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ABSTRACT

Background and objectives: Non-communicable disease risk and the epidemic of cardiometabolic dis-
eases continue to grow across the expanding industrialized world. Probing the relationships between
evolved human physiology and modern socioecological conditions is central to understanding this health
crisis. Therefore, we investigated the relationships between increased market access, shifting subsis-
tence patterns and cardiometabolic health indicators within Daasanach semi-nomadic pastoralists who
vary in their engagement in traditional lifestyle and emerging market behaviors.

Methodology: We conducted cross-sectional socioecological, demographic and lifestyle stressor surveys
along with health, biomarker and nutrition examinations among 225 (51.6% female) Daasanach adults
in 2019-2020. We used linear mixed-effects models to test how differing levels of engagement in market
integration and traditional subsistence activities related to blood pressure (BP), body composition and
blood chemistry.

Results: We found that systolic and diastolic BP, as well as the probability of having high BP (hyperten-
sion), were negatively associated with distance to market, a proxy for market integration. Additionally,
body composition varied significantly by socioeconomic status (SES), with significant positive associa-
tions between BMI and body fat and higher SES among adults.
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Conclusions and implications: While evidence for evolutionary mismatch and health variation have been found across a number

of populations affected by an urban/rural divide, these results demonstrate the effects of market integration and sedentarization

on cardiometabolic health associated with the early stages of lifestyle changes. Our findings provide evidence for the changes in

health when small-scale populations begin the processes of sedentarization and market integration that result from myriad market

pressures.

LAY SUMMARY Being settled is associated with poor cardiometabolic health indicators among Daasanach pastoralists in northern Kenya.

This study demonstrates the effects of lifestyle change on health among adults in a population at the beginning stages of market integra-

tion and reduced reliance on traditional subsistence strategies, providing clinically and evolutionarily relevant insight for global health.

KEYWORDS: noncommunicable disease; pastoralism; market integration; sedentarization; evolutionary mismatch

INTRODUCTION

Understanding the relationships between health and lifestyle
is of growing global importance. Populations around the
world are transitioning toward states of industrialization and
urbanization that characterize ‘Western’ lifestyles. This shift
has a distinct importance for a rapidly changing Eastern Africa
[1-6]. Shifts away from traditional subsistence and movement
strategies create potential mismatches between evolved phys-
iology and the ecological and behavioral environments popu-
lations create [7-9]. Most commonly, research investigating
the repercussions of evolutionary discordance on cardiomet-
abolic health has either focus on inter-population varia-
tion between ‘Western’ populations in developed countries
and small-scale populations in developing countries or the
intra-population variation found within groups that express
variation in lifestyle variables (e.g. market integration, urban-
ization, subsistence strategy) [6—8, 10-15]. The investigation
of non-communicable diseases (NCDs), such as cardiometa-
bolic diseases, is central to interpretations of these potential
mismatches within the study of evolutionary health. Globally,
the prevalence of hypertension is increasing and is the lead-
ing risk factor of death globally, accounting for 10.4 million
deaths annually [16, 17].

Sedentarization, or the transition from a previously physically
active lifestyle to a settled one, has occurred in many commu-
nities since the Neolithic Transition, some 10 000 years ago.
Increased rates of geographic encroachment by larger settled
populations, climate change, governmental intervention or a
combination of the three has led to an escalating trend toward
sedentary and market-integrated lifestyles among non-industri-
alized populations [2, 3, 18-22]. Often, NGOs and governmen-
tal agencies encourage the transition of nomadic populations to
more sedentary ways of life [23]. However, the health outcomes
of individuals who have become more settled have often been
found to be worse than those of more nomadic individuals in
a population [3, 14, 24]. It has been suggested that this dispar-
ity in health results from changes in the dietary environment,
increased exposure to pathogens due to higher population and
waste densities, and lower levels of physical activity. Some of

these changes are additionally influenced by increased market
access, which has been associated with becoming more settled
[14].

The negative implications of sedentarization and lifestyle
changes have often been explained by an evolutionary mismatch
in which deleterious effects arise among individuals for whom
subsistence contexts have rapidly changed away from the one
in which their populations have gained biological and behav-
ioral adaptations [2, 9, 25-28]. This process can be understood
as an ultimate cause of more proximate factors that can affect
human health and life history, such as nutrition, stress and dis-
ease. One way to assess the potential life history, health and
behavioral consequences of lifestyles in flux is to perform intra-
group comparisons with a population currently undergoing this
transition.

