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ABSTRACT
Objectives  To identify the risk factors for neonatal sepsis 
in Sub-Saharan Africa.
Design  Systematic review and meta-analysis.
Data sources  PubMed, Embase, Web of Science, African 
Index Medicus and ​ClinicalTrials.​gov were searched for 
observational studies from January 2010 to August 2020.
Setting  Sub-Saharan Africa, at all levels of healthcare 
facilities.
Participants  ‘Neonates’ (<28 days of age) at risk of 
developing either clinical and/or laboratory-dependent 
diagnosis of sepsis.
Outcome measures  Identification of any risk factors for 
neonatal sepsis.
Results  A total of 36 studies with 23 605 patients from 
secondary or tertiary level of care facilities in 10 countries 
were included. Six studies were rated as good quality, 8 
as fair and 22 as poor. Four studies were omitted in the 
meta-analysis due to insufficient data. The significant 
risk factors were resuscitation (OR 2.70, 95% CI 1.36 to 
5.35), low birth weight <1.5 kg (OR 3.37, 95% CI 1.59 to 
7.13) and 1.5–2.5 kg (OR 1.36, 95% CI 1.01 to 1.83), low 
Apgar score at the first minute (OR 3.69, 95% CI 2.34 to 
5.81) and fifth minute (OR 2.55, 95% CI 1.46 to 4.45), 
prematurity <37 weeks (OR 1.91, 95% CI 1.27 to 2.86), no 
crying at birth (OR 3.49, 95% CI 1.42 to 8.55), male sex 
(OR 1.30, 95% CI 1.01 to 1.67), prolonged labour (OR 1.57, 
95% CI 1.08 to 2.27), premature rupture of membranes 
(OR 2.15, 95% CI 1.34 to 3.47), multiple digital vaginal 
examinations (OR 2.22, 95% CI 1.27 to 3.89), meconium-
stained amniotic fluid (OR 2.72, 95% CI 1.58 to 4.69), 
intrapartum maternal fever (OR 2.28, 95% CI 1.18 to 4.39), 
foul-smelling vaginal discharge (OR 3.31, 95% CI 2.16 to 
5.09) and low socioeconomic status (OR 1.93, 95% CI 1.11 
to 3.35). We found considerable heterogeneity in the meta-
analysis of 11 out of 15 identified risk factors.
Conclusion  Multiple risk factors for neonatal sepsis in 
Sub-Saharan Africa were identified. We revealed risk 
factors not listed by the WHO guidelines. The included 
studies overall had high risk of bias and high heterogeneity 
and thus, additional research of high quality is needed.
PROSPERO registration number  CRD42020191067.

INTRODUCTION
The Millennium Development Goals from 
1990 identified newborn health as a key 
priority for global development.1 The global 

neonatal mortality rate has decreased by 37%, 
from 33 to 21 deaths per 1000 live births since 
then.2 In 2016, the Sustainable Development 
Goals (SDGs) were announced.3 SDG goal 3 
aims to ensure healthy lives and promote well-
being for all at all ages, and includes subtarget 
3.2: by 2030, to end preventable deaths of 
newborns and children under 5 years of age, 
with all countries aiming to reduce neonatal 
mortality to at least 12 per 1000 live births and 
under-5 mortality to at least as low as 25 per 
1000 live births.3 However, today a child born 
in Sub-Saharan Africa is still 10 times more 
likely to die in the first month compared 
with a child born in a high-income country.4 
In 2018, 2.5 million children died within 
the first 28 days of life globally.4 In the same 
year, countries in Sub-Saharan Africa had the 
highest mortality, with 28 neonatal deaths per 
1000 live births.2 4

The majority of the 2.5 million neonatal 
deaths in 2018 worldwide can be divided 
into three main causes, each contributing 
approximately one-third to neonatal deaths: 
infections, intrapartum asphyxia and 
preterm birth complications.2 5 However, the 
causes of neonatal death vary among coun-
tries and regions.5 In countries with high 
neonatal mortality, almost 50% of deaths are 
due to severe infection with sepsis, making 
sepsis a leading cause of admissions and 
deaths in neonatal units in low-income and 
middle-income countries (LMICs).5 6 The 

STRENGTHS AND LIMITATIONS OF THIS STUDY
	⇒ This systematic review and meta-analysis has a 
high number of included studies (36) as well as a 
large sample size (23 605 neonates).

	⇒ This systematic review has a broad search strategy, 
with a meta-analysis performed on 33 risk factors.

	⇒ Heterogeneity in the study design of the included 
studies is a limitation.

	⇒ The overall high risk of bias in the included studies 
is a limitation.

 on S
eptem

ber 29, 2023 by guest. P
rotected by copyright.

http://bm
jopen.bm

j.com
/

B
M

J O
pen: first published as 10.1136/bm

jopen-2021-054491 on 1 S
eptem

ber 2022. D
ow

nloaded from
 

 on S
eptem

ber 29, 2023 by guest. P
rotected by copyright.

http://bm
jopen.bm

j.com
/

B
M

J O
pen: first published as 10.1136/bm

jopen-2021-054491 on 1 S
eptem

ber 2022. D
ow

nloaded from
 

 on S
eptem

ber 29, 2023 by guest. P
rotected by copyright.

http://bm
jopen.bm

j.com
/

B
M

J O
pen: first published as 10.1136/bm

jopen-2021-054491 on 1 S
eptem

ber 2022. D
ow

nloaded from
 

 on S
eptem

ber 29, 2023 by guest. P
rotected by copyright.

http://bm
jopen.bm

j.com
/

B
M

J O
pen: first published as 10.1136/bm

jopen-2021-054491 on 1 S
eptem

ber 2022. D
ow

nloaded from
 

 on S
eptem

ber 29, 2023 by guest. P
rotected by copyright.

http://bm
jopen.bm

j.com
/

B
M

J O
pen: first published as 10.1136/bm

jopen-2021-054491 on 1 S
eptem

ber 2022. D
ow

nloaded from
 

 on S
eptem

ber 29, 2023 by guest. P
rotected by copyright.

http://bm
jopen.bm

j.com
/

B
M

J O
pen: first published as 10.1136/bm

jopen-2021-054491 on 1 S
eptem

ber 2022. D
ow

nloaded from
 

 on S
eptem

ber 29, 2023 by guest. P
rotected by copyright.

http://bm
jopen.bm

j.com
/

B
M

J O
pen: first published as 10.1136/bm

jopen-2021-054491 on 1 S
eptem

ber 2022. D
ow

nloaded from
 

 on S
eptem

ber 29, 2023 by guest. P
rotected by copyright.

http://bm
jopen.bm

j.com
/

B
M

J O
pen: first published as 10.1136/bm

jopen-2021-054491 on 1 S
eptem

ber 2022. D
ow

nloaded from
 

 on S
eptem

ber 29, 2023 by guest. P
rotected by copyright.

http://bm
jopen.bm

j.com
/

B
M

J O
pen: first published as 10.1136/bm

jopen-2021-054491 on 1 S
eptem

ber 2022. D
ow

nloaded from
 

 on S
eptem

ber 29, 2023 by guest. P
rotected by copyright.

