ISSN 2748-9957 |

Vol. 2

2021

|

pp. 1–17

Greater central adiposity resulting from increased market
integration is associated with elevated C-reactive protein
levels in older women from the Republic of Vanuatu
Hayley Mann1, 2 • Alysa Pomer3 • Kathryn M. Olszowy4 • Cheng Sun1, 2 • Harold Silverman5, 6 • Kelsey N. Dancause7 • Chim W.
Chan8 • Len Tarivonda9 • George Taleo9 • Akira Kaneko8, 10, 11 • Charles A. Weitz12 • Ralph M. Garruto1, 13, 14 • J. Koji Lum1, 2, 14
1

Department of Anthropology, Binghamton University, Binghamton, NY
Laboratory of Evolutionary Anthropology and Health, Binghamton University,
Binghamton, NY
3
Department of Chronic Disease Epidemiology, Yale School of Public Health, New
Haven, CT
4
Department of Anthropology, New Mexico State University, Las Cruces NM
5
Laboratory of Biomedical Science, The Feinstein Institute for Medical Research,
Manhasset, NY
6
Hofstra North Shore-LIJ School of Medicine at Hofstra University, Hempstead,
NY
7
Départment des sciences de l’activité physique, Université du Quebec à Montréal, Montréal QC, Canada
2

Citation:
Mann, H. et al. (2021), Greater central adiposity
resulting from increased market integration is
associated with elevated C-reactive protein levels in
older women from the Republic of Vanuatu, Human
Biology and Public Health 2.
https://doi.org/10.52905/hbph.v2.20.
Received: 2021-06-23
Accepted: 2021-08-17
Published: 2021-12-22
Copyright:
This is an open access article distributed under the
terms of the Creative Commons Attribution License
which permits unrestricted use, distribution, and
reproduction in any medium, provided the original
author and source are credited.
Conflict of Interest:
There are no conflicts of interest.
Correspondence to:
Hayley Mann
email: hmann3@binghamton.edu
Keywords:
Body Mass Index, central adiposity, Pacific Islands,
Melanesians, market integration

8

Department of Parasitology, Graduate School of Medicine, Osaka City University, Osaka, Japan
9
Ministry of Health, Port Vila, Vanuatu
10
Island Malaria Group, Department of Microbiology, Tumor and Cell Biology
(MTC), Karolinska Institutet, Stockholm, Sweden
11
Institute of Tropical Medicine, Nagasaki University, Nagasaki, Japan
12
Department of Anthropology, Temple University, Philadelphia, PA
13
Laboratory of Biomedical Anthropology and Neurosciences, Binghamton University, Binghamton, NY
14
Department of Biological Sciences, Binghamton University, Binghamton, NY

Abstract
Objective We characterized the relationship between circulating C-reactive protein (CRP) levels and nine anthropometric measures of
body composition to identify the best anthropometric predictors of
CRP in Ni-Vanuatu women.
Sample and Methods Anthropometric data and blood spot samples
were collected from sixty-four Ni-Vanuatu female participants
(age 35–78 years) on five islands with varying degrees of market
integration, cultural change, and obesity. CRP concentration was
determined with a high-sensitivity ELISA (hsCRP) assay and then
compared to nine different anthropometric measurements.
Results BMI was significantly correlated with CRP (p=0.047,
r2 =0.249). Among the eight additional anthropometrics, BIA
(p=0.040, r2 =0.257), waist-circumference (p=0.009, r2 =0.325) and
suprailiac skinfold (p=0.003, r2 =0.373) were better predictors of
CRP than BMI. Moreover, our stepwise selection model indicated
that the suprailiac skinfold explained ∼14% of CRP level variance.
Conclusions The BMI-CRP correlation coefficient for Ni-Vanuatu
women falls within the range of previously reported values for
East Asian populations with whom they share genetic ancestry.
Furthermore, the best anthropometric predictors of CRP levels
were waist circumference and suprailiac skinfold thickness. These
measures capture central adiposity and are more closely associated
with elevated CRP level and cardiovascular disease risk than fat
distributed elsewhere on the body. Ni-Vanuatu in urban settings

Take home message for students High obesity rates in the Pacific Islands are correlated with processed
foods which are available via increasing market integration. CRP level is most correlated with central
adiposity, and waist circumference is most conveniently measured in the field. Since nearly everyone
owns gardens, consumption of processed foods is a personal choice in Vanuatu.
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with high market integration are at greater risk for
obesity, which is associated with elevated CRP levels. However, because nearly all Ni-Vanuatu still retain horticultural knowledge and land ownership,
consumption of processed, imported foods is largely
determined by degree of market integration and personal choice. Therefore, health interventions focusing on sustainable traditional food practices are feasible.

