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Objectives: To assess (1) energy and nutrient intake; (2) dietary adequacy; (3) traditional and nontraditional
foods consumed; and (4) main foods contributing to energy and selected nutrient intake among Yup’ik women
in Western Alaska.
Methods: Up to 3 24-hour dietary recalls were collected to assess the dietary intake. Dietary adequacy was
determined by comparing women’s daily nutrient intakes to corresponding dietary reference intakes (DRIs).
Results: Mean daily energy intake for the women was 2172 kcal, exceeding the DRI for energy. The
majority of women (90–100%) fell below the recommendations for dietary fiber, calcium, and vitamins D and E.
More than 50% of women fell below the recommendations for vitamin A, and more than one third were below
the DRI for zinc and vitamins C and B6. Juices/pop (including Tang, Kool-Aid, soda/pop, fruit juice, and energy
drink), coffee, and traditional fish were the most frequently reported food items. Sweetened beverages and pop
were the main contributors to energy, carbohydrate, and sugar intake. Traditional foods provided 34% of
protein, 27% of iron, 23% of vitamin A, and 21% of zinc.
Conclusions: Among Yup’ik women, juices/pop were the most frequently consumed foods contributing to
the high energy intake. However, traditional food still contributes substantially to certain nutrients. These data
contribute to an understanding of dietary adequacy in this population and will aid in the development of a
nutritional intervention program.

INTRODUCTION

gaining popularity [7–10]. A 1992 study documented that traditional foods provided Yup’ik adults in Alaska with 25% of
their energy [11]. In 2000–2003, AN adults in the Norton
Sound region of Alaska obtained 15% of their energy from traditional foods [8].
The dietary transition has resulted in a decrease in diet quality among AN populations [12,13]. Traditional foods tend to be
nutrient dense, providing rich sources of protein, iron, vitamin
A, vitamin B12, and omega-3 fatty acids [8,9,12,14–20]. A
recent study of adults in western Alaska found that these foods
provided 46% of the protein, 3% of the carbohydrates, 85% of
eicosapentaenoic acid (EPA), and 81% of vitamin D [9]. In
contrast, Western or store-bought foods are associated with
higher fat, saturated fat, and sugar intakes [9,12,21].
A growing body of evidence supports the notion that the
changing diet may be linked to the increasing risk of chronic

Land and marine mammals, fish, and plants and berries
have historically been resources for subsistence of Alaska
Native (AN) populations [1,2]. These foods, which have long
been at the heart of these populations’ economic, cultural, and
spiritual livelihoods, have also served as rich sources of
nutrients necessary for survival amidst harsh environmental
conditions [3]. However, several factors threaten food security
in this region, including climate change and environmental
contamination [4]. These factors, along with integration of
Western culture into the traditional lifestyle, are thought to
have influenced the rapid dietary transition among AN populations and other inhabitants of the Arctic regions [5,6]. Subsistence or “traditional” foods are still collected and consumed;
however, less nutritious foods purchased in grocery stores are
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disease observed in AN populations [22–24]. Cancer is now the
leading cause of death, and cancer mortality rates among AN
populations are significantly higher than the U.S. average [25].
Furthermore, diabetes is increasing at a faster rate among AN
groups than in any other population in North America [26].
Cardiovascular disease mortality rates, which were historically
low [27], are now 30 and 40% higher in the age groups 25–
44 years and 45–54 years, respectively, than among U.S. Caucasians [28]. Consumption of nontraditional foods, as well as
infrequent salmon and seal oil intake, has been shown to be
associated with glucose intolerance and overweight among
Alaskan Yup’iks [8,21]. A study among Yup’iks in Alaska
showed that traditional foods were negatively correlated with
blood lipid levels; this is beneficial because raised plasma lipid
concentrations are associated with increased cardiovascular
disease risk [19].
Dietary modification is an essential part of chronic disease prevention in AN populations. However, more research on current
diet and dietary adequacy among AN groups is needed before
appropriately targeted interventions can be implemented. Because
of the large diversity of foods consumed by these groups, it is
important to evaluate intake by region. Thus, the objectives of the
present study are to characterize the current diet of Yup’ik women
in rural western Alaska using 24-hour dietary recalls to assess (a)
energy and nutrient intake, (b) dietary adequacy, (c) most common
traditional and nontraditional foods consumed, and (d) the main
foods contributing to energy and nutrients of interest.

