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Objective: Ethnic minority populations (EMPs) are
disproportionally affected by hypertension-mediated
complications compared with European host populations
(EHPs), which might be due to disparities in hypertension
awareness, treatment and control. We conducted a
systematic review and meta-analysis to compare
awareness, treatment and control rates among EMPs with
EHPs.

Methods: MEDLINE, EMBASE and Web of Science were
searched from inception to 29 January 2020. Critical
appraisal was performed according to methods of Hoy
et al. Pooled odds ratios with corresponding 95%
confidence intervals were calculated for these rates,
stratified by ethnic group, using either random or fixed
effect meta-analysis based on /*-statistics. Study was
registered in PROSPRO (CRD42020107897).

Results: A total of 3532 records were screened of which
16 were included in the analysis with data on 26 800 EMP
and 57 000 EHP individuals. Compared with EHPs, African
origin populations were more likely to be aware (odds
ratio 1.26, 95% confidence interval 1.02—1.56) and
treated (1.49, 1.18-1.88) for hypertension, but were less
likely to have their blood pressure controlled (0.56, 0.40—
0.78), whereas South Asian populations were more likely
to be aware (1.15, 1.02—-1.30), but had similar treatment
and control rates. In Moroccan populations, hypertension
awareness (0.79, 0.62—1.00) and treatment levels (0.77,
0.60-0.97) were lower compared with EHPs, while in
Turkish populations awareness was lower (0.81, 0.65—
1.00).

Conclusion: Levels of hypertension awareness, treatment
and control differ between EMPs and EHPs. Effort should
be made to improve these suboptimal rates in EMPs,
aiming to reduce ethnic inequalities in hypertension-
mediated complications.

Keywords: ethnic minority population, ethnicity, Europe,
hypertension awareness, hypertension control,
hypertension treatment

Abbreviations: BP, blood pressure; Cl, confidence
interval; CVD, cardiovascular disease; EHP, European host
population; EMP, ethnic minority population; EU, European
Union; OR, odds ratio; SSA, sub-Saharan Africa
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INTRODUCTION

ypertension is the major modifiable risk factor for
H cardiovascular disease (CVD) morbidity and mor-

tality. In Europe, over 50% of the CVD deaths is
attributable to high SBP [1]. Mean blood pressure (BP) levels
vary between ethnic minority and the European host pop-
ulation (EHP) [2], and hypertension-mediated CVD burden
is not equally distributed between populations of different
ethnic background. For instance, the prevalence of stroke is
up to 2.1 times higher in sub-Saharan African (SSA) origin
populations compared with the EHP [3], which is mainly
attributable to the higher prevalence of hypertension [4].
BP-lowering therapy (i.e. medication, lifestyle modifica-
tion) results in a considerable reduction in CVD morbidity
and mortality [5] and early detection, adequate treatment
and control of hypertension can lead to significant health
and economic gains [6]. However, globally, less than half
(47%) of the adults with hypertension is aware of their
condition, 37% receives treatment, and 37% of those who
are prescribed antihypertensive medication have their BP
adequately controlled [7]. Studies from the USA show
variation in these rates between populations of different
ethnic origin [8]. Individual studies from Europe show
similar patterns [9], however, systematically aggregated data
comparing awareness, treatment and control levels among
ethnic minority populations (EMPs) to the EHP are lacking.
To reduce the ethnic inequalities in the CVD burden,
improving hypertension control rates is vital. Whereas
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ethnic differences in hypertension prevalence are mainly
determined by gene-environment interactions, hyperten-
sion awareness, treatment and control rates are principally
determined by health behaviour (e.g. medication adher-
ence) and healthcare-related factors (e.g. access to health-
care). Therefore, aggregated data on hypertension
awareness, treatment and control, as well as on ethnic
differences in these variables will help to optimize the
allocation of healthcare resources and can guide culturally
targeted preventive efforts, which is crucial for the ethni-
cally diverse societies that Europe consists of today. There-
fore, the aim of this systematic review and meta-analysis
was to assess the levels of hypertension awareness, treat-
ment and control among EMPs in Europe, compared with
the EHP.

