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Abstract

Background: The association of acculturation with health among immigrant populations is
believed to be mediated, in part, by acculturation-related stress and stress biology.

Objectives: To review and qualitatively synthesize empirical findings on the relationship of
acculturation with stress-related inflammatory and endocrine biomarkers and composite allostatic
load (AL) scores.

Methods: A literature search was performed in the PubMed and Psycinfo databases. Article
titles, abstracts or full-texts were screened and checked for match with the search criteria. Studies
were eligible if they empirically tested the relationship between acculturation and inflammatory/
endocrine stress biomarkers or composite AL scores, and were published in the English language.

Results: Among the 41 articles identified as relevant and included in this review, the

majority were published after 2010, included adult Hispanic U.S.-based populations, used cross-
sectional study designs, operationalized acculturation as a unidimensional construct, and varied
considerably in the selection of covariates in the analyses. Acculturation was significantly
associated with stress biomarkers in 29 studies, but the direction of effects varied across studies.
Specifically, acculturation, operationalized as a higher orientation towards the host culture, was
associated with inflammatory biomarkers in 10 of 14 studies, with endocrine stress biomarkers
in 12 of 20 studies, and with composite AL scores in 7 of 8 studies. Overall, language-based
proxy measures of acculturation were related to higher levels of stress-related inflammatory and
endocrine biomarkers and to lower levels of AL scores, whereas nativity-, generation status- and
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length of stay-based proxy measures of acculturation were related to higher levels of inflammatory
biomarkers and AL score.

Discussion: The majority of studies reported associations between measures of acculturation
and stress biomarkers, however the directions of effects varied across studies. We suggest this
heterogeneity may, in part, be a function of limitations imposed by cross-sectional research
designs and unidimensional measures of acculturation measures, and we highlight the need for
longitudinal studies and use of multidimensional measures of acculturation to better uncover the
biobehavioral mechanisms and pathways linking acculturation with health outcomes.

Keywords

Acculturation; Stress biology; Inflammation; Endocrine; Allostatic load

1. Introduction

In a world that is “on the move”, with societies becoming superdiverse, health disparities

in immigrant groups become more prevalent and constitute a current issue in health

research and policies (The Lancet Public Health, 2018). The causes of these pronounced
health disparities between the migrant and non-migrant population are not well understood.
Although numerous pre-migration and transit factors (e.g., adverse living conditions in
country of origin, war trauma) may contribute to a higher susceptibility for diseases, the
prevailing observation is that health disparities often do not exist at the time of immigration
to the host country, but develop over the course of stay in the host country (Cunningham

et al., 2008). Thus, in order to understand the manifestation of health disparities, post-
migration factors that may contribute to health decline in immigrants and their offspring
need to be considered. Numerous studies now propose a pervasive role of acculturation,

a construct that captures the sociocultural adaptation to the culture of the host country
(Berry, 2006), in predicting a wide array of unfavorable health conditions (Lara et al.,
2005). These health conditions mostly encompass non-communicable diseases or health
risk factors and mental health problems that are known to manifest more likely under
conditions of chronic, accumulated stress experiences. Alterations in the biological response
to stress across different physiological systems (e.g., immune, endocrine) are a potential key
pathway by which experiences during the acculturation process may become biologically
embedded, thereby contributing to the manifestation of health disparities. The aim of this
review article is to summarize the existing empirical studies that investigate the link between
acculturation and immune or endocrine stress markers and allostatic load. Before presenting
the results of our review, we will first provide a rationale for the proposed relationship
between acculturation and alterations in biological systems related to stress.

1.1. The concept of acculturation

The concept of acculturation describes the extent of post-migration acquisition of the
culture of the host country that may result in loss of heritage culture and social ties,

while simultaneously negotiating conflicting aspects between both cultures (Sam, 2006).
Culture here encompasses any cultural aspects, such as, for example, language use, dietary
habits, beliefs, and others. Earlier approaches regarded acculturation as a unidimensional
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concept, i.e., individuals either orient themselves towards the heritage orthe host culture
(Liebkind, 2006). This approach is reflected in proxy measures of acculturation that are
widely used in research, such as nativity, citizenship, length of stay, and host language

use. This is based on the assumption that individuals born in the host country (so-called

2nd or 3rd generation migrants), have lived longer in the host country, and/or speak

the main language of the host country better than they speak the heritage language,

are more acculturated (Arends-Toth and Vijver, 2006). However, this approach neglects

that individuals also can develop bicultural identities, which is why more recent theories
conceptualize acculturation as a bidimensional construct. This means that individuals can
position themselves concurrently on a continuum of high vs. low orientation towards

the host and heritage culture, resulting in four different acculturation types or strategies:
assimilation (i.e., high orientation towards the host culture, low orientation towards the
heritage culture), segregation (i.e., low orientation towards the host culture, high orientation
towards the heritage culture), /ntegration (i.e., high orientation towards both the host and
the heritage culture), and marginalization (i.e., low orientation towards both the host and the
heritage culture) (Berry, 2006). Measuring acculturation in accordance with this typology
requires adequate assessment, for example, by providing separate subscales to measure host
and heritage cultural orientation independently, along the cultural domains language use and
preference, media use, cultural or ethnic identity of self, family and friends, and others (e.g.,
ARSMA scale (Cuellar et al., 1995)). Thus, the different conceptualizations of acculturation
are reflected in a variety of measures that are commonly used which will be addressed in the
present review.