http://bm
jopen.bm

j.com
/

B
M

J O
pen: first published as 10.1136/bm

jopen-2021-054491 on 1 S
eptem

ber 2022. D
ow

nloaded from
 

 on S
eptem

ber 29, 2023 by guest. P
rotected by copyright.

http://bm
jopen.bm

j.com
/

B
M

J O
pen: first published as 10.1136/bm

jopen-2021-054491 on 1 S
eptem

ber 2022. D
ow

nloaded from
 

 on S
eptem

ber 29, 2023 by guest. P
rotected by copyright.

http://bm
jopen.bm

j.com
/

B
M

J O
pen: first published as 10.1136/bm

jopen-2021-054491 on 1 S
eptem

ber 2022. D
ow

nloaded from
 

 on S
eptem

ber 29, 2023 by guest. P
rotected by copyright.

http://bm
jopen.bm

j.com
/

B
M

J O
pen: first published as 10.1136/bm

jopen-2021-054491 on 1 S
eptem

ber 2022. D
ow

nloaded from
 

 on S
eptem

ber 29, 2023 by guest. P
rotected by copyright.

http://bm
jopen.bm

j.com
/

B
M

J O
pen: first published as 10.1136/bm

jopen-2021-054491 on 1 S
eptem

ber 2022. D
ow

nloaded from
 

 on S
eptem

ber 29, 2023 by guest. P
rotected by copyright.

http://bm
jopen.bm

j.com
/

B
M

J O
pen: first published as 10.1136/bm

jopen-2021-054491 on 1 S
eptem

ber 2022. D
ow

nloaded from
 

 on S
eptem

ber 29, 2023 by guest. P
rotected by copyright.

http://bm
jopen.bm

j.com
/

B
M

J O
pen: first published as 10.1136/bm

jopen-2021-054491 on 1 S
eptem

ber 2022. D
ow

nloaded from
 

 on S
eptem

ber 29, 2023 by guest. P
rotected by copyright.

http://bm
jopen.bm

j.com
/

B
M

J O
pen: first published as 10.1136/bm

jopen-2021-054491 on 1 S
eptem

ber 2022. D
ow

nloaded from
 

 on S
eptem

ber 29, 2023 by guest. P
rotected by copyright.

http://bm
jopen.bm

j.com
/

B
M

J O
pen: first published as 10.1136/bm

jopen-2021-054491 on 1 S
eptem

ber 2022. D
ow

nloaded from
 

 on S
eptem

ber 29, 2023 by guest. P
rotected by copyright.

http://bm
jopen.bm

j.com
/

B
M

J O
pen: first published as 10.1136/bm

jopen-2021-054491 on 1 S
eptem

ber 2022. D
ow

nloaded from
 

 on S
eptem

ber 29, 2023 by guest. P
rotected by copyright.

http://bm
jopen.bm

j.com
/

B
M

J O
pen: first published as 10.1136/bm

jopen-2021-054491 on 1 S
eptem

ber 2022. D
ow

nloaded from
 

http://bmjopen.bmj.com/
http://orcid.org/0000-0001-9093-6600
http://orcid.org/0000-0003-0510-9753
http://dx.doi.org/10.1136/bmjopen-2021-054491
http://dx.doi.org/10.1136/bmjopen-2021-054491
http://crossmark.crossref.org/dialog/?doi=10.1136/bmjopen-2021-054491&domain=pdf&date_stamp=2022-09-01
http://bmjopen.bmj.com/
http://bmjopen.bmj.com/
http://bmjopen.bmj.com/
http://bmjopen.bmj.com/
http://bmjopen.bmj.com/
http://bmjopen.bmj.com/
http://bmjopen.bmj.com/
http://bmjopen.bmj.com/
http://bmjopen.bmj.com/
http://bmjopen.bmj.com/
http://bmjopen.bmj.com/
http://bmjopen.bmj.com/
http://bmjopen.bmj.com/
http://bmjopen.bmj.com/
http://bmjopen.bmj.com/
http://bmjopen.bmj.com/
http://bmjopen.bmj.com/
http://bmjopen.bmj.com/
http://bmjopen.bmj.com/
http://bmjopen.bmj.com/


2 Bech CM, et al. BMJ Open 2022;12:e054491. doi:10.1136/bmjopen-2021-054491

Open access�

Sub-Saharan African region includes some of the highest 
rates of neonatal mortality due to neonatal sepsis, yet 
prevention strategies are and remain unsatisfactory.7 
Improved understanding of the underlying causes of 
neonatal sepsis is necessary to optimise prevention and 
management guidelines. Evidence from reviews of risk 
factors has been used globally to guide the development 
of management guidelines and prevention strategies for 
neonatal sepsis.8 The WHO recommends prophylactic 
antibiotics to newborns within 48 hours after delivery 
if membranes ruptured >18 hours before delivery, the 
mother had fever >38°C before delivery or during labour, 
or the amniotic fluid was foul-smelling or purulent.9 
However, there might be discrepancies in the risk factors 
in different parts of the world. In a paper from 2020 on 
neonatal mortality, the authors conclude that there is a 
need to develop clinical guidelines for prevention and 
management of neonatal sepsis that are specific to the 
Sub-Saharan African context.10

Multiple studies aiming to identify the risk factors for 
neonatal sepsis have been performed in Sub-Saharan 
Africa during the last 10 years. With this systematic review 
and meta-analysis, we aim to provide quality evidence to 
identify the risk factors for neonatal sepsis in Sub-Saharan 
Africa. To the best of our knowledge, this is the first 
systematic review and meta-analysis to address neonatal 
risk factors for sepsis in the Sub-Saharan African context.

METHODS AND MATERIALS
This systematic review with meta-analysis has been 
reported in accordance with the ‘Preferred Reporting 
Items for Systematic reviews and Meta-analysis’ guide-
lines (online supplemental appendix 1).11 A protocol 
(online supplemental appendix 2) was developed for 
our review in accordance with the ‘Preferred Reporting 
Items for Systematic reviews and Meta-analysis protocols’ 
guidelines.12 It was registered on 12 July 2020 with the 
‘International prospective register of systematic reviews 
PROSPERO’ (ID: CRD42020191067), which can be 
accessed on its website (https://www.crd.york.ac.uk/​
prospero/display_record.php?ID=CRD42020191067).

Search strategy and selection criteria
A comprehensive search strategy including all possible 
risk factors for neonatal sepsis in Sub-Saharan Africa 
was developed in cooperation with subject experts and 
an information scientist. Free text and database-specific 
subject headings were included. Publication date was 
restricted to 1 January 2010–7 August 2020 and language 
was restricted to English. A search strategy was first devel-
oped for PubMed (online supplemental appendix 3) and 
subsequently adapted in other databases.

One author (CMB) searched PubMed, Embase, Web of 
Science (Clarivate Analytics) and African Index Medicus 
(accessed through the WHO) for published materials. ​
ClinicalTrials.​gov was searched for ongoing trials (grey 
literature). Additionally, the reference lists of the included 

studies were screened for potentially relevant studies. 
Systematic reviews and literature reviews were excluded 
from this systematic review, but the reference lists of these 
were screened as well. The authors of published abstracts 
were furthermore contacted to identify the full studies.