METHODS

Search strategy and selection criteria

For this systematic review and meta-analysis, all longitudi-
nal or cross-sectional studies published in a peer-reviewed
journal, that reported prevalence of hypertension aware-
ness, treatment and/or control, conducted in an adult
population (>16 years), and compared one or more minor-
ity ethnic groups to the EHP, were eligible for inclusion. No
language restriction was applied. Studies not defining the
ethnic origin of the group under study, studies conducted
outside FEurope, non-population-based studies, studies
defining hypertension based on a single BP reading or
on self-report only, were excluded. To be able to draw
general conclusions, studies or populations with a sample
size of less than 100 participants were excluded. Search
terms were developed by a medical librarian (J.G.D.) in
collaboration with the research group, based on a scoping
search to identify relevant search concepts. Reference list of
primary studies were screened, tracked citations in Goo-
gleScholar were checked, and trial registers searched to
identify additional relevant studies. MEDLINE (OvidSP)
(1946 to date), EMBASE (OvidSP) (1980 to date) and
Web of Science (inception to date) were searched using
(controlled) terms for the following relevant search con-
cepts, adapted to the criteria of the specific database
searched: ‘Hypertension’, ‘Europe’, ‘Minority ethnic popu-
lation’, ‘Awareness’, ‘Treatment’, ‘Control’ (Supplementary
Digital Content 1, http://links.lww.com/HJH/B459). The
search terms were combined using Boolean terms AND
and OR; NOT terms were identified based on bibliometric
mapping of the MEDLINE and EMBASE search results using
VOSviewer software (VOSviewer version 1.6.9. Leiden:
Centre for Science and Technology Studies, 2018). No time
limit was applied; studies conducted in animals were
excluded. Search results were deduplicated before
study selection.

Study selection was performed by one reviewer
(E.L.v.d.L.), based on screening of title and abstract, using
Rayyan application for systematic reviews (Rayyan Qatar
Computing Research Institute). Hereafter, full-text screen-
ing was performed by two reviewers independently
(E.L.v.d.L. and B.N.C.). Disagreements were solved through
discussion and decision on inclusion was made upon the
two author’s opinion. Corresponding authors were
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contacted in case of unavailable full text or conference
abstracts.

The systematic review and meta-analysis was performed
in accordance to the Preferred Reporting Items for System-
atic Reviews and Meta-Analysis guidelines [10], and was
prospectively registered in PROSPERO (CRD42020107897).

Data analysis

For the included studies, a table format was used to extract
data on study and population characteristics, and outcome
measures [prevalence with corresponding 95% confidence
interval (CD of hypertension, and hypertension awareness,
treatment and control], by both reviewers (E.L.v.d.L. and
B.N.C.) independently. If results from the same study were
published multiple times, the article reporting the most
complete data were included. Corresponding authors were
contacted by e-mail in case of incomplete outcome data.

Hypertension awareness was defined as the proportion
of individuals with hypertension reporting any prior diag-
nosis of hypertension by a healthcare professional. Hyper-
tension treatment was defined as the proportion of
participants with hypertension being on treatment, with
treatment defined by original authors as receiving pre-
scribed BP-lowering medication or antihypertensive treat-
ment not otherwise specified. Hypertension control was
defined in two ways: first, as the proportion of participants
receiving BP-lowering treatment with systolic BP (SBP) and
diastolic (BP) below 140/90 or 160/95 mmHg and second,
as the proportion of participants with hypertension reach-
ing a SBP and DBP below 140/90 or 160/95 mmHg.

Risk of bias of the individual studies was assessed using
the Risk of Bias Tool in population-based prevalence stud-
ies by Hoy et al. [11], including four items assessing internal
and six items assessing external validity of the identified
studies, classifying them into low, moderate or high risk of
bias categories. Studies with low or moderate risk of bias
were included in the meta-analysis. One study was
excluded from meta-analysis of hypertension control rates,
because it used a different case definition [12].

