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ABSTRACT

Introduction In 2013, peptic ulcer disease (PUD) caused
over 300000 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, 10037 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% Cl 5.4% to 8.1%). It increased to 9.7% (95%Cl 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 300000 deaths in 2013
globally." Its sequelae are variable but can be
deadly when PUD is complicated by bleeding,

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.

obstruction or perforation.”> Until recently,
surgery was the dominant method of treat-
ment. Currently, medical therapies provide
effective treatment, thereby decreasing
complications and the need for surgery.””
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
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the advent of proton-pump inhibitors.” 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.*

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.?
In fact, PUD has been identified as the leading cause of
death among emergent surgical conditions with a rate of
3.5 per 100000 deaths, 85% of which occur in LMICs.”

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).°

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.” There was significant
between-study heterogeneity (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.” We used the DerSimonian-Laird
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estimator method to estimate the pooled between-study
variance.” 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
statistics, expressed as % (low (25%), moderate (50%)
and high (75%) and Cochrane’s Q statistic (significance
level of <0.05)."" To investigate potential sources of
heterogeneity, we conducted meta-regression analyses."'

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.'?

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.

441 records identified
from MEDLINE (48 from
specific country searches)

757 records identified
from EMBASE

0 records identified from
Cochrane Library

128 duplicate studies excluded

v

1070 abstracts screened

948 excluded
223 unrelated to peptic ulcer disease
167 medical/non-operative studies
154 epidemiology/public health studies
138 focus on H. pylori
68 reviews or recommendations
58 studies on pharmacology of medicinal plants
59 studies conducted in animal models
26 case reports
24 studies conducted outside of Africa
20 studies on surgical/endoscopic techniques
10 studies without reported outcomes

1 result was blank, without a title or abstract

v

122 relevant articles identified and
full-text articles reviewed

4 additional articles found in the
references were obtained and reviewed

31 excluded
23 No mortality data reported
7 Case series (n<5)

1 Unable to obtain access

v

95 studies eligible and included

Figure 1
ulcer disease mortality in Africa.

PreferredReporting Items for Systematic Reviews and Meta-Analyses flowchart of a systematic review of peptic
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Figure 2 Distribution of the number of articles analysed.

The full-text review identified 95 eligible papers from
24 countries in Africa. These studies yielded a total of
10037 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

Mortality rate (%)

I30
20

10

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=10037)

Age, mean (SD)
Gender
Male, n (%)
Female, n (%)
Ulcer location
Gastric, n (%)
Duodenal, n (%)
Both, n (%)
Other, n (%)
History of ulcer, n (%)

Duration of Sx (years), mean (SD)

History of NSAID use, n (%)
History of smoking, n (%)
History of alcohol, n (%)
ASA status

ASA1

ASA2

ASA3

ASA4

ASA5
Shock on admission, n (%)
Sx>24 hours, n (%)

38.6 (8.6)

7142/9084 (79)
1942/9084 (21)

1368 (14)
7823 (78)
56 (1)

759 (7)
2918/4580 (64)
5.2 (3.3)
714/2060 (35)
892/1562 (57)
449/1003 (45)

215/434 (50)
137/434 (32)
37/434 (9)
36/434 (8)
9/434 (2)
219/1181 (19)
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.

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

Absolute difference
(%) (95% Cl) in
mortality rates

0.1 (0.005 to 0.2) 0.04

Study characteristic P value

Year of publication

UN region
Sub-Saharan Africa 2.3 (-2.4t07.0) 0.34
North Africa Reference

UN sub-region
East Africa 0.6 (-5.0t06.2) 0.84
West Africa 3.1 (-1.9t0 8.1) 0.22
Central Africa -4.5(-14.7 t0 5.8) 0.39
South Africa 3.4(-2.4t09.2) 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 b), 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 (#=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%
CI5.39% 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%.° 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).” 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.” 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.” ¥ '* 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.

