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Abstract Many ethnic minorities in Europe have a higher
type 2 diabetes (T2D) prevalence than their host European
populations. The risk size differs between ethnic groups,
but the extent of the differences in the various ethnic
minority groups has not yet been systematically quantified.
We conducted a meta-analysis of published data on T2D in
various ethnic minority populations resident in Europe
compared to their host European populations. We sys-
tematically searched MEDLINE (using PUBMED) and
EMBASE for papers on T2D prevalence in ethnic
minorities in Europe published between 1994 and 2014.
The ethnic minority groups were classified into five pop-
ulation groups by geographical origin: South Asian (SA),
Sub-Saharan African (SSA), Middle Eastern and North
African (MENA), South and Central American (SCA), and
Western Pacific (WP). Pooled odds ratios with corre-
sponding 95 % confidence interval (CI) were calculated
using Review Manager 5.3. Twenty articles were included
in the analysis. Compared with the host populations, SA
origin populations had the highest odds for T2D (3.7, 95 %
CI 2.7-5.1), followed by MENA (2.7, 95 % CI 1.8-3.9),
SSA (2.6, 95 % CI 2.0-3.5), WP (2.3, 95 % CI 1.2-4.1),
and lastly SCA (1.3, 95 % CI 1.1-1.6). Odds ratios were in
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all ethnic minority populations higher for women than for
men except for SCA. Among SA subgroups, compared
with Europeans, Bangladeshi had the highest odds ratio of
6.2 (95 % CI 3.9-9.8), followed by Pakistani (5.4, 95 % CI
3.2-9.3) and Indians (4.1, 95 % CI 3.0-5.7). The risk of
T2D among ethnic minority groups living in Europe
compared to Europeans varies by geographical origin of
the group: three to five times higher among SA, two to four
times higher among MENA, and two to three times higher
among SSA origin. Future research and policy initiatives
on T2D among ethnic minority groups should take the
interethnic differences into account.

Keywords Type 2 diabetes - Prevalence - Ethnic minority
groups - IDF geographical regions - Meta-analysis

Background

The global burden of type 2 diabetes (T2D) is high and is
increasing rapidly [1]. During the past two decades, the
T2D burden has attained far greater proportions in the US
and Europe than before [2, 3]. In Europe, T2D is one of the
biggest public health challenges. About 6.8 % of the adult
population in Europe has T2D, and it accounts for one in
ten deaths [4]. Evidence suggests that ethnic minority
populations are more affected compared with the European
host populations [5]. For example, the prevalence of T2D is
1.3-2.8 times higher in Turkish and 1.9-3.2 times higher in
Moroccans than in Europeans [6]. The T2D prevalence
rates are not only increased compared to their host popu-
lations, they also differ greatly between the ethnic groups
[6-8].

In line with the current increase in T2D, there is a
worldwide growing epidemic of overweight and obesity.
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Overweight and obesity as a result of an unhealthy lifestyle
are identified as one of the major environmental factors
contributing to the higher T2D rates in ethnic minority
populations [9]. Rising T2D prevalence rates among ethnic
minority groups might therefore coincide with the
increasing rates of overweight and obesity.

Despite a wealth of studies comparing ethnic minority
groups with the host populations with regard to T2D and
overweight and obesity, the extent of the differences in the
various ethnic minority groups has not yet been systemat-
ically quantified. An up-to-date overview of the extent of
the burden of T2D among the various ethnic groups might
help identify the groups most at risk, and therefore guide
policy makers. The objective of this systematic review and
meta-analysis was therefore to quantify the variation in
T2D risk among populations of different geographical
origin compared to the host European populations. In
addition, we reviewed the co-occurrence of obesity with
T2D among ethnic minority groups of different geo-
graphical origin.

Methods
Search strategy

MEDLINE (via PUBMED) and EMBASE (via Ovid)
databases were systematically searched between January
1994 and April 2014 for all published papers or abstracts
on T2D prevalence in ethnic minority groups in Europe.
Eligibility criteria included studies written in English,
conducted in an adult population (as per study criteria)
from the general population, and compared ethnic minority
groups with the host European population. The search
terms were developed by an experienced medical librarian
based on MeSH terms with input from the research group
(Appendix). Subsequently, the PUBMED search terms
were adapted to EMBASE criteria. Ethnicity search
included terms such as “race,” “nationality,” or “migrant”
as well as names of specific geographical regions. Names
of all European countries and regions were included in the
search term on Europe. For prevalence, MeSH terms on
prevalence and epidemiology were included and terms on
vital statistics. We also checked reference lists from pri-
mary studies and systematic reviews (snowballing) for
finding any relevant study.

Study selection and analysis
Articles selected for full reading were included in the
analysis if the article reported T2D prevalence, and the

sample size was at least 50 participants for men and women
each. We included articles in which the definition of T2D
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included previously diagnosed T2D cases (based on self-
reported, registered at a hospital or other medical facility,
by use of oral hypoglycemic drugs, or a combination of
either of these), as well as articles that additionally inclu-
ded newly diagnosed T2D cases [based on fasting blood
glucose, HbAlc, or oral glucose tolerance test (OGTT)].

Articles were excluded when the ethnic group was not
defined, or when conducted in a selective population such
as hospital patients or pregnant women. When two or more
articles had a data source in common, the article that most
extensively presented the data was included.

Study selection was performed by one reviewer (DF) for
all studies clearly meeting the inclusion or exclusion cri-
teria. In case of uncertainty, inclusion of the study was
decided upon by two reviewers (DF and KM). Data on
demographics (age, gender, and ethnic group) and T2D
(prevalence, diagnostic criteria) were extracted by two
reviewers (KM and DF) independently into table format. In
case of inconsistency of extracted data between both
reviewers, the source article was checked. Additionally,
reported obesity prevalence data were extracted.

Ethnicity can be defined in many different ways. Cur-
rently used definitions encompass characteristics such as
shared origins and culture, traditions, common sense of
identity, language or religious tradition, and the links with
a particular geographical area. We defined ethnic groups
primarily by geographical origin as per categorization of
International Diabetes Federation (IDF) geographical
regions [4] including South Asian (SA), Sub-Saharan
African (SSA), Middle Eastern and North African
(MENA), South and Central American (SCA), and Western
Pacific (WP). IDF geographical region categorization was
used to facilitate comparisons of T2D between the various
ethnic minority groups and the prevalence in their respec-
tive geographical regions. South Asian comprised any
ethnic group defined by the authors as South Asian or
South East Asian as well as Pakistani, Indian, Bangladeshi,
Sri Lankan, or South Asian Surinamese. Sub-Saharan
African origin comprised groups defined by the authors as
“African descendant,” Sub-Saharan African, African-Car-
ibbean, or “Black” Caribbean. Middle Eastern and North
African comprised Turkish, Moroccan, North African,
Syrian, Iraqi, Iranian, or “Other Middle Eastern.” South
and Central American comprised Chileans and “Other
South American.” Western Pacific comprised Vietnamese
and Chinese. Data were pooled stratified by gender using a
random-effect model in case of significant (p < 0.05)
heterogeneity and fixed-effect model in case of non-sig-
nificant (p > 0.05) heterogeneity. The I* statistics were
used to assess heterogeneity. Articles not reporting gender-
stratified data were included in the total pooled data only.
The meta-analysis was performed using Review Manager
5.3.
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Results
Study selection and description of included studies

The search yielded 1840 hits on PUBMED and 33 on
EMBASE, of which 30 were duplicates with PUBMED.
After the assessment of titles and abstracts, 1797 records
were further excluded because they did not meet the eli-
gibility criteria (Fig. 1). Among the 46 full-text articles that
were assessed for eligibility, 30 articles were excluded
because they met one or more exclusion criteria. Sixteen
selected papers remained. Four articles were additionally
included after the references’ search. Altogether, 20 arti-
cles were used in this meta-analysis (Table 1).

All 20 included articles were a sample from the general
population, except one in which the target population
included all office staff [10]. Seven articles reported obe-
sity prevalence in addition to T2D prevalence [11-18].
Nine articles originated from the UK [3, 9, 15, 19-24], four
from Sweden [11, 13, 17, 25], four from the Netherlands
[16, 26-28], two from Norway [14, 15], and one from
Denmark [29]. Thirteen studies used a random sampling
selection method [11-14, 16-18, 26, 27, 30-33], six studies
used a census [10, 25, 28, 29, 34, 35], and one a combi-
nation of both [15]. Ethnicity was defined according to self-
reported or registered country of birth, self-reported eth-
nicity, or a combination of both. The age range varied
widely among the studies.

Fig. 1 Flow chart of study

Five studies included diagnosed T2D only using self-
reported data or data from medical registrations [13, 15, 17,
18, 28]. Additionally to previously diagnosed T2D, the
remainder of studies included one or more measurements
to screen for newly diagnosed T2D in the study partici-
pants. Nine studies used the assessment of fasting blood
glucose [10, 12, 14, 25-27, 31, 33, 35], four used HbAlc
[14, 16, 29, 33], and nine an oral glucose tolerance test
[10-12, 30-35].

South Asian origin populations

Twelve of the included articles presented data on SA
populations (Table 1). All found higher T2D prevalence
in SA compared to their host European population [10,
12, 14, 15, 18, 25, 26, 30-34] (Table 2). When the data
were pooled, overall, SA had 3.7 (95 % CI 2.7-5.1)
higher odds ratio for T2D compared to their European
host populations (Fig. 2). In meta-analysis, we found
Bangladeshis to have the highest odds ratio for T2D, (6.2,
95 % CI 3.9-9.8), followed by Pakistanis (5.4, 95 % CI
3.2-9.3) and Indians (4.1, 95 % CI 3.0-5.7) compared
with Europeans (Fig. 3).

Seven studies presented data on SA stratified by gender
[12, 14, 18, 25, 26, 30, 32]. Women had higher odds ratios
for T2D (4.4, 95 % CI 3.1-6.3) than men (3.5, 95 % CI
2.5-4.7) (Fig. 2).
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Table 1 Characteristics of studies included in the analysis

References a. Place Sampling Ethnicity Age Ethnic group (sample size) RR % Diagnostic
b. Time of study method range method
Meeks et al. [27] a. Amsterdam, NL Random CoO + SR 18-70 Ghanaian (1873), African — SR, OH, FBG
b. 20112014 Surinamese (2189), Dutch
(2151)
Carlsson et al. [25] a. Sweden Census CoO 20-80 North African (446), Sub-  — Reg., FBG
b. 1985-1996 Saharan (African (739),

South Asian (442), South
East Asian (855), Chilean
(1938), Other South
American (955), Turkish
(950), Iranian (733), Iraqi
(268), Syrian (215), Other
Middle Eastern countries
(398), Swedish (285,035)

Tillin et al. 32] a. London, UK Random CoO + SR 40-69 South Asian (1517), 56, 52, SR, OH, OGTT
b. 1988—1991 African-Caribbean (630), 61
Europeans (2049)
Agyemang et al. a. Amsterdam, NL Random CoO + SR 35-60 Dutch African-Caribbean - SR, FBG
[26] b. 2001-2003 (593), Dutch South Asian
Indian (336), Dutch white
(486)
Bennet et al. [11] a. Malmo, Sweden Random CoO 45-65 Iraqi (96), Swedish (79) 76, 47 SR, OGTT
b. 2010
Tran et al. [15] a. Oslo, Norway Census and CoO 30-61 Sri Lankan (1127), - SR
b. 2000-2002 random Pakistani (859), Iranian
(695), Vietnamese (658),
Turkish (548), Norwegian
(13967)
Webb et al. [33] a. Leicester, UK Random - 40-75 South Asian (1353), 10, 13 SR, FBG, OGTT,
b. 2005-2008 European (4687) HbAlc
Ujcic-Voortman a. Amsterdam, NL Random CoO 18-70 Turkish (374), Moroccan 50, 39, SR, OH, HbAlc
et al. [16] b. 2004 (314), Dutch (417) 46
Kristensen et al. a. Aarhus, Denmark Census CoO 40-70 Lebanese (85), Turkish — Reg., OH, HbAlc
[29] b. 20002003 (152), Danish (8885)
Zaninotto et al. a. HSE, UK Random CoO > 16  Black Caribbean(2362), 88 SR, Reg.
[18] b. 1999 and 2004 Indian (2467), Pakistani
(2204), Bangladeshi
(1985), Chinese (1385),
General population
(30,744)
Gadd et al. [13] a. Sweden Random CoO 27-60 Iranian (315), Chilean 68, 68, SR
b. 1996-2002 (571), Swedish (2810) 79
Jenum et al. [14] a. Oslo, Norway Random CoO 30-59 South Asian (205), Western 48,49 SR, FBG, HbAlc
b. 2000 (1944)
Wandell et al. [17] a. Sweden Random CoO 27-60 Turkish (526), Swedish 66, — SR
b. 1996-1997 (2854)
Riste et al. [31] a. Manchester, UK Random CoO 35-79 African-Caribbean (368), 65 SR, FBG, OGTT
b. — Pakistani (132), European
(481)
Bhopal et al. [30] a. Newcastle, UK Random CoO 25-74 1Indian(259), Pakistani 64 SR, OGTT
b. 1993-1997 (305), Bangladeshi (120),
European (824)
Davies et al. [34] a. Leicester, UK Census CoO 35-70 Asian (6566), Caucasian 34,54 Reg., OGTT
_ (3787)