Work with populations that exhibit substantial lifestyle vari-
ation provides insight into the associations between diet,
activity and health outcomes, such as hypertension, diabetes,
overweight/obesity and heart disease. However, studies that
identify intra-population variation in health often do so through
the framework of an ‘urban-rural divide’, which precludes the
ability to specifically investigate the effects on a population as
it actively transitions away from traditional lifestyle characteris-
tics. Here, we work with traditionally semi-nomadic Daasanach
pastoralists living in northern Kenya who are experiencing a
relatively recent transition toward more sedentary lifestyles in
a remote non-urban area to investigate the effects of lifestyle
change on cardiometabolic health. Daasanach in northern
Kenya provides the unique opportunity to understand the ways
in which biobehavioral health variation occurs at a level more
finite than the ‘urban-rural divide’, as they have a continuum
of variation in household characteristics through distance in
community settlements to a main market town. This investiga-
tion will both serve to enhance our understanding of the effects
of market integration and sedentarization on health variation
within a genetically homogenous population in the early stages
of lifestyle change and serve to provide additional context for
the comparative study of evolutionary health across global
populations.
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METHODS

Ethical approvals

Study protocols were approved by the Penn State Institutional
Review Board (IRB#STUDY00009589) and the Kenya Medical
Research Institute (#KEMRI/RES/7/3/1) prior to all data col-
lection. These approvals include permissions for the collection
of health records from the llleret Health Clinic, in addition
to anthropometric, survey and biological sample collection.
In-person consent for data collection was also obtained from
all relevant sources, including community elders, the Illeret
Ward and medical officials from the IHC. Additionally, per-
mitting for human biology research was obtained from the
National Commission for Science, Technology and Innovation
(NACOSTI).

Study population: Daasanach of northern Kenya

Daasanach are a semi-nomadic pastoral group living in semi-
arid and arid regions of southwestern Ethiopia and northwest-
ern Kenya (Fig. 1) [29, 30]. Forty-eight thousand Daasanach
are reported to live in Ethiopia, with about 19 300 Daasanach
living in Kenya according to recent census reporting [31, 32].
Most of the Daasanach population in Kenya live in or around
the town of Illeret (4.314° N, 36.227° E), located in the most
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Figure 1. Study area with major landmarks: arrows indicate travel into the
fora and away from more developed/settled zones. (Adapted from Mwamidi
et al. [31])

northwestern region of Marsabit county, bordering Lake
Turkana to the west and Ethiopia to the north. The region
around llleret experiences a bimodal seasonal cycle with mean
temperatures ranging from 20°C to 37°C and yearly average
rainfall of about 217 mm [33, 34]. The increased threat of
drought, flash flooding and climate variability, as well as histor-
ical economic and political isolation, have led to health issues
related to long-term water and food insecurity for Daasanach
living in Kenya [35-40].

Traditional Daasanach lifestyles are highly physically
demanding. Men are typically in charge of protecting and car-
ing for livestock, with herding responsibilities falling to boys
beginning in young adolescence. Women and girls are respon-
sible for most other subsistence labor tasks. These responsi-
bilities include water gathering, childcare, cooking and home
building/maintenance. Daasanach also practice polygyny, with
men often having multiple wives who typically serve as indi-
vidual female heads of the household once they have had their
first child. Subsistence labor varies as a function of household
mobility and engagement in pastoral activity for both men and
women.

Though considered semi-nomadic, Daasanach in and around
llleret engage in a variety of movement patterns. Those living in
llleret tend to be more settled, living more often in permanent
living structures and with increased access to organizational
infrastructure. Daasanach living in the upper Turkana Basin have
a heterogenous settlement pattern, with some communities,
specifically those closer to the town of Illeret, being more settled
than the semi-nomadic communities in surrounding areas [31].
These semi-nomadic and nomadic communities travel into what
is called the fora, or undeveloped pastureland to the South and
East of Illeret (Fig. 1).

Unlike Daasanach living in the Omo River Valley of Ethiopia,
who traditionally practice agropastoralism [29], Daasanach in
and around llleret are far more reliant on herding practices and
access to market food staples, such as beans, rice and maize,
with very little ability to perform sustainable agriculture. Due to
the severity and reciprocal relationship of water and food inse-
curity in the region, which has recently been measured at the
household level across several Daasanach communities, mal-
nutrition is a major concern in the area [39—41]. Though several
standpipes can be found in llleret, retrieving water from hand-
dug wells—which can measure nearly 2 m in depth—in dry riv-
erbeds (lagas) is often preferred due to its ease of access, the
quality of water and the cost of piped water [39, 41]. This way
of collecting water can be very labor intensive, with Daasanach
female heads of household reporting multiple daily water col-
lection trips of multiple hours to collect water for household
use.
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Data collection

