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Abstract

Purpose To assess the relationship between dietary oily fish intake and all-cause mortality in a population of frequent fish
consumers of Amerindian ancestry living in rural Ecuador.

Methods Individuals aged >40 years enrolled in the prospective population-based Atahualpa Project cohort received annual
questionnaires to estimate their dietary oily fish intake. Only fish served broiled or cooked in the soup were included for
analysis. Poisson regression and Cox-proportional hazards models adjusted for demographics, education level and cardio-
vascular risk factors were obtained to estimate mortality risk according to the amount of oily fish intake stratified in tertiles.
Results Analysis included 909 individuals (mean age: 55.1 + 12.8 years) followed by a median of 7.5+ 3 years. Mean oily
fish intake was 9.4 +5.7 servings per week. A total of 142 (16%) individuals died during the follow-up. The mortality rate
for individuals in the first tertile de oily fish intake (0.0-6.29 servings) was 2.87 per 100 person-years, which decreased to
1.78 for those in the third tertile (10.59-35.0 servings). An adjusted Cox-proportional hazards model showed that individu-
als allocated to the second (HR 0.61; 95% CI 0.41-0.92) and third (HR 0.60; 95% CI 0.40-0.91) tertiles of dietary oily fish
intake had significantly lower mortality risk than those in the first tertile.

Conclusion Sustained oily fish intake of more than six servings per week reduces mortality risk in middle-aged and older
adults of Amerindian ancestry.

Keywords Dietary oily fish intake - Omega-3 PUFAs - Mortality - Population-based longitudinal cohort - Amerindians

Introduction

Several beneficial effects have been attributed to dietary oily
fish intake, particularly in reducing the risk of adverse car-
diovascular and neurological outcomes [1-4]. While these
effects are largely mediated by anti-inflammatory, anti-oxi-
dative, antiarrhythmic, antihypertensive and antithrombotic
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properties of marine long-chain omega-3 polyunsaturated
fatty acids (w-3 PUFAs) [5-7], additional nutrients present
in oily fish—proteins, vitamin D, selenium—may also con-
tribute to these favorable outcomes [8]. Such findings are not
universal as some studies have shown no effect of oily fish
on the investigated outcomes [9, 10]. These discrepancies
can most likely be attributed to differences in study designs,
to a narrow range of fish intake in the studied population
and, perhaps of even greater importance, to differences in
ethnicity among the investigated populations.

Following the preliminary report of Bang et al. [11], evi-
dence has accumulated supporting the concept that certain
ethnic groups—especially the Inuit and their Amerindian
descendants—may be particularly favored by the effects of
a diet rich in oily fish [12—17]. Beneficial effects appear to
be linked to genetic signatures of natural selection that make
certain ethnic groups physiologically adapted to a diet rich
in ®-3 PUFAs [18]. These genetic variations may exert a
profound influence on cardiometabolic phenotypes, making
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affected individuals less susceptible to developing diabe-
tes mellitus, coronary heart disease and possibly conditions
such as cancer or neurological disorders.

Some studies have attempted to demonstrate an inverse
relationship between dietary oily fish intake and mortality
risk, but their results have been inconsistent [19-24]. Some
studies based on European populations failed to confirm an
inverse relationship [19, 20]. Another cosmopolitan study
found an oily fish intake-related reduction in mortality only
among individuals with previous vascular disease but not
in the general population [21]. Other studies based on Inuit
populations (Alaska and Northern Canada) have suggested
that dietary oily fish intake may be a protective factor against
mortality [22-24].

To the best of our knowledge, no study has assessed mor-
tality risk according to the amount of dietary oily fish intake
in native Latin American populations that potentially share
the genetic signatures found in the Inuit and their descend-
ants. Seizing on the Atahualpa Project cohort, this longitudi-
nal prospective study aims to assess the relationship between
oily fish intake and all-cause mortality in a population of
frequent fish consumers of Amerindian ancestry.

