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BACKGROUND: Stroke is one of the major causes of death worldwide, mainly in low- and middle-income countries. The imple-
mentation of multifaceted strategies aiming at blood pressure control may change the global burden of stroke.

METHODS AND RESULTS: We evaluated the impact of a multisector urban cardiovascular health initiative (CARDIO4Cities) on
stroke outcomes in Dakar, Senegal, and Sao Paulo, Brazil. Data covered preintervention, intervention, and follow-up periods
with ongoing intervention from 2016 to 2021. An interrupted time series analysis and a segmented regression approach were
used to evaluate temporal trends. The relative risk of stroke hospitalization was analyzed with a generalized linear model. In
S&o Paulo, data could also be compared between intervention and control districts. A total of 3445 stroke hospitalizations
were analyzed in Dakar and 4491 in S&o Paulo. In both cities, age-standardized stroke hospitalization rates (Dakar: —26%;
Sao Paulo: —54% on average across 2 districts) and the risk of death from stroke declined over the intervention period. In
Sao Paulo, the baseline risk of stroke hospitalization was comparable across the city. In the follow-up period, the risk was
24.5% lower in the intervention districts compared with the rest of the city (P<0.05). The COVID-19 situation did not change
this dynamic.

CONCLUSION: The implementation of the multisectoral CARDIOA4Cities initiative correlated with positive trends in stroke out-
comes. Interventions to reduce cardiovascular risk and improve hypertension management at population level appear to
rapidly translate into reduced stroke-related hospitalizations and mortality.
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portant cause of death, responsible for the loss
of 6.55million lives, and the third leading cause
of death and disability with over 101 million survi-
vors of stroke.! In 2019, 86% of all stroke deaths oc-
curred in low- and middle-income countries.! The
highest stroke incidence, prevalence, and mortality

Around the world, stroke is the second most im-

rates are observed in Southeast Asia, East Asia and
Oceania, North Africa and Middle East, and sub-
Saharan Africa. Age-standardized stroke mortality is
3.6 times higher in low-income countries compared
with high-income countries and temporal trends in
risk factor related disability reveal an increasing bur-
den only in low- and upper-middle income nations.’
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CLINICAL PERSPECTIVE
What Is New?

Population-based initiatives to improve hyper-
tension management along the cascade of care
result in reduced stroke hospitalization rates
and risk of death from stroke in middle-income
urban centers.

What Are the Clinical Implications?

e A focus on cardiovascular risk and hyperten-
sion management at population level can rap-
idly translate into health benefits irrespective of
changes to clinical services and care.

Nonstandard Abbreviations and Acronyms

CARDIO Quality of Care, Early Access, Policy
Reform, Data and Digital Technology,
Intersectoral Collaboration, Local
Ownership

However, the contemporary literature on systematic
efforts to document stroke burden or the potential
impact of population-focused stroke prevention and
management efforts in these high-risk regions remains
scarce.’® These disparities in stroke burden and the
lack of reliable evidence are in part also related to non-
existent or suboptimal surveillance systems and data
infrastructure.”

Most stroke events can be attributed to cardiovas-
cular risk factors like high systolic blood pressure, high
body mass index, hyperglycemia, air pollution, and
smoking.! Of these, high systolic blood pressure re-
mains the leading risk factor, responsible for an esti-
mated 55.5% of total stroke-related disability-adjusted
life years.! In systematic reviews and meta-analyses of
cohort and randomized trials, lowering of mean blood
pressure is associated with appreciable reductions in
the risk of stroke across blood pressure categories.®?
Indeed, a reduction in the mean systolic blood pres-
sure by 10mmHg (or in the diastolic blood pressure by
5-6mmHg) is associated with a stroke risk reduction
of 20% to 40%.8101

Starting in 2018, in collaboration with city govern-
ments and local implementation partners, a global
multisector urban health initiative, CARDIO4Cities, was
designed and implemented to improve cardiovascu-
lar health in several major cities.’>'* This initiative fol-
lowed the CARDIO approach, a strategy based on the
6 pillars of quality of care, early access, policy reform,
data and digital technology, intersectoral collaboration,
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and local ownership."* Within 2years of implementa-
tion, blood pressure control rates increased by 50% in
Dakar, Senegal, nearly tripled in Sdo Paulo, Brazil and
increased 6-fold in Ulaanbaatar, Mongolia.’> A model-
ing study demonstrated that these results translate into
a predicted reduction of up to 13% in stroke incidence
and 12% in acute coronary events.® When model-
ing the impact over 10years after implementation, it
was found that up to 8% of deaths might be averted.
Indeed, the primary goal of the CARDIO4Cities ini-
tiative was to apply a holistic urban health approach
for cardiovascular risk factors such as hypertension
along the cascade of care (diagnosed, treated, con-
trolled) at primary health level. Motivated by the initial
successes of the CARDIOA4Cities initiative, we initiated
an extended surveillance period to focus on the sta-
tus of stroke in Dakar and Sdo Paulo. In this study,
we report on findings from our efforts to systematically
document the burden of stroke and assess the impact
of the CARDIO4Cities initiative on stroke incidence and
fatality rates. Based on the previous modeling results,
we hypothesized that the initiative’s impact on hyper-
tension control would translate into a reduced risk of
fatal and nonfatal strokes.