Unweighted pooled prevalence rates for hypertension
awareness, treatment and control for the various popula-
tions were derived from the numbers reported by the
original authors. To compare levels of hypertension aware-
ness, treatment and control between EMPs and the EHP,
data on proportions of hypertension awareness, treatment
and control among those being treated were pooled, result-
ing in odds ratios (OR) with corresponding 95% CI,
weighted for sample size according to the Mantel—-Haenszel
method [13]. Heterogeneity between studies was assessed
using the F statistic. For the meta-analysis a random-effects
model was used if the Q test for heterogeneity was signifi-
cant (P<0.05) and fixed-effects model in case of non-
significance (P>0.05). Meta-analysis was visualized in
Forrest plots, using Review Manager (version 5.3; Copen-
hagen: The Nordic Cochrane Centre, The Cochrane Collab-
oration, 2014) and R Statistics version 3.6.2 [R Core Team
(2019). R: A language and environment for statistical com-
puting. R Foundation for Statistical Computing, Vienna,
Austria]. For the meta-analysis, data were analysed sepa-
rately for those studies using higher (SBP > 160 mmHg and/
or DBP >95mmHg) and lower (>140 mmHg SBP and/or
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>90 mmHg DBP) BP threshold to define hypertension, and
results were stratified by sex and EMP. EMPs were grouped
by their geographical region of origin as per categorization
of the United Nations World Regions [14]. Pooled groups
were African, South Asian, Moroccan, Turkish, Chinese
origin populations; see Supplementary Digital Content
three for specification on subpopulations included per
pooled group, http://links.lww.com/HJH/B459. The Afri-
can origin group consisted of African Caribbean and SSA
populations. The South Asian origin population comprised
of South Asian Surinamese and South Asian populations.
These distinctions within the African and South Asian origin
populations were made to allow comparison between
groups with differences in migration history, that is those
who migrated directly from SSA and South Asian to Europe,
and those with SSA or South Asian ancestral origin who
migrated to Europe via the Caribbean (including Suriname).
The EHP was defined as the population of European origin
living in one of the 27 members European Union (EU)
member states, the United Kingdom, Norway or
Switzerland, or specified by the original author as Euro-
pean, White, Caucasian, European Caucasian, native Dutch,
native Portuguese or Italian.

RESULTS

Primary search was performed on 13 September 2018 and
was updated on 29 January 2020, identifying 2002 studies in
MEDLINE, 1600 studies in EMBASE and 2164 studies in Web
of Science; six studies were identified through other sources
(reference checking of primary studies and tracked citations
in GoogleScholar). After removal of duplicates, 4160
records were screened, of which 4068 were excluded based
on title and abstract. A total of 92 full-text articles were
screened, and after exclusion of 76 studies, 16 studies were
included for analysis (for flowchart, Supplementary Digital
Content 3, http://links.lww.com/HJH/B459).

Included studies reported data of approximately 57 000
Europeans, 12000 African origin (African Caribbean
7=06800, SSA n=2310), 7600 South Asian origin (South
Asian Surinamese 7 =2500, South Asian 7 =5000), 2700
Turkish, 2600 Moroccan and 1900 Chinese participants
(Table 1), residing in the United Kingdom [12,15-24], the
Netherlands [25-27], Portugal (28] or Ttaly [29]. 14 studies
had a cross-sectional study design [15-23,25—-29] and were
conducted in urban areas; two studies [12,24] included
nation-wide survey data. Ethnicity was mainly defined
based on (self-reported) country of birth, (grand-) parental
origin and/or self-reported ethnicity.

Prevalence of hypertension awareness was reported in
seven studies [12,15,23,25-27,29], treatment in 13 studies
[15-22,24-27,29], and control in 10 studies [12,15,19,22,24—
29]. Of the 16 included studies, eight used the higher BP cut-
oft[15-21,24] (Supplementary Digital Content 4, http://links.
lww.com/HJH/B459) and eight used the lower BP cut-off to
define hypertension [12,22,23,25—29] (Table 2). Generally,
hypertension prevalence was higher among African origin
populations compared with the EHP, but lower in Moroccan
and Turkish origin populations.

Hypertension awareness rates were highest in African,
South Asian origin and EHPs, both in studies using the
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higher cut-off to determine hypertension, as well as in
studies using the lower cut-off, whereas Turkish and
Moroccan populations had lowest levels of awareness
(Fig. 1a and ¢). This was reflected in the meta-analysis of
the studies using the lower BP cut-off to define hyperten-
sion, showing higher odds of being aware for African (OR
1.26, 95% CI 1.02—-1.56, I’ =63%) and South Asian origin
(OR 1.15, 1.02—1.30, I* = 44%), but lower odds for Turkish
(OR 0.81, 0.65-1.00, *=41%) and Moroccan (OR 0.79,
0.62-1.00, I’ =47%) populations compared with the EHP
(Figs 2—5). OR for awareness did not differ between Chi-
nese and European populations (Fig. 6).

