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Abstract

Introduction Colorectal cancer (CRC) is the second leading cause of cancer-related death worldwide. There is a
significant burden of mortality from colorectal cancer in Africa. Due to the heterogeneity of dietary and lifestyle
practices throughout Africa, our work sought to define risk factors for the development of CRC in the African
continent.

Methods We systematically searched PubMed, Embase, Global Health, CINAHL, Cochrane CENTRAL, and African
Index Medicus for studies written in English, examining the incidence and risk factors of CRC in Africa. A systematic
analysis was done to compare different risk factors in constituent studies. A meta-analysis random effects model was
fitted to estimate the pooled incidence of CRC.

Results Of 2471 studies screened, 26 were included for the quantitative analysis; 20 in the incidence analysis, and
six in the risk factor analysis. The overall ASIR per 100,000 person-years of CRC for males and females was 7.51 and
6.22, respectively. The highest incidence rates were observed between 2012 and 2021. Risk factors for CRC in Africa
include tobacco smoking, and consumption of red meat, butter, and alcohol. Protective factors included, regular
consumption of fruits and regular physical activity.

Conclusion The incidence of CRC in Africa is higher than that suggested by previous studies. Our study shows that
nonmodifiable and modifiable factors contribute to CRC in Africa. High-quality studies conducted on generalizable
populations that examine risk factors in a comprehensive fashion are required to inform primary and secondary
prevention initiatives for CRC in Africa.
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Introduction

Colorectal cancer (CRC) is the third most common can-
cer and the second leading cause of cancer-related death
worldwide. [1] In 2020, there were an estimated 1.93 mil-
lion newly diagnosed CRC cases and 0.94 million associ-
ated deaths, representing 10% of global cancer incidence
and 9.4% of cancer-related deaths. [2, 3] Although the
incidence rate of CRC is higher in developed countries, it
is also rapidly increasing in middle and low-income coun-
tries. Within the African continent, there is regional vari-
ation in the incidence of CRC, with higher rates reported
in the Northern and Eastern African regions compared
with Western and Southern regions. [4] Although
colorectal cancer was previously thought to be associ-
ated with aging, recent studies in Africa have reported an
increasing incidence among the younger population. [5—
7] This increasing trend of early-onset colorectal cancer
has been similar to the rest of the globe including West-
ern Europe, Australia, Brazil, Canada, Korea, and the
United Kingdom. [8] Estimates of colorectal cancer inci-
dence in Africa are still not representative of the actual
burden of the disease, mainly due to a lack of adequate
infrastructure to diagnose patients with CRC, and a lack
of population-based cancer registries. [4, 5] While the
majority of colorectal cancers are sporadic, studies have
suggested that hereditary factors may be predominant in
Africa due to approximately 25% of affected individuals
being diagnosed under the age of 40 years. [9, 10] Due
to conflicting data published on CRC incidence and risk
factors in Africa we conducted a systematic review and
meta-analysis, aimed at estimating the true incidence and
identifying risk factors associated with colorectal cancer
in Africa.

Materials and methods

Literature search, eligibility criteria, and screening

This systematic review is reported in accordance with the
Preferred Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA) standard. [11]

We systematically searched PubMed, Embase, Global
Health, CINAHL, Cochrane CENTRAL, and African
Index Medicus databases from inception to August 31,
2021 with a search strategy that was developed by K.S, a
research librarian at Brown University. The search strat-
egy was inclusive of controlled subject headings (MeSH,
Emtree) and text words in title/abstract fields. The full
search strategy is provided in the Supplementary Table
1. All studies identified from the search were de-dupli-
cated using EndNote and later uploaded into Covidence
for screening. Dual-blind screening was conducted using
Covidence, by NNT, EFP, ADA, KB, ESC, SCE, and CA.
Conlflicts were resolved by MM, MFM, and AWA.

To be eligible for inclusion, studies had to be reported
in English, conducted on humans, and reported
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quantitative estimates of the incidence and risk factors
of CRC in Africa. Review articles, meta-analyses, com-
mentaries, case reports, abstracts, and letters to editors
were excluded. Reference lists of the included articles and
studies that cited the included articles were examined for
potential inclusion by N.N.T.

