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Abstract
BACKGROUND: Tribes of the Columbia River Basin have been shown to consume
higher amounts of fish per day than the general population. Regular consumption of fish
is beneficial to all age groups of these tribes. However, there are potential risks to
consumption due to the presence of pollutants in the water and its accumulation in fish
tissues. Children, women of child-bearing age, and elders may be particularly susceptible
to adverse health effects of these pollutants. OBJECTIVE: To describe fish
consumption patterns in these at-risk groups, and identify characteristics associated with
fish consumption, fish parts consumed, and cooking methods. METHODS: A database
was re-created using the original data sheets from the 1990 Columbia River Inter-tribal
Fish Commission (CRITFC) fish consumption survey. Univariate associations between
personal characteristics and consumption patterns were tested for using Chi-square tests
for categorical data, independent T-tests and analysis of variance (ANOVA) for
continuous data. Multivariate linear regression modeling was employed to determine
characteristics associated with fish consumption (gpd). Dietary 24-hour recall data
entered into a nutrient analysis program and micro- and macronutrients was analyzed for
differences according to tribe, age groups, and gender. RESULTS: Women and elders
report fish consumption similar to the all survey participants. Factors positively
associated with fish consumption were breastfeeding most recent child and percent of fish
obtained non-commercially for women who recently gave birth, living off the reservation
and not having a child in the household for elders, and weight for children under the age

of § years. Approximately 50% of women, 80% of elders, and at least 40% of children

report consuming non-fillet fish parts. Baking was the most frequently reported method




of cooking fish for women and elders. Males consumed a higher caloric diet than
females. Less than half of males and females consume recommended dietary intakes for
fiber, saturated and total fat. CONCLUSION: Opportunities exist to enhance awareness
on methods to minimize contaminant exposure while still enjoying the health benefits of
fish. Current diets are associated with chronic diseases, and there should be continuing

efforts to promote consumption of traditional diets that include fish, adequate sources of

fiber, and lower amounts of saturated fat.




Background

A Vital Resource

Since time immemorial, Northwest tribes of Umatilla, Warm Springs, Yakama,
and Nez Perce have lived in the Columbia River Basin. These tribes have regarded the
fish that inhabit the Basin as a vital resource for their subsistence and culture. When
forced to cede land to the United States, treaties made with each tribe established the
right to fish in their usual and accustomed places. Although tribes have met with
opposition regarding their right to fish, the U.S. Constitution deems treaties the “supreme

law of the land,” which enable tribes to sustain their cultural subsistence practices.[1]

North American tribes have traditionally relied on wild game and fish as a main
source of nutrition. Northwest and other coastal tribes have been documented consuming
as much as ten-fold more fish than the U.S. average.[2] Tribal members of the Upper
Great Lakes region report consumption rates as high as 60 grams/day.[3] Mohawk men
and women consume an average of 21.2 and 31 fish meals per year, respectively.[4, 5]
The 1991 Columbia River Inter-Tribal Fish Commission (CRITFC) fish consumption
survey established that Northwest tribal members consume on average 58 grams/day.[6]
In comparison, the U. S. Environmental Protection Agency (U.S. EPA) defines the 9™
percentile of daily consumption of fish at 17.5 gpd nationally, based on national survey
data.[7] The consumption of fish at the levels reported by the tribes may provide
substantial health benefits across all age and gender groups. However, as in the case of
Northwest and other fish-consuming tribes, the loss of wild fish stocks, and the

accumulation of pollutants in the aquatic environment may contribute to less

consumption of fish and thus a ripple effect upon their dietary and health profile.




Health Benefits of Fish Consumption

There are numerous health benefits associated with consuming fish on a regular
basis. Fish are a rich source of protein and contain less saturated fat than most beef
products. In equal 3 oz. portion sizes, a typical cut of beef will have 22 grams of fat in
comparison to 9 grams in baked salmon.[8] Coldwater fish, including salmon, also
contain high amounts of omega-3 polyunsaturated fatty acids (PUFAs).[9] Individuals
who consume regular meals of fish are shown to have high serum levels of omega-3
PUFAs and an improved lipid profile, specifically high-density lipoproteins (HDLs).[10]
Omega-3 PUFAEs, in part through increasing HDL, have been shown to provide

protection from coronary heart disease and cardiovascular-related mortality.[11]