Introduction
Since the 1980s, global obesity prevalence
has doubled and is now considered a universal human health problem (WHO Expert Consultation 2004). Moreover, 55% of
this global rise in mean body mass index
(BMI) occurred in rural areas. For lowand middle-income countries, data also
suggests that rural mean BMI is rising at
similar rates to urban settings, especially
for women (NCD Risk Factor Collaboration 2019). The marketing of inexpensive,
processed food has resulted in the overconsumption of nutrient poor dietary items,
while lifestyle changes associated with
modernization has led to a decrease in
physical activity (Popkin et al. 2012; Swinburn et al. 2011). Currently, the Pacific
Islands have some of the world’s highest rates of obesity (Gill 2006). Many Pacific Island nations are lower income with
poor infrastructure. Some islands also have
a double burden of non-communicable
diseases (NCDs) and infectious diseases,
which makes public health interventions
more challenging. Furthermore, Pacific Islanders are significantly underrepresented
in health literature and are a medically underserved population with unequal access
to the healthcare (Ghosh 2003).
Long periods of colonization, de-population from introduced diseases, resource
exploitation and more recently, global market integration have resulted in a series of

sociocultural changes that continue to negatively impact indigenous health throughout the Pacific. In Melanesia, European
contact began in the 1500s and first contacts by explorers, missionaries, whalers,
sandalwooders, and miners continued
through the 20th century. Indigenous people suffered various devastations including
the loss of traditional lands and culture,
and the introduction of new diseases (Allen
1968; MacClancy 1981). In the second half
of the nineteenth century, exploitation
of Melanesians for plantation/cash crop
labor intensified while epidemics and population loss continued (MacClancy 1981).
Allied and Japanese forces occupied much
of Melanesia during World War II, significantly increasing infrastructure and the
availability of imported processed foods in
some regions. By the end of WWII, postcontact dietary items such as cooking oil,
refined sugar, tinned meats, beef, dairy
products, and bread had become food staples on some of the islands (Dancause
et al. 2011; 2013). Beginning with Papua
New Guinea in 1975, many pacific island
nations gained their independence. On
larger islands, urban administrative and
commercial centers emerged characterized by greater infectious disease control,
tourism, and more convenient food choices,
but poor nutrition and exercise resulting
in higher obesity (Dancause et al. 2011).
Obesity therefore became a public health
concern in Melanesia after WWII and has
continued to increase over time.
Currently, the ten countries with the highest rates of adult obesity are all located
in Micronesia and Polynesia, with Nauru
(61%) and the Cook Islands (55.9%) being
the top two (Central Intelligence Agency
2021). Between 1980–2008, mean BMI in
the Cook Islands and Nauru increased at
four times the global rate (McLennan and
Ulijaszek 2015). The countries comprising
Melanesia have less obesity; especially in
endemic malarious regions. For example,
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Vanuatu, the Solomon Islands and Papua
New Guinea have obesity rates of 25.2%,
22.5% and 21.3%, respectively (Central Intelligence Agency 2021). Although the lowand middle-income countries of the Western Pacific Region have lower obesity rates,
non-communicable diseases (NCDs) such
as cardiovascular diseases (CVDs), diabetes
and cancer still account for 50% of premature deaths in individuals under 70 years
of age (Shin and Varghese 2014). With improved infectious disease control measures
on some of the islands (Kaneko et al. 2000),
increases in tourism (Dancause et al. 2011)
and worsening climate change (Swinburn
et al. 2011), the obesity rate in Melanesia
will likely approach those of Micronesia
and Polynesia.
To help address NCD-related public health
concerns, research in the Western Pacific
region has focused on analyzing anthropometric measures within a context of
changing behaviors and physical activities
(Dancause et al. 2011; Olszowy et al. 2015).
Individual obesity has been estimated in a
variety of ways for different studies. BMI
and waist circumference thresholds are
commonly used to assess individual CVD
risk (DeLoach et al. 2014; Ding et al. 2015;
Schafer et al. 2011). However, these measurements cannot distinguish fat mass
from fat-free mass, so the corresponding
estimated CVD risk category may not be
accurate for some individuals, particularly
athletes (Dancause et al. 2010; Klein et al.
2007; Neovius et al. 2006). In comparison
to North American and European populations, Asian populations have a greater
predisposition for developing abdominal
obesity and a higher risk for developing
CVDs at lower BMIs (Forouhi et al. 2001;
WHO Expert Consultation 2004). This observation led to the development of different BMI cutoff points in various Asian
populations; specifically, the BMI obesity cutoff value for health intervention
was lowered (Popkin 2004; WHO Expert