METHODS

Implementation of the CARDIO4Cities
Approach

The CARDIO4Cities initiative was implemented in
Dakar (Senegal) and Sao Paulo (Brazil). Key charac-
teristics of the cities including relevant cardiovascu-
lar health indicators have been described previously
along with the implementation timeline and activities.'?
For the current study, we consider 3 phases: pre-
intervention period (needs assessment, planning, and
establishing necessary agreements), intervention pe-
riod (implementation and scaling up of activities) and
follow-up period (maintaining interventions) (Table S1).
For Dakar, we determined the preintervention period
from January 2017 to March 2018. Implementation
was from April 2018 through December 2019. January
2020 to October 2021 is defined as follow-up period
while interventions were maintained. In Sao Paulo,
the preintervention and codevelopment phase was
informed by the Design Thinking methodology,'® fol-
lowed by the gradual implementation of the initiative.
Due to this paced scaling up, we defined a first pre-
intervention period from July 2016 to June 2018 for the
ltaquera district where the initiative was implemented
in 6 health centers from July 2018 to September 2019.
After a second preintervention phase from August
2019 to April 2020, the activities were replicated in
another 18 health centers across Itaquera and Penha
districts from May to December 2020. The population
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health approach was subsequently scaled to the entire
city.” More details on the initiative’s implementation
can be found in the paper by Boch and coauthors'?
(Table S1). All supporting data are available within the
article and its online supplementary files.

Data Collection

In Dakar, starting on December 1, 2021 we reviewed
existing anonymized clinical stroke documentation
and data collection tools in hospitals and health
centers. Stroke care and surveillance guidance up-
dates and related trainings were previously offered
with an aim to improve routine stroke diagnosis and
management practices. Capacity strengthening of
health providers was performed by the Senegalese
professional association of neurologists, the imple-
mentation partner IntraHealth and the American
Heart Association. Although clinical definitions of
stroke followed local guidelines, we found that data
collection was not standardized. Hence, we devel-
oped data collection forms to assist data clerks in the
extraction of stroke-related data from paper-based
files identified by a clinical supervisor working in the
facilities. Data sources included clinical observation
sheets and files, referral sheets, and discharge sum-
maries. The hospital and health center mortality re-
cords were also reviewed. Primary retrospective data
were collected from 6 public hospitals and 16 health
centers spread across the city for 2017, 2018, and
2019. Data were collected on electronic tablets using
the Open Data Kit Collect software and exported to
Excel and SPSS for analysis. Unique identifiers were
assigned to all patients while ensuring anonymiza-
tion. Population data were extracted from the 2013
Dakar census.

In Brazil, the Ministry of Health runs the DATASUS
information system, a public data repository integrat-
ing 14 databases, including the Hospital Information
System, containing anonymized information on acute
health events from the public health system (Sistema
Unico de Salde). Using DATASUS, we extracted
claims data of patients aged >20years with at least 1
International Classification of Diseases, Tenth Edition
(ICD-10) coded stroke record between January 2016
and September 2021 for inclusion in the study. Data
extraction started on December 6, 2021. The res-
idential zip code was used to assign patients to the
CARDIOA4Cities intervention districts, namely ltaquera
and Penha, or any of the other districts of Sao Paulo
City. Census data were extracted from Fundacao
SEADE to provide region-level population estimates
for the State of Sao Paulo.

Ethical and administrative approvals for the
CARDIOA4Cities activities were obtained in both cities,
as appropriate. Data collection in Dakar was covered
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by ethical approval whereas in Sao Paulo, only publicly
available data were used for the current study.

