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ABSTRACT

Objectives: The impacts of stress on inflammation, although hypothesized, have not been thoroughly examined, especially in
relation to social and environmental factors and particularly within Black populations. This study aims to explore the biological
mechanisms of embodiment linking stress and health to understand physiological changes in the body's response to psycholog-
ical stress in a Nigerian population. Through a multidisciplinary approach, this study queries the relationship between stress,
cortisol, and salivary C-reactive protein (SCRP), a biomarker of inflammation, while also validating the use of SCRP as a potential
and accurate stress indicator in the field.

Methods: In this cross-sectional study, 138 passive drool saliva samples (n;,.... =89 n_.,.=49) were collected and assessed for

male
sCRP and cortisol levels in adults. Participants also completed a short demographic survey and, to measure psychological stress,
the General Health Questionnaire 12 (GHQ-12). Relationships between sCRP and stress-related variables (i.e., cortisol, GHQ-12,
and demographic data) were assessed using Spearman's correlations, simple regression, multivariable linear regression, and
exploratory factor analysis.

Results: SCRP levels ranged from 20.57 to 6879.41 pg/mL across all samples, with significant differences between female and
male participants. The GHQ-12 was not a significant predictor of sSCRP variability. However, socio-demographic factors such as
body mass index (BMI), age, self-reported sex, ethnic identity, and cortisol were significant predictors, collectively explaining
24%-27% of the variation in SCRP.

Conclusion: Socio-demographic predictors like BMI, age, sex, and particularly ethnic group experience in Nigeria encapsulate
aspects of embodied stress, that significantly affect SCRP variability.

1 | Introduction scholars have noted that these traditional pathways alone are

not adequate to explore mechanisms linking stress and disease,
Studies linking stress and disease have typically focused on citing the need to incorporate other possible modifiers (Cohen
traditional stress response pathways such as the hypothalamic- et al. 2012; Miller, Chen, and Zhou 2007; Rohleder 2014; Liu,
pituitary-adrenal (HPA) axis and the sympathetic nervous sys- Wang, and Jiang 2017). Inflammation has emerged as a prom-
tem (SNS) (Stephens and Wand 2012; Rohleder 2014). However, ising mediator between stress and chronic disease because of

This is an open access article under the terms of the Creative Commons Attribution-NonCommercial-NoDerivs License, which permits use and distribution in any medium, provided the original

work is properly cited, the use is non-commercial and no modifications or adaptations are made.

© 2024 The Author(s). American Journal of Human Biology published by Wiley Periodicals LLC.

American Journal of Human Biology, 2024; 0:¢24158 1of 16
https://doi.org/10.1002/ajhb.24158


https://doi.org/10.1002/ajhb.24158
https://doi.org/10.1002/ajhb.24158
mailto:
https://orcid.org/0000-0003-0266-4313
mailto:owinful@illinois.edu
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://crossmark.crossref.org/dialog/?doi=10.1002%2Fajhb.24158&domain=pdf&date_stamp=2024-09-24

its ability to respond to stressors through quantifiable systemic
measures in the body.

Inflammation is a biological process that promotes healing
by fighting disease-causing agents and other stimuli (Szabo,
Slavish, and Graham-Engeland 2020). Short-term responses to
inflammation are necessary and healthy; however, when the
inflammatory response is ongoing, the body is negatively af-
fected. Responses to these stimuli can produce acute or chronic
inflammatory stress responses throughout the body (Chen
et al. 2018; Pahwa et al. 2018). Chronic inflammation in the
body has been associated with cardiovascular disease (CVD)
(Henein et al. 2022; Sorriento and Iaccarino 2019), diabetes
(Tsalamandris et al. 2019), cancer (Singh et al. 2019), and other
poor health outcomes (Emerging Risk Factors Collaboration
2010; Furman et al. 2019). It is also associated with increased
risks of mental health disorders, such as depression and anxiety,
due to the prolonged impact on the body's immune system and
stress response.

The inflammatory response can be triggered by a range of in-
fectious (i.e., bacteria and viruses) and noninfectious (i.e., phys-
ical, chemical, and psychological) factors (Pahwa et al. 2018).
Among the psychological factors, stress plays a significant role
in promoting inflammation. However, the impacts of stress
on inflammation, although hypothesized, have not been thor-
oughly examined, especially in relation to social and environ-
mental factors, particularly within Black populations (Goetz
and Lucas 2020; Simons et al. 2021; Toussaint et al. 2022), and
in low- or- middle-income countries (LMIC) (McDade 2012).
Previous research underscores the importance of considering
ecological and environmental contexts in understanding inflam-
matory processes and immune regulation (Aronoff et al. 2024;
Vitzthum et al. 2024; Blackwell et al. 2016; McDade 2012;
McDade et al. 2011; Blackwell et al. 2010; McDade et al. 2010). In
response to these works, interest in assessing how local stress-
ors become embodied and influence inflammatory and immune
processes across varying socio-ecological contexts continues to
grow (DeCaro and Helfrecht 2022).

