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Objectives: Among indigenous circumpolar populations, extreme seasonality influences food availability and energy
metabolism. Furthermore, subsistence patterns and wage labor opportunities shift with season. Thus, health measures
among circumpolar populations likely exhibit seasonal changes that are influenced by lifestyle factors. This study
examines how markers of cardio-metabolic health vary between summer and winter as a function of an individual’s life-
style and sex among the Yakut of northeastern Siberia.

Methods: Anthropometric dimensions, serum lipids and glucose levels, blood pressure, and lifestyle data were col-
lected for a sample of 115 Yakut participants (71 women, 44 men) in Berdygestiakh, Sakha Republic, Russia in the
summer of 2009 and winter of 2011.

Results: Men and women experienced significant increases in total and HDL cholesterol and triglyceride levels from
summer to winter. Women exhibited winter-time increases in adiposity and glucose levels. Men who reported greater
market integration were more likely to have lower winter blood pressure levels. Additionally, time spent fishing was
associated with lower winter-time LDL cholesterol, while foraging time was associated with higher HDL cholesterol.

Conclusions: While seasonal changes in anthropometric dimensions were modest, Yakut men and women experi-
enced significant increases in total cholesterol and HDL cholesterol from summer to winter. These results also suggest
that while Yakut individuals with greater subsistence participation are more buffered from adverse seasonal changes
in cholesterol levels, they may be at a greater risk for winter increases in blood pressure. Furthermore, the interactions
between lifestyle and seasonal change in metabolic health appear to differ between Yakut women and men. Am. J.
Hum. Biol. 28:868–878, 2016. VC 2016 Wiley Periodicals, Inc.

Consistent with a global pattern, markers of cardiovas-
cular disease and type II diabetes risk, such as obesity,
hypertension, hyperlipidemia, and high fasting glucose
levels, are increasing across populations indigenous to cir-
cumpolar regions. Today, obesity rates are at moderate to
high levels among nearly all indigenous subarctic and arc-
tic groups (Châteu-Degat et al., 2011; Jørgensen, 2010;
Jørgensen and Young, 2008; Snodgrass, 2013; Snodgrass
et al., 2006b; Young, 2012). Historically, investigations
have reported low average blood glucose and relatively
favorable lipid levels among indigenous high-latitude pop-
ulations (Bang et al., 1971; Bang and Dyerberg, 1980;
Young et al., 1993). In fact, the dose-dependent effects of
obesity on serum lipid levels appear to be reduced among
indigenous circumpolar populations compared to other
groups across the globe (Young, 1996; Young et al., 2007).
This unique metabolic pattern may be linked to adaptive
elevations in metabolic rate, traditional diets that are high
in n-3 fatty acids and low in LDL cholesterol, and high
physical activity levels due to subsistence participation
(Himms-Hagen, 1972; Shephard and Rode, 1996; Snod-
grass, 2013; Snodgrass et al., 2007). Additionally, previous
work has reported high rates of hypertension among indig-
enous circumpolar groups, which may be tied to high meta-
bolic rates (Kozlov et al., 2003; Snodgrass et al., 2008).
Recent work, however, documents a relationship between
ongoing lifestyle changes and the population burden of
metabolic and cardiovascular diseases. Such studies have
revealed two main secular trends among circumpolar popu-
lations with increasing economic modernization and accul-
turation: (1) decreasing energy expenditure due to more

sedentary lifestyles (Leonard et al., 2002; Shephard and
Rode, 1996; Snodgrass, 2013; Snodgrass et al., 2006a,b);
and (2) increasing intake of refined carbohydrates due to
shifts from traditional to market food sources (Bjerregaard
and Jørgensen, 2008; Leonard et al., 2002, 2008, 2009;
Shephard and Rode, 1996; Snodgrass, 2013; Young et al.,
1995).

These secular trends, however, provide only a partial
explanation for variation in metabolic and cardiovascular
health among northern communities. Previous work
among indigenous circumpolar populations indicates that
transitions in metabolic and cardiovascular health are
structured by the interaction of lifestyle changes and bio-
logical adaptations to local ecological stressors (Cepon
et al., 2011; Fumagalli et al., 2015; Leonard et al., 2009;
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Levy et al., 2012;Snodgrass et al., 2007, 2008). Arctic envi-
ronments are characterized by extreme seasonal changes
in temperature and day length and low overall energy
availability. Indigenous high-latitude populations adapt
physiologically to these stressors through seasonal changes
in hormone dynamics (Levy et al., 2013; P€a€ak€onen and Lep-
p€aluoto, 2002). For example, the Yakut of northeastern
Siberia adapt to the cold climate through seasonal declines
in circulating thyroid hormone due to a higher rate of hor-
mone uptake into tissues in the winter. In turn, enhanced
thyroid hormone dynamics facilitates winter-time increases
in basal metabolic rate (Leonard et al., 2014). Yakut individ-
uals with greater subsistence activity participation exhib-
ited more pronounced seasonal changes in metabolism and
thyroid hormone levels. Physiological adaptations to
extreme seasonality such as these likely influence varia-
tions in biomarkers of cardio-metabolic health. For
instance, among three indigenous Siberian populations
(Evenki, Buriat, and Yakut) higher basal metabolic rates
were significantly associated with lower LDL cholesterol
levels after controlling for body size, composition, and
smoking status (Snodgrass et al., 2007). Thus, seasonal
change in indicators of cardiovascular disease and diabetes
are likely the results of an amalgamation of adaptive and
behavioral factors.