Data extraction and analysis

The eligible studies had data extracted for the country,
year of publication, mean age of study participants, sex,
age-standardized incidence rate (ASIR), risk factors,
odds ratios, study design, and sample size. We also col-
lected data on the demographic, dietary, lifestyle, and
behavioral risk factors for colorectal cancer. These vari-
ables were reviewed by the authors, prior to developing
a data extraction template in Covidence. Meta-analysis
was performed using a random effects model with the
DerSimonian Laird method to measure raw proportions
to estimate a pooled ASIR and their respective 95% con-
fidence interval (CI). We also used DerSimonian and
Laird random-effect models to calculate pooled ORs for
risk factors that were examined in at least 3 studies. Our
preference for a random effects model was informed by
the model’s ability to incorporate both within-study and
between-study variability arising due to differences in
study sizes, settings, and methods used over time to diag-
nose CRC. Data analysis was implemented in STATA 17.
Studies not suitable for the meta-analysis (i.e. risk fac-
tor reported in less than three studies) were analyzed
through a systematic review.

To understand possible causes of heterogeneity, we
further stratified the data by period of study (i.e., 1976—
1988, 1990-2000, 2001-2010, and 2012-2021) and
Africa subregion (ie., North, West, East, Central and
Southern) to produce period and regional-specific esti-
mates. Heterogeneity between studies was assessed using
Higgins’ index - a measure with ranges between 0% and
100%, and quantifies the proportion of inter-study vari-
ability that can be attributed to heterogeneity rather than
chance (I2>50% was considered high heterogeneity). The
Cochran’s Q test was used to determine whether there
were differences between primary studies or if the varia-
tion seen was due to chance [12]. Publication bias was
assessed using the Rosenthal approach to the Fail-safe N
(file draw analysis), with Egger’s regression asymmetry
test (ERAT), and Kendall’s Tau test (KTT) for rank cor-
relation test for funnel plot asymmetry [13].

Study quality was measured using the Newcastle-
Ottawa Scale (NOS), a validated tool for assessing quan-
titative cross-sectional, case-control, and cohort studies.
Scores of 7 to the maximum score of 9 were defined as
high quality, scores of 4—6 as intermediate quality, and
scores of 1-3 as low quality [14, 15].
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Results

Study characteristics

Of the 26 studies retained after screening and full-text
review (Fig. 1, Supplementary Table 1), 20 studies had
ASIR reported but no risk factors whereas, six reported
factors associated with colorectal cancer but had no
estimates of ASIR. These studies covered a total of 17
African countries —8(30.8%), 7(23.3%), 7(23.3%), and
4(13.3%), from North Africa, Southern, East Africa, and
West Africa, respectively.

Incidence

Twenty studies reported the incidence of colorectal can-
cer [16-34] (Supplementary Table 2). The overall ASIR of
CRC was 7.51 cases (95% CI: 5.90-9.12) per 100,000 pop-
ulation in males (Figs. 2) and 6.22 cases (95% CI: 4.87—
7.58) per 100,000 population in females (Fig. 3).

By African subregions, the highest pooled ASIRs of
CRC in men were reported in Northern Africa [9.66 (95%
CI: 4.99-14.33) per 100,000 population] and Southern
Africa [8.44 (95% CI: 4.80-12.09) per 100,000]. The low-
est was reported in Eastern Africa [6.24 (95% CI: 4.38—
8.10) per 100,000 population] and West Africa [3.78 (95%
CI: 1.64-5.91) per 100,000] (Fig. 2). Similarly, in females,
the highest pooled ASIRs of CRC were reported in
Northern Africa [8.40 (95% CI: 4.62—12.18) per 100,000]
and in Southern Africa [7.00 (95% CI: 3.96-10.03) per
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100,000], and the lowest were in Eastern Africa [5.29
(95% CI: 3.84-6.73) per 100,000], and West Africa [2.08
(95% CI: 0.41-3.74) per 100,000 person-years] (Fig. 3).

Stratification on time period of study revealed that the
male-specific ASIR was highest for studies conducted
during 2012-2021 and lowest for studies conducted dur-
ing 2000-2010 (Fig. 4). Similarly, ASIRs in females were
highest during 2012-2021 and lowest in 2000-2010
(Fig. 5).

Risk factors

Six studies reported quantitative data estimating the
association between several demographic, dietary, and
lifestyle factors, and the development of CRC [35-40]
(Supplementary Table 3).