In addition to providing a low-fat meal rich in protein, fish have benefits for the
elderly and children. Several studies have investigated the role of fish consumption and
the development of neurological decline. Frequent fish consumption has been shown to
be inversely associated with cognitive impairment in a cross-sectional study.[12] A
prospective cohort study reported that weekly fish consumption was associated with a
60% reduction in the risk of developing Alzheimer Disease among seniors (age 65 years
and older).[13] These and other studies have investigated the role of individual n-3 fatty
acids in Alzheimer Disease with varied results, but suggest that the fatty acids contribute
a neuroprotective benefit against cognitive decline and Alzheimer Disease.[12-15] The

role of PUFAs in cognitive decline remains an active area of research.

The polyunsaturated fatty acids present in fish also are an integral component in

neuronal membrane, retinal and visual cortex maturation during fetal development.[16]




Lactating mothers are capable of mobilizing n-3 fatty acids for breast milk to aid in
continued neonatal and infant neuronal development. Malnourished or formula-fed
infants without n-3 supplementation may be at increased risk for psychomotor and visual
development delays.[17] Regular fish consumption provide direct sources of these fatty
acids in sufficient amounts to provide infants with important building blocks for normal

neuronal development.

It is clear that there are health benefits for those who consume fish regularly.
Nutrients in fish provide cardio-protection in adults, may delay cognitive decline in older
adult populations, and play a vital role in fetal and infant neurological development.[10-
12, 16-20] The tribes of the Northwest are in a unique position because their cultural
reliance on fish coincides with many health benefits associated with regular fish
consumption. Northwest tribes in particular have additional incentive to consume large
amounts of fish given the rising prevalence of both diabetes mellitus and cardiovascular
diseases.[21] However, construction of dams over the years has led to loss of fish stocks
in such magnitude that traditional consumption patterns have been threatened.
Additionally, the presence of man-made pollutants in the Columbia River Basin have also
led some to fear that the fish may not be safe for consumption.

Barriers to Fish Consumption

Northwest tribes have long held that the People’s well-being and health is tightly
connected with that of the environment and its animal inhabitants. Disruption in the
environment such as the damming of rivers or the presence of pollutants in water has

damaging effect not only on the aquatic life, but also on the People who live in the same

area. As aresult, whether the tribes’ members maintain their traditional diet or turn to




other sources of food and adapt to other cultures, profound changes in individual nutrition

and health may occur.
Changing Food Choices

With the 19" century European westward expansion, Native Americans were
resigned to live in specified land tracts. In conjunction with the limited, diminishing
plant and animal resources and damming of major fish runs throughout the Northwest,
the U.S. government heralded the beginning of the transition away from traditional
harvesting practices by providing tribes processed, canned and other non-traditional
foods that was often poorer in quality than the food to which they had been

accustomed.[22]

Only relatively recently has research sought to quantify the nutritional intake
patterns of Native Americans.[23] The data that has been published mostly comprises
information on tribes from the Midwest and Southwestern U.S.[22-25] The studies have
shown that Native American tribes from Mid- to Southwestern U.S., like the general U.S.
population, are consuming more foods that are processed, fat-fried, and removed of
healthy nutrients and vitamins.[26] Saturated fats, related to the development of
cardiovascular disease, when consumed in excess amounts, represent 35-45% of caloric
intake among different Native American tribes.[23] Most Native Americans in these
studies do not meet American Heart Association guidelines for reducing risk for
cardiovascular disease.[20] As Native Americans consume a more Western diet, reports
indicate that the prevalence of risk factors for cardiovascular disease among some tribes

are rising.[21]
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The U.S. population has been turning towards consumption of convenience foods
and this has resulted in increases in obesity and other related endocrine and
cardiovascular diseases.[27] Among Native Americans and other indigenous cultures,
traditional dietary practices are now being supplanted by a Western diet (which includes
convenience foods) which is associated with an increased prevalence of obesity and
diabetes mellitus (type II).[28] Dietary practices of Northwest tribes may be significantly
different given the importance of fish in their culture. At this time, there are no reports

that describe the typical diet of Northwest Native Americans.

Contamination of Fish

Over the past century, populations of fish, particularly salmonid species, have
been decimated through the construction and operation of dams, agricultural discharge,
and over-fishing by commercial entities.[29] Tribal and state restoration programs have
been working to increase the amount of fish and their health in the Columbia River
Basin.[30] Although runs of salmon and other fish stocks have been re-established to a

limited extent, pollution continues to affect the health of aquatic life.