@ Springer



Intern Emerg Med

Table 1 continued

References a. Place Sampling Ethnicity Age Ethnic group (sample size) RR % Diagnostic
b. Time of study method range method
Whitty et al. [10] a. London Census 35-56 Afro-Caribbean (360), 73 SR, OH, OGTT,
b. 1985-1988 South Asian (577), FBG
Caucasian (8973)
Weijers et al. [28] a. Amsterdam and Census CoO 20-84 Turkish (2919), Moroccan 82 Reg.
Zeeburg, NL (3914), Dutch (9378)
b. 1994
Unwin et al. [35] a. Newcastle, UK Census SR 25-64 Chinese (375), Europeans - SR, FBG, OGTT
b. 1991-1993 (610)
Cappuccio et al. a. London, UK Random CoO 40-59 African descendant (549), 64 SR, FBG, OGTT
[12] b. 1994-1996 South Asian (505), White

(524)

NL The Netherlands, UK the United Kingdom, CoO country of origin, SR self-reported, RR response rate, Reg. registered at hospital or other
medical facility, FBG fasting blood glucose, OH use of oral hypoglycemic drug, OGTT Oral glucose tolerance test

Sub-Saharan African origin populations

Eight studies provided data on SSA origin populations [10,
12, 18, 25-27, 31, 32], all showing a higher T2D preva-
lence in SSA than their local European counterparts
(Table 2). When the data were pooled, SSA had 2.6 (95 %
CI 2.0-3.5) higher odds ratios for T2D than their European
counterparts (Fig. 4).

Of the six SSA-included studies, all reported gender-
stratified data except one. Higher pooled odds ratios for
T2D were observed in women (3.2, 95 % CI 2.2-4.7) than
in men (2.2, 95 % CI 1.6-2.8).

Middle Eastern and North African origin
populations

All eight studies among MENA origin populations reported
higher T2D prevalence among these populations than
among European origin populations (Table 2) [11, 13, 15—
17, 25, 28, 29]. MENA origin had 2.7 (95 % CI 1.8-3.9)
higher pooled odds ratios for T2D than their local Euro-
pean populations (Fig. 5).

Five studies reported prevalence for men and women
separately [13, 17, 25, 28, 29]. Out of these, higher
prevalence among women was reported for the subgroups
of Moroccan, Iraqi, Syrian, and Turkish in three out of four
studies that included Turkish origin participants. A more
than 10 percentage point higher prevalence in women than
men was found among North Africans [25]. In Lebanese
and Iranians, higher prevalence rates were reported for men
compared with women. The pooled odds ratios for T2D
were 2.1 (95 % CI 1.3-3.5) in MENA men and 3.9 (95 %
CI 2.2-6.8) in MENA women.

South and Central American origin populations

The two studies that included data on SCA origin popu-
lations were both carried out in Sweden (Table 2). One
reported a slightly higher prevalence among Swedish than
Chilean, while the other found a higher prevalence in
Chilean and other South American than in Swedish [13,
25]. SCA origin had overall 1.3 (95 % CI 1.1-1.6) higher
odds ratios for T2D than their Swedish local population
(Fig. 6). SCA women had similar odds ratios for T2D (1.2,
95 % CI 0.9-1.6), but men had higher odds ratios (1.4,
95 % CI 1.1-1.8) compared with the local European
population.

Western Pacific origin populations

Three studies reported data on WP populations [15, 18, 35].
Both in Chinese [18, 35] and Vietnamese origins [15],
higher prevalence was reported. When these data were
pooled, WP had 2.3 higher odds ratios for T2D than the
European population (95 % CI 1.2-4.1) (Fig. 7).

Differences in T2D prevalence between men and
women were small. When combined, men had 1.6 (95 %
CI 1.1-2.4) higher odds ratios and women had 1.8 (95 %
CI 1.1-3.1) higher odds ratios for T2D than the British
local population.

Co-occurrence obesity with type 2 diabetes
Seven papers reported obesity prevalence according to
BMI > 30 kg/m? [11-14, 16-18] (Table 2).

In SA, the pattern of prevalence of obesity across pop-
ulations differed from the pattern for T2D prevalence.
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Table 2 Prevalence of type 2 diabetes and obesity by ethnicity and sex