Demographics

Two studies examined the association of demographic
factors with the development of CRC in Africa [35, 36].
Both studies were case-control studies. In one study in
Tunisia, the authors revealed a significant association
between female gender and colorectal cancer (OR=2.20;
95% CI: 1.16—4.2) [35]. Negrechi and Taleb in Algeria
found significant associations between CRC and a history
of any cancer in first-degree relatives (OR=2.46; 95% CI:
1.50-4.05) and second-degree or third-degree relatives

Records identified Records identified Records identified Records identified Records lidentiﬁed Records identified
i in n 5 in o
PubMed/.\n;EDLE\'E EMBASE African Index Medicus Global Health Cochrane central CINAHL
n=1041 n=1436 =20 =838 =143 182

Total records identified
n=3690

E—

Duplicates excluded
n=1219

[ Records screened ]

n=2471

—

Records excluded
n=2051

Included for full text evalation
n=414

Records excluded
n=388
82 Abstract/poster
37 Non-English
65 Wrong outcomes

45 Wrong study design

19 Full text inaccessible
118 No quantitative data
16 Wrong population

6  Book/thesis

n=26

[ Studies included in analysis ]

Fig. 1 PRISMA flow diagram for systematic literature review of age-standardized incidence rates (per 100000 population), and association of demograph-
ic, comorbidities, dietary, type of lifestyle, and family history risk factors for colorectal cancer in Africa, year 1967-2021. Abbreviations: PRISMA — Preferred

Reporting Items for Systematic Reviews and Meta-Analyses
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Age standardised incidence rate of colorectal cancer (Males)

%
Study ES (95% Cl) Weight
Southern Africa :
Katsidzira, 2016 : - 14.80 (12.51,17.39) 3.99
Walker, 2001 || ' 1.70(0.99, 2.72) 4.32
Walker, 1996 : —&8— 24.70(21.72,27.98) 3.77
Wentik, 2010 = , 3.70(2.61,5.10) 427
Lorenzoni, 2020 5 3.00(2.02, 4.28) 4.29
Lorenzoni, 2020 = : 2.00(1.22, 3.09) 4.31
Motsuku, 2021 1 = 11.00 (9.04,13.26) 4.08
Subtotal (1*2 =98.29%, p = 0.00) O 8.44 (4.80, 12.09) 29.02
1
East Africa '
Timotewo, 2017 -ﬁ- 7.60(5.99, 9.51) 4.16
Katalambula, 2016 = : 3.80(2.69, 5.22) 4.26
Medhin, 2019 - 10.00 (8.14, 12.16) 4.10
Wabinga, 2000 = : 3.00(2.02, 4.28) 4.29
Wabinga, 2000 =, 4.80 (3.54, 6.36) 4.24
Wabinga, 2000 o 8.30(6.61, 10.29) 4.15
Wabinga, 2000 - 6.80 (5.28, 8.62) 4.18
Subtotal (12 =91.07%, p = 0.00) Q 6.24 (4.38,8.10) 29.39
West Aftica :
Agyemang-Yeboah, 2017 & 5.20(3.88, 6.82) 423
Bayo, 1990 - , 4.40(3.20,5.91) 4.25
KOULIBALY, 1997 = . 1.90 (1.14, 2.97) 4.32
Subtotal (1*2=%,p=.) <, 3.78(1.64,5.91) 12.79
1
North Aftica .
Missaoui, 2010 1 - 11.70 (9.68,14.02) 4.06
Bodalal, 2014 : - 17.50 (15.00,20.29) 3.93
Adnane Tazi, 2013 1 =il 12.00 (9.95, 14.35) 4.05
Khiari, 2018 : - 13.60 (11.41,16.09) 4.02
Benarba, 2014 | ' 1.00(0.48, 1.84) 4.34
Saeed, 2014 -.f 6.20 (4.75, 7.95) 4.20
Veruttipong, 2012 - 6.10 (4.67, 7.84) 420
Subtotal (1*2 =98.42%, p = 0.00) <IO 9.66 (4.99, 14.33) 28.80
1
Heterogeneity between groups: p = 0.041
Overall (1*2 =97.29%, p = 0.00); <> 7.51(5.90,9.12) 100.00
:
M T T T T T
-40 -20 0 20 40 60

cases per 100k

Fig. 2 Age-standardized incidence rates (ASIR) per 100,000 persons of colorectal cancer among males in Africa, year 1990-2021

(OR=2.50; 95% CI: 1.61-3.90), a family history of CRC in
first-degree relatives (OR=7.45; 95% CI: 1.67—.

33.23) and second-degree or third-degree relatives
(OR=4.94; 95% CI: 1.39-17.47) [36].

Dietary factors

All six included studies examined the association
between diet and the development of CRC. The associa-
tions with the development of CRC for dietary factors
that were examined in at least 3 studies are displayed in
Figs. 6 and 7.