METHODS
Setting
This study took place in 6 remote communities in southwestern Alaska, primarily located in Bethel (81% AN) and Wade
Hampton (91% AN) census areas. In 2008, the population was
estimated to be 24,953 in this region [29]. Populations of the participating 6 communities ranged from approximately 270 (80
households) to 760 (150 households) [30]. Communities were
geographically remote; they were not on a road system and were
accessible only by small plane year-round, boat in the summer,
and snow machine in the winter. Each community had 2 small
stores that were stocked with foods and other goods supplied by
small plane or barge. Communities are governed by tribal councils
and both Yup’ik and English are spoken. In 2007, 21 and 27% of
people lived below the poverty level in the Bethel and Wade
Hampton census regions, respectively [29].

Participants were randomly selected using community maps to
ensure that all areas of the community were represented. To
ensure maximum diversity in reported diet, one person who
was the main food shopper and/or preparer was recruited per
household [9].

Data Collection
Data collection occurred for one week in each of the 6 communities. Up to 3 24-hour recalls were collected from each respondent and were administered by one dietitian and one research
assistant who had undergone training in instrument administration
and data collection procedures. Participants were interviewed in
community locations provided by the local tribal council or the
school in each community. Prior to the interview, each participant
was informed about the purpose of the study and the data collection instrument used, and signed consent was obtained.
The interview was conducted in a multiple-pass format.
Questions were open-ended, allowing specificity of food type,
amount, food processing method, food preparation, and other
details related to foods and amounts consumed. To assist in
recall of accurate portion size information, the interviewers
used a standard set of cups, bowls, and spoons familiar to the
communities. Three-dimensional food models were developed
to reflect serving sizes familiar to respondents in this area and
to allow for reporting of a wide variety of different portion
sizes. To facilitate accurate portion size estimation, packages
of foods available in local stores, such as chips and canned
vegetables, were also used as models. Participants were
encouraged to report the amount of food they consumed in
relation to the food models, household utensils (e.g., teaspoon
or serving spoon), or standard units (e.g., a slice of bread or an
egg). At the end of each recall, the interviewer asked several
questions to help capture easily forgotten food items, such as
snacks and sweets, and checked the recall for completeness.
Twenty-four-hour recalls were collected representing all days
of the week (both weekends and weekdays), and data were collected on nonconsecutive days. Participants received a small
incentive ($5) for each recall completed.

Portion Weights
Food amounts reported on the recalls were weighed by
trained personnel using an electronic Aquatronic Baker’s Dream
Scale (Salter Houseware Ltd., Tonbridge, UK). The average portion weight for a given food model was calculated using up to
10 consecutive weight measurements. Standard recipes for
mixed dishes were determined, prepared, and weighed as above.

Sampling

Data Analysis

AN women who were Yup’ik and 18 years of age were
randomly recruited. Pregnant and lactating women were not
included because of their different nutritional requirements.