Consultation 2004). Likely reflecting their
shared genetic ancestry with East Asians,
Pacific Islanders also possess greater abdominal obesity (Dancause et al. 2011).
It has therefore been suggested that the
World Health Organization (WHO) action
guidelines for Asian populations should
also be applied to Pacific Islanders in Western Melanesia (Dancause et al. 2010). For
a more precise measure of body composition, bioelectrical impedance analysis
(BIA) has also been used to determine
body fat percentage. Limitations of BIA
equipment include reliance on technology,
variable body electrode placement, and
also different body fat percentage prediction models that are dependent upon sex,
body type, population-specific equations,
and other assumptions (Dancause et al.
2010; Neovius et al. 2006; Sergi et al. 2017).
Skinfold thickness anthropometrics provide a more direct measure of fat tissue,
but there is less population data associated
with skinfold measures and the usage of
calipers may be uncomfortable for some
participants. Ultimately, measuring individual BMI and waist circumference may
be more feasible in remote clinical and
field site settings.
Chronic low-grade inflammation associated with obesity is also known to play a
major role in the development of cardiovascular diseases (Brooks et al. 2010; Khoo
et al. 2011; Pearson et al. 2003). C-reactive
protein (CRP) is an inflammatory response
biomarker and assessing CRP levels improves the accuracy of predicting cardiovascular disease-related outcomes in patients
(Brooks et al. 2010; Danesh et al. 2000;
Pearson et al. 2003). CRP testing is widely
utilized by human biologists and medical
researchers in their studies to better characterize the relationships among obesity,
elevated CRP level and CVD outcomes
across different populations (Choi et al.
2012; Khoo et al. 2011; McDade et al. 2009;
Sung et al. 2014). The American Heart
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Association (AHA) has provided recommendations for using high sensitivity CRP
(hsCRP) testing to help identify CVD risk
when included with measures of adiposity.
Currently, the AHA’s three CRP categories
for CVD risk are low (<1.0 mg/L), intermediate (1.0–2.9 mg/L), and high (>3.0 mg/L).
Elevated CRP level (i.e., above 1.0 mg/L) is
an indication of low-grade inflammation
associated with obesity and risk for developing CVDs (Pearson et al. 2003). However,
the cross-population clinical utility of currently recommended AHA CRP category
cutoff values for CVD risk has been questioned (Sung et al. 2014). When controlling
for BMI and other CVD-related risk factors (e.g., smoking), average CRP levels
for East and Southeast Asian populations
are lower than American, European, and
South Asian populations (Choi et al. 2012;
Khoo et al. 2011; McDade et al. 2009; Sung
et al. 2014). McDade et al. (2009) reported
that American women are 3.9 times more
likely to have a high-risk CRP concentration of >3.0 mg/L than Filipino women
with the same BMI. A lower CRP level
average in East Asians, however, does not
necessarily mean the risk for developing a
CVD is reduced. For instance, Sung et al.
(2014) showed that a Korean population
with predominantly low CRP levels (<1.0
mg/L) had an elevated risk for CVD-related
events with only minor increases in CRP
level. It has also been observed that populations differ in regard to how strongly
BMI correlates with CRP level. In particular, East Asian populations tend to have a
weaker association between BMI and CRP
levels than North American or European
populations (Choi et al. 2012; Doumatey
et al. 2010; Jeemon et al. 2011; Lim et al.
2006; Saito et al. 2003). These studies show
that ancestry can modify the relationship
between CRP and CVD risk, which raises
the possibility that the standardized CRPassociated CVD risk categories may be underestimating the number of individuals

who have an elevated risk for CVD in certain populations (Sung et al. 2014).
This study includes Ni-Vanuatu women
residing on five different islands of The
Republic of Vanuatu. Amongst islands of
Vanuatu, there is a gradient of infectious
disease control and market access to imported and processed food items. Along
with low genetic diversity among Ni-Vanuatu, the characteristic variation of rural
and more urbanized islands can be studied
as a natural experimental model (Dancause et al. 2011). Although processed
foods are currently available throughout
Vanuatu, nearly all Ni-Vanuatu still retain
traditional land (due to historical, diseaseinduced depopulation) and gardens resulting in minimal food insecurity, which is
an uncommon feature for a lower-income
county. Research in Vanuatu has provided
valuable insight into human health transitions (Dancause et al. 2011; Olszowy et al.
2015). As yet, efforts to assess the relationship between body composition and CRP
level in Melanesian populations have been
limited. The current study is our first attempt to add protein biomarker analyses to
our ongoing longitudinal examination of
the epidemiological transition underway
in Vanuatu that we have monitored since
2007 (Dancause et al. 2010). We examined
the relationship between nine anthropometric measures and CRP levels in blood
spots collected from older Ni-Vanuatu
women age 35–72 from different islands
with different degrees of market integration. Previous analyses focused on surveys
of diet and behavior, as well as anthropometric measurements of body composition,
blood pressure, and other chronic disease
correlates. These demonstrated that older
women displayed the greatest variation
in health metrics. For this initial analysis,
older and mainly postmenopausal Ni-Vanuatu women participants were chosen with
a wide range of BMIs because they were expected to result in a broader range of CRP
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levels than less variable younger women
(Sites et al. 2002; Visser et al. 1999) or men
(Choi et al. 2012). Because BMI is widely
used in clinical research and CVD risk
assessment across different populations
(Peters et al. 2018), CRP levels for Ni-Vanuatu women were first analyzed within the
recommended standard WHO BMI categories (World Health Organization 2000a).
Next, we evaluated which anthropometric measurements of body composition
were the best predictors of CRP levels. In
comparison to measures of peripheral and
upper body adiposity or whole-body anthropometric measures, we hypothesized
that more direct measurements of central
adiposity would better predict CRP levels
in Ni-Vanuatu women and thus, be better
measures of CVD risk than BMI.