Regular intake of fruits was significantly associated
with lower odds of developing CRC (pooled OR=0.19
95% CI: 0.04-0.87). On the other hand, high butter intake
was associated with higher odds of developing CRC
(pooled OR=2.42, 95% CI: 1.22—4.81). Regular intake of
red meat (pooled OR=1.87; 95% CI: 0.52-6.72), vegeta-
ble (pooled OR=0.44; 95% CI, 0.14-1.42), yogurt (pooled
OR=0.73, 95% CI: 0.53-1.00) and fish (pooled OR=0.86;
95% CI, 0.36—2.08) were not significantly associated with

the risk of CRC. There was considerable heterogeneity
among estimates for frequent red meat, vegetables, fruits,
and fish consumption (I>60%), meanwhile, there was
minimal heterogeneity among risk estimates for butter
and yogurt consumption (<60%). Two studies examined
the relationship of processed meat with the development
of CRC; one study observed a higher risk [37], and the
other reported no difference [38]. Similarly, two studies
examined the relationship of regular coffee consump-
tion with the development of CRC; one study observed a
lower risk [40], and the other reported no difference [38].

Lifestyle factors

Five studies examined the association of lifestyle or
occupational factors with the development of CRC. The
associations with CRC for lifestyle factors examined in
at least 3 studies are displayed in Fig. 8. Alcohol (pooled
OR 2.38; 95% CI, 1.26—4.49) and tobacco consump-
tion (pooled OR 2.27; 95% CI, 1.59-3.42) were signifi-
cantly associated with higher odds of developing CRC.
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Age standardised incidence rate of colorectal cancer (Females)

Study

Southern Africa

Katsidzira, 2016

Walker, 2001 =
Walker, 1996
Wentik, 2010
Lorenzoni, 2020
Lorenzoni, 2020
Motsuku, 2021
Subtotal (12 = 97.66%, p =0.00)

-
L
=

East Africa

Timotewo, 2017

Katalambula, 2016 =
Medhin, 2019

Wabinga, 2000 =
Wabinga, 2000

Wabinga, 2000

Wabinga, 2000

Subtotal (12 =87.21%, p =0.00) <>

Py

%

ES (95% Cl) Weight

14.20 (11.96, 16.74) 3.90
200(1.22,309) 433

—&— 19.30(16.67, 22.22)3.74

3.90(2.77,5.33) 4.25
2.60(1.70,3.81) 4.30
1.80(1.07,2.84) 433
6.80 (5.28,8.62) 4.15
7.00 (3.96, 10.03) 29.00

7.00(5.46,884) 4.14
3.00(2.02,4.28) 4.29
6.20 4.75,7.95) 4.17
2.70(1.78,3.93) 4.30
6.30 4.84,8.06) 4.16
570@.32,7.38) 4.19
6.60 (5.10,840) 4.15
5.29 (3.84,6.73) 29.39

1
1
West Africa 1
Agyemang-Yeboah, 2017 - 4.10(2.94,556) 4.25
Bayo, 1990 s 1.70 (0.99,272) 4.34
KOULIBALY, 1997 - : 0.70 (0.28, 1.44) 4.38
Subtotal (1"2= %,p=.) < 2.08(041,3.74) 129
1
North Africa :
Missaoui, 2010 1 - 10.00(8.14, 12.16) 4.03
Bodalal, 2014 . —— 17.20(14.73, 19.97) 3.80
Adnane Tazi, 2013 1 =i 9.00 (7.24, 11.06) 4.07
Khiari, 2018 , = 11.10 (9.13, 13.37) 4.00
Benarba, 2014 ] ' 1.30(0.69,222) 4.35
Saeed, 2014 -+ 590(@.49,761) 4.18
Veruttipong, 2012 - 490(3.63,648) 422
Subtotal (1*2=97.76%, p = 0.00) Q 8.40(4.62,12.18) 28.65
1
Heterogeneity between groups: p = 0.001
Overall (1*2 =96.90%, p = 0.00); 6.22(4.87,7.58) 100.00
:
[ [ I I 1
-20 0 20 40 60
cases per 100k

Fig. 3 Age-standardized incidence rates (ASIR) per 100,000 persons of colorectal cancer among females in Africa, year 1990-2021

Regular physical activity was significantly associated with
lower odds of developing CRC (pooled OR 0.12; 95% CI:
0.02-0.65). There was considerable heterogeneity among
estimates for frequent alcohol, tobacco smoking, and
physical activity (I>60%).

Two studies examined the relationship between regular
intake of soft drinks and the onset of CRC; both studies
observed significantly higher odds of CRC [36, 37].