1.2. A conceptual framework on the link between acculturation and health

It is a common epidemiologic finding that immigrants are often as healthy or even healthier
than the host population upon arrival, and that this advantage diminishes over length of

stay in the target country and even across generations (Cunningham et al., 2008). Thus,

in recent years, research has focused on the role of acculturation for health, and has
elucidated relationships between acculturation and for example higher body mass index
(BMI) (Chen et al., 2012; Ruiz et al., 2007), hypertension (Divney et al., 2019), diabetes
(Anderson et al., 2016), cardiovascular diseases (Commodore-Mensah et al., 2018), poorer
overall physical health (Riosmena et al., 2013), depression (Castillo et al., 2015), and
poorer birth outcomes (Lara et al., 2005). The onset and progression of many of these
non-communicable diseases is associated with chronic stress exposure (Vanitallie, 2002). At
the same time, psychological sequelae of acculturation, including chronic stress experience,
have been described and are discussed as key mediators in the link between acculturation
and health decline (Finch and Vega, 2003). In the context of acculturation, psychological
stress experience may result from discrimination experiences, loss of social ties and social
support, negotiation between conflicting aspects of heritage and host culture, or identity
conflicts (Berry et al., 1987; Fox et al., 2017a). The effects of acculturation on health

via stress experience can be also amplified by behavioral factors (Lara et al., 2005). We
propose a conceptual framework which states that acculturation is linked to health via stress
experience, and that this link can be moderated by behavioral factors (including unfavorable
health behaviors like smoking, substance and alcohol abuse, diet and lack of physical
activity, see Fig. 1). Alternatively, both psychological and behavioral alterations could be
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mediators linking acculturation and health (Fox et al., 2015). However, since the focus of
the current review is on acculturation’s effects on stress biology, we center the framework
around the mediating role of stress and highlight the role of behavioral changes as important
moderating factors that need to be addressed in this context. Alternative biological pathways
that result from behavioral changes (e.g., related to nutrition or substance use) are beyond
the scope of the current review.

1.2.1. Acculturation and biological stress response—Based on the consideration
that physiological alterations underlie disease risk, the link between acculturation and
health-related biological markers is of interest in this context, and given the rationale

that acculturation may impair health via chronic stress experience, the role of stress
biology is particularly relevant. Our conceptual framework postulates that the sequelae

of acculturation become biologically embedded via alterations in stress-related biological
systems, thereby increasing the vulnerability to develop mental or physical disorders (Fox
et al., 2017a). The above-mentioned stress experiences in the context of acculturation may
induce a physiological stress response if they are evaluated as threats through hippocampal,
amygdaloid, and prefrontal activation (Herman et al., 2005; McEwen, 2007). This, in turn,
will initiate the sympathetic-adrenal-medullary (SAM) axis release of catecholamines and
the hypothalamic-pituitary-adrenal (HPA) axis secretion of glucocorticoids. The activation
of the SAM can also prompt an acute inflammatory response (Prather et al., 2009; Steptoe
et al., 2007) by inducing up-regulation of the transcription factor NF-xB, a key regulator of
inflammation, in circulating immune cells (Bierhaus et al., 2003). While adaptive acutely,
chronic over-activation of SAM- and HPA-axis products induce a downstream effect on
interconnected biological systems (neuroendocrine, immune, metabolic, and cardiovascular)
(McEwen, 1998b, 1998a). Prolonged or persistent activation of these systems through
chronic stress exposure leads to their dysregulation, contributing to “allostatic load”

that represents the cumulative “wear and tear” experienced over time. A large body of
evidence shows that chronic stress exposure is associated with a reduced sensitivity of the
glucocorticoid receptor (GR), which mediates the HPA axis negative feedback. Because of
the increased resistance of the GR that expands to immune cells, the anti-inflammatory
properties of cortisol are also reduced, resulting in higher inflammation levels particularly
after acute stress exposure (Cohen et al., 2012).

The effects of stress experience on physiological alterations can be moderated by the
adverse or beneficial effects of health behaviors, such as dietary practices, sleep quality,
physical activity and alcohol, smoking or drug use alterations that are also believed to

be a consequence of acculturation (Lara et al., 2005). Such behavioral adjustments are

often an attempt to buffer stress experience, but if they are maladaptive, they do not
represent effective coping mechanisms and may ultimately increase disease susceptibility
(Rodriquez et al., 2017). For example, smoking is related to higher cortisol secretion (Cohen
etal., 2019), and unhealthy diet and sedentary behavior may result in overweight which is
associated with higher pro-inflammatory status (Visser et al., 1999).

Finally, chronic alterations in stress-responsive biological systems may enhance the
susceptibility to adverse health outcomes. Research indicates strong associations between
stress biological markers and numerous medical risk factors, non-communicable diseases
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and mental disorders (Djuric et al., 2008), including those that often show high prevalence in
immigrant groups as a function of acculturation (Lara et al., 2005; Rosenthal, 2018).

1.2.2. Objectives—It has been proposed that the strong link between acculturation and
health decline in different immigrant groups emerges via alterations in biological pathways
related to stress regulation. Until now, several studies have investigated the relationship
between acculturation and biological stress markers, but to our knowledge, these studies
have not yet been systematically reviewed and summarized. The aim of our review was
thus to identify and synthesize existing empirical studies that investigate the relationship
between acculturation and biological stress markers. We focus here on inflammatory

and endocrine stress markers and allostatic load because these are robust antecedents
and/or correlates of the health disparities that are often found in immigrant groups. We
expected that acculturation levels will be positively related to levels of inflammatory

and endocrine markers and allostatic load scores. Given the considerable heterogeneity

in stress biomarkers, especially the endocrine markers, we specify hypotheses in greater
detail (below) in the Results section. Another aim is to outline and discuss methodological
challenges in the research on acculturation and stress biological markers, focusing on study
designs and conceptualization of acculturation.

The questions that guided our review were the following:

1 What are the characteristics of the studies in terms of study design (e.g.,
cross-sectional, longitudinal), study samples (e.g., ethnicity, age groups),
conceptualization of acculturation (i.e., unidimensional vs. bidimensional
measures) and selection of covariates in the analyses?

2. Is acculturation linked to stress biomarkers across different studies in the
expected directions?

3. Does the link between acculturation and stress biomarkers vary as a function of
study design, sample, acculturation measure, or outcome measure?

2. Methods

This systematic review mostly follows the guidelines of the “Preferred Reporting Items for
Systematic and Meta-analysis protocol for scoping reviews” (PRISMA-ScR) (Tricco et al.,
2018).

2.1. Data sources and searches

The search strategy targeted studies that assessed the relationship of acculturation with
immune markers, endocrine markers, and allostatic load (AL) scores. Articles were
searched in the databases PubMed and Psyclnfo that were published until November 30th,
2020 when the literature search was conducted. Search terms included “acculturation”
combined with terms related to immune and endocrine stress markers and allostatic

load scores: “inflammation”, “inflammatory marker”, "inflammatory state”, “cytokines”,
“c-reactive protein”, “CRP”, “interleukin”, “IL-1p", “IL-2”, “IL-4”, “IL-6", “IL-8",
“IL-10", “e-selectin”, “fibrinogen”, “TNF-a.“, “alpha-amylase”, “cortisol”, “corticotropin-
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releasing hormone”, “CRH”, “ACTH”, “hypothalamic pituitary adrenal axis”, “hpa-axis”,

“endocrine system”, “adrenaline”, “epinephrine”, “nor-adrenaline”, “nor-epinephrine”,
“catecholamines”, “stress biology”, “biological stress response”, and “allostatic load”.