The following were the inclusion criteria:
	► Neonates (<28 days of age) with sepsis,4 that is, septi-

caemia/sepsis, pneumonia, meningitis, osteomyelitis, 
arthritis, urinary tract infections, malaria and candid-
iasis. Sepsis could be either clinical or laboratory-
dependent diagnosis.

	► Reported on one or more risk factor for neonatal 
sepsis.

	► Observational prospective and/or retrospective 
analytical design, reporting on two outcome groups: 
one with sepsis and one without sepsis.

	► For inclusion in the meta-analysis, studies had to 
present quantitative data on the two above-mentioned 
outcome groups and the risk factors had to be 
reported on in at least three studies or found to be 
significant factors in at least two studies.

Data extraction
One author (CMB) screened the studies in Covidence (​
www.covidence.com) in the title stage. Two authors inde-
pendently performed abstract screening and full-text study 
selection, where both authors had to approve the inclusion 
of the study in the systematic review. Disagreements during 
full-text study selection were resolved by discussion and 
consensus was reached in the presence of senior authors 
(AP and SL). If needed data were missing (eg, full article 
or raw data for meta-analysis), the authors were contacted 
in order to obtain the data. A predesigned extraction 
tool, specific to this review, was developed in Excel. This 
tool included study identification, location, study period, 
setting, definition of a neonate, definition of early-onset 
and late-onset neonatal sepsis (EONS and LONS), study 
design, sample size associated with risk factors, risk factors 
examined (neonatal and/or maternal), and limitations in 
relation to our review’s objective (eg, studies only exam-
ining risk factors for EONS). Only unadjusted/‘raw’ data 
were pooled in the meta-analysis.

Quality assessment
Two authors (CMB and CNS) independently performed 
quality assessment of the included studies using the 
National Heart, Lung, and Blood Institute’s (NHLBI) 
‘Quality Assessment of Case-Control Studies’ and ‘Quality 
Assessment Tool for Observational Cohort and Cross-
Sectional Studies’.13 14 If the study design was unclear/
poorly reported but the study reported data with a 
comparison group, we classified the study design as either 
‘prospective’ (data collected when the neonate was in the 
neonatal unit) or ‘retrospective’ (data collected after the 
neonate had been discharged from the neonatal unit). 
We assessed each study on its own based on the details 
reported and considered the concepts for minimising the 
risk of bias. Discrepancies were resolved by discussion and 
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consensus in the presence of senior authors (CHH, AP 
and SL) for all the above procedures. Covidence iden-
tified duplicate data and the duplicates were manually 
checked by CNS.

Statistical analysis
For the meta-analysis, a forest plot was created according 
to a random effects model. We chose the random effects 
model over the fixed effects model because it accounts 
for variations between studies, which we expected due 
to significant differences in the methodology, design of 
the studies as well as the different healthcare resources.15 
ORs with 95% CIs were presented in the meta-analysis for 
dichotomous data (eg, sepsis vs no sepsis). The degree 
of heterogeneity across studies was determined using the 
I-test, with I2 values of 25% or less, 25%–75% and 75% 
or greater representing low, moderate and high incon-
sistency, respectively. P<0.05 was considered statistically 
significant. All statistical calculations were performed 
with the assistance of a statistician using Review Manager 
(V.5.4.1; The Cochrane Collaboration).

Patient and public involvement
To our experience from different settings in Sub-Saharan 
Africa, it is an important issue for the quality of patient 
treatment to follow guidelines and therefore to have rele-
vant, updated guidelines for health workers to follow. This 
is what the research question of this study is based on. As 
it is a systematic review, there are no direct study partici-
pants, but we will disseminate the results on international 
conferences and to WHO and other stakeholders.

RESULTS
A total of 6168 titles were screened after excluding 2674 
duplicate records. Of these, 6083 were excluded based on 
screening of abstracts. The remaining 85 studies under-
went full-text assessment for eligibility. Five of these were 
only available as an abstract online and we requested full 
text from the authors but only one author replied. Thir-
ty-six full texts met the inclusion criteria of our review after 
discussion with senior authors and reaching consensus. 
Reasons for exclusion of 49 full-text records were other 
focus of study design (eg, not examining risk factors for 
sepsis) (n=8), wrong patient population/not neonates/
no subgroup analysis (n=15), other outcomes/no risk 
factors studied (n=16), location not according to the 
protocol setting (eg, not in Sub-Saharan Africa or not in 
a hospital) (n=4), no full text (n=5) and duplicate (n=1). 
All included studies were published in peer-reviewed jour-
nals. The study selection process is illustrated in figure 1.

All the 36 included studies were of observational 
study design. Twenty-eight studies were prospective (five 
cohort, six case–control, eleven cross-sectional studies 
and six studies of unclear/mixed unspecified design), 
seven were retrospective (three case–control studies, 
three cross-sectional studies and one study of unspec-
ified design) and one was combined prospective and 

retrospective. The total sample size was 23 605 neonates 
(range: 10016–812917 18), and of these 4014 were diag-
nosed with sepsis. Ten studies reported the use of clinical 
guidelines for defining/diagnosing neonatal sepsis, while 
26 studies required laboratory testing (eg, positive blood 
culture or haematological criteria) to establish the diag-
nosis of neonatal sepsis. All studies were conducted in 
secondary or tertiary level of care hospitals. The included 
studies were conducted in 10 different Sub-Saharan 
African countries, with majority of the studies conducted 
in Nigeria (n=10) and Ethiopia (n=10) (figure  2). The 
minimum study duration was 32 days19 and the maximum 
was 7 years and 6 months.20

Some of the included studies had a narrowed approach; 
for example, some studies only examined one or a few 
risk factors, and some studies only examined a narrowed 
population (ie, babies born before arrival). There were 
variations in defining EONS and LONS, with EONS 
ranging from 48 hours to 7 days. The characteristics of 
the included studies are provided in table 1.

According to the the NHLBI quality assessment, 6 
studies were rated as good, 8 were rated as fair and 22 were 
rated as poor (online supplemental appendix 4, table 1). 
No studies were excluded after quality assessment.

Risk factors were classified as neonatal, maternal or 
sociodemographic factors in our review. A total of 60 risk 
factors were reported. Twenty-seven studies examined 
both neonatal and maternal risk factors.

Meta-analysis
Thirty-two studies were included in the meta-analysis 
(n=22 731 neonates). For each risk factor, a meta-analysis 
with adjacent forest plot was performed (not shown). 
The number of studies and patients in the meta-analysis 
ranged from 3 studies and 832 patients to 21 studies with 
14245 patients. The 33 examined risk factors are provided 
in table 2.

Four studies6 20–22 did not provide sufficient data 
needed to conduct meta-analysis and we did not obtain 
these data after contacting the authors. These studies 
were therefore not included in the meta-analysis. Further-
more, some studies did not provide sufficient data for all 
of the examined risk factors in the studies.

The following neonatal risk factors were found 
significant1:

	► Resuscitation at birth (12 studies and 3363 patients) 
increased the risk of sepsis (OR 2.70, 95% CI 1.36 to 
5.35), but with a considerable I2 (92%).

	► Birth weight <1.5 kg (7 studies, 10 482 patients) 
increased the risk of sepsis (OR 3.37, 95% CI 1.59 to 
7.13), but with a considerable I2 (83%).

	► Birth weight 1.5–2.5 kg (16 studies and 5151 patients) 
increased the risk of sepsis (OR 1.36, 95% CI 1.01 to 
1.83), but with a considerable I2 (76%).

	► Low Apgar score at the first minute (7 studies and 
2647 patients) increased the risk of sepsis (OR 3.69, 
95% CI 2.34 to 5.81), but with a considerable I2 (77%).
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	► Low Apgar score at the fifth minute (12 studies 
and 4185 patients) increased the risk of sepsis (OR 
2.55, 95% CI 1.46 to 4.45), but with a considerable 
I2 (90%).

	► Prematurity <37 weeks (21 studies and 14 245 patients) 
increased the risk of sepsis (OR 1.91, 95% CI 1.27 to 
2.86), but with a considerable I2 (90%).

	► No crying after birth (7 studies and 2772 patients) 
increased the risk of sepsis (OR 3.49, 95% CI 1.42 to 
8.55), but with a considerable I2 (92%).

	► Male sex (18 studies and 4984 patients) increased the 
risk of sepsis (OR 1.30, 95% CI 1.01 to 1.67), but with 
a moderate I2 (73%).

The following maternal risk factors were significant:
	► Prolonged labour (11 studies and 11 190 patients) 

increased the risk of sepsis (OR 1.57, 95% CI 1.08 to 
2.27), but with a moderate I2 (73%).

	► Premature rupture of membranes (PROM) (18 
studies and 5620 patients) increased the risk of sepsis 

Figure 1  PRISMA 2009 flow diagram. PRISMA, Preferred Reporting Items for Systematic Reviews and Meta-Analysis.
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(OR 2.15, 95% CI 1.34 to 3.47), but with a consider-
able I2 (88%).

	► Multiple digital vaginal examinations (3 studies 
and 8684 patients) increased the risk of sepsis (OR 
2.22, 95% CI 1.27 to 3.89), but with a considerable 
I2 (79%).

	► Meconium-stained amniotic fluid (8 studies and 
10 108 patients) increased the risk of sepsis (OR 
2.72, 95% CI 1.58 to 4.69), but with a considerable 
I2 (84%).

	► Intrapartum fever (10 studies and 2966 patients) 
increased the risk of sepsis (OR 2.28, 95% CI 1.18 to 
4.39), but with a considerable I2 (84%).

	► Foul-smelling vaginal discharge (4 studies and 1318 
patients) increased the risk of sepsis (OR 3.31, 95% CI 
2.16 to 5.09), with no I2 heterogeneity.

The following sociodemographic risk factor was 
significant:

	► Low socioeconomic status (3 studies and 832 patients) 
increased the risk of sepsis (OR 1.93, 95% CI 1.11 to 
3.35), but with a moderate I2 (62%).

Figure 2  Location of the studies.
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The meta-analysis and forest plots of the four risk factors 
with the highest OR for neonatal sepsis are provided 
in figure  3. The Mantel-Haenszel (M-H) formula was 
used for the analysis. We explored post-hoc for poten-
tial causes of heterogeneity via subgroup analyses in the 
meta-analysis with substantial heterogeneity (I2 >75%), 
but country, design (retrospective vs prospective design), 

quality of study and publication year did not indicate a 
significant difference.

DISCUSSION
It is of importance to prevent neonatal sepsis in order to 
reduce neonatal mortality to at least as low as 12 per 1000 

Figure 3  Meta-analysis and forest plots of the four risk factors with the highest OR for neonatal sepsis.
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live births in 2030, as specified by the SDG. One step is to 
identify the risk factors for neonatal sepsis. In this system-
atic review and meta-analysis, we found that the signifi-
cant risk factors for neonatal sepsis in Sub-Saharan Africa 
were resuscitation at birth, low birth weight (<1.5 kg and 
1.5–2.5 kg), low Apgar score at the first and fifth minute, 
prematurity <37 weeks, no crying right after birth, male 
sex, prolonged labour, PROM, multiple digital vaginal 
examinations, meconium-stained amniotic fluid, intra-
partum maternal fever, foul-smelling vaginal discharge 
and low socioeconomic status. Male sex was found to be 
a significant risk factor in the meta-analysis, even though 
only 1 of the 23 studies which examined the association 
found male sex to be a risk factor (table 2).

Our findings are to some extent in line with a litera-
ture review from 2009 on the risk factors for maternal 
sepsis and EONS in Sub-Saharan Africa, where the most 
common risk factors for EONS were identified as prema-
turity, PROM, maternal fever, low birth weight and diffi-
culties at delivery (obstructed labour or birth asphyxia).7 
Our review and meta-analysis furthermore identified 
resuscitation at birth, low Apgar score at the first and fifth 
minute, no crying right after birth, male sex, prolonged 
labour, multiple digital vaginal examinations, meconium-
stained amniotic fluid, foul-smelling vaginal discharge 
and low socioeconomic status as risk factors. However, we 
did not find birth asphyxia to be a risk factor. The review 
from 2009 examined the risk factors for EONS only, 
whereas our review and meta-analysis examined the risk 
factors for both EONS and LONS. EONS is more likely 
to reflect vertically acquired infections from the maternal 
genital tract and consequently has a different aetiology 
than LONS, different risk factors and potentially different 
means of prevention.7 Not all the included studies in our 
review and meta-analysis differentiate between EONS 
and LONS and there is no universal consensus on the 
definitions.

When comparing our findings with a systematic review 
and meta-analysis of risk factors for neonatal sepsis in 
India from 2019, we also find that these are to some 
extent in line. The review from India found that male 
gender, outborn admission, need for artificial ventila-
tion, birth weight, delivery <37 weeks of gestation and 
PROM were risk factors for neonatal sepsis.8 Our review 
and meta-analysis furthermore identified low Apgar score 
at the first and fifth minute, no crying right after birth, 
prolonged labour, multiple digital vaginal examinations, 
meconium-stained amniotic fluid, intrapartum maternal 
fever, foul-smelling vaginal discharge and low socioeco-
nomic status as risk factors. In our meta-analysis we did 
not find outborn admission to be a risk factor. The differ-
ences between our findings and the findings from India 
could indicate different risk factors in the two settings, 
but it could also partly be due to structural differences 
in the studies included. The Indian review included 
13 studies with the diagnosis of neonatal sepsis based 
on laboratory testing, whereas our review included 36 
studies, with 26 studies based on a laboratory-dependent 

diagnosis of neonatal sepsis and the remaining 10 studies 
based on clinical diagnosis. Data from studies that used 
clinical criteria exclusively to diagnose neonatal sepsis 
were included in our review and meta-analysis due to 
the fact that not all hospitals in Sub-Saharan Africa have 
access to validate the sepsis diagnosis with laboratory 
testing. Furthermore, the studies from the Indian review 
were solely from hospitals in urban settings, whereas the 
studies included in this review were conducted at both 
rural and urban hospitals. Risk factors for neonatal sepsis 
might be different in urban and rural settings.

Our findings add multiple risk factors to the risk factors 
identified in the WHO’s universal guidelines. In our meta-
analysis we identify resuscitation at birth, low birth weight 
(<1.5 kg and 1.5–2.5 kg), low Apgar score at the first and 
fifth minute, prematurity <37 weeks, no crying right 
after birth, male sex, prolonged labour, multiple digital 
vaginal examinations, meconium-stained amniotic fluid 
and low socioeconomic status as significant risk factors 
for neonatal sepsis, none of which are mentioned in the 
WHO guidelines. However, further research is needed to 
confirm our findings and they do not necessarily imply 
expansion of the WHO criteria for prophylactic antibi-
otics. That is, in our meta-analysis, male sex is a risk factor, 
but we do not suggest treating all male children with 
prophylactic antibiotics. If more risk factors were to be 
treated with prophylactic antibiotics, the risk of overtreat-
ment should be kept in mind since it could lead to high 
medical cost and use of resources and increased antibi-
otic resistance.23 Alternative preventive strategies, such as 
in-hospital observation of the newborn and measurement 
of C-reactive protein (CRP), are used in high-income 
countries and could be feasible in some LMICs but also 
challenging, for example, due to lack of resources. Future 
research should focus on identifying the risk factors quali-
fying for preventive measures.

This systematic review and meta-analysis has several 
strengths and limitations. The broad search strategy 
and the combination of global and regional databases 
reduced the risk of missing relevant regional studies and 
ensured that the evidence in this review was derived from 
different countries and different hospital settings. The 
relatively high number of included studies is a strength. 
However, the geographics of the included studies make 
our findings not necessarily generalisable; Ethiopia 
and Nigeria together accounted for more than 50% of 
the included studies and many Sub-Saharan countries 
are not represented in this review. Furthermore, the 
countries in Sub-Saharan Africa differ in the level of 
hospital expertise, hygiene and medical tools, as well as 
in climate, diseases and bacteria, limiting the generalis-
ability of the review findings. Another limitation is that 
the studies were heterogeneous; some were based on a 
clinical diagnosis of sepsis, some laboratory-dependent, 
some only examined limited populations, some were 
retrospective and some were prospective. The studies 
were also heterogeneous in regard to which risk factors 
to investigate (table 2). This heterogeneity makes them 
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not perfectly comparable and is thus a limitation. The 
English language restriction is also a possible risk of bias 
and is a limitation. Africa has 29 francophone countries 
and it could be presumed that we could have missed rele-
vant studies written in French. However, a quick search 
in PubMed with language restricted to French showed 
105 studies, of which none was relevant to this review 
based on their English abstracts. The greatest limitation 
of this systematic review and meta-analysis is the overall 
poor quality of the included studies. The study designs 
used for risk factor analysis (eg, cross-sectional studies) 
differ from experimental designs and are more prone to 
bias.24 Furthermore, multiple studies found some factors 
to be significant risk factors for neonatal sepsis, but 
when looking at the data, we found that the factors were 
protecting factors. Despite email correspondence with 
the authors, agreement was not obtained.

This systematic review and meta-analysis found multiple 
risk factors for neonatal sepsis in Sub-Saharan Africa, 
many of which are not on the WHO’s recommenda-
tions for prophylactic antibiotics. It has previously been 
emphasised that there is a need to develop clinical guide-
lines for prevention and treatment of neonatal sepsis that 
are specific to the Sub-Saharan African context10 and our 
review supports this notion. However, even though there 
are already multiple studies on risk factors for neonatal 
sepsis in Sub-Saharan Africa, there is a need for research of 
higher quality in the future as well as research in different 
settings in order to make presumptions, generalise on the 
topic or make multinational recommendations for clin-
ical practice. National guidelines for Sub-Saharan African 
countries might also be beneficial due to differences in 
risk factors and bacterial agents among the countries. If 
new guidelines are to be developed, the challenges to 
implementation and resources should be kept in mind. 
There are still too many preventable neonatal deaths in 
LMICs, but with new preventive guidelines it might be 
possible to save thousands of lives.
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Administrative information 

 

Registration 
When completed, this protocol will be registered in PROSPERO, an International prospective register 

of systematic reviews [1]. 

 

Authors 
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Christina Nadia Christofferson (CC): Study design, protocol revision, data collection, management, 

analysis and interpretation and manuscript revision.  
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Anja Poulsen (AP): Study design, revising protocol, data validation and interpretation, manuscript 

revision, supervision 

Stine Lund (SL): Study design, revising protocol, data interpretation, manuscript revision, 
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Amendments  

This is the first draft of the protocol. 

Introduction  

 

Rationale  
Globally 2.9 million children die within the first 28 days of life every year. Recent data of neonatal 

mortality show that countries in Sub-Saharan Africa had the highest mortality with 28 neonatal deaths 

per 1,000 live births in 2018 [2, 3]. Since 1990, the global neonatal mortality rate has decreased by 

37%, from 33 to 21 deaths per 1,000 livebirths, but this reduction is lacking behind compared to a 

reduction greater than 50% for mortality rates among children aged 1–59 months [2]. Today a child 

born in Sub-Saharan Africa is still 10 times more likely to die in the first month than a child born in 

a high-income country [3].  

The majority of the 2.9 million annual neonatal deaths worldwide can be divided into three main 

causes, which contributes to approximately one third each: Infections, intrapartum asphyxia and 

preterm birth complications [2, 4]. However, the distribution of causes in neonatal death varies 

between countries, correlating with the degree of neonatal mortality, and in very high-mortality 

countries almost 50% of the deaths are due to severe infection with sepsis [4]. There is to our 

knowledge until now no systematic review done on risk factors of neonatal sepsis in Sub-Saharan 

Africa. In 2019, Murthy et al. conducted a systematic review on risk factors of neonatal sepsis in 

India, but it is uncertain, if the risk factors are the same in the two different settings [5].  

BMJ Publishing Group Limited (BMJ) disclaims all liability and responsibility arising from any reliance
Supplemental material placed on this supplemental material which has been supplied by the author(s) BMJ Open

 doi: 10.1136/bmjopen-2021-054491:e054491. 12 2022;BMJ Open, et al. Bech CM



Objective  

The aim of this systematic review is to identify and assess the evidence on risk factors of neonatal 

sepsis in Sub-Saharan Africa.  

 

Review question 

What are the main risk factors of neonatal sepsis in Sub-Saharan Africa?  

 

Methods  

This protocol is developed in accordance with “Preferred Reporting Items for Systematic reviews and 

Meta-analysis Protocols (PRISMA-P)”, PICO guidelines and the book Finding What Works in Health 

Care: Standards for Systematic Reviews  [6-8]. 

 

Eligibility criteria  

Type of participants: We will use WHO’s definition of neonates as infants under 28 days of age 

[9]. We are also going to include studies on children “up to 28 days of age”. It is not necessary for 

the studies to have the exact definition on neonates in order to be included in the systematic review. 

If a study states the study population as “neonates” or “newborns”, and if it is not in the study defined 

differently than above, they will be included. We will also include studies with a study population of 

“infants” or “under-five” or “child/children” specified, but only if the study include a 

note/section/subgroup of neonatal age group. 

Type of disease: The term neonatal sepsis is used to designate a systemic condition of bacterial, viral, 

or fungal (yeast) origin that is associated with haemodynamic changes and other clinical 

manifestations and results in substantial morbidity and mortality [10]. There is until today no 

consensus definition of neonatal sepsis [10, 11]. In high income countries it is golden standard to take 

a blood culture from a neonate with sign of sepsis in order to identify and characterize the antibiotic 

sensitivities of the cultured pathogens [12]. Not all rural hospitals in Sub-Saharan Africa have access 

to validate the sepsis diagnose with microbiology testing. Therefore, we will include studies regarding 

clinically diagnosed neonatal sepsis. The signs of clinically diagnosed neonatal sepsis are many and 

diverse, and so are the possible primary infections leading to systemic infection (sepsis) [10]. We 

have considered studies conducted on neonatal sepsis for our review, which included the following 

systemic infections: neonatal septicaemia/sepsis, pneumonia, meningitis, osteomyelitis, arthritis and 

urinary tract infections.   

Type of setting: We will include studies conducted in hospitals in Sub-Saharan Africa.   

  

Outcome of our review: The outcome of our review is risk factors of neonatal sepsis. Studies in 

neonates, which reports on risk factors of sepsis (one risk factor or more) are eligible for inclusion.  
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Report characteristics: Studies dating back to year 2010 until now (June 2020) will be included. The 

reason for this time span is the before mentioned decrease in neonatal deaths. The significant decrease 

in neonatal deaths can be assumed to correlate with a change in risk factors associated with neonatal 

death, and thus a change in risk factors associated with neonatal sepsis. We want to examine the 

current risk factors of neonatal sepsis in Sub-Saharan Africa.  

 

We will search for grey literature; thus, the studies do not need to be published to be eligible for 

inclusion. We will only include articles/study reports written in English.   
 

Information source 

We will search for literature in the databases PubMed, Embase, ISI Web of Science. We will 

furthermore look for grey literature in the form of not published material at clinicaltrials.gov as well 

as by going through the references of the articles found in our search. If we find it necessary, we will 

contact study authors in an attempt to obtain missing information or gain clarity of information on 

methodology (e.g case definition and study setting) and outcomes. If the author’s reply is inadequate 

or we do not receive a reply, we will exclude that study from the review.  

 

Search Strategy 

A search strategy including all possible risk factors for neonatal sepsis in Sub-Saharan Africa was 

developed after looking at the search strategy for the systematic review of risk factors of neonatal 

sepsis in India performed by Murthy et al. [5] and in consultation with information scientist and 

subject experts. A time restriction was applied from January 2010 until December 2020 and a 

language restriction was applied with english as the language. A search strategy was first developed 

for PubMed and subsequently adapted for the other databases. The search strategy for PubMed is 

shown below.  
 

  

Search in Pubmed/medline the 04
th

 

of June 2020 

Search word Number of hits 

 

Neonatal  

(((("Infant, Newborn"[Mesh]) OR 
"Neonatology"[Mesh])) OR 

((infant*[Text Word] OR 

newborn*[Text Word] OR 

neonate*[Text Word] OR 

neonatal*[Text Word] OR 

toddler*[Text Word] OR baby[Text 

Word] OR babies[Text Word] OR 

paediatric[Text Word] OR 

pediatric[Text Word])))) 

 

 

Sepsis 

AND ((((((((((((("Sepsis"[Mesh]) 

OR "Meningitis"[Mesh]) OR 

"Encephalitis"[Mesh]) OR 

"Arthritis"[Mesh]) OR 

"Osteomyelitis"[Mesh]) OR 

"Urinary Tract Infections"[Mesh])) 

OR ((septicaemia[Text Word] OR 
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sepsis[Text Word] OR 

septicemia[Text Word] OR 

pneumoni*[Text Word] OR 

meningitis[Text Word] OR 

meningoencephalitis[Text Word] OR 

encephalitis[Text Word] OR bone 

infection*[Text Word] OR 

arthritis[Text Word] OR 

osteomyelitis[Text Word] OR 

urinary tract infection*[Text Word] 

OR urethritis[Text Word] OR 

cystitis[Text Word] OR 

bacteriuria[Text Word] OR 

bacteremia[Text Word] OR 

pyogen*[Text Word] OR 

epididymitis[Text Word] OR 

prostatits[Text Word] OR 

"vesicoureteral reflux"[Text Word] 

OR pyuria[Text Word] OR 

trigonitis[Text Word] OR 

pyelonephritis[Text Word] OR 

pyonephrosis[Text Word] OR 

hydronephrosis[Text Word] OR 

urinary infection*[Text Word] OR 

"lung infection"[Text Word] OR 

respiratory tract infection*[Text 

Word] OR blood infection*[Text 

Word] OR brain infection*[Text 

Word] OR joint infection*[Text 

Word] OR malaria[Text Word]))))  

 

Risk factors 

 (((((("Risk"[Mesh]) OR 

"Causality"[Mesh]) OR 

"Association"[Mesh])) OR (("Risk" 

OR "Causality" OR "Association" 

OR determinant* OR predictor* OR 

causal OR association OR "odds 

ratio"))) OR "Odds Ratio"[Mesh])) 

 

 

Sub-Saharan Africa 

AND ((("Africa South of the 

Sahara"[Mesh]) OR 

((Cameroon[Text Word] OR 

“Central African Republic”[Text 

Word] OR Chad[Text Word] OR 
Congo[Text Word] OR ”Democratic 

Republic of the Congo”[Text Word] 

OR ”Equatorial Guinea”[Text Word] 

OR Gabon[Text Word] OR ”Sao 

Tome”[Text Word] OR 

Burundi[Text Word] OR 

Djibouti[Text Word] OR 

Eritrea[Text Word] OR 

Ethiopia[Text Word] OR 

Kenya[Text Word] OR 

Rwanda[Text Word] OR 
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Somalia[Text Word] OR Sudan[Text 

Word] OR Tanzania[Text Word] OR 

Uganda[Text Word] OR 

Angola[Text Word] OR 

Botswana[Text Word] OR 

Eswatini[Text Word] OR 

Lesotho[Text Word] OR 

Malawi[Text Word] OR 

Mozambique[Text Word] OR 

Namibia[Text Word] OR ”South 
Africa”[Text Word] OR 

Zambia[Text Word] OR 

Zimbabwe[Text Word] OR 

Benin[Text Word] OR ”Burkina 

Faso”[Text Word] OR “Cabo 

Verde”[Text Word] OR ”Cote 

d'Ivoire”[Text Word] OR 

Gambia[Text Word] OR Ghana[Text 

Word] OR Guinea[Text Word] OR 

”Guinea-Bissau”[Text Word] OR 

Liberia[Text Word] OR Mali[Text 

Word] OR Mauritania[Text Word] 
OR Niger[Text Word] OR 

Nigeria[Text Word] OR 

Senegal[Text Word] OR ”Sierra 

Leone”[Text Word] OR Togo[Text 

Word]))) OR (("Africa South of the 

Sahara"[Text Word] OR "sub-

saharan africa"[Text Word]))))  

 

 

Filters:  

Publication date: from 2010/01/01 to current date (04/06/2020)  

Language: English 

 

 

Study records 

We will use the program Covidence to manage our data and the program endnote to store our 

references throughout the review. The selection process will be done by two independent reviewers, 

who will be screening the literature and reviewing each study eligibility independently. We will make 

a flow chart of the selection process.  

 

Data items 

We will extract data on study ID, characteristics of studies, methodology, definitions, type of sepsis, 

whether the sepsis diagnosis is validated by microbiology, risk factors and outcomes. These data will 

be provided for each included study in a table. We will also to the best of our ability assess whether 

there is a risk of bias in the individual studies. If we find one, this will also be included in the table. 

Risk of bias can be in the outcome level as well as the study level. We are aware, that there is always 

a risk of bias.  
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Outcome and prioritization 

Data will be sought for outcomes in terms of risk factors of neonatal sepsis. Neonatal sepsis can be 

diagnosed with the use of microbiology (e.g. finding bacteria in blood) or by a clinical diagnosis by 

a physician. Risk factors can be both maternal risk factors and neonatal risk factors of neonatal sepsis.   

 

Data synthesis  

The characteristics of studies, risk factor profile of included studies, summary of findings of risk 

factors and quality assessment will be outlined in tables, along with a concise textual reporting. There 

will not be made a meta-analysis.  

 

Quality assessment 

Two authors (CB and CC) will independently perform quality assessment of included studies using 

the National Heart, Lung and Blood Institute’s (NHLBI) “Quality Assessment of Case-Control 

Studies” and “Quality Assessment Tool for Observational Cohort and Cross-Sectional Studies” [13, 

14]. The outcome of these quality assessments will be provided in results and also discussed in our 

review. Discrepancies, if they arise, will be resolved by discussion and consensus in the presence of 

senior authors (CH, AP and SL) for all the above procedures. 

 

Timetable for conducting the systematic review 

We expect to finish the systematic review by November 1st 2020.  

 

Conflict of Interest  

None. 
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Search in Pubmed/medline the 04
th

 of June 2020 Search word 

 

Neonatal  

(((("Infant, Newborn"[Mesh]) OR "Neonatology"[Mesh])) OR 
((infant*[Text Word] OR newborn*[Text Word] OR neonate*[Text 

Word] OR neonatal*[Text Word] OR toddler*[Text Word] OR 

baby[Text Word] OR babies[Text Word] OR paediatric[Text Word] 

OR pediatric[Text Word])))) 

 

Sepsis 

AND ((((((((((((("Sepsis"[Mesh]) OR "Meningitis"[Mesh]) OR 

"Encephalitis"[Mesh]) OR "Arthritis"[Mesh]) OR 

"Osteomyelitis"[Mesh]) OR "Urinary Tract Infections"[Mesh])) OR 

((septicaemia[Text Word] OR sepsis[Text Word] OR 

septicemia[Text Word] OR pneumoni*[Text Word] OR 

meningitis[Text Word] OR meningoencephalitis[Text Word] OR 

encephalitis[Text Word] OR bone infection*[Text Word] OR 

arthritis[Text Word] OR osteomyelitis[Text Word] OR urinary tract 

infection*[Text Word] OR urethritis[Text Word] OR cystitis[Text 

Word] OR bacteriuria[Text Word] OR bacteremia[Text Word] OR 

pyogen*[Text Word] OR epididymitis[Text Word] OR 

prostatits[Text Word] OR "vesicoureteral reflux"[Text Word] OR 

pyuria[Text Word] OR trigonitis[Text Word] OR 

pyelonephritis[Text Word] OR pyonephrosis[Text Word] OR 

hydronephrosis[Text Word] OR urinary infection*[Text Word] OR 

"lung infection"[Text Word] OR respiratory tract infection*[Text 

Word] OR blood infection*[Text Word] OR brain infection*[Text 

Word] OR joint infection*[Text Word] OR malaria[Text Word]))))  

 

Risk factors 

 (((((("Risk"[Mesh]) OR "Causality"[Mesh]) OR 

"Association"[Mesh])) OR (("Risk" OR "Causality" OR 

"Association" OR determinant* OR predictor* OR causal OR 

association OR "odds ratio"))) OR "Odds Ratio"[Mesh])) 

 

Sub-Saharan Africa 

AND ((("Africa South of the Sahara"[Mesh]) OR ((Cameroon[Text 

Word] OR “Central African Republic”[Text Word] OR Chad[Text 

Word] OR Congo[Text Word] OR ”Democratic Republic of the 

Congo”[Text Word] OR ”Equatorial Guinea”[Text Word] OR 
Gabon[Text Word] OR ”Sao Tome”[Text Word] OR Burundi[Text 

Word] OR Djibouti[Text Word] OR Eritrea[Text Word] OR 

Ethiopia[Text Word] OR Kenya[Text Word] OR Rwanda[Text 

Word] OR Somalia[Text Word] OR Sudan[Text Word] OR 

Tanzania[Text Word] OR Uganda[Text Word] OR Angola[Text 

Word] OR Botswana[Text Word] OR Eswatini[Text Word] OR 

Lesotho[Text Word] OR Malawi[Text Word] OR Mozambique[Text 

Word] OR Namibia[Text Word] OR ”South Africa”[Text Word] OR 

Zambia[Text Word] OR Zimbabwe[Text Word] OR Benin[Text 

Word] OR ”Burkina Faso”[Text Word] OR “Cabo Verde”[Text 

Word] OR ”Cote d'Ivoire”[Text Word] OR Gambia[Text Word] OR 
Ghana[Text Word] OR Guinea[Text Word] OR ”Guinea-

Bissau”[Text Word] OR Liberia[Text Word] OR Mali[Text Word] 

OR Mauritania[Text Word] OR Niger[Text Word] OR Nigeria[Text 

Word] OR Senegal[Text Word] OR ”Sierra Leone”[Text Word] OR 

Togo[Text Word]))) OR (("Africa South of the Sahara"[Text Word] 

OR "sub-saharan africa"[Text Word]))))  

Filters:  

Publication date: from 2010/01/01 to current date (04/06/2020)  

Language: English 

Hits: 4138 

Tekst

Search in Pubmed/Medline 7th of august 2020

Tekst

Publication date: from 2010.01.01 to current date (07.08.2020)

Language: English

Tekst
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* Study number is connected to the numbers given to the studies in table 1.   

