 
the continent, and these contribute to the transmission 
of H. pylori.21 Additionally, access to healthcare varies 
and may influence the likelihood of treatment for PUD 
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Figure 7 Subregion- specific peptic ulcer disease mortality rates (%) in Africa.
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Figure 8 Region- specific peptic ulcer disease mortality rates (%) in Africa.
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Figure 9 Correlation of peptic ulcer disease mortality rates and risk factors/covariates. (A) Duodenal ulcers. (B) Gastric ulcers. 
(C) Bleeding ulcers. (D) Perforated ulcers. (E) Publication year. (F) Age at surgery.

before and after a complication has occurred. As has been 
recently described by the Lancet Commission, five billion 
people lack access to safe surgical care.22 Surgical 
capacity is also a likely factor behind the heterogeneity 
we observed. According to the Global Burden of Disease 
Study (GBDS), PUD is the most significant contributor 
to death and disability among emergent surgical condi-
tions.4 GBDS data also show that the countries in the 
lowest quintile of the Human Development Index have 
the highest rates of death and disability attributed to 
perforated PUD.2

The mortality rates varied significantly for different 
countries across Africa. Broader analysis between sub- 
regions and regions revealed fewer differences. When 
considering the factors mentioned earlier contributing 
to health outcomes and access to care, we may have 
expected to see consistently worse mortality in LMICs. 
Surprisingly, Central Africa had the lowest mortality rate 
despite its comparatively lower socioeconomic status 
and political instability. Very few of the studies in our 
sample were conducted in this region, and they may not 
be representative. In these conditions, patients may die 
due to a lack of access to healthcare, making it difficult 
for researchers to collect accurate information on prev-
alence. Additionally, in limited- resource areas, infra-
structure may not support data collection and reporting. 
Capacity building and research support are critical in 
these areas.

Due to the multifactorial nature of complicated PUD, 
future work to decrease the associated morbidity and 
mortality must address multiple issues. One, as noted 
earlier, is healthcare infrastructure. Time to treatment 
in the setting of peritonitis and sepsis impacts survival. 
Surgical capacity building is needed to provide safe 
and timely access to emergent surgical care. Primary 
prevention of PUD inclusive of interventions to decrease 

NSAID use and smoking could also be effective.23 Finally, 
preventing infection by H. pylori, the most critical risk 
factor for PUD, would be a powerful influence. Currently, 
there are no vaccines; however, decreasing infection 
through improved sanitation represents an opportunity 
to prevent long- term consequences.

H. pylori is highly prevalent in many parts of Africa. 
Random screening for H. pylori revealed a rate of infec-
tion of 85%.24 Given the extent of disease and poten-
tial for complications (including gastric carcinoma not 
specifically discussed here), H. pylori infection poses a 
significant threat. Test- and- treat strategies have been 
proposed, and in areas of high prevalence, initial treat-
ment with triple therapy (two antibiotics and a proton- 
pump inhibitor) is recommended.21 Ideally, a mass 
eradication programme should be considered. In fact, 
there is some evidence that such programme can be 
effective. For example, a randomised controlled trial in 
Taiwan administered clarithromycin- based triple therapy 
to participants positive from urea breath test.25 The inter-
vention yielded a 78% reduction in H. pylori in treated 
patients. Such a programme could decrease the rates 
of complicated PUD and its associated morbidity and 
mortality.

strength and weakness of the study
A key strength of our study is that it is the first systematic 
review with meta- analysis to describe the mortality rates of 
complicated PUD as well as associated risk factors in the 
entire continent of Africa. We use data from over 50% of 
the countries in Africa, spanning 60 years. As such, our 
findings are less vulnerable to generalisability concerns 
than the single- setting studies available so far.

Our study also had limitations. First, some regions, 
particularly west and south Africa, were poorly repre-
sented in terms of the number of publications available 
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and the quality of the data. The implication is that our 
sample of patients may not be fully representative of the 
population in Africa. Given that the under- represented 
regions are also the regions with relatively poor infrastruc-
ture, access and socioeconomic status, where mortality 
from PUD might be higher, our current estimates are 
likely downward biased.

Second, medical history, including H. pylori infection 
and treatment, and use of prescription drugs such as 
NSAIDS or proton- pump inhibitors were not reported in 
several studies. As a result, we could not ascertain if these 
factors contributed significantly to the overall patterns of 
PUD- related postoperative mortality.

Third, while including publications from 60 years ago 
allows for analysis of temporal trends in mortality rates, 
it is nearly impossible to account for the improvements 
in research methodology and resultant improvements 
in research quality that have occurred over the past 
decades. Therefore, the observed increase in postoper-
ative mortality among patients with complicated PUD 
might be a result of improved data collection methods 
rather than a real effect.

concLusIon
PUD has a high mortality rate in Africa, particularly in 
the sub- Saharan region and South Africa. The drivers of 
PUD in SSA are multifactorial and are poorly understood. 
Future studies need to address these gaps. This will assist 
in identifying entry points for effective interventions to 
reduce mortality from PUD.