Statistical Analysis

Stroke-related outcomes (Table S2) were aligned
with the definitions of the World Health Organization
STEPwise approach to stroke surveillance manual.'®
Clinical risk-factor definitions were based on the World
Health Organization Technical Packages'®?° and Stroke
manual’® as appropriate. Data were analyzed using
Microsoft Excel (Microsoft 365, Microsoft, Redmond,
WA, USA) and R-4-1-0. Descriptive statistics, including
the demographic characteristics of patients with stroke
and clinical risk-factors, were summarized as counts
and percentages across time periods and geographic
locations as appropriate. Crude annual rates of key
stroke-related outcomes were calculated by dividing
the number of observations in each time period within
a district by the population in that district. Case-fatality
rates were calculated as the proportion of in-hospital
stroke deaths divided by the total number of stroke
hospitalization events in each period within a region.
All annual rates were age-standardized to the World
Health Organization reference population.

The CARDIOA4Cities intervention population was
defined as the population living in the implementation
area during the time of intervention (Table S1). In Sao
Paulo, this allowed for an outcomes comparison over
time and between intervention districts and other city
areas, whereas in Dakar comparison was possible only
between time periods. An interrupted time series anal-
ysis was used to describe temporal trends in stroke-
related outcomes. In the absence of a randomized
controlled trial, the interrupted time series approach
helps account for secular trends when evaluating the
impact of population programs or quality improve-
ment interventions.?' Linearity and autocorrelation of
data points was assessed before conducting the inter-
rupted time series analysis. A similar number of months
(time points) were included in the preintervention and
follow-up periods.

The change in outcomes over time and, in Sao
Paulo also between districts, was assessed using a
segmented regression approach that allowed for the
estimation of immediate changes in the rate of out-
comes as well as changes in the trend (ie, a model
with different intercept and slope coefficients for the
preintervention and follow-up periods). Specifically in
Sao Paulo, an attempt was made to identify the effect
of the COVID-19 pandemic on stroke rates, with peri-
ods defined by major milestones in the local evolution
of the pandemic.

For the count data on stroke hospitalizations, a gen-
eralized linear model of negative binomial regression
with a logarithmic link function and an offset equal to
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Table 1. Profile of Stroke Hospitalization Events in Dakar in the Period 2017 to 2021

2017 2018 2019 2020 2021*
Total N=682 Total N=767 Total N=830 Total N=672 Total N=494
Age,y
20-29 12 (1.8%) 16 (2.1%) 19 (2.3%) 6 (0.9%) 12 (2.4%)
30-44 59 (8.7%) 88 (11.5%) 75 (9.0%) 84 (12.5%) 63 (12.8%)
45-59 159 (23.3%) 174 (22.7%) 172 (20.7%) 142 (21.1%) 124 (25.1%)
60-69 181 (26.5%) 181 (23.6%) 243 (29.3%) 185 (27.5%) 122 (24.7%)
>70-79 242 (35.5%) 279 (36.4%) 295 (35.5%) 203 (30.2%) 172 (34.8%)
Missing 29 (4.3%) 29 (3.8%) 26 (3.1%) 52 (7.7%) 1(0.2%)
Sex
Women 375 (55.0%) 412 (53.7%) 414 (50.1%) 351 (52.2%) 242 (49.0%)
Missing 0 0 0 0 0
Stroke typef
Ischemic 472 (69.2%) 514 (67.0%) 574 (69.2%) 472 (70.2%) 123 (24.9%)
Hemorrhagic 144 (21.1%) 165 (21.5%) 130 (15.7%) 17 (17.4%) 5 (1.0%)
Ischemic/hemorrhagic 30 (4.4%) 47 (6.1%) 90 (10.8%) 0 (0.0%) 1(0.2%)
Undetermined 36 (5.3%) 41 (5.3%) 36 (4.3%) 83 (12.4%) 364 (73.7%)
Hypertension
Diagnosis 430 (63.0%) 475 (61.9%) 510 (61.4%) 326 (48.5%) 287 (58.1%)
Missing 100 (14.7%) 136 (17.7%) 104 (12.5%) 104 (15.5%) 97 (19.6%)
Other risk factors
Obese/overweight 15 (2.2%) 16 (2.1%) 11 (1.3%) 16 (2.4%) 6 (1.2%)
Obese/overweight missing 644 (94.4%) 723 (94.3%) 795 (95.8%) 547 (81.4%) 481 (97.4%)
Cigarette smoking 45 (6.6%) 55 (7.2%) 65 (7.8%) 36 (5.4%) 45 (9.1%)
Cigarette smoking missing 475 (70.0%) 438 (57.1%) 487 (58.7%) 396 (58.9%) 320 (64.8%)
Alcohol intake 29 (4.3%) 15 (2.0%) 29 (3.5%) 21 (3.1%) 18 (3.6%)
Alcohol intake missing 484 (71.0%) 459 (59.8%) 506 (61.0%) 406 (60.4%) 324 (65.6%)
Sedentary lifestyle 41 (6.0%) 35 (4.6%) 34 (4.1%) 38 (56.7%) 20 (4.0%)
Sedentary lifestyle missing 620 (90.9%) 714 (93.1%) 762 (91.8%) 520 (77.4%) 451 (91.3%)
Diabetes 108 (15.8%) 145 (18.9%) 143 (17.2%) 145 (21.6%) 87 (17.6%)
Diabetes missing 334 (49.0%) 335 (43.7%) 416 (50.1%) 266 (39.6%) 259 (52.4%)
Recurrent stroke
Previous stroke 159 (23.3%) 190 (24.8%) 215 (25.9%) 217 (32.3%) 100 (20.2%)
Missing 212 (31.1%) 268 (34.9%) 338 (40.7%) 150 (22.3%) 152 (30.8%)