Hypertension treatment levels were generally higher in
studies using the higher BP cut-off than in studies using the
lower BP cut-off for hypertension. African origin popula-
tions had highest treatment levels, whereas Moroccan pop-
ulations had lowest treatment levels (Fig. 1a and ¢). The
meta-analysis of studies reporting on hypertension treat-
ment showed higher OR in African origin than in the EHP,
both in studies using the higher (OR 1.78, 1.44-2.19,
P =18%, Supplementary Digital Content 5, http://link-
s.Iww.com/HJH/B459) and lower (OR 1.49, 1.18-1.88,
I* = 61%) BP cut-off for hypertension (Fig. 2). No difference
in odds of receiving antihypertensive treatment could be
observed between South Asian origin (higher BP cut-off OR
0.96, 0.76—1.21, I = 0%; Supplementary Digital Content 6,
http://links.Iww.com/HJH/B459), lower BP cut-off OR
1.25, 0.72-2.17, * =83% (Fig. 3), Turkish (lower BP cut-
off OR 0.88, 0.54—1.41, I =73%) and the EHPs, although a
trend towards lower OR of being treated could be observed
for Turkish men compared with their European counter-
parts (OR 0.75, 0.55—1.02, I* = 0%) (Fig. 4). Moroccans were
less likely to receive treatment compared with the EHP (OR
0.77, 0.60—0.97, I* =45%) (Fig. 5).

Hypertension control rates among those on treatment
were lowest in African origin populations, whereas South
Asian origin populations most frequently reached adequate
BP control (Fig. 1a and ¢). Similar trends could be observed
for the prevalence of hypertension control as proportion of
all hypertensive participants (Table 2). Compared with the
EHP, African origin populations were less likely to have
their BP controlled despite bein§ on treatment (lower BP
threshold, OR 0.51, 0.37-0.71, I" = 67%), both in SSA and
African Caribbean populations and in both men and
women (Fig. 2). South Asian origin populations had a trend
towards lower pooled odds of reaching BP control com-
pared with the EHP (OR 0.76, 0.57—1.03, I* = 0%), although
this was only significant for South Asian Surinamese men
compared with their Dutch counterparts (OR 0.65, 0.42—
0.98, IF=0%) (Fig. 3). Turkish and Moroccan populations
did not differ from the EHP in terms of BP control, although
a trend towards lower odds could be observed in Turkish
(OR 0.88, 0.63—1.22, F=0%) and Moroccan populations
(OR 0.78, 0.53-1.13, *=0%) compared with the EHP
(Figs. 4 and 5).

Of the 16 studies included for analysis, 10 had moderate
risk of bias [16—22,24,27,28] and six studies had low risk of
bias [12,15,23,25,26,29] (Supplementary Digital Content 7,
http://links.Ilww.com/HJH/B459). With regard to the exter-
nal validity of the studies, most studies had moderate risk of
bias, because the target study population was not a close
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FIGURE 1 Unweighted pooled prevalence rates of hypertension awareness, treatment and control among those on treatment per ethnic population. Panel (a) shows the
results of studies using blood pressure cut-offs of systolic at least 160 and/or diastolic at least 95 mmHg to define hypertension; panel (b) shows the pooled prevalence
rates for the subpopulations of African origin that were pooled together in panel (a); panel (c) shows the results of studies using blood pressure cut-offs of systolic at least
140 and/or diastolic at least 90 mmHg to define hypertension; panel (d) shows the pooled prevalence rates for the subpopulations of African origin and South Asian origin
that were pooled together in panel (c); error bars are 95% confidence intervals. SA, South Asian; SSA, sub-Saharan Africa.

representation of the national population (e.g. study con-
ducted in urban areas only), the sampling frame was not a
close representation of the target population (e.g. sampling
frame consisting of general practitioner practices) and/or

African origin

OR (95%Cl)

there was a substantial risk of non-response bias (e.g. no
comparison of characteristics between responders and
nonresponders was reported). In general, the internal
validity of the studies was good, although most older

