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Background: Although potential links between malaria
parasitaemia and hypertension have been hypothesized,
there is paucity of epidemiologic evidence on this link. We
investigated in a population-based survey, the association
between malaria parasitaemia and hypertension in Ivorian
adults.

Methods: We estimated the adjusted odds ratios (OR) and
95% confidence intervals (Cl) of hypertension in relation to
malaria parasitaemia using multinomial regression, in 997
randomly selected adults in the ‘Céte d'lvoire Dual Burden
of Disease Study’ (CoDuBu), in south-central Céte d'Ivoire.
We defined malaria parasitaemia as a positive rapid
diagnostic test or identification of Plasmodium spp. on
microscopy. Using the mean of the last two of three blood
pressure (BP) measurements and questionnaire data, we
defined hypertension as SBP at least 140 mmHg or DBP at
least 90 mmHg or clinician-diagnosed hypertension.

Results: Prevalence of malaria parasitaemia and
hypertension were 10 and 22%, respectively. Malaria
parasitaemia was negatively associated with hypertension
in participants with body temperature 36.5°C or less [OR
0.23 (95% Cl 0.06—0.84)]. Contrastingly, microscopic
malaria parasitaemia showed positive associations with
hypertension in participants with elevated body
temperature [>36.5°C; OR: 2.93 (95% Cl 0.94-9.14)].
Participants having microscopic malaria parasitaemia with
elevated body temperature had three-fold higher odds of
hypertension [OR: 3.37 (95% CI 1.12-10.0)] than malaria
parasitaemia-negatives with lower body temperature.

Conclusion: Malaria parasitaemia and hypertension are
prevalent and seemingly linked comorbidities in African
settings. This link may depend on malaria parasitaemia
symptomaticity/latency where individuals with more latent/
asymptomatic malaria parasitaemia have lower risk of
hypertension and those with more acute/symptomatic
malaria parasitaemia have a tendency toward higher BP. The
cross-sectional nature of the study limited the distinction of
short-term BP elevation (interim pathophysiological stress)
from hypertension development. Future longitudinal studies
considering malaria/hypertension phenotypes and host
molecular variations are needed to clarify involved biological
mechanisms, toward comorbidity management.
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INTRODUCTION
T he prevalence of hypertension in low-income and
middle-income countries (LMICs) is increasing [1,2],
contributing to higher mortality rates because of
cardiovascular diseases (CVD) [3]. Although this may be
attributed to urbanization and westernization of lifestyle,
they do not explain the high rates that have also been
observed in rural areas [4]. Persons of African ethnic back-
ground are well known to have comparatively higher blood
pressure (BP) and stroke risk than Caucasians [5]. At the
same time, malaria parasitaemia remains prevalent and a
significant contributor to mortality in LMICs [6]. Together
with malaria parasitaemia, hypertension contributes to a

state of double disease burden, which further strains indi-
vidual health and poor health systems in LMICs.
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A potential link between malaria parasitaemia and hyper-
tension was hypothesized. Suggested pathways can be
divided into causative malaria parasitaemia effects and shared
origins [7,8]. Proposed direct effects of malaria parasitaemia
include the promotion, in the long-term, of an atherosclerosis-
promoting pro-inflammatory state because of repeated infec-
tions [7,9—11]. In-utero and early life effects of malaria para-
sitaemia on low birth weight, malnutrition and stunting, are
established risk factors for CVD later in life [7,12—16]. In
pregnant women, malaria parasitaemia effect on preeclampsia
puts them atrisk for hypertension [7]. In the short-term, malaria
parasitaemia could induce BP fluctuations in either direction
[11,17]. Itis even conceivable that BP may first increase during
the milder stages of malaria parasitaemia and subsequently
falls as observed in severe malaria [18,19].

The shared origin hypothesis [7,8] is rooted in pathways
common to malaria parasitaemia and hypertension, such as
immunity, inflammation and body fluid regulation, and in
the observation of higher rates of hypertension among
individuals of African and Asian ancestry in malaria-free
western settings [20]. It suggests selective pressure of
genetic variants that protect against malaria or its patho-
genesis, regardless of other potentially resulting negative
systemic outcomes [8,21]. Malaria parasitaemia exerted the
strongest selective pressure on the human genome in recent
history, in part related to sickle cell trait [22]. But the latter
was not related to 24-h BP measurements and arterial
stiffness in African children from a malaria-free region
[23]. Additional genes under selective pressure include
those involved in oxidative stress, inflammation, immunity
and endothelial function [22]. Genetic variants that promote
angiotensin-converting enzyme (ACE) activity, and hyper-
tension [24,25], have higher expression rates in African
Americans compared with whites [26,27], and were associ-
ated with milder forms of malaria [28—30].