Samples and Methods
Study population
Current patterns of genetic, linguistic, geographic affinities, and analyses of ancient DNA indicate that Ni-Vanuatu are
admixed descendants of two distinct populations; initial Holocene (∼3 kya) settlers
from Island Southeast Asia and extensive
post-settlement gene flow from neighboring Pleistocene settlers of Near Oceania
(Kayser 2010; Lipson et al. 2018; Lum and
Cann 1998; Skoglund et al. 2016). Currently, some Ni-Vanuatu populations possess genetic markers associated with both
Melanesia and Polynesia (Vilar 2010), reflecting a 1000-year history of settlement
and ongoing gene flow between the regions.
Vanuatu is also currently experiencing economic development and cultural change
at varying rates across the archipelago
(Olszowy et al. 2015). Of the five islands

surveyed, the most economically developed island is Efate which includes the
urban and malaria-free capital, Port Vila.
Nguna is located just off the north shore of
Efate with easy access to Port Vila infrastructure and market resources. Aneityum
is geographically rural but has been experiencing increased tourism and development
due to the elimination of malaria in 1991
(Kaneko et al. 2000). The islands Futuna
and Ambae are also rural, and villages are
comprised of extended families practicing
subsistence horticulture. At the time of
sample collection in 2011, both Ambae
and Nguna were burdened by malaria. Although European contact with Vanuatu
first occurred during the early 1600s, major dietary transitions did not occur until
the introduction of French and British
food items by colonialists in the late 1800s
(e.g., cooking oil, refined sugar, beef, dairy
products, and bread) (Dancause et al. 2011;
2013). Currently, some processed foods
can be purchased throughout Vanuatu;
however, most Ni-Vanuatu still possess
traditional horticultural knowledge and
own land that is suitable for sustainable,
continuous food production.

Anthropometric measures of body fat
In June and July of 2011, nine different
anthropometric measures were collected
from Ni-Vanuatu women participants
(n=242), who resided on one of five islands
of Vanuatu (Ambae, Futuna, Aneityum,
Nguna, and Efate). Everyone who wanted
to participate in the study were invited
to do so. Skinfold measurements were
taken to the nearest 1 mm in triplicate using Lange skinfold calipers (Cambridge,
MA) and circumferences were taken in
triplicate using non-elastic anthropometric tapes to the nearest 0.1 cm; the mean
of all measurements at each site were
used in analyses. All measurements were
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Table 1 Description of anthropometricsa and Pearson correlation coefficients with CRP
Mid-lower
arm skinfold

a

Body
locationb

peripheral

r2

0.131

Lower arm Upper arm
circ.
circ.

BMI

BIA

Waist
circ.

Suprailiac
skinfold

upper body peripheral peripheral peripheral

total
body

lower
body

central

central

0.325

0.373

Subscapular
skinfold

0.174

Triceps
skinfold

0.190

0.209

0.223

0.249

0.257

*

*

p-value

0.302

0.176

0.133

0.098

0.077

0.047

n

64

62

64

64

64

64

0.040
64

0.009
63

**

0.003**
62

Anthropometrics left to right: mid-lower arm skinfold thickness, triceps skinfold thickness, lower arm circumference, upper arm circum-

ference, subscapular skinfold thickness, body-mass index (BMI), BIA (bio-electrical impedance), waist circumference, suprailiac skinfold
thickness. b Body fat location measured for each anthropometric. CRP statistics include Pearson correlation coefficient, probability > |r|
under H0: Rho=0, and number of individuals included for each measurement.

completed according to standard accepted
guidelines (Lohman et al. 1988). Peripheral fat measurements included: upper and
lower arm circumferences, mid-lower arm
skinfold (maximum circumference of the
lower arm), and triceps skinfold. Subscapular skinfold thickness was measured as an
estimate of upper body fat. Central adiposity was estimated from suprailiac skinfold
thickness and waist circumference (approximately 2 cm above the navel). Participant
weight and height were measured for BMI
(weight [kg]/height squared [m2 ]). Percent body fat was also determined via BIA,
where electrode placement was at the feet
resulting in an electrical current passing
through the abdomen (Tanita Body Composition Analyzer digital scale #TBF-521
(Arlington Heights, IL). BIA was therefore
predominantly a measure of lower body
fat.