Assessment of bias

Our analysis showed possible publication bias for esti-
mated pooled ASIR for both males (P-value<0.000q) and
females (P-value<0.0001). The ERAT and KTT for rank
correlation test for funnel plot asymmetry didn't find any
asymmetry due to the publication bias for overall ASIR
rate (p-value=0.24083 and 0.82364, respectively), and
male ASIR (p-value=0.00952 and 0.09587), Eastern ASIR
(p-value=0.30931 and 0.91946).

Discussion

This paper provides a comprehensive analysis of the inci-
dence rate and risk factors of CRC in Africa. Accord-
ing to our analysis, the estimated annual ASIR of CRC
was 7.51 per 100,000 person-years in males and 6.22
per 100,000 person-years in females. This is compa-
rable to the GLOBOCAN ASIR of 9.1 per 100,000 per-
son-years in males and 7.5 per 100,000 person-years in
females [41]. Our regional analysis of ASIR per 100,000
person-years of CRC in males showed the highest inci-
dence in North Africa (9.66/100,000 person-years), fol-
lowed by Southern Africa (8.44/100,000 person-years)
and East Africa (6.24/100,000 person-years). In females,
we observed a similar pattern of ASIRs with the high-
est rates in Northern and Southern Africa. In this study,
West Africa had the lowest pooled ASIRs in both gen-
ders. There are significant similarities in our results
when compared to GLOBOCAN data which shows the
highest rates in Southern and Northern Africa and the
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Age standardised incidence rate of colorectal cancer (Males)

%

Study ES (95% Cl) Weight
2012-2021 :
Katsidzira, 2016 ! —- 14.80(12.51,17.39)3.99
Timotewo, 2017 - 7.60 (5.99, 9. 51) 4.16
Agyemang-Yeboah, 2017 & 5.20(3.88,6.82) 4.23
Bodalal, 2014 1 - 17.50 (15.00, 20.29)3.93
Adnane Tazi, 2013 | - 12.00 (9.95, 14.35) 4.05
Khiari, 2018 - 13.60 (1141, 16.09)4.02
Benarba, 2014 | ! 1.00(0.48,184) 4.34
Katalambula, 2016 - 3.80(2.69,522) 426
Lorenzoni, 2020 = | 3.00 (2. 02 428) 429
Lorenzoni, 2020 " 2.00(1.22,3.09) 4.31
Medhin, 2019 - 1000(814 12.16) 4.10
Motsuku, 2021 , - 11.00 (9.04, 13.26) 4.08
Saeed, 2014 - 6.20 (4.75,7.95) 4.20
Veruttipong, 2012 4% 6.10 (4.67,7.84) 4.20
Subtotal (I*2 =97.54%, p = 0.00) <ID 8.01 (5.68, 10.33) 58.16

1
2001-2010 '
Walker, 2001 [ 1.70(0.99,2.72) 4.32
Wentik, 2010 =® ! 3.70 (2.61,5.10) 4.27
Missaoui, 2010 | - 11.70 (9.68, 14.02) 4.06
Subtotal (I*2=.%,p=") CI> 5.58(1.12,10.04) 1265

1
1990-2000 1
Walker, 1996 : —— 24.70(21.72,27.98)3.77
Bayo, 1990 L 440(3.20,591) 4.25
KOULIBALY, 1997 B, 1.90 (1.14,297) 4.32
Wabinga, 2000 = 3.00 (2.02, 4.28) 429
Wabinga, 2000 - 4.80(3.54,6.36) 4.24
Wabinga, 2000 - 8.30 (6.61,10.29) 4.15
Wabinga, 2000 6.80 (5.28,8.62) 4.18
Subtotal (I*2 =97.43%, p = 0.00) 744 (4.25,10.63) 29.19
Heterogeneity between groups: p = 0.640
Overall (1*2=97.29%, p = 0.00); <> 7.51(5.90,9.12) 100.00

1

M T T ; T T T
40 -20 0 20 40 60

cases per 100k

Fig. 4 Age-standardized incidence rates (ASIR) per 100,000 persons of colorectal cancer among males in Africa by decades

lowest ASIRs in Western Africa. Reasons for observed
differences in regional ASIR may include the differences
in sources of data and the variations in regional publica-
tion volume, as our study showed that incidence rates
were higher in regions with greater numbers of included
studies. On evaluating ASIRs by decades, our finding that
incidence rates are highest in the most recent decade
adds evidence to the recent studies that suggest a rapidly
rising incidence of CRC in Africa [42, 43]. In Africa, the
rising incidence of CRC has been attributed to popula-
tion growth, aging, changing risk factors such as west-
ernization of the African diet, increasing diagnosis, and
registration of colorectal cancer cases through popula-
tion-based cancer registries [44—46]. Despite this, epide-
miological measures of colorectal cancer throughout the
African continent are still highly heterogeneous and non-
representative, and less than 30% of African nations have
functional national cancer-based registries [10, 47]. In
the absence of CRC screening programs in most African
countries, most of the currently available data on CRC
incidence come from patients with advanced disease.