All food items, recipes, and beverages reported on the 24-hour
recalls were entered into NutriBase Clinical Nutrition Manager
Ver. 7¢17 (CyberSoft, Inc., Phoenix, AZ). This allowed
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determination of mean daily energy and nutrient intakes using
U.S. food composition tables for available foods [31].
For energy and selected nutrients, mean, median, and standard deviation (SD) of intake were determined. The percentage
of participants below the dietary reference intakes (DRIs) [32]
was determined for specific nutrients, based on DRI age groups
(19–30, 31–50, 51–70, and >70 years). Results were combined
for the 2 younger age groups (19–30 and 31–50 years) and the
2 older age groups (51–70 and >70 years) due to the small
sample size. The percentage contribution of foods to energy
and selected nutrient intake was determined. Similar food
items (i.e., different types of traditional meats) were grouped
to determine percentage contribution to diet. A traditional food
was defined as one acquired through subsistence practices.
Within-person variation needs to be considered when analyzing 24-hour dietary recalls; consequently, participants with
only one recall are often excluded from this type of analysis.
However, in our analysis exclusion of women with only one
24-hour dietary recall did not change the results substantially
and, therefore, we were confident to include them in our analyses. No participant needed to be excluded due to extreme
energy intake (<500 or >7000 kcal). Dietary adequacy and
descriptive statistics were calculated using SAS statistical software, Ver. 9¢3 (SAS Institute, Cary, NC).

RESULTS
Of the 82 women recruited, 48 completed one 24-hour dietary recalls, 20 completed 2 24-hour dietary recalls, and 14
completed all 3 (overall 130 days of recalls). The mean age of
respondents was 43¢1 years (SD D 14¢5; range D 19–74). The
response rate was 59%.

Energy and Nutrient Intakes and Dietary Adequacy
Mean intakes of energy and selected nutrients are presented in Table 1. Overall, mean (SD) intake values exceed
the recommendations for energy, riboflavin, niacin, vitamin
B12, and vitamin C. In contrast, mean intakes of fiber, vitamin A, vitamin D, vitamin E, and calcium were below recommended levels. Mean (SD) macronutrient intake was 79.1
(36.7) g for fat, 86.2 (37.3) g for protein, and 282.9 (133.0)
g for carbohydrate.
Table 2 summarizes the proportion of participants who
did not meet the dietary recommendations. The majority of
women (90–100%) fell below the recommended values for
dietary fiber, calcium, vitamin D, and vitamin E. More than
50% of women fell below the DRIs for vitamin A and more
than one third were below the DRI for vitamin B6, vitamin
C, and zinc.
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Table 1. Mean, SD, and Median Daily Energy and Nutrient
Intake among Alaskan Women (n D 82)
Mean
Energy (kcal)
% Energy from fat
% Energy from
carbohydrates
% Energy from protein
Fat (g)
Saturated fat (g)
Protein (g)
Carbohydrate (g)
Sugars (g)
Dietary fiber (g)
Monounsaturated fat (g)
Polyunsaturated fat (g)
Omega-3 fatty acid (g)
Omega-6 fatty acid (g)
Cholesterol (mg)
Vitamin A (mg-RAE)
Thiamin (mg)
Riboflavin (mg)
Niacin (mg)
Vitamin B6 (mg)
Vitamin B12 (mg)
Vitamin C (mg)
Vitamin D (IU)f
Vitamin E (mg)g
Total folate (mg-DFE)
Calcium (mg)
Iron (mg)
Zinc (mg)

SD

Median

2,171.7 808.9 1,922.8
32.7 10.5
31.0
51.0 11.6
51.5
16.3
79.1
22.6
86.2
282.9
129.5
11.1
23.4
10.8
0.9
6.1
287.9
584.8
1.5
2.1
24.2
1.6
5.6
127.0
41.3
3.0
442.8
512.1
18.2
9.3

5.3
36.7
11.6
37.3
133.0
77.2
8.7
13.7
6.6
0.9
4.6
209.8
541.5
0.7
0.8
10.0
0.9
5.3
128.7
66.4
2.1
229.3
290.9
12.9
5.9

DRI
1,800a
20–35b
45–65b

15.6
10–35b
69.1
—
21.0 <10% of energyc
79.3
—
255.5
—
118.0 <25% of energya
8.4
25d
20.3
—
8.5
—
0.7
—
5.0
—
209.6 As low as possible
403.1
700e
1.3
1.1e
2.0
1.1e
21.8
14e
1.4
1.3e
4.5
2.4e
93.5
75e
17.6
200d
2.2
15e
406.8
400e
469.2
1,000e
14.9
18e
8.2
8e