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

5


https://dx.doi.org/10.1136/bmjgast-2019-000350

Events per 100
Study Mortality (n) Sample Size (N) observations Events 95%-Cl Weight
Konate (2010) 0 160 ' 0.00 [0.02; 4.76] 0.5%
Bank (1980) 1 311® 0.32 [0.05; 2.25] 0.7%
Sofiene (2014) 0 138 0.00 [0.02; 548] 0.5%
Irabor (2005) 0 122 0.00 [0.03; 6.16] 0.5%
Arigbabu (1986) 0 102 ¥ 0.00 [0.03; 7.28] 0.5%
Abid (2009) 0 841F— 0.00 [0.04; 8.71] 0.5%
Abid (2014) 2 2907 ¢ 0.69 [0.17; 2.71] 1.0%
Makhadi (2017) 1 132 0.76 [0.11; 5.18] 0.7%
Kehila (1988) 0 62 F—— 0.00 [0.05;11.45] 0.5%
Andreu (1999) 2 250 % | 0.80 [0.20; 3.14] 1.0%
Makuria (1985) 6 7250 0.83 [0.37; 1.83] 1.4%
Ali (1991) 2 230+ : 0.87 [0.22; 3.41] 1.0%
Kuremu (2002) 0 53 F—— 0.00 [0.06;13.15] 0.5%
Kolawole (1974) 0 51 —— 0.00 [0.06;13.59] 0.5%
Adekunle (1983) 2 200 % | 1.00 [0.25; 3.91] 1.0%
Solanke (1971) 0 48 —— 0.00 [0.06;14.32] 0.5%
Kafih (2000) 0 44— 0.00 [0.07;15.43] 0.5%
Bezes (1958) 0 44— 0.00 [0.07;15.43] 0.5%
Stone (1981) 0 42— 0.00 [0.07;16.05] 0.5%
El-Wakil (1964) 1 85 = 118 [0.17; 7.88] 0.7%
Doctor (1970) 1 80 #— 1.25 [0.18; 8.34] 0.7%
Kakanda (1991) 2 157 127 [0.32; 495 1.0%
Cooke (1977) 1 71 == 141 [0.20; 9.33] 0.7%
Nemery de Bellevaux (1962) 2 130 =+ 154 [0.39; 5.94] 1.0%
Reihmer (1955) 5 31910 157 [065; 3.71] 1.3%
Sabo (1999) 1 58 #=—— 1.72 [0.24;11.24] 0.7%
Robert (1964) 2 115 &= 1.74 [0.44; 6.68] 1.0%
Parodi (1961) 1 57 =— 1.75 [0.25;11.43] 0.7%
Hamber (1971) 8 404 1 1.98 [0.99; 3.91] 15%
Solanke (1970) 3 144 = 2.08 [0.67; 6.26] 1.2%
Gogler (1974) 1 45 #=— 222 [0.31;14.16] 0.7%
Ofili (1991) 0 21— 0.00 [0.14;27.74] 0.4%
Dogo (1999) 1 42 #=— 238 [0.33;15.06] 0.7%
Tournier-Lasserve (1961) 3 121 = 248 [0.80; 7.40] 1.2%
Sakhri (2000) 3 107 =+ 2.80 [0.91; 8.33] 1.2%
Miller (1966) 3 98 = 3.06 [0.99; 9.06] 1.2%
Brozin (1977) 0 L — 0.00 [0.21;36.63] 0.4%
Ersumo (2004) 12 351 [ 342 [1.95; 592] 15%
Yates (1964) 1 29 #®—— 3.45 [0.48;20.79] 0.7%
Hamzaoui (2015) 0 1B 0.00 [0.22;38.39] 0.4%
Bremner (1972) 2 51 +=— 3.92 [0.98;14.37] 1.0%
Kassegne (2016) 1 22 =—— 455 [0.64;26.15] 0.7%
Mbah (2008) 1 21 =—— 476 [0.67;27.14] 0.7%
Hamber (1973) 3 62 +— 4.84 [1.57;13.96] 1.2%
Gillot (1960) 0 9 0.00 [0.31;47.49] 0.4%
Kark (1961) 16 291 =+ 550 [3.40; 8.79] 1.6%
Hancock (1971) 0 e — 0.00 [0.34;50.47] 0.4%
Mabogunie (1985) 19 302 = 6.29 [4.05 9.65] 1.6%
Snyder (1963) 2 30 +=— 6.67 [1.67;23.07] 1.0%
Ameh (1998) 6 88 —— 6.82 [3.10;14.36] 1.4%
Ben Chaabane (2010) 3 44 —— 6.82 [2.22;19.11] 1.1%
Ameh (1999) 0 [ e — 0.00 [0.43;57.72] 0.4%
Sow (1981) 4 56 +— 714 [271;17.54] 1.3%
Davey (1964) 0 [ ———— 0.00 [0.43;57.72] 0.4%
Schein (1989) 40 489 - 8.18 [6.06;10.96] 1.7%
Dakubo (2009) 26 316 = 8.23 [5.66;11.81] 1.6%
Du Plessis (1965) 12 126 —=— 9.52 [5.49;16.02] 1.5%
Vovor (1972) 5 50 —=— 10.00 [4.22;21.87] 1.3%
Otu (1990) 21 205 = 10.24 [6.77;15.20] 1.6%
Bekele (2017) 9 87 10.34 [5.47;18.70] 1.5%
Chalya (2011) 9 84 H— 10.71 [5.67;19.33] 1.5%
Gouta (2018) 9 81 11.11 [5.88;20.00] 1.5%
Khan (1958) 1 9 —#—— 11.11 [1.54;49.99] 0.7%
Adesunkanmi (2003) 2 18 —+—— 11.11 [2.79;35.22] 1.0%
Elnagib (2008) 7 58 12.07 [5.86;23.22] 1.4%
Schein (1990) 24 197 = 12.18 [8.30;17.53] 1.6%
Schein (1989) 19 154  iH— 12.34 [8.01;18.53] 1.6%
Ajao (1979) 2 16 ——— 12.50 [3.14;38.60] 1.0%
Schein (1986) 12 95 = 12.63 [7.32;20.94] 1.5%
Etonyeaku (2013) 6 45 = 13.33 [6.12;26.65] 1.4%
Nzarubara (2005) 1 7 1429 [1.97;58.06] 0.7%
Irowa (2015) 10 70 i—H— 14.29 [7.86;24.56] 1.5%
Yangni-Angate (1980) 10 69 —— 14.49 [7.98;24.89] 15%
Mabogunje (1979) 5 34 = 14.71 [6.26;30.82] 1.3%
Jani (1987) 10 65 ——— 15.38 [8.48;26.29] 1.5%
Kiire (1987) 2 13 ——— 15.38 [3.87;45.06] 0.9%
Mabogunje (1985) 16 103 | H— 15.53 [9.74;23.86] 1.6%
Asefa (2012) 12 76 — 15.79 [9.19;25.78] 1.5%
Nuhu (2009) 9 55 — 16.36 [8.74;28.56] 1.5%
Nuhu (2008) 7 4 —— 17.07 [8.36;31.71] 1.4%
Hamber (1972) 3 17 — 17.65 [5.80;42.71] 1.1%
Schein (1991) 13 72— 18.06 [10.78;28.66] 1.5%
Ersumo (2005) 14 74 — 18.92 [11.54;29.45] 1.5%
Gona (2016) 31 161 E = 19.25 [13.88;26.08] 1.6%
Lawal (1998) 3 15 —— 20.00 [6.59;46.98] 1.1%
Ugochukwu (2013) 16 76 — 21.05 [13.32;31.64] 1.5%
Schein (1986) 7 33 —s— 21.21 [10.46;38.28] 1.4%
Ohene-Yeboah (2006) 73 331 - 22.05 [17.91;26.84] 1.7%
Levin (2012) 4 18 —a— 2222 [8.60;46.47] 1.2%
Leutenegger (1967) 6 26 —a— 23.08 [10.75;42.76] 1.3%
Decker (1987) 9 38 — 23.68 [12.81;39.60] 1.4%
Anwar (1996) 8 32 — 25.00 [13.02;42.59] 1.4%
Nyame (1973) 3 10 @ —— 30.00 [9.98;62.37] 1.0%
Iwatt (1988) 2 6 —_— s 33.33 [8.39;73.19] 0.8%
Moses (2014) 7 20 - 35.00 [17.68;57.44] 1.3%
Random effects model 10037 ¢ 6.62 [5.39; 8.10] 100.0%
Heterogeneity: /2 = 80%, t° = 0.7192, p < 0.01 f T
0 40 80