However, there is a paucity of population-based epide-
miologic evidence on the association between malaria
parasitaemia and hypertension. Malaria patients had lower
SBP [31], and higher serum ACE activity [29] compared with
controls in hospital-based studies. We investigated using a
population-based approach, the association between
malaria parasitaemia and hypertension in Ivorian adults
from a malaria-endemic setting [32,33].

METHODS
Study population

This study was done within the Cote d’Ivoire Dual Burden
of Disease Study (CoDuBu), which aims to investigate the
co-occurrence of infectious diseases and noncommunica-
ble diseases (NCDs), in the Taabo health and demographic
surveillance system (HDSS) [34]. Details of CoDuBu have
been described elsewhere [35]. Briefly, 1019 adults (50%
men) were randomly recruited in 2017 from three Taabo
HDSS communities (Amani-Ménou, Taabo-Cité and Toko-
hiri). Participants, in a fasting state, underwent health
examinations, including anthropometry, BP, haemoglobin
(Hb), malaria rapid diagnostic test (RDT), and thick and thin
blood film microscopy. A biobank constituting blood, stool
and urine was set up for future research on the molecular
basis of infectious disease—NCD relationship. Participants

Journal of Hypertension

Malaria parasitaemia and hypertension

also had detailed interviews covering their health status and
lifestyle characteristics.

The CoDuBu study protocol was approved by the Cote
d’'Tvoire National Research Ethics Committee (ref. 032/
IMSHP/CNER-kp; 24 March 2017) and the Ethics Committee
of Northwest and Central Switzerland (ref. 2016—00143; 2
May 2016). All participants provided written informed
consent before participating in the study, and consented
to be re-contacted for a potential follow-up study.

Case definition of malaria parasitaemia

Venous blood from participants was applied toward RDT and
microscopy for the identification of Plasmodium infection.
RDT was done using Malaria Dual PF/PAN Antigen (Histidine-
rich protein II (HRP2)/parasite lactate dehydrogenase
(pLDH)) test (ICT Diagnostics, Cape Town, South Africa),
which is an in-vitro immunochromatographic assay for the
qualitative detection of Plasmodium falciparum, Plasmo-
dium vivax, Plasmodium ovale and Plasmodium malariae
antigens in blood. RDTs were performed by experienced
laboratory technicians, and only valid tests were recorded.

Thick and thin blood films were also prepared, air-dried,
Giemsa-stained, and examined under a light microscope at
high magnification, for Plasmodium spp. identification and
quantification. Parasites were counted against 200 leuko-
cytes (or 500 leukocytes if parasite count was less than 10),
assuming a standard count of 8000 leukocytes/pl of blood
[36]. For quality control, a random sample of 10% of the
slides was re-read by a senior laboratory technician and
inter-rater agreement was 100%.

We identified participants as malaria parasitaemia-posi-
tive, if they tested positive to either RDT or microscopy,
regardless of Plasmodium spp. or density. As the RDT may
detect low-density infections, and the HRP2 antigens of
P. falciparum for a few weeks following parasite clearance
[37], we defined two diagnosis-specific malaria parasitae-
mia, including RDT-only malaria parasitaemia (excluding
those identified by microscopic malaria parasitaemia, rep-
resenting more latent infection) and microscopic malaria
parasitaemia (excluding RDT-only malaria parasitaemia,
representing more active infection).

Case definition of prehypertension and
hypertension

Participants had three BP measurements, 3 min apart, using
Omron Oscillograph and appropriate-sized cuffs (OMRON
Healthcare, Kyoto, Japan). The mean of the last two meas-
urements was taken for further analyses. Prehypertension
was defined as mean SBP of 120—139 mmHg or DBP of 80—
89 mmHg, in the absence of clinician-diagnosed hyperten-
sion. Hypertension was defined as having mean SBP at least
140 mmHg or DBP at least 90 mmHg or clinician-diagnosed
hypertension or antihypertensive medication use. All cases
of hypertension underwent electrocardiography, had 1
month of free treatment, and were subsequently enrolled
in a subsidized treatment and follow-up plan.

Measurement of potential confounders/modifiers
The following variables, which were measured using a
questionnaire, were selected as covariates: age (years;

1385

www.jhypertension.com



Eze et al.

continuous), sex (male/female), educational attainment
(none/primary/secondary/tertiary), household wealth
index derived as a principal component analysis of prop-
erties belonging to household of the participant [34] and
study area. We further considered CVD risk factors including
smoking status (never/former/current), intake of fruits and
vegetables (never/monthly/weekly/several days per week),
sedentariness (hours per week spent sitting or lying exclud-
ing sleep; continuous), family history of hypertension (yes/
no) and general susceptibility to illness (in comparison to
same sex and age group; lower/higher). Participants also
reported fever (yes/no) before examination.