2.2. Eligibility criteria and study selection

The goal was to select empirical articles that test the relationship between acculturation

and immune/inflammatory or endocrine stress markers and AL scores. The selection criteria
were: (a) empirically testing the relationship between acculturation — either assessed with
proxy measures, index scores, or validated scales — and immune/inflammatory stress
markers, endocrine stress markers, or AL scores, and (b) study published in English
language. Studies were considered as eligible independent of study design, publication

year, participants’ age group, ethnicity, or country of residence. Studies were excluded

if they 1) did not include analyses on the relationship between acculturation and immune/
inflammatory or endocrine stress markers or AL score, 2) were review articles, dissertations,
conceptual papers, abstracts only etc., or 3) samples comprised indigenous groups as the
focus is here primarily on groups that underwent between-nation migration.

2.3. Data extraction and quality assessment

One author (LS) conducted the search of articles, removed duplicates and screened titles
and abstracts of the articles followed by a full-text review to check inclusion criteria.

Each item and extracted data was double checked by the same person. If questions arose
regarding eligibility of a study, this was discussed with the other coauthors. From each

of the selected articles we extracted the study design, sample characteristics (sample size,
participants’ stage of life, country of origin, country of residence, gender), acculturation
measures, stress biomarkers, covariates in the analyses, and the finding on the relationship
between acculturation and stress biomarkers.

3. Results

The search was conducted in PubMed and PsyclInfo, yielding 653 matches (see Fig. 1).
After removal of 222 duplicates, 431 entries remained. 390 articles were excluded, of which
360 were removed after initial screening of descriptors (i.e., title, abstract, key words) and
another 30 articles were removed after full-text screening. 41 articles were identified that
met the search criteria.

3.1. Characteristics of included studies

Table 1 presents descriptive statistics of the selected articles. It should be noted that many
studies included several acculturation measures and/or different stress biomarkers, which is
why they reported more relationships that partly differ in their direction. Table 1 therefore
presents the number of studies per category and how many of the studies reported at least
one significant relationship between acculturation and stress biomarker. In addition, the table
shows how many analyses within the various studies reported a positive, negative, or no
association. The number of analyses is thus greater than the number of studies. Table 2
provides detailed information for each of the selected articles.

Psychoneuroendocrinology. Author manuscript; available in PMC 2022 October 01.
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As shown in Table 1, articles were published from 2006 onwards, and the vast majority of
the articles was published after 2010. The articles comprised a total of 56,378 participants
(these were not always unique subjects as some articles used data from same studies, e.g.,
NHANES, Boston Puerto Rican Health study, however, these will be not disentangled here).
The majority of the studies included adult samples, while only 2 studies included children
(Kannan et al., 2013; Mendoza et al., 2017) and 4 adolescents (Gonzales et al., 2018; Qu
etal., 2020; Zeiders et al., 2018, 2012). Except for two studies, all other studies were
conducted in the U.S. Most studies included Hispanic samples, while only few studies
included Asian or other focus groups. Most of the studies included both foreign- and native-
born people, whereas only few studies included either foreign-born or US-/native-born
participants.

The vast majority of the studies applied cross-sectional designs. 3 studies applied a
laboratory stress paradigm, the Trier Stress Test (TSST) (Gonzales et al., 2018; Wang and
Lau, 2018; Yim et al., 2019). Two studies investigated the prospective relationship between
acculturation and stress biomarkers during pregnancy (D’Anna et al., 2012; Scholaske et
al., 2018). Another study was a randomized control study that investigated the effects

of Mexican vs. US diet on stress (which can be regarded as a behavioral sequelae of
acculturation) on stress biomarkers (Santiago-Torres et al., 2016).

The selection of covariates in statistical analyses differed between studies with immune,
endocrine, and AL as the outcome: Most analyses with immune markers were adjusted

for demographic and biophysical factors (e.g., age, sex, BMI), whereas analyses with
endocrine markers as the outcome were often adjusted for psychological conditions (e.g.,
stress, depression) in addition to demographic and biophysical factors (e.g., age, sex), and
studies with AL as the outcome controlled for demographic and biophysical factors (e.g.,
age, sex) and socioeconomic factors (e.g., education, income). Some of these covariates
include factors that are components of our framework (e.g., stress experience) and therefore
could provide evidence on whether the associations are fully mediated by these factors.

We did not evaluate further strategies that were applied to control for the potential effects of
other factors such as inclusion/exclusion criteria for study participation or analyses, selection
of covariates via correlational pattern (i.e., include variable as covariate of significantly
correlated with the outcome), separate analyses for different groups, or sensitivity analyses
as this is beyond the scope of our article.

3.2. Acculturation measures used in the included studies

There was a high level of heterogeneity between the studies regarding how acculturation was
assessed. The most often used acculturation measures were language acculturation (n = 15
studies), length of stay in the host country (n = 13 studies) and nativity / generation status

(n = 10 studies). Thus, most studies used proxy measures that represent a unidimensional
conceptualization of acculturation.

A total of 11 studies used validated scales (e.g., Acculturation Rating Scale for Mexican
Americans, Vancouver Acculturation Index), especially in the studies with endocrine
markers (D’Anna et al., 2012; Fang et al., 2014; Gonzales et al., 2018; Mangold et al.,

Psychoneuroendocrinology. Author manuscript; available in PMC 2022 October 01.
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2012, 2010; Qu et al., 2020; Scholaske et al., 2018; Torres et al., 2018; Wang and Lau, 2018;
Wu et al., 2019; Yim et al., 2019) (see Table 1). These provided separate scores for heritage
and host cultural orientations that can be used separately or as a composite score, indicating
a unidimensional conceptualization of acculturation. A bidimensional conceptualization that
reflects the different acculturation strategies in accordance with Berry’s acculturation model
is operationalized for example by an interaction term between host and heritage cultural
orientation in the analyses (Nguyen and Benet-Martinez, 2007). Only two of the reviewed
studies reflected a bidimensional conceptualization of the acculturation construct. One study
used an interaction term between the host and heritage cultural orientation as proposed by
Berry et al. (Gonzales et al., 2018). Another study used a language scale as a bidimensional
measure, categorizing participants in three groups representing high English proficiency, low
English proficiency, and bilingualism (Ruiz et al., 2013). All other studies used a composite
score of the two scores or used them as predictors in separate analyses. One study did not
report how the acculturation score was created (Zeiders et al., 2018).