*Through October 2021.

Stroke type defined by International Classification of Diseases, Tenth Edition (ICD-10) categories: Ischemic (163, 165-66), Hemorrhagic (160-62), Other (167-

68), Undetermined (164).

the log of the population divided by 100000 was used
to generate relative risks and 95% ClI. In addition, pos-
sible confounding factors (sex and age group) were
considered in the model; sine and cosine functions, as
needed, were used to improve the estimation of peaks
and valleys of the series.

RESULTS

Dakar

For the period January 2017 to October 2021, a total
of 3445 stroke hospitalization records were identified
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in Dakar (Table 1). Overall, 39.0% of all hospitalizations
occurred in patients aged 59years and younger, and
roughly half (52.1%) happened in female patients. Of
all strokes, 62.6% were ischemic and 25.6% were re-
current strokes. Overall, 58.9% of the patients with a
stroke had been previously diagnosed with hyperten-
sion and 18.2% with diabetes.

In Dakar, age-standardized stroke hospitalization
rates increased from 2017 to 2019, then declined be-
tween 2020 and 2021 (Table 2). In total, they decreased
by 26% from 164.2 per 100000 people in 2017 to
120.8 per 100000 in 2021. Overall stroke hospitaliza-
tions, nonfatal stroke hospitalizations, and in-hospital
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Table 2. Stroke Hospitalization Outcomes in Dakar in the Period 2017 to 2021.

Stroke Outcomes of Hypertension Program

Crude rates 2017 2018 2019 2020 2021
Stroke hospitalizations (per 100000) 88.3 100.1 106.2 84.5 66.8
In-hospital stroke mortality (per 100000) 24.4 28.0 217 18.4 13.9
Nonfatal stroke hospitalizations (per 62.9 7241 78.5 66.1 52.9
100000)
Case-fatality rate (per 100) 29.8 28.0 261 21.8 20.9
Age-standardized rates*
Stroke hospitalizations (per 100000) 164.2 182.9 1981 151.9 120.8
In-hospital stroke mortality (per 100000) 50.8 54.8 55.6 34.5 26.6
Nonfatal stroke hospitalizations (per 113.4 128.1 142.5 1174 94.2
100000)
Case-fatality rate (per 100 23.1 19.8 19.2 13.9 12.8
hospitalizations)

*Rates were standardized to the World Health Organization reference population.

stroke-mortality rates all rose between 2017 and 2019
and then fell from 2020 to 2021. Age-standardized in-
hospital stroke mortality declined by 48% (from 50.8
per 100000 in 2017 to 26.6 per 100000 in 2021).
Age-standardized case-fatality rates declined by 45%
throughout the study period, from 23.1 deaths per 100
hospitalizations in 2017 to 12.8 deaths per 100 hospi-
talizations in 2021.

In multivariable regression models, adjusting for age
and sex, in Dakar, we observed no statistically signif-
icant difference in the risk for stroke hospitalizations
between preintervention and follow-up period (relative
risk [RR], 0.97 [95% CI, 0.89-1.03]; P>0.05), but the
risk for in-hospital stroke mortality was 18% lower at
follow-up versus preintervention (RR, 0.82 [95% ClI,
0.68-0.96]; P=0.006). There was also a 15% reduction
in stroke case fatality risk over the observation period
(RR, 0.85 [95% Cl, 0.74-0.96]; P=0.004).