To test the associations between lifestyle variables with indica-
tors of health, anthropometric, survey and GPS data (house-
hold, water source, points of interest locations) were collected
over the course of two field seasons between June-July of 2019
and February—March of 2020 in the region surrounding llleret in
Marsabit County, Kenya. The summer field season of 2019 was
characterized by hot and dry weather typical of the summer dry
season. Conversely, the 2020 field season was characterized by
increased precipitation prior to the typical spring rainy season.
This study took place just before the onset of the severe 2020—
2023 drought. Collection took place across 11 communities
located between 0.05 km and 32.87 km from the nearest mar-
ket centers—the llleret Health Clinic (4.314° N, 36.227° E), the
Sieslucho fish market (4.398° N, 36.221° E) and the Ari trading
post (4.454° N, 36.213° E) located on the border of Kenya and
Ethiopia. Nine of the communities sampled were permanent,
whereas two were temporary settlements used by individuals
practicing nomadic pastoralism. Such temporary settlements
are typically used for several days to several weeks and vary in
location based on seasonal and climatic changes [31]. The com-
munities were selected purposively to have variation in distance
from the main market town of Illeret and variation in access to
water sources. Data from all subjects (n=251; age = 18-79) were
collected in an opportunistic but systematic manner, with sub-
jects selected for participation from every third household from
a central community point to minimize family clusters. Women
who were pregnant and non-Daasanach community members
were excluded from analyses, reducing our final sample by 26
participants (n = 225; male = 106; female = 119). A subsample
(n = 55) of adults who participated before noon also had blood
chemistry analyzed.

Participation included the collection of anthropometric and car-
diometabolic biomarker data in coordination with a semi-struc-
tured interview to collect survey data related to lifestyle variables
(e.g. labor, mobility and market interaction), socioeconomic
status, health, perceived psychosocial stress, demography, food
insecurity and water insecurity. Food insecurity was assessed
using the 9-item Household Food Insecurity Access Scale, while
the validated 12-item Household Water Insecurity Experience
Scale was used for quantifying experiences of water access, use
and reliability [42, 43] as described elsewhere [40]. All interviews
were completed with the help of a local research assistant and
translator.

Anthropometric outcomes.

« Weight and body fat percentage: Participants had their
weight (to the nearest 0.1 kg) and body fat percentage
(to the nearest 0.1%) measured using a Tanita BF-680W

bioelectronic impedance scale (Tanita; Arlington Heights,
IL). Participants were weighed with clothes but asked to
remove any excess clothing, hats and jewellry.

« Height: Height was measured without shoes (to the near-
est 0.1 cm) using a portable Seca stadiometer, which was
placed on a hard and smooth surface.

« Body mass index: BMI was calculated using the subject’s
measured weight and height (kg/m?) and individuals were
classified as underweight if their BMI was <18.5 kg/m? [44].

« Skinfolds: Four skinfold measurements—triceps, biceps,
suprailiac and subscapular—were taken using Lange skin-
fold calipers (to the nearest mm) following standard tech-
nique [45].

« Blood pressure (BP): Systolic and diastolic BP was mea-
sured twice using an Omron Series 7 upper-arm digital BP
monitor (Omron; Kyoto, Japan). Participants were seated for
both measurements, with a seated rest of several minutes
between each measurement. Analyses were completed with
the second measured BP to account for the potential effects
of unfamiliarity with the procedure, sometimes referred to
as white coat hypertension [46, 47].

« Hypertension was defined as diastolic BP =140 and/or sys-
tolic BP 290) (also known as stage 2 hypertension) [47].

« Blood chemistry: Dried blood spot samples and finger-
stick blood samples were also taken concurrently, and
the latter were analyzed for blood glucose, triglycerides
and cholesterol (total, high-density lipoprotein [HDL]
and low-density lipoprotein [LDL]) using a Cardiochek
Plus analyzer (PTS Diagnostics; Whitestone, IN, USA).
Subjects were asked the timing of their last caloric intake
prior to blood chemistry analysis but were not explicitly
asked to fast prior to data collection. All blood chemistry
data were collected before noon.

Primary predictors.

« Distance to market town: We collected GPS coordinates of
each household and analyzed the distance to the nearest
market center (Illeret Health Clinic, Sieslucho fish market,
Ari trading post) as the natural log (in meters) as a proxy for
market integration, similar to prior work [6, 11]. Log trans-
formation was used to remove heteroscedasticity.