Figure 4 Overall pooled peptic ulcer disease mortality rates (%) in Africa.
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Open access

Study Mortality (n) Sample Size (N) observations Events 95%-Cl Weight
1980 and before i

Bank (1980) 1 311% 0.32 [0.05; 2.25] 0.7%
Kolawole (1974) 0 51 F—— 0.00 [0.06;13.59] 0.5%
Solanke (1971) 0 48 —— 0.00 [0.06;14.32] 0.5%
Bezes (1958) 0 44— 0.00 [0.07;15.43] 0.5%
El-Wakil (1964) 1 85 = 1.18 [0.17; 7.88] 0.7%
Doctor (1970) 1 80 #=— 125 [0.18; 8.34] 0.7%
Cooke (1977) 1 71— 1.41 [0.20; 9.33] 0.7%
Nemery de Bellevaux (1962) 2 130 =+ 1.54 [0.39; 5.94] 1.0%
Reihmer (1955) 5 319 1.57 [0.65; 3.71] 1.3%
Robert (1964) 2 115 = 1.74 [0.44; 6.68] 1.0%
Parodi (1961) 1 57 #— 1.75 [0.25;11.43]  0.7%
Hamber (1971) 8 404 1.98 [0.99; 3.91] 15%
Solanke (1970) 3 144 = 2.08 [0.67; 6.26] 1.2%
Gogler (1974) 1 45 =— 222 [0.31;14.16] 0.7%
Tournier-Lasserve (1961) 3 121 = 248 [0.80; 7.40] 1.2%
Miller (1966) 3 98 = 3.06 [0.99; 9.06] 1.2%
Brozin (1977) 0 14— 0.00 [0.21;36.63] 0.4%
VYates (1964) 1 29 w— 3.45 [0.48;20.79] 0.7%
Bremner (1972) 2 51 =+=— 3.92 [0.98;14.37] 1.0%
Hamber (1973) 3 62— 484 [157;13.96] 1.2%
Gillot (1960) 0 9 0.00 [0.31;47.49] 0.4%
Kark (1961) 16 291 = 550 [3.40; 8.79] 1.6%
Hancock (1971) 0 L — 0.00 [0.34;50.47] 0.4%
Snyder (1963) 2 30 =—— 6.67 [1.67;23.07] 1.0%
Davey (1964) 0 6 0.00 [0.43;57.72] 0.4%
Du Plessis (1965) 12 126 = 9.52 [5.49;16.02] 1.5%
Vovor (1972) 5 50 —=— 10.00 [4.22;21.87] 1.3%
Khan (1958) 1 9 —&—8—— 11.11 [1.54;49.99] 0.7%
Ajao (1979) 2 16 = 12.50 [3.14;38.60] 1.0%
Yangni-Angate (1980) 10 69 i—=— 14.49 [7.98;24.89] 1.5%
Mabogunje (1979) 5 34— 14.71 [6.26;30.82] 1.3%
Hamber (1972) 3 17 — 17.65 [5.80;42.71] 1.1%
Leutenegger (1967) 6 26 —— 23.08 [10.75;42.76] 1.3%
Decker (1987) 9 38 —— 23.68 [12.81;39.60] 1.4%
Nyame (1973) 3 10 @ — 30.00 [9.98;62.37] 1.0%
Random effects model 3018 ¢ 4.77 [3.25; 6.95] 33.2%
Heterogeneity: /% = 71%, 1° = 0.8498, p < 0.01

Between 1981-2000

Arigbabu (1986) 0 102 — 0.00 [0.03; 7.28] 0.5%
Kehila (1988) 0 62— 0.00 [0.05;11.45] 0.5%
Andreu (1999) 2 250 = 0.80 [0.20; 3.14] 1.0%
Makuria (1985) 6 725 0.83 [0.37; 1.83] 1.4%
Ali (1991) 2 230 = 0.87 [0.22; 3.41] 1.0%
Adekunle (1983) 2 200 = 1.00 [0.25; 3.91] 1.0%
Kafih (2000) 0 44— 0.00 [0.07;15.43] 0.5%
Stone (1981) 0 42— 0.00 [0.07;16.05] 0.5%
Kakanda (1991) 2 157 = 1.27 [0.32; 4.95] 1.0%
Sabo (1999) 1 58 #=— 1.72 [0.24;11.24] 0.7%
Ofili (1991) 0 21— 0.00 [0.14;27.74] 0.4%
Dogo (1999) 1 42 =— 2.38 [0.33;15.08] 0.7%
Sakhri (2000) 3 107 == 280 [091; 8.33] 1.2%
Mabogunije (1985) 19 302 =+ 6.29 [4.05; 9.65] 1.6%
Ameh (1998) 6 88 =— 6.82 [3.10;14.36] 1.4%
Sow (1981) 4 56 —— 714 [2.71;17.54] 1.3%
Ameh (1999) 0 pr—————— 0.00 [0.43;57.72] 0.4%
Schein (1989) 40 489 =+ 8.18 [6.06;10.96] 1.7%
Otu (1990) 21 205 T 10.24 [6.77;15.20] 1.6%
Schein (1990) 24 197 iE— 12.18 [8.30;17.53] 1.6%
Schein (1989) 19 154 = 12.34 [8.01;18.53] 1.6%
Schein (1986) 12 95 = 12.63 [7.32;20.94] 1.5%
Jani (1987) 10 65 i 15.38 [8.48;26.29] 1.5%
Kiire (1987) 2 18 — - 15.38 [3.87;45.06] 0.9%
Mabogunije (1985) 16 103 - 15.53 [9.74;23.86] 1.6%
Schein (1991) 13 72— 18.06 [10.78; 28.66]  1.5%
Lawal (1998) 3 15 —&— 20.00 [6.59;46.98] 1.1%
Schein (1986) 7 3B i —=— 21.21 [10.46;38.28] 1.4%
Anwar (1996) 8 32 —— 25.00 [13.02;42.59] 1.4%
Iwatt (1988) 2 6 33.33 [8.39;73.19] 0.8%
Random effects model 3971 & 6.51 [4.62; 9.10] 33.1%
Heterogeneity: /* = 80%, 1° = 0.6393, p < 0.01 ‘