Awareness M-H, Random Ethnic minority (n) European host (n)
SSA - Men (n=1) 1.45 (1.09-1.93) —- 449 331 2=2.54 (p=0.01), I-squared=NA
SSA - Women (n=1) 1.00 (0.73-1.37) —— 567 219 2=0.02 (p=0.99), |-squared=NA
African Caribbean - Men (n=2) 0.97 (0.74-1.26) —o— 466 435 2=0.25 (p=0.80), I-squared=0% (p=0.54)
African Caribbean - Women (n=2) 1.48 (1.12-1.97) —.— 817 285 2=2.72 (p=0.007), |-squared=0% (p=0.32)
African Caribbean - Men+Women (n=1) 1.74 (1.37-2.20) —o— 380 5868 2=4.62 (p<0.001), I-squared=NA
Summary Awareness 1.26 (1.02-1.56) — 2679 7138 2=2.14 (p=0.03), I-squared=63% (p=0.01)
Treatment M-H, Fixed
SSA - Men (n=1) 1.50 (1.12-2.01) —a— 449 331 2=2.74 (p=0.006), I-squared=NA
SSA - Women (n=1) 1.12 (0.82-1.53) —o— 567 219 2=0.69 (p=0.49), I-squared=NA
SSA - Men+Women (n=1) 2.19 (1.23-3.89) — 73 158 2=2.67 (p=0.008), I-squared=NA
African Caribbean - Men (n=2) 1.12 (0.74-1.69) — 434 435 2=0.53 (p=0.59), I-squared=32% (p=0.23)
African Caribben - Women (n=2) 1.43 (1.07-1.90) —o— 703 285 2=2.45 (p=0.01), l-squared=0% (p=0.47)
African Caribben - Men+Women (n=3) 2.81(1.84-4.31) — 246 158 2=4.75 (p<0.001), I-squared=NA
Summary Treatment 1.49 (1.18-1.88) — 2472 1586 2=3.40 (p<0.001), I-squared=61% (p=0.01)
Control M-H, Random
SSA - Men (n=1) 0.32 (0.20-0.52) — e 204 118 2=4.66 (p<0.001), I-squared=NA
SSA - Women (n=1) 0.48 (0.31-0.73) —a 321 118 2=3.38 (p<0.001), I-squared=NA
SSA - Men+Women (n=2) 0.91 (0.69-1.20) —o— 371 494 2=0.67 (p=0.50), I-squared=0% (p=0.62)
African Caribbean - Men (n=2) 0.39 (0.25-0.63) — 177 153 2=3.92 (p<0.001), I-squared=0% (p=0.39)
African Caribben - Women (n=2) 0.59 (0.40-0.86) —o— 444 138 2=2.70 (p=0.007), I-squared=0% (p=0.34)
African Caribben - Men+Women (n=1) 0.32 (0.15-0.71) —a— 130 45 2=2.80 (p=0.005), I-squared=NA
Summary Control 0.51 (0.37-0.71) — 1647 1066 2=4.05 (p<0.001), I-squared=67% (p=0.002)
r T T T 1
0.20 0.50 1.0 20 5.0

Favours European host Favours ethnic minority

FIGURE 2 Comparison of prevalence of hypertension awareness, treatment and control among those on treatment between African origin and European host populations
of studies using blood pressure cut-offs of systolic at least 140 and/or diastolic at least 90 mmHg to define hypertension. Diamonds denote the weighted pooled odds

ratios with 95% confidence intervals. Cl, confidence interval; M—H, Mantel-Haenszel; OR, odds ratio; SSA, sub-Saharan African, ‘n" is the number of comparisons available
for each subgroup.
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South Asian origin OR (95%Cl)

Awareness M-H, Fixed Ethnic minority (n) European host (n)

SA - Men (n=1) 1.40 (0.67-2.92) —_— 108 54 2=0.89 (p=0.37), I-squared=NA

SA - Women (n=1) 1.86 (0.71-4.88) —_— 73 53 2=1.27 (p=0.21), I-squared=NA

SA - Men+Women n=1) 1.07 (0.92-1.26) -0 748 5868 2=0.88 (p=0.38), I-squared=NA

SA Surinamse - Men (n=2) 1.18 (0.91-1.54) — 491 435 2=1.27 (p=0.21), I-squared=0% (p=0.47)

SA Surinamese - Women (n=2) 1.33 (0.99-1.78) —o— 529 323 2=1.92 (p=0.06), I-squared=87% (p=0.006)

Summary Awareness 1.15 (1.02-1.30) - 1949 6733 2=2.33 (p=0.02), I-squared=44% (p=0.10)

Treatment M-H, Fixed

SA Surinamse - Men (n=2) 1.33 (0.54-3.26) —_— 491 435 2=0.62 (p=0.54), |-squared=82% (p=0.02)

SA Surinamese - Women (n=2) 1.15 (0.55-2.43) _a 529 285 2=0.37 (p=0.71), l-squared=74% (p=0.05)

Summary Treatment 1.25 (0.72-2.17) ————— 1020 720 2=0.80 (p=0.42), I-squared=83% (p<0.001)