Weight (kg), height (m) and waist circumference (cm)
were measured and BMI was calculated as the weight—
height-squared ratio (kg/m?). Body temperature was mea-
sured using Omron auricular thermometer (Omron Health-
care, Kyoto, Japan) and was classified along the mean
(<36.5°C/>36.5 °C; range: 34.6—37.9°C) for analyses. Hb
was measured with HemoCue Hb 301 (HemoCue AB,
Angelholm, Sweden), and anaemia was defined based
on WHO recommendations [38].

Statistical analyses

We described the characteristics of participants using fre-
quencies for categorical variables and means and SDs for
continuous variables. We imputed age-adjusted, sex-
adjusted, and area-adjusted mean of the missing covariate
data. We stratified these characteristics by hypertension
status and tested differences in proportions and means
using x* and t-tests, respectively.

We performed multinomial logistic regression for asso-
ciations between malaria parasitaemia and prehypertension
and hypertension, in unadjusted and adjusted models. We
performed covariate adjustment in a stepwise fashion and
the covariates included age, sex, educational attainment,
wealth index, area, family history of hypertension, smok-
ing, intake of fruits and vegetables, BMI, waist circumfer-
ence, sedentariness and anaemia. We performed sensitivity
analyses by limiting malaria parasitaemia cases to (sensitiv-
ity model i) RDT malaria parasitaemia (regardless of
microscopy); (sensitivity model ii) microscopic malaria
parasitaemia (regardless of RDT); (sensitivity model iii)
RDT-only malaria parasitaemia (excluding microscopy-
positive cases) and (sensitivity model iv) microscopic
malaria parasitaemia (excluding RDT-only positive cases).

Using the adjusted model, we tested effect modification
by age, sex, self-reported fever, body temperature, family
history of hypertension, and illness susceptibility. We also
performed these effect modification analyses using the
sensitivity models (iii) and (iv) mentioned above. Further-
more, we tested associations of prehypertension and hyper-
tension (and of SBP and DBP) with combinations of
elevated temperature and malaria parasitaemia diagnosis,
in adjusted models. For these analyses, we classified par-
ticipants into six exclusive groups, including (group i)
malaria parasitaemia-negative without elevated body tem-
perature (i.e. no self-reported fever and body temperature
<36.5° C; reference group); (group ii) malaria parasitae-
mia-negative with elevated body temperature (i.e. self-
reported fever or body temperature >36.5 °C); (group iii)
RDT-only malaria parasitaemia-positive, without elevated
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body temperature; (group iv) RDT-only malaria parasitae-
mia-positive, with elevated body temperature; (group v)
microscopic malaria parasitaemia-positive, without ele-
vated body temperature and (group vi) microscopic malaria
parasitaemia-positive, with elevated body temperature.

All results are reported as odds ratios (ORs) or beta
coefficients () and their 95% confidence intervals (CIs).
All analyses were performed with Stata version 14 (Stata
Corporation, College Station, Texas, USA) and R Studio
version 0.99.092 (R Foundation, Vienna, Austria).