In support of this hypothesis, previous work across
high-latitude populations has identified seasonal patterns
in metabolic health indicators, such as body composition,
blood pressure, and serum lipids and glucose (Hopstock
et al., 2013; Marti-Soler et al., 2014; Rode and Shephard,
1973). This work has not been extensive and, additionally,
few investigations have directly examined how socioeco-
nomic and lifestyle factors shape seasonal changes in met-
abolic health. Stressors associated with seasonality do not
affect all members of a population in the same manner
(Leonard and Thomas, 1989). Rather, factors such as sex
and socioeconomic status likely structure the effects of
seasonal forces on health. The present study addresses
this issue by examining changes in biological markers of
cardiovascular and metabolic health (body composition,
blood pressure, serum lipids, and glucose) between
summer and winter as a function of an individual’s life-
style and sex among the Yakut of northeastern Siberia.
We expect that seasonal changes in metabolic health
among Yakut adults will be mediated by lifestyle influen-
ces on activity and diet patterns.

METHODS

Study population

The Sakha Republic (Yakutia) is an autonomous state
within the Russian Federation. Located in northeastern
Siberia, the Sakha Republic spans 3,103,200 km2 and 40%
of this area falls above the Arctic Circle. Temperatures can
range from 260�C (276�F) in the winter to 40�C (104�F) in
the summer. The majority of the population is ethnically
Yakut (Sakha), an indigenous population of around 500,000
individuals (National Russian Population Census, 2010).

Beginning in the 1930s, the Soviet Union forcibly
organized Yakut communities into predominantly-male
herding and farming collectives in order to end
“backward” nomadism and promote “civilization” (For-
syth, 1992). Yakut women were relocated to villages and
charged with childcare and wage labor (Snodgrass, 2004).
The Soviet government made promises of technological

modernization, but few came to fruition (Forsyth, 1992).
Pika (1999) identifies five critical consequences of Soviet
collectivization among the Yakut: loss of economic self-
sufficiency; a decline in the number of individuals partici-
pating in traditional subsistence with an increase in
unskilled labor; increased alcoholism, isolation, and psy-
chological stress; demographic decline; and deterioration
of the health care infrastructure.

Yakut in rural areas now face a variety of both challenges
and opportunities related to new subsistence strategies
(Crate, 2006). To obtain the food and economic resources
that were once provided by the Soviet government, many
families have chosen to return to subsistence practices com-
monly performed before the Soviet era, such as breeding
cattle or horses, planting domestic gardens, fishing and
hunting wildlife, or harvesting wild roots and berries
(Crate, 2006; Sorensen, 2003). Additionally, as state farms
were dismantled, the distribution of livestock was not equi-
table. Differences in livestock ownership have had pro-
found consequences on socioeconomic status and have led
to an increase in economic inequality (Snodgrass, 2004).

Not all households wish to return to subsistence life-
styles practiced prior to the Soviet era, and many rely
completely on private salaries and government pensions
(Crate, 2006; Jordan and Jordan-Bychkov, 2001). How-
ever, a majority of Yakut individuals living in rural vil-
lages depend on a mixed cash economy that consists of a
combination of traditional subsistence practices and cash
inputs (Crate, 2006). In rural Yakut villages, there is a
large degree of variation in the types of subsistence activ-
ities performed as well as variation in the avenues of mar-
ket economy participation, such as government wages,
private-sector salaries, and profits from home production.
This variation exists not only between communities, but
also within communities and even within individual
households. This pattern has been described as lifestyle
heterogeneity (Snodgrass, 2004).

Participants

Data were collected from participants of the rural com-
munity of Berdygestiakh (628 N; 1278 W; population 4,900)
in the Gorny ulus of the Sakha Republic (Yakutia). The
sample includes 44 men and 71 women who were meas-
ured on two occasions: July/August of 2009 (summer) and
January of 2011 (winter). The ages of the study partici-
pants ranged from 18 to 81 years at the time of the first
measurement. All data were collected at the Gorny
Regional Medical Center in Berdygestiakh. Participants
were recruited on a voluntary basis through word of
mouth and advertising of the study in the community. All
participants were healthy at the time of measurement
with no known acute or chronic conditions, and pregnant
or lactating women were excluded. The study protocol
was approved by the Institutional Review Board of the
University of Oregon.

Anthropometry

In each field season, anthropometric dimensions were
collected by one trained observer (LAT) following proce-
dures of Lohman et al. (1988). Stature was measured to
the nearest 1.0 mm using a field stadiometer (Seca Corpo-
ration, Hanover, MD). Body weight was assessed to the
nearest 0.1 kg using a Tanita digital bioelectrical imped-
ance analysis (BIA) scale (Tanita Corporation, Tokyo,
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Japan). Percent body fat was calculated using the body
density equations of Durnin and Womersely (1974) from
four skinfold measurement (tricep, bicep, subscapular,
suprailiac). Body mass index (BMI) was calculated by
dividing an individual’s weight in kilograms by height in
meters squared (kg m22).

Serum biomarkers

Whole blood samples were obtained by a trained nurse
using venipuncture from fasted participants in the morn-
ing. Glucose, total cholesterol, high-density lipoprotein
(HDL) cholesterol, and triglyceride levels were measured
from whole blood samples using a CardioChek PA ana-
lyzer and Glucose and Lipid Panel test strips (Polymer
Technology Systems, Indianapolis, IN). Low density lipo-
protein (LDL) levels were calculated from total choles-
terol, HDL, and triglycerides using the Friedwald et al.
(1972) equation. The CardioChek PA professional lipid
and glucose testing system meets clinical guidelines for
accuracy and precision.