After 2000

Konate (2010) 0 160 = 0.00 [0.02; 4.76] 0.5%
Sofiene (2014) 0 138 0.00 [0.02; 5.48] 0.5%
Irabor (2005) 0 122 — 0.00 [0.03; 6.16] 0.5%
Abid (2009) 0 84— 0.00 [0.04; 8.71] 0.5%
Abid (2014) 2 2901 0.69 [0.17; 2.71] 1.0%
Makhadi (2017) 1 132 0.76 [0.11; 5.18] 0.7%
Kuremu (2002) 0 53F— 0.00 [0.06;13.15] 0.5%
Ersumo (2004) 12 351 [ 342 [195 592] 15%
Hamzaoui (2015) 0 1B 0.00 [0.22;38.39] 0.4%
Kassegne (2016) 1 22— 455 [0.64;26.15] 0.7%
Mbah (2008) 1 21 =—— 476 [0.67;27.14] 0.7%
Ben Chaabane (2010) 3 44 +— 6.82 [222;19.11] 11%
Dakubo (2009) 26 316 = 8.23 [5.66;11.81] 1.6%
Bekele (2017) 9 87 10.34 [5.47;18.70] 1.5%
Chalya (2011) 9 84 H— 10.71 [5.67;19.33] 1.5%
Adesunkanmi (2003) 2 18 —=——— 11.11 [2.79;35.22]  1.0%
Gouta (2018) 9 81 H— 11.11 [5.88;20.00] 1.5%
Elnagib (2008) 7 58 H— 12.07 [5.86;23.22] 1.4%
Etonyeaku (2013) 6 45 13.33 [6.12;26.65] 1.4%
Nzarubara (2005) 1 A e ——— 14.29 [1.97;58.06] 0.7%
Irowa (2015) 10 70 i—— 14.29 [7.86;24.56] 1.5%
Asefa (2012) 12 76 —- 15.79 [9.19;25.78] 1.5%
Nuhu (2009) 9 55 —E— 16.36 [8.74;2856] 1.5%
Nuhu (2008) 7 41— 17.07 [8.36;31.71] 1.4%
Ersumo (2005) 14 74 — 18.92 [11.54;29.45] 1.5%
Gona (2016) 31 161 - 19.25 [13.88;26.08] 1.6%
Ugochukwu (2013) 16 76 —— 21.05 [13.32;31.64] 1.5%
Ohene-Yeboah (2006) 73 331 - 22.05 [17.91;26.84] 1.7%
Levin (2012) 4 18 —a— 2222 [8.60;46.47] 1.2%
Moses (2014) 7 20 —_— 35.00 [17.68;57.44] 1.3%
Random effects model 3048 < 9.68 [7.12;13.04] 33.6%
Heterogeneity: I° = 79%, t = 0.5281, p < 0.01

Random effects model 10037 ¢ 6.62 [5.39; 8.10] 100.0%

Figure 5 Pooled peptic ulcer disease mortality rates (%) in Africa stratified by publication year.
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Events per 100

Study Mortality () Sample Size (N) observations

Egypt
EI-Waki (1964)

Random effects model
Helerogenaty: - - 89%, 7 - 49625, p <

Tunisia
Sofiene (2014)

Abid (2014)
Kehila (1988)

Helorogenoity: I = 70%, = 12664, p <

Gogler (1974)

Heterogeneity: /* = 0%, = 0, p = 0.61

Nigeria
Irabor (2005)

Solarike (1971)

(1999)
Solanke (1970)

Etonyeaku (2013)
Irowa (2015)

Mabogunie (1979)

Mabogunje (1985)

Nuhu (2009)

Lawal (1998)

Ugochukwy (2013)

watt (1988)

Rando effects model

Hetorogensiy: I = 66%, ¢ = 0.4684, p <

Ersumo (2004)
Bekele (2017)

Asela (2012)

Ersumo (2005)

Random effects model

Hotorogeneiy: I = 93%, = 1.6203, p <

Ghana
Dakubo (2009)

Random effects model
Helerogeneity: I° = 91%, * = 0.5797, p <

Gambia
Nuhu (2008)

Random effects model
Heterogeny: not applcatie.

Hancock (1971)
Heterogeneity: /* = 0%, # = 0, p = 0.57

Kuremu (2002)

Kakanda (1991)

Miller (1966)

Khan (1958)

Jani (1987)

Random effects model

Helerogenaiy: I = 77%, % = 1.4791, p <

Konale (2010)

Andreu (1999)

Bezes (1958)

Sow (1581)

Vovor (1972)

Random effects model

Feterogenaty: - 73%, - 1.6280, p <

South Africa
Bank (1980)
Makhad (2017)

Schein (1989)
Schein (1986)

Schein (1991)

Schein (1986)

Lovin (2012)

Decker (1987)

Random effects model

Helerogenety: = 75%, @ = 03438, p <

Ivory Coast
Yangni-Angate (1980)

Gona (2016)

Random effects model
Helerogeneily: I* = 0%, = 0, p = 0.39

Roberl (1964)

Tournier-Lasserve (1961)

Random effects model
Heterogensity: I = 0%, = 0, p = 0.69

Snyder (1963)
Hamber (1972)

Random effects model

Heterogeneity: /* = 74%, ©* = 0.8593, p <

Yates (1964)
Random effects model
Helorogenoily: not applcatie.

orocco
Kafih (2000)

Random effects model
Heterogeney: not applcable

Zambia
Doctor (1970)

tandom effects model
Heterogenty: not applcatie.

