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Abstract
Background

Immigrant acculturation to the United States has been found to correlate with cardiovascular risks. Little
extant research has evaluated the relationship between acculturation and blood pressure in Somali
immigrants.

Methods

We surveyed and measured blood pressures of 1156 Somali immigrants in Minneapolis-St. Paul,
Minnesota. Latent class analysis identi�ed four distinct acculturation subgroups. We examined the data
for predictors of hypertension using generalized estimating equations.

Results

Our sample was majority female (62.4%), mean age 47.9 ± 18.4 years, mean baseline body mass index
30.2 ± 8.6 kg/m2 and mean years in U.S. of 9.9 ± 6.1. Multivariate regression showed that one
acculturation group (low English, high trust) was less likely to be hypertensive.

Conclusion

We found no relationship between several measures of acculturation and hypertension. We found a
difference between one of our acculturation groups and the others, suggesting a more complex
relationship between acculturation and hypertension among Somali immigrants.

Background
Acculturation has been implicated in the development of hypertension (HTN) in immigrants from
different continents [1, 5],but a paucity of studies examines the effect of acculturation on blood pressure
(BP) in African immigrants/refugees. African immigrants are one of the fastest-growing segments of the
black immigrant population in the U.S, increasing from 881,000 in 2000 to 2.1 million living in the United
States in 2015 [6]. Somali immigrants make up almost half of all African refugees arriving in the U.S. Of
these, 40% have settled in the Minneapolis-St. Paul metropolitan area [6, 7].The high in�ux of these
immigrants/refugees, combined with the high prevalence of HTN in the USA, particularly in African
Americans, raises public health concerns regarding increased HTN, subsequent cardiovascular disease
burdens, and health care costs [8, 9].

Although immigrants typically enjoy signi�cant health advantages upon settling in the U.S [10,15], this
advantage dissipates quickly as they acquire predominant lifestyle habits, predisposing them to the
diseases of a�uent societies like HTN [16, 17]. Often referred to as the “healthy immigrant effect,” this
process is typically linked to processes of “acculturation.” The term acculturation “de�nes those
phenomena which result when groups of individuals of differing cultures come into continuous contact,
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with subsequent changes in the original culture patterns of either or both groups [18, 20]“. Researchers
have linked acculturation to health status and behaviors among immigrants [21, 22]. Commodore-
Mensah et al. [23] in their Afro-Cardiac study provided a foundation for future studies addressing
acculturation and CVD risk. Daramola [24] et al. showed some of the associations between migration and
cognitive representations of HTN.

Conceptual framework
We adopted Berry’s two-dimensional acculturation model [25] and Schumann’s second language
acquisition model [26] to inform our conceptual framework as shown in (Fig 1 A and B).

Berry’s model describes how people adapt to a new culture in terms of 2 dimensions: 1) How much does
the person seek to maintain connection with his or her culture of origin? 2) How much does the person
want to learn and adopt the new culture? The two dimensions used to measure acculturation yield a 2-
by–2 table describing four ways people may adjust to a new culture [25] (Fig 2). We apply this framework
to two alternative dimensions: trust and English language pro�ciency.

Schumann’s acculturation model proposes that language is the most potent factor in successfully
acculturating. The model suggests that the degree to which second-language learners acculturate
themselves towards the culture of a target-language group (TL) generally depends on social and
psychological factors; and these two kinds of factors will determine respectively the level of social and
psychological “distance.” [27, 29] Schumann identi�es eight factors that in�uence social distance and
three factors that in�uence psychological distance [26].(Fig 1 B).

In our study, we therefore sought to measure multiple factors potentially relevant to the acculturation
process, including:

trust as a surrogate for openness, which is operative in adaptation and acculturation,

English language pro�ciency as a determinant factor of acculturation,

duration in U.S. as a crude proxy for length of exposure to the host culture, and

geographic residence in the zip codes where early refugees/immigrants initially settled in the early
2000s, essentially an enclave, as a proxy for exposure to the culture of origin compared to the host
culture.

We acknowledge as a limitation of our study that, while acculturation clearly represents dynamic
processes that play out over time, our cross-sectional measures capture and represent just a snapshot in
time of these processes. We hypothesized that blood pressure would vary signi�cantly across groups
differing in acculturation as identi�ed by English language use and measures of trust.