RESULTS

We included 997 (98% inclusion rate) participants for
analyses. Among the excluded were two participants
who lacked BP data, and 20 pregnant women. Included
participants were 51% men, aged 18—87 years, with 55%
having at least primary education. Mean (standard devia-
tion; SD) of SBP and DBP were 122 (18) mmHg and 79 (12)
mmHg, respectively. Compared with nonhypertensive par-
ticipants, hypertensive participants were older, more often
women, had higher socioeconomic status, sedentariness,
adiposity and family history of hypertension (Table 1).
Prevalence of malaria parasitaemia was 10%. Prevalence
of RDT-positive malaria parasitaemia was 9.6%, whereas
microscopic malaria parasitaemia was 5.4%. Most (82%) of
the malaria parasitaemia cases identified by microscopy or
RDT were P. falciparum. Prevalence of self-reported fever
was 14%. Agreement between body temperature and self-
reported fever was 56.3%. Prevalence of prehypertension
and hypertension was 33 and 22%, respectively. Prevalence
of hypertension was higher among malaria parasitaemia-
negative participants (24%) than malaria parasitaemia-pos-
itive participants (14%) but prehypertension was not differ-
ent by malaria parasitaemia status (both 33%).
Associations between malaria parasitaemia and prehy-
pertension and hypertension were generally negative.
Unadjusted ORs of prehypertension and hypertension in
relation to malaria parasitaemia were 0.81 (95% CI 0.51—
1.29) and 0.48 (95% CI 0.26—0.89). Adjusting for age, sex
and socioeconomic covariates attenuated the ORs of pre-
hypertension and hypertension. Associations remained sta-
ble to further adjustment for family history of hypertension,
smoking and nutritional factors, but were further attenuated
on accounting for adiposity and sedentariness. Associations
remained stable to further adjustment for anaemia. Thus,
the fully adjusted ORs of prehypertension and hypertension
in relation to malaria parasitaemia were 0.97 (95% CI 0.59—
1.58) and 0.65 (95% CI 0.32—1.33), respectively (Table 2).
Estimates of association between malaria parasitaemia and
prehypertension and hypertension were robust to sensitivity
analyses, especially when limiting malaria parasitaemia to
RDT, with associations between RDT-only malaria parasitae-
mia and hypertension reaching borderline significance [OR
0.40 (95% CI 0.14—1.14). Associations between microscopic
malaria parasitaemia and prehypertension and hypertension
tended to be positive, with respective ORs of 1.09 (95% CI
0.57-2.1D) and 1.05 (95% CI 0.41-2.67) (Table 2).
We observed differences by self-reported fever
(Pintcraction =0.04) and bOdy temperature (Pintcrac[i(m =0.04)
0.04) on the association between malaria parasitaemia and
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TABLE 1. Summary of participant characteristics

Categorical variables

No hypertension

Malaria parasitaemia and hypertension

Hypertension

P value

All 997 (100) 771 (77.3) 226 (22.7)
Sex

Female 485 (48.7) 361 (46.8) 124 (54.9) 0.033

Male 512 (51.3) 410 (53.2) 102 (45.1)
Formal education

None 448 (44.9) 334 (43.2) 114 (50.4) 0.031

Primary 237 (23.8) 199 (25.8) 38 (16.8)

Secondary 235 (23.6) 182 (23.6) 53 (23.5)

Tertiary 77 (7.7) 56 (7.3) 21(9.3)
Wealth index tertiles

T 337 (33.8) 279 (36.2) 58 (25.7) 0.002

T2 330 (33.1) 257 (33.3) 73 (32.3)

T3 330 (33.1) 235 (30.5) 95 (42.0)
Smoking

Never smokers 827 (83.0) 630 (81.7) 197 (87.2) 0.026

Former smokers 81 (8.1) 62 (8.0) 19 (8.4)

Current smokers 89 (8.9) 79 (10.3) 10 (4.4)
Fruit intake

Never 5(0.5) 3(0.4) 2 (0.9) 0.015

Monthly 271 (27.2) 193 (25.0) 78 (34.5)

Weekly 630 (63.2) 498 (64.6) 132 (58.4)

Several days/week 91 (9.1) 77 (10.0) 14 (6.2)
Vegetable intake

Never 130 (13.0) 104 (13.5) 6 (11.5) 0.494

Monthly 267 (26.8) 205 (26.6) 2 (27.4)

Weekly 460 (46.2) 360 (46.7) 100 (44.5)

Several days/week 140 (14.0) 102 (13.2) 8 (16.8)
Study area

Taabo-Cité 500 (50.1) 364 (47.2) 136 (60.2) 0.003

Amani-Ménou 244 (24.5) 200 (25.9) 44 (19.5)

Tokohiri 253 (25.4) 207 (26.9) 46 (20.3)
Self-reported fever 142 (14.2) 100 (13.0) 42 (18.6) 0.034
Anaemia 207 (20.8) 151 (19.6) 56 (24.8) 0.090
General susceptibility to illness 436 (43.7) 321 (41.6) 115 (50.9) 0.014
Malaria parasitaemia ° 103 (10.1) 86 (11.5) 14 (6.2) 0.029
RDT malaria parasitaemia-positive 6 (9.6) 84 (10.9) 12 (5.3) 0.012
Microscopy malaria parasitaemia-positive 4 (5.4) 46 (5.9) 8 (3.5) 0.156
Malaria medication 5 (5.5) 37 (4.8) 18 (7.9) 0.067
Family history of hypertension 277 (27.8) 192 (24.9) 85 (37.6) <0.001
Missing data, waist circumference 4 (0.4) 3 (0.4) 1(0.4) 0.911
Missing data, BMI 3(0.3) 2(0.3) 1(0.4) 0.659
Missing data, body temperature 17 (1.7) 12 (1.6) 5(2.2) 0.503
Continuous variables Mean (SD) Mean (SD) Mean (SD) t-test
Age (years) 42 (13) 40 (13) 51(12) <0.001
Waist circumference (cm) 81 (11) 79 (10) 86 (13) <0.001
BMI (kg/mz) 23.4 (4.2) 22.9 (3.8) 24.9 (4.8) <0.001
Body temperature (°C) 36.5 (0.5) 36.5 (0.5) 36.5 (0.5) 0.114
SBP (mmHg) 122 (18) 115 (11) 145 (20) <0.001
DBP (mmHg) 9(12) 75 (7) 94 (13) <0.001
Mean arterial pressure 4 (13) 88 (8) 111 (14) <0.001
Haemoglobin level (g/dl) 13 3(1.6) 13.4 (1.5) 13.3 (1.6) 0.437
Sedentariness (h/week) 3(17) 32 (16) 36 (21) 0.001
Plasmodium density (per pl) 558 (1750) 602 (1873) 263 (303) 0.637