Salivary C-reactive protein (SCRP) is increasingly recognized
as a key biomarker for assessing different aspects of stress, re-
flecting how chronic and acute stressors can lead to inflamma-
tion. In the Nigerian context, however, literature examining the
relationship between stress and sCRP is scarce, highlighting a
significant gap in understanding how these stress-induced in-
flammatory processes manifest in this population. To address
this gap, this paper explores the effects of physiological, psy-
chological, and socio-demographic related stressors on sCRP
in a Nigerian population. Embodiment theory is the orienting
framework used to examine the relationship between sCRP
and stressors. Broadly, this theory posits that life experiences
can have biological consequences on the body (Engel 1977;
Lock 1993; Nguyen and Peschard 2003; Kuzawa and Sweet 2009;
Adler and Stewart 2010; Geronimus et al. 2006; Baluran and
Winful 2021). These experiences can manifest through acute
or chronic exposures to stress (Geronimus 1992; Geronimus
et al. 2006), influenced by socioeconomic status (SES) (Yang
et al. 2020), race (Forde et al. 2019), environment (Thayer and
Kuzawa 2011; Leatherman and Hoke 2016), and psychoso-
cial stress (Sapolsky 2021), leading to physiological responses

(McEwen and Wingfield 2003; McDade 2012). Theoretical con-
ceptions of embodiment are beneficial in grappling with how
best to model the impacts of stress biologically and holistically,
as they consider and contextualize how experiences, measured
through social, behavioral, and psychosocial variables, im-
pacts health outcomes. Anthropological approaches to embod-
iment further allow scholars to attach political frameworks to
health (Adler and Stewart 2010). Political frameworks directly
incorporate the need for social change and equity by drawing
on concepts of embodiment and resilience to connect social
inequalities to biological outcomes. Political frameworks for
health can provide insight on cultures of inequality and the role
they play in creating societies that are unhealthy (Nguyen and
Peschard 2003; Adler and Stewart 2010). Using embodiment
theory in addition to cognizance of the broader political context
impacting the study participants, the current study considers bi-
ological pathways underlying how stress becomes internalized
and impacts immune response. Furthermore, the specific focus
on a Nigerian community, addresses the dearth of embodiment
research in understudied communities.

In this study, the primary focus is on the role of stress on SCRP
variability, as the impacts of stress on inflammation have not
been thoroughly examined in a Nigerian context. To explore
this relationship, we measure stress via the General Health
Questionnaire 12 (GHQ-12), a validated measure of psychologi-
cal distress in international populations, and salivary cortisol, a
physiological measure of stress, in a Nigerian teaching hospital
in Ikeja, Nigeria, among students, faculty, staff, and community
members. The study also includes other SES (education status,
self-reported sex, and employment), health-related (comorbidi-
ties, blood pressure, body mass index [BMI], and flow rate), and
demographic/stigma related factors (ethnic group) as these fall
under social stressors, which are thought to influence CRP vari-
ability. Specifically, the primary objectives of this study are

1. To query the validity of the use of SCRP as a potential and
accurate stress indicator in the field.

2. To assess the variability in sCRP levels in response to psy-
chological and physiological stress.

3. To investigate the relationship between other identified
stressors and sCRP variability.

2 | Background
2.1 | Salivary CRP Background

Systemic, chronic, inflammation is measured by a variety of bio-
markers including pro-inflammatory (i.e., IL-6 and TNF-alpha),
anti-inflammatory (i.e., IL-10 and TGF-beta), or acute phase
proteins (CRP and Ferritin) that are influenced by behavioral,
biological, and psychosocial factors. CRP is an acute-phase pro-
tein, secreted by the liver in response to IL-6, an inflammatory
cytokine that is produced during the inflammatory response
(Gonzalez-Jaramillo et al. 2019).

CRP is found and measured in the blood (serum, plasma) or sa-
liva. Serum CRP is commonly used as a biomarker of inflamma-
tion in the body; however, interest in salivary CRP (SCRP) has
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emerged as researchers are looking for less invasive, more effec-
tive ways of testing for inflammation when conducting fieldwork
(Pay and Shaw 2019; Ouellet-Morin et al. 2011). Throughout this
manuscript, the term “CRP” will refer specifically to C-reactive
protein collected by blood serum and dried blood spots (DBS),
while “sCRP” will denote salivary CRP. Other benefits to sSCRP
have been documented in the literature, including participant
comfort, increased safety during data collection, and the lack
of professional training required for collection (Ouellet-Morin
et al. 2011; Goetz and Lucas 2020; Szabo and Slavish 2021).
However, although utilizing SCRP offers advantages, validated
methods for assessing salivary inflammation have not been
published extensively. These validated methods are useful in
developing more accurate approaches to ensure that SCRP re-
liably reflects systemic inflammation comparable to CRP, ad-
dressing existing concerns about its validity (Slavish et al. 2015).
Nonetheless, some studies have shown promising correlations
between plasma and sCRP levels (Ouellet-Morin et al. 2011; Pay
and Shaw 2019; Wetterd et al. 2021; Szabo and Slavish 2021).
Studies measuring the relationship between serum CRP and
sCRP suggest a moderate correlation (R, ranging from 0.17
to 0.73) that continues to make sCRP a method of interest in
inflammation-related studies (Dillon et al. 2010; Ouellet-Morin
et al. 2011; Punyadeera et al. 2011; Out et al. 2012). This mod-
erate association may be explained by a lack of standardized
methods in collecting SCRP. Yet, some studies have shown that
under a particular set of conditions, (i.e., adjusting for salivary
flow rate, accounting for oral health hygiene, etc.), SCRP, es-
pecially at lower levels, may improve the correlation between
serum CRP and sCRP and thus reflect systemic inflammation
(Out et al. 2012; Pay and Shaw 2019).

CRP enters saliva through passive diffusion or filtration from
the blood. CRP levels are known to generally increase with age
and vary by biological sex, with women having higher average
levels than men (Reiner et al. 2012). Differences in CRP levels
are also observed between racialized groups, where African,
American, and Hispanic populations are reported to have higher
CRP levels relative to white Americans (Emerging Risk Factors
Collaboration 2010; Doumatey et al. 2012; Kong et al. 2012;
Reiner et al. 2012). Even after accounting for confounding fac-
tors such as obesity, metabolic issues, and other atherosclerotic
measures, CRP levels remain higher in African American pop-
ulations compared to other racialized groups. Because of the
higher CRP levels observed in African Americans, other factors,
such as chronic psychosocial stress, acute stress, depression, and
SES related variables are thought to contribute to CRP variabil-
ity (Reiner et al. 2012; Farmer and Thomas Tobin 2022).