DRI D dietary reference intakes, RAE D retinol activity equivalents, DFE D dietary folate equivalent.
a
Estimated amount of kilocalories needed to maintain energy balance for women
aged between 31 and 50 years at the level of very low physical activity–sedentary level.
b
Acceptable macronutrient distribution ranges.
c
Recommendation on saturated fat intake by Joint World Health Organization/
Food and Agriculture Organization Expert Consultation [33].
d
Adequate intake.
e
Recommended dietary allowance.
f
As cholecalciferol. In the absence of adequate exposure to sunlight.
g
As alpha-tocopherol.

Primary Food Sources and Foods Contribution
to Energy and Nutrients
Juices and pop were reported by 69% of the respondents
and were reported 215 times in all recalls combined, followed
by coffee (66%, 152 times) and traditional fish (65%, 87 times;
Table 3). Traditional fish, which primarily included salmon,
was among the 5 most commonly reported foods. Vegetables
ranked seventh (45%, 122 times), and fruits were not among
the top 10 most frequently reported food items.
Table 4 describes the main food sources of selected
nutrients. Sweetened juices and drinks as well as soda were
major contributors of energy (8.2%), carbohydrates (16.1%),
and sugar (32.7%). The top food source of fiber was vegetables
(12.5%), and 14.0% of iron intake was derived from cereals.
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Table 2. Frequency (Percentages) of Alaskan Women (n D 82)
below the Dietary Reference Intakes
Nutrient

N (%)
a

74 (90.2)
76 (92.7)
24 (29.3)
47 (57.3)
35 (42.7)
31 (37.8)
81 (98.8)
82 (100.0)
5 (6.1)
30 (36.6)

Downloaded by [University of Alberta] at 14:02 06 February 2015

Dietary fiber (g)
Calcium (mg)a
Total folate (mg-DFE)b
Vitamin A (mg-RAE)b
Vitamin B6b (mg)
Vitamin Cb (mg)
Vitamin Da,c (IU)
Vitamin Eb,d (mg)
Iron (mg)b
Zinc (mg)b
DFE D dietary folate equivalent; RAE D retinol activity equivalents.
a
Adequate intake used for comparison.
b
Estimated average requirement used for comparison.
c
As cholecalciferol in the absence of adequate exposure to sunlight.
d
As alpha-tocopherol.

Traditional foods, specifically seal or whale oil, were the main
contributors (9.8%) to total fat, and traditional fish (14.8%)
was the main source of protein. For calcium, milk (17.9%) and
sweetened juices and drinks (16.3%) were main contributors.
In total, traditional foods accounted for 34% of protein, 27% of
iron, 23% of vitamin A, 21% of zinc consumption, 24% of fat,
and 17% of total energy (Fig. 1).

DISCUSSION
This study presents essential data on current consumption
of traditional and nontraditional foods as well as nutrients
among Yup’ik women in rural western Alaska. Participants
relied on mostly imported store-bought foods such as pop,
soda, and energy drinks rather than traditional foods, supporting evidence that a nutrition transition is underway among AN
populations [34,35]. Traditional fish, such as salmon, was
among the 5 most frequently reported items. Nevertheless, traditional foods were the main contributors to selected nutrient
Table 3. Most Commonly Reported Foods among Yup’ik
Women (n D 82) in 6 Communities in Western Alaska
Food Item
a

Juice and pop
Coffee
Traditional fish
Water
Rice or pasta
Sugar
Vegetables
Lipids/fats
Crackers
Bread
a

% of Respondents

No. of Times Reported

69
66
65
63
59
53
48
45
45
42

215
152
87
130
125
138
122
114
70
96

Including Tang, Kool-Aid, soda/pop, fruit juice, energy drinks.