References Men Women Total
T2D (%)  Obesity (%) T2D (%)  Obesity (%) T2D (%)  Obesity (%)*
Meeks et al. [27] Dutch 5.0 - 2.3 - 3.5 -
Ghanaian 14.9 - 11.1 - 12.7 -
African Surinamese 10.4 - 11.5 - 11.1 -
Carlsson et al. [25] Swedish 3.9 - 2.5 - 3.3 -
Sub-Saharan African 4.7 - 4.4 - 4.5 -
North African 6.6 - 16.8 - 8.1 -
South Asian 6.1 - 7.7 - 6.3 -
Turkish 3.1 - 8.9 - 53 -
ITranian 5.9 - 4.7 - 5.5 -
Iraqi 11.7 - 14.9 - 12 -
Syrian 4.0 - 13.1 - 7.0 -
Other Middle Eastern 8.9 - 3.1 - 7.0 -
South East Asian 6.0 - 1.8 - 39 -
Chilean 6.6 - 2.8 - 4.4 -
Other south American 3.9 - 33 - 3.6 -
Tillin et al. [32] European 7 - 4 - 6.5 -
African-Caribbean 18 - 21 - 19.7 -
South Asian 22 - 17 - 21.2 -
Agyemang et al. [26] Dutch 7.5 - 5.1 - 6.2 -
African-Caribbean 12.8 - 15.5 - 14.7 -
South Asian Indian 27.4 - 27.4 - 27.4 -
Bennet et al. [11] Swedish - - - - 19.0 26.6
Iraqi - - - - 21.9 44.8
Tran et al. [15] Norwegian - - - - 1.8 -
Iranian - - - - 3.0 -
Turkish - - - - 9.1 -
Sri Lankan - - - - 13.4 58.4°
Pakistani - - - - 15.0 76.3°
Vietnamese - - - - 6.7 28.1°
Webb et al. [33] European - - - - 2.7 -
South Asian - - - - 5.1 -
Ujcic-Voortman et al. [16] Dutch - - - - 3.1 16.7
Moroccan - - - - 8.0 33.0
Turkish - - - - 5.6 38.8
Kristensen et al. [29] Danish 4.4 - 3.0 - 3.6 -
Lebanese 17.0 - 20.8 - 18.7 -
Turkish 16.3 - 23.6 - 20.0 -
Zaninotto et al. [18] General population 2.5 17.9 1.9 20.9 2.2 19.6
Black Caribbean 6.4 20.6 7.3 31.6 6.9 27.1
Indian 8.6 12.5 5.7 19.8 7.1 16.3
Pakistani 11.0 14.8 12.3 324 11.6 24.0
Bangladeshi 12.6 52 8.4 16.7 10.4 9.1
Chinese 4.0 6.0 3.9 5.7 4.0 5.8
Gadd et al. [13] Swedish 2.0 6.9 1.5 5.8 1.7 6.4
Iranian 2.5 5.1 2.5 5.9 2.5 5.4
Turkish 2.1 10.2 33 16.2 2.7 12.9
Chilean 1.1 10.1 14 14.9 1.2 12.6
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Table 2 continued

References Men Women Total
T2D (%)  Obesity (%)* T2D (%)  Obesity (%) T2D (%)  Obesity (%)*
Jenum et al. [14] Western 59 22.2 2.9 19.4 4.1 20.6
South Asian 14.3 17.0 27.5 28.5 20.0 21.9
Wandell et al. [17] Swedish 2.0 6.8 1.5 6.0 1.7 6.4
Turkish 2.1 10.2 33 16.2 2.7 12.9
Riste et al. [31] European 20.8 - 19.9 - 20.4 -
African-Caribbean 23.4 - 20.8 - 22.0 -
Pakistani 29.9 - 35.7 - 32.6 -
Bhopal et al. [30] European 3.8 - 3.8 16.0 3.8 -
Indian 15.2 - 13.0 38.0 13.9 -
Pakistani 224 - 22.8 34.0 22.6 -
Bangladeshi 26.6 - 23.2 15.0 25.0 -
Davies et al. [34] Caucasian - - - - 3.6 -
Asian - - - - 6.8 -
Whitty et al. [10] Caucasian - - - - 1.7 -
South Asian - - - - 6.8 -
Afro-Caribbean - - - - 4.7 -
Weijers et al. [28] Dutch 4.0 - 3.6 - 3.8 -
Turkish 12.3 - 9.9 - 10.9 -
Moroccan 11.9 - 14.2 - 12.4 -
Unwin et al. [35] European 2.9 - 3.6 - 33 -
Chinese 5.0 - 4.1 - 4.5 -
Cappuccio et al. [12] Caucasian 6.7 14.8 5.2 18.8 5.8 16.8
African descendant 17.9 14.8 14.9 39.8 15.9 242
South Asian 254 8.4 20.5 19.7 22.8 11.7

* Obesity is defined as BMI > 30.0 kg/m?
® Defined obesity as BMI > 25.0

While among all SA groups a higher T2D prevalence was
reported than among Europeans, obesity was lower in
Bangladeshis [18, 30] and South Asians as defined by
Cappuccio et al. [12], higher in Pakistanis [18, 30], and
similar in South Asians as defined by Jenum et al. [14].
Among Indians, Bhopal et al. [30] reported a higher obesity
prevalence compared to Europeans, while Zaninotto et al.
[18] reported a lower obesity prevalence than among
Europeans. Overall, women of SA origin had a higher
obesity prevalence than men. However, women did not
have consistently higher T2D prevalence than men. Zani-
notto et al. reported a higher T2D prevalence among Indian
and Bangladeshi men compared to women, despite higher
obesity prevalence in women [18]. Among Pakistanis and
South Asians defined by Jenum et al., a higher T2D
prevalence was observed in women as well as a higher
obesity prevalence than in men [14].

In contrast, for the African and Middle Eastern popu-
lations, we find corresponding patterns of obesity and T2D.
The obesity prevalence is higher among African-

Caribbeans, Iraqis, Turks, and Moroccans than among
Europeans in line with a higher T2D prevalence both
overall and for men and women separately [11, 13, 16—18].
Only among Iranians resident in Sweden, a slightly lower
obesity prevalence is observed among Iranians compared
to Swedish, while T2D prevalence is higher in Iranians
than in Swedish [13].

For SCA and WP origin, the pattern of obesity and T2D
was reversed in the two studies that reported on both out-
come measures [18].

Discussion

Key findings

All ethnic minority groups had higher prevalence and
higher odds ratios for T2D than their host European pop-

ulations. SA origin had the highest odds ratio, followed by
MENA origin, SSA origin, WP origin, and SCA origin,
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SA EU 0Odds Ratio 0Odds Ratio

Study or Subgroup Events Total Events Total Weight M-H, Random, 95% Cl Year M-H, Random, 95% CI

Male
Cappuccio 1997 211 830 181 2701 15.0% 4.75[3.82,5.90] 1997 ——
Bhopal 1999 68 325 16 425 10.5% 6.76[3.84,11.92] 1999 —
Riste 2001 20 67 46 222 99% 1.63(0.88, 3.01] 2001 5=
Jenum 2005 17 118 47 800 10.2% 2.70[1.49,4.88] 2005 e
Zaninotto 2007 335 3173 345 13795 155% 4.60[3.94,5.38] 2007 —
Agyernang 2011 41 149 18 244 101% 4.77[2.62,8.68] 2011 —_—
Tillin 2013 278 1259 112 1564 14.8% 3.67[2.91,4.64] 2013 —=
Carlsson 2013 45 735 6193 158787 14.0% 1.61[1.19,2.17] 2013 —
Subtotal (95% CI) 6656 178538 100.0% 3.45[2.52,4.71] B
Total events 1015 6958
Heterogeneity: Tau®= 0.16; Chi*= 53.96, df= 7 (P < 0.00001); = 87%
Test for overall effect. Z=7.76 (P < 0.00001)