Sao Paulo

Between 2016 and September of 2021, 2204 and 2287
stroke hospitalizations were recorded respectively
in ltaguera and Penha (Tables 3 and 4). About 34%
of these occurred in patients 59years and younger,
and about half occurred in women. Age-standardized
stroke hospitalization rates steadily declined in ltaquera
between 2016 and 2021, decreasing by 60% (from
129.1/100000 population to 51.5/100000) (Table 5). In
Penha, rates decreased by 48% from 111.9/100000 in
2016 to 58.1/100000 in 2021. Nonfatal stroke hospitali-
zations also declined in both Itaquera and Penha from
2016 to 2021.

In Itaquera, in-hospital stroke mortality rates in-
creased in 2016 and 2017, and then progressively
decreased till 2021, with an overall decline of 40%
from 2016 to 2021. In Penha, a 45% decrease was
observed when comparing 2016 (18.5 per 100000)
with 2021 (10.2 per 100000) rates. Age-standardized
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case-fatality rates increased in Iltaquera by 29% from
9.2 deaths per 100 hospitalizations in 2016 to 11.9
deaths per 100 hospitalizations in 2021. In Penha,
however, there was no difference between the case fa-
tality rate in 2016 (13.0 deaths per 100 hospitalizations)
and 2021 (12.8 deaths per 100 hospitalizations).

From the preintervention to the follow-up period, we
observed a 33% reduction in stroke hospitalization risk
in Itaquera (RR, 0.67 [95% CI, 0.60-0.75], P<0.001),
compared with a 10% risk reduction in the rest of
Sao Paulo (RR, 0.90 [95% CI, 0.87-0.94], P<0.001).
Whereas in the preintervention period, there was no
statistically significant difference in the risk of stroke
hospitalization between Itaquera and the rest of the
city (RR, 0.94 [95% ClI, 0.86-1.02]), at follow-up, that
risk was 31% lower (RR, 0.69 [95% ClI, 0.59-0.79];
P<0.01). As compared with the rest of Sao Paulo city,
there was no difference in the risk of stroke hospital-
ization in the preintervention period in Penha (RR, 0.97
[95% ClI, 0.81-1.16]) but a significant 18% lower risk
(RR, 0.82 [95% ClI, 0.71-0.95], P=0.01) at follow up.

The risk of in-hospital stroke mortality decreased by
23% (RR, 0.77 [95% ClI, 0.58-1.01], P=0.056) between
preintervention and follow-up periods in Itaquera,
whereas it slightly increased in the rest of Sdo Paulo
city (RR, 1.06 [95% CI, 1.0-1.11], P=0.055). Overall,
ltaquera displayed a statistically nonsignificantly lower
risk of in-hospital stroke mortality preintervention
compared with the rest of the city (RR, 0.84 [95% Cl,
0.69-1.02], P=0.08) whereas that risk was significantly
lower in the postintervention period (RR, 0.61 [95% Cl,
0.49-0.76], P<0.01). In Penha, no difference in the risk
of in-hospital stroke mortality was noted preinterven-
tion versus follow-up (RR, 0.95 [95% CI, 0.58-1.55)).
In the rest of Sao Paulo city, there was an 11% higher
risk for in-hospital stroke mortality at follow-up (RR,
1.11 [95% ClI, 1.01-1.23]) compared with preinterven-
tion (P=0.036). Similarly to ltaquera, in Penha there
was no statistically significant difference in the risk of
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Table 3. Profile of Stroke Hospitalization Events in Itaquera, Sao Paulo, in the Period 2016 to 2021