4

intakes. Traditional foods contributed significantly to protein,
iron, and vitamin A intakes, confirming previous studies that
traditional foods continue to play an important role in the diet
quality of this population [2,8–10].
Juices and pop (including Tang, Kool-Aid, soda/pop, fruit
juice, energy drinks) were the main contributors to energy, carbohydrates, and sugar. The mean carbohydrate intake of AN
women in this study was significantly higher than that observed
prior to the availability of store-bought foods; historically, carbohydrate intake was low, derived mainly from berries, roots,
greens, and stomach contents of herbivorous animals [36]. The
increasing proportion of carbohydrates in the diet over the past
few decades has been associated with concurrent increases in
diabetes and obesity [24].
In concordance with previous studies in Alaska [8,9,13], the
present study reports a high intake of sweetened beverages,
including pop, Kool-Aid, and Tang. Increased soft drink consumption has been linked to increased energy intake and
decreased consumption of milk, calcium, and other nutrients,
as well as increased rates of diabetes, metabolic syndrome
[37], and high blood pressure [38]. In addition, the mean
reported intake of sugar surpassed the recommendations of the
American Heart Association of 100 kcal per day of added sugars (added during processing and at the table), as well as the
average U.S. intake of 22.2 teaspoons (355 kcal) per day [39].
Excess sugar consumption has been linked to metabolic abnormalities, including elevated blood lipids, decreased insulin sensitivity [40], and diets that are deficient in essential nutrients
[41]. Interestingly, in this study cereals were the main contributors to iron intake, a benefit of the commercial enrichment of
flour and grain products with iron in the United States [42].
Low intake of iron is rarely noted as a problem in Alaska, and
previous studies have reported that iron intake often meets or
exceeds recommendations [8,9,13].
Intakes of several important nutrients, such as calcium and
vitamin D, were below recommendations. Low calcium intake
has been previously reported [11]. Low levels of calcium and
vitamin D have been shown to affect bone health in people of
all ages, causing rickets in infants, inadequate bone mass
acquisition during skeletal development in adolescents, and
accelerated bone loss in adulthood, leading to the development
of osteoporosis [43,44]. Osteoporosis is an important public
health concern for AN women, especially as their life expectancy increases. Low bone density affects 45% of AN women
as evidenced by hip, ankle, and foot fractures and osteoporosis
diagnosis [45]. Additionally, coffee was among the most frequently reported food items, which may have a further negative
impact on bone health [46].
As shown in previous studies, AN women in this study had
a low dietary fiber intake possibly due to a low consumption of
fruit and vegetables [8,13,47]. This is a potential area of concern for this population because fruits and vegetables are a
good source of fiber, vitamins, and antioxidants, which might
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Table 4. The 5 Major Food Sources of Energy and Selected Nutrients in Alaskan Adults (% Contribution)
Energy

Food

Total Fat

Food

Protein

Food

Carbohydrate
16.1
10.4
8.4
8.3
7.3
50.5

Sweetened juices and
drinks
Sweets desserts
Bread
Crackers
Beef
Total

8.2

Traditional fats

9.8

Traditional fish

14.8

7.2
6.2
5.6
5.4
32.6

Butter/margarine/oil/shortening
Beef
Sausage/lunchmeat
Sweet/desserts
Total

9.4
8.4
7.8
7.6
43.1

Beef
Poultry
Caribou
Bread
Total

12.6
9.1
8.8
4.6
49.9

Sweetened juices
and drinks
Soda
Sweets/desserts
Bread
Crackers
Total

Food

Sugar

Food

Fiber

Food

Calcium

Food

Iron

Sweetened juices and
drinks
Soda
Sugar/syrup/honey
Fruit
Agutuka
Total

32.7

Vegetables

12.5

Milk

17.9

Cereals

14.0

21.8
10.9
4.7
2.7
83.4

Bread
Nontraditional soup
Cereal
Sweets/desserts
Total

10.2
8.5
8.0
5.8
49.2

Sweetened juices and drinks
Bread
Sweets/desserts
Cheese
Total

16.3
11.7
5.7
5.7
57.4

Caribou
Seal
Bread
Beef
Total

10.6
9.5
7.9
7.4
49.4

a

Traditional ice cream made of berries, seal oil, shortening or animal fat, and sugar.