« Mobility: Household mobility was measured as the square
root of the number of household moves in the previous year,
a proxy for engagement in traditional nomadic activity.

« Socioeconomic Status or Position (SES): To account for
the culturally specific context within which socioeconomic
standing could be assessed across Daasanach communi-
ties, SES was measured as the standardized value of the first
principal component (PC1) score for sex-specific PCAs that
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included individual measures of reported income, livestock

wealth and SES perception.

o Socioeconomic perception: SES perception was mea-
sured by asking household heads to rank themselves on
the McArthur ladder from 1 (worst off) to 10 (best off)
relative to others in their community regarding income,
education and social status [48].

o Household income: Income was measured by reported
income earned in the previous month.

o Livestock wealth: Livestock wealth was calculated as the
product of the number of each type of livestock owned
(sheep, goats, cows, camels, donkeys) and the reported
market value of each type of livestock in the region ([40]
for additional details).

Data analysis

All statistical analyses were completed in R (4.1.1). To identify
the relationships between lifestyle variables, Pearson pairwise
correlation matrices were constructed. These models specifically
compared variables related to lifestyle behaviors, wealth, experi-
enced food and water insecurity and market integration. Variables
tested included: market distance, household mobility, household
size, food /water insecurity, water labor, education, perception of
socioeconomic status, household income and livestock. These
corrections were used to account for heteroscedasticity in the
data that occurred as a function of the scale over which these
variables varied in the sample. All comparisons were done with
Pearson pairwise testing and the significance of observed rela-
tionships was established at P values less than 0.05.

Linear mixed-effect models, with household identification as
a random effect, were used to test for the effects of lifestyle on
health across all subjects. Models included age, sex, distance
to market, household mobility, household size and SES as fixed
effects. Community identification was not used for models with
distance to market to eliminate the effect of multicollinearity
given the amount of homogeneity in market distance values
within communities. All continuous variables were standard-
ized before their inclusion in linear models. When significant sex
interactions were detected for variables within the linear mixed
effects model, models for males and females were estimated
separately. Logistic regression was also used to test the relation-
ship between lifestyle and odds of hypertension in our sample.

RESULTS

Market and lifestyle correlates

Household measures of lifestyle, such as market distance, SES
and household mobility and size varied across our study sample

(Fig. 2). Mean household distance to the nearest market center
was 6.8 + 9.4km, while the mean household size was reported as
7.5 = 2.7 individuals, and mean household mobility was reported
at 4.0 = 6.1 moves in the previous year. Relationships between
lifestyle variables were assessed using Pearson’s pairwise cor-
relation analysis (Fig. 3). Distance to market was found to be
significantly positively correlated with household mobility and
livestock wealth, as households farther from market centers
engage in more traditional semi-nomadic pastoral activities.
Market distance and household mobility were both negatively
correlated with education. Water and food insecurity were pos-
itively correlated with each other. Additionally, both food and
water insecurity were positively correlated with household mobil-
ity and market distance, with individuals living farther from
sources of infrastructure finding themselves at higher risk of
undernutrition.

Age-related variation in cardiometabolic health and body
composition

Overall, Daasanach adults maintained relatively low rates of
hypertension (men: 26.2%, women: 24.3%) and low BMI values
(men =17.9 + 2.8 kg/m?, women = 18.3 = 3.1 kg/m?) compared
to Western populations (Tables 1 and 2). To identify variation
across indicators of cardiometabolic health in Daasanach adults,
variables related to cardiovascular health and body composition
were evaluated across the adult age course. The mean age of
males sampled (n = 106) was 46.3 + 15.8 years, while the mean
age for females (n = 119) was 35.4 = 12.0 years. Systolic and
diastolic BP increased with age (systolic: # = 0.32 mm Hg, SE
= 0.08, P < 0.01 | diastolic: § = 0.21 mm Hg, SE = 0.08, P <
0.01) among adult Daasanach men and women (Tables 3 and 4;
Supplementary Fig. 1).