3.3. Association between acculturation and stress biomarkers

Table 1 gives an overview of the studies organized by the different sections (i.e., studies with
immune, endocrine, and AL scores). It includes information on study (i.e., publication year,
study design, covariates, acculturation measure, stress biomarkers used in the studies) and
sample characteristics (i.e., ethnicity, country of residence, age group, nativity, gender). In
addition, the number of studies for which each characteristic applies is indicated, as is the
number of studies among those that reported a significant association between acculturation
and a stress biomarker. In addition, the table presents the number of analyses within the
studies that reported a positive, negative or null association.

Most of the studies included endocrine markers (n = 20), while 14 studies included
immune/inflammatory markers, and 9 included an AL score as the outcome. One study on
the relationship between acculturation and AL scores in addition also presented separate
analyses on the pro-inflammatory marker CRP (Cedillo et al., 2020) and is therefore
included in both the AL and the immune/inflammatory section. In several studies, multiple
acculturation measures and stress biomarkers were used, and inconsistent relationships
between different acculturation measures with the same biomarkers, or between the same
acculturation measure and different biomarkers, were reported. For example, one study
reported that longer length of stay was related to higher concentrations of CRP and to lower
concentrations of STNFR2, while acculturation as measured by the GEQ-A was related to
lower concentrations of CRP but was unrelated to STNFR2 (Fang et al., 2014). Yet another
study found that higher acculturation was related to a blunted CAR, but was unrelated to
cortisol AUC, waking and bedtime cortisol levels (Zeiders et al., 2012).

3.3.1. Acculturation and immune/inflammatory markers—14 studies included
analyses on acculturation and inflammation markers (see Table 1). The most often used
markers were the pro-inflammatory markers CRP (n = 11) (Ablow Measelle et al., 2019;
Cedillo et al., 2020; Fang et al., 2014; Gouin and MacNeil, 2019; Kannan et al., 2013;
Lommel et al., 2019; Pierce et al., 2007; Rodriguez et al., 2012; Rosenberg et al., 2017;
Santiago-Torres et al., 2016; Steffen et al., 2016), whereas other markers such as IL-6 (n =

Psychoneuroendocrinology. Author manuscript; available in PMC 2022 October 01.
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3) (Santiago-Torres et al., 2016; Scholaske et al., 2018; Wommack et al., 2013), STNFR2 (n
= 1) (Fang et al., 2014), and anti-inflammatory markers IL-1RA (n = 2) (Ruiz et al., 2007;
Wommack et al., 2013) and I1L-10 (n = 1) (Wommack et al., 2013), were less common. In
each of the studies concentrations of inflammatory markers were analyzed in blood samples.

Under conditions of chronic stress, concentrations of pro-inflammatory markers (e.g., CRP,
IL-6) increase, and this provokes an enhanced release of anti-inflammatory markers (e.g.,
IL-1RA, IL-10) in order to counter-regulate a pro-inflammatory state (Ouyang et al., 2011).
Previous studies suggest that chronic stress is related to alterations in the balance between
pro- and anti-inflammatory markers (Coussons-Read et al., 2007; Gouin et al., 2012) which
is why we hypothesized that acculturation would be related to higher levels of pro- and
anti-inflammatory markers.

In line with our expectation, 10 out of 14 studies reported at least one significant association
between an acculturation measure and concentrations of inflammatory markers across 15 out
of 34 analyses, specifically to higher (n = 7 studies / 8 analyses) (Cedillo et al., 2020; Fang
et al., 2014; Gouin and MacNeil, 2019; Lommel et al., 2019; Pierce et al., 2007; Rodriguez
et al., 2012; Steffen et al., 2016) and lower (n = 1) CRP (Fang et al., 2014), higher IL-1RA
(n =2 studies / 4 analyses) (Ruiz et al., 2007; Wommack et al., 2013), higher IL-6 (n = 1)
(Scholaske et al., 2018), and lower STNFR2 (n = 1) (Fang et al., 2014) concentrations.

A total of 8 studies also indicated no relationship between acculturation and immune
markers across 18 analyses, including CRP (n = 6 studies / 10 analyses) (Ablow Measelle
et al., 2019; Kannan et al., 2013; Pierce et al., 2007; Rodriguez et al., 2012; Rosenberg et
al., 2017; Santiago-Torres et al., 2016), IL-6 (n = 2 studies / 4 analyses) (Santiago-Torres
etal., 2016; Wommack et al., 2013), sSTNFR2 (n = 1 study / 1 analysis) (Fang et al.,
2014), and IL-10 (n = 1 study / 3 analyses) (Wommack et al., 2013). With regard to
adjustment for psychological states and conditions, 4 of the 10 studies that reported a
significant relationship between acculturation and inflammatory markers were adjusted for
psychological factors (Fang et al., 2014; Gouin et al., 2012; Gouin and MacNeil, 2019;
Lommel et al., 2019; Ruiz et al., 2007), while none of the studies that did not find a
relationship were adjusted for this.

Table 1 presents the number of studies indicating associations between acculturation and
stress biomarkers per category. Most studies reported at least one positive relationship
between acculturation and immune markers. Study characteristics were rather homogenous
between the studies. Thus, it is not possible to infer the extent to which the association
between acculturation and immune markers varied as a function of factors such as year

of publication, study design, and sample characteristics. As a large proportion of the

studies indicated a positive relationship between acculturation and inflammatory markers,
this relationship might be generalizable to cross-sectional studies that relate unidimensional
measures of acculturation, especially length of stay, to CRP levels in samples of Hispanic
adult foreign- or native-born men and women. Language-related measures and length of stay
in the host country were most often used as acculturation measures in these studies and were
related to higher levels of inflammatory markers in most of the studies.

