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Abstract
Objective: To assess associations between three diet quality indices and metabolic
syndrome (MetS) in the Cree (Eeyouch) of northern Québec, Canada, as well as to
evaluate their pertinence in this Indigenous context.
Design: The alternative-Healthy Eating Index 2010 (aHEI-2010), the Food Quality
Score (FQS) and the contribution of ultra-processed products (UPP) to total daily
dietary energy intake using the NOVA classification were calculated from 24 h
food recalls. MetS was determined with the latest harmonized definition. Logistic
regressions assessed the relationship between quintiles of dietary quality scores
with MetS and its components.
Setting: Study sample from the 2005–2009 cross-sectional Nituuchischaayihititaau
Aschii Environment-and-Health Study.
Subjects: Eeyouch (n 811) from seven James Bay communities (≥18 years old).
Results: MetS prevalence was 56·6% with 95·4% abdominal adiposity, 50·1%
elevated fasting plasma glucose, 43·4% hypertension, 38·6% elevated TAG
and 44·5% reduced HDL cholesterol. Comparing highest and lowest quintiles
of scores, adjusted OR (95% CI) of MetS was 0·70 (0·39, 1·08; P-trend= 0·05)
for aHEI-2010, 1·06 (0·63, 1·76; P-trend= 0·87) for FQS and 1·90 (1·14, 3·17;
P-trend= 0·04) for the contribution of UPP to total daily dietary energy intake.
Conclusions: Although diet quality indices have been associated with cardiometa-
bolic risk, only the dietary intake of UPP was significantly associated with MetS in
the Eeyouch. Indices tailored to the food environment of northern communities
are essential to further understand the impact of diet quality in this context.
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Recently, new multidimensional tools of global diet quality
have been developed to assess diet as a whole rather than
based on individual nutrients(1). The alternative Health
Eating Index 2010 (aHEI-2010)(2) and the Food Quality
Score (FQS)(3) measure the overall diet quality, whereas the
NOVA classification allows measurement of the contribu-
tion of ultra-processed products (UPP) to total daily dietary
energy intake(4). Based on epidemiological studies, when
compared with diet patterns based on whole grains, vege-
tables and fruits, low diet quality scores contribute to higher
chronic disease risks(5–7) and promote weight gain(8–10).
Consumption of UPP was associated with higher incidence
of obesity(11) and hypertension (R de D Mendonça,

unpublished results) in a prospective cohort of Spanish
middle-aged adult university graduates.

Indigenous populations suffer from a greater disease
burden, including obesity, abdominal adiposity, type 2
diabetes mellitus (T2DM) and metabolic syndrome
(MetS)(12,13). The prevalence of MetS, which is a cluster of
risk factors of T2DM and CVD, ranges from 21 to 40%
among Canadian Indigenous communities(14,15). The age-
adjusted prevalence of T2DM among First Nations is 17·2
(95% CI 16·5, 19·0) %, three- to fivefold higher than in the
general Canadian population(16–18).

The Eeyouch from James Bay, northern Québec, are
no exception. The crude prevalence of T2DM in this
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population was estimated at 17·3% in 2005–2009(19). The
prevalence of overweight among Eeyouch adults is 91·6%,
including 70·6% of obesity(20). The loss of traditional practices,
limited access to certain fresh and minimally processed
foods as well as nutritional transition have been identified as
contributing factors(21,22). The local foods – gathered fish,
game (moose, caribou, bear, etc.), birds (geese and ducks)
and wild plants and fruits – have been replaced with a Wes-
ternized diet rich in UPP known to be high in energy density,
free sugars, saturated fat and sodium, and low in protein,
fibre and micronutrients(23–25). The diet of Eeyouch has been
associated with obesity(26,27) and insulin resistance(22).

Although studies have observed a relationship between
diet quality and several chronic diseases(1,28), the infor-
mation provided by three diet quality assessment tools –

the aHEI-2010, FQS and the contribution of UPP to total
daily dietary energy intake using the NOVA classification –

has never been evaluated among Indigenous peoples,
notably the Eeyouch communities from Québec.

Therefore the primary objective of the present study was
to evaluate the association between diet quality and MetS in
adult Eeyouch of Eastern James Bay in Québec, using three
methods: the aHEI-2010, FQS and the contribution of UPP to
total daily dietary energy intake using the NOVA classifica-
tion. The secondary objective was to assess the pertinence of
these diet quality indices in an Eeyouch context.

Methods

Study population
The Eeyouch from seven communities of Eastern James
Bay were invited to participate in the cross-sectional
Nituuchischaayihititaau Aschii Environment-and-Health
Study between 2005 and 2009. All Eeyouch adults with the
exception of pregnant and nursing women were eligible.
Details of the age-stratified and random recruitment have
been provided elsewhere(19,21,22). Participation rate ran-
ged from 28·5 to 60·1% depending on the community.
A total of 881 Eeyouch adults, aged 18 years or above,
were surveyed. Complete data were available for 811
participants who were included in the present analysis.

Dietary assessment
Interviews were conducted, in English or Cree, by the
trained community research personnel. A 24 h recall was
conducted, between the months of June and September
of 2005–2009, according to a five-step multiple-pass
method(29) using three-dimensional food models to
increase accuracy of assessed intakes.