Female
Cappuccio 1997 191 932 210 4038 15.4% 4.70[3.80,5.80] 1997 =
Bhopal 1999 68 359 15 399  11.4% 5.98[3.35,10.68] 1999 —_——
Riste 2001 23 65 52 259 11.3% 2.18[1.21,3.94] 2001 =
Jenum 2005 24 87 33 1144 11.4% 12.83[7.15,23.00] 2005 —s
Zaninotto 2007 303 3483 322 16949 157% 4.92[4.19,5.78] 2007 —-—
Agyermnang 2011 51 187 12 242 10.5% 7.19[3.70,13.96] 2011 I E—
Tillin 2013 44 258 21 485 11.8% 4.54[2.64,7.83] 2013 I
Carlsson 2013 17 562 3156 126248 12.5% 1.22[0.75,1.97] 2013 .
Subtotal (95% ClI) 5933 149764 100.0% 4.40 [3.06, 6.31] B
Total events 21 3821
Heterogeneity: Tau®= 0.21; Chi*= 50.34, df = 7 (P < 0.00001); I = 86%
Test for overall effect: Z= 8.04 (P < 0.00001)

Total
Cappuccio 1997 402 1762 391 6739  8.9% 4.80[4.13,5.58] 1997 ==
Davies 1999 449 6566 131 3787 B87% 2.05[1.68, 2.50] 1999 —
Whitty 1999 39 577 154 8973  8.1% 4.15[2.89,5.96] 1999 —
Bhopal 1999 136 684 3 824  7.9% 6.35[4.23,9.52] 1999 —_—
Riste 2001 43 132 98 481 7.7% 1.89(1.23,2.89] 2001 _—
Jenum 2005 41 205 80 1944 7.8% 5.83[3.87,8.77] 2005 —_—
Zaninotto 2007 637 6656 667 30744 8.9% 4.77[4.27,5.34] 2007 ===
Tran 2011 280 1968 251 13967 8.8% 9.06 [7.59,10.83] 2011 =
Agyemang 2011 92 336 30 486 7.7% 5.73[3.69,8.90] 2011 —_—
Webb 2011 68 1353 128 4687  8.3% 1.88[1.40,2.55] 2011 —_—
Tillin 2013 322 1517 133 2049  87% 3.88[3.13,4.81] 2013 —_—
Carlsson 2013 62 1297 9349 285035 8.5% 1.48[1.15,1.91] 2013 —
Subtotal (95% CI) 23053 359716 100.0% 3.74[2.74,5.12] B
Total events 2571 11443
Heterogeneity: Tau®= 0.28; Chi*= 246.10, df= 11 (P < 0.00001); I = 96%
Test for overall effect: Z= 8.26 (P < 0.00001)
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Test for subgroup differences: Chi*=1.01, df=2 (P = 0.60), F=0%
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Fig. 2 Comparison of T2D prevalence between South Asian and European population groups

respectively. Except for SCA, the odds ratios were higher
in women than in men. We find important differences
within SA populations among which the highest odds ratios
for T2D are observed among Bangladeshis. There is con-
currence between T2D and obesity among SSA origin and
MENA origin. Among SA, SCA, and WP origins, no clear
concurrence pattern is found.

Discussion of the key findings

This meta-analysis shows that the extent of the T2D burden
differs by geographical origin. While all ethnic minority
groups are more affected by T2D compared to Europeans,
SA, MENA, and SSA origins are more affected than West
Pacific and SCA origin populations.

The observed differences between geographical origin
populations are possibly a reflection of the differences in

@ Springer

T2D prevalence between these geographical regions. Dif-
fering biological, contextual, and specific risk factors
between the regions can contribute to differences in T2D
prevalence between these populations. For example, the
genetic susceptibility for T2D differs between populations.
Some T2D-associated polymorphisms are more common in
SA than in Europeans [36]. Despite identification of some
promising genetic variants, however, the genetic basis of
T2D remains unclear [37].

Differences in T2D prevalence between geographical
regions of origin can only explain part of the variation
between populations originating from these regions in
Europe. Our findings are not completely consistent with
T2D prevalence rates reported for the IDF geographical
regions. Among the IDF geographical regions, the preva-
lence is highest in the MENA region (10.9 %), followed by
SA (8.7 %), SCA (8.2 %), and WP (8.1 %) with SSA
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SA subgroups EU Odds Ratio Odds Ratio

Study or Subgroup Events Total Events Total Weight M-H, Random, 95% Cl Year M-H, Random, 95% CI

Pakistani
Bhopal 1999 69 305 31 824 231% 7.48[4.78,11.71] 1999 —
Riste 2001 43 132 98 481  23.5% 1.89(1.23,2.89] 2001 —
Zaninotto 2007 256 2204 667 30744 27.0% 5.93(5.09,6.89) 2007 -
Tran 2011 129 859 251 13967 26.3% 9.66 [7.71,12.09] 2011 ——
Subtotal (95% CI) 3500 46016 100.0% 5.44 [3.18,9.29] <ol
Total events 497 1047

Heterogeneity: Tau®= 0.27, Chi*= 46.89, df= 3 (P < 0.00001); F=94%
Testfor overall effect: Z= 6.18 (P < 0.00001)

Indian
Bhopal 1999 36 259 31 824 23.8% 4.13(2.50,6.83]
Zaninotto 2007 175 2467 667 30744 487% 3.44[2.90, 4.09)
Agyemang 2011 92 336 30 486 27.5% 5.73[3.69, 8.90]
Subtotal (95% CI) 3062 32054 100.0% 4.14[3.00,5.71]
Total events 303 728

Heterogeneity: Tau®= 0.05; Chi*= 4.83, df= 2 (P = 0.09); F= 59%
Test for overall effect: Z=8.62 (P < 0.00001)

Bangladeshi
Bhopal 1999 30 120 31 824 353% 8.53(4.93,14.74)
Zaninotto 2007 206 1985 667 30744 B4.7% 5.22[4.43,6.19)
Subtotal (95% CI) 2105 31568 100.0% 6.21[3.92,9.83]
Total events 236 698

Heterogeneity: Tau®= 0.08; Chi*= 2.84, df=1 (P = 0.09); F= 65%
Test for overall effect: Z=7.78 (P < 0.00001)