Psychoneuroendocrinology. Author manuscript; available in PMC 2022 October 01.
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3.3.2. Acculturation and endocrine markers—20 studies investigated the link
between acculturation and different endocrine markers (see Table 1). The vast majority

of studies with endocrine markers as the outcome focused on different cortisol measures

(n = 15): cortisol concentrations assessed in blood (n = 1 study) (Ruiz et al., 2013) or

hair (n = 1 study) (Wu et al., 2019), salivary cortisol levels at single or averaged across
different measurement time points across the day (n = 3 studies) (Mendoza et al., 2017,
Torres et al., 2018; Zeiders et al., 2012), the salivary cortisol awakening response (CAR, n
= 4 studies) (Burt et al., 2018; Mangold et al., 2012, 2010; Zeiders et al., 2012), the salivary
cortisol diurnal slope (n = 2) (D’Anna et al., 2012; Zeiders et al., 2018), salivary cortisol
diurnal output (diurnal area under the curve (AUC, n = 3 studies) (Nicholson et al., 2013;
Qu et al., 2020; Zeiders et al., 2012), and salivary cortisol reactivity during the Trier Social
Stress Tests (TSST, n = 3 studies) (Gonzales et al., 2018; Wang and Lau, 2018; Yim et al.,
2019). Only a small number of studies included other endocrine markers such as urinary
catecholamines epinephrine and norepinephrine (n = 2 studies) (Brown and James, 2000;
Jimenez et al., 2012), CRH from blood in pregnant women (n = 1 study) (Ruiz et al., 2006),
estriol-progesterone ratio from blood (n = 1 study) (Ruiz et al., 2012), and parathyroid
hormone from blood (n = 1 study) (Nabipour et al., 2011).

Chronic stress contributes to dysregulation of the hypothalamic-pituitary-adrenal axis as
reflected in higher baseline concentrations of specific hormones (e.g., CRH, cortisol,
epinephrine). In addition, it affects the diurnal rhythm of cortisol release. After awakening,
cortisol levels increase and reach their peak at around 30 min later, also referred to as

the cortisol awakening response (CAR). In individuals who experience chronic stress,
alterations were found in the CAR (Kuras et al., 2017), and cortisol diurnal slope, i.e.,

the decline in cortisol levels from morning to night (Adam et al., 2015, 2017) which may
reflect impairments in the negative feedback regulation of the HPA axis. In studies that
apply laboratory paradigms to induce stress, e.g., the Trier Stress Test (TSST), cortisol
concentrations are assessed before, during and after a laboratory stressor in order to assess
the cortisol reactivity. While the stressor triggers an increase of cortisol levels in healthy
individuals, participants with chronic stress experience often show an altered response (Metz
et al., 2020). Thus, the expectation is that acculturation is related to concentrations of
baseline endocrine markers, the CAR, the cortisol diurnal slope and overall cortisol output
across the day (AUC) and cortisol reactivity during experimental stress paradigms.

Estriol and progesterone are assumed to play an important role in parturition (Goodwin,
1999; Kamel, 2010). Estriol concentrations increase and progesterone levels decrease in
the month before delivery, resulting in a higher estriol-progesterone ratio (Smith et al.,
2009). It has been proposed that a higher estriol-progesterone ratio may mediate the link
between acculturation and preterm birth risk (Ruiz et al., 2012). Parathyroid hormone is the
primary regulator of calcium homeostasis in the blood (Culhane et al., 2018). Elevations

in parathyroid hormone are believed to play a key role in mediating the link between
enhanced stress levels and poorer bone health (Ng and Chin, 2021). We therefore expected
that acculturation would be related to the estriol-progesterone ratio and concentrations of
parathyroid hormones.
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In line with our expectation that acculturation is related to altered concentrations of
endocrine markers, in 12 out of 20 studies, acculturation was related to concentrations

or measures of endocrine markers across 16 out of 50 analyses, specifically, to higher
concentrations of catecholamines (n = 1 study/2 analyses) (Brown and James, 2000),
higher concentrations of CRH in pregnant women (n = 1 study / 1 analysis) (Ruiz et al.,
2006), and a higher estriol-progesterone ratio (n = 1 study / 1 analysis) in pregnant women
(Ruiz et al., 2012). Regarding cortisol measures, acculturation was related to lower cortisol
concentrations in blood samples (n = 1 study / 1 analysis) (Ruiz et al., 2013), lower (n =1
study / 1 analysis) single or averaged across different measurements salivary cortisol values
(Mendoza et al., 2017), to an elevated (n = 1 study / 2 analyses) (Burt et al., 2018) or
attenuated (n = 4 studies / 4 analyses) (Burt et al., 2018; Mangold et al., 2012, 2010; Zeiders
etal., 2012) CAR, a flatter cortisol diurnal slope (n = 1 study / 1 analysis) (D’Anna et al.,
2012), to a higher (n = 1 study/1 analysis) and lower cortisol diurnal AUC (n = 1 study /

1 analysis) (Nicholson et al., 2013), and to decreased (n = 1 study / 1 analysis) cortisol
reactivity during a laboratory stress paradigm (Gonzales et al., 2018).

A total of 13 studies also reported no relationship between acculturation and endocrine
markers across 34 out of 50 analyses, including catecholamines (n = 2 studies/8 analyses)
(Brown and James, 2000; Jimenez et al., 2012), parathyroid hormone (n = 1 study/1
analysis) (Nabipour et al., 2011), hair cortisol (n = 1 study/3 analyses) (Wu et al., 2019),
salivary cortisol at different sampling times across the day (n = 2 studies / 8 analyses)
(Torres et al., 2018; Zeiders et al., 2012), CAR (n = 2 studies/2 analyses) (Burt et al., 2018;
Mangold et al., 2012), cortisol diurnal slope (n = 2 studies / 4 analyses) (D’Anna et al.,
2012; Zeiders et al., 2018), cortisol diurnal AUC (n = 2 studies/2 analyses) (Qu et al., 2020;
Zeiders et al., 2012), and cortisol reactivity during the TSST (n = 2 studies / 6 analyses)
(Wang and Lau, 2018; Yim et al., 2019). 7 of the 12 studies that showed a relationship (Burt
etal., 2018; Mangold et al., 2012, 2010; Mendoza et al., 2017; Ruiz et al., 2006, 2012;
Zeiders et al., 2012) and 6 of the 13 studies that showed no relationship (Burt et al., 2018;
Jimenez et al., 2012; Mangold et al., 2012; Wu et al., 2019; Zeiders et al., 2018, 2012) were
adjusted for psychological conditions.