Blood spot filter collection and study
subset selection
In addition to anthropometrics, filter paper
blood spot samples were collected from
the same Ni-Vanuatu women participants.
Blood spots were dried, placed in zip lock
bags for transport, and then were exposed

to ambient tropical temperatures for up to
a month before being stored at -80ºC. For
this study, sixty-four blood spot samples
from female participants age 35–76 (Suppl.
Table S1) were selected based on BMI variation (16.2-47.7 kg/m2 ). To evaluate if the
sample subset (n=64) was representative of
the larger dataset from 2011 (n=242), three
characteristics of each dataset were compared to test the null hypothesis of no difference. First, the means of the BMIs were
compared using a two-sample t-test which
resulted in t=0.367, p=0.715. Second, the
variances of the BMIs were compared using a chi-square test which resulted in χ2 =
74.95, p= 0.250. Individual BMIs were then
classified into one of four internationally
utilized categories (WHO, 2000a): underweight, average, overweight, and obese
(Suppl. Table S2). These classification distributions were compared by a chi-square
test which resulted in χ2 = 2.1, p= 0.549.
None of the three hypotheses can be rejected, indicating the subset analyzed for
CRP is a minimally biased representation
of the larger population dataset.

CRP analysis
A 3.2mm disc from each blood spot filter paper (n=64) was taken and eluted overnight
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at 4o C in 250 μl of PBS Tween-20 (1 ml/L)
solution followed by 300 rpm shaking at
room temperature for 60 minutes the next
day (McDade et al., 2004). The eluate was
diluted to 1:1000 and then added to an
Invitrogen hsCRP (high-sensitivity CRP)
human ELISA kit (#KHA0032). An incremental CRP concentration standard range
of 0–2.1 mg/L was used and the ELISA
plate was analyzed on a microplate reader
at a wavelength of 490 nm.

Statistical analysis
BMI and ELISA hsCRP levels from the
same individual were compared in a box
plot graph (Figure 1). Six individuals exceeded the 2.1 mg/L maximum CRP value
for the assay standard curve. These samples
were included in the statistical analyses
using the value of 2.1 mg/L (a likely underestimate of their actual circulating CRP
levels). Supplemental questionnaire data
collected did not indicate any major health
problems that might affect CRP levels (i.e.,
recent injury, illness, or infection). To determine the anthropometric measurement
most correlated with CRP level, a Pearson
correlation was performed between CRP
and nine anthropometric measurements of
body fat (Table 1). A few individuals were
missing some measurements, so each comparison included 62–64 participants’ data.
For a more detailed view of the relationship between suprailiac skinfold thickness
and CRP level, we generated a fit plot with
95% confidence intervals (Figure 2). We
then applied a stepwise (bidirectional) regression analysis with a set entrance and
stay level at 0.05 (Suppl. Tables S3–S5).

Results
Women from each BMI category and
ELISA hsCRP level from the same indi-

vidual were compared using a box plot
graph (Figure 1). The average CRP level for
all 64 Ni-Vanuatu women was 0.97 mg/L.
For the underweight BMI category (n=4),
the CRP average was 0.41 mg/L and only
one sample exceeded 1.0 mg/L. The CRP
average for the average (n=27) and overweight (n=17) BMI categories were 0.89
mg/L and 0.91 mg/L, respectively. However, the range of CRP levels for these two
BMI categories were broad (0.52 mg/L to
2.1 mg/L). The obese BMI category (n=16)
had the highest CRP average (1.2 mg/L)
with the majority of samples (n=12/16)
being greater than the subclinical inflammation threshold of 1.0 mg/L. However,
six women in the obese category likely
exceeded the assay detection limit of 2.1
mg/L. Therefore, the actual means for CRP
average in the overweight and obese BMI
categories is likely higher. The number of
Ni-Vanuatu women from different islands
for each BMI category is also included.
Individuals from Nguna and Efate, the islands with the greatest market integration,
comprise over half the overweight and
obese categories (n=18/33).
Table 1 shows the Pearson correlations between the nine anthropometrics and CRP.
The anthropometric measurements that
were significantly correlated with CRP
levels include BIA (p=0.257, r2 =0.040),
BMI (p=0.249, r2 =0.047), waist circumference (p=0.325, r2 =0.009), and suprailiac
skinfold thickness (p=0.373, r2 =0.003).
Peripheral and upper body measures of
fat were not significantly correlated with
CRP levels. The anthropometric measurements correlated most with CRP level
were the suprailiac skinfold (p=0.003) and
waist circumference (p=0.009). Based on
the ANOVA analysis that resulted in that
p-value of less than 0.05, we proceeded
with a stepwise regression (Suppl. Tables
S3–S5). We observed that by incorporating CRP as the input value, no variable
was removed, and the fitted model was
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Concentration of CRP (mg/L)