Sociodemographic and lifestyle measures

Socioeconomic status (SES) and lifestyle data were col-
lected using an extensive questionnaire. The survey
inquired about monthly income, occupation, and educa-
tion level. In addition, to assess material style of life
(SOL), participants were asked about their ownership of
20 items: car, motorcycle, bicycle, television, stereo, VCR,
video camera, camera, computer, telephone, washing
machine, bath house, ice cellar, barn, tractor, house, cows,
horses, pigs, and chickens. Participants were also asked
to estimate how many hours per day they spent watching
television and about their participation in various subsist-
ence activities (i.e., tending animals, hay cutting, fishing,
hunting, foraging, and farming). To evaluate the impact of
lifestyle on diet, participants were asked to estimate the
percentage of their food that came from the market/store.

An SOL scale was created based on the work of Bindon
et al. (1997) to evaluate overall patterns in subsistence
activity participation, diet, and ownership of common con-
sumer goods and livestock. Low SOL scores indicate more
traditional ways of life (i.e., participation in more subsist-
ence activities, less market food consumption, less formal
education, and fewer consumer goods), whereas a high
SOL suggests greater integration to the market. The indi-
vidual components of the SOL score are presented and
discussed in more detail in Cepon et al. (2011:161).

Statistical analyses

Statistical analyses were performed using STATA 13.0.
All variables were tested for normality, and summer and
winter-time triglyceride levels were log-transformed. In
regard to variables describing subsistence activity participa-
tion, the distribution was non-normal and many partici-
pants reported spending zero days engaging in various
activities; therefore, multiple regressions that included
these variables (number of days spent foraging, hunting,
fishing, and cutting hay) required transforming these varia-
bles into quartiles. Paired t tests were used to examine sea-
sonal changes in anthropometric measurements, blood
pressure, and serum glucose and lipid levels. Seasonal dif-
ferences were considered statistically significant at P� 0.05.
Multiple regression analyses were used to examine the rela-
tionships between seasonal changes in blood biomarkers of

health and changes in body composition. Because these
analyses involve multiple comparisons, the Bonferroni cor-
rection was applied and correlations were considered statis-
tically significant at a P� 0.0125. Mann–Whitney U-tests
were used to compare differences in subsistence activity
participation between men and women, and t tests were
used to examine sex differences in SOL score. Sex differen-
ces were considered statistically significant at P� 0.05.
Finally, multiple regression analyses were used to assess
the relationships between seasonal changes in blood and
anthropometric biomarkers of cardiovascular disease and
diabetes risk and variables describing lifestyle. Associations
were considered statistically significant at P�0.05.

RESULTS

Seasonal changes in body composition and blood
biomarkers

Tables 1 and 2 display patterns of seasonal change in
body composition and blood biomarkers for men and
women, respectively. Among Yakut men, seasonal change
in mean body mass (10.7%) and mean percent body fat
(23.5%) were modest and did not reach significance. Sea-
sonal increases in waist circumference, however, were
statistically significant (P< 0.001). Change in serum lip-
ids was pronounced, particularly winter-time increases in
total cholesterol, HDL cholesterol, and triglycerides.

Among women, seasonal change in body mass (10.8%)
was also modest. Both waist and hip circumference
increased significantly (P<0.001), while grip strength
decreased from summer to winter (P< 0.001). Similar to
the pattern among men, Yakut women experienced signif-
icant increases in serum lipids from summer to winter,
particularly total cholesterol, HDL cholesterol, and tri-
glycerides. Blood glucose levels also increased signifi-
cantly among women.

Table 3 presents multiple regression analyses between
seasonal change in body composition and seasonal change
in blood biomarkers controlling for age. Among men, sea-
sonal change in triglyceride levels is negatively correlated
with change in waist circumference. The same is true for
change in glucose levels. There is a significant negative
relationship between change in HDL levels and change in
percent body fat (P< 0.0125). Additionally, seasonal
change in grip strength of the right hand was negatively
correlated with hip circumference and age (P< 0.001 and
P< 0.0125, respectively). Among Yakut women, few meas-
ures of change in body composition were significantly cor-
related with change in blood biomarkers of metabolic
health. Seasonal change in HDL cholesterol and systolic
blood pressure were both positively correlated with
change in fat-free mass (P< 0.0125).

Socioeconomic and lifestyle influences
on seasonal changes

Table 4 displays the descriptive statistics for lifestyle
variables collected in the summer of 2009 for Yakut men
and women. While Yakut women reported spending more
time participating in foraging activities per year, Yakut
men recounted greater participation in hunting, fishing,
and hay cutting. SOL scores were significantly higher
among women, thus suggesting greater market integra-
tion compared to men (P< 0.001).

These sex differences in subsistence activity participa-
tion appear to translate into sex differences in the
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relationship between lifestyle and seasonal change in
blood biomarkers. Table 5 presents multiple regression
analyses of the influence of lifestyle factors on seasonal
fluctuations in blood biomarkers, controlling for age and
change in percent body fat. Table 6 displays the relation-
ship between change in blood biomarker variables and
SOL for men and women.

Among men, seasonal change in total cholesterol was
positively associated with time spent fishing, while
change in LDL cholesterol was negatively correlated with
time spent fishing (P<0.05). Time spent foraging was
positively correlated with change in HDL cholesterol and
negatively associated with change in systolic and diastolic
blood pressure (P<0.05). Men with greater seasonal
increases in diastolic blood pressure were more likely to
have lower SOL scores, suggesting less market integra-
tion (P< 0.01). The negative relationship between change
in total cholesterol and SOL score and the relationship
between change in systolic blood pressure and SOL score
both approached statistical significance (P 5 0.084 and
P 5 0.051, respectively). Similarly, the positive relation-

ship between change in glucose levels and SOL score
approached statistical significance (P 5 0.087). Among
Yakut women, changes in triglyceride levels from summer
to winter were positively associated with number of days
spent hunting, and the negative relationship between
hunting and SOL approached significance (P 5 0.072).