Currently, tribes, states and local governments have issued consumption
advisories for fish and shellfish in 48 states that include Washington, Oregon, and Idaho.
Depending on the nature of the advisory, recommendations are usually given to limit or
avoid certain fish species in a particular water source (lake, river, etc.). Primarily driven
by concerns for mercury toxicity in women who are pregnant or of childbearing age and
young children, the U.S. EPA guidelines call for consuming no more than 6 oz. of fish
caught in freshwater or 12 oz. of commercially caught fish per week in cases where

advisories are not available.[6,7] Inthe U.S., 35% of the nation’s lake acreage and 24%
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of the total river miles have advisory warnings for fish consumption.[31] In Oregon
currently, 2.6% of the lake acreage and 0.5% of the river miles are under mercury
advisories compared to 100% for both categories in Washington.[31] These warnings are
most often related to the presence of mercury and other heavy metals, but also due to
pollution by organochlorine compounds, including dioxins, polychlorinated biphenyls
(PCBs), and DDT/DDE. Such compounds are found in the Columbia River Basin, persist

in the environment, and accumulate in fish tissues.[32-34]

The compounds present in fish tissues have been found in those who consume
them frequently.[3-5, 35] Additionally, PCBs and other compounds have been found in
fetal cord blood and in breast milk.[36] Studies have shown that compounds consumed
in high enough quantities can cause adverse health effects to reproductive, immune,
hepatic and central nervous systems.[34, 37, 38] The Institute of Medicine has also
concluded that fish contaminated with chemicals and toxins can pose an appreciable risk

to human health if consumed in large quantities.[39]

In addition to the presence of contaminants in the environment, consideration
must be given to fish life cycles when considering the extent of fish tissue contamination.
Some fish species that reside primarily in freshwater contain more pollutants than
anadromous fish such as salmon and lamprey, that spend portions of their life cycle in
both salt and freshwater.[31, 40] Further, a U.S. EPA fish contaminant study gave
consideration to the fact that some compounds are prone to accumulate in fatty tissues
near the skin, and in the brain and organs.[34] Therefore, consumption of fish parts may
expose individuals to more contaminants than when they consume only the fillet.

Northwest tribes may be at more risk than the average population given their reliance on
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fish, consumption of many types of species, and the variety of parts used in the

preparation of meals.[6]

While the U.S. EPA has published advisories for specific fish and waterways,
they have also informed the public about methods known to reduce the amount of
pollutants in fish tissues. Methods such as grilling, broiling or baking and allowing the
fat to drain from the fish decrease the amount of pollutants in the meat.[41] In addition,
the EPA has recommended that fat, skin and organs are removed from the fillet prior to

cooking.

Fish consumption among Columbia River Basin tribes

In 1989, a U.S. EPA analysis of chemical contaminants in fish collected from the
Columbia River documented high levels of dioxins.[42] Concerns from Northwest tribes
arose about exposure to the contaminants and potential health risks for its people. In
response to this concern, the Columbia River Inter-Tribal Fish Commission (CRITFC),
conducted a survey in 1991-1992 of fish consumption in a sample of 514 adults from its
four member tribes: Nez Perce, Warm Springs, Umatilla, and Yakama Nation. Detailed
questions were asked regarding all food consumed over a 24-hour period and fish
consumption patterns including species consumed, the frequency of consumption, portion
size, parts often consumed, and preparation methods commonly used. The primary
purpose of this research was to provide definitive scientific documentation of the rates of
consumption of fish by tribal members. The CRITFC report, published in 1994, is
recognized as the most accurate source of information on subsistence fish consumption
on Northwest tribes, and has been used by State and Federal agencies in regulatory

rulemaking and the development of exposure factors for quantitative risk assessment.[43]
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Rationale

Although the CRITFC survey did establish the frequency of preparation methods
used and fish parts often consumed among all members, the 1994 report did not
investigate consumption patterns of subgroups of people who may be particularly
susceptible to environmental contaminants present in fish: pregnant and nursing mothers,
older adults, and children. Nor did the 1994 report use the data on total diet from the 24-

hour recall questions.