Hypertension was defined as SBP at least 140 mmHg or DBP at least 90 mmHg or clinician-diagnosed hypertension. Anaemia was indirectly measured using Hb level and categorized
according to WHO guidelines [38]. Missing data represents the number of participants who had single imputations of age-adjusted, sex-adjusted and area-adjusted means of the
respective variation. Wealth index was derived from a principal component analysis, including all assets owned by the household of participants. Sedentariness was defined as hours per
week spent in a sitting or lying position, excluding sleeping hours. RDT, rapid diagnostic test.

#Positive malaria rapid diagnostic test or microscopy.

hypertension in our study. We observed a negative associ-
ation in participants without self-reported fever (OR 0.40;
95% CI 0.17-0.98), and a positive association in those
reporting fever (OR 2.30; 95% CI 0.58-9.21). Similarly,
we observed a negative association in participants with
body temperature 36.5°C or less (OR 0.23; 95% CI 0.06—

0.84) and a positive association in those with body temper-
ature greater than 36.5 °C (OR 1.21; 95% CI 0.50—2.92). This
trend was similar for prehypertension (Fig. 1).

We observed a stronger magnitude of association in the
participants with self-reported fever or having higher body
temperature in models limited to microscopic malaria
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Model 1: unadjusted

Model 2: model 1 combined with age and sex

Model 3: model 2 combined with education, wealth and area
Model 4: model 3 combined with family history of hypertension
Model 5: model 4 combined with smoking, fruits and vegetables
Model 6: model 5 combined with BMI, WC, and sedentariness
Model 7: model 6 combined with anaemia®

Model 7, RDT positive regardless of microscopy®

Model 7, microscopy positive regardless of RDT®

Model 7, RDT-only positive (excluding microscopy positive)®
Model 7, microscopy positive excluding RDT-only positive cases®

TABLE 2. Association between malaria parasitaemia and hypertension phenotypes in the Céte d’Ivoire Dual Burden of Disease Study

Normotension

OR (95% CI)

Prehypertension Hypertension

OR (95% ClI) OR (95% ClI)

Reference 0.81 (0.51-1.29) 0.48 (0.26-0.89)
Reference 0.85 (0.53-1.36) 0.56 (0.29-1.08)
Reference 0.88 (0.54-1.41) 0.65 (0.34-1.27)
Reference 0.88 (0.55-1.41) 0.65 (0.33-1.26)
Reference 0.89 (0.55-1.44) 0.64 (0.33-1.25)
Reference 0.95 (0.58-1.55) 0.66 (0.33-1.33)
Reference 0.97 (0.59-1.58) 0.65 (0.32-1.33)
Reference 0.93 (0.57-1.53) 0.55 (0.26-1.15)
Reference 1.09 (0.57-2.11) 1.05 (0.41-2.67)
Reference 0.81 (0.40-1.64) 0.40 (0.14-1.14)
Reference 1.08 (0.56-2.09) 0.99 (0.39-2.51)

All estimates were derived from multinomial logistic regression models comparing odds of prehypertension and hypertension in malaria-positive vs. malaria-negative participants. Age
(years), BMI (kg/m?) and waist circumference (cm) were treated as continuous variables. Education was measured as formal education (yes/no); wealth index was derived from a
principal component analysis, including all assets owned by the household of participants; smoking was categorized as never, former or current; fruit and vegetable intake was
categorized into never/monthly/weekly/several days per week, respectively; waist circumference was measured at the level of the umbilicus at point of expiration; sedentariness was
measured as hours per week spent in a sitting or lying position excluding night-time sleeping hours. Anaemia was indirectly measured using Hb level and categorized according to WHO

guidelines [38]. Cl, confidence interval; OR, odds ratio; RDT, rapid diagnostic test.
°N (parasitaemia) = 100.