2.0

1.5

1.0

0.5

0

Underweight
(n=4)

Average
(n=27)

Overweight
(n=17)

Obese
(n=16)

BMI Categories
Figure 1 WHO BMI categories compared to CRP concentration (mg/L) from the same individual.

reproducing the similar correlation as in
the ANOVA analysis. The suprailiac skinfold was the only anthropometric to enter
the model and remain, explaining approximately 14% (r2 =0.139) of CRP variance.
Figure 2 illustrates the regression trend
line with 95% confidence intervals relating
suprailiac skinfold to CRP level.

Discussion
Sociocultural changes resulting from colonization, resource exploitation and more
recently, global market integration have
caused the world’s highest rates of obesity
throughout the Pacific Islands. In Vanuatu,
the obesity rate is highest in the urban capital of Efate, but obesity has also increased

in peri-urban (e.g., Nguna) and rural islands (e.g., Aneityum) due to growing
tourism, greater access to non-traditional
dietary items and infectious disease control (Dancause et al. 2011). The increasing
risk for developing a NCD are therefore an
alarming public health concern for Ni-Vanuatu. The need for more accurate CVD risk
assessments led to a re-consideration of
BMI cut-off action points for Asians and
Pacific Islanders (WHO Expert Consultation 2004). High-sensitivity CRP testing
can improve the accuracy of CVD risk assessments (Brooks et al. 2010; Danesh et al.
2000; Pearson et al. 2003); however, studies
show that there are population differences
in baseline CRP level 2012)(e.g., Choi et al..
When developing public health strategies
for non-European populations, human
biologists and other health researchers
should therefore be aware of how population diversity may affect interpreting
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Concentration of CRP (mg/L)

3.0

2.0

1.0

0

10.0

20.0

30.0

40.0

50.0

Suprailiac Skinfold Thickness (mm)
Figure 2 Fit plot for CRP level versus suprailiac skinfold thickness from the same individual.

hsCRP data and corresponding NCD-risk
data.
This study includes older Ni-Vanuatu
women because they have a greater range
of BMIs and are disproportionately at risk
for developing a NCD (Olszowy et al. 2015;
Sites et al. 2002; Visser et al. 1999). We first
analyzed Ni-Vanuatu CRP levels across
the four the WHO BMI categories (Figure
1) recommended for international usage
(World Health Organization 2000a). Our
results indicate that the range of CRP levels for the average and overweight (n=44)
BMI categories are broad (0.52 mg/L to 2.1
mg/L). Moreover, the majority (n=12/16)
of Ni-Vanuatu women in the obese BMI
category have low-grade inflammation

(>1.0 mg/L). Pacific Islanders have a predisposition for storing excess abdominal
fat, so they are at a higher risk for developing CVDs at lower BMIs (Dancause et al.
2010; Forouhi et al. 2001; McKeigue et al.
1991; WHO Expert Consultation 2004). The
revised WHO guidelines for Asian populations (World Health Organization 2000b)
suggest that if the BMI clinical action cutoff value for identifying overweight Asian
individuals is 23 kg/m2 (Pan and Yeh 2008;
WHO Expert Consultation 2004), then obesity should be a public health concern if a
significant portion of the population has
a BMI of >23 kg/m2. Some Asian countries (e.g., Thailand and Vietnam) have
now adapted this guideline to help identify
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more individuals at risk for noncommunicable diseases (Jitnarin et al. 2011; Trinh
et al. 2009) and Dancause et al. (2010) also
advocated for its usage in Vanuatu. For
the current study, if WHO clinical action
values are applied to Ni-Vanuatu women,
then nine women who currently fall within
the average BMI category would be re-categorized as overweight. CRP values for five
of these women also indicate they have subclinical inflammation, which puts them at
greater risk for CVDs. Currently, the AHA
has defined standard health risk categories
for hsCRP; however, there is uncertainty
if AHA hsCRP cutoff values for CVD risk
can be accurately utilized for a diversity of
populations (Sung et al. 2014).
Anthropometric measurements that explicitly estimate abdominal fat tissue have
been shown to be better predictors of individual CRP levels and CVD risk than BMI
(Ford et al. 2004; McDade et al. 2009; Peters
et al. 2018). This is likely because fat stored
near the abdomen is more metabolically
active and is known to increase CRP levels
(Brooks et al. 2010; Park et al. 2005). Our
CRP correlation analysis showed that peripheral and upper body measures (lower
and upper arm, triceps, and subscapular)
were not significantly correlated with CRP
levels. BMI and BIA were significantly
correlated; however, suprailiac skinfold
thickness and waist circumference measurements were better predictors of CRP
levels (Table S3). BMI is an indicator of
body size and BIA (for this study) measures lower body fat to lean mass, whereas
suprailiac skinfold thickness and waist
circumference are central abdomen measures. Our results suggest that abdominal
fat was the strongest mediator of CRP levels in Ni-Vanuatu women, which supports
our hypothesis. Further supporting this
finding is the observation that East Asians
tend to have a lower correlation between
BMI and CRP levels in comparison to
other populations (Choi et al. 2012; Sung