Material and methods
Study population

Atahualpa is a rural village of about 3500 inhabitants located
in coastal Ecuador, 10 miles west of the Pacific Ocean
(2°18'S, 80°46'W). The weather is warm and dry, with 12
daily hours of sunlight all year long. As detailed elsewhere,
Atahualpa residents are homogeneous in regard to ethnic-
ity, levels of education, socio-economic status, and dietary
habits [25]. Most men work as artisan carpenters or farmers
and most women are homemakers. The diet is ancestrally
rich in oily fish, vegetables and carbohydrates but poor in
dairy products and other types of meat. Consumption of
other foods rich in -3 PUFAs, as well as the use of fish oils
supplements, is almost nonexistent in the village. People get
food from the local market and small grocery stores where
highly processed foods are exceptionally found. There are
no restaurants in the village and most people have meals at
home.

Phenotypic characteristics of the population suggest their
Amerindian ancestry. This is a vast population of about 70
million people living in different countries that already
inhabit The Americas before the Spaniards came to our Con-
tinent. It has been estimated that they are about 13,000 years
old, and theories support the fact that they are descendants
of people living in Beringia that moved down after the last
age of ice. They have a particular phenotype and a unique
genotype. Phenotypic characteristics include olive-moderate
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brown skin (Type IV in the Fitzpatrick scale), dark brown
eyes and hair, short stature, and a predominantly elliptic
hard palate [26]. In addition, a genome-wide analysis con-
ducted in a representative sample of individuals enrolled
in the present study demonstrated that these people have a
large proportion of Amerindian ancestry (94.1%), which is
higher than that found in other native populations of Ecuador
and some neighboring countries (Brandt DYC, Del Brutto
OH and Nielsen R, unpublished results). This analysis also
revealed signatures of natural selection in genes involved in
fat metabolism that could play a role in the beneficial effect
of ®-3 PUFAs on several outcomes previously investigated
in this cohort [13-16].

Study design

Atahualpa residents aged > 40 years, identified by means of
annual door-to-door surveys (June 2012—June 2019), were
enrolled in the Atahualpa Project cohort after they signed a
comprehensive informed consent. Demographics, level of
education, and cardiovascular risk factors were determined
at baseline. The first questionnaire for assessing dietary oily
fish intake was applied within the first year after enrollment
for those entering the cohort in 2012 and at the time of
enrollment for those entering from 2013 to 2019. Following
a longitudinal prospective study design, individuals were
screened yearly to repeat the fish intake questionnaire and to
inquiry participants’ proxies about changes in vital status in
individuals who were already enrolled but were not present
during the new survey. Those who emigrated or declined
consent were taken out of the cohort at the administrative
censoring date of the last annual survey when the individual
was interviewed. Persons who died were censored on the day
of death, which was confirmed by reviewing death certifi-
cates. For the current analysis, the last censoring date was
set as June 2022. The study followed the STROBE checklist
(The Strengthening the Reporting of Observational Studies
in Epidemiology) [27].

Assessment of dietary oily fish intake

Before the study, we visited the local market to make a list
of the fishes most commonly bought by Atahualpa residents.
We also weighed the edible parts of each of the species of
fish to make an accurate estimation of the number of serv-
ings per week ingested by each individual (each serving
equals 140 g). While the availability of any particular type
of fish varies from week to week, Pacific Moonfish (Selene
peruviana), Pacific Bumperfish (Chloroscombrus orqueta),
Pacific Mackerel (Scomber japonicus), Shortjaw Leather-
jacket (Oligoplites refulgens), Pacific Thread Herring (Opis-
thonema libertate) and Sardine (Sardine pilcardus) are the
species most frequently eaten by Atahualpa residents. These
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fishes are wild-caught close to the Pacific border and, with
the exception of Pacific Moonfish which is a lean fish, are
among the fish species with the highest content of marine
®-3 PUFAs (1.3-2.5 g per serving) [8]. In addition, due to
their relatively small size (15-50 cm) their methyl-mercury
content is low [28].

At each survey, study participants were asked to quan-
tify their regular weekly consumption of the various types
of oily fish, and we used the mean of these values in our
analysis. Only fishes served broiled or cooked in the soup
were included; fried oily fish and lean fish were excluded
for analysis.