Liberia
Moses (2014)

Random effects model
Heterogenity: not applcable.

Tanzania
Stone (1981)

Chalya (2011)

Random effects model

Hetorogenaly: I = 0%, = 16228, p =

ameroon
Reihmer (1955)

Parodi (1961)

Random effects model
Heterogenaiy: I* = 0%, = 0, p = 0.92

Algeria
Gilot (1960)

Leutenegger (1967)

Random effects model

Heterogeney: / - 23%, 7 - 0.9536, p -

Zimbabwe
Kiire (1987)

Rando effects model
Helerogeneily: not applcatie

Rwanda
Nemery de Bellevaux (1962)
Rando effects model
Helerogenoiy: not applcatie.

Sudan
Elnag (2008)

Random effects model
Helerogeneity: not applcable

Random effects model
Heterogenay: I = 0%, = 0.7192, p <

Figure 6 Country-specific peptic ulcer disease mortality

rates (%) in Africa.
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Events  95%-Cl Weight

118 [0.47: 7.88)
2500 [1302:4259]  1.4%
667 [027;64.98] 21%

000 [0.02; 548] 05%
000 [0.04 871] 05%
069 [0.17; 271] 1.0%
000 (0051145 05%
280 [091; 833 12%
000 [022;3833] 0.4%
682 [22219.11] 1.1%
1111 (5882000 15%
239 [083; 632] 66%

222 [031;14.16] 0.7%
455 (0642615 07%
3147 [079;11.83]  1.4%

000 (003 6.16] 05%
000 [0.03 728 05%
000 (0061359 0.5%
100 [025 391] 1.0%
000 (0061432 05%
172 [024;11.24] 07%
208 (067 626 1.2%
000 [0.14;27.74] 0.4%
238 [033;1508] 0.7%
476 [067:27.14] 07%
629 [4.05; 965 16%
682 [310;1436] 1.4%
000 [0.43:57.72] 0.4%
000 [043;57.72] 0.4%
1024 [677:15.20] 16%
1111 [279:3522] 10%
1250 [3.14:3860] 1.0%
1333 [6.122665] 14%
1429 [7.862056] 15%
1471 [626;3082] 13%
1553 [974:2386] 16%
1636 [874:2856] 15%
2000 [659;4698] 1.1%
21.05 [1332;31.64] 15%
3333 [839;7319] 08%
7.99 [559; 11.29] 245%

083 (037 183 1.4%
087 [022 341] 1.0%
342 (195592 15%
1034 (5471870 15%
1579 [9.19;25.78)  15%
1892 [1154:29.45]  15%
494 [175,13.15] 85%

823 (5661181 16%
2205 [1791:2684] 17%
3000 [998;6237] 1.0%
1671 [7.18;3422]  43%

17.07 [836;31.71)  14%
17.07 [836;3171]  14%

000 [034;5047] 0.4%
1429 (1975806 0.7%
1032 [206;3866] 1.1%

000 [0.08;13.15]  05%

1141 [1544999) 07%
1538 [8.48,2629] 15%
430 [123;1389] 48%

000 [0.02; 4.76] 05%
080 [0.20; 3.14] 1.0%
000 [007:1543] 05%
714 (2711754 13%
1000 [4.222187) 1.3%
259 (072 8.85] 45%

032 [005; 225 07%
076 [0.11; 518 0.7%
141 [020; 9.3
000 [021:3663] 0.4%
392 [098:1437] 1.0%
550 [3.40; 879 1.6%
818 [6.061096] 1.7%

1263 (7.32:20984]  15%
18.06 [10.78;28.66]  1.5%
2121 [10.46:38.28] 1.4%
2222 (860:4647] 12%
2368 [1281;39.60] 1.4%
048 [667;13.31] 186%

1449 [7.98,2489)  15%
1925 [13.88,26.08]  1.6%
17.94 [1349;23.46]  3.1%

174 [0.44; 688 1.0%
248 [080; 740] 12%
215 [090; 5.08] 22%

198 (099 391) 15%
484 (1571396 12%
667 [167:2307] 1.0%
1765 [580:4271)  1.1%
549 [1.95;14.50] 47T%

345 [048;2079) 07%
3.45 [048;20.79] 0.7%

000 [007;1543] 5%
111 [007;15.43]  05%

125 [0.18; 8.34] 0.7%
125 [018; 834 07%

3500 (17.68;57.44]  1.3%
35,00 [17.68; 57.44]

000 [0.07:16.05] 05%
1071 [567:1933] 15%
535 [067:3225] 1.9%

157 (065 371 13%
175 [025,11.43] 07%
160 [0.72; 351 2%

000 [031:4749] 0.4%
23,08 (1075:42.76]  1.3%
17.78 [539;45.06] 18%

1538 (3874508 0.9%
1538 [387;45.06] 09%

154 [039: 594 1.0%
154 [039; 594 1.0%

1207 [586;2322)  14%
1207 [586;2322] 14%

662 [5.39; 8.10] 100.0%

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 obsolete’” 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 arecent 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 (1 1.7%),'°
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%." 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.'®™®’

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* Additionally, access to healthcare varies
and may influence the likelihood of treatment for PUD
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Events per 100