Information on fish consumption practices among these subgroups would be of
substantive benefit to tribal governments, health care workers and nutritionists in guiding
educational efforts to maximize health benefits of fish consumption, and reduce
unnecessary exposure to toxins. Additionally, this information will augment current
knowledge and help tribes increase water quality standards and provide a cleaner aquatic
environment. In the long-term, better water quality standards will hopefully contribute to

smaller concentrations of fish contaminants.

Objective

We conducted a secondary analysis using of the 1991 CRITFC data to differentiate
characteristics associated with fish consumption patterns (e.g., fish consumption levels,
bfrequency of fish species and their respective parts consumed, and cooking methods)
among three susceptible subgroups: women who gave birth in the past 5 years, elders
aged 55 years and older, and children under the age of 5 years. Additionally, to
characterize the diets of Columbia River Basin tribes, we conducted an analysis of food
reported in the 24-hour recall portion of the survey, to evaluate nutrient components

across gender and tribe.
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Methods

Overview of original study design

The original survey carried out in 1991 covered four Northwest tribes totaling 514
individuals with approximately equal samples of 125 adults from each tribe. Individuals
were selected from Indian Health Service patient registration rolls on each reservation.
Individuals less than 18 years of age and non-members of the tribes were not eligible for
the survey. Those participants who had a child five years old or younger living in the
same household had additional information about one child’s fish consumption patterns

recorded.

The questionnaire consisted of two major components: fish consumption
questions and a 24-hour dietary recall. Questions were asked about the types of fish
species, parts of fish consumed, and the preparation methods used. The survey also
asked questions regarding breastfeeding practices and the consumption patterns among
children five years old or younger living in the households. Additional sections of the
survey assessed where people obtain their fish, if they catch their own fish, consumption
patterns with regard to community event attendance. In addition to asking about the
frequency of fish consumption, the survey interview also asked respondents to recall all
food and beverages and their respective amounts consumed over the previous 24-hour

period.

Subgroups of interest

In this analysis, we examined three subgroups whom may especially vulnerable to

contaminants present in fish tissues: women who have given birth in the past 5 years,
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elders aged 55 years and older, and children under the age of 5 years. The original study
examined fish consumption in women who reported every breast feeding their children,
regardless of age of their children. We chose to examine consumption patterns in women
who had recently given birth. We defined a woman as having given birth recently if she
birthed a child less than or equal to five years from 1991. We postulated that some
women may breastfeed for as long as 2 years and may adjust fish consumption patterns
during this time period and maintain them after ceasing breastfeeding for a period of
time. Using 5 years as a cutoff also increases the number of women in this group for

which to make comparisons.

There is a section in the questionnaire devoted to consumption patterns of
children under the age of 5 years living with the adult respondent. We utilized some
personal characteristics of the adult respondent in examining consumption patterns

among children.

Consumption patterns according to age distributions were not examined in the
original study. In this analysis, we were interested in differences in consumption among

elderly tribal members who were defined as individuals 55 years of age and older.
Potential variables associated with consumption patterns

Adult and child personal characteristics and consumption practices potentially
associated with fish consumption rates were included in the multivariable analysis and

examination of non-fillet consumption and cooking methods (Table 1 & 2).
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Table 1. Variables and variable type used in
statistical analysis in adults.

Predictor

Variable type

Gender

Age

Residence (On/off reservation)
Tribe

Weekly event/ceremony attendance

Catch own fish

Regularly prepare meals

Percent fish obtained non-
commercially

Breast fed most recent child

Dichotomous
Continuous
Dichotomous
Nominal

Dichotomous

Dichotomous

Dichotomous

Continuous

Dichotomous

Table 2. Variables and variable type used in
statistical analysis in children.

Predictor Variable type
Gender Dichotomous
Weight Continuous
Age of 1st fish meal Continuous
Adult's tribe Nominal

Fish obtained non-commercially Continuous

Family residence (On/off
reservation)

Dichotomous

17




Qutcomes of interest

The outcomes of interest for each subgroup are daily fish consumption level
(high, medium, and low) and rate (amount per day), consumption of non-fillet fish parts,

and frequent cooking methods.
Fish consumption rate

Fish consumption rates in grams/day were calculated by using two variables in the
database: (1) average fish meal size (in ounces) and (2) average number of fish meals
weekly throughout the year. From these variables we used the following formulae to

obtain grams of fish consumed per day:
1. # ounces x # meals per week = # oz./week
2. #oz./week /7 days per week = # oz/day

3. #oz./day x 28.35 grams per ounce = # grams per day (gpd).