Body fat percentage increased slightly, but significantly, with
age for women (8 = 0.24, SE = 0.11, P = 0.02), but not men
(Tables 3 and 4). Despite this, body fat percentage remained low
among women, with those under the age of 40 having a mean
body fat percentage of 21.3% + 6.7% compared to 23.9% + 7.9%
among women over 40. Interestingly, despite these changes in
body fat, there was not a similar association between BMI and
age, as BMI remained very low throughout adulthood for men
and women (Table 2). In concordance with the presence of low
BMI, there was a high prevalence of adult underweight among
Daasanach. About 76.7% of men sampled between the ages of
18 and 39 years were found to be underweight, while 71.4% of
men 40 years and older were underweight. Women aged 18-39
years of age were found to have an underweight prevalence of
55.8%, while women aged 40 years and older had an underweight
prevalence of 59.5% (Table 2). Only about a third of adults sam-
pled (35.1%) were found to have BMI values within the range of
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Figure 2. Kernel density representations of distance to the nearest market center (In meters), household mobility (square root of the reported number of moves

in the previous year), population-specific representation of socioeconomic status (PC1 score) and reported household size

‘normal weight’ (BMI = 18.5-24.9 kg/m?), while less than 3% of
all adults sampled were found to be overweight (BMI = 25.0 kg/
m?).

The association between market integration and lifestyle
variation on health

To investigate the relationship between market integration
and sedentarization on cardiometabolic health and body com-
position, multiple linear regression was used to test for the
effects of lifestyle and socioecological variation on biomark-
ers for cardiometabolic health (Tables 3 and 4). Systolic and
diastolic BP were both found to be significantly negatively cor-
related with household distance to the nearest market center
(systolic: f = —-0.26 mm Hg, SE = 0.08, P < 0.01 | diastolic: 8
=-0.28 mm Hg, SE = 0.08, P < 0.01) in adults (Figs. 4 and
5). To further investigate the effects of market integration on
BP, the relationship between risk of hypertension and market
distance was tested. Generalized logistic regression (Fig. 5)
suggests 44% lower odds of having hypertension per unit of
distance from a market center (OR = 0.56; 95% Cl = 0.37—
0.83, P < 0.01) controlling for age.

Unlike BP, body composition did not vary significantly with
market distance among Daasanach adults. However, BM| was
found to be significantly positively correlated with SES (5 =0.22,

SE =0.06, P < 0.01) across all adults (Fig. 4). Similarly, sum of
skinfolds measures was found to increase with increased SES
(Tables 3 and 4) for both men and women (female: 8 = 0.21,
SE =0.09, P=0.03 | male: 5 =0.18, SE =0.06, P < 0.01), while
body fat percentage, as measured by bioelectrical impedance,
increased significantly with increased SES only among men (8 =
0.10, SE = 0.04, P =0.02). Women were found to have a similar
trend for body fat percentage (8 = 0.10, SE = 0.04, P = 0.02)
but it was not significant. Household mobility was found to be
negatively correlated with the sum of skinfold measures among
men (Tables 3, 4 and Supplementary Fig. 2) such that men who
reported moving more in the previous year had lower skinfold
measures.

For a subset of individuals, additional biomarkers were col-
lected from blood chemistry via finger prick blood samples.
LDL levels significantly decreased as distance from the market
increased (5 =-0.39, SE=0.17, P=0.03) among women (Table
1). Across both men and women, triglyceride levels were also sig-
nificantly negatively associated with distance to the nearest mar-
ket (6 =-0.33, SE=0.17, P=0.05; Tables 3, 4 and Fig. 6). Total
cholesterol levels were negatively correlated with household
mobility, with individuals reporting a larger number of household
moves in the previous year having significantly lower cholesterol
(B=-0.38, SE=0.16, P=0.03). HDL values did not vary by any
lifestyle measure (Fig. 6).
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Figure 3. Pearson pairwise correlation matrix of lifestyle, socioeconomic and socioecological measures. Education measured as the reported number of grades
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at the self-identified placement on a 10-scale SES ladder relative to others in their community, livestock wealth calculated as the natural log of the product of

reported livestock ownership and market value of livestock at the time of recording, HH mobility calculated at the square root of reported number of household

moves in the previous year, market distance measured as the natural log of meters from subjects’ households to the nearest market center, HH size mea-

sured as the reported number of individuals living in the household, and water and food insecurity measured via Household Water Insecurity Experience and

Household Food Insecurity Access Scale questionnaires

” Table 1. Mean and standard deviation values and observed hypertension prevalence among Daasanach adults

Hypertensive

Sample (age) N Systolic BP (mmHg) Diastolic BP (mmHg)

Female (18-39) 76 110.7 (+11.5) 80.7 (x9.2) 15 (19.7%)
Female (40+) 39 119.0 (+16.6) 84.9 (x11.2) 13 (33.3%)
Female (total) 115 113.5 (x14.0) 82.1 (£10.1) 28 (24.3%)
Male (18-39) 42 115.3 (£11.8) 80.0 (7.5) 5 (11.9%)
Male (40+) 61 122.1 (+20.1) 86.0 (+13.1) 22 (36.1%)
Male (total) 103 119.3 (£17.4) 83.6 (+11.5) 27 (26.2%)

Hypertension defined as systolic BP = 140 mmHg and/or diastolic BP = go mmHg [47].