There was little variation in the study characteristics between studies that included endocrine
measures as the outcome (see Table 1). That is, most of the evidence derives from cross-
sectional studies published since 2011 with foreign- or native-born adult Hispanic women
and men in the U.S. There is larger variance in the stress biomarkers especially regarding the
different measures of cortisol that were significantly associated with acculturation in almost
two thirds of the studies. Acculturation measures were related to lower CAR in the 4 studies
that investigated this relationship. However, the number of studies that used these markers is
small and therefore does not allow for a systematic analysis.

There is heterogeneity in the acculturation measures that were used in the studies with
endocrine markers as outcomes. Language acculturation (n = 5 studies) and nativity (n

= 5 studies) were the most often used proxy measure of acculturation. While language
acculturation was significantly associated with endocrine markers in most studies, nativity
was not related to endocrine markers in any of the studies. Only 2 studies applied a
bidimensional measures and found that a high orientation towards both host and heritage
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culture (i.e., an interaction term between host and heritage cultural orientation of the
BARSMA-II) was related to a steeper increase in cortisol reactivity and higher cortisol
peak during the TSST, while a high orientation towards the host culture in conjunction with
a low orientation towards heritage culture was associated with the flattest cortisol reactivity
to the TSST (Gonzales et al., 2018). In the other study it was shown that participants with
high English proficiency had significantly lower mean cortisol concentrations compared to
participants with high Spanish proficiency and compared to bilingual participants (Ruiz et
al., 2013).

3.3.3. Acculturation and AL scores—S38 studies tested the relationship between
acculturation and allostatic (AL) load scores (see Table 1). These studies differed in the
selection of physiological systems, as they comprised markers of the immune (e.g., CRP,
IL-6), endocrine (e.g., cortisol, DHEA-S), cardiovascular (e.g., systolic and diastolic blood
pressure, heart rate), and/or metabolic system (e.g., total and HDL cholesterol, glucose),
and in the number of biological markers included in the score, ranging from 6 to 15. AL
scores included either markers of the immune, endocrine, cardiovascular, and metabolic
system (n = 3 studies) (Arevalo et al., 2014; Peek et al., 2010; Todorova et al., 2013),

of the immune, cardiovascular and metabolic system (n = 4 studies) (Cedillo et al., 2020;
Doamekpor and Dinwiddie, 2020; McClure et al., 2015; Nifio and Hearne, 2020), or of the
endocrine, cardiovascular and metabolic system (n = 1 study) (Mattei et al., 2011). That is,
cardiovascular and metabolic markers were included in all of the AL scores. Chronic stress
was found to be related to altered levels of AL in previous studies (Juster et al., 2010), thus
we expected that acculturation would be associated with AL scores.

7 out of 8 studies showed a significant relationship between acculturation and AL scores
across 17 out of 24 studies, specifically, to a higher (n = 1 study / 3 analyses) (Peek et al.,
2010) and lower (n = 1 study / 1 analysis) (Todorova et al., 2013) AL score that comprised
immune, endocrine, cardiovascular and metabolic markers, to a higher (n = 4 studies / 9
analyses) (Cedillo et al., 2020; Doamekpor and Dinwiddie, 2020; McClure et al., 2015; Nifio
and Hearne, 2020) and lower (n = 1 study / 3 analyses) (Nifio and Hearne, 2020) AL score
that comprised immune, cardiovascular and metabolic markers, and to a lower AL score that
included endocrine, cardiovascular and metabolic markers (n = 1 study / 1 analysis) (Mattei
et al., 2011). In one study (2 analyses), acculturation was unrelated to an AL score that
comprised immune, endocrine, cardiovascular and metabolic markers (Arevalo et al., 2014),
and in the studies by Cedillo (Cedillo et al., 2020) and Peek (Peek et al., 2010), further
acculturation measures were unrelated to the AL score (6 analyses). 1 of the 7 studies that
showed a relationship (Nifio and Hearne, 2020)and the study that did not show a relationship
(Arevalo et al., 2014) were adjusted for psychological conditions.

Regarding the question as to how different study characteristics may have contributed to
differences in the reported results (especially regarding the direction of the relationship),

it has to be noted that there was even less variance in study designs among the AL

studies compared to the immune/inflammatory and endocrine studies in terms of selection
of stress biomarkers (all included cardiovascular and metabolic markers in the AL score,
and most included immune/inflammatory and/or endocrine markers), study design (all were
cross-sectional), and sample characteristics (mostly Hispanic adult foreign- or native-born

Psychoneuroendocrinology. Author manuscript; available in PMC 2022 October 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Scholaske et al.

Page 13

men and women) (see Table 1). Therefore, we cannot draw any conclusions on how these
factors may explain the relationship between acculturation and AL scores. At the same
time, although there was little variance between the studies in the choice of acculturation
measures (mostly unidimensional proxy measures), a pattern emerged: use of language of
the host country was related to lower AL scores, while nativity/generation status, length of
stay and age at arrival were mostly related to higher AL scores throughout the studies.

4. Discussion

4.1. Summary of findings

In addressing our initial questions that guided our review we come to the following
conclusions: First of all, most of the evidence on the relationship between acculturation
and stress biomarkers originates from cross-sectional studies with mostly adult, Hispanic
women and men living in the U.S. In these studies, mostly unidimensional measures

of acculturation, especially proxy measures, were applied and analyses were adjusted

for biophysical factors (immune/inflammatory), biophysical factors and psychological
conditions (endocrine), or socioeconomic factors (AL). These studies often use the same
set of biomarkers (i.e., CRP as an inflammatory marker, cortisol as an endocrine marker,
and AL scores comprising immune/inflammatory, endocrine, cardiovascular, and metabolic
markers).

Second, in 29 of the 41 studies reviewed, acculturation was significantly related to biological
stress markers, with some inconsistency within studies reporting different results depending
on acculturation measures, biological outcomes, groups (e.g., by ethnicity, gender, nativity),
or covariates used in the analyses. Generally, the summation of the observed results
substantiates the direction of our proposed hypotheses, in that acculturation in terms of

a higher orientation towards the host culture is positively associated with levels of pro-

and anti-inflammatory markers and higher allostatic load scores, whereas the direction of
findings is more heterogenous in the case of endocrine markers.