In order to assess diet quality, two scores were calcu-
lated as well as the contribution of UPP to total daily
dietary energy intake using the NOVA classification
(Table 1). The aHEI-2010 is based on a combination of
eleven nutrients or foods previously associated with
chronic diseases and mortality in epidemiological

studies(2). The total aHEI-2010 score ranged from 0 (worst)
to 110 (best). Higher scores (maximum 10) were attributed
for higher intakes of vegetables, fruits, whole grains, nuts/
legumes, long-chain n-3 fatty acids, PUFA and moderate
alcohol consumption. Consumption of sugar-sweetened
beverages/juices, red and processed meats, trans-fatty
acids as well as sodium led to lower scores (minimum 0).

The FQS is based solely on the consumption frequency
of fourteen foods. Six of these (vegetable, fruits, whole
grain, yoghurt, coffee and nuts) have been strongly asso-
ciated with lower risk of coronary artery disease and
weight gain(3). Intakes of these foods were grouped into
quintiles and assigned a score ranging from 1 to 5.
Reversed quintile ranking score, from 5 to 1, was attributed
to the remaining eight foods (red and processed meats,
potatoes, potato chips, refined grains, sugar-sweetened
beverages, dessert and fried foods) known to increase the
risk of coronary artery disease and weight gain. The sum
of quintiles for all fourteen foods provides an overall score
ranging from 14 (worst) to 70 (optimal).

The NOVA classification allowed us to classify all foods
from the 24 h recall by processing type. The NOVA classi-
fication is based on the extent and purpose of food pro-
cessing and categorizes foods and drinks into four main
groups: Group 1, unprocessed or minimally processed (i.e.
fresh fruits and vegetables, roots, legumes, eggs, etc.);
Group 2, culinary ingredients (i.e. oils, sugar, salt, etc.);
Group 3, processed products (i.e. canned or bottled
vegetables, fruits and legumes, salted, sugared
or cured meat, fish or nuts, etc.); and Group 4, ultra-
processed products (i.e. carbonated drinks, salty or sweet
snacks, commercial breads, cereals or energy bars, etc.).
Using NOVA, we measured the contribution of UPP to
total daily dietary energy intake, which was associated
with poor diet quality and adverse health outcomes(4).

Sociodemographic characteristics
Participants completed questionnaires, with the bilingual
community interviewers, providing sociodemographic
information such as age, sex, smoking status, usual alcohol
consumption and area of residence.

Metabolic syndrome
The presence of MetS among adult Cree was assessed
according to latest harmonized definition(30) (Table 2).
Trained research nurses measured waist circumference (WC;
in centimetres) upon exhalation with the measuring tape
between the last floating rib and the iliac crest(31).
In the absence of specific recommendations for North
American Indigenous populations, it has been proposed that
the South Asian thresholds are the most appropriate(15,32,33).
Thus WC was interpreted as a measure of central obesity
according to the specific ethnic threshold of ≥90 cm for
men and ≥80 cm for women to align with the current
recommendations(30,33,34). Three measures of blood pres-
sure were taken by the research nurses according to the
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current Canadian Hypertension Education Program
recommendation(35). The average of two measures was
then calculated. Hypertension was considered if systolic
blood pressure was 130mmHg or above, or if diastolic
blood pressure was 85mmHg or above(34).

Also, blood samples for the measurement of a
number of metabolites were taken. Participants of the
Nituuchischaayihititaau Aschii were instructed to fast over-
night before blood samples were taken. The methods for
laboratory measurements, including fasting plasma glucose
(FPG) and fasting lipids, are described elsewhere(22). The
following thresholds for TAG, HDL cholesterol (HDL-C) and
FPG were used: TAG>1·7mmol/l; HDL-C<1·03mmol/l in
men and <1·29mmol/l in women; and FPG>5·6mmol/l.

To be categorized as having MetS, participants must
present any three risk factors among central obesity, hyper-
tension, elevated TAG, reduced HDL-C and elevated FPG(30).

Statistical analysis
First, normality was assessed with the Shapiro–Wilk test
and non-Gaussian distributions underwent a logarithmic
transformation. Descriptive statistics of logarithmic trans-
formation were calculated with geometric means and
presented with a 95% CI. Categorical values are given by
proportions. The aHEI-2010 scores (range 0–110) and the
FQS (range 14–70) were classified into quintiles(2,3). The
contribution (0–100%) of UPP to total daily dietary energy
intake was also classified into quintiles.

The aHEI-2010 and FQS measure the positive impact of
adherence to current dietary guidelines whereas the NOVA
classification allows measurement of the caloric contribu-
tion of UPP to total daily dietary energy intake – a proxy for
intakes of food products with low nutritional quality.

Logistic regression was used to describe the relationship
between quintiles of diet quality scores and MetS. Models
were adjusted for age, sex, area of residence, total daily
dietary energy intake, alcohol and smoking status.

Statistical analyses were conducted with a two-sided
significance level of α= 5% using the statistical software
package SAS version 9.4.

Table 1 The aHEI-2010, FQS scoring method and NOVA foods classification

aHEI-2010 Minimum score (0) Maximum score (10)

Vegetables (servings/d) 0 ≥5
Fruit (servings/d) 0 ≥5
Whole grains (g/d)
Women 0 75
Men 0 90

Nuts and legumes (servings/d) 0 ≥1
LC n-3 fatty acids (EPA+DHA; mg/d) 0 250
PUFA (%E) ≤2 ≥10
SSB and fruit juice (servings/d) ≥1 0
Red/processed meat (servings/d) ≥1·5 0
Trans-fatty acids (%E) ≥4 ≤0·5
Sodium Highest decile Lowest decile
Alcohol (drinks/d)
Women ≥2·5 0·5–1·5
Men ≥3·5 0·5–2·0

Total score 0 110

FQS Minimum score (1) Maximum score (5)

Vegetables, fruit, whole grains, nuts, yