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Objectives: To characterise mortality and functional outcome and their relationships
with socioeconomic deprivation for women and men in Zanzibar. Materials and
methods: Participants in ZanStroke, a prospective observational study of patients
admitted to hospital with a diagnosis of acute stroke, were followed up until one
year after the stroke. The modified National Institute of Health Stroke Scale was
used to assess initial stroke severity, while modified Rankin Scale (mRS) was used
to assess disability at 12 months post-stroke. A multidimensional poverty index
was created using individual-level data. Kaplan-Meier analysis and Cox regression
model were used to examine associations of socioeconomic deprivation and death
at 28 days and 12 months after stroke onset, while logistic regression analysis was
used to examine associations between deprivation and functional outcome.
Results: Overall mortality rate was 38.2% (CI 34.8-41.9) at 28 days, rising to 59.0%
(CI 55.2-62.8) at 12 months. When adjusted for other variables, survival was higher
among the least deprived (HR 0.60 CI 0.45-0.80), an association that was strongly
significant for women (HR 0.46 CI 0.29-0.74). Among 12-month survivors 45.1%
(n = 122) had no/low level of disability (mRS 0-2), while 22.9% (n = 62) were unable
to walk independently or at all. No difference between socioeconomic deprivation
and outcome was seen at one year. Conclusion: Case-fatality rates were high, and
socioeconomic disparities were evident even during the acute stroke phase. Policies
are needed to reduce significant health disparities, adapt evidence-based interven-
tions, and promote equitable access to stroke care and rehabilitation.
TaggedPKey words: Stroke mortality—Functional outcome after stroke—Socioeconomic
deprivation—Sub-Saharan Africa—Low- and middle-income countries TaggedEnd
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TaggedH1Background TaggedEnd

TaggedPStroke is one of the leading causes of death and disabil-
ity worldwide,1 and there is evidence of a higher inci-
dence of stroke and rates of stroke mortality among those
with low socioeconomic status both within, and between,
populations worldwide.2 A social gradient in stroke inci-
dence, mortality and outcome has been documented3,4

with survival and functional recovery increasing stepwise
by decreasing socioeconomic deprivation. However, the
results on functional outcomes have shown some incon-
sistency,5�7 and the effect of received acute stroke care, or
level of stroke risk factors, do not consistently explain the
differences.8,9 Moreover, evidence on the relationship
between socioeconomic deprivation, case-fatality and
post-stroke functional outcome mainly originates from
studies conducted in high-income countries.10 Despite
high and increasing incidence of stroke in sub-Saharan
Africa, this social gradient in stroke outcomes has not
been adequately researched in the region with a robust
measurement of socioeconomic deprivation. TaggedEnd
TaggedPZanzibar, a low-income island state in East Africa where

roughly half of the population are living under the poverty
limit of 1 USD/person/day, has a high stroke burden with
a yearly age-standardised stroke incidence rate of 286.8 per
100.000 adult population.11 Age at first stroke is relatively
young with median 62 years (IQR 53-70) - 10-15 years
younger than in upper-middle and high income
countries,12,13 hence affecting the economically productive
part of the population. Mortality and disability following
stroke impacts on the economy of the society and place a
huge care burden on individuals and families.14,15TaggedEnd
TaggedPEffective policies to prevent and manage stroke require

an understanding of its distribution in the population and
the barriers people face through the care continuum. One
important aspect is socioeconomic disadvantage, which
may impede the ability of individuals and families to
avoid and manage stroke both in the acute phase and
long term.2 TaggedEnd
TaggedPThe current study aims to describe the outcomes of

stroke hospitalisation and the correlations to socioeco-
nomic status, robustly measured as level of multidimen-
sional deprivation, in a stroke population in Zanzibar.TaggedEnd
TaggedH1Materials and methods TaggedEnd

TaggedH2Study populationTaggedEnd

TaggedPZanStroke was a prospective observational study in
Unguja, Zanzibar, which included individuals � 18 years
presenting to hospital with stroke or developing stroke
while admitted to hospital with another diagnosis.
Patients presenting within 30 days of stroke onset were
entered into a stroke register and invited to participate in
the ZanStroke study. Stroke was defined according to the
definition by the World Health Organisation.16 In case of
self-reported previous stroke history, patients were
classified as recurrent strokes. Otherwise, they were clas-
sified as first-ever strokes. Recruitment occurred uninter-
rupted from 1st October 2019 through 30th September
2020. Patients who gave written consent to participate
were regularly followed up by telephone and face-to-face
interviews until 12 months after stroke onset to assess out-
comes including independence in activities of daily living
and disability. Details of the study design have previously
been published.11TaggedEnd

TaggedH2Data collection TaggedEnd

TaggedPDuring admission, individual level data on demo-
graphic and socioeconomic, past medical history and
stroke risk factors were collected by trained investigators
using structured questionnaires. Stroke severity was
assessed using the modified National Institute of Health
Stroke Scale (mNIHSS), and whenever possible stroke
type was determined by non-contrast computed tomogra-
phy (CT) scan. Post-stroke disability assessed by modified
Rankin Scale (mRS) score, independence assessed by Bar-
thel Index (BI) of activities of daily living, diabetes (self-
reported) and re-stroke (self-reported) were assessed by
the principal investigator (JAJ) during face-to-face visits at
12 months post-stroke in the participant’s home using a
structured electronic questionnaire. Questions were
answered by patients or their caretakers in case of verbal/
cognitive impairment or severe illness. In case of a fatal
event during the follow up time, the date, place, and sus-
pected cause of death were recorded.TaggedEnd

TaggedH2Variables TaggedEnd

TaggedPIn this study, causal diagrams were utilized to summa-
rize assumptions of direct and indirect effect and to detect
potential confounding. As an example, figure S1 in sup-
plementary materials depicts the assumed association
between socioeconomic deprivation and stroke mortality
based on existing literature on variables influencing this
relationship. The graphic shows that poverty may be asso-
ciated with mortality via pathways other than quality of
care, such as delay in seeking care, adherence to antihy-
pertensive therapy for secondary prevention, and health
illiteracy. Furthermore, it suggests that variables like
stroke type and comorbidities should be added to effec-
tively adjust for confounding. TaggedEnd
TaggedPSocioeconomic deprivation TaggedEnd

TaggedPOne-dimensional indices such as a self-reported monthly
income measure does not adequately capture the depriva-
tions that people experience.17 As a result, we constructed
a multidimensional poverty measure that integrated sev-
eral different elements of poverty, relevant for the specific
local context, based on the Foster-Alkire method.17 The
metric was created as a composite score of formal employ-
ment, absence of long-term unemployment, health
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insurance, ownership of home, not renting/squatting, con-
temporary roofing, adequate flooring, flush toilet or
improved pit latrine, piped water or own well, electricity,
gas/electric stove for food preparation, ownership of car or
motorbike, and ownership of livestock where each individ-
ual item scored zero or one depending on availability in
the household (Supplementary material, Figure S2).TaggedEnd
TaggedPSurvival analysis TaggedEnd

TaggedPIn the survival analyses the outcome variable was time
from stroke onset to death. Explanatory variables for Cox
regression analysis were socioeconomic deprivation;
stroke severity measured as the mNIHSS score at admis-
sion; age categorized into belonging to the younger (age
<60 years) or older (age �60 years) age-group; sex; prior
stroke (self-reported); level of moderate physical activity
categorized into below or at/above on average 30 minutes
daily (self-reported); current smoker and presence of dia-
betes according to self-reports of disease history or on
treatment for diabetes at time of hospital admission. To
corroborate the robustness of the relationship between
socioeconomic deprivation and mortality, stroke type,
determined by non-contrast CT scan of the head, was
included in the models. TaggedEnd
TaggedPFunctional outcome analysisTaggedEnd

TaggedPFunctional outcome at 12 months was assessed using
two scales measuring independence and disability,
respectively. Independence was measured using Barthel
Index (BI) where a total score below 40 was considered
unfavourable and a total score above 80 was considered
very favourable. Disability was measured using the modi-
fied Rankin Scale (mRS) for neurologic disability using a
cut-off at 2/3 for good versus poor outcome. TaggedEnd
TaggedPPredictor variables for functional outcome analysis

were socioeconomic deprivation, stroke severity mea-
sured as the modified National Institute of Health Stroke
Scale (mNIHSS) score at admission; age categorized into
belonging to the younger (below 60 years) or older
(60 years or above) age-group; sex; pre-stroke disability
measured using mRS and categorized into no
disability = mRS 0-1 or any disability = mRS 2-5; new
stroke during the follow-up period (self-reported); pres-
ence of diabetes according to self-reports of disease his-
tory or on treatment for diabetes at 12 month follow up. TaggedEnd
TaggedH1Statistical analysis TaggedEnd

TaggedPAnalyses were restricted to participants with non-miss-
ing, measured exposure and outcome variables of interest.
All analyses were undertaken using STATA version 16.0
(StataCorp, USA). Descriptive statistics were used to
assess patients’ sociodemographic and clinical characteris-
tics as well as overall functional outcome. TaggedEnd
TaggedPData on educational attainment, a classic proxy for
socioeconomic status(18), were collected but not part of
the multidimensional poverty measure as it showed floor
effect. As a robustness check we performed the regression
analysis on the subset of the sample with complete infor-
mation on education level (no or primary school educa-
tion only; secondary school education completed; or
higher education, defined as completion of trade school,
college, or university) with education added as an inde-
pendent dimension in the poverty measure. The remain-
ing 11 items, education excluded, resulted in a total score
between 0 and 15. The cut-offs were set between a total
score of 6/7 and 8/9 respectively, to divide the popula-
tion into comparable groups (most/medium/least
deprived) as relative deprivation, not absolute depriva-
tion, were the unit of interest in the analyses. TaggedEnd
TaggedPOverall mortality rate was calculated taking censuring

due to lost to follow up into account using list-the-survi-
vor function. TaggedEnd
TaggedPMarginal comparisons of survival for the socioeco-

nomic (SES) groups were done by Kaplan-Meier curves
and log rank test. Cox proportional hazard models for
unadjusted and adjusted analyses were used to examine
survival and associations between socioeconomic status
and fatality and potential effect modifiers. We separately
analysed survival until 28 days (short term) and until 12
months (medium term) to examine differences in hazards
short- and medium term, as well as between sex- and
stroke type subgroups. TaggedEnd
TaggedPPotentially modifying factors for functional outcome

among 12-month survivors were entered into logistic
regression models using forced entry. For robustness anal-
yses, we created a sample consisting of all stroke partici-
pants with complete data on variables of interest where
non-survivors at 12 months were given the outcome mRS
score of 6 (dead). Participants were divided into two
groups based on the mRS score: good outcome (mRS 0�2)
with no or minimal disability, and unfavourable outcome
(mRS 3�5 (-6)) in which no unassisted ambulation or no
ambulation at all, was achieved, and the differences in
results compared between the two samples. Sensitivity
analysis was performed by choosing a lower threshold for
good outcome at mRS 0-3 / mRS 4-5(-6). TaggedEnd
TaggedPSecondary descriptive analyses of differences in case-

fatality as well as recovery between men and women
were performed using the same statistical models as
above. To ensure results were not confounded by stroke
type we also analysed mortality and functional outcomes
stratified on stroke type. However, the stroke type vari-
able had 33% missingness (n=200) clustered at times of
malfunctioning of the radiology equipment used to deter-
mine stroke type. The assumption was hence that the data
were missing at random, and we used multiple imputa-
tion to deal with the missing data. We used the multiple
imputation algorithm in Stata 16.0 MI procedure to gener-
ate 100 imputed data set using marginal long type. The
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imputation process included the ten explanatory and two
outcome variables that appeared in either of the subse-
quent regression analyses using the new imputed dataset. TaggedEnd
TaggedPThis study is reported according to the Strengthening

the Reporting of Observational studies in Epidemiology
(STROBE) guidelines. TaggedEnd

TaggedH1Ethical statement TaggedEnd

TaggedPThe study was approved by the Zanzibar Health
Research Ethical Committee (ZAHREC/02/July/2019/
47), endorsed by the Research Committee of the World
Stroke Organization, and registered with ClinicalTrials.
gov (NCT04095806). Written informed consent was
obtained from all participants, or next of kin on their
behalf. TaggedEnd

TaggedH1Results TaggedEnd

TaggedH2Study participants TaggedEnd

TaggedPOf the 720 participants in the ZanStroke cohort, 15
patients (2.1%) were lost to follow up at different stages
after enrolment. There were complete data for Cox pro-
portional hazard analysis for 600 participants, while 639
participants had complete data for functional outcome

TaggedEnd TaggedFigure

Fig. 1. Sample flowchart. 869 stroke patients were admitted to hospitals in Zanziba
consists of 720 participants; sample for Cox survival analysis consists of 600 part
among survivors at 12 months consists of 271 participants. TaggedEnd
analysis (Fig. 1), and Table 1 describes the participant
characteristics in the two samples. TaggedEnd

TaggedH2Survival analysis TaggedEnd

TaggedPThe overall 28-day mortality rate for the study popula-
tion was 38.2% (CI 34.8-41.9) and one-year mortality rate
was 59.0% (CI 55.2-62.8) (Table 2). Kaplan-Meier survival
curve showed noticeable differences between SES groups
(Fig. 2) with better survival among the least deprived, e.g.
the highest SES group. TaggedEnd
TaggedPThe only factor associated with significantly reduced

hazard of 12-month mortality in the adjusted Cox regres-
sion analysis was belonging to the highest SES group (HR
0.56 CI 0.42-0.75). Male sex (HR 1.35 CI 1.08-1.68), older
age (HR 1.41 CI 1.11-1.79), prior stroke (HR 1.3 CI1.04-
1.63) and increasing stroke severity (HR 5.11 to HR 20.54,
CI 2.05-12.70 respectively 8.43-50.04), all p<0.05, were all
associated with increased hazard of death (Table 3).
When reducing survival time analysis to 28 days, older
age groups and prior stroke were not associated with an
increased hazard ratio for death; otherwise, the results
were consistent with the 12-month analysis with reduced
hazard of death for those least socioeconomically
deprived (Supplementary material S3). TaggedEnd
r over 12 consecutive months. The sample for Kaplan-Meier survival curves
icipants with complete dataset; and analytic sample for functional outcome



TaggedEndTable 1. Characteristics of study participants for (A) Cox survival analysis sample and (B) functional outcome analysis among sur-

vivors at 12 months.

Sample (A) Sample (B)

number or mean % or SD number or mean % or SD

Gender n=600 n=271

female 320 53.3 160 59.0

male 280 46.7 111 41.0

Age n=600 n=271

mean 61.7 12.9 57.8 12.4

< 60 years 240 40.0 143 52.8

Socioeconomic group n=600 n=271

lowest 169 28.2 55 20.3

middle 241 40.2 103 38.0

highest 190 31.7 113 41.7

Pre-stroke disability n=600 n=271

mRS 0-1 442 74.2 224 82.7

mRS 2-3 93 15.6 36 13.3

mRS 4-5 61 10.2 11 4.1

Diabetes n=600 n=271

diagnosed 99 16.5 52 19.2

First or recurrent stroke n=600 n=271

first-ever stroke 404 67.3 215 79.9

Stroke severity n=600 n=271

mean mNIHSS* score 18.4 9.89 12.3 8.70

mild 65 10.8 63 23.3

moderate 177 29.5 118 43.5

moderate-severe 70 11.7 38 14.0

severe 288 48.0 52 19.2

Pre-stroke obesity n=442 n=271

yes 158 35.8 89 43.6

Stroke type n=338 n=199

intracerebral haemorrhage 115 29.6 57 27.1

ischemic 273 70.4 153 72.9

Pre-stroke smoking n=600 n=266

yes 25 4.2 10 3.8

Pre-stroke physical activity n=600 n=265

> 30 min daily 232 38.7 122 46.0

Barthel Index n=238

mean score 80.5 27.7

independent (80-100) 171 71.8

minimally dependent (60-79) 21 8.8

partially dependent (40-59) 20 8.4

very dependent20-39 16 6.7

total dependency (<20) 10 4.2

modified Rankin Scale (mRS) n=271

mean score 2.4 0.098

mRS 0 49 18.1

mRS 1 39 14.4

mRS 2 34 12.6

mRS 3 87 32.1

mRS 4 28 10.3

mRS 5 34 12.6

Re-stroke n=271

had a re-stroke 54 19.9

*modified National Institute of Health Stroke Scale.

TaggedEndINEQUITIES IN STROKE OUTCOMES IN ZANZIBAR 5



TaggedEnd Table 2. Overall mortality, One Year survival and Functional outcome in the ZanStroke cohort stratified by socioeconomic (SES)

group

Mortality (N=720) Alive (95% CI) Deceased (95% CI)

28-days 61.8% (58.1-65.2) 38.2% (34.8-41.9)

90-days 51.3% (47.5-54.9) 48.7% (45.1-52.5)

one-year 41.0% (37.2-44.8) 59.0% (55.2-62.8)

One year survival (N=720) Alive (%) Deceased (%)

Lowest SES group 63 (33.5%) 125 (66.5%)

Middle SES group 112 (42.1%) 154 (57.5%)

Highest SES group 123 (56.2%) 96 (43.8%)

Functionality at one year (N=271) Good (mRS 0-2)(%) Poor (mRS 3-5) (%)

Lowest SES group 21 (38.2%) 34 (61.8%)

Middle SES group 51 (49.5%) 52 (50.1%)

Highest SES group 50 (44.3%) 63 (55.8%)

TaggedEnd6 J.M.A. JØRGENSEN ET AL.
TaggedPStratified by sex, the association of socioeconomic dep-
rivation on mortality was stronger for women, both at
28 days and one year after stroke onset, with HR 0.64 CI
0.45-0.91 for middle SES group and HR 0.46 CI 0.29-0.74
for highest SES group as compared to lowest SES group
at 12 months (all p<0.05), while no association was seen
in men. Older age was associated with worse outcome in
men at 12 months (HR 1.46 CI 1.03-2.07 p=0.032), but not
in women (Supplementary table 3b-c). Independent corre-
lation between SES and age was insignificant for both
genders (Supplementary material S4). TaggedEnd
TaggedPAfter performing multiple imputation for missing data

on stroke type, analyses showed difference in survival
with higher mortality rate among participants with intra-
cerebral haemorrhage compared to ischemic infarcts. Cox
regression showed direct association between highest SES
group and reduced hazard of death for both subgroups,
while age and prior stroke were associated with increased
hazard of mortality only for those with intracerebral hae-
morrhages, and male sex was associated with increased
TaggedEnd TaggedFigure
Fig. 2. Kaplan-Meier survival curve for socioecon
hazard in the ischemic stroke group only (Supplementary
table S5 and Fig. S5). TaggedEnd
TaggedH2Functional outcomes TaggedEnd

TaggedPAmong survivors at 12 months information on BI was
available for 238 participants of whom 171 (71.8%)
reported full independence (BI score 80-100), whilst 10
(4.2%) indicated total dependency in activities of daily life
(BI score < 20). While 88 (32.5%) had no residual disabil-
ity (mRS 0-1), 62 (22.9%) had an unfavourable outcome
with severe disability and inability to ambulate indepen-
dently or at all (Table 1). TaggedEnd
TaggedPIn multivariable logistic regression analysis, re-stroke

(OR 0.20, CI 0.08-0.50), increasing stroke severity (OR 0.26
to 0.21, CI 0.13-0.53 to 0.09-0.49), older age (OR 0.46 CI
0.24-0.86), and pre-stroke disability (OR 0.16, CI 0.05-0.57)
all had lower odds of a good outcome while no significant
association between SES group and outcome was
observed (Table 4). Including stroke type in the model did
omic groups, logrank test 19.12, p<0.001.TaggedEnd



TaggedEnd Table 3. Cox proportional hazard for association to mortality at 12 months after stroke. In the adjusted estimates each variable is

adjusted for all other variables in the model.

Unadjusted Adjusted

Variable HR (95% CI) p-value HR (95% CI) p-value

Socioeconomic group

lowest 1 1

middle 0.86 (0.67 - 1.11) 0.24 0.84 (0.65-1.09) 0.19

highest 0.55 (0.41 - 0.73) <0.001 0.56 (0.42-0.75) <0.001

Stroke severity

mild 1 1

moderate 5.31 (2.14 - 13.19) <0.001 5.11 (2.05-12.7) <0.001

moderate to severe 8.15 (3.18 - 20.90) <0.001 7.37 (2.86-18.95) <0.001

severe 22.91 (9.43 - 55.64) <0.001 20.54 (8.43-50.04) <0.001

Prior stroke

no 1 1

yes 1.74 (1.40 - 2.16) <0.001 1.3 (1.04-1.63) 0.020

Age group

below 60 years 1 1

at or above 60 years 1.73 (1.37 - 2.18) <0.001 1.41 (1.11-1.79) 0.005

Gender

female 1 1

male 1.23 (0.99 - 1.52) 0.061 1.35 (1.08-1.68) 0.007

Pre-stroke physical activity level

less than 30 minutes/day 1 1

�30 minutes/day 0.69 (0.55 - 0.87) 0.002 0.93 (0.73-1.18) 0.55

Smoking

no 1 1

yes 1.12 (0.66 - 1.87) 0.42 0.96 (0.56-1.63) 0.87

Diabetes

not diagnosed 1 1

diagnosed with diabetes 1.01 (0.76 - 1.34) 0.96 1.04 (0.78-1.39) 0.79
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not significantly change the results (Supplementary mate-
rial Table S6-a), while stratifying on stroke type removed
the association of stroke severity and re-stroke on out-
come for the subgroup with intracerebral haemorrhage
but not for those with ischemic infarcts (Supplementary
material Table S6-b). TaggedEnd
TaggedPWhen the model included participants who died during

the follow up period, death being scored as mRS=6, an
association between favourable outcome and higher
socioeconomic grouping was seen with the middle SES
group at OR 1.92 CI 1.01-3.64, p=0.047 (Supplemental
Table S6-c). TaggedEnd
TaggedPAs being able to walk independently is important for

patients after stroke, we ran the models setting the mRS
score for good outcome higher at mRS 0-3 (independent
ambulation) and found results similar to using a lower
cut-off with the exception of older age group no longer
being associated with worse outcome (Supplementary
material table S6-d and S6-e). TaggedEnd
TaggedPFinally, including education in the multidimensional

poverty measure as a robustness check did not substan-
tively impact the findings for survival or functional out-
come (supplementary material Table S7). TaggedEnd
TaggedH1Discussion TaggedEnd

TaggedPIn our study of stroke patients in Zanzibar we found
high overall mortality rates with 38.2% at 28 days and
59.0% at one year. Differences in mortality due to socio-
economic deprivation were evident even during the acute
stroke period with HR 0.56 among least, compared to
most, impoverished. Among survivors at 12 months this
gradient in outcome had diminished and good functional
outcome was mainly associated with having had a less
severe stroke, younger age, no pre-existing disability and
not suffering a new stroke. One in five survivors suffered
a new stroke during the 12-months follow-up. Roughly
three in four survivors were independent in activities of
daily living (BI � 80) one-year post-stroke. TaggedEnd
TaggedPCompared to the average in the Sub-Saharan Africa

(SSA) region where pooled analysis has shown a one-
month stroke mortality rate of 24.1% and a one-year rate
of 33.2%,19 the stroke mortality rates identified in our
study are considerably higher. Hospital-based studies
from elsewhere in Africa have found one-month case-
fatality rates ranging from 16.2% to 46%14 while studies in
Tanzania have found even higher rates.20�22 Differences



TaggedEndTable 4. Univariable and multivariable logistic regression models. Odds Ratios for good functional outcome (modified Rankin Scale

(mRS) score 0-2) one year after stroke (N=271).

Unadjusted Adjusted

OR (95% CI) p-value OR (95% CI) p-value

Socioeconomic group

lowest 1 1

middle 1.2 (0.58-.48) 0.62 1.03 (0.44-2.41) 0.95

highest 1.52 (0.75-3.08) 0.25 1.34 (0.57-3.17) 0.51

Pre-stroke disability

no disability (mRS 0-1) 1 1

any disability (mRS 2-5) 0.11 (0.03-0.37) <0.001 0.16 (0.05-0.57) 0.004

Severity of stroke

mild stroke 1 1

moderate stroke 0.27 (0.14-0.52) <0.001 0.26 (0.13-0.53) <0.001

moderate to severe stroke 0.11 (0.04-0.31) <0.001 0.11 (0.04-0.35) <0.001

severe stroke 0.23 (0.1-0.52) <0.001 0.21 (0.09-0.49) <0.001

Age group

age < 60 years 1 1

60 years or above 0.3 (0.13-0.66) 0.003 0.46 (0.24-0.86) 0.015

Sex

female 1 1

male 0.42 (0.25-0.71) 0.001 1.25 (0.69-2.29) 0.46

Restroke during study period

no restroke 1 1

restroke 1.41 (0.84-2.35) 0.19 0.2 (0.08-0.5) 0.001

Diabetes Mellitus

no diabetes diagnosis 1 1

diabetes diagnosis 0.72 (0.37-1.42) 0.34 0.87 (0.4-1.88) 0.73
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in mortality associated with socioeconomic deprivation,
which were evident during the acute stroke period, might
indicate significant disparities in acute stroke treatment.
After 28 days, the mortality rates gradually became com-
parable between the SES groups. Our findings are in line
with findings reported mainly from high income countries
showing socioeconomic deprivation associated with
increased risk of in-hospital/short-term mortality, while
the relationship between SES and long-term survival has
been inconclusive.2TaggedEnd
TaggedPThe relationship between SES and hypertension, which

is the main modifiable risk factor for stroke, has shown a
social gradient with higher hypertension prevalence
among lower SES group in high income countries. A
recent study using individual patient data from 76 Low
and Middle Income Countries (LMICs) investigated this
relationship and showed that the difference in hyperten-
sion prevalence between socio-economic groups generally
are small, including in Zanzibar, suggesting that even
people in the lowest SES groups are at high risk of devel-
oping stroke in the first place.24 Adequate hypertension
control is key to primary prevention of stroke as well as
secondary prevention after stroke to reduce the risk of
recurrent stroke and associated death or disability.23

However, hypertension control among people in LMICs
with a history of stroke is generally poor1. The situation of
post-stroke hypertension control in Zanzibar where more
than one in five persons with stroke develop a new stroke
within a year, should be further investigated, including
any socioeconomic dynamics. TaggedEnd
TaggedPOverall, this study found a higher prevalence of post-

stroke disability, measured as mRS score � 3 at 12 months
than previously found in Tanzania (55% versus 37.7% to
46.5%22,25), but disability has been assessed using differ-
ent methodologies and cut-offs in different studies, which
makes direct comparison challenging. The higher preva-
lence of significant disability we observed should further-
more be interpreted considering the higher survival rate
in our study compared to the studies from Tanzania
where overall fatality rate at 30 days reached 61.3%.21

There was an association between socioeconomic depriva-
tion and worse outcome when including those who died
before 12 months in our functional outcome analysis.
While socioeconomic deprivation might influence the
exposure to a number of risk factors for poor outcome
after stroke, these exposures might also mediate the effect
of socioeconomic deprivation on stroke outcome for all,
or for some subgroups such as women. Whether the
observed difference between women and men on the rela-
tionship between SES and mortality in the current study
is due to this interaction or due to other factors, such as
the interrelationship with neuropsychological deficits,26 is
not known. Thus, more high quality studies on this and
other mechanisms underlying social inequality in stroke
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occurrence and outcome are needed in the sub-Saharan
African context. TaggedEnd
TaggedPA previous study showed that while one in three adults

in Zanzibar have hypertension, only 11% achieves ade-
quate blood pressure control.27 Younger women in Zanzi-
bar have a higher stroke incidence than men,11 and our
results show that women in the lowest socioeconomic
group have twice the risk of dying from stroke than
women in the highest socioeconomic group. The health
system needs to be sensitive to disparities in health and
respond with intentional leadership to achieve effective
universal health coverage. This is needed to maximise
population health in an equitable way with a strong focus
on stroke-prevention services, including hypertension
control, while improving quality of acute stroke care and
rehabilitation services. Allocating resources to known
effective low-cost interventions provides health system
stewards with a realistic approach to tackling some of the
most serious challenges of health inequity. Not doing this
could increase inequity when more advanced acute stroke
care, such as thrombolysis or thrombectomy, is intro-
duced and which is not likely to benefit those who are
already most disadvantaged.15 While hypertension con-
trol as primordial prevention of stroke is well understood
and demonstrated,23 proven cost-effective strategies for
stroke care have been outlined and prioritized in World
Stroke Organization’s (WSO) global stroke services guide-
lines.28 These strategies include low-cost interventions
such as dysphagia screening, adequate hydration, man-
agement of fever, early mobilization, and management by
interdisciplinary stroke teams. Research into how to
design and implement such interventions in specific clini-
cal and sociocultural settings in an efficient and cost-effec-
tive way is urgently needed, together with exploring
barriers to provide and obtain quality stroke care and sol-
utions to these barriers. This could, together with continu-
ous evaluation of progress against the WSO framework
indicators, be a meaningful way forward to end the cur-
rent unacceptably high death rates from stroke. TaggedEnd
TaggedH1Strengths and limitations TaggedEnd

TaggedPTo the best of our knowledge, this is one of the few
studies that examines the association between socioeco-
nomic deprivation, mortality, and outcome following
stroke hospitalization in a low-income state. A robust
measure of multidimensional deprivation was developed,
which reflect the local context in a far better way than
monthly income, among others.18,29 The study enrolled
participants at multiple study sites and had a clearly
defined study population and area (an island), and
thereby most stroke admissions were captured while min-
imizing participant attrition rate. At 12 months only 15 of
the 720 participants were lost to follow up.TaggedEnd
TaggedPNevertheless, the study also had limitations. We cannot

rule out the possibility that non-participants were more
likely to have suffered a more severe stroke as 93/147 of
them died immediately after admission to the hospital
and before enrolment in the study. This would introduce
some bias into our findings on stroke severity and mortal-
ity, which will most likely be higher than reported in this
study. The diagnosis of stroke was clinically based in the
group of patients who did not have neuroimaging, hence
there is a chance of misclassification.TaggedEnd
TaggedPIn conclusion, the study evaluated the quality of stroke

care using proxies such as dysphagia screening, daily
blood pressure and temperature monitoring, and early
mobilization. We were unable to include robust variables
on quality of care and regress on these, because these pro-
cesses were more likely to be appropriately measured in
patients who survived until discharge and did not die
early during admission. Including variables on quality of
care, and regression on these, could have provided more
information on the differences between the socioeconomic
groups and their outcomes. TaggedEnd

TaggedH1Conclusion TaggedEnd

TaggedPIn this prospective observational cohort study of adults
with stroke in Zanzibar, we observed a high overall 28-
day mortality at 38.2% with a socioeconomic gradient.
Women in the lowest socioeconomic group were twice as
likely to die as those in the highest socioeconomic group,
while functional outcome one-year post-stroke among
survivors did not show a clear association with socioeco-
nomic class. TaggedEnd
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