2016 2017 2018 2019 2020 2021*
Total N=457 Total N=441 Total N=411 Total N=387 Total N=291 Total N=217
Age,y
20-29 4 (0.9%) 3(0.7%) 4 (1.0%) 3(0.8%) 2 (0.7%) 3 (1.4%)
30-44 35 (7.7%) 33 (7.5%) 27 (6.6%) 23 (5.9%) 21 (7.2%) 16 (7.4%)
45-59 1083 (22.5%) 101 (22.9%) 99 (24.1%) 88 (22.7%) 67 (23.0%) 45 (20.7%)
60-69 121 (26.5%) 107 (24.3%) 119 (29.0%) 111 (28.7%) 74 (25.4%) 58 (26.7%)
>70-79 194 (42.5%) 197 (44.7%) 162 (39.4%) 162 (41.9%) 127 (43.6%) 95 (43.8%)
Missing 0 0 0 0 0 0
Sex
Women 225 (49.2%) 233 (52.8%) 213 (51.8%) 187 (48.3%) 127 (43.6%) 109 (50.2%)
Missing 0 0 0 0 0 0
Race
White 163 (35.7%) 198 (44.9%) 170 (41.4%) 166 (42.9%) 115 (39.5%) 86 (39.6%)
Black 38 (8.3%) 37 (8.4%) 27 (6.6%) 19 (4.9%) 21 (7.2%) 11 (6.1%)
Brown 117 (25.6%) 97 (22.0%) 88 (21.4%) 99 (25.6%) 81 (27.8%) 69 (31.8%)
Asian 1(0.2%) 2 (0.5%) 0 (0%) 2 (0.5%) 1(0.3%) 1(0.5%)
Indigenous 0 0 0 0 0 0
Missing 138 (30.2%) 107 (24.3%) 126 (30.7%) 101 (26.1%) 73 (25.1%) 50 (23.0%)
Stroke type’
Ischemic 52 (11.4%) 44 (10.0%) 40 (9.7%) 60 (15.5%) 39 (13.4%) 31 (14.3%)
Hemorrhagic 51 (11.2%) 59 (13.4%) 60 (14.6%) 40 (10.3%) 46 (15.8%) 35 (16.1%)
Other 9 (2.0%) 10 (2.3%) 11 (2.7%) 10 (2.6%) 2 (0.7%) 0 (0%)
Undetermined 345 (75.5%) 328 (74.4%) 300 (73.0%) 277 (71.6%) 204 (70.1%) 151 (69.6%)

*Through September 2021.

Stroke type defined by International Classification of Diseases, Tenth Edition (ICD-10) categories: Ischemic (163, 165-66), Hemorrhagic (160-62), Other (167-

68), Undetermined (164).

in-hospital stroke mortality as compared with the rest
of the city preintervention (RR, 0.97 [95% CI, 0.61-
1.43]) but at follow-up, we observed a 20% lower risk
(RR, 0.80 [95% ClI, 0.57-1.10]; P<0.01).

In ltaquera (RR, 1.15 [95% ClI, 0.88-1.51]) and Penha
(RR, 118 [95% CI, 0.72-1.93]), no difference in stroke
case fatality risk was seen preintervention versus fol-
low-up, but that risk was observed to increase in the
entire city of Sao Paulo (RR, 1.18 [95% ClI, 1.12-1.24],
P<0.01).

To explore the impact of the COVID-19 pandemic
on hospitalization rates in S&o Paulo, we conducted
a secondary analysis of stroke hospitalizations strat-
ified by periods during onset and evolution of the
pandemic.?? Using negative binomial regression, we
examined trends in the outcome across 4 time peri-
ods: pre-COVID/preprogram (July 2016-June 2018);
pre-COVID/during program (July 2018—February 2019);
COVID/postprogram (March 2019-December 2020);
and post-COVID-19 vaccine availability/postprogram
(January 2021-September 2021) (Figure S1). The
CARDIO4Cities approach, as a binary variable, was in-
cluded in the model as a covariate (Table S1). Although
no statistically significant difference in the relative risk
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of stroke hospitalization was noted between noninter-
vention districts in Sdo Paulo and Itaquera at baseling,
such a difference was noted for all intervention periods
irrespective of the COVID-19 situation (Figure S2).

DISCUSSION

CARDIOA4Cities was designed as a comprehensive
approach to improve cardiovascular population health
through multisector urban partnerships. The primary
impact of this initiative on the outcomes of the hyper-
tension cascade of diagnosis, treatment, and control
have been reported elsewhere'?'® and confirm the
feasibility of population-based hypertension control
interventions established previously.?>?* The current
analysis focused on stroke-related outcomes, with the
objective to explore how CARDIO4Cities might have
contributed to population health in Dakar, Senegal,
and Sao Paulo, Brazil.

Systolic blood pressure reduction translates into a
reduced risk for cardiovascular events.?>? Thus, as
markers of cardiovascular health, the examination of
stroke-related metrics can help highlight the impact of
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Table 4. Profile of Stroke Hospitalization Events in Penha, Sao Paulo, in the Period 2016 to 2021