Author affiliations
1Department of Surgery, Penn State Hershey College of Medicine and Milton S. 
Hershey Medical Center, Hershey, Pennsylvania, USA
2Department of Surgery, Eastern Regional Hospital, Koforidua, Ghana
3Department of Health Policy and Administration, College of Health and Human 
Development, Pennsylvania State University, University Park, Pennsylvania, USA
4Department of Public Health Science, Penn State College of Medicine, Hershey, 
Pennsylvania, USA
5Center for Neural Engineering, Department of Engineering, Science and 
Mechanics, Pennsylvania State University, University Park, Pennsylvania, USA

Contributors PS, LK and JSO conceived the initial study idea. PS carried out the 
statistical analyses and drafted the manuscript. SP, MP, EGK and RO- O prepared 
the data and participated in the statistical analyses and critical revision of the 
manuscript. VMC and YA contributed to the statistical analyses, drafting and critical 
revision of the manuscript. JSO, LK and DIS contributed to the critical revision of 
the manuscript. All authors approved the final manuscript version to be published 
and agreed to be accountable for all aspects of the work.

Funding The authors have not declared a specific grant for this research from any 
funding agency in the public, commercial or not- for- profit sectors.

Competing interests None declared.

Patient consent for publication Not required.

Provenance and peer review Not commissioned; externally peer reviewed.

Data availability statement All data relevant to the study are included in the 
article or uploaded as supplementary information.

Open access This is an open access article distributed in accordance with the 
Creative Commons Attribution Non Commercial (CC BY- NC 4.0) license, which 
permits others to distribute, remix, adapt, build upon this work non- commercially, 
and license their derivative works on different terms, provided the original work is 

properly cited, appropriate credit is given, any changes made indicated, and the 
use is non- commercial. See: http:// creativecommons. org/ licenses/ by- nc/ 4. 0/.

OrCID iDs
Sarah Peiffer http:// orcid. org/ 0000- 0001- 9465- 0781
Paddy Ssentongo http:// orcid. org/ 0000- 0003- 1565- 5731

reFerenCeS
 1 Abubakar I, Tillmann T, GBD 2013 Mortality and Causes of Death 

Collaborators. Global, regional, and national age- sex specific all- 
cause and cause- specific mortality for 240 causes of death, 1990-
2013: a systematic analysis for the global burden of disease study 
2013. Lancet 2015;385:117–71.

 2 Søreide K, Thorsen K, Harrison EM, et al. Perforated peptic ulcer. 
Lancet 2015;386:1288–98.

 3 Wang YR, Richter JE, Dempsey DT. Trends and outcomes of 
hospitalizations for peptic ulcer disease in the United States, 1993 to 
2006. Ann Surg 2010;251:51–8.

 4 Stewart B, Khanduri P, McCord C, et al. Global disease burden of 
conditions requiring emergency surgery. Br J Surg 2014;101:e9–22.

 5 Rickard J. Surgery for peptic ulcer disease in sub- Saharan 
Africa: systematic review of published data. J Gastrointest Surg 
2016;20:840–50.

 6 Howick J, Phillips B, Ball C, et al. Oxford centre for evidence- based 
Medicine—levels of evidence (March 2009). Centre for Evidence 
Based Medicine 2009.

 7 Schwarzer G, Carpenter JR, Rücker G. Meta- Analysis with R. 
Springer, 2015.

 8 Schwarzer G, Chemaitelly H, Abu‐Raddad LJ, et al. Seriously 
misleading results using inverse of Freeman‐Tukey double arcsine 
transformation in meta‐analysis of single proportions. Research 
Synthesis Methods 2019;10:476–83.

 9 DerSimonian R, Kacker R. Random- effects model for meta- analysis 
of clinical trials: an update. Contemp Clin Trials 2007;28:105–14.

 10 Higgins JPTet al. Measuring inconsistency in meta- analyses. BMJ 
2003;327:557–60.

 11 Thompson SG, Higgins JPT. How should meta- regression analyses 
be undertaken and interpreted? Stat Med 2002;21:1559–73.

 12 Egger M, Smith GD, Schneider M, et al. Bias in meta- analysis 
detected by a simple, graphical test. BMJ 1997;315:629–34.

 13 Lewis JD, Bilker WB, Brensinger C, et al. Hospitalization and 
mortality rates from peptic ulcer disease and Gi bleeding in the 
1990s: relationship to sales of nonsteroidal anti- inflammatory 
drugs and acid suppression medications. Am J Gastroenterol 
2002;97:2540–9.