Internationally, and specifically in Nigeria, CRP variability be-
tween sexes shows patterns similar to those in the United States,
with females consistently having higher CRP values relative to
males. Moreover, studies measuring CRP in Nigeria are typi-
cally cross-sectional and focus on CRP levels in patients with
chronic diseases such as sickle cell anemia and Type 2 diabe-
tes (Baba et al. 2010; Baba et al. 2012). These studies illustrate a
relationship where disease severity is correlated with increased
CRP levels (Okocha et al. 2014; Agho et al. 2021). However, to
our knowledge no studies to date have examined levels or pred-
icators (i.e., socio-demographic and stress) of variability in CRP
or sCRP among healthy Nigerian populations.

The association between chronic exposures to stress and CRP
has caused increased interest among researchers to incorporate
inflammatory-related biomarkers in efforts to understand the
pathways between stress, inflammation, and eventual disease
onset (Liu, Wang, and Jiang 2017). One lab-related study demon-
strated that acute and psychological stress influences inflam-
matory markers (Szabo, Slavish, and Graham-Engeland 2020).
Further, up until recently research explicitly demonstrating how
these salivary markers respond to acute stress via upstream path-
ways has been scarce (McDade et al. 2011; Slavish et al. 2015).

2.2 | Salivary Markers and Stress

Chronic exposure to psychosocial stress has been linked to
chronic and elevated CRP and sCRP levels (Pace et al. 2006;
Johnson, Abbasi, and Master 2013; Liu, Wang, and Jiang 2017;
Nguyen et al. 2022). Elevated CRP levels have been associated
with increased risk of depression, psychological distress—
though results have been inconsistent—and poor lifestyle-
related factors. Sex, SES, social stressors, and discrimination
have also been associated with CRP variability. However, one
study by Farmer and Thomas Tobin (2022), found that SES-
related factors had less of an influence on CRP variability than
other behavioral, psychosocial, and health-related factors.
Farmer and colleagues reason that chronic exposure to stress re-
sults in maladaptive behaviors (alcohol consumption and smok-
ing, poor physical activity) that lead to increased and prolonged
inflammation.

Research on inflammation has proven to be a popular method
of understanding the relationship between stress and health
outcomes. While further exploration of these mechanisms is
warranted, most scholars assess the impacts of stress on in-
flammation from a biological or socio-cultural perspective. Few
studies integrate both biological and socio-cultural approaches,
and the socio-cultural variables often examined are not com-
prehensive. The GHQ-12 is a comprehensive and effective tool
for measuring stress in international populations for numerous
reasons. It has been validated specifically in Nigeria (among
other countries) and is easy to implement in primary care set-
tings because of its feasible length and ease of administration
(Makanjuola et al. 2014). Some literature suggests that the
GHQ-12 does not accurately measure general distress but rather
other “latent” variables: diminished confidence, social difficul-
ties, and symptoms of anxiety and depression (Gao et al. 2004;
Hankins 2008; Hystad and Johnsen 2020). Anxiety and depres-
sion are well-documented conditions associated with inflamma-
tion (Orsolini et al. 2022). CRP especially has been hypothesized
to be a biomarker for major depressive disorder and higher levels
of CRP have been shown in patients with depression (Orsolini
et al. 2022). Although it has been noted that when considering
the relationship between the two, it is necessary to account for
possible confounding, as there are shared factors that influence
both CRP and depression such as SES, BMI, chronic illness, and
lifestyle factors (Pitharouli et al. 2021).

Other stress-related biological measures, such as cortisol, are
also correlated with salivary and serum CRP (Fong, Ho, and
Yau 2022; Sharpley et al. 2018). Salivary cortisol is a commonly
used objective biomarker of stress (Pollard 1995). It is released
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as part of the HPA axis in response to stress. Elevated lev-
els of salivary cortisol have been linked to SES, job stress, de-
pression, and other chronic exposures to stress (Crosswell and
Lockwood 2020).

2.3 | Sociopolitical Context of Nigeria

Nigeria is a diverse country characterized by a complex sociopo-
litical landscape that has the potential to influence social stress
among its population (Okudo, Nwudu, and Nwankwo 2023).
The country's geographic regions, including the northern,
southern, eastern, and western parts, each have distinct cul-
tural, religious, and economic identities (Edewor, Aluko, and
Folarin 2014; Omotosho, Thekuna, and Fakoya 2020) (Figure 1).
Though ethnic groups are not strictly confined to any one par-
ticular region of Nigeria, members of each ethnic group do tend
to be more concentrated in specific regions of the country. For
example, northern Nigeria has a predominantly Muslim pop-
ulation, while in the southwestern region the Yoruba ethnic
group is predominant. In the eastern region, the Igbo ethnic
group is most numerous, while the Hausa-Fulani ethnic group
is predominantly located in the northern region of Nigeria
(Udo 1970). Each of these ethnic groups has distinct, cultural,
and religious identities (Central Intelligence Agency 2023).
As it relates to health, stigma associated with the varied eth-
nic identities, cultural barriers, and beliefs potentially impact
health outcomes by influencing access to care services, health

related behaviors, and possibly influences stress experiences
(Anti 2011; Odimegwu et al. 2018). However, capturing the
ways in which these stress-related experiences are embodied in
healthy Nigerian populations has not been studied as current
stress-related studies in Nigeria are primarily centered around
health care workers (Onigbogi and Banerjee 2019; Bolarinde,
Aiyeyemi, and Ashawe 2023).