DISCUSSION

This study sought to test the effects of lifestyle change on bio-
markers of NCD health. The effects of lifestyle change, namely
market integration (as measured by a household’s distance to
the nearest market) and sedentarization (as measured by the
number of times a household moved in the previous year), on

biomarkers for cardiometabolic health were large enough to
detect across subjects. Results suggest heterogeneous effects on
health measures as they relate to lifestyle characteristics.

First, systolic and diastolic BP in adults both decreased as a
function of market distance when controlling for age, as well as
the probability of hypertension. These associations match expec-
tations based on previous work that has found that individuals
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” Table 2. Mean and standard deviations of biomarkers for body composition and prevalence of underweight among

Daasanach adults

Underweight n (%)

Sample (age) N Body fat (%) BMI (kg/m?)

Female (18-39) 77 21.3 (£6.7) 18.3 (+2.1) 43 (55.8%)
Female (40+) 42 23.9 (£7.9) 18.3 (+4.4) 25 (59.5%)
Female (total) 119 22.2 (£7.2) 18.3 (£3.1) 68 (57.1%)
Male (18-39) 43 8.3 (£2.0) 17.9 (£1.2) 33 (76.7%)
Male (40+) 63 10.7 (+4.3) 17.9 (+3.5) 45 (71.4%)
Male (total) 106 9.7 (£3.7) 17.9 (£2.8) 78 (73.6%)

Underweight defined as having a BMI <18.5.

” Table 3. Linear mixed effect models testing the associations between lifestyle changes and indicators of

cardiometabolic health among Daasanach adults

Dependent variable

BMI Body fat % Sum of skinfolds Systolic BP  Diastolic BP  Hypertension
Fixed effects, f (SE) (female) (male) (female) (male)
Age -0.068 0.240%* 0.079" -0.761 0.045 0.3717%%%* 0.207%* 0.495™
(0.068) (0.110) (0.046) (0.121) (0.060)  (0.080) (0.083) (0.238)
Sex -0.087 0.170 -0.0003 -0.231
(0.114) (0.137) (0.139) (0.416)
Market distance -0.075 -0.145" -0.044 —-0.084 -0.012 —0.255%%%  —0.284%%* —0.516%*
(0.065) (0.085) (0.051) (0.093) (0.067)  (0.076) (0.079) (0.238)
Household mobility -0.046 —-0.064 —-0.063 -0.121 —0.163*** 0.027 —-0.035 —-0.134
(0.064) (0.086) (0.047) (0.096) (0.060)  (0.074) (0.078) (0.226)
Household size -0.011 —0.0005 0.055 —0.090 -0.022 —0.192***  —0.038 0.009
(0.062) (0.085) (0.045) (0.093) (0.059)  (0.072) (0.075) (0.211)
SES (PC1 score) 0.216%%* 0.159" 0.107%** 0.205%* 0.184*** 0.057 -0.021 —-0.060
(0.061) (0.084) (0.044) (0.094) (0.058)  (0.071) (0.074) (0.205)
Observations? 221 116 101 118 105 214 214 214
Log likelihood -267.34  -372.87 —272.22 —490.86 —422.10 -292.11 —297.42 —60.18
Akaike Inf. Crit. 552.68 763.74 560.52 999.72 861.10 602.21 612.85 136.36
Bayesian Inf. Crit. 583.27 788.52 581.44 1024.66 883.23 632.50 643.14 158.25

“P < 0.1; **P < 0.05; ***P < 0.01.

*Missing data due to subjects declining measurement.

living in small-scale subsistence societies who are less market
integrated tend to have lower BP [3, 5, 15, 27]. For Daasanach,
results are also influenced by environmental factors, as recent
work found that groundwater nearer to llleret contains higher
levels of salt and there is access to water with higher salinity lev-
els, which likely contributes to increased hypertension risk for
more settled and market-integrated communities [41]. However,
like results found in previous work with small-scale populations
living in developing nations, Daasanach show hypertension rates
that are markedly lower than those of adult US men and women,

as hypertension affects nearly half of American adults (men: 50.6
+ 1.2%, women: 45.7 + 1.5%) [6, 7, 13, 44, 49, 50].