Test for subgroup differences: Chi*=2.21,df= 2 (P =0.33), F=9.6%

1999 —
2007 -
2011 —
B =
1999 —a—
2007 i
i
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Fig. 3 Comparison of T2D prevalence between South Asian subgroups and European population groups

(5.7 %) having the lowest prevalence [4]. The prevalence
in SSA region is far lower compared to the high prevalence
found among this group in Europe. Undiagnosed T2D may
be higher in this region than other regions, which might
contribute to the low prevalence rate reported in SSA. [4]
Nevertheless, studies, comparing SSA migrants with their
compatriots in rural and urban SSA, show a far higher T2D
prevalence among the same ethnic group in Europe than in
SSA [38]. The high prevalence of T2D among SSA origin
populations in Europe may reflect the potential risk for
T2D in the SSA region. Additionally, differences between
populations may arise as a consequence of differential
national contextual factors. For example, ethnic minority
groups may obtain a different socio-economic position than
in their country of origin or adapt dietary changes after
migration that may have a differential effect between eth-
nic minority groups. Chinese living in China report less
energy intake from carbohydrates, and also more physical
activity than Chinese resident in the US [39]. Unhealthy
dietary changes after migration have also been observed
among SSA in Australia [40]. Abouzeid et al. demonstrate
that the effects of socio-economic status (SES) on T2D
prevalence differ by geographical region of origin [19].
T2D prevalence is three to five percentage points lower
among MENA origin in the highest SES quintile compared
to those in the lowest [19]. For those of WP origin,
prevalence is similar over all SES quintiles. A differential
effect of SES on T2D prevalence may therefore contribute
to differences in T2D odds observed between geographical

origin populations. Nevertheless, some studies show that
ethnic differences in the prevalence of T2D remain even
adjusted for SES, suggesting that other factors such as
genetic predispositions might be relevant [19, 41]. In this
meta-analysis, we cannot ascertain the contribution of
contextual factors, because too few studies report type 2
diabetes prevalence stratified by factors such as age and
socio-economic status to be able to stratify in the meta-
analysis.

We also observe large differences within populations
originating from one geographical region. We observe
especially large differences in the co-occurrence of obesity
and T2D among SA subgroups. Bangladeshis have the
highest T2D odds compared to Pakistanis and Indians,
while they have lower obesity prevalence even compared
to Europeans. The included studies did not report ethnic-
specific BMI cut-offs for SA origin, which could possibly
explain the lack of concurrence. Nevertheless, the lack of
concurrence is consistent with other studies showing that
obesity accounts only partly for differences in T2D
between ethnic groups [16, 27, 42]. A large heterogeneity
between SA origin populations has also been observed for
other health outcomes such as high blood pressure and
other cardiovascular diseases [43]. In Agyemang and
Bhopal [44] systematic review, for example, blood pressure
levels are slightly higher in Indians, slightly lower in
Pakistanis, and much lower in Bangladeshis compared with
European local population in the UK. The huge differences
in the prevalence of T2D among the SA subgroups
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SSA EU 0Odds Ratio Odds Ratio

Study or Subgroup  Events Total Events Total Weight M-H, Random, 95% Cl Year M-H, Random, 95% CI

Male
Cappuccio 1997 157 877 181 2701 17.3% 3.04[2.41,3.82] 1997 —_—
Riste 2001 42 180 46 222 12.4% 1.16[0.72,1.87] 2001 T - —
Zaninotto 2007 62 961 345 13795 16.4% 2.69[2.03, 3.55) 2007 —_—
Agyemang 2011 25 193 18 244 96% 1.87 [0.99, 3.54] 2011 —
Carlsson 2013 24 502 6193 158787 13.7% 1.24[0.82,1.87] 2013 T
Tillin 2013 64 347 112 1564 153% 2.93(2.10,4.09] 2013 ———
Meeks 2014 179 1562 49 987 154% 2.48[1.79,3.43] 2014 ——
Subtotal (95% ClI) 4622 178300 100.0% 2.15[1.63, 2.83] i
Total events 553 6944
Heterogeneity: Tau®= 0.10; Chi*= 25.71, df = 6 (P = 0.0003); F=77%
Test for overall effect: Z=5.45 (P < 0.00001)

Female
Cappuccio 1997 245 1644 210 4038 17.1% 3.19[2.63,3.88] 1997 =
Riste 2001 39 188 52 259 141% 1.04 [0.65, 1.66] 2001 —_—r
Zaninotto 2007 102 1401 322 16949 16.8% 4.05(3.22,510] 2007 ——
Agyemang 2011 62 400 12 242 11.8% 3.52[1.85,6.67) 2011 _ s —
Carlsson 2013 10 237 3156 126248 11.9% 1.72[0.91,3.24] 2013 T
Tillin 2013 60 283 21 485 13.4% 5.94[3.53,10.02] 2013 e —
Meeks 2014 310 2500 27 1164 14.9% 5.96 [4.00,8.89] 2014 —
Subtotal (95% CI) 6653 149385 100.0% 3.18 [2.18, 4.65] i
Total events 828 3800
Heterogeneity: Tau®= 0.21; Chi*= 44.03, df= 6 (P < 0.00001); F= 86%
Test for overall effect: Z=5.98 (P < 0.00001)

Total
Cappuccio 1997 402 2521 391 6739 14.3% 3.08 [2.66, 3.57]) 1997 ——
Whitty 1999 17 360 154 8973  9.9% 2.84[1.70,4.74] 1999 I —
Riste 2001 81 368 98 481 12.3% 1.10[0.79,1.54] 2001 B
Zaninotto 2007 164 2362 B67 30744 14.0% 3.36[2.82, 4.01] 2007 —
Agyemang 2011 87 593 30 486 10.9% 2.61[1.69, 4.03] 2011 A E—
Tillin 2013 124 630 133 2049 131% 3.53(2.71,4.59]) 2013 —
Carlsson 2013 36 739 9349 285035 12.2% 1.51[1.08,2.11] 2013 —
Meeks 2014 556 4062 76 2151 13.3% 4.33[3.39,5.54] 2014 ——
Subtotal (95% CI) 11635 336658 100.0% 2.62[1.98, 3.45] ‘
Total events 1467 10898
Heterogeneity: Tau®= 0.14; Chi*= 63.05, df= 7 (P < 0.00001); F= 89%
Test for overall effect: Z=6.78 (P < 0.00001)
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Test for subgroup differences: Chi*= 2.79, df= 2 (P=0.25), F=28.2%

Fig. 4 Comparison of T2D prevalence between Sub-Saharan African and European population groups

emphasize the importance of studying SA groups sepa-
rately rather than combining them.