3 | Materials and Methods

This study was approved by the ethical review board of Lagos
State University Teaching Hospital (LASUTH), included a
local scholar, co-author M. Sorunke, and Vanderbilt University
Institutional Review Board, Study # IRB 212222. Written in-
formed consent was collected from each participant before data
collection began.

3.1 | Study Participants

Participant recruitment occurred in Lagos State, one of Nigeria's
biggest cities which have a dense Yoruba population that make
up this region's demographic majority (Ojagbemi et al. 2017).
Those who were over 18, not pregnant, did not report swelling or
bleeding in the mouth, or had not consumed food or drink in the
previous hour were encouraged to participate. Accordingly, sa-
liva samples were collected from 160 participants (n,,,,. =105,

)¢ Hospital
I Western Region
[ Eastern Region

(] Southern Region
[ Northern Region

# of Participants

0 100 200 km
L1 |

FIGURE1 | Map of regional distribution of participant-identified ethnicity and LASUTH hospital location in western Nigeria.
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N .. =55) ranging between 18 and92years of age between
October 2022 and November 2022. Participants with no missing
data (n=138) were included in data analysis. Table 1 summa-
rizes the characteristics of these subset of individuals. Briefly,
participants in this sample were on average 37.4years old and
female (64.5%). The sample was diverse, encompassing partic-
ipants from 15 self-reported ethnic groups spanning all four
regions of Nigeria. The majority of participants identified as
Yoruba. The participants were a generally well-educated pop-
ulation with 63.8% attending University and 76.1% being em-
ployed. Mean blood pressure (126/78) and BMI (28.4) were
slightly elevated in this population, in reference to World Health
Organization (WHO) guidelines. Most participants, 84.1%,
self-reported no presence of comorbidities like hypertension
or diabetes. Likewise, 95.7% of the participants reported to be
nonsmokers.

3.2 | Study Site

Data collection took place at Lagos State University Teaching
Hospital (LASUTH) dental clinic between October 2022 and
November 2022. LASUTH is a government-owned tertiary hos-
pital in Ikeja, the capital city of Lagos State, located in the south-
western region of Nigeria (Figure 1). This hospital provides
both medical and dental services for residents of Lagos State
University and the broader community. LASUTH receives an
average of 10,000 patients per month across all age groups due
to its central location and being the recipient tertiary hospital for
the 26 general hospitals in the state. The targeted population for
the current study consisted of adult students, staff, and patients
of the University. After written informed consent was obtained,
demographic data and salivary samples were collected at pa-
tient appointment or pre-appointment times and during work-
ing and school hours for students and staff. As a public research
University and teaching hospital, recruitment from students at
the University relied on convenience and snowball sampling
methods.

3.3 | Data Collection

Participants were first asked questions about oral health, food,
and liquid consumption. They were then asked to complete two
brief surveys emphasizing demographic (i.e., age, education sta-
tus, and employment status) and stress-related responses via the
GHQ-12 (Goldberg and Williams 1988). After completing the
surveys, participants were asked to provide an unstimulated
saliva sample via passive drooling into sterile polypropylene
collection tubes using SalivaBio's 2mL cryovials and the Saliva
Collection Aid from Salimetrics. Samples were stored at —80°C
within 6h of collection and kept until they were shipped in dry
ice via World Courier to Salimetrics commercial lab for SCRP
and cortisol analysis.

3.3.1 | Socio-Demographic Questionnaire
Socio-demographic data for each participant was recorded

before saliva collection. Demographic information included
education level, self-reported sex, employment status,

self-reported ethnic group, income, smoking status, height
(m), and weight (kg). BMI was calculated as weight (kg) di-
vided by height squared (m?2). Income data was collected but
not included in any analysis, as most participants did not re-
spond to this question. Blood pressure readings, measured
using an Omron monitor cuff (Model # M3 HEM-7154-E),
along with self-reported hypertension and diabetes status,
were also collected for each participant.

3.3.2 | High-Sensitivity Salivary CRP

High-sensitivity sSCRP samples were assayed at the Salimetrics'
SalivaLab (Carlsbad, CA) using the Salimetrics Salivary C-
Reactive Protein Assay Kit (Cat. No. 1-2102) in accordance with
the manufacturers’ protocol. Briefly, samples were thawed to
room temperature, vortexed, and then centrifuged for 15min
at approximately 3000 RPM (1500 X g) immediately before per-
forming the assay. Samples were tested for salivary CRP using
a high-sensitivity enzyme immunoassay (Cat. No. 1-2102).
Sample test volume was 100 uL of 2x diluted saliva per deter-
mination. The assay has a lower limit of sensitivity of 19.44 pg/
mL (of X2 dilution), a standard curve range from 25 to 1600 pg/
mL, and an average intra-assay coefficient of variation of
3.20%, and an average inter-assay coefficient of variation 2.6%,
which meets the manufacturers' criteria for accuracy and re-
peatability in salivary bioscience, and exceeds the applicable
(NIH) guidelines for enhancing reproducibility through rigor
and transparency.

Flow rate, defined as the amount of liquid passed through a
channel (e.g., tube and pipe) per unit of time, can influence the
concentration of sSCRP, among other salivary inflammatory bio-
markers, present in the mouth. Flow rate was determined using
the following equation: Flow rate = Volume (mL)/Time (min), as
previously described by Mohamed et al. (2011) and Szabo and
Slavish (2021).

3.3.3 | Stress Measures

3.3.3.1 | General Health Questionnaire12. A 12question
GHQ-12 was administered after the demographic questionnaire
to measure stress. Questions were scored using a 4-point
Likert scale method, responses ranged from 0 =“less than
usual,” 1 =“no more than usual,” 2 =“rather more than usual,”
and 3="“much more than usual.” The GHQ-12 can be scored by
adding up the values associated with the participant's responses.
Scoring was done on a continuous scale as there are no strict
cut-offs for classification in the GHQ-12, however, higher scores
on the assessment indicate higher levels of distress, with a
maximum score of 36 (Gao et al. 2004). To prevent data skewing,
positive questions (e.g., feeling you were playing a useful part
in things) were reverse scored during analysis. This adjustment
ensures that higher levels of distress are accurately measured
by a higher total score. Cronbach's alpha was used to measure
the reliability of the GHQ-12 in this population (Nunnally 1978).

3.3.3.2 | Salivary Cortisol. Salivary cortisol samples were
assayed at the Salimetrics' SalivaLab (Carlsbad, CA) using
the Salimetrics Salivary Cortisol Assay Kit (Cat. No. 1-3002),
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following the manufacturers' protocol for a subset of samples
(n=109, ng ..=70 n_ .. =39). Samples were thawed to
room temperature, vortexed, and then centrifuged for 15min
at approximately 3000 RPM (1500xg) immediately before
performing the assay. Samples were tested for salivary cortisol
using a high-sensitivity enzyme immunoassay (Cat. No. 1-3002).
Sample test volume was 25uL of saliva per determination. The
assay has a lower limit of sensitivity of 0.007 ug/dL, a standard
curve range from 0.012 to 3.0pug/dL, and an average intra-assay
coefficient of variation of 4.60%, and an average inter-assay
coefficient of variation 6.00%, which meets the manufacturers’
criteria for accuracy and repeatability in salivary bioscience
and exceeds the applicable NIH guidelines for enhancing
reproducibility through rigor and transparency.

3.4 | Analytical Approach

Descriptive statistics are provided for the total sample (n =138),
while descriptive statistics for cortisol measurements reference
only the subset that had cortisol data (n=109). Spearman's non-
parametric tests (r), multivariable linear regression (MVLR),
and exploratory factor analysis (EFA) were then applied to ad-
dress each objective. All data analysis was done using R (4.3.3),
using the “corrplot,” “stats,” and “psych” packages, respectively.

To validate the use of SCRP as a potential and accurate stress
indicator in the field, Spearman’s nonparametric (r,) tests and
scatter plots were employed to examine the relationship be-
tween sCRP, stress-related variables, and established correlates
of inflammation. MVLR and EFA were used to assess SCRP
variability in response to psychological and physiological stress
and to further identify the relationship between other sociode-
mographic stressors. MVLR analysis was employed to investi-
gate the relationship between stress (measured by the GHQ-12

TABLE 2 | Exploratory factor analysis of GHQ-12.

and salivary cortisol) and variability in sCRP. Prior to regression
analyses, SCRP and salivary cortisol data were log and square
root transformed, respectively to meet assumptions of linear
regression. Additionally, education status was dichotomized as
“below a bachelor's degree” (i.e., some schooling, basic educa-
tion, secondary school, and diploma) or “bachelor’s degree and
above” (i.e., university and graduate school), due to small sam-
ple size.

Questions from the GHQ-12 were initially included in regression
analysis either as a direct assessment (via total sum scores) or
an indirect evaluation (via EFA, see Table 2). EFA is a statisti-
cal technique that combines observed variables (e.g., SES and
income) into a scale to measure an unobserved, latent factor
(e.g., stress, health, and quality of life). The use of EFA provides
a more nuanced assessment of how several aspects of stress im-
pact CRP variability, going beyond a simple total score. This
was employed to see which measure of stress (total sum score
vs. latent measures) more accurately described CRP variability
(see Table S1 for regression outcomes of incorporating latent
variables). For EFA, screen plots of eigenvalues values, along
well-established literature determined the number of factors ex-
tracted from the GHQ-12 (Graetz 1991; Gao et al. 2004). Factor
loadings above 0.4 were retained.

In Model 1 (n=138), the GHQ-12 total sum score was the main
predictor variable and SCRP was the main response variable. All
variables listed in Table 1, with the exception of height, weight,
and smoking status was incorporated into the model as control
variables or covariates. Model 2 included only those participants
who consented to have their samples used for analyses beyond
SCRP, resulting in a slightly downsized sample size (n=109).
In Model 2, cortisol was the main predictor variable, and the
GHQ-12 total sum score was included as a covariate. Similarly,
in Model 2, all measures in Table 1, aside from height, weight,

Factor1 Factor 2 Factor 3
Anxiety/depression Felt constantly under strain 0.634
Feeling unhappy and depressed? 0.448
Lost sleep over worry 0.638
Could not overcome difficulties 0.512
Social dysfunction Feeling reasonably happy 0.735
Playing a useful part 0.57
Capable of making decisions 0.694
Able to face problems 0.603
Able to enjoy day-to-day activities 0.638
Able to concentrate 0.704
Confidence loss Feeling unhappy and depressed® 0.408
Losing confidence 0.697
Thinking of self as worthless 0.75

Note: Numbers represent factor loadings.

2Loaded onto two latent variables, which differs from the Graetz model. Factor loadings above 0.4 were retained.
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and smoking status were incorporated into the model as control
variables or covariates.