Covariates investigated

Demographics (age and sex), level of education (up to pri-
mary school or higher), and traditional cardiovascular risk
factors were assessed at baseline and selected as potential
confounders. Assessment of cardiovascular risk factors fol-
lowed the Life’s Simple 7 scale, an initiative of the Ameri-
can Heart Association aimed to define the cardiovascular
health status of individuals [29]. This scale has been used
in people from diverse races/ethnic groups living in both
urban and rural settings and has demonstrated an inverse
relationship with mortality irrespective of differences across
regional disparities in cardiovascular risk factors [30-32].
The Life’s Simple 7 scale is composed of four health behav-
iors and three health factors, which were categorized in the
ideal range according to well-defined parameters, as fol-
lows: (1) smoking status: never or quit> 1 year; (2) body
mass index: <25 kg/m?; (3) physical activity: > 150 min/
week of moderate intensity or >75 min/week of vigorous
intensity or equivalent combination; (4) healthy diet: 4-5
components based on five components detailed by the Amer-
ican Heart Association [29]; (5) blood pressure: untreated
and < 120/ < 80 mmHg; (6) fasting glucose: untreated
and < 100 mg/dL; and (7) total cholesterol blood levels:
untreated and <200 mg/dL.

Of interest, diet was not included as a covariate in this
study to avoid collinearity (since fish intake is a component
of a healthy diet). In addition, the use of medications was not
taken into account as a reliable covariate since less than 15%
of the study population with vascular risk factors received
proper therapy during the study years.

Statistical analysis

All data analyses were carried out by using STATA version
17 (College Station, TX, USA). Univariate comparisons
for mortality rates according to tertiles of dietary oily fish
intake used the log-rank test. To compute the person-years of
follow-up we considered the time from enrollment to the last
censoring date, study drop-out, or the day of death. Using

Poisson regression models, we calculated the mortality inci-
dence rate ratio (IRR) according to the servings of dietary
oily fish intake per week (stratified in tertiles). Cox-propor-
tional hazards models adjusted for demographics, level of
education, and cardiovascular risk factors were fitted to cal-
culate the hazard ratio (HR) with its 95% confidence interval
(CD) to estimate the risk for all-cause mortality according to
the amount of dietary oily fish intake stratified in tertiles.

Results

Of 933 Atahualpa residents aged > 40 years enrolled in the
Atahualpa Project cohort (2012-2019), 909 (97%) received
interviews for dietary oily fish intake and were included in
this cohort. The remaining 24 individuals either died (n=9)
between enrollment and the invitation to participate in this
study or declined consent (n=15). There were no signifi-
cant differences in clinical characteristics across individuals
who participated in this study and those who did not. The
total follow-up in the population was 6776 person-years and
the median follow-up was 7.5+ 3 years. Individuals cen-
sored before the end of the study were those who emigrated
(n=47), declined further consent (n=155), or died (n=142)
during the study years; however, they also counted toward
the total time of follow-up.

For a total of 6,776 person-years of follow-up, we needed
at least 101 deaths to get a hazard ratio of 0.57 at the alpha
level of 0.05 and with 80% power. Therefore, our sample had
enough statistical power to detect differences in the relation-
ship between dietary oily fish intake and all-cause mortality.

The mean (+ SD) age of study participants at enrollment
was 55.1 +£12.8 years (median age: 53 years), 491 (54%)
were women, and 514 (57%) had primary school education
only. Cardiovascular health metrics in the ideal range were
as follows: smoking status: 867 (95%); body mass index:
301 (33%); physical activity: 426 (47%); blood pressure:
319 (35%); fasting glucose: 322 (35%); and total cholesterol
blood levels: 557 (61%). Mean dietary intake of oily fish was
9.4+5.7 servings per week (range 0-35), with 315 individu-
als allocated to the first tertile (0-6.29 servings), 291 to the
second tertile (6.30-10.58 servings), and the remaining 303
to the third tertile (10.59-35 servings).

In unadjusted analysis, individuals who died during the
study years were older at baseline and were less educated
than those who survived. Several cardiovascular health
metrics in the ideal range (physical activity, blood pressure,
fasting glucose, and total cholesterol blood levels) were less
frequent among subjects who died during the study; in con-
trast, survivors had less often a body mass index in the ideal
range than those who died (Table 1).