Table 7 describes the relationships between seasonal
change in body composition and lifestyle variables while
controlling for age. Similarly, Table 8 displays multiple
regressions between SOL score and change in body com-
position while controlling for age. Among men, change in
body mass from summer to winter was negatively associ-
ated with foraging time and positively associated with
time spent cutting hay (P< 0.05). Additionally, the posi-
tive relationship between change in body mass and time
spent hunting approached significance (P 5 0.056).
Finally, seasonal change in BMI was also negatively cor-
related to time spent foraging, and the positive associa-
tion between change in BMI and hay cutting time
approached significance (P 5 0.052). Among women, sea-
sonal change in percent body fat was significantly

TABLE 1. Seasonal changes in anthropometric dimensions and blood biomarkers in Yakut men (n 5 44)

Measure Summer mean 6 SD Winter mean 6 SD t statistica Inter-season rb

Anthropometric
Weight (kg) 69.7 6 12.9 70.2 6 13.1 21.37 0.95***
BMI (kg/m2) 25.1 6 4.3 25.5 6 4.5 22.00 0.94***
Percent body fat (%) 28.7.0 6 8.2 27.7 6 7.90 1.67 0.76***
Fat-free mass (kg) 52.3 6 6.4 52.1 6 6.2 0.58 0.90***
Waist circumference (cm) 88.1 6 10.6 91.4 6 11.1 24.66*** 0.83***
Hip circumference (cm) 95.6 6 7.6 96.5 6 7.5 21.55 0.76***
Grip strength—left (kg) 37.0 6 7.3 36.6 6 7.8 0.54 0.67***
Grip strength—right (kg) 39.5 6 7.8 38.7 6 9.0 1.25 0.81***
Systolic blood pressure (mm Hg) 135 6 26.1 137.1 6 27.5 20.69 0.60***
Diastolic blood pressure (mm Hg) 81.2 6 14.9 83.8 6 13.7 21.34 0.33***

Blood Biomarkers:
Glucose (mg/dL) 95.5 6 29.8 100.3 6 16.1 21.02 0.01
Total cholesterol (mg/dL) 184.9 6 34.3 205.2 6 50.8 23.26** 0.33***
HDL cholesterol (mg/dL) 57.7 6 18.1 67.3 6 19.2 25.26** 0.61***
LDL cholesterol (mg/dL) 112.0 6 27.0 120.0 6 42.6 21.38 0.13
Log-triglycerides (mg/dL)c 1.84 6 0.18 1.90 6 0.18 23.11** 0.51***

aPaired t tests; seasonal differences are significant at: *P�0.05; **P�0.01; ***P�0.001.
bPair-wise correlations between summer and winter measures; significant at: *P� 0.05; **P� 0.01; ***P� 0.001.
cVariable is log10 transformed.

TABLE 2. Seasonal changes in anthropometric dimensions and blood biomarkers in Yakut women (n 5 71)

Measure Summer; Mean 6 SD Winter; Mean 6 SD t statistica Inter-season rb

Anthropometric:
Weight (kg) 62.9 6 11.3 63.4 6 11.6 21.56 0.93***
BMI (kg/m2) 26.0 6 4.2 26.3 6 4.3 21.49 0.92***
Percent body fat (%) 41.7 6 4.8 41.6 6 4.7 0.80 0.82***
Fat-free mass (kg) 40.7 6 3.9 40.9 6 3.8 20.93 0.88***
Waist circumference (cm) 84.4 6 10.3 87.3 6 10.9 26.43*** 0.86***
Hip circumference (cm) 99.0 6 8.6 100.7 6 8.9 23.22** 0.77***
Grip strength—left (kg) 25.3 6 5.5 22.9 6 4.9 8.14*** 0.78***
Grip strength—Right (kg) 26.7 6 5.6 24.2 6 5.4 7.10*** 0.74***
Systolic blood pressure (mm Hg) 129.3 6 24.5 128.9 6 25.6 0.18 0.49***
Diastolic blood pressure (mm Hg) 80.3 6 15.1 78.2 6 13.2 1.44 0.42***

Blood biomarkers:
Glucose (mg/dL) 87.8 6 14.6 103.3 6 25.5 26.38*** 0.35***
Total cholesterol (mg/dL) 194.9 6 26.1 205.4 6 43.9 22.53** 0.36***
HDL cholesterol (mg/dL) 61.1 6 15.3 69.1 6 17.7 24.81*** 0.42***
LDL cholesterol (mg/dL) 117.3 6 22.4 117.3 6 41.3 20.02 0.24***
Log triglycerides (mg/dL)c 1.88 6 0.17 1.94 6 0.18 23.29** 0.39***

aPaired t tests: seasonal differences are significant at: *P�0.05; **P�0.01; ***P�0.001.
bPair-wise correlations between summer and winter measures; significant at: *P� 0.05; **P� 0.01; ***P� 0.001
cVariable is log10 transformed.
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associated with time spent foraging (P<0.01), while
change in fat-free mass was negatively correlated with
foraging time (P< 0.05).

DISCUSSION

The present study examined seasonal variation in bio-
markers of metabolic and cardiovascular health among the
Yakut, an indigenous Siberian population. Cardiovascular
disease is a leading cause of death among circumpolar pop-
ulations and rates of diabetes are on the rise (Chateau-

Degat et al., 2010; Kr€ummel, 2009; Snodgrass, 2013; Snod-
grass et al., 2009). Furthermore, past work has highlighted
significant sex differences in biomarkers of cardio-
metabolic disease risk and proposed that lifestyle likely
shapes these patterns among indigenous circumpolar
groups (Hopkins et al., 2015). Our results indicate that sea-
sonal changes in biomarkers of metabolic health vary as a
function of lifestyle and sex. While Yakut men with greater
subsistence participation and more traditional lifestyles
appeared to be more buffered from adverse fluctuations in
serum lipid levels, they also exhibited larger seasonal
increases in blood pressure levels. The relationship
between lifestyle and seasonal changes in biomarkers of
CVD and diabetes among Yakut women was less clear.