4 | Results
4.1 | High-Sensitivity Salivary CRP

Salivary CRP levels ranged from 20.57 to 6879.41pg/mL; with
a mean level of 627pg/mL, and a standard deviation (SD) of
1190 pg/mL. The regional variations in SCRP levels were nota-
ble, with the highest mean observed in participant from northern
Nigeria (1470 pg/mL) and the lowest in participants from eastern
Nigeria (368 pg/mL). Saliva flow rate ranged from 0.02 to 6.81ug/
mL and was significantly correlated with SCRP levels (r,=—0.23).
The mean flow rate across the entire sample was 0.819 mL/min,
with a SD of 0.936mL/min. There were notable regional varia-
tions, with the highest mean flow rate observed in participants
from eastern Nigeria (1.17mL/min) and the lowest in participants
from the “Other Region” category (0.192mL/min) (Table 1).

4.2 | Stress Measures
4.2.1 | General Health Questionnaire 12

The GHQ-12 is a reliable measure of stress in this community
with a Cronbach's alpha of 0.80. The mean GHQ-12 score across
the sample was 14.8, with a SD of 6.18. The median score was
17.0, with a range from 0 to 30. The scores varied slightly by
region, with participants from “Other Region” category having
the highest mean score of 22.0 and participants from southern
Nigeria the lowest at 13.8.

4.2.2 | Salivary Cortisol

Among the participants that consented to participate in
the portion of the study on cortisol (n=109), salivary corti-
sol levels ranged from 0.02 to 0.35ug/dL; with a mean level
of 0.12pg/dL. The highest mean cortisol level was observed
in participants from the “Other Region” category (0.209 ug/
dL), while the lowest was in participants from eastern Nigeria
(0.110 ug/dL).

4.3 | Validation of sCRP

Figures 2 and 3 show the linear correlation between sCRP
and known correlates of systemic inflammation. Results from
the scatter plot and simple regression line of log sSCRP by BMI
(Figure 2) were as expected, the relationship between BMI
and sCRP was significant and positive (Adjusted R?:0.1772, p-
value=1.64e —07). Salivary CRP levels differed significantly
between sexes, with females having higher levels relative to
males (Khera et al. 2005; Lakoski et al. 2006; Begum et al. 2021)
(Figure 3). There was also a significant positive relationship with
age. Spearman'’s nonparametric tests indicated a significant and
negative correlation between sCRP levels and both the total sum
of the GHQ-12 and its three factors: social dysfunction, anxiety/
depression, and confidence loss (Figure 4).

Scatter Plot of BMI and Log10 sCRP
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FIGURE2 | Scatter plot between Logl0 sSCRP and a known correlate
of inflammation, BMI. Individual participant data is represented by the
black dots.

Scatter Plot of Log10 sCRP by age and sex
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FIGURE 3 | Scatter plot of Logl0 sCRP levels by age and self-
reported sex.
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FIGURE 4 | Spearman correlation matrix of sSCRP and correlates
of inflammation. Only significant correlations are shown. The
significance threshold was set at a p-value of 0.05.
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4.4 | sCRP Variability in Response to
Psychological, Physiological, and Sociodemographic
Stressors

4.41 | Modell

The MVLR analysis revealed an overall significant fit between
SCRP and the GHQ-12 (Table 3), holding other variables con-
stant (p<0.001). Predictor variables consisted of demographic
and social-related variables from Table 1 (excluding smok-
ing status and ethnicity). Model 1 accounted for a moderate
variance in sCRP (Adjusted R?=0.267). Within the model,
the GHQ-12 did not have a significant association with sCRP
(b=-0.01, p=not significant (ns)), but BMI (b=0.02, p <0.001),
age (b=0.01, p<0.01), self-reported sex (b=-0.21, p<0.05) and
region, specifically northern Nigerian ethnic groups (b=0.53,
p <0.05) were all significant predictors of SCRP (Table 3). The
significance threshold was set at a p-value of 0.05. While most
regions were not significant predictors of SCRP variability, on
average region had the greatest effect of SCRP variability. Sex
also had a significant effect, with males having a lower sCRP
compared to females (b=—0.21, p<0.05). Although having one
comorbidity (b=0.23) showed some effect, it was not statisti-
cally significant.

4.4.2 | Model 2

MVLR revealed an overall significant fit between salivary sCRP
and cortisol, holding other variables constant (p <0.001). The
model accounted for a moderate variance in sCRP (Adjusted
R?=0.2433). Within Model 2, cortisol, the main independent
variable, was a significant predictor of sSCRP and had the larg-
est effect (b=1.36, p<0.05). Self-reported sex (male) (b=—0.33,
p<0.01) had a negative but significant effect. In contrast, age
(b=0.01, p<0.01), region, specifically northern Nigeria ethnic
groups (b=0.62, p<0.05), and BMI (b=0.02, p<0.01), were all
significant and positive predictors of SCRP in Model 2 (Table 4).
Similar to Model 1, ethnicity, self-reported sex, and having one
comorbidity (b=0.21, p=ns). had the largest effect on sCRP.

5 | Discussion

This exploratory study investigates how stressors become em-
bodied and impact sCRP variability in a Nigerian context, ex-
panding upon the growing interest on the impacts of local
stressors on inflammatory processes among different environ-
mental contexts (DeCaro and Helfrecht 2022). In this study,
measuring stress with two different variables, the GHQ-12 and
salivary cortisol, was twofold, serving as a way to validate the
use of SCRP as an accurate measurement of systemic inflam-
mation and as a means to explore the effectiveness of using the
GHQ-12 as an accurate and effective model of understanding
stress in this specific population. The findings of this study
suggest a moderate but significant relationship between sCRP
and stress, measured both by the GHQ-12 (Adjusted R?=0.267,
p<0.001) and cortisol (Adjusted R?=0.2433, p<0.001) when so-
cial factors are considered.

TABLE 3 | Linear regression of coefficients for Model 1.

Model 1
(Intercept) 2.48%**
[1.72, 3.24]
GHQ-12 total score -0.01
[-0.02, 0.00]
Sex (Male) —0.21*
[—0.41, —0.01]
Age 0.01**
[0.00, 0.02]
North region 0.53*
[0.05, 1.00]
Other region 0.73
[-0.27, 1.74]
South region 0.15
[-0.23, 0.54]
West region —0.04
[—0.24, 0.16]
Unemployed 0.05
[-0.17,0.27]
Below university degree 0.01
[—0.22, 0.23]
Comorbiditiesl 0.23
[-0.07,0.53]
Comorbidities2 0.10
[~0.49, 0.69]
BMI (kg/m?) 0.02%%*
[0.01, 0.04]
Flow rate (mL/min) —0.05
[~0.15, 0.04]
BP systolic —-0.01
[-0.02, 0.00]
BP diastolic 0.00
[—0.01, 0.01]
N 138
R? 0.35
Adjusted R? 0.267

Note: Mixed impact of socio-demographic, anthropometric, and stress related
predicators on salivary CRP with varying significance. Ranges represent 95%
confidence intervals (low CI, and high CI).

5D < 0,001,

*p < 0.01.

*p<0.05.
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TABLE 4 | Linear regression of coefficients for Model 2.
Model 2
(Intercept) 2.35%**
[1.38, 3.31]
Cortisol (ug/dL) 1.36*
[0.04, 2.68]
GHQ-12 total score -0.01
[-0.03, 0.01]
Sex (Male) —0.33*%*
[-0.56, —0.09]
Age 0.01**
[0.00, 0.02]
Unemployed 0.07
[-0.20, 0.34]
North region 0.62%
[0.04,1.19]
Other region 0.66
[-0.42,1.75]
South region 0.09
[-0.36, 0.54]
West region —0.06
[-0.31,0.19]
Below university degree —0.08
[-0.36, 0.20]
Comorbidities1 0.21
[-0.16, 0.57]
Comorbidities2 0.01
[-0.63,0.65]
BMI (kg/m?) 0.02%*
[0.01, 0.04]
Flow rate (mL/min) 0.00
[-0.12,0.12]
BP systolic —-0.01
[-0.02, 0.00]
BP diastolic —0.00
[-0.02, 0.01]
N 109
R? 0.36
Adjusted R? 0.2433

Note: Mixed impact of socio-demographic, anthropometric, and stress related
predicators on salivary CRP with varying significance on a smaller subset
population with cortisol as an additional predicator. Ranges represent 95%

confidence intervals (low CI and high CI).

% < 0.001.
**p<0.01.
*p<0.05.

5.1 | Validation of sCRP

BMI, a known correlate of systemic inflammation, was used to
validate this study's findings in relation to previously reported
studies on CRP and other inflammatory markers. Results from
the scatter plot and simple regression line of sSCRP by BMI were
as expected, showing a significant positive relationship between
BMI and sCRP (Figure 2). Higher BMI across the life course
has been associated with chronic inflammation and stress
(Ellulu et al. 2017; Cooper et al. 2019). Similarly, both age and
self-reported sex exhibited patterns that were consistent with
the existing literature, further supporting the robustness of our
findings. Specifically, our results aligned with previous research
indicating that older age and specific sex-related differences
are associated with variations in CRP levels, underscoring the
relevance of these factors in assessing chronic inflammation
and stress. This consistent relationship supports the validity
of using sCRP as a reliable biomarker for chronic inflamma-
tion and stress, similar to blood-based CRP, thereby reinforc-
ing the applicability of SCRP in field related settings. However,
the negative correlation between sCRP and the GHQ-12 along
with its latent factors was unexpected (Figure 4), as the cor-
relation between CRP and distress is prevalent in the literature
(Farmer and Thomas Tobin 2022; Nguyen and Peschard 2003;
McEwen 1998). This may suggest that other psychosocial fac-
tors, such as social support, coping mechanisms, or resilience,
are mitigating the expected positive relationship between dis-
tress and sCRP, leading to the observed negative correlation.

5.2 | sCRP Variability in Response to
Psychological, Physiological, and Sociodemographic
Stressors

Results from both regression Models 1 and 2 (Tables 3 and 4)
show that the GHQ-12 score, on its own, did not significantly
predict SCRP variability. These models were intended to assess
the variability in sCRP levels in response to psychological and
psychological stress and investigate the relationship between
other identified stressors and sSCRP variability. This was surpris-
ing as the Cronbach's alpha of the GHQ-12 for this study was
0.8, meaning the questionnaire was highly reliable in measur-
ing distress. Other GHQ-12 uses in Nigerian populations have
shown positive reliability and validity outcomes (Okokon et al.
2012; Makanjuola et al. 2014; Audu et al. 2021; Aloba, Opakunle,
and Ogunrinu 2019). Presumably, the GHQ-12 may not be
enough to measure the ways in which stress is embodied in this
population. These results conflict with what the literature says
about psychosocial factors, anxiety/depression, and its influence
on CRP in African Americans, as these factors play a significant
role in CRP variability (Farmer and Thomas Tobin 2022). This
discrepancy potentially illuminates differences in the ways in
which anxiety and depression are understood, expressed, or ex-
perienced between populations.

Conversely, salivary cortisol was a significant predictor of
SsCRP variability (Table 4). This was not surprising as the lit-
erature has shown a strong relationship between cortisol and
stress (Pollard 1995; Hellhammer, Wiist, and Kudielka 2009;
Kandhalu 2013), and a hypothetical relationship between CRP
and cortisol (Almadi, Cathers, and Chow 2013). Comorbidities
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were not a significant predictor of sCRP variability although
they did have a larger effect on it. In the current study's pop-
ulation, most respondents reported neither diabetes nor hyper-
tension. However, over 40% of diabetes throughout sub-Saharan
Africa is undiagnosed, so this self-report may not accurately
reflect reality of the prevalence of diabetes among study partici-
pants (Agho et al. 2021).