°N (parasitaemia) = 96.

N (parasitaemia) = 54.

9N (normotension) =413; N (prehypertension) = 312; N (hypertension) =218; N (parasitaemia) = 46.
€N (normotension)=416; N (prehypertension) =315; N (hypertension)=220; N (parasitaemia) = 54.

parasitaemia. Adjusted ORs of hypertension in relation to
microscopic malaria parasitaemia was 4.89 (95% CI 0.90—
26.90; P=0.07) among those with self-reported fever
(Pyieraction = 0.03), and 2.93 (95% CI 0.94-9.14; P=0.06)
among those with body temperature greater than 36.5°C
(Pinteraction = 0.02). We found differences by diagnostic test
(Pimeraction(RDT vs. microscopy) — 003), in the modlfymg effect
of body temperature on malaria parasitaemia—hyperten-
sion association. We also found similar test-specific trends
with prehypertension (Table 3).

Combinations of presence of malaria parasitaemia, ele-
vated body temperature and diagnostic test showed posi-
tive associations between being microscopic malaria
parasitaemia-positive and having elevated body tempera-
ture with hypertension [OR 3.37 (95% CI 1.12-10.10)]
compared with being malaria parasitaemia-negative with-
out elevated body temperature. This finding was also
replicated with both SBP and DBP where their sample
mean increased by 8.8mmHg (95% CI 2.9-14.6 mmHg)
and 4.1mmHg (95% CI 0.3-7.9mmHg), respectively
(Table 4).

DISCUSSION

We found that the cross-sectional distributions of BP and
malaria parasitaemia were not independent. The associa-
tions depended on latency and symptomaticity of infection,
and did not importantly depend on common hypertension
risk factors. The differences in the direction of association
observed between RDT malaria parasitaemia and micro-
scopic malaria parasitaemia might be because of the long
half-life of P. falciparum HRP-II antigens, which means that
they can still be detected for several days following malaria
treatment [39]. Thus, the RDTs may have picked up the
more latent or asymptomatic cases, in comparison to
microscopy, which may have identified more active malaria
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cases, thus preferred in practice for monitoring malaria
treatment [37].

Among participants whose malaria parasitaemia was
more likely latent and asymptomatic (RDT-diagnosed; no
signs of elevated temperature), the risk of hypertension
tended to be lower, compared with those with neither
malaria parasitaemia nor elevated body temperature. Per-
sons with this type of malaria parasitaemia have a higher
likelihood of efficiently fighting infections, in particular,
because self-reported low illness susceptibility further
decreased the risk of hypertension. This result is consistent
with a causal effect of malaria parasitaemia on hyperten-
sion, if the currently observed malaria parasitaemia circum-
stances reflect a more general and long-term propensity to
efficiently fight a Plasmodium infection, which is more
prevalent than among those not currently having malaria
parasitaemia. In this case, the lower level of BP among the
participants with more latent malaria may reflect that they
possibly had fewer severe infections and pro-inflammatory
episodes over the life course [7,9,12—14].

This result is also compatible with the shared origin
hypothesis and the relation to selective pressure of genes
protecting against malaria [40]. The observed association of
latent malaria with lower hypertension risk suggests that
genetic variants were selected, which protect humans
against severe malaria and at the same time protect against
high BP. This is also supported by the fact that the protec-
tive effect of latent malaria tended to be stronger with a
positive family history of hypertension.

Candidate genes potentially relevant to the shared origin
hypothesis exist. First, genetic variants of ACE (D allele of
ACE I/D polymorphism), which were associated with
higher ACE levels and increased conversion of angioten-
sin-1 to angiotensin-II [28], were associated with hyperten-
sion [41], and milder forms of malaria in Indian population
[28]. This is not in line with our finding of an inverse
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FIGURE 1 Adjusted odds ratios (circular points) and 95% confidence intervals (spikes) of the association between malaria parasitaemia (defined as positive microscopy or
rapid diagnostic test) and hypertension phenotypes, stratified by potential modifiers. All estimates were derived from multivariable multinomial logistic regression models
comparing odds of prehypertension and hypertension in malaria-positive vs. malaria-negative participants. All models were adjusted for age, sex, formal education, wealth
index, area, family history of hypertension, smoking, fruit and vegetable intake, BMI, waist circumference, sedentariness and anaemia. Susceptibility was defined as a self-
report of falling ill more frequently than people of the same sex and age group. Cl, confidence interval; HTN, hypertension. *P value of interaction is 0.05; **P value of

interaction is 0.04.

association between latent malaria and hypertension. But in
line with our findings is a recent study from Nigeria where
serum levels of ACE were higher in patients without malaria
than in malaria cases, and ACE level was inversely corre-
lated with malaria severity [29]. Second, genetic variants on
chemokine receptor 1 (CR1) gene, which are related to
atherosclerosis [42] also conferred protection from severe
malaria [43,44].