et al. 2014). Previously reported BMI-CRP
correlation values ranged from 0.13–0.39
for East Asian women and 0.32–0.6 for
European and African American women
(Choi et al. 2012). The BMI-CRP correlation value for Ni-Vanuatu women was 0.25,
within the reported range for East Asian
women, but less than expected for European or African women. Furthermore, a
recent study that included 500,000 participants from the UK found that measures
of central adiposity were more strongly
associated with myocardial infarction than
BMI, especially among women (Peters
et al. 2018). A centrally located pattern of
body fat distribution is also likely more
pathogenic in Ni-Vanuatu women, so direct measures of central adiposity may
be the most informative anthropometrics
when estimating CVD risk.
Compared to BMI and BIA, there are additional benefits to using suprailiac skinfold
thickness and waist circumference measurements in remote sampling locations,
including ease of calculation and minimal
equipment requirements (i.e., calipers and
a tape measure). In this study, suprailiac
skinfold thickness was the most significantly correlated anthropometric with CRP,
but waist circumference had a comparable
value (Table 1). Suprailiac skinfold thickness may be considered as an intrusive
measure because it requires privacy, gender matched survey staff and participants,
and substantial training for reproducible
data collection. Thus, waist circumference
may ultimately be the easiest, most meaningful anthropometric measurement for
researchers in the field to collect. The
World Health Organization (2000a) has
recommended waist circumference values
to help identify central obesity, which includes 94 cm for men and 80 cm for women.
For Asian populations, 90 cm for men and
80 cm for women have been suggested
(An et al. 2013; World Health Organization
2000b). However, a waist circumference
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value that is clinically significant for identifying an increased risk for CVDs needs to
be determined specifically for Ni-Vanuatu
and other Pacific Islander populations.
Lowering CRP levels can help reduce the
risk for developing CVDs (Brooks et al.
2010).
Thus, identifying different physiological
and environmental factors that increase
CRP levels can in turn be useful for clinical and public health interventions. So far,
BMI has been cited as being a large single
contributor to individual CRP levels. For
instance, previous studies for European
and Taiwanese populations found that
BMI accounted for 15% and 11.9% of the
total variance in CRP levels, respectively
(Huang et al. 2013; Kathiresan et al. 2006).
Suprailiac skinfold thickness remained in
our stepwise model and explained approximately 14% of CRP level variance (Tables
S3–S5). Suprailiac skinfold thickness is
therefore the greatest single contributor to
CRP variance in our dataset. However, in
addition to excess central adiposity, environmental factors may also help explain
Ni-Vanuatu CRP level variance. For example, environmental factors associated with
elevated CRP levels include greater consumption of high-glycemic index foods and
psychosocial stress (McDade et al. 2006;
Neuhouser et al. 2012; Steptoe et al. 2007).
These are features typical of a more westernized diet and greater degree of market
integration. Olszowy et al. (2015) included
a larger sample of women from this study
in Vanuatu. Their results show that Nguna
and Efate, the islands experiencing the
greatest degree of market integration, also
had the highest rates of obesity among
women (28.3% and 43.4%, respectively). In
our sample set, individuals from Nguna
and Efate comprised over half the overweight and obese BMI categories (Figure
1). These islands are characterized by energy rich, high sodium and low nutrient,
processed foods, as well as decreased phys-