Open access

Study Mortality (n) Sample Size (N) observations Events 95%-Cl Weight
North

Sofiene (2014) 0 138 5 0.00 [0.02; 548] 0.5%
Abid (2009) 0 84—+ 0.00 [0.04; 8.71] 05%
Abid (2014) 2 290 069 [0.17; 2.71] 1.0%
Kehila (1988) 0 62— 0.00 [0.05;11.45] 0.5%
Kafih (2000) 0 44— 0.00 [0.07;15.43] 0.5%
El-Wakil (1964) 1 85 = 118 [0.17; 7.88] 0.7%
Sakhri (2000) 3 107 = 280 [0091; 833] 12%
Hamzaoui (2015) 0 13— 0.00 [0.22;38.39] 0.4%
Gillot (1960) 0 QE— 0.00 [0.31;47.49] 0.4%
Ben Chaabane (2010) 3 44 —— 6.82 [2.22;19.11] 1.1%
Gouta (2018) 9 81 = 11.11 [5.88;20.00] 1.5%
Elnagib (2008) 7 58 —— 12.07 [5.86;23.22] 1.4%
Leutenegger (1967) 6 26 —— 23.08 [10.75; 42.76]  1.3%
Anwar (1996) 8 32 —a 25.00 [13.02;42.59] 1.4%
Random effects model 1073 < 4.41 [2.11; 8.97] 12.3%
Heterogeneity: /° = 76%, ©° = 1.3127, p < 0.01 :

West H

Konate (2010) 0 160 % 0.00 [0.02; 4.76] 0.5%
Irabor (2005) 0 122 0.00 [0.03; 6.16] 0.5%
Arigbabu (1986) 0 102 — 0.00 [0.03; 7.28] 0.5%
Andreu (1999) 2 250 & 0.80 [0.20; 3.14] 1.0%
Kolawole (1974) 0 51— 0.00 [0.06;13.59] 0.5%
Adekunle (1983) 2 200 = 1.00 [0.25; 3.91] 1.0%
Solanke (1971) 0 48— 0.00 [0.05;14.32] 0.5%
Bezes (1958) 0 44— 0.00 [0.07;15.43] 0.5%
Sabo (1999) 1 58 = 172 [0.24;11.24] 0.7%
Robert (1964) 2 115 = 174 [0.44; 6.68] 1.0%
Solanke (1970) 3 144 = 208 [067; 6.26] 1.2%
Gogler (1974) 1 45 =—— 222 [0.31;14.16] 0.7%
Ofili (1991) 0 21— 0.00 [0.14;27.74] 0.4%
Dogo (1999) 1 42 = 2.38 [0.33;15.06] 0.7%
Tournier-Lasserve (1961) 3 121 = 248 [0.80; 7.40] 1.2%
Kassegne (2016) 1 22 = 4.55 [0.64;26.15] 0.7%
Mbah (2008) 1 21— 4.76 [067;27.14] 0.7%
Mabogunje (1985) 19 302 = 6.29 [4.05; 9.65] 1.6%
Ameh (1998) 6 88— 6.82 [3.10;14.36] 1.4%
Ameh (1999) 0 B 0.00 [0.43;57.72] 0.4%
Sow (1981) 4 56 -H— 714 [271;17.54] 1.3%
Davey (1964) 0 pr———— 0.00 [043;57.72] 0.4%
Dakubo (2009) 26 316 = 8.23 [5.66;11.81] 1.6%
Vovor (1972) 5 50 —“H— 10.00 [4.22;21.87) 1.3%
Otu (1990) 21 205 10.24 [6.77;15.20) 1.6%
Adesunkanmi (2003) 2 18 ———— 1111 [2.79;35.22] 1.0%
Ajao (1979) 2 16— 1250 [3.14;38.60] 1.0%
Etonyeaku (2013) 6 45 13.33 [6.12;26.65] 1.4%
Irowa (2015) 10 70 i—— 14.29 [7.85;24.56] 1.5%
Yangni-Angate (1980) 10 69 —— 14.49 [7.98;24.89] 1.5%
Mabogunje (1979) 5 34 1471 [6.25;30.82] 1.3%
Mabogunije (1985) 16 103 —— 15.53 [9.74;23.86] 1.6%
Nuhu (2009) 9 55 — 16.36 [8.74;28.56] 1.5%
Nuhu (2008) 7 41 —_—_— 17.07 [8.36;31.71] 1.4%
Gona (2016) 31 161 - 19.25 [13.88;26.08] 1.6%
Lawal (1998) 3 15 — 20.00 [6.59;46.98] 1.1%
Ugochukwu (2013) 16 76 e 21.05 [13.32;31.64] 1.5%
Ohene-Yeboah (2006) 73 331 R 22,05 [17.91;26.84] 1.7%
Nyame (1973) 3 10 — 30.00 [9.98;62.37] 1.0%
Iwatt (1988) 2 6 — 33.33 [8.39;73.19] 0.8%
Moses (2014) 7 20 —_— 35.00 [17.68; 57.44] 1.3%
Random effects model 3665 < 8.11 [6.07;10.74] 42.8%
Heterogeneily: /> = 7%, 7* = 0.5865, p < 0.01 :

East

Makuria (1985) 6 725 0.83 [0.37; 1.83] 1.4%
Ali (1991) 2 230 % 0.87 [0.22; 3.41] 1.0%
Kuremu (2002) 0 53— 0.00 [0.06;13.15] 0.5%
Stone (1981) 0 42— 0.00 [0.07;16.05] 0.5%
Kakanda (1991) 2 157 +=: 1.27 [0.32; 4.95] 1.0%
Nemery de Bellevaux (1962) 2 130 i+ 1.54 [0.39; 5.94] 1.0%
Hamber (1971) 8 404 17 198 [0.99; 3.91] 15%
Miller (1966) 3 98 - 3.06 [0.99; 9.06] 1.2%
Ersumo (2004) 12 351 342 [1.95; 592] 15%
Hamber (1973) 3 62 — 4.84 [1.57;13.96] 1.2%
Hancock (1971) 0 g 0.00 [0.34;50.47] 0.4%
Snyder (1963) 2 30 — 6.67 [1.67;23.07] 1.0%
Bekele (2017) 9 87 —— 10.34 [5.47;18.70] 1.5%
Chalya (2011) 9 84 10.71 [5.67;19.33] 1.5%
Khan (1958) 1 9 —=—————— 1141 [1.54;49.99] 0.7%
Nzarubara (2005) 1 7 14.29 [1.97;58.06] 0.7%
Jani (1987) 10 65 —— 15.38 [8.48;26.29] 1.5%
Asefa (2012) 12 76 i 15.79 [9.19;25.78] 1.5%
Hamber (1972) 3 17 +—F— 17.65 [5.80;42.71] 1.1%
Ersumo (2005) 14 74 0 18.92 [11.54;29.45] 1.5%
Random effects model 2709 <& 4.99 [2.95; 8.31] 21.9%
Heterogeneity: * = 83%, ©* = 1.1113, p < 0.01 :