Among participants with microscopic malaria, accompa-
nied by elevated body temperature, whose infection is
more likely acute and symptomatic, a tendency toward
higher BP was observed compared with those without
malaria parasitaemia and elevated body temperature.

Journal of Hypertension

Several aspects may explain this positive association. First,
elevated BP could be the acute outcome of disease and
fever. Second, the current nonlatent disease could be
representative of the person’s more general reaction to
infection. In this case, the participants may have experi-
enced more severe infections and pro-inflammatory epi-
sodes in the past, mediating the effect on high BP. In-utero
exposure to microscopic malaria was associated with BP in
adolescents [12]. Fever, characteristic of symptomatic
malaria results from inflammation and may lead to haemo-
dynamic changes, which raise BP to improve perfusion and
restore homeostasis [45,46]. Third, the observed positive
association may again reflect shared genetics with
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TABLE 3. Association between malaria parasitaemia (rapid diagnostic test-diagnosed vs. microscopy-diagnosed) and hypertension in the
Cote d’lvoire Dual Burden of Disease Study, all participants and stratified by age, sex, the presence of elevated body

temperature and self-reported susceptibility to illnesses

Malaria diagnosis based on RDT only,
excluding participants with malaria

Malaria diagnosis based on microscopy,
excluding participants with malaria

diagnosis based on microscopy?® diagnosis based only on RDT®
Normotension

OR (95% ClI)

Normotension

OR (95% CI)

Prehypertension

OR (95% ClI)

Hypertension

OR (95% ClI)

Prehypertension
OR (95% CI)

Hypertension

OR (95% ClI)

Subgroup

All participants Reference 0.81 (0.40-1.64) 0.40 (0.14-1.14) Reference 1.08 (0.56-2.09) 0.99 (0.39-2.51)
Self-reported fever
No Reference 0.73 (0.34-1.57) 0.38 (0.12-1.19) Reference 0.81 (0.39-1.70) 0.41 (0.11-1.61)
Yes Reference 1.61(0.23-11.4) 0.52 (0.05-5.98) Reference 4.60 (0.96-22.00) 4.89 (0.90-26.90)
P value 0.46 0.82 0.05 0.03
Body temperature®
36.5°C or less Reference 0.87 (0.31-2.46) 0.30 (0.05-1.66) Reference 0.81 (0.32-2.03) 0.15 (0.02-1.27)
>36.5°C Reference 0.72 (0.27-1.92) 0.47 (0.13-1.73) Reference 1.35(0.53-3.46) 2.93 (0.94-9.14)
P value 0.79 0.68 0.44 0.02
lliness susceptibility
Low Reference 0.57 (0.23-1.39) 0.37 (0.10-1.38) Reference 0.71 (0.31-1.65) 0.60 (0.16-2.23)
High Reference 1.39 (0.43-4.54) 0.50 (0.09-2.82) Reference 2.04 (0.70-5.96) 2.09 (0.54-8.12)
P value 0.24 0.79 0.13 0.20

All estimates were derived from multivariable multinomial logistic regression models comparing odds of prehypertension and hypertension in malaria positive vs. negative participants. All
models were adjusted for age, sex, formal education, wealth index, area, family history of hypertension, smoking, fruits and vegetables, BMI, waist circumference, sedentariness and

anaemia. Cl, confidence interval; OR, odds ratio; RDT, rapid diagnostic test. P values represent the significance level of the difference in estimates between comparative groups.
N (normotension) =413; N (prehypertension) =312; N (hypertension)=218; N (parasitaemia) = 46.
PN (normotension) =416; N (prehypertension)=315; N (hypertension) = 220; N (parasitaemia) = 54.

P value of interaction (RDT vs. microscopy) for hypertension is 0.03.

individuals susceptible to severe malaria being at higher
risk of hypertension. The mechanisms behind shared
genetics are still unclear, but the strengthening of the
endothelial-brain barrier via vasoconstriction is thought
to be a pathway to reduce the occurrence of cerebral
malaria, evidenced by experimental mouse models [30].
The strengths of our study include being the first
population-based survey, to our knowledge, investigating
the direct association of malaria parasitaemia and
hypertension. We also investigated associations with pre-
hypertension, a preclinical phenotype of hypertension. Our
composite definition of hypertension using objectively
measured BP as well as self-reported clinician diagnoses
limited outcome  misclassification. Likewise, the

combination of RDT and microscopy for malaria parasitae-
mia diagnosis improved case detection, and allowed dif-
ferentiating latent from nonlatent malaria as potential proxy
measures for the efficiency of an organism in controlling
infection. The availability of detailed information on risk
factors enabled the control of potential confounding in
our analyses.