ical activity, and increased socioeconomic
status (Dancause et al. 2010; Olszowy et al.
2015). Because market integration and cultural change leads to increased adiposity in
Ni-Vanuatu women (Olszowy et al. 2015),
there is also a greater risk for elevated CRP
levels. A larger sample from different islands will be necessary to identify specific
risk factors with the greatest impact.
Uncharacterized hereditary factors could
also be contributing to differences in baseline CRP levels. One estimate suggests
that serum CRP interindividual variability
is 35–40% heritable (Pankow et al. 2001).
Several studies have also found correlations between CRP polymorphisms and
serum level in different populations (e.g.,
Ghaffari et al. 2014; Zacho et al. 2010). For
example, genetic contribution to CRP level
variance for North American and Chinese
populations was found to be 1.4% and 2.4%,
respectively (Kathiresan et al. 2006; Huang
et al. 2013). As stated previously, Pacific
Island populations are underrepresented
in widely used genomic datasets (e.g., 1000
Genomes and gnomAD) and medical genetics research, so it is still unknown if
Ni-Vanuatu will genetically resemble other
Pacific Island populations and/or if there
is population-specific CRP gene variation
that is clinically relevant.
Finally, an optimistic note for improving
health status in Vanuatu is that although it
is a lower-income country, there is minimal
food insecurity. This is because all Ni-Vanuatu have access to substantial arable land,
possess traditional horticultural knowledge and food can be grown all year. In
addition to growing their own food, Ni-Vanuatu can also purchase processed food on
most islands. This is significant because a
greater reliance on traditional practices can
help maintain a healthier lifestyle, whereas
greater market integration increases the
risk for obesity (Dancause et al. 2011). Notably, Vanuatu differs from most other lowincome nations which are often lacking in
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a diversity of dietary options and access to
fresh food. Overconsumption of processed
food can therefore be viewed as a choice in
Vanuatu and this awareness could be emphasized in local public health programs.

because Vanuatu has low food insecurity
and processed foods are consumed largely
by choice rather than need, public health
education and other inexpensive, nonbiomedical interventions may be fruitful in
Vanuatu.

Conclusions
Our results show that the suprailiac skinfold thickness and waist circumference,
both measures of central obesity, were the
best anthropometric predictors of CRP
levels in older Ni-Vanuatu woman. These
results are consistent with previous studies
on Asian populations as well as medical
findings demonstrating that abdominal
obesity is linked to CRP levels and risk for
CVDs. Although suprailiac skinfold thickness and waist circumference are both easy
to measure, waist circumference may ultimately be the most convenient to use in a
field setting. Analyzing blood spot samples
for biomarkers has also been widely used
by field researchers to complement healthrelated studies. By utilizing this approach,
our results show that hsCRP testing can
also determine which Ni-Vanuatu individuals are likely at greater risk for CVDrelated outcomes within the overweight
and obese WHO categories. In order to
more accurately determine elevated CVD
risk in Ni-Vanuatu, additional clinical and
behavioral studies will be necessary to determine clinically significant cutoff points
for measures of central adiposity and CRP
levels. To examine the contribution of
inherited variation compared to environmental factors on circulating CRP levels,
future studies can also assess CRP gene
variation from populations experiencing
differential market integration. Finally, the
gradient of obesity prevalence is largely
a reflection of the degree of market integration and differential availability of processed foods among the islands. However,
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Appendix
Supplementary Tables

Table S1 Distribution of participant age for each island
n

Mean

Std.

All Islands

64

51.6

11.1

Ambae

13

46.7

6.2

Futuna

13

51.8

9.2

Aneityum

13

52.6

14.6

Nguna

13

47.5

8.3

Efate

12

64.6

11.4

Table S2 WHO BMI categories with number of study participants from each island
Underweight
(< 18.5 kg/m2 )

Average
(18.5–24.5 kg/m2 )

Overweight
(25.0–29.9 kg/m2 )

Obese
(≥30.0 kg/m2 )

Ambae

2

7

3

1

Futuna

0

8

4

1

Aneityum

0

7

2

4

Nguna

1

2

6

4

Efate

1

3

2

6

Total (n)

4

27

17

16

Island

Table S3 ANOVA for interactivity between CRP and other anthropometrics
Source

DF

Sum of Squares

Mean Square

F Value

Pr > F

r2

Model*

1

3508467

3508467

9.70

0.003

0.139

Error

60

21696263

361604

Corrected Total

61

25204730

Table S4 Stepwise bidirectional regression analysis with anthropometric input
Step

Variable Entered

Variable Removed

Partial R-square

Model R-square

F value

Pr > F

1

Suprailiac Sknflds

(none)

0.1392

0.1392

9.7

0.0028

Variable

Parameter Estimate

F Value

Pr > F

Intercept

4.9468792

8.85

0.0042

Supra_Sknflds

0.01910462

9.70

0.0014

Table S5 CRP regression model equationa

a

CRP (mg/L) = 4.947 + 0.019 * [Suprailiac skinfold (mm)]