Third, while there was little variation regarding study design, sample and outcome measures,
some consistent patterns of results could be identified with respect to acculturation measures
and biological stress markers. Overall, the different acculturation measures tended to be
positively related to biological stress markers. Regarding the most often used acculturation
measures, language acculturation was related to higher inflammatory and endocrine markers
(and to lower AL scores), and nativity/generation status and length of stay were related to
higher inflammatory markers and AL score.

A limitation of our systematic review is that only one author conducted the literature review
and selected the articles. This represents a deviation from PRISMA guidelines. Nevertheless,
this author double-checked each item regarding its eligibility based on the search criteria and
double-checked the data that was extracted from each study.

4.2. Methodological challenges

This review focused on the relationship between acculturation and inflammatory and
endocrine stress markers and AL scores across different studies. While most studies reported
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significant associations between acculturation and stress biomarkers, results are inconsistent,
which may be due to methodological weaknesses regarding four aspects: a) the use of
acculturation measures that do not reflect appropriate and timely conceptualization and
operationalization of acculturation as reflected in bidimensional measures, b) cross-sectional
study designs that do not allow insight into the stability of the effects of acculturation

on stress biology over time, ¢) assessment of circulating stress biomarkers that provide

only limited information about the dysregulation of physiological systems compared to the
assessment of stress biomarkers under acute stress/ challenge conditions, and d) neglect

of important covariates or the selection of covariates that may be on the causal pathways

in the framework on how acculturation is linked to stress biology (e.g., stress experience,
BMI, health behaviors). In the following, we will discuss these challenges and provide
recommendations for future research.

4.3. Acculturation measures

Most of the studies reviewed here used unidimensional measures of acculturation, mostly
proxy measures. While it has been noted that integration (i.e., orientation towards both

the heritage and host culture) is an acculturation strategy related to best health outcomes
(YYoon et al., 2013), this assumption has been only studied and shown with a comprehensive
acculturation measure in one of the reviewed articles here where an interaction term between
host and heritage cultural orientation was used as a predictor for cortisol concentrations
during a laboratory stress paradigm (Gonzales et al., 2018). Their finding is in line with the
assumption that the acculturation strategy /ntegration is related to more favorable outcomes,
while assimilation will be related to poorest outcomes. The exclusive use of unidimensional
measures disregards and undermines the protective role of integration (Fox et al., 2017b).
This may also explain why measures of host cultural orientation were related to both
favorable and unfavorable outcomes (e.g., language acculturation was related to higher
immune markers, but also to lower AL scores), raising the question as to what would be the
relationship when moderated by heritage cultural orientation.

Of note, it seemed that proxy measures were relatively more often associated with stress
biomarkers than were the measures using scores of validated acculturation scales. This is of
particular interest since validated scales are believed to overcome the shortcomings of proxy
measures, and it raises the question of whether validated scales appropriately conceptualize
and operationalize the acculturation construct. It is often the case that validated scales
capture different aspects of acculturation (such as language use or preference, media use,
ethnic identity, or ethnic identity of peers) than proxy measures. They often do not capture
aspects of acculturation that may be particularly relevant for health (e.g., stress, behaviors)
along a bidimensional conceptualization of acculturation. We therefore propose that future
studies should include such aspects in their measure of acculturation and go beyond the

use of unidimensional proxy measures or indices by use of validated multidimensional
acculturation scales with host and heritage cultural orientation subscales, and to account
for the moderating role of contextual factors by implementing interaction terms with these
factors in their analyses.
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Some studies showed that acculturation was related to stress biomarkers in interaction

with psychological (e.g., neuroticism, stress, trauma) or socioeconomic factors (e.g., SES,
financial strain, income, income-to-poverty ratio), and in some of these studies the main
effect of acculturation was not significant after adjusting for these factors. It has been
argued elsewhere that studies should test interaction effects with contextual factors, such

as neighborhood ethno-cultural composition, discrimination, discrepancy between heritage
and host cultures, and individual and group attitudes towards assimilation as these are
believed to be moderators on the effects of acculturation on health (Fox et al., 2017a).
Thus, analyses strategies should be applied in future studies that determine the nature of
the combined effect of acculturation, SES and psychological factors, to contrast overlapping
(i.e., acculturation SES, and psychological state are redundant), additive (i.e., each measure
provides independent prediction), and multiplicative (i.e., the impact of acculturation on
stress biology is a function of SES and psychological state) effects.

4.4, Longitudinal studies

Most of the studies reviewed here applied cross-sectional study designs which means

that acculturation measures were related to concurrent stress biomarker concentrations
assessed at a single measurement time point. It has been proposed that the relationship
between acculturation and physiological dysregulation results from long-term processes
(Cunningham et al., 2008), and that the effects of acculturation are also forwarded to the
offspring generation (Fox et al., 2015). In line with this assumption is the observation

that in several cross-sectional studies reviewed here, longer length of stay and being born
in the host country were related to higher concentrations of stress biomarkers. However,
this approach may not sufficiently control for age, inheritance, or cohort effects as already
mentioned (Fox et al., 2017b). At the same time, acculturation is operationalized as a state
rather than a process in cross-sectional studies. We posit that there is a need for longitudinal
study designs in order to address three questions. First, it needs to be studied if and how
stress experience in the context of acculturation accumulates over time and thereby leads
to physiological dysregulation or biological embedding. Second, it should be studied if and
how intra-individual variability in acculturation levels (i.e., acquisition or abandonment of
different acculturation strategies over time) contribute to physiological dysregulation over
time. These can be likewise addressed by longitudinal studies as proposed above, where
analyses target to quantify the effect of variability. Another more time-efficient, low cost
possibility to address this question is to design acculturation instruments that simultaneously
capture acculturation levels at several different time points in life (Fox et al., 2017b).
Although retrospective response bias may reduce test quality, this can be an important first
step in studying acculturation and its effect on physiology as a process.