The direct relationship between regional publication
volume and incidence of CRC in Africa further suggests
that countries with more diagnostic capacity, cancer reg-
istries, and/or research output are more likely to report a
higher incidence of CRC than other regions.

In this study, we identified several potential risk factors
that could be used for primary and secondary prevention
of CRC in Africa and should be investigated in future
longitudinal studies.

A family history of any cancer was associated with
CRC in one study [36]. This might point toward a shared
genetic linkage between CRC and several other malig-
nancies. It might also be due to shared environmental
and lifestyle risk factors. Similarly, a study conducted
among African Americans showed that people with a
family history of other cancers such as breast cancer and
other gastrointestinal malignancies had a higher risk of
developing CRC [48]. Screening based on a family history
of CRC has become an important strategy for early detec-
tion and prevention of CRC; however, only one study has
reported the association between a family history of CRC
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Age standardised incidence rate of colorectal cancer (Females)

%

Study ES (95% Cl) Weight
2012-2021 :
Katsidzira, 2016 ! —— 14.20 (11.96, 16.743.90
Timotewo, 2017 - 7.00 (5.46,8.84) 4.14
Agyemang-Yeboah, 2017 - 4.10(2.94,5.56) 4.25
Bodalal, 2014 . —a— 1720 (14.73, 19.973.80
Adnane Tazi, 2013 | - 9.00 (7.24, 11.06) 4.07
Khiari, 2018 , - 11.10(9.13, 13.37)4.00
Benarba, 2014 ] ' 1.30 (0.69, 2.22) 4.35
Katalambula, 2016 - | 3.00 (2.02,4.28) 4.29
Lorenzoni, 2020 = 2.60(1.70,3.81) 4.30
Lorenzoni, 2020 = 1.80 (1.07,2.84) 4.33
Medhin, 2019 - 6.20 (4.75,7.95) 4.17
Motsuku, 2021 - 6.80 (5.28,8.62) 4.15
Saeed, 2014 - 590 (4.49,7.61) 4.18
Veruttlpong 2012 - 490 (3.63,6.48) 4.22
Subtotal (I*2 =96.59%, p = 0. 009‘.II> 6.64 (4.76,8.51) 58.13
2001-2010 1
Walker, 2001 = 2.00 (1.22,3.09) 4.33
Wentik, 2010 - 3.90 (2.77,5.33) 4.25
Missaoui, 2010 e 10.00 (8.14, 12.16)4.03
Subtotal (h2=%p=) <> 5.20 (1.37,9.02) 12.61
1990-2000 :
Walker, 1996 : —— 19.30 (16.67, 22.22).74
Bayo, 1990 ® 1.70 (0.99,2.72) 4.34
KOULIBALY, 1997 | - 0.70 (0.28, 1.44) 4.38
Wabinga, 2000 = 2.70 (1.78,3.93) 4.30
Wabinga, 2000 - 6.30 (4.84,8.06) 4.16
Wabinga, 2000 - 570 (4.32,7.38) 4.19
Wabinga, 2000 6.60 (5.10,8.40) 4.15
Subtotal (*2=97.71%, p =0. 5.90 (3.21,8.60) 29.26
Heterogeneity between groups: p £0.772
Overall (1"2 =96.90%, p = 0.00)<;> 6.22 (4.87,7.58) 100.00

1

T T * T T !
-20 0 20 40 60

cases per 100k

Fig. 5 Age-standardized incidence rates (ASIR) per 100,000 persons of colorectal cancer among females in Africa by decade

Study
Risk factor

Fruits
Baroudi et al., 2014
Mahfouz et al., 2014

OR %
(95% Cl) Weight

0.19 (0.11,0.34
0.04 (0.01,0.11

) 1743
)

0.84(0.42,1.65) 1717
)