Our study is limited by its cross-sectional nature, which
precludes causal inference from our findings. We could,
therefore, not distinguish between malaria parasitaemia
effects on short-term BP elevation from malaria parasitae-
mia effects on risk of developing hypertension. We may
have had some malaria parasitaemia exposure misclassifi-
cation as we did not apply PCR test toward the identification

TABLE 4. Association of hypertension and blood pressure with combinations of malaria parasitaemia, basis of malaria diagnosis and body

temperature in the Cote d’lvoire Dual Burden of Disease Study

Normotension Prehypertension Hypertension

N OR(95% Cl)

OR (95% CI)

OR (95% ClI)

£ (95% CI)

B (95% CI)

Malaria parasitaemia-negative without 433 Reference
elevated body temperature

Malaria parasitaemia-negative with 464 Reference
elevated body temperature

RDT-only malaria parasitaemia-positive, 21 Reference
without elevated body temperature

RDT-only malaria parasitaemia-positive, 25 Reference
with elevated body temperature

Microscopic malaria parasitaemia-positive, 22 Reference
without elevated body temperature

Microscopic malaria parasitaemia-positive, 32 Reference

with elevated body temperature

Reference
1.17 (0.83-1.63)
0.87 (0.31-2.46)
0.94 (0.35-2.49)
0.50 (0.17-1.48) n.a

2.13(0.88-5.16)

Reference Reference Reference

1.20 (0.80-1.80) 1.89 (—0.29 to 4.06) 0.81 (-0.6 to 2.22)
0.30 (0.05-1.65) —3.82 (—10.70 to0 3.10) —1.95 (—6.43 to 2.54)
0.60(0.16-2.22) —0.38 (-6.781t06.01) —2.47 (-6.61 to 1.67)
—6.21 (=13.00 to 0.59) —6.69 (—11.10 to —2.29)
3.37 (1.12-10.10)

8.78 (2.92-14.60) 4.08 (0.28-7.88)

Estimates of prehypertension and hypertension were derived from multivariable multinomial logistic regression models whereas those of SBP and DBP were derived from multivariable
linear regression models comparing malaria-positive vs. malaria-negative participants. Parasitaemia-negative implies a negative test to both RDT and microscopy. Elevated body
temperature implies having self-reported fever or measured body temperature greater than 36.5°C. All models were adjusted for age, sex, formal education, wealth index, area, family
history of hypertension, smoking, fruit and vegetable intake, BMI, waist circumference, sedentariness and anaemia. n.a, not applicable because of lack of hypertension case in the

group. B, beta-coefficient; Cl, confidence interval; OR, odds ratio; RDT, rapid diagnostic test.

“Models additionally exclude 41 participants on antihypertensive medication.
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of malaria parasitaemia cases. Although the combination of
both microscopy and RDT has limited this misclassification,
PCR might have identified additional malaria parasitaemia,
and should be applied in future studies to more accurately
capture the malaria parasitaemia profile of the population.
A further limitation of the current and prior studies is the
challenge in measuring the efficiency of human organisms
in containing an infection over the life course. According
immunological or other markers specific to this malaria-
endemic setting do not exist to our knowledge. In addition,
information on exposure to severe malaria infections in
utero or early childhood was not obtainable. Despite our
relatively low study sample, the prevalence of hypertension
in our population corresponds to that (25.6%) of the 2005
subnational survey in Cote d’'Ivoire [47], and the prevalence
of hypertension in malaria in our study (14%) is also similar
to that (20%) of another study [29].

In conclusion, the results of this study suggest that malaria
and BP may influence each other or share a genetic back-
ground in a complex manner. The immediate implication of
our findings is the recommendation to abstain from diagnos-
ing a new hypertension in the setting of an acute malaria
infection. From a public health perspective, it becomes
obvious that burden of risk estimates for hypertension in
LMICs should consider the dual disease burden. Well
designed and highly powered longitudinal studies, consid-
ering malaria and hypertension phenotypes, are needed to
test and differentiate between the hypothesized mechanisms
mediating the malaria—hypertension association. Mendelian
randomization approaches, as recently proposed on the
basis of sickle cell trait variants, not associated with hyper-
tension [23], would allow to specifically investigate the
causality of malaria effect on hypertension.
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