Third, how health disparities are transmitted to the offspring generation is of high relevance
for future studies. It is a common observation that offspring of immigrants often develop
health disparities from the earliest ages that correlate with maternal acculturation levels
(Fox et al., 2015, 2018). Many of these health disparities may originate during the fetal
stage of life (Gluckman and Hanson, 2004). Thus, maternal-placental-fetal stress biology is
proposed to be a key mediating pathway for this intergenerational transmission in the way
that the excretion of stress biomarkers serve as signals of maternal states (e.g., psychological
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sequelae of acculturation) the developing fetus responds to (Fox et al., 2015, 2018). In order
to test these relationships, prospective cohort studies constitute an adequate study design
where mother-child-dyads participated in a longitudinal study beginning from pregnancy

on with follow-up measurements until childhood (Euser et al., 2009). Some of the studies
reviewed here included prospective cohort studies, albeit they included only measurements
during pregnancy and did not follow-up on stress biomarkers in the newborn.

4.5. Stress biomarkers

In general, the use of biological markers as indicators of health are regarded as more
reliable and objective measures and compared to self-reports that are often biased by
subjective characteristics and cultural orientation (Fox et al., 2017b). Stress biomarkers

are antecedents of unfavorable health outcomes that can already indicate health risks before
health disparities manifest. Most of the studies reviewed here used one-time circulating
biomarkers that were assessed as indicators of physiological dysregulation. However,
measuring biological markers in response to acute stress exposure is believed to more
reliably capture physiological dysregulation in stress-related biological systems (Epel et
al., 2018). In the studies reviewed here, only three studies assessed stress biomarkers

(i.e., cortisol) during a laboratory stress paradigm, the TSST. These showed mixed results
regarding the relationship between acculturation and cortisol reactivity. Nevertheless, since
so far only very few studies applying a laboratory stress paradigm exist in this context, we
recommend that future studies should apply laboratory stress paradigms to more robustly
relate acculturation levels to the reactivity of different physiological systems.

An alternative approach to examining circulating inflammatory markers is to stimulate the
blood samples with a mitogen and quantify the cytokine response to this challenge ex
vivo (Groote et al., 1992). For example, studies that investigate the relationship between
depression and inflammation yielded more meaningful results using this approach (Majd
et al., 2018). Furthermore, the pro-inflammatory state may be better depicted by pro- and
anti-inflammatory ratios rather than using pro- and anti-inflammatory markers as separate
outcomes (Lazarides et al., 2019).

In addition, we suggest future studies go beyond markers of immune, endocrine, metabolic
and cardiovascular system and include stress biomarkers related to cellular senescence (e.g.,
telomere length), oxidative stress exposure (e.g., lipid hydroperoxides) and mitochondrial
function.

We found that all studies that examined the relationship of nativity/generation status (n =

4) and length of stay (n = 4) with AL scores reported positive associations. This may be
also due to the inclusion of cardiovascular and metabolic parameters in these AL scores.
This raises the question whether this more comprehensive measure (compared to, e.g., using
concentrations of single cytokines as the outcome) potentially is better at capturing a wider
range of experiences and exposures related to acculturation.

4.6. Covariates

According to the proposed framework, psychological stress mediates the link between
acculturation and stress biology, and its effects may be amplified by unhealthy behaviors.
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In addition, it has been suggested that socioeconomic status may confound or moderate the
effects of acculturation on stress biomarkers (Fitzgerald, 2010). In due consideration of these
relationships and in order to determine independent associations between acculturation on
stress biomarkers, many of the reviewed studies thus included socioeconomic, biophysical,
psychological and behavioral variables such as education, BMI, depression, or smoking
status as covariates in their analyses. In most studies, because acculturation was significantly
associated with stress biomarkers after adjustment for these variables, it is possible that

a) acculturation, psychological and behavioral factors interpedently contribute to variation

in stress biomarkers; b) the proposed pathway(s) only partly mediate the link between
acculturation and stress biomarkers, or c) the covariates did not reflect the most important
aspects of the specific pathways (e.g., models are adjusted for behavioral factors such

as smoking, but diet could be more crucial). There were only few studies that directly
investigated mediating pathways, such as Ruiz et al. (2006) who showed in a path model that
English language-related acculturation was related to higher CRH concentrations at 22-25
weeks of gestation via perceived stress.

Given the relevance of theoretically and empirically derived frameworks, studies should also
discuss in more detail what the pattern of results means in terms of (non)significant effects
of predictors and covariates for the assumed cause-effect relationships. We recommend that
future studies should go beyond considering these factors as confounders and examine their
role as potential mediators or moderators (effect modifiers) in greater detail. Specifically, we
recommend further investigation of the behavioral and psychological mediational pathways
by which acculturation may contribute to alterations in stress biomarkers, and whether these
relationships may be moderated by socioeconomic status or race/ethnicity. Appropriate
statistical analysis methods in this context constitute mediation analyses using linear
regression models or path models.

4.7. Generalizability

The goal of this article is to provide a comprehensive overview of the existing studies

that have investigated the relationship between acculturation and stress biomarkers. We
found that there is considerable heterogeneity regarding methodological aspects and study
samples. Most of the studies reviewed here were conducted among Hispanic populations
living in the US. A few additional studies involved Asians, Blacks, or immigrants

from other countries living in the U.S., Canada, or Australia. These groups may differ
systematically in terms of their general health status and health risks (e.g., behavioral
health risk profiles), cultural aspects, acculturation levels, integration in host societies,
perceived discrimination, socioeconomic status, language proficiency and use, reasons

for immigration, and other aspects that may contribute to perceived stress levels and
concentrations of stress biomarkers. We therefore recommend more studies in the future
should be conducted in other ethnic groups and countries other than the U.S. This will then
allow a systematic analysis of potential differences or similarities in observed associations
across immigrant groups.
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We recommend that future studies could also examine the association between acculturation
and stress biomarkers using meta-analyses that focus only on one group of outcome
measures at a time (i.e., immune, endocrine, or allostatic).

4.8. Conclusion and outlook

Current research shows a close relationship between acculturation and health decline

in different immigrant / ethnic minority groups across different countries of origin and
receiving countries. A number of studies now indicate that immune and endocrine stress
response might be among the biological pathways that mediate this relationship. However, to
date, this evidence is mostly restricted to cross-sectional studies that applied unidimensional
measures of acculturation in samples of adult Hispanics in the U.S. Yet little is known about
the relationship between acculturation and stress biology from a longitudinal or prospective
perspective and in due respect of timely operationalization of the acculturation concept.
Addressing these methodological challenges is thus a vital task for future studies.
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