Fish parts consumed

The survey asked respondents whether they consume fillets, skin, head, eggs,
bones or other organs for each species on the survey (10 different species). Previous
studies of fish tissue contaminants examined either whole fish, fillet with skin or fillet
only.[34] For this reason, fish parts variables for each species was transformed into a

dichotomous outcome variable (yes/no) of consumption of non-fillet fish parts.
Frequent cooking methods

Each cooking method can be reported as used more than once per week, less than

once per week but more than once per month, and less than once per month. Certain
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cooking methods are known to be efficient at removing tissue contaminants. We limited
our consideration to the most frequently used cooking methods by coding responses into
a dichotomous variable (yes/no) of whether they used a particular cooking method at

least once per week.
Nutrient intake

Micro- and macronutrients were reported for each individual (Table 3) and
reported as grams, micrograms or International Units (IU). Percent energy from protein,
carbohydrates and fat were calculated by dividing the kcal from each category by the
total kcal for each individual. This analysis examined mean nutrient values by gender
and tribe. Estimations of individual intake using recall data is not likely to be
representative of long-term diets, especially in this survey where only one day of dietary
information was collected. Therefore, analyzing means of dietary intake by group

provides a higher degree of stability.[44]

Table 3. Micro- & macronutrients obtained from
dietary recall data

Carbohydrates (g) Vitamin D-IU (IU)
Protein (g) Vitamin E-AlphaTp (mg)
Fiber (g) Folic Acid (mcg)
Fat-Total (g) Calcium (mg)
Fat-Saturated (g) Iron (mg)
Fat-Monounsaturated (g) Magnesium (mg)
Fat-Polyunsaturated (g) Potassium (mg)
Cholesterol (mg) Selenium (mcg)
Vitamin A-IU (IU) Sodium (mg)
Vitamin B3 (mg) Zinc (mg)
Vitamin B12 (mcg) Omega 3 (g)
Vitamin C (mg) Omega 6 (g)
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Data management

Datasheets available to us were entered directly into an electronic database (Epi
Info 6.04b, Centers for Disease Control and Prevention, Atlanta, GA) with the exception
of the 24-hour dietary recall data. The diet data were entered into the nutrition software,
The Food Processor (SQL Edition v. 9.5.0, ESHA Research, Salem, OR). Database
reports of macro- & micronutrients values were then exported into Microsoft Excel
(Version 11.2.0, Microsoft Corp., Redmond, WA). After both the questionnaire and
nutrition databases were complete they were imported into SPSS (Version 11.0.4, SPSS
Inc., Chicago, IL) for file management and statistical analysis. The two databases were

linked using a unique respondent number found on each survey datasheet.

Data analysis

Because each tribe’s total population differs greatly, the tribe samples were

weighted by frequency using the "Weight by Frequency" option in SPSS.
Non-fillet fish part consumption

Consumption of non-fillet parts was transformed into a dichotomous variable for
each fish species. Personal and consumption characteristics of women who recently gave
birth and elders were tested against this variable using Chi-square statistics and crude
odds ratios. Further univariate analyses examined differences in personal and
consumption characteristics between those who did and did not recently give birth, and
between non-elders and elders, respectively. Crude unadjusted odds ratios were
calculated. Mean values for continuous variables age, fish consumption (gpd), and

percent sources of fish were calculated and tested using t-tests.
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Cooking methods

We examined use of individual cooking methods one or more times per week.
For each subgroup we determined whether there were any differences in the frequency of
each cooking methods using Chi-square statistics. We also calculated crude unadjusted
odds ratios for personal and consumption characteristics. Mean values for continuous
variables (age, fish consumption (gpd), and percent sources of fish) were calculated and

tested using t-tests.
Fish consumption (gpd)

To characterize the tribes and each subgroup, we examined demographic and
consumption-related characteristics. We next examined these characteristics with respect
to our outcomes of interest. Mean gpd estimates were compared using t-tests for
dichotomous variables and analysis of variance (ANOVA) for categorical variables with

more than two groups.

Univariate analysis was conducted for modeling the outcome variable fish
consumpti