 14 Yamada Tet al. Helicobacter pylori in peptic ulcer disease. JAMA 
1994;272:65–9.

 15 Bertleff MJOE, Lange JF. Perforated peptic ulcer disease: a review of 
history and treatment. Dig Surg 2010;27:161–9.

 16 Byrne BE, Bassett M, Rogers CA, et al. Short- term outcomes after 
emergency surgery for complicated peptic ulcer disease from the 
UK national emergency laparotomy audit: a cohort study. BMJ Open 
2018;8:e023721.

 17 Lolle I, Møller MH, Rosenstock SJ. Association between ulcer 
site and outcome in complicated peptic ulcer disease: a Danish 
nationwide cohort study. Scand J Gastroenterol 2016;51:1165–71.

 18 Chou NH, Mok KT, Chang HT, et al. Risk factors of mortality in 
perforated peptic ulcer. Eur J Surg 2000;166:149–53.

 19 Thorsen K, Søreide JA, Kvaløy JT, et al. Epidemiology of perforated 
peptic ulcer: age- and gender- adjusted analysis of incidence and 
mortality. World J Gastroenterol 2013;19:347.

 20 Kang JY, Elders A, Majeed A, et al. Recent trends in hospital 
admissions and mortality rates for peptic ulcer in Scotland 1982-
2002. Aliment Pharmacol Ther 2006;24:65–79.

 21 Hunt R, Xiao S, Megraud F, et al. Helicobacter pylori in developing 
countries. World gastroenterology organisation global guideline. J 
Gastrointestin Liver Dis 2011;20:299–304.

 22 Meara JG, Leather AJM, Hagander L, et al. Global surgery 2030: 
evidence and solutions for achieving health, welfare, and economic 
development. Lancet 2015;386:569–624.

 23 Martin DF, Montgomery E, Dobek AS, et al. Campylobacter pylori, 
NSAIDs, and smoking: risk factors for peptic ulcer disease. 
American Journal of Gastroenterology 1989;84.

 24 Holcombe C, Omotara B, Eldridge D, et al. H. pylori, the most 
common bacterial infection in Africa: a random serological study. Am 
J Gastroenterol 1992;87.

 25 Lee Y- C, Chen TH- H, Chiu H- M, et al. The benefit of mass 
eradication of Helicobacter pylori infection: a community- based 
study of gastric cancer prevention. Gut 2013;62:676–82.

copyright.
 on M

ay 19, 2023 by guest. P
rotected by

http://bm
jopengastro.bm

j.com
/

B
M

J O
pen G

astroenterol: first published as 10.1136/bm
jgast-2019-000350 on 17 F

ebruary 2020. D
ow

nloaded from
 

http://creativecommons.org/licenses/by-nc/4.0/
http://orcid.org/0000-0001-9465-0781
http://orcid.org/0000-0003-1565-5731
http://dx.doi.org/10.1016/S0140-6736(14)61682-2
http://dx.doi.org/10.1016/S0140-6736(15)00276-7
http://dx.doi.org/10.1097/SLA.0b013e3181b975b8
http://dx.doi.org/10.1002/bjs.9329
http://dx.doi.org/10.1007/s11605-015-3025-7
http://dx.doi.org/10.1002/jrsm.1348
http://dx.doi.org/10.1002/jrsm.1348
http://dx.doi.org/10.1016/j.cct.2006.04.004
http://dx.doi.org/10.1136/bmj.327.7414.557
http://dx.doi.org/10.1002/sim.1187
http://dx.doi.org/10.1136/bmj.315.7109.629
http://dx.doi.org/10.1111/j.1572-0241.2002.06037.x
http://dx.doi.org/10.1001/jama.1994.03520010077036
http://dx.doi.org/10.1159/000264653
http://dx.doi.org/10.1136/bmjopen-2018-023721
http://dx.doi.org/10.1080/00365521.2016.1190398
http://dx.doi.org/10.1080/110241500750009500
http://dx.doi.org/10.3748/wjg.v19.i3.347
http://dx.doi.org/10.1111/j.1365-2036.2006.02960.x
http://dx.doi.org/10.1016/S0140-6736(15)60160-X
http://dx.doi.org/10.1136/gutjnl-2012-302240
http://bmjopengastro.bmj.com/

	Risk factors of perioperative mortality from complicated peptic ulcer disease in Africa: systematic review and meta-analysis
	Abstract
	Introduction
	Methods
	Literature search strategy
	Inclusion criteria, study population and case ascertainment
	Study selection
	Data extraction and quality assessment
	Data analysis

	Results
	Clinical and surgical attributes
	Meta-analysis
	PUD mortality risk factor analysis: correlation
	PUD mortality risk factor analysis: meta-regression

	Discussion
	Strength and weakness of the study

	Conclusion
	References