Methods
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Study Design and Participants

From October 2014 through June 2016, we conducted a cross-sectional study of the prevalence of
cardiometabolic disease risk in a sample of 1156 community-dwelling Somalis, age ≥ 18 years, living in
the Minneapolis-St. Paul metropolitan area of Minnesota, using respondent-driven sampling (RDS) [37] to
recruit participants. RDS is a chain-referral recruitment process appropriate for use in “hidden”
populations or those for which no adequate sampling frame exists. The recruited social contacts of the
�rst wave of respondents become respondents and recruiters of the second wave, and so on. Sampling
continues for between 5 and 9 waves, leading to an approximation of a random sample [30, 31]. Trained
ethnicity- and gender-concordant community health workers (CHWs) obtained informed consent
translated into Somali language for non-English speaking participants, conducted face-to-face interviews,
obtained anthropometric and BP measurements. Our study team developed the interview questions in
collaboration with an advisory panel of Somali individuals from the local community. The HealthPartners
Institutional Review Board approved this study.

Measurements

We used self-report interview questions to obtain most measures. Anthropometric measures included
measured height, weight, waist-circumference and BP. Scales were calibrated before each measurement
to reduce reader error. Height was measured by a stadiometer to the nearest 0.5 cm without footwear.
Using �nger-stick, blood-spot samples, we obtained (non-fasting) measures of blood-sugar and
cholesterol levels.

Primary outcome - hypertension

For BP measurements, participants rested quietly, seated, for 5 minutes, and once the participant’s
maximum in�ation level was determined, the CHWs obtained 3 consecutive BP readings by using
sphygmomanometer with an appropriately sized arm cuff. The average of 3 systolic blood pressure
(SBP) and diastolic blood pressure (DBP) outputs was recorded.

We de�ned HTN as SBP ≥ 140 mm Hg or DBP ≥ 90 mm Hg, the subject saying “yes” to taking
antihypertensive medication, or the subject reporting having been told by a health care provider that they
had HTN.

Primary predictors—acculturation

Our measures of acculturation included:

Traditional measures (Duration in USA and Enclaved geographically in one of 8 contiguous zip codes
(yes, no).

Proxy measures. Four latent acculturation subgroups: High Trust/Low English, Low Trust/Low
English, High Trust/High English, and Low Trust/High English.
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Identi�cation of latent acculturation subgroups

In the context of immigrant communities, “acculturation” references the process of change and
adaptation by individuals and groups who have migrated from one location and culture to another. [14,
15] As a process not directly observable, it is useful to consider acculturation as a latent variable, the
values of which may be inferred from multiple observed measures. Latent class analysis (LCA) is one
appropriate method for identifying latent subgroups. This method identi�es exhaustive and mutually
exclusive subgroups within a sample, based on evaluation of categorical input measures. We used PROC
LCA in SAS 9.4 [38] to identify latent subgroups within our sample based on survey responses.

Our survey included several questions about English language use and pro�ciency (“Do you speak
English, read or write in English, and in what language do you usually read?”), as well as several
questions about trust of others (“Can most people be trusted?”, “Can you trust Somali people?”, and “Can
you trust non-Somali people?”). Having coded each of these measures as a “yes or no” response, we
conducted LCA using these as inputs, to identify subgroups in our sample, distinguishable based on
patterns of response to these questions. Further details of the LCA analyses are beyond the scope of this
paper and are being prepared for inclusion in a separate publication.

Geographic Enclave

We de�ned individuals as “geographically enclaved” (a 0/1 measure) based on whether, at the time of our
current survey, they reported living in one of eight contiguous zip codes in Minneapolis that represented
the initial residence locations for most Somali immigrants to Minnesota around the year 2000. We
de�ned individuals living outside of those zip codes as being not enclaved.

Duration in U.S.

We asked respondents in what year they arrived in the U.S. From this, and their interview date, we
computed their duration in the U.S. in years. There were 8 respondents who reporting having been born in
the U.S. who we assigned missing values for this measure.

Other Covariates/Confounders

Other covariates and potential confounder variables included in our multivariate models include
continuous age in years, gender (male or female), marital status (not married = 1, married or in a
partnered relationship = 2, separated/widowed/divorced = 3), poverty threshold (below or above federal
poverty level), employment (yes or no), education (more or less than high school education), and smoking
status (current smoker, nonsmoker). Social resources as “high” for the group reporting having access to 9
or more of a possible 12 types of social resources or “low” for those reporting having access to 8 or fewer
types of support, and physical activity as “active” (≥150 minutes/week) and “less active” (<150
minutes/week). Health insurance status was recorded as yes or no, based on self-report. Body mass
index was calculated as weight in kilograms divided by height in square meters as a continuous variable.
Interview questions included history of diabetes and history of high cholesterol and were categorized as
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yes or no. We de�ned as diabetic those with hemoglobin A1C ≥ 6.5 percent according to National
Institute of Diabetes and Digestive and Kidney Diseases. We de�ned dyslipidemia as a ratio of
Cholesterol/ High density lipoprotein (Chol/HDL ≥ 5).