Control M-H, Fixed

SA Surinamse - Men (n=2) 0.65 (0.42-0.98) —— 241 153 2=2.04 (p=0.04), I-squared=0% (p=0.71)

SA Surinamese - Women (n=2) 0.90 (0.59-1.37) —_— 258 138 2=0.49 (p=0.63), I-squared=0 (p=0.58)

Summary Control 0.76 (0.57-1.03) —— 499 291 2z=1.79 (p=0.07), I-squared=0% (p=0.65)
Uv!20 0.;30 1?0 ZTO 5‘.0

Favours European host

Favours ethnic minority

FIGURE 3 Comparison of prevalence of hypertension awareness, treatment and control among those on treatment between South Asian origin and European host
populations of studies using blood pressure cut-offs of systolic at least 140 and/or diastolic at least 90 mmHg to define hypertension. Diamonds denote the weighted
pooled odds ratios with 95% confidence intervals. Cl, confidence interval; M—H, Mantel-Haenszel; OR, odds ratio; SA, South Asian, ‘n’ is the number of comparisons

available for each subgroup.

Turkish OR (95%Cl)
Awareness M-H, Fixed Ethnic minority (n) European host (n)
Turkish - Men (n=2) 0.65 (0.48-0.86) —a 374 434 2=2.98 (p=0.003), I-squared=0% (p=1.00)
Turkish - Women (n=2) 1.05 (0.77-1.45) —a— 330 324 2=0.33 (p=0.74), I-squared=0% (p=0.82)
Summary Awareness 0.81 (0.65-1.00) — 704 758 2=2.00 (p=0.05), I-squared=41% (p=0.17)
Treatment M-H, Random
Turkish - Men (n=2) 0.75 (0.55-1.02) — 374 434 2=1.84 (p=0.07), I-squared=0% (p=0.62)
Turkish - Women (n=2) 1.02 (0.41-2.54) —_— 330 324 2=0.05 (p=0.96), I-squared=82% (p=0.02)
Summary Treatment 0.88 (0.54-1.41) —— 704 758 2=0.55 (p=0.58), I-squared=73% (p=0.01)
Control M-H, Fixed
Turkish - Men (n=2) 0.77 (0.47-1.29) — 107 147 2=0.98 (p=0.33), l-squared=0% (p=0.78)
Turkish - Women (n=2) 0.96 (0.62-1.49) — 201 174 2=0.18 (p=0.86), |-squared=47% (p=0.17)
Summary Control 0.88 (0.63-1.22) R 308 321 2=0.78 (p=0.44), I-squared=0% (p=0.53)
r T T T 1
0.20 0.50 1.0 2.0 5.0

Favours European host Favours ethnic minority

FIGURE 4 Comparison of prevalence of hypertension awareness, treatment and control among those on treatment between Turkish and European host populations of
studies using blood pressure cut-offs of systolic at least 140 and/or diastolic at least 90 mmHg to define hypertension. Diamonds denote the weighted pooled odds ratios
with 95% confidence intervals. Cl, confidence interval; M—H, Mantel-Haenszel; OR, odds ratio, ‘n" is the number of comparisons available for each subgroup.

studies did not report on the calibration of the auscultatory
BP measurement (standard or Hawksley random zero
sphygmomanometer).

DISCUSSION

In the present systematic review and meta-analysis com-
paring 26 800 individuals of five different EMPs with 57 000

individuals from the EHP, we show that levels of hyperten-
sion awareness, treatment and control significantly differ
between EMPs and the EHP. Compared with the EHP,
African origin populations had higher rates of hypertension
awareness and treatment, but a lower rate of hypertension
control; South Asian origin populations had a higher rate of
hypertension awareness, but no differences in the rates of
hypertension treatment or control; Turkish populations had