Seasonal changes in anthropometric measures

Similar to the results of our study, a majority of the previ-
ous work among high-latitude populations reported small
seasonal increases in body weight and adiposity from
summer to winter (Hopstock et al., 2013; Rode and Shep-
hard, 1973; Tam et al., 2013; van Ooijen et al., 2004;
Visscher and Seidell, 2004; ) while a few populations dis-
played small decreases in body mass (Hassi et al., 2001;
Rode and Shephard, 1973). It is possible that the small

TABLE 3. Multiple regression analysesa of the influence of seasonal changes in body composition on changes in health outcome measures
controlling for age in Yakut men and women

Measure
D Percentbody fat

b coefficient
D Fat-free mass

b Coefficient

D Waist
Circumference
b Coefficient

D Hip
Circumference
b Coefficient

Age
b Coefficient Adjusted R2

Men (n 5 44):
D Glucose
(mg/dL)

22.16 20.14 23.92** 20.31 20.22 0.124

D Total cholesterol
(mg/dL)

20.38 24.60 21.20 2.36 0.39 0.008

D HDL cholesterol
(mg/dL)

21.21* 1.09 20.23 0.10 20.25 0.060

D LDL cholesterol
(mg/dL)

20.66 4.98 0.16 21.26 20.63 0.009

D Log triglycerides
(mg/dL)b

20.002 0.01 20.01* 0.01 20.001 0.107

D Systolic blood
pressure (mm Hg)

21.40 1.43 0.81 0.65 0.13 20.007

D Diastolic blood
pressure (mm Hg)

0.36 0.43 20.45 0.09 0.12 0.061

D Grip strength—
left (kg)

20.16 20.03 20.003 20.35 20.06 20.048

D Grip strength—
right (kg)

0.13 20.19 0.23 20.55** 20.12* 0.200

Women (n 5 71):
D Glucose
(mg/dL)

0.12 2.01 20.65 20.85 0.34 0.082

D Total cholesterol
(mg/dL)

2.75 20.76 21.12 1.29 0.69 0.027

D HDL cholesterol
(mg/dL)

1.79 2.85* 0.82 0.11 20.07 0.042

D LDL cholesterol
(mg/dL)

20.21 4.12 2.16 21.10 20.75 0.050

D Triglycerides
(mg/dL)b

0.15 0.01 0.01 20.001 20.0003 20.020

D Systolic blood
pressure (mm Hg)

0.26 4.50* 0.31 20.16 0.14 0.036

D Diastolic blood
pressure (mm Hg)

0.22 2.19 0.33 0.10 20.09 20.016

D Grip strength—
left (kg)

0.12 20.38 20.08 0.03 20.02 0.002

D Grip strength—
right (kg)

0.36 20.16 0.10 0.09 20.01 20.002

aSignificance level: *P�0.0125; **P� 0.001.
bVariable is log10 transformed.

TABLE 4. Selected lifestyle measures in Yakut men and women

Measure
Men (n 5 44)
Mean 6 SD

Women (n 5 71)
Mean 6 SD z scorea

Days foraging 6.58 6 5.80 12.88 6 10.46 23.83***
Days hunting 15.30 6 17.07 0.11 6 0.89 7.60***
Days fishing 6.45 6 8.65 0.35 6 1.56 6.61***
Days hay cutting 1275 6 13.19 4.12 6 10.90 5.26***

Measure Mean 6 SD Mean 6 SD t statistic
b

SOL 11.1 6 3.62 14.41 6 2.73 25.21***

aMann–Whitney U-tests, sex differences are significant at: *P� 0.05; **P�0.01;
***P�0.001.
bT tests, sex differences are significant at: *P� 0.05; **P� 0.01; ***P� 0.001.
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increase in body mass and percent body fat and the signifi-
cant increase in waist circumference among men and
women were due to overall declines in metabolic and cardio-
vascular health over time, since our data were collected 1.5-
years apart. This interpretation is particularly likely among
women since they exhibited significant concomitant
declines in grip strength. Alternatively, seasonal increases
in adiposity and declines in grip strength among women
may also be due to reduced physical activity and subsist-
ence participation in the winter compared to the primary
subsistence activity performed by women was foraging,

which is not normally carried out during the winter months
(Crate, 2006). This interpretation is further supported by
investigations of variation in physical activity levels. An
analysis of accelerometry data collected in the summer of
2009 from a subsample of participants (n 5 68) indicated
that men spent significantly more time in moderate to vig-
orous physical activity than women (Wilson et al., 2014).