To aid interpretation of our multivariate modeling results, we centered age and duration of residence
(years) in the U.S. by computing separate variables that subtract the sample average age and duration in
U.S. values, respectively, from everyone’s age and duration of residence in the U.S.

Statistical Analyses

Analysis of RDS data requires sample weights based on an individual’s likelihood of sample inclusion, a
function of the size of their social network, since individuals with more network contacts have a higher
probability of being included in the sample. We used standard weights generated by RDSAT 7.1 software
to re-equalize sample inclusion probabilities across individuals in the sample [30, 31].

Because individuals who are directly linked within a social network are more likely to share
characteristics, RDS data also results in non-independence, or correlated data. To account for the
correlated observations inherent in RDS data, as well as the unequal sampling probabilities, we estimated
the relationships between HTN and our measures of acculturation using an adaptation of Generalized
Estimating Equations (GEE) with a multivariate logistic regression model. We estimated correlations
between individuals who were directly connected in the respondent driven sampling referrals, using the
weights from RDSAT in the GEE to account for the unequal sampling probabilities [32].

We describe the characteristics of the study population by frequency (percentage) and mean (± standard
deviation). We assessed comparisons between groups using Student’s t-test and ANOVA for continuous
variables and by chi-squared and/or Fisher’s exact test wherever appropriate for categorical data. We
performed the descriptive analyses using SAS Version 9.4 (SAS Institute Inc., Cary, NC.). In multivariate
logistic regressions we considered P-values of < 0.05 statistically signi�cant. For our multivariate
analyses we used the geeNET package (citation to https://github.com/MilesOtt/geeNET) in R [33].

Results
Study population

We present descriptive statistics about our sample in (Table 1). A total of 1,156 were included in the
study. Most participants were women (63.0%). The mean age was 47.9 ± 18.4 years (median 46.0, range
18–90), mean baseline BMI was 30.0 ± 8.7 kg/m2 (median 29.4, range 14.0–92.1), and mean years in
U.S. was 9.9 ± 6.1 (median 10.0, range 0–44). Overall, 80% of participants had health insurance, 46.4%
(536/1156) had dyslipidemia, and 21% (243/1156) had diabetes. Most were below poverty level.
Approximately half of the sample were either married or in a partnered relationship, while just under a
third were widowed, separated, or divorced. Of our total sample, 70% lived in the eight contiguous zip
codes.

https://github.com/MilesOtt/geeNET
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Blood Pressure

A total of 29.5% (341) of participants had HTN, 84% (287/341) of whom were on medication. Of patients
on medication, 38% [1.00-(178/287 = 0.62%)] had controlled HTN, compared to 48.0% [1-(178/341)] of
participants who were aware of their HTN. BP was classi�ed with the following parameters: normal BP =
52.2% (603/1156), pre-hypertension = 31.8 (368/1156), stage 1 HTN = 11.8 (136/1156), and stage 2 HTN
= 3.6% (42/1156). We did not �nd a correlation between systolic blood pressure and duration of residence
in U.S (Fig 2A). But Similar to the general U.S. population, women were equally as likely as men to have
HTN. However, for individuals under 45 years old, the condition affects more men than women. For
individuals 65 years old or older, high BP affected more women than men (Figure 3)

Predictors of HTN

Results of our multivariate logistic regression models are presented (Table 2). The effective N differs
from model, with between 242 and 267 observations being deleted due to missing data, depending on
model. After controlling for gender, age, geographic enclave residence, duration of residence in U.S.A,
insurance, education, smoking, employment, activity levels, marital status, poverty level, BMI, social
resources score, dyslipidemia, and diabetes mellitus, we observed that, relative to the acculturation group
with Low Trust-Low English, the acculturation group with High Trust-Low English were signi�cantly less
likely to have HTN (OR 0.45, C.I 0.24–0.85, p = 0.0115). In contrast, both the High Trust-High English
group and the Low Trust-High English acculturation groups had likelihoods of HTN that did not differ
signi�cantly from the comparison group.

We also examined other potential indicators of acculturation. Duration of residence and employment
status are other potential indicators of acculturation and they showed no association with HTN,
regardless of whether our other measures of acculturation were also included in the model. Diabetes was
an independent predictor of HTN, (OR = 1.88, C.I 1.14–3.12 p = 0.0036).