2016 2017 2018 2019 2020 2021*
Total N=461 Total N=439 Total N=423 Total N=405 Total N=303 Total N=256
Age, y
20-29 4 (0.9%) 6 (1.4%) 6 (1.4%) 5 (1.2%) 3 (1.0%) 7 (2.7%)
30-44 23 (5.0%) 33 (7.5%) 28 (6.6%) 29 (7.2%) 14 (4.6%) 23 (9.0%)
45-59 108 (23.4%) 108 (24.6%) 115 (27.2%) 75 (18.5%) 56 (18.5%) 48 (18.8%)
60-69 108 (23.4%) 127 (28.9%) 111 (26.2%) 101 (24.9%) 74 (24.4%) 74 (28.9%)
>70-79 218 (47.3%) 165 (37.6%) 163 (38.5%) 195 (48.1%) 156 (51.5%) 104 (40.6%)
Missing 0 0 0 0 0 0
Sex
Women 224 (48.6%) 213 (48.5%) 200 (47.3%) 200 (49.4%) 161 (63.1%) 143 (55.9%)
Missing 0 0 0 0 0 0
Race
White 107 (23.2%) 125 (28.5%) 127 (30.0%) 137 (33.8%) 99 (32.7%) 68 (26.6%)
Black 17 (3.7%) 16 (3.6%) 14 (3.3%) 18 (4.4%) 11 (3.6%) 7 (2.7%)
Brown 59 (12.8%) 59 (13.4%) 74 (17.5%) 56 (13.8%) 44 (14.5%) 30 (11.7%)
Asian 0 (0%) 2 (0.5%) 1(0.2%) 1(0.2%) 5 (1.7%) 0 (0%)
Indigenous 0 0 0 0 0 0
Missing 278 (60.3%) 237 (54.0%) 207 (48.9%) 193 (47.7%) 144 (47.5%) 151 (569.0%)
Stroke type'
Ischemic 80 (17.4%) 85 (19.4%) 64 (15.1%) 86 (21.2%) 52 (17.2%) 76 (29.7%)
Hemorrhagic 51 (11.1%) 52 (11.8%) 58 (13.7%) 57 (14.1%) 44 (14.5%) 39 (15.2%)
Other 4 (0.9%) 13 (3.0%) 15 (3.5%) 7 (1.7%) 9 (3.0%) 6 (2.3%)
Undetermined 326 (70.7%) 289 (65.8%) 286 (67.6%) 255 (63.0%) 198 (65.3%) 135 (52.7%)

*Through September 2021.

Stroke type defined by International Classification of Diseases, Tenth Edition (ICD-10) categories: Ischemic (163, 165-66), Hemorrhagic (160-62), Other (167-

68), Undetermined (164).

population-based blood-pressure-focused interven-
tions.’ In hypertension control, every mmHg counts,
and among all acute cardiovascular events, strokes are
the most sensitive indicators for improved hypertension
control.’® As such, we believe that the observed reduc-
tion in stroke hospitalizations may result from the im-
proved hypertension control following CARDIO4Cities
in the intervention areas as the connection between
hypertension and stroke is well established?” although
most intervention studies report on hypertension out-
comes rather than stroke.?®

As the prime risk factor for acute cardiovascular
events, there is a growing recognition of the need for
better hypertension control in low- and middle-income
settings. Evidence for the feasibility and impact of inter-
ventionsin Africaforexampleis only startingtoemerge.?®
In Dakar, we documented a decrease in stroke hospi-
talization and case fatality rates after the introduction
of CARDIO4Cities as compared with baseline. Indeed,
post intervention, we observed a statistically significant
reduction in case fatality and in-hospital mortality risk
for stroke. Although CARDIO4Cities focused on hyper-
tension management, in Dakar, the professional neu-
rologists association also offered stroke diagnosis and
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management training to health providers as part of the
initiative, which may also have contributed to the im-
proved stroke outcomes, while CARDIO4Cities inter-
ventions focused on hypertension guideline updates,?®
accelerated detection, and improved management of
hypertension at primary health level. We believe that a
majority of the stroke risk reductions can be linked to
the rapidly improved hypertension control in the city
population through CARDIOA4Cities.

In Sao Paulo, statistically significant reductions
were observed in the risk for stroke hospitalizations,
in-hospital stroke mortality, and nonfatal stroke hospi-
talizations in the intervention districts of Iltaquera and
Penha as compared with the entire city of Sdo Paulo.
Age-adjusted stroke hospitalization and in-hospital
stroke mortality already showed a long-term decreasing
trend in Brazil before the onset of this study.3%3! The risk
for stroke hospitalizations was comparable at baseline
and significantly lower in the intervention districts during
follow-up. Of note, these trends were not reversed by
the COVID-19 pandemic and associated health system
disruptions, which are known to have affected stroke-
related hospital admissions and myocardial infarction
rates in high-income countries.® We assume that
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Table 5. Stroke Hospitalization Outcomes in Itaquera and Penha, Sao Paulo, in the Period 2016 to 2021