Seasonal changes in blood lipid levels

Fluctuations in serum lipids from summer to winter
were pronounced. Mean total cholesterol shifted from

TABLE 5. Multiple regression analysesa of the influence of lifestyle factors on seasonal changes in blood biomarkers controlling for percent body
fat and age in Yakut men and women

Measure
Days Foragingb

b Coefficient
Days Huntingb

b Coefficient
Days Fishingb

b Coefficient

Days Hay
Cuttingb

b Coefficient
D % Body Fat
b Coefficient

Age
b Coefficient Adjusted R2

Men (n 5 44):
D Glucose 3.04 6.58 23.87 23.86 0.89 20.06 20.046
D Total
cholesterol

20.68 27.97 13.75* 4.80 21.01 0.32 0.093

D HDL
cholesterol

4.10* 21.76 1.00 20.43 20.80 20.31 0.122

D LDL
cholesterol

2.51 7.76 212.15* 25.04 0.49 20.63 0.100

D Triglyceridesc 20.02 0.02 0.02 20.02 0.006 20.001 0.069
D Systolic blood
pressure

27.68* 3.13 1.23 3.58 20.64 0.34 0.108

D Diastolic blood
pressure

24.87* 0.91 1.37 3.22 0.62 0.26 0.104

Women (n 5 71)
D Glucose 22.84 21.10 20.80 1.18 1.82 0.19 20.035
D Total
cholesterol

3.29 5.69 6.08 4.62 2.06 0.83* 0.046

D HDL
cholesterol

1.11 3.95 2.21 0.69 1.11 0.03 20.009

D LDL
cholesterol

22.27 4.36 23.96 23.91 20.39 20.76 20.004

D Log
Triglyceridesc

0.001 0.12* 20.004 20.01 20.01 0.0003 0.033

D Systolic blood
pressure

22.66 22.37 1.10 21.17 0.86 0.16 20.054

D Diastolic blood
pressure

1.39 25.24 0.73 0.17 20.04 20.04 20.046

aSignificance (1-tailed): *P<0.05; **P�0.01; ***P�0.001.
bVariables regarding the number of days spent conducting subsistence activities have been divided into quartiles.
cVariable is log10 transformed.

TABLE 6. Multiple regression analysesa of the influence of style of life score on seasonal changes in blood biomarkers controlling for change in
percent body fat and age in Yakut men and women

Measure
SOL

b Coefficient
D % body fat
b Coefficient

Age
b Coefficient Adjusted R2

Men (n 5 44):
D Glucose 2.31 0.48 20.14 0.011
D Total cholesterol 23.24 21.00 0.28 0.034
D HDL cholesterol 0.29 20.97* 20.26 0.083
D LDL cholesterol 23.95 2.88 0.56 0.004
D Triglyceridesb 0.006 0.005 20.002 0.014
D Systolic blood pressure 21.48 20.46 0.13 0.048
D Diastolic blood pressure 21.39** 0.78 0.14 0.137

Women (n 5 71):
D Glucose 0.41 1.23 0.28 0.010
D Total cholesterol 22.29 2.77 0.65 0.059
D HDL cholesterol 20.60 1.36 20.03 0.007
D LDL cholesterol 21.37 21.70 20.003 0.053
D Log triglyceridesb 20.01 0.013 20.010 0.031
D Systolic blood pressure 0.71 0.31 0.22 0.021
D Diastolic blood pressure 0.16 20.43 20.05 0.037

aSignificance (1-tailed): *P<0.05; **P�0.01; ***P�0.001.
bVariable is log10 transformed.
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under to above cutoffs recommended by the American
Heart Association (AHA) and the percentage of men and
women above this threshold increased from summer to
winter (see Table 9) (Lichtenstein et al., 2006). This
change was primarily driven by increases in HDL choles-
terol, which has protective effects for metabolic health.

Significant increases in total cholesterol from summer to
winter among Yakut men and women may be due to
increased consumption of fatty foods or overall health
declines related to aging since the mean age of the sample
was 50 years old. In accordance with these explanations,
one would expect a significant relationship between rates of
change in adiposity and serum lipid levels. The results
reveal, however, the opposite pattern. For example, a signif-
icant negative relationship existed between change in tri-
glyceride levels and shifts in waist circumference in men.

Seasonal changes in metabolic fuel utilization may also
help to explain the changes in lipid levels. Leonard and
colleagues (2014) have found that the Yakut show signifi-
cant declines in basal/resting fat oxidation of 12–14%
between summer and winter. These marked reductions in
fat metabolism and increased reliance on carbohydrates
during the winter are likely contributing to the increase
in winter serum lipid levels.

Among Yakut men, the degree of seasonal change in
serum lipids appears to be moderated by variation in life-
style factors. For example, greater participation in fishing
was positively correlated with change in total cholesterol
levels but negatively associated with seasonal change in
LDL levels. Furthermore, men who reported spending
more time foraging exhibited greater winter-time
increases in HDL levels. Interestingly, both fishing and
foraging are activities that improve access to foods high in
healthy HDL cholesterol. The relationship between sea-
sonal changes in serum lipids and lifestyle was less pro-
nounced among Yakut women. The results revealed a
significant, positive relationship between seasonal change
in triglyceride levels and time spent hunting.

Historically, researchers have thought that indigenous
circumpolar populations exhibited low LDL and high
HDL levels due to the protective effects of a traditional
diet high in fish and marine mammals (Jørgensen et al.,
2006). The Yakut of northeastern Siberia, however, con-
sume large amounts of beef, horse meat, and processed
carbohydrates such as bread, pasta, and rice, in addition
to fish. On average Yakut men and women ingest over
twice the daily amount of saturated fats recommended by
the AHA (Sorensen et al., 2005). Previous work has
hypothesized that moderate increases in alcohol consump-
tion can lead to higher serum HDL levels by raising the
transport rates of the major apolipoproteins, apoA I and II
(Brien et al., 2011; e Silva et al., 2000). However, data
analyses did not detect a significant relationship between
seasonal change in alcohol consumption and change in
HDL levels in this Yakut sample (data not shown).