16.18

Negrichi et al., 2021 —Ti—
Subgroup (I-squared = 92.1%) <> 0.19(0.04,087)  50.77
:
Butter E
Baroudi et al., 2014 —— 162(0.91,2.88)  17.41
Kaindi et al., 2018 —_— 1.84(0.40,842)  14.35
Mahfouz et al., 2014 —_— 3.95(2.28,6.86)  17.46
Subgroup (I-squared = 59.9%) <> 242(1.22,481) 4923
T I T T T T
01 1 25 45 105 205

NOTE: Weights are from random-effects model
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Fig. 6 Estimated odds ratio of developing colorectal cancer associated with regular consumption of butter and fruits. DL, DerSimonian-Laird; Cl, confi-

dence interval
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Red meat
Odds Ratio %
study (95% Cl) Weight
Barbirou et al., 2020 —_— ’ 0.23 (0.15, 0.36) 20.78
Baroudi et al., 2014 e 1.17 (0.59, 2.31) 20.07
Kaindi et al., 2018 —-0—— 1.18 (0.65, 2.17) 20.32
Mahfouz et al., 2014 ——————— 67.85(20.79, 221.49) 18.00
Negrichi et al., 2021 —— 1.67 (1.1, 2.51) 20.84
Overall, DL (I = 95.9%, p < 0.001) <i> 1.87 (0.52, 6.72) 100.00
T T
1 1 10
Vegetable
Odds Ratio %
study (95% Cl) Weight
Barbirou et al., 2020 —_— 1.24 (0.65, 2.36) 28.56
Baroudi et al., 2014 —_— 0.18 (0.10, 0.30) 29.35
Negrichi et al., 2021 -— 0.28 (0.06, 1.36) 19.83
Walker et al., 1989 > 0.60 (0.16, 2.26) 2227
Overall, DL (I’ = 85.8%, p < 0.001) <>> 0.44 (0.14, 1.42) 100.00
T T
1 1 10
Fish 0Odds Ratio %
study (95% Cl) Weight
Baroudi et al., 2014 . —— 0.35 (0.21, 0.59) 32,66
Kaindi et al., 2018 B — 1.08 (0.64, 1.82) 32.40
Mahfouz et al., 2014 —_— 0.39 (0.26, 0.59) 34.94
Overall, DL (I* = 82.6%, p = 0.003) <> 0.52 (0.27, 1.02) 100.00
T T
il 1 10
Yoghurt 0Odds Ratio %
study (95% CI) Weight
Baroudi et al., 2014 e 1.03 (0.62, 1.70) 31.48
Kaindi et al., 2018 —0—-— 0.61 (0.36, 1.05) 28.47
Negrichi et al., 2021 —_— 0.63 (0.41, 0.96) 40.05
Overall, DL (I = 25.1%, p = 0.263) <> 0.73 (0.53, 1.00) 100.00
T T
1 1 10

Fig. 7 Estimated odds ratio of developing colorectal cancer associated with regular consumption of red meat, vegetables, fish, and yogurt. DL, DerSimo-
nian-Laird; Cl, confidence interval
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Alcohol
Odds Ratio %
study (95% CI) Weight
Barbirou et al., 2020 —'—0— 2.90 (1.89, 4.45) 35.74
Baroudi et al., 2014 ——0—5— 1.83 (0.85, 3.93) 26.39
Mahfouz et al., 2014 + : 0.66 (0.18, 2.47) 14.96
Negrichi et al., 2021 -;-—0—‘ 5.48 (2.22, 13.52) 22.90
Overall, DL (I* = 61.6%, p = 0.050) <> 2.38 (1.26, 4.49) 100.00
T T
A 1 10
Tobacco
Odds Ratio %
study (95% ClI) Weight
Barbirou et al., 2020 —ﬁf— 2.18 (1.51, 3.13) 29.16
Baroudi et al., 2014 —é—o— 2.76 (1.54, 4.94) 19.80
Mahfouz et al., 2014 -%—0— 3.35(2.09, 5.37) 24.15
Negrichi et al., 2021 —0—? 1.45 (0.96, 2.19) 26.89
Overall, DL (IZ =60.5%, p = 0.055) 0 2.27 (1.59, 3.24) 100.00
T T
1 1 10
Physical activity
Odds Ratio %
study (95% Cl) Weight
Barbirou et al., 2020 — : 0.03 (0.02, 0.05) 27.63
Baroudi et al., 2014 i —_— 0.37 (0.20, 0.68) 27.22
Kaindi et al., 2018 E -_—lr 0.58 (0.19, 1.80) 24.99
Mahfouz et al., 2014 + i 0.02 (0.00, 0.18) 20.15
Overall, DL (I = 94.2%, p < 0.001) <> 0.12 (0.02, 0.65) 100.00
T T
1] 1 10

Fig. 8 Estimated odds ratio of developing colorectal cancer associated with alcohol consumption, tobacco smoking, and physical activity. DL, DerSimo-

nian-Laird; Cl, confidence interval

and the development of CRC in Africa. [36, 49] Negrichi
et al. observed an increased risk of CRC associated with
a family history of CRC in first, second, and third-degree
relatives [36]. To estimate the true association between
a family history of CRC and the development of CRC in
Africa more studies need to be conducted with family
history as a predictor variable.