Moroccan OR (95%Cl)
Awareness M-H, Fixed Ethnic minority (n) European host (n)
Moroccan - Men (n=2) 0.77 (0.55-1.06) B 258 382 2=1.60 (p=0.11), I-squared=0% (p=0.37)
Moroccan - Women (n=2) 0.81(0.58-1.14) — 248 324 z=1.19 (p=0.23), I-squared=79% (p=0.03)
Summary Awareness 0.79 (0.62-1.00) —— 506 706 2=1.98 (p=0.05), I-squared=47% (p=0.13)
Treatment M-H, Fixed
Moroccan - Men (n=2) 0.77 (0.55-1.08) —— 258 434 2=1.49 (p=0.14), I-squared=0% (p=0.97)
Moroccan - Women (n=2) 0.76 (0.54-1.07) — 248 324 2=1.58 (p=0.03), l-squared=45% (p=0.14)
Summary Treatment 0.77 (0.60-0.97) —— 506 758 2=2.17 (p=0.03), I-squared=45% (p=0.14)
Control M-H, Fixed
Moroccan - Men (n=2) 0.90 (0.51-1.59) _ 74 147 2=0.36 (p=0.72), I-squared=0% (p=0.79)
Moroccan - Women (n=2) 0.69 (0.41-1.15) — 120 174 2=1.43 (p=0.15), I-squared=0% (p=0.94)
Summary Control 0.78 (0.53-1.13) —— 194 321 z=1.31 (p=0.19), I-squared=0% (p=0.91)
r T T T 1
0.20 0.50 1.0 20 5.0

Favours European host Favours ethnic minority

FIGURE 5 Comparison of prevalence of hypertension awareness, treatment and control among those on treatment between Moroccan and European host populations of
studies using blood pressure cut-offs of systolic at least 140 and/or diastolic at least 90 mmHg to define hypertension. Diamonds denote the weighted pooled odds ratios
with 95% confidence intervals. Cl, confidence interval; M—H, Mantel-Haenszel; OR, odds ratio, ‘n" is the number of comparisons available for each subgroup.
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Chinese OR (95%Cl)
Awareness M-H, Fixed Ethnic minority (n) European host (n)

Chinese - Men+Women (n=2) 1.06 (0.79-1.41) — 469 5930 2=0.36 (p=0.72), I-squared=41% (p=0.19)
Summary Awareness 1.06 (0.79-1.41) T 469 5930 2=0.36 (p=0.72), I-squared=41% (p=0.19)

T T T T 1
0.20 0.50 1.0 20 5.0
Favours European host

Favours ethnic minority

FIGURE 6 Comparison of prevalence of hypertension awareness between Chinese and European host populations of studies using blood pressure cut-offs of systolic at
least 140 and/or diastolic at least 90 mmHg to define hypertension. Diamonds denote the weighted pooled odds ratios with 95% confidence intervals. Cl, confidence
interval; M—H, Mantel-Haenszel; OR, odds ratio, ‘'n’ is the number of comparisons available for each subgroup.

a lower rate of hypertension awareness, but no differences
in treatment and control rates; Moroccan populations had
lower rates of hypertension awareness and treatment, but
no difference in control rate; Chinese populations did not
differ in hypertension awareness rates.

The current findings of higher awareness and treatment
in African and South Asian origin populations could be the
result of health promotion campaigns specifically targeting
these populations because of established higher risk of
CVD, emphasizing the importance of regular BP checks
and medication adherence [30]. In addition, alertness
among healthcare providers might have increased, for
instance by introduction of ethnic-specific hypertension
treatment recommendations in CVD prevention guidelines
[31]. The lower levels of awareness in Turkish and of
awareness and treatment in Moroccan populations com-
pared with the host population are of concern. Historically,
these populations were considered as having a low CVD
risk, because of their adherence to the Mediterranean diet
and lower prevalence of hypertension compared with the
EHP [27]. However, as trends in coronary heart disease
incidence among Turkish and Moroccan populations are
changing in an unfavourable direction [32], more BP screen-
ing activities should be directed towards these populations.

Remarkably, compared with the EHP, African origin
populations had lower hypertension control levels, despite
higher levels of hypertension awareness and treatment. In
addition to lower levels of awareness and treatment, Turk-
ish men and Moroccan women also tended to have lower
hypertension control rates compared with their counter-
parts from the EHP. Compared the EHPs, included partic-
ipants from EMPs seemed to be slightly younger, having
higher BMI and higher fasting plasma glucose levels, poten-
tially impacting the observed differences in hypertension
control rates. Alternatively, differences in (determinants of)
access to healthcare between ethnic minority and EHPs,
might impact the hypertension control rates of these pop-
ulations [33]. For instance, from the patient perspective, the
ability to seek, to pay for, and to engage in hypertension
care are influenced by culture, socioeconomic status and
medication adherence, and these factors may differ
between populations of different ethnic origin, resulting
in differences in hypertension control rates. Results from
studies conducted in the USA support this, showing differ-
ential contribution of factors to hypertension control
between different ethnic groups [34]. In addition, from
the healthcare provider perspective, factors like clinical
inertia or non-adherence to European medical guidelines
in terms of drug prescription could contribute to the ethnic
differences in control rates among those patients being on
BP-lowering treatment. For instance, despite ethnic-specific
hypertension treatment recommendations for patients of

Journal of Hypertension

African origin, physicians do not always implement this in
their medication prescription practices [35]. To improve
hypertension control rates, research is needed to identify
key factors affecting hypertension control in EMPs of Afri-
can, Turkish and Moroccan origin, on both patient’s and
healthcare provider’s level, and based on that, targeted
interventions should be developed and implemented.