The results from the regression analyses indicate a significant
impact of ethnicity on sCRP variability. Notably, individuals
from ethnic groups not belonging to the dominant group of the
region, especially those from northern Nigeria or ethnic groups
associated with other countries had a greater effect on sSCRP vari-
ability. These findings suggest that ethnic group experiences in
Nigeria encapsulate aspects of embodied stress that significantly
affect SCRP variability. The specificities of how these experi-
ences impact health outcomes require further research, as most
studies on health outcome variability by ethnic group in Nigeria
have focused on child mortality rates (Adedini et al. 2015). Given
that associated socio-ecological stressors may contribute to ele-
vated sCRP levels, it is essential to investigate the specific factors
driving this variability.

The use and interest of SCRP as (1) a biomarker for systemic in-
flammation and (2) a predictor of stress is lacking but steadily
increasing as support of SCRP has emerged over the last decade
(Bosch 2014; Goetz and Lucas 2020). Results from both regres-
sion models support that distress when considered with other so-
cial predictors, can be a significant predictor of SCRP variability
(24%-27%). Results from both regressions also highlight that so-
cial variables alone are not enough to account for sCRP variabil-
ity although they do largely affect it (Tables 3 and 4). From the
literature, it is known that genetic factors make up roughly 40%
of CRP variability (Carlson et al. 2005). Other behavioral and
lifestyle factors predicting sSCRP variability should be explored
further (e.g., diet and oral health, cultural beliefs, and affiliated
behaviors) (Calle and Andersen 2019; Pay and Shaw 2019).

6 | Limitations
6.1 | Cross Sectional Approach

While this study is able to explore the relationship between
sCRP and stress there are a few limitations. One, the study
uses a cross-sectional model, with only one sCRP measure-
ment. Other studies on CRP note that taking multiple mea-
sures gives researchers the ability to correlate CRP and
disease risk (Macy, Hayes, and Tracy 1997; Ockene et al. 2001;
McDade 2012). It is recommended that CRP samples are col-
lected once every 7-14days for up to 3months (Braga and
Panteghini 2012). These recommendations could be applied
to sCRP studies as well. In the current study, this limitation
is not a major problem because disease risk is not explicitly
investigated. However, repeated measures could still benefit
this study by giving additional context to the already limited
amount of research on stress and sCRP in this population.
Further, the sole focus on the impacts of psychological and
socio-demographic related factors on sCRP in Nigerian popu-
lation, to our knowledge, is the first study of its kind. Future
studies looking to validate the use of SCRP in stress-related

studies could benefit from including better measures of social
inequality, including genetic data, and continuing to study
these relationships in underrepresented communities.

6.2 | Sample Size

The limitations of this study include the small sample size,
which suggests that while preliminary conclusions can be
hypothesized, additional testing is required to identify clear
patterns. Including more ethnic groups and a more balanced
distribution of male and females will help determine if these
initial patterns hold true. Further, these results should be con-
textualized as ethnic groups were self-reported and thus may
not resonate with the ways the state acknowledges them, but
this approach is valuable for capturing how individuals em-
body their lived experiences as it can often reflect personal
identity, social stressors, language, and cultural practices,
which may not align with categories of the government who
in turn may miss the nuances.

7 | Conclusion

The present study explored how different stress measures relate
to sCRP variability in a Nigerian population, aiming to under-
stand the embodiment of stress. This paper demonstrated that
stress significantly and moderately correlates with sCRP lev-
els in a Nigerian population. On their own, sCRP and GHQ-12
stress scores have a negative but significant association; simi-
larly, while salivary cortisol has a greater association, on its own,
it is still weak. However, when other social and demographic
factors are accounted for, the relationship between sCRP and
the GHQ-12 (Model 1) and sCRP and salivary cortisol (Model
2) strengthens significantly. Future studies assessing embodied
stress in Nigerian populations should focus on capturing socie-
tal, behavioral, and cultural related factors that may contribute
to this experience.

Incorporating genetic data, including associated SNPs or
methylation patterns in the CRP promoter region, could help
account for a greater proportion of the observed variability in
CRP levels within the population. CRP is known to be influ-
enced by both genetic and nongenetic factors. Further, while
the GHQ-12 has been validated in Nigerian communities, a
survey that merges SES-related questions alongside psycho-
logical well-being could be more beneficial. Surveys that go
beyond income are ideal for Nigerian communities as asking
direct questions about income appear to be socially unaccept-
able (Ibadin and Akpede 2021). In the current study, 90% of
participants skipped the income question in the demographic
survey. Factors relating to SES (i.e., job security, education,
and marriage status) play a huge role in the everyday stress-
ors of the Nigerian community and should be incorporated to
indirectly gauge income (Olusanya 1985; Oyedeji 1985; Ibadin
and Akpede 2021).

Overall, findings from this study generally highlight the
complexity of measuring stress among study participants.
Approaches to measuring stress that may be beneficial among
participants in the United States, do not fully encapsulate or
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translate to the experiences of stress in this particular Nigerian
population. Conversely, while stress is present, the measures
used to accurately capture what participants are experiencing
are lacking. Additional bioculturally informed research geared
toward understanding how participants view, understand,
and experience stress are needed in embodiment research.
Engaging with these questions, no matter the population, can
also strengthen our understanding of the nuance of biological
mechanisms of embodiment.
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