Limitations

Studies used different diagnostic methods and cut-offs for
T2D that may have affected our study results. Because of
this, we used the random-effects model in our analyses
when heterogeneity was significant, which is a more con-
servative approach for estimating differences as compared
with the fixed-effect model. Also, diagnostic methods are
somewhat similar across studies. Notwithstanding, consis-
tent high prevalence rates are observed in all studies and
therefore unlikely to affect our key study conclusions.
We grouped the ethnic minority groups per IDF geo-
graphical categorization to shed light on how these popu-
lations in Europe are compared with people in their
geographical origins. We are aware of the important dif-
ferences within these broad IDF categories, which might
affect our study conclusions. Nonetheless, we also present
results on individual studies, which provide further
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opportunity to assess the differences within IDF geo-
graphical regions.

The search performed resulted in articles mainly origi-
nating from Western and Northern European countries. No
articles on South or Eastern European countries were
found. Considering the large differences in diabetes
prevalence between European countries, our findings
should therefore be interpreted with caution for these other
European regions.

The studies span about 20 years, which may potentially
affect the comparability and interpretability of the results.
However, considering the consistency between studies
reporting more T2D among ethnic minority groups com-
pared to European, the observed ethnic differences are
likely unaffected.

Conclusions and implications
The findings of this systematic review and meta-analysis

show that the prevalence of T2D varies between popula-
tions of different geographical origins. SA origin has three
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MENA EU Odds Ratio Odds Ratio

Study or Subgroup Events Total Events Total Weight M-H, Random, 95% Cl Year M-H, Random, 95% CI

Male
Weijers 1998 505 4180 176 4400 23.4% 3.29(2.76,3.93] 1998 —
Wandell 2003 6 285 28 1425 137% 1.07 [0.44, 2.62] 2003
Gadd 2005 11 482 28 1408 16.3% 1.15[0.57,2.33] 2005 i —
Kristensen 2007 137 826 6345 144211 23.3% 4.32[3.59,5.20] 2007 —a
Carlsson 2013 122 2023 6193 158787 23.3% 1.58(1.31,1.90] 2013 —
Subtotal (95% CI) 7806 310231 100.0% 2.14[1.29, 3.53] -.—
Total events 781 12770
Heterogeneity: Tau®= 0.27; Chi*= 71.70, df= 4 (P < 0.00001); F=94%
Test for overall effect: Z= 2.96 (P = 0.003)

Female
Weijers 1998 327 2643 179 4977 226% 3.78(3.13,4.57) 1998 ——
Wandell 2003 8 241 21 1429 156% 2.30[1.01,5.26] 2003
Gadd 2005 11 359 21 1402 16.7% 2.08(0.99, 4.35) 2005 e —
Kristensen 2007 176 773 3006 100214 227% 9.53(8.03,11.32] 2007
Carlsson 2013 82 987 3156 126248 22.3% 3.53(2.81,4.44 2013 ——
Subtotal (95% CI) 5003 234270 100.0% 3.85[2.17,6.83] ——
Total events 604 6383
Heterogeneity: Tau®= 0.37; Chi*= 84.90, df= 4 (P < 0.00001); F=95%
Test for overall effect: Z= 4.60 (P < 0.00001)

Total
Weijers 1998 832 6833 356 9378 14.4% 3.51[3.09,3.99] 1998 —
Wandell 2003 14 526 49 2854 10.7% 1.57 [0.86, 2.86] 2003 N
Gadd 2005 22 841 49 2810 11.6% 1.51[0.91,2.52] 2005 I e —
Kristensen 2007 313 1589 9351 244426 14.5% 6.12[5.40,6.94] 2007
Ujcic-VYoortman 2009 96 689 17 417 11.4% 3.81(2.24,6.48) 2009 I —
Bennet 2011 21 96 15 79 9.4% 1.19[0.57,2.51] 2011 E—
Tran 2011 711243 251 139867 13.7% 3.31[2.53,4.34] 2011 e
Carlsson 2013 204 3010 9349 285035 14.4% 214 [1.86,2.47) 2013 —
Subtotal (95% CI) 14837 558966 100.0% 2.67[1.83, 3.89] ’
Total events 1573 19437

Heterogeneity: Tau®= 0.25; Chi*= 149.37, df= 7 (P < 0.00001), F=95%
Test for overall effect: Z= 5.09 (P < 0.00001)
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Fig. 5 Comparison of T2D prevalence between Middle Eastern and North African and European population groups

SCA EU Odds Ratio Odds Ratio

Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI

Male
Carlsson 2013 74 1318 6193 158787 51.2% 1.47[1.16,1.86) ——
Gadd 2005 3 276 28 1408 4.8% 0.54[0.16,1.79)
Subtotal (95% CI) 1594 160195 56.0% 1.39[1.10,1.75]) e
Total events 77 6221
Heterogeneity: Chi*= 2.58, df=1 (P=011); F=61%
Test for overall effect: Z= 2.76 (P = 0.006)

Female
Carlsson 2013 47 1575 3156 126248 401% 1.20[0.90,1.61) T
Gadd 2005 4 295 21 1402 3.8% 0.90[0.31, 2.65)
Subtotal (95% CI) 1870 127650 44.0%  1.17[0.88,1.56] B
Total events 51 N7y
Heterogeneity: Chi*=0.25, df=1 (P=062); F=0%
Test for overall effect Z=1.11 (P =0.27)
Total (95% Cl) 3464 287845 100.0%  1.29[1.08,1.55] <o
Total events 128 9398
Heterogeneity: Chi*= 3.79, df=3 (P =0.29); F=21% 02 05 7 :

Test for overall effect: Z= 2.81 (P = 0.005)
Test for subgroup differences: Chi*=0.79,df=1 {(P=0.37), F=0%

Favours [SCA] Favours [EU]

Fig. 6 Comparison of T2D prevalence between South and Central American and European population groups

to five times higher odds ratios for T2D compared to
European populations, and MENAs have two to four times
higher odds ratios. Even though SSA origin is less studied

in comparison to other ethnic minority groups, in particular
SA, their odds ratios for T2D are also two to three times
higher. This calls for attention to SSA origin populations in
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wp EU Odds Ratio Odds Ratio

Study or Subgroup Events Total Events Total Weight M-H, Random, 95% Cl Year M-H, Random, 95% CI