beneficially modulate development of several cancers, heart
disease, diabetes, and obesity [48].
The present findings underscore the need for dietary interventions that provide culturally appropriate nutrition education
as an effective means to promote the adoption and maintenance
of healthy dietary practices [49]. Ebbesson et al. demonstrated
that a dietary intervention based on both traditional and healthy
commercial foods can decrease plasma concentrations of total
cholesterol and low-density lipoprotein cholesterol, reduce diastolic blood pressure, and improve glucose tolerance in AN
populations in northwest Alaska [50]. Given the study sample’s
high consumption of energy, carbohydrate, and sugar, this population may benefit from such an intervention. Furthermore,
the women in this study had low dietary calcium and vitamin
D intakes, frequent coffee consumption, and low fiber intake,
which could also be the focus of an intervention. A diet and
lifestyle intervention called Healthy Foods North was developed for implementation in Inuit and Inuvialuit communities

of Arctic Canada [51] and proved effective in reducing total
energy and carbohydrate intake and increasing intake of some
important micronutrients, such as vitamins A and D [52].
Because the dietary adequacy and environmental factors
observed in this study are similar to those observed among
Canadian Aboriginal populations [53,54], such an intervention
strategy could also be an effective means of diet and health
improvement among Alaska Native people.
There are some limitations in this study. The 24-hour recalls
were collected within a short period of time in spring and winter
and therefore did not completely account for seasonal variability,
specifically during the summer months. Furthermore, only
women were surveyed, limiting the generalizability of the results
to the communities’ total populations or other AN population
groups. However, the aim of this study was to collect data on
household members who make the decisions regarding food purchases and preparation, and these are primarily women.
This study has several strengths; it adds to the body of knowledge on current diet among AN women in western Alaska. Data
were collected by a dietitian familiar with the population and
assisted by community residents familiar with the local diet and
language. During the 24-hour recalls locally appropriate food models were used and local recipes were included in the food analysis.

Ca
rb

oh Iron
yd
ra
Vi tes
ta
m
i
Vi n A
ta
m
in
C
Sa
t u Zin
ra
te c
d
Fa
t

CONCLUSION
Fa
Pr t
ot
ein
Su
ga
r
Fib
Ca er
lc i
um

r ie
s

40
35
30
25
20
15
10
5
0
Ca
lo

Downloaded by [University of Alberta] at 14:02 06 February 2015

Food

Fig. 1. Percentage of the contribution of traditional foods to energy and
selected nutrients in Alaska Native (n D 82) women in 6 communities
in western Alaska.
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These findings serve as a basis for the development of dietary interventions and recommendations intended to prevent
chronic disease among AN women. For women 19–74 years of
age in these 6 communities, dietary recommendations might
include the following: (1) support the continued use of traditional foods due to their high content of essential nutrients; the
physical benefits associated with hunting, gathering, and
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preparing traditional foods; and their contribution to maintaining the cultures of AN people; (2) continued maintenance of
energy balance through limiting the intake of calories, especially sweetened beverages that are high in energy and low in
nutrient value; (3) increase the consumption of fiber-rich foods,
including vegetables, fruits, and whole grains; and (4) ensure
optimal consumption of minerals and vitamins, especially calcium, by encouraging the consumption of reduced-fat milks
and calcium-rich beverages such as calcium-fortified orange
juice. Other traditional sources of calcium such as soups made
from animal bones, whole fish/bones, and local greens/plants
could also be encouraged. An intervention targeting the present
population of women would likely benefit men and children in
these communities as well, because women are the primary
decision makers with regard to food purchase and preparation.
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