Also in unadjusted analysis, we found differences in mor-
tality across tertiles of dietary oily fish intake by the use of
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Table 1 Characteristics of
Atahualpa residents across
categories of vital status at the
censoring date (unadjusted
analyses)

Table 2 Log-rank test showing
differences in observed and
expected events (deadly
outcomes) across the amount of
dietary oily fish intake stratified

in tertiles

Variable Vital status at censoring date

Dead (n=142) Alive (n=1767) p value
Age at baseline, years (mean+ SD) 67.5+12.3 52.8+11.6 <0.001*
Females, n (%) 74 (52) 417 (54) 0.620
Primary school education, n (%) 112 (79) 402 (52) <0.001*
Never smoke or quite > 1 year, n (%) 134 (94) 733 (96) 0.531
Body mass index <25 kg/mz, n (%) 59 (42) 242 (32) 0.020*
Ideal physical activity, n (%) 39 (27) 387 (50) <0.001*
Blood pressure < 120/ < 80 mmHg, n (%) 15 (11) 304 (40) <0.001*
Fasting glucose < 100 mg/dL, n (%) 32 (23) 290 (38) <0.001*
Total cholesterol < 200 mg/dL, n (%) 74 (52) 483 (63) 0.015*
*Statistically significant result
Tertiles of oily fish intake Events observed Events expected
Ist tertile (0-6.29 servings per week), n=315 71 46.8
2nd tertile (6.3-10.58 servings per week), n=291 36 48.4
3rd tertile (10.59-35 servings per week), n=303 35 46.8
Total 142 142

Chi-square: 18.67; p<0.001

the log-rank test, which takes into account person-years of
follow-up (Table 2).

Using a Poisson regression model (adjusted for all the
above-mentioned covariates), the mortality rate for individu-
als in the first tertile de oily fish intake was 2.87 per 100
person-years (95% CI 2.20-3.55), which decreased to 1.78
(95% CI 1.18-2.37) for those in the third tertile. There was
no difference between the second and the third tertile.

An adjusted Cox-proportional hazards model showed
that individuals allocated to the second and third tertiles of
dietary oily fish intake had significantly lower mortality risk
than those in the first tertile (Fig. 1). In this model, increased
age at baseline was directly associated with all-cause mortal-
ity while being female, and having physical activity, blood
pressure and total cholesterol blood levels in the ideal range
were inversely associated with the outcome (Table 3).

Discussion

In this population-based cohort of community-dwellers of
Amerindian ancestry living in a rural Ecuadorian village,
dietary oily fish intake is inversely associated with all-
cause mortality, independently of demographics, level of
education and cardiovascular risk factors included in the
Life’s simple 7 constructs. Mortality is higher for individu-
als allocated to the first tertile of oily fish intake compared
to those in the second and third tertiles, suggesting that
a regular intake of more than six servings per week is
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Fig. 1 Kaplan—Meier survival curves and hazards ratios with 95%
confidence intervals for all-cause mortality according to dietary oily
fish intake stratified in tertiles, adjusted for demographics, level of
education and cardiovascular risk factors. There is a significant differ-
ence in mortality across individuals allocated to the first tertile com-
pared to those in the second and third tertile

needed to achieve the beneficial outcome. Also of interest,
the analysis shows that more than 10 servings per week do
not seem to further reduce mortality risk but neither does
it increase mortality. This suggests that potential toxins,
such as methyl-mercury, that may be found in fish ingested
by this population do not make a significant contribution
to all-cause mortality.
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Table 3_ Cox proportional Variable Hazard ratio 95% CI p value

regression model (Breslow

method fOT' ties) showing 1st tertile of fish intake Referent category

I‘jlzf;ﬁtry atios ofall-cause 2nd tertile of fish intake 0.61 0.41-0.92 0.019%

dietary oily fish intake, and 3rd tertile of fish intake 0.60 0.40-0.91 0.015%

the independent relevance of Age at baseline 1.06 1.04-1.08 <0.001*

investigated covariates Being female 0.60 0.41-0.87 0.008*
Primary school education 1.06 0.68-1.66 0.790
Never smoke or quite> 1 year 0.57 0.27-1.21 0.146
Body mass index <25 kg/m? 0.97 0.68-1.39 0.883
Ideal physical activity 0.51 0.33-0.78 0.002*
Blood pressure < 120/ < 80 mmHg 0.43 0.35-0.75 0.003*
Fasting glucose < 100 mg/dL 0.89 0.59-1.32 0.559
Total cholesterol <200 mg/dL 0.69 0.49-0.97 0.031*