Discussion
While the healthy immigrant effect has been demonstrated in multiple populations and conditions, to
date the consensus has been less de�nite about the role of acculturation or lack of it on blood pressure.
Many observational studies report strong associations between Western acculturation and HTN. Moran et
al. [2] reported a corollary result that being less acculturated to the United States mainstream culture was
associated with a decreased prevalence of HTN. In this study, we evaluated the relationship between
acculturation and blood pressure in Somali refugees/immigrants living in metropolitan Minneapolis-St.
Paul. In our study, acculturation itself does not appear to be strongly associated with increased
hypertension among Somali immigrants, but rather protective from it in the High Trust-Low English group,
�ndings that are more consistent with those of Moran et al. [2].

Refugees/immigrants acculturate differently depending on many factors. It might be supposed that
Somalis living in the eight contiguous zip codes where early refugees/immigrants initially settled in the
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early 2000s would acculturate less. According to the healthy immigrant effect, we would then expect less
HTN in those individuals. However, we did not �nd any association between residency in the original
ethnic enclave and the presence or lack of HTN. We also did not �nd a relationship between any of the
acculturation groups and the presence of HTN. However, one of our acculturation groups, the Low
English-High Trust group was associated with the absence of HTN. According to the Schumann model,
language is the largest factor in the acculturation process and its success depends on social and
psychological factors. We would thus expect low English pro�ciency to be associated with less
acculturation. The majority of Somalis in our study did not speak English upon arrival, and 72.2% had low
English pro�ciency, which can be considered a potential marker of less acculturation.

If having low English pro�ciency is a marker of less acculturation, then it is also possible that having high
trust in that setting enables one to bene�t most from the relatively tight knit social connections and
mutual assistance within the Somali community. Because of cultural and religious differences, Somalis
in the U.S. do not share churches, clubs, and recreational facilities with the local population, which
inhibits contacts and slows the pace of acquisition of English language and acculturation. Somalis are
highly interconnected and tend to have less contact with their host group; they also differ extremely in
culture, which inhibits acculturation and contact. But preserving their culture through tight knit families
and community with high social support may make it easier for them to handle the stresses of
acculturation and life in the U.S. environment. The lower prevalence of HTN in Low English-High Trust
individuals can thus be construed as indirect evidence of the corollary of the healthy immigrant effect [2].

While participants in this study maintained their collective or group level acculturation, individual
psychological acculturation may have resulted in a higher prevalence of overweight/obesity scores (75%
compared to U.S. average of 70%) and diabetes 20.1% (232/1151) compared to U.S. average of 9.4%.
The higher prevalence, particularly in women, is likely due to an increase in the availability of high-calorie
foods even in their ethnic food groceries and a decrease in physical activity levels (only 20% reached
≥150 minute/week activity) (Table 1). Similar results were found in studies from many African countries
particularly among urban women [34, 35]. Of note, BMI was not associated with SBP in current and in our
2000 study [36] (Fig 2B).

Limitations: The main limitation of our study is its observational design (cross-sectional), which limits
our ability to demonstrate causation. This also means that our measures of the acculturation “process”
only capture that process at an arbitrary point in time for each respondent, and do not inform us as to
where in the process each respondent may be at the point of interview. We do not have su�ciently
detailed information regarding diet in our Somali sample to estimate its contribution to HTN and CVD risk
factors. Unfortunately, there is also no available validated acculturation survey scale for Somali speaking
communities. To the extent that our RDS-based sample represents the local Somali community, our
results should be generalizable to the population of Somalis residing in the Minneapolis-St. Paul area. We
do not know whether our results are generalizable beyond this.

Conclusions
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This study contributes to the literature by suggesting that some degree of the healthy immigrant effect is
at work in the development of HTN among Somali refugees and immigrants in the U.S. The prevalence of
HTN in the cohort from this study is lower than that of the U.S. population and Africans living in urban
areas. Low English pro�ciency and High Trust, characteristics that are likely to be most protective for the
stresses of acculturation, are associated with a lower chance of HTN. These results are important for
designing and implementing health promotion and education programs to prevent HTN and other
cardiometabolic risk factors in immigrant and refugee communities that can take advantage of the
protective elements of the culture of origin while facilitating engagement and acculturation with the
receiving culture.
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Figure 1

A. Berry's Acculturation Model; B. Schumann's Acculturation Model

Figure 2

Bivariate scatter plot of systolic blood pressure by duration in USA and by Mass Body Index
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Figure 3

Prevalence of HTN by age and gender
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