While previous work has found significant differences in
BMI across market-integrated and non-market-integrated, or
urban and rural individuals, market distance and household
mobility were not associated with BMI for adults in our sam-
ple [3, 6, 23]. BMI for men and women was found to be very
low across our sample, with a majority of adults having a BMI
< 18.5 kg/m?2 However, despite the uniformly low measured
BMI values, BMI was found to be positively correlated with
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” Table 4. Linear mixed effect models testing the associations between lifestyle changes and blood chemistry indicators
of cardiometabolic health among a subsample of Daasanach adults.

Blood chemistry subsample

Dependent variable

Total cholesterol HDL LDL Triglycerides
Fixed effects, (Female) (Male) (Female) (Male)
(SE)
Age 0.011 -0.030 -0.177 0.349 -0.323 0.066
(0.198) (0.399) (0.255) (0.288) (0.283) (0.194)
Sex 0.249 0.286
(0.304) (0.239)
Market distance —-0.043 0.198 -0.255 —0.393** 0.408 —0.330%*
(0.170) (0.243) (0.261) (0.170) (0.296) (0.168)
Household mobility —0.376** —-0.398 0.020 -0.100 -0.270 -0.014
(0.162) (0.287) (0.202) (0.216) (0.225) (0.162)
Household size 0.055 0.249 0.249 -0.031 -0.124 0.168
(0.158) (0.221) (0.222) (0.157) (0.248) (0.157)
SES (PC1 score) 0.024 -0.205 0.073 0.068 0.291 -0.027
(0.148) (0.197) (0.243) (0.140) (0.270) (0.147)
Constant -0.088 0.229 -0.257 —-0.166 0.225 -0.174
(0.204) (0.280) (0.255) (0.206) (0.293) (0.186)
Observations 55 31 23 29 22 54
Log likelihood -79.70 -118.73 -85.81 -114.35 -91.97 -75.73
Akaike Inf. Crit. 177.41 253.46 187.62 244.70 199.94 169.46
Bayesian Inf. Crit. 195.47 264.93 196.70 255.64 208.67 187.36

**P < 0.05; ***P < 0.01.

SES score. Greater market distance and mobility were associ-
ated with greater food insecurity, yet our prior work has shown
that ~98% of Daasanach are moderate to severely food inse-
cure [40]. Thus, even those living a more sedentarized life-
style in Illeret suffer from food insecurity and thus this food
insecurity may blunt effects of lifestyle change on changes in
adiposity. Additionally, skinfold measures were also found to
positively correlate with SES in men and women, while body
fat percentage, as measured by bioelectrical impedance, sig-
nificantly increased with increased SES among men. This
could indicate the nutritional role of livestock wealth, with
greater animal ownership leading to more milk and calories
from animals. Our prior work found that milk consumption
among Daasanach had cardioprotective benefits [41]. These
results match recent findings from work with the Turkana of
Kenya, which suggested that socioeconomic status predicted
increased BMI and body fat in urban and rural populations
[51]. The results found with Daasanach adults also match
expectations based on previous work with Eastern African pas-
toralist populations, which found that body fat, as measured

by skinfolds, was significantly higher among more market-inte-
grated and settled women [2, 4, 23], though these studies did
not explicitly investigate socioeconomic condition.

Additional biomarkers of health were collected from blood
chemistry measured from finger prick blood sampling. Like
previously discussed anthropometric measures, blood lipids
were also found to differ with variations in lifestyle character-
istics. Total cholesterol was significantly lower among adults
who were engaged in more traditional nomadic behavior
through increased household mobility, and triglyceride lev-
els were significantly lower among those who lived farther
from market centers. Linear mixed effects models found that
both HDL and LDL levels have a significant sex interaction
in our sample, thus men and women were modeled sepa-
rately. In doing so, no lifestyle variables were found to sig-
nificantly correlate for HDL in either men or women, and no
significant correlations were identified for LDL in men. Like
triglycerides, however, LDL levels were significantly lower in
women who lived farther from market centers. These findings
in blood chemistry variation generally match those across
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Figure 4. Anthropometric biomarkers of cardiometabolic health regression estimates for models of adults (>17 years). Points and numbers are regression
estimates from linear mixed effects models with 75% Cl (thick lines) and 95% CI (thin lines)

anthropometric measures of cardiometabolic health, partic-
ularly as they apply to BP, though there was lower power to
detect associations with a smaller sample size. Further inves-
tigation is needed to understand the sex-specific differences
in the relationship between market integration and LDL levels.