** cd = cannot determine 

Appendix 4, table 1 – Quality assessment 
 

Quality assessment tool for Observational Cohort and Cross-Sectional Studies (tool from National Heart, Lung and Blood Institute (NHLBI)) (1) 
Study number* 2 3 4 5 6 7 8 9 10 11 12 13 14 16 17 18 19 

1. Was the research question or objective in this paper clearly 

stated? 

yes yes yes yes yes yes yes yes yes yes yes yes yes yes yes yes yes 

2. Was the study population clearly specified and defined? yes yes yes yes yes yes yes yes yes yes yes yes yes yes yes yes yes 

3. Was the participation rate of eligible persons at least 50%? cd** cd cd cd cd no cd cd yes yes cd yes cd yes yes cd cd 

4. Were all the subjects selected or recruited from the same or 

similar populations (including the same time period)? Were 

inclusion and exclusion criteria for being in the study prespecified 

and applied uniformly to all participants? 

yes yes yes yes yes yes yes yes yes yes yes yes yes yes yes yes cd 

5. Was a sample size justification, power description, or variance 

and effect estimates provided? 

no yes no no no yes yes yes yes yes no yes yes no no no yes 

6. For the analyses in this paper, were the exposure(s) of interest 

measured prior to the outcome(s) being measured? 

yes cd yes yes cd cd no cd no yes yes yes yes yes cd yes yes 

7. Was the timeframe sufficient so that one could reasonably 

expect to see an association between exposure and outcome if it 

existed? 

yes yes yes yes yes yes yes yes yes yes yes yes yes yes yes yes yes 

8. For exposures that can vary in amount or level, did the study 

examine different levels of the exposure as related to the outcome 

(e.g., categories of exposure, or exposure measured as continuous 
variable)? 

na na na na na na na na na na na na na na n na na 

9. Were the exposure measures (independent variables) clearly 

defined, valid, reliable, and implemented consistently across all 

study participants? 

yes yes yes yes yes yes yes yes yes yes cd yes yes yes No  yes yes 

10. Was the exposure(s) assessed more than once over time? no no no no no no no no no no cd no no no no no no 

11. Were the outcome measures (dependent variables) clearly 

defined, valid, reliable, and implemented consistently across all 

study participants? 

yes yes yes yes yes yes no no yes yes yes yes yes yes yes yes yes 

12. Were the outcome assessors blinded to the exposure status of 

participants? 

no no no no no no no no no no no no no no no no no 

13. Was loss to follow-up after baseline 20% or less? na na na na na na na na na na na na na na na na na 

14. Were key potential confounding variables measured and 

adjusted statistically for their impact on the relationship between 

exposure(s) and outcome(s)? 

yes no yes no yes no yes yes yes yes yes yes yes no yes no yes 

Overall quality (good, fair or poor) fair poor good poor poor fair poor poor poor poor poor fair poor poor poor poor poor 
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* Study number is connected to the numbers given to the studies in table 1.   

** cd = cannot determine 

 
Quality assessment tool for Observational Cohort and Cross-Sectional Studies (tool from National Heart, Lung and Blood Institute (NHLBI)) (2) 

Study number* 21 24 26 28 29 30 32 33 34 36 

1. Was the research question or objective in this paper clearly 

stated? 

yes yes yes yes yes yes yes yes yes yes 

2. Was the study population clearly specified and defined? yes yes yes yes yes yes yes yes yes yes 

3. Was the participation rate of eligible persons at least 50%? yes yes cd Yes yes cd yes yes cd yes 

4. Were all the subjects selected or recruited from the same or 

similar populations (including the same time period)? Were 

inclusion and exclusion criteria for being in the study prespecified 

and applied uniformly to all participants? 

yes yes yes yes yes cd yes yes yes yes 

5. Was a sample size justification, power description, or variance 

and effect estimates provided? 

yes yes no yes no no no no yes Yes 

6. For the analyses in this paper, were the exposure(s) of interest 

measured prior to the outcome(s) being measured? 

yes cd cd cd yes yes yes yes yes Yes 

7. Was the timeframe sufficient so that one could reasonably 

expect to see an association between exposure and outcome if it 

existed? 

yes yes yes yes yes yes yes yes yes Yes 

8. For exposures that can vary in amount or level, did the study 

examine different levels of the exposure as related to the outcome 

(e.g., categories of exposure, or exposure measured as continuous 

variable)? 

na na na na na na na na na Na 

9. Were the exposure measures (independent variables) clearly 
defined, valid, reliable, and implemented consistently across all 

study participants? 

yes yes yes yes yes yes yes yes yes Yes 

10. Was the exposure(s) assessed more than once over time? no no no no no no no no no no 

11. Were the outcome measures (dependent variables) clearly 

defined, valid, reliable, and implemented consistently across all 

study participants? 

yes yes yes yes yes yes yes yes yes yes 

12. Were the outcome assessors blinded to the exposure status of 

participants? 

no no no no no no no no no no 

13. Was loss to follow-up after baseline 20% or less? na na na na na na na na na na 

14. Were key potential confounding variables measured and 

adjusted statistically for their impact on the relationship between 

exposure(s) and outcome(s)? 

yes yes yes yes no no yes no yes yes 

Overall quality (good, fair or poor) poor poor poor poor poor poor good poor poor poor 
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* Study number is connected to the numbers given to the studies in table 1.   

** cd = cannot determine 

 

 
Quality assesment of Case-Control Studies (tool from National Heart, Lung and Blood Institute (NHLBI)) 

Study number* 1 15 20 22 23 25 27 31 35 

1. Was the research question or objective in this paper clearly stated and 
appropriate? 

yes yes yes yes yes yes yes yes yes 

2. Was the study population clearly specified and defined? yes yes yes yes yes yes yes yes yes 

3. Did the authors include a sample size justification? yes no cd yes yes no no no yes 

4. Were controls selected or recruited from the same or similar population 

that gave rise to the cases (including the same timeframe)? 

yes yes yes yes yes yes yes yes yes 

5. Were the definitions, inclusion and exclusion criteria, algorithms or 

processes used to identify or select cases and controls valid, reliable, and 

implemented consistently across all study participants? 

yes yes yes yes yes no no yes yes 

6. Were the cases clearly defined and differentiated from controls? yes yes yes yes yes yes yes yes yes 

7. If less than 100 percent of eligible cases and/or controls were selected 

for the study, were the cases and/or controls randomly selected from those 

eligible? 

yes cd no yes na na na cd na 

8. Was there use of concurrent controls? yes yes yes yes yes yes yes yes yes 

9. Were the investigators able to confirm that the exposure/risk occurred 

prior to the development of the condition or event that defined a 

participant as a case? 

yes yes yes yes yes yes yes yes yes 

10. Were the measures of exposure/risk clearly defined, valid, reliable, 
and implemented consistently (including the same time period) across all 

study participants? 

yes yes yes yes yes yes yes yes yes 

11. Were the assessors of exposure/risk blinded to the case or control 

status of participants? 

yes no No No no no no no no 

12. Were key potential confounding variables measured and adjusted 

statistically in the analyses? If matching was used, did the investigators 

account for matching during study analysis? 

yes yes No yes yes yes yes no yes 

Overall quality (good, fair or poor) good fair fair good good fair fair fair good 

 

 

*CD, cannot determine; NA, not applicable; NR, not reported 
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