Itaquera Penha
Crude rates 2016 2017 2018 2019 2020 2021* 2016 2017 2018 2019 2020 2021*
Stroke hospitalizations 117.68 | 112.16 103.25 96.05 71.36 52.77 128.76 | 12215 117.28 111.90 83.44 70.42
(per 100.000)
In-hospital stroke mortality 14.16 15.77 14.57 14.64 10.30 9.48 21.51 17.25 19.41 16.58 17.90 12.93
(per 100.000)
Nonfatal stroke hospitalizations 103.52 | 96.39 88.68 81.40 61.06 43.28 107.25 | 104.90 97.87 95.32 65.54 57.49
(per 100.000)
Case fatality rate (per 100 12.04 14.06 1411 15.245 | 14.433 | 17.972 16.703 | 14.123 16.548 14.815 21452 | 18.359
hospitalizations)
Age-standardized rates’
Stroke hospitalizations 1291 120.7 107.2 97.7 51.5 111.9 105.9 100.4 93.3 681 581
(per 100.000)
In-hospital stroke mortality 15.7 17.4 14.9 147 9.4 18.5 145 16.4 13.3 14.3 10.2
(per 100.000)
Nonfatal stroke hospitalizations | 113.4 103.4 92.3 83.1 4241 93.4 91.4 83.9 80.0 53.7 479
(per 100.000)
Case fatality rate (per 100 9.2 9.0 12.0 10.8 1.9 13.0 71 17.0 7.6 17.0 12.8
hospitalizations)

*Through September 2021.

Rates were standardized to the World Health Organization reference population.

stroke hospitalizations are a good proxy to evaluate the
population impact of CARDIO4Cities through improved
cardiovascular risk management in primary care.%3
Across cities, the observed age-standardized
stroke hospitalization rate reductions of 26% in Dakar
and 54% in S&o Paulo are even higher than those
predicted in the long-term impact modeling of the
CARDIOA4Cities intervention.™ The observed results
are, however, in line with other studies showing how in-
terventions aiming at population-wide blood pressure
reduction can lead to improved stroke outcomes.34-%6
Our study has some limitations that deserve com-
ments. The observed trends have to be interpreted in
the light of infrastructure and data differences between
the 2 cities. Brazil, an upper-middle income country,
has a federally mandated stroke data collection pro-
cess whereas Senegal, a lower-middle income coun-
try, does not. In Dakar, the interest in stroke as a key
outcome of cardiovascular disease led local health
authorities to rethink the process and indicators im-
portant for stroke surveillance. This resulted in the
development of a standardized algorithm for stroke
diagnosis and management, combined with adequate
training of hospital health providers. In Dakar, the lack
of a proper tracking system for patient referral and fol-
low-up after hospital discharge, can have contributed
to inaccuracies and underestimations of the stroke
metrics. Although primary health center data collection
is susceptible to quality concerns,®” Dakar also sees
patients from outside the city boundaries. The fact that
patients may not be part of the resident population
implies that out-of-town patients may potentially have
inflated the reported stroke rates. Vital statistics and
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cause of death determination may be incomplete, both
in Senegal and Brazil, and stroke deaths in the commu-
nity or after hospital discharge may go unreported.®®
In Sao Paulo, official and arguably comprehensive
public hospital data were available for analysis. It must
be noted that a high proportion of strokes reported
through this channel were of “undetermined” type.
Although of concern in terms of accuracy of medical
records, our analysis was not stratified by stroke type.
Nevertheless, it is worth noting that temporal trends in
the accuracy of stroke classification and documenta-
tion may affect analysis of stroke outcomes.®® As stroke
is a medical emergency, it is assumed that patients are
most often managed in the closest facility rather than
one of their choice, which might be private. The com-
parison of intervention districts to contemporary non-
intervention districts and the detection of progressively
differing trends between them increases the confidence
in the association between observed trends and the
CARDIO interventions. We are not aware of other over-
lapping quality improvement programs in either city that
might have affected stroke management or reporting.
Following the results presented here, we argue that the
urban population health initiative CARDIO4Cities'?1®
not only improved blood pressure control but also di-
rectly affected stroke incidence and outcomes in the
populations benefiting from the interventions.

CONCLUSIONS

Positive trends in stroke outcomes were observed
in 2 urban centers in middle-income countries after
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implementing the multisectoral CARDIO4Cities initia-
tive to improve hypertension control. This extends the
evidence on the impact of improved blood pressure
control on stroke incidence and mortality to middle-
income settings. Operationally feasible and rapidly
successful interventions to improve cardiovascular
population health are now within reach for the popula-
tions that need them most.
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