South

Bank (1980) 1 311 0.32 [0.05; 2.25] 0.7%
Makhadi (2017) 1 132 % 0.76 [0.11; 5.18] 0.7%
Doctor (1970) 1 80 #=— 125 [0.18; 8.34] 0.7%
Cooke (1977) 1 71 = 1.41 [0.20; 9.33] 0.7%
Brozin (1977) 0 14— 0.00 [0.21;36.63] 0.4%
Bremner (1972) 2 51 +=— 3.92 [098;14.37] 1.0%
Kark (1961) 16 291 = 550 [3.40; 8.79] 1.6%
Schein (1989) 40 489 =+ 8.18 [6.06;10.96] 1.7%
Du Plessis (1965) 12 126 =— 9.52 [5.49;16.02] 1.5%
Schein (1990) 24 197 - 12.18 [8.30;17.53] 1.6%
Schein (1989) 19 154 i=— 12.34 [8.01;18.53] 1.6%
Schein (1986) 12 95  =— 12,63 [7.32;20.94] 1.5%
Kiire (1987) 2 18— 15.38 [3.87;45.06] 0.9%
Schein (1991) 13 72 —— 18.06 [10.78;28.66] 1.5%
Schein (1986) 7 33 P —m— 21.21 [10.46;38.28] 1.4%
Levin (2012) 4 18— 2222 [8.60;46.47] 1.2%
Decker (1987) 9 38 . — 23.68 [12.81;39.60] 1.4%
Random effects model 2185 < 9.14 [ 6.46; 12.78] 20.2%
Heterogeneity: I = 74%, ° = 0.3606, p < 0.01

Central

Reihmer (1955) 5 319 1.57 [0.65; 3.71] 1.3%
Parodi (1961) 1 57 #— 1.75 [0.25;11.43] 0.7%
Yates (1964) 1 29 = 3.45 [0.48;20.79] 0.7%
Random effects model 405 ¢ : 1.78 [0.85; 3.69] 2.8%
Heterogeneity: P =0%, =0, p=077

Random effects model 10037 ¢ 6.62 [5.39; 8.10] 100.0%
Heterogeneity: 1% = 80%, t° = 0.7192, p < 0.01

Figure 7 Subregion-specific peptic ulcer disease mortality rates (%) in Africa.
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Events per 100
Study Mortality (n) Sample Size (N) observations Events 95%-Cl Weight