While several biomarkers for NCD health were found to vary as
a function of lifestyle change, the association of market integration
and mobility on nutritional, behavioral and socioeconomic varia-
tion could also be assessed. Previous work with Maasai pastoral-
ists found that nutritional status remained poor despite increased
market integration and level of sedentarization [52]. Food and water
insecurity were both negatively correlated with proxies for market
integration and sedentarization, but the overall prevalence of inse-
curity remained very high across the entire sample [39]. Similarly,
levels of educational achievement were higher among those who
were closer to market centers and more settled, but educational
achievement was low across both men and women, with most sub-
jects having never attended any level of schooling.

There is some indication that variation in market integration
and engagement in traditional pastoral activities do affect nutri-
tion beyond levels of nutritional security. Typically, African pasto-
ralists have diets that are high in protein, low in fat, with relatively
little access to sugar [3, 52, 53]. Self-reported meat consump-
tion did not vary across our sample. Our team’s observations
of increased frequency of consuming fish, which is not part of
the traditional Daasanach diet, can result in a significantly higher

rate of protein consumption overall in those nearer to market
centers. This has occurred recently as livestock have died due
to severe drought. Increased access to fish has potentially sig-
nificant nutritional and health consequences among Daasanach,
who already suffer from high levels of malnutrition, as expec-
tations based on previous work with East African pastoralists
would be for decreased protein consumption with increased
market integration and sedentarization [4]. Access to Lake
Turkana and fishing may buffer some of the nutritional effects
of lifestyle change.

Though variation in body composition, cardiometabolic con-
dition and lifestyle across Daasanach living in northern Kenya
is suggestive of the effects of evolutionary mismatch, deter-
minations about the detrimental effects of lifestyle change on
Daasanach at a population level are more difficult to assess.
Typical biomarkers for cardiometabolic disease, like BMI, body
fat percentage and BP are all low across adult Daasanach in our
sample. While previous work has suggested that sedentariza-
tion has negative effects on nutritional, reproductive and health
outcomes, the findings here represent trends toward expected
outcomes, but not explicit variation in cardiometabolic disease
outcomes themselves [2, 14, 54-58]. For example, within industri-
alized contexts, increases in BMI and body fat are often biomark-
ers of poor health [59]. However, among Daasanach, increased
BMI and body fat percentage are likely indicators of increased
health conditions as most adults are clinically underweight and
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Figure 5. Relationships between anthropometric biomarkers of cardiometabolic health and market integration as measured by distance of household to the

nearest market center in adults (>17 years; male = Orange; female = Blue)

have low body fat percentages relative to Western averages [44,
60, 61].

There are several limitations of this study. First, adult age was
estimated when the exact age was unknown and could not be
verified, which can lead to error within the linear mixed effects
models that control for age as a fixed effect. To reduce the effect
of age estimation, all ages were estimated with the aid of a
known historical event calendar from which a local translator
and research assistant were then able to confirm a subject’s age
in years. In addition, the measurement of SES, which is often
understood within an industrialized context, requires a specific

cultural context when assessed within the Daasanach popula-
tion [62]. For this reason, three culturally relevant measures (i.e.
income, perception of socioeconomic standing and livestock
holdings) were used to create a composite score of Daasanach-
specific SES values. These values are, therefore, not comparable
to ‘Western’ measures of SES or across other small-scale popu-
lations. Additionally, blood lipid models found no significance in
our analyses of SES, despite the significant association between
SES and body composition. This result may be due to the rela-
tively low sample size for blood chemistry analyses, which were
limited by the time of data collection and subject condition.
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Figure 6. Blood chemistry biomarkers of cardiometabolic health regression estimates for models of adults (>17 years). Points and numbers are regression
estimates from linear mixed effects models with 75% ClI (thick lines) and 95% ClI (thin lines)

Also, while food and water insecurity and nutritional data were
collected during household surveys, robust collection of dietary
data did not occur for the purposes of this study. Therefore,
models investigating the relationships between variations in
daily dietary intake, lifestyle and biomarkers of health were not
available. Future work will include increased sensitivity of dietary
data collection, as well as increased sample sizes and commu-
nity diversity to bolster biomarker models.

Populations like Daasanach in northern Kenya, in the nascent
stages of lifestyle transition, provide an important opportunity to
investigate heterogeneous effects of early market integration and
sedentarization on NCD health. Such work is essential to under-
stand the complex dynamics underlying the effects of these trends
on health and well-being as communities like the Daasanach con-
tinue to move away from traditional semi-nomadic pastoral prac-
tices. Understanding the relationships between cardiometabolic
health and lifestyle will advance global public health strategies as
the pace of change accelerates in response to external and internal
market forces as well as climatic stressors.
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