*Statistically significant result

Our explanation for the results of the present study may
be found in the genetic background of the population. It has
been established that the traditional food source of the Inuit
contains high levels of marine ®-3 PUFAs [33]. They have
developed distinctive genetic adaptations that counteract
the deleterious effects of fatty acids through a mechanism
mediated by desaturases enzymes. It has been proven that
these mutations decrease levels of low-density lipoprotein
cholesterol and fasting insulin, thus exerting a protective
effect against cardiovascular diseases and diabetes [18]. As
has been recently demonstrated, some signatures of natural
selection persist in Native Americans descendent from the
Inuit (Brandt DYC, Del Brutto OH and Nielsen R, unpub-
lished results). These hereditary mutations may have helped
these Native American populations adapt to a high-fat and
high-protein diet [34], and should be considered when evalu-
ating the outcomes of studies of dietary oily fish intake and
its associated mortality risk.

Results of the present study differ from those reported
in other ethnic groups. For example, a large retrospective
study combining results from almost 200,000 individuals
included in one population-based study and three interven-
tion trials failed to document a significant reduction in mor-
tality according to the amount of oily fish intake in subjects
with no known vascular disease, and only revealed a modest
reduction in mortality among individuals with established
vascular disease [21]. Despite the recruitment of people from
58 countries, individuals of Amerindian ancestry were either
not included or not analyzed separately from the rest of the
cohort. Also, the stratification of dietary oily fish intake
compared individuals with less than 50 g per month versus
those who consume 175 or 350 g per week. According to the
results of our study in individuals of Amerindian ancestry
that level of consumption might be insufficient to achieve
the desired effect. In this population, the amount of oily fish
needed to achieve its beneficial effects appears to differ for

each of the attributed benefits. According to previous studies
from our group, up to five servings per week reduced arterial
blood pressure levels [13], more than four servings per week
were associated with better cognitive performance [14], ten
additional servings per week were needed to improve sleep
quality by 9.3% [15], and more than three servings per week
improved arterial stiffness [16]. Generalization of these find-
ings to other races/ethnic groups should be undertaken with
caution until more information is available.

Strengths and limitations

This study has several strengths including its population-
based longitudinal prospective design, the homogeneity of
the study population regarding ethnic background and life-
style, and the systematic assessment of cardiovascular risk
factors and dietary oily fish intake by means of standard-
ized protocols that have previously been validated in the
same population [13, 32]. Another important strength is the
lack of bias because all study participants were of the same
socio-economic strata and did not consume fish in pursuit
of a healthy diet, as occurs with individuals living in urban
centers of high-income countries [35]. Instead, in this under-
served rural population, their diet is mostly based on oily
fish because that is the most affordable source of animal
protein.

Nevertheless, the study has limitations. We relied on the
self-reported number of oily fish servings per week rather
than measuring ®-3 PUFAs concentrations in the blood or
adipose tissue; at the same time, the aim of the study was
to assess the impact of oily fish consumption on all-cause
mortality and not the specific role of ®-3 PUFAs. Precise
ascertainment of the actual causes of death was not possible
because of suspected inaccuracies in the death certificates. It
is also possible that some unmeasured confounders may have
accounted for at least part of the findings. Less than 15% of
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the population with vascular risk factors were adequately
treated during the study years despite our encouragement
on medication compliance. This precluded assessment of the
influence of medications on the relationship between dietary
oily fish intake and mortality. Alternatively, this could be
considered a strength of the study since we had the unique
opportunity to observe the effects of oily fish intake in a
mostly untreated population. Given that the study popula-
tion was limited to individuals of Amerindian ancestry, the
results may not be generalizable to other ethnic groups, but
this limitation is consistent with the aims of the study.

Conclusions

Results of this study suggest that sustained dietary oily fish
intake at doses of more than six servings per week reduces
mortality risk in middle-aged and older adults of Amerin-
dian ancestry. Further studies in populations with the similar
genetic background are needed to confirm our findings and
to gain insight into the physiological mechanisms that under-
lie the beneficial effect of oily fish.
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