Individuals with greater subsistence activity participa-
tion may exhibit healthier blood lipid profiles across the
seasons due to higher physical activity levels. A dose-
dependent relationship exists between physical activity
and blood lipid levels, particularly increased HDL and
lower triglyceride levels (Durstine et al., 2001; Leon et al.,
2000; Tejo-Gutierrez and Fletcher, 2007). Exercise is
thought to influence HDL levels by altering the expres-
sion of proteins, such as lipoprotein lipase, that control
cholesterol efflux, maturation, and delivery to receptors
(Tejo-Gutierrez and Fletcher, 2007). Additionally, previous
work has provided mixed support for exercise-induced
reductions in LDL and total cholesterol levels (Durstine

TABLE 7. Multiple regression analysesa of the influence of lifestyle factors on seasonal changes in body composition, controlling for age in Yakut
men and women

Measure
Days foragingb

b Coefficient
Days huntingb

b Coefficient
Days fishingb

b Coefficient
Days hay cuttingb

b Coefficient
Age

b Coefficient Adjusted R2

Men (n 5 44):
D Weight 21.08* 0.73 20.37 0.83* 0.07 0.104
D BMI 20.37* 0.23 20.13 0.30 0.02 0.058
D % body fat 20.74 20.33 20.003 20.08 20.07 0.035
D FFM 0.23 20.06 20.06 20.37 20.02 20.074
D Waist Circumference 0.13 20.63 0.41 20.76 20.02 20.072
D Hip circumference 0.14 20.29 0.34 20.76 20.10 20.018

Women (n 5 71):
D Weight 20.04 1.38 20.62 20.04 20.06 0.012
D BMI 20.06 0.38 20.20 20.002 20.02 20.014
D % body fat 0.68** 0.17 20.18 20.10 20.02 0.106
D FFM 20.31* 0.51 20.07 0.02 0.001 0.009
D Waist circumference 0.03 21.72 0.78 20.31 0.07 20.012
D Hip circumference 0.03 1.46 1.01 20.03 0.13** 0.087

aSignificance (1-tailed): *P< 0.05; **P�0.01; ***P� 0.001.
bVariables regarding the number of days spent conducting subsistence activities have been divided into quartiles.

TABLE 8. Multiple regression analysesa of the influence of style of life
score on seasonal changes in body composition, controlling for age in

Yakut men and women

Measure
SOLb

b Coefficient
Age

b Coefficient Adjusted R2

Men (n 5 44)
D Weight 20.15 0.03 0.004
D BMI 20.05 0.01 20.008
D % body fat 0.08 20.05 0.031
D FFM 0.11 20.004 20.008
D Waist circumference 0.16 0.01 20.030
D Hip circumference 0.23 20.07 0.059

Women (n 5 71):
D Weight 0.01 20.06 0.023
D BMI 0.01 20.02 0.010
D % body fat 0.07 20.04 0.032
D FFM 20.01 0.01 0.024
D Waist circumference 0.14 0.07 0.011
D Hip circumference 20.13 0.11* 0.081

aSignificance (1-tailed): *P< 0.05; **P�0.01; ***P� 0.001.
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et al., 2001; Kraus et al., 2002). Greater winter-time phys-
ical activity levels, however, is an unlikely explanation for
seasonal changes in serum lipids, particularly among
women, since there is evidence for concomitant declines in
grip strength and increases in adiposity.

Among circumpolar populations, winter serum lipid lev-
els may be sensitive to heighted thermogenesis. Indigenous
high-latitude populations are known to adapt to cold tem-
perature stress by increasing their basal metabolic rates
(Froehle et al., 2008; Leonard et al., 2005, 2014). This may
lead to a higher rate of cellular turnover of cholesterol
and increase the rate of serum lipid utilization (Eisen-
berg et al., 2010). A previous investigation of the meta-
bolic health of the Evenki and Buryat, two populations
that are also indigenous to Siberia, detected a signifi-
cant, negative relationship between basal metabolic rate
and LDL cholesterol levels. This relationship remained
significant after adjusting for body size, composition,
age, and smoking status (Leonard et al., 2009; Snodgrass
et al., 2007). Thus, seasonal changes in cholesterol levels
among the Yakut may be influenced by adaptation to cold
temperature stress and the protective effects of height-
ened metabolic turnover of serum lipids. On the contrary,
the degree to which high-latitude groups exhibit winter-
time increases in serum lipid levels (Hedstrand and
Wide, 1973; Hopstock et al., 2013; Keys et al., 1958; Mjøs
et al., 1979; Nazir et al., 1999; Paloheimo, 1961; Ulmer
et al., 2004) is similar to populations living in temperate
zones (Bl€uher et al., 2001; Chen et al., 2006; Cucu et al.,
1991; Donahoo et al., 2000; Kanikowska et al., 2013;
MacRury and Hume, 1992; Mustad et al., 1996; Ockene
et al., 2004; Rastam et al., 1992; Robinson et al., 1993;
Woodhouse et al., 1993). This may be due to the con-
founding effects of seasonal dietary fluctuations.

Seasonal changes in blood glucose levels

Winter increases in fasting blood glucose levels were
statistically significant among women but not men. The
average winter levels for both men and women, however,
were above the threshold considered to be prediabetic by
the AHA (see Table 9) (Lichtenstein et al., 2006). In fact,
the percentage of participants with glucose levels above
the recommended level increased dramatically from
summer to winter for both sexes.

Historically, indigenous Siberian populations and other
groups native to circumpolar regions have reported low
rates of diabetes and impaired fasting glucose (Snodgrass
et al., 2007). After measuring fasting blood glucose levels
among a rural Yakut community in August of 2007, Snod-
grass et al. (2009) reported lower average fasting glucose

levels (79.9 mg/dL), but warned that, with increasing con-
sumption of market foods high in refined sugar in rural
communities, the presence of impaired fasting glucose was
likely to increase. Unfortunately, this appears to be the
case; the positive relationships between change in glucose
levels and SOL score among men approached significance
(P 5 0.087) suggesting that individuals with greater mar-
ket integration were more likely to experience winter
increases in fasting blood glucose.