Red meat and processed meat have been classified
by the International Agency for Research on Cancer as
probably carcinogenic (Group 2 A) and carcinogenic
to humans, respectively [50]. Our study findings sug-
gest that patients who consume red and processed meat
in Africa more likely to develop CRC. However, more
studies are needed to examine the relationship of differ-
ent types of meat, methods of processing and quantity
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of consumption with the development of CRC. Several
studies have hypothesized a protective effect of a high-
fiber diet on colon carcinogenesis. [51, 52] In this study,
we found that consumption of foods rich in fiber such as
fruits and vegetables was associated with a decreased risk
of CRC. Our study suggests that adherence to diets rich
in fiber can help prevent CRC.

Alcohol consumption and smoking are established
risk factors for many types of cancers and have both
been shown to increase the risk of CRC in a dose-depen-
dent manner. [53] Similarly, our study demonstrated an
increased risk of CRC associated with alcohol consump-
tion and smoking. However, no studies from the African
continent has investigated the effect of dose and dura-
tion of tobacco smoking and alcohol consumption on
the development of CRC. Having a sedentary lifestyle
has also been implicated as a major risk factor for CRC
in recent studies. Physical activity is known to improve
immune system function, reduce inflammation, reduce
stress, optimize metabolic rate, help regulate hormone
level and prevent obesity and, as a result, help protect
against cancer development [1]. In our review, all studies
that investigated the association between regular exercise
and CRC reported an inverse relationship, suggesting the
benefits of regular exercise in this age of rapidly increas-
ing rates of CRC.

Despite our study providing information on high-risk
groups that can be targeted by disease prevention pro-
grams, other established risk factors of CRC such as
gender, diets low in calcium and vitamin D, diabetes mel-
litus, inflammatory bowel disease, and gut microbiota
were largely underreported in the included studies. In
addition, studies that examine non-traditional risk fac-
tors, occupational exposures, and exposures that occur
early in life are necessary to determine whether there are
exposures unique to recent cohorts that are driving the
increase of CRC in Africa.

Our study has several limitations. First, we included
only studies that were published in English, which makes
it possible that some non-English studies might have
been omitted. Secondly, despite there being a high degree
of heterogeneity in the risk estimates across studies for
the majority of risk factors, we were unable to explore
sources of this heterogeneity (including differences in
study design, study quality, or control for confounding)
because of an insufficient number of studies included
in each meta-analysis. Furthermore, the majority of
included studies were of modest quality, suggesting that
the results of this study could be biased and subject to
residual confounding. Similarly, our results on incidence
should be interpreted cautiously due to the high level of
heterogeneity. Third, because a limited number of studies
were available to include in each meta-analysis, it was dif-
ficult to determine whether publication bias was present
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with formal methods; therefore, publication bias cannot
be ruled out for any of the analyses. Lastly, only 17 out
of 54 African countries had publications included in this
review. There are several strengths of this study. First, our
estimates of ASIR are externally validated when com-
pared to GLOBOCAN data. Secondly, this is one of the
largest systematic reviews and meta-analyses of CRC in
Africa acknowledging the heterogeneity and regional dif-
ferences throughout the continent. Thirdly, this is one of
the first and most comprehensive analyses of risk factors
for the development of colorectal cancer in Africa. Lastly,
the DerSimonian and Laird method of random-effects
model accounts for the heterogeneity across the included
studies.

Conclusion

In conclusion, the incidence of CRC in Africa seems to
be on the rise, with the accuracy of estimates being ham-
pered by a lack of screening guidelines, a shortage of
diagnostic services, and a shortage of high-quality cancer
reporting systems such as population-based cancer regis-
tries. A family history of cancer, red meat and processed
consumption, alcohol consumption, smoking, and physi-
cal activity appear to be significant contributors to CRC
in Africa. High-quality studies conducted on generaliz-
able populations that comprehensively examine risk fac-
tors for CRC are required to inform initiatives aimed at
primary and secondary prevention against CRC in Africa.
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