Northern Africa

Sofiene (2014) 0 138 #— 0.00 [0.02; 5.48] 0.5%
Abid (2009) 0 84— 0.00 [0.04; 8.71] 0.5%
Abid (2014) 2 290 0.69 [0.17; 2.71] 1.0%
Kehila (1988) 0 62 —— 0.00 [0.05;11.45] 0.5%
Kafih (2000) 0 44— 0.00 [0.07;15.43] 0.5%
El-Wakil (1964) 1 85 #=— 1.18 [0.17; 7.88] 0.7%
Sakhri (2000) 3 107 ==+ 2.80 [0.91; 8.33] 1.2%
Hamzaoui (2015) 0 1B 0.00 [0.22;38.39] 0.4%
Gillot (1960) 0 9 0.00 [0.31;47.49] 0.4%
Ben Chaabane (2010) 3 44 —— 6.82 [2.22;19.11] 1.1%
Gouta (2018) 9 81 = — 11.11 [5.88;20.00] 1.5%
Elnagib (2008) 7 58 12.07 [5.86;23.22] 1.4%
Leutenegger (1967) 6 26 I —— 23.08 [10.75;42.76] 1.3%
Anwar (1996) 8 32 I —=— 25.00 [13.02;42.59] 1.4%
Random effects model 1073 < 4.41 [2.11; 8.97] 12.3%
Heterogeneity: /2 = 76%, t* = 1.3127, p < 0.01 H
Sub-Saharan Africa
Konate (2010) 0 160 = 0.00 [0.02; 4.76] 0.5%
Bank (1980) 1 311 0.32 [0.05; 2.25] 0.7%
Irabor (2005) 0 1220 0.00 [0.03; 6.16] 0.5%
Arigbabu (1986) 0 102F— 0.00 [0.03; 7.28] 0.5%
Makhadi (2017) 1 132 % 0.76 [0.11; 5.18] 0.7%
Andreu (1999) 2 250 = 0.80 [0.20; 3.14] 1.0%
Makuria (1985) 6 725 0.83 [0.37; 1.83] 1.4%
Ali (1991) 2 230+ 0.87 [0.22; 3.41] 1.0%
Kuremu (2002) 0 53— 0.00 [0.06;13.15] 0.5%
Kolawole (1974) 0 51— 0.00 [0.06;13.59] 0.5%
Adekunle (1983) 2 200 = 1.00 [0.25; 3.91] 1.0%
Solanke (1971) 0 48— 0.00 [0.06;14.32] 0.5%
Bezes (1958) 0 44— 0.00 [0.07;15.43] 0.5%
Stone (1981) 0 42— 0.00 [0.07;16.05] 0.5%
Doctor (1970) 1 80 #=— 125 [0.18; 8.34] 0.7%
Kakanda (1991) 2 157 = 127 [0.32; 495] 1.0%
Cooke (1977) 1 71 = 1.41 [0.20; 9.33] 0.7%
Nemery de Bellevaux (1962) 2 130 =+ 154 [0.39; 5.94] 1.0%
Reihmer (1955) 5 31900 157 [0.65; 3.71] 1.3%
Sabo (1999) 1 58 #=— 1.72 [0.24;11.24]  0.7%
Robert (1964) 2 115 &= 1.74 [0.44; 6.68] 1.0%
Parodi (1961) 1 57 #=— 1.75 [0.25;11.43] 0.7%
Hamber (1971) 8 404 1.98 [0.99; 3.91] 1.5%
Solanke (1970) 3 144 = 2.08 [0.67; 6.26] 1.2%
Gogler (1974) 1 45 #=—— 222 [0.31;14.16] 0.7%
Ofili (1991) 0 21— 0.00 [0.14;27.74] 0.4%
Dogo (1999) 1 42 =— 2.38 [0.33;15.06] 0.7%
Tournier-Lasserve (1961) 3 121 == 248 [0.80; 7.40] 1.2%
Miller (1966) 3 98 = 3.06 [0.99; 9.06] 1.2%
Brozin (1977) 0 Y 0.00 [0.21;36.63] 0.4%
Ersumo (2004) 12 351 342 [1.95 592] 1.5%
Yates (1964) 1 29 #=—— 3.45 [0.48;20.79] 0.7%
Bremner (1972) 2 51 #&=— 3.92 [0.98;14.37] 1.0%
Kassegne (2016) 1 22 &——— 4.55 [0.64;26.15] 0.7%
Mbah (2008) 1 21 =— 4.76 [0.67;27.14] 0.7%
Hamber (1973) 3 62 +—— 4.84 [1.57;13.96] 1.2%
Kark (1961) 16 291 = 550 [3.40; 8.79] 1.6%
Hancock (1971) 0 g 0.00 [0.34;50.47] 0.4%
Mabogunje (1985) 19 302 = 6.29 [4.05; 9.65] 1.6%
Snyder (1963) 2 30 +=— 6.67 [1.67,23.07] 1.0%
Ameh (1998) 6 88 —+— 6.82 [3.10;14.36] 1.4%
Ameh (1999) 0 [ e 0.00 [0.43;57.72] 0.4%
Sow (1981) 4 56 —— 714 [271;17.54] 1.3%
Davey (1964) 0 6 0.00 [0.43;57.72] 0.4%
Schein (1989) 40 489 = 8.18 [6.06;10.96] 1.7%
Dakubo (2009) 26 316 =+ 8.23 [5.66;11.81] 1.6%
Du Plessis (1965) 12 126 +— 9.52 [5.49;16.02] 1.5%
Vovor (1972) 5 50 - 10.00 [4.22;21.87] 1.3%
Otu (1990) 21 205 = 10.24 [6.77;15.20] 1.6%
Bekele (2017) 9 87 10.34 [5.47;18.70] 1.5%
Chalya (2011) 9 84 10.71 [5.67;19.33] 1.5%
Khan (1958) 1 9 —F————— 11.11 [1.54;49.99] 0.7%
Adesunkanmi (2003) 2 18 —+— 11.11 [2.79;35.22] 1.0%
Schein (1990) 24 197 = 12.18 [8.30;17.53] 1.6%
Schein (1989) 19 154 = 12.34 [8.01;18.53] 1.6%
Ajao (1979) 2 16 -+ 12.50 [3.14;38.60] 1.0%
Schein (1986) 12 95 = 12.63 [7.32;20.94] 1.5%
Etonyeaku (2013) 6 45 13.33 [6.12;26.65] 1.4%
Nzarubara (2005) 1 7 14.29 [1.97;58.06] 0.7%
Irowa (2015) 10 70 i 14.29 [7.86;24.56] 1.5%
Yangni-Angate (1980) 10 69 i—— 14.49 [7.98;24.89] 1.5%
Mabogunije (1979) 5 34 14.71 [6.26;30.82] 1.3%
Jani (1987) 10 65 15.38 [8.48;26.29] 1.5%
Kiire (1987) 2 13 —%— 15.38 [3.87;45.06] 0.9%
Mabogunije (1985) 16 103 - 15.53 [9.74;23.86] 1.6%
Asefa (2012) 12 76 15.79 [9.19;25.78] 1.5%
Nuhu (2009) 9 55 —— 16.36 [8.74;28.56] 1.5%
Nuhu (2008) 7 41 17.07 [8.36;31.71] 1.4%
Hamber (1972) 3 17 —F 17.65 [5.80;42.71] 1.1%
Schein (1991) 13 72 —a— 18.06 [10.78;28.66] 1.5%
Ersumo (2005) 14 74 — 18.92 [11.54;29.45] 1.5%
Gona (2016) 31 161 = 19.25 [13.88;26.08] 1.6%
Lawal (1998) 3 15 —&— 20.00 [6.59;46.98] 1.1%
Ugochukwu (2013) 16 76 — 21.05 [13.32;31.64] 1.5%
Schein (1986) 7 38 21.21 [10.46;38.28] 1.4%
Ohene-Yeboah (2006) 73 331 1 = 22,05 [17.91;26.84] 1.7%
Levin (2012) 4 18 2222 [8.60;46.47] 1.2%
Decker (1987) 9 38 | —=— 23.68 [12.81;39.60] 1.4%
Nyame (1973) 3 10 i — 30.00 [9.98;62.37] 1.0%
Iwatt (1988) 2 6 — s —— 33.33 [8.39;73.19] 0.8%
Moses (2014) 7 20 i —— 35.00 [17.68;57.44] 1.3%
Random effects model 8964 ¢ 6.91 [5.57; 8.54] 87.7%
Heterogeneity: /° = 81%, t° = 0.6889, p < 0.01 ;
Random effects model 10037 ¢ 6.62 [5.39; 8.10] 100.0%
Heterogeneity: /° = 80%, t° = 0.7192, p < 0.01 f J 1

0 40 80

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.”” 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.* 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.*

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.*® 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%.%* 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.”’ 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.”> 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 underrepresented
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.
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