Seasonal changes in blood pressure

While Yakut men and women did not experience signifi-
cant seasonal changes in blood pressure, average systolic
and diastolic blood pressure levels were all above the AHA
recommended levels, with the exception of average winter
systolic blood pressure among women (Lichtenstein et al.,
2006). In fact, the percentage of women in our sample with
unhealthy blood pressure values decreased from summer to
winter, while the proportion stayed the same for men (see
Table 9). Previous reports documented high rates of hyper-
tension among indigenous Siberian populations (�20–35%;
Kozlov et al., 2007; Snodgrass, 2013; Snodgrass et al., 2008).

Yakut men who reported spending more time foraging
exhibited lower winter-time systolic and diastolic blood
pressure levels. In contrast to this pattern, however, a
more traditional lifestyle characterized by a lower SOL
score was significantly associated with higher diastolic
blood pressure, and the negative relationship between
SOL score and systolic blood pressure approached statisti-
cal significance (P 5 0.051). Evidence suggests that diets
high in fibrous plant foods may lead to lower blood pres-
sure levels (Beilin et al., 1988; Margetts et al., 1988; Stef-
fen et al., 2005); thus, foraging may have protective
effects by improving access to plant foods in the winter. A
lower SOL score overall, on the other hand, may be indica-
tive of activities that facilitate a diet high in animal prod-
ucts, such as tending livestock and hunting, which is
associated with elevations in blood pressure (Steffen
et al., 2005). The data revealed few significant relation-
ships between seasonal change in markers of metabolic
health and lifestyle variables among women.

SUMMARY

This study provides additional evidence that the rela-
tionship between metabolic health and seasonal environ-
mental stressors is dependent upon social and economic
factors (Himmelgreen and Romero-Daza, 1994; Leonard,
1989; Leonard and Thomas, 1989; Leonard et al., 2014;
Levy et al., 2013). High-latitude indigenous groups with
greater subsistence activity participation appear to be

TABLE 9. Percentage of Yakut men and women in sample with blood biomarkers of cardio-metabolic disease risk above the levels recommended
by the American Heart Association (AHA)a

Men (n 5 44) Women (n 5 71)

Measure Summer Winter Summer Winter

Total cholesterol (>200 mg/dL) 34% 50% 41% 52%
HDL cholesterol (<40 mg/dL for men; <50 mg/dL for women) 10% 5% 21% 14%
LDL Cholesterol (>129 mg/dL) 18% 25% 18% 25%
Triglycerides (>100 mg/dL) 14% 33% 21% 30%
Glucose (>100 mg/dL) 12% 40% 18% 39%
Systolic blood pressure (>120 mm Hg) 68% 68% 62% 55%
Diastolic blood pressure (>80 mm Hg) 46% 46% 45% 32%

aAHA cutoff values published in Lichtenstein et al, 2007.
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more buffered from adverse seasonal changes in choles-
terol, but are at greater risk for hypertension. Subarctic
groups with greater adoption of Western, sedentary life-
styles, however, exhibit a higher population burden of
serum lipids, glucose, and other cardiovascular disease
risk factors (Ford et al., 2006; Leonard et al., 2002; Rode
and Shephard, 1995; Sorensen et al., 2005; Tam et al.,
2013; Young et al., 1995). Thus, socioeconomic resources
interact with seasonal environmental factors to direct the
physical activity and nutritional options open to different
sectors of the population (Himmelgreen and Romero
Daza, 1994; Leonard and Thomas, 1989).

There are several limitations to this study. First, condi-
tions in this remote part of Siberia prevent the recruit-
ment of a truly random sample. The study sample,
therefore, may be biased toward individuals who are open
to health and physiological research and have the resour-
ces and time available to visit the health clinic.

Second, this study lacks high resolution data that
would allow us to link seasonal changes in physical activ-
ity and diet to shifts in markers of health. The adjusted
R-square values presented in Tables 3 and 5 through 8
are relatively low, suggesting that the explanatory power
of the models is modest. More fine-grained measures of
physical activity and diet would shed light on seasonal
fluctuations in biomarkers of cardiovascular disease and
diabetes. Collecting data at multiple time-points over the
course of the year would likely reveal stronger relation-
ships between seasonal shifts in health and lifestyle
factors.

Finally, the winter and summer data were not collected
in the same year, but rather 1.5-years apart. It is possible
that the patterns in health biomarkers we describe reflect
age-related increases in cardiovascular disease and diabe-
tes risk, or are due to ongoing processes of acculturation
over time in this community rather than seasonal pat-
terns. This interpretation is particularly salient for Yakut
women since the data suggest women experienced
declines in multiple health measures. Before the Soviet
Era, both men and women participated in most subsist-
ence activities. Through the process of collectivization
under the Soviet Union, however, Yakut women were for-
cibly relocated to villages where they were largely
stripped of a majority of subsistence activity responsibil-
ities (Forsyth, 1992). Our data suggest that, today, the
primary subsistence activity performed by women is for-
aging. Reduced participation in a variety of subsistence
activities may account for the lack of relationships
between lifestyle variables and seasonal change in meta-
bolic health among Yakut women.

CONCLUSION

In summary, this study describes seasonal changes in
metabolic health among a rural indigenous Siberian popu-
lation. While seasonal fluctuations in body mass and com-
position are modest, serum lipid levels increased
significantly from summer to winter and these changes
varied with lifestyle and sex. Specifically, individuals with
greater subsistence activity participation seem more buf-
fered against adverse seasonal changes in metabolic
health. Future work examining health and adaptation to
seasonal stressors should consider the ways in which soci-

oeconomic and lifestyle factors influence the relationship
between adaptive strategies and disease risk.
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