The lower hypertension treatment and control rates in
the studies using a low BP threshold (BP > 140/90 mmHg)
compared with the studies using a high BP cut-off
(BP >160/95 mmHg) could be a result of introduction of
cardiovascular risk management guidelines [30]. In the
Netherlands and the United Kingdom, where most of the
included studies originated from, the decision to start
treatment for high BP not solely depends on BP cut-offs,
but rather on a score based on multiple CVD risk factors
[37,38]. Countries adhering to guidelines in which antihy-
pertensive medication initiation does not necessarily
depends on CVD risk scores, such as Canada and the
USA, report higher rates of hypertension awareness, treat-
ment and control rates than presented in this review [36].
The National Health and Nutrition Survey from the USA
reported hypertension awareness, treatment and control
rates (using BP cut-off of 140/90 mmHg to define hyperten-
sion) for those aged 45-65 years to be 86, 78 and 65% in
African-American, and 84, 75 and 78% in White-Americans
[8], which are considerably higher than the rates reported
for African origin and EHP in this review.

The current review is the first to report aggregated data
of population-based studies on hypertension awareness,
treatment and control levels among EMPs in Europe, rep-
resenting four of the five largest ethnic minority groups
originating from outside Europe residing in the EU [39], and
data from African origin populations.

Risk of bias mainly originated from limitations in the
external validity of the included studies, as most of the
studies were conducted in populations residing in urban
settings, which might not be a close representation of the
national population. Rural-urban differences in supply of
healthcare services have been described [40], and hyper-
tension prevalence and control rates are known to show
intranational differences [41]. However, as migrant popu-
lations tend to congregate in cities [42], the data reported in
this review are probably representative for the EMPs in
these countries. In addition, external validity might be
hampered as the sampling frame of most studies consisted
of general practices or health centres, hereby excluding
individuals that were not registered at these facilities. In the
light of EMPs, this sampling frame could have resulted in
excluding recently migrated or undocumented migrants, as
in many European countries the access to healthcare service
depends on the legal status of the immigrants, and is often

www.jhypertension.com 21



van der Linden et al.

limited for undocumented migrants to emergency care
services only [43]. Therefore, more research is needed into
hypertension status of these underserved populations.

Second, included studies were conducted in a limited
number of European countries, with most studies originat-
ing from the United Kingdom and the Netherlands, hereby
hampering the generalizability of our finding to the whole
of Europe. To get a comprehensive overview of the hyper-
tension status of EMPs in Europe, primary population-
based studies conducted in more European countries are
needed. Moreover, to identify and address inequalities in
health, future research should take into consideration diver-
sity within migrant populations originating from a shared
geographical region (e.g. between African Caribbean and
SSA populations), for instance by taking migration history
into account and defining ethnicity in a more detailed and
consistent way [44].

Third, the results of this review should be interpreted in
the light of heterogeneity between studies. For instance,
studies used different indicators of ethnicity, included par-
ticipants from different age ranges, or used a slightly
different definition for hypertension control. The limited
number of included studies did not allow for sensitivity
analysis stratifying for these differences.

Lastly, the included studies diagnosed hypertension
based on multiple BP readings taken on a single occasion.
Therefore, as BP is highly variable, it is possible that the
reported prevalence of hypertension was overestimated,
hereby underestimating the levels of hypertension aware-
ness and treatment. However, as these limitations apply
both to the minority ethnic groups as well as to the EHPs
included in this study, the estimated differences in aware-
ness, treatment and control rates between the minority and
the host population remain valid.

The findings from this systematic and meta-analysis
show clear differences between ethnic minority and EHPs
in terms of hypertension awareness, treatment and control
rates. To improve hypertension awareness, treatment and
control rates and diminish differences between popula-
tions, determinants of these rates should be identified
and ethnic-specific intervention strategies should be
designed and implemented, ultimately aiming to reduce
ethnic inequalities in hypertension-related complications.
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