Male
Unwin 1997 9 179 9 304 157% 1.74 [0.68, 4.46] 1997
Zaninotto 2007 26 649 345 13795 84.3% 1.63[1.08, 2.44] 2007 _._
Subtotal (95% CI) 828 14099 100.0% 1.64 [1.13, 2.39] -
Total events 35 354
Heterogeneity: Tau®= 0.00; Chi*= 0.02, df=1 (P = 0.90); F= 0%
Test for overall effect: Z=2.61 (P =0.009)

Female
Unwin 1997 8 196 11 306 26.1% 1.14[0.45,2.89] 1997 =
Zaninotto 2007 29 736 322 16949 73.9% 2.12[1.44,3.12] 2007 —i—
Subtotal (95% CI) 932 17255 100.0% 1.80 [1.05, 3.08] —~ll—
Total events 37 333
Heterogeneity: Tau®= 0.06; Chi*=1.47, df=1 (P =0.22); F=32%
Testfor overall effect: Z=2.15 (P =0.03)

Total
Unwin 1997 17 375 20 610 27.1% 1.40(0.72,2.71] 1997 e
Zaninotto 2007 55 1385 667 30744 37.0% 1.86 [1.41,2.47] 2007 —a—
Tran 2011 44 658 251 13967 359% 3.92(2.81,5.45 2011 ——
Subtotal (95% CI) 2418 45321 100.0% 2.25[1.23,4.11] -.—
Total events 116 938
Heterogeneity: Tau®= 0.23; Chi*=14.43, df= 2 (P = 0.0007); = 86%
Test for overall effect: Z= 2.64 (P =0.008)

041 02 05 2 5 10

Test for subgroup differences: Chi*=0.76, df= 2 (P=0.68), F= 0%

Favours [WP] Favours [EU]

Fig. 7 Comparison of T2D prevalence between Western Pacific and European population groups

future research and interventions. Differences in T2D
prevalence between regions of origin only explain part of
the differences in T2D between populations originating
from those regions in Europe. Research comparing ethnic
minority populations in Europe with compatriots who have
not migrated such as the RODAM study (http://www.rod-
am.eu/home) may shed light on the causes of T2D in ethnic
minorities. [45] Furthermore, future research studying the
causes of T2D in ethnic minority populations should take
the interethnic differences into account.
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Appendix: Search terms used in MEDLINE

Ethnic minority
groups

ethnic group[tiab] OR group, ethnic[MeSh Terms]
OR nationality*[tiab] OR ethnicity[tiab] OR
race[tiab] OR racial stock[tiab] OR
migrant*[tiab] OR ethnic minority group[tiab]
OR non-western migrants[tiab] OR
african*[tiab] OR north african*[tiab] OR
arab[tiab] OR arabs[tiab] OR arabic[tiab] OR
african*[tiab] OR west african*[tiab] OR
black[tiab] OR black african*[tiab] OR south
sahara african*[tiab] OR moroccan*[tiab] OR
somali*[tiab] OR ethiopian*[tiab] OR
sudanese*[tiab] OR ghanaian*[tiab] OR sub-
sahara african*[tiab] OR afro-arab*[tiab] OR
maghrebin*[tiab] OR harki*[tiab] OR
asian*[tiab] OR south asian*[tiab] OR east
asian*[tiab] OR middle east asian*[tiab] OR
turkish*[tiab] OR turk*[tiab] OR indian*[tiab]
OR pakistani*[tiab] OR bangladeshi*[tiab] OR
palestinian*[tiab] OR syrian*[tiab] OR
lebanese*[tiab] OR yemeni*[tiab] OR
egyptian*[tiab] OR iraqi*[tiab] OR
jordanian*[tiab] OR vietnamese*[tiab] OR
iranian*[tiab] OR kurd*[tiab] OR chinese*[tiab]
OR japanese*[tiab] OR jew*[tiab] OR
muslim*[tiab] OR sri lankan*[tiab] OR
oceanian*[tiab] OR oceanic*[tiab] OR
australian*[tiab] OR new zealander*[tiab] OR
kiwi*[tiab] OR indonesian*[tiab] OR north



http://www.rod-am.eu/home
http://www.rod-am.eu/home
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Europe

Type 2 diabetes

Prevalence data

american*[tiab] OR central american*[tiab] OR
south american*[tiab] OR hispanic*[tiab] OR
Caribbean*[tiab] OR african caribbean*[tiab]
OR african-caribbean*[tiab] OR white
caribbean*[tiab] OR black caribbean*[tiab] OR
surinamese*[tiab] OR surinaam*[tiab] OR
antillean*[tiab] OR aruban*[tiab] OR
mexican*[tiab] OR mexican—american*[tiab]
OR chilean*[tiab] OR argentinian*[tiab] OR
american*[tiab] OR canadian*[tiab] OR
brazilian*[tiab] OR us american*[tiab] OR
inuit*[tiab] OR asian caribbean*[tiab] OR
african caribbean*[tiab] OR african-
caribbean*[tiab]

europe OR southern europe OR western europe
OR northern europe OR albania OR andorra OR
armenia OR austria OR azerbaijan OR belarus
OR belgium OR bosnia and herzegovina OR
bulgaria OR croatia OR cyprus OR czech
republic OR denmark OR estonia OR finland
OR france OR georgia OR germany OR
greece OR hungary OR iceland OR ireland OR
italy OR kosovo OR latvia OR liechtenstein OR
lithuania OR luxembourg OR macedonia OR
malta OR moldova OR monaco OR montenegro
OR netherlands OR norway OR poland OR
portugal OR romania OR russia OR san marino
OR serbia OR slovakia OR slovenia OR
spain OR sweden OR switzerland OR the
former yugoslav republic of macedonia OR
turkey OR ukraine OR united kingdom

diabetes[tiab] OR diabetes mellitus[tiab] OR
noninsulin-dependent diabetes mellitus[tiab] OR
niddm[tiab] OR type 2 diabetes mellitus[tiab]
OR oral glucose tolerance test[tiab] OR
ogtt[tiab] OR venous plasma glucose[tiab] OR
fasting glucose[tiab]

vital statistics OR vital statistics registration OR
morbidity OR prevalence[mesh] OR prevalence
[tw] OR epidemiology[sh] OR epidemiologic
studies[mesh terms] NOT (case—control study
OR case—control studies OR seroepidemiologic
study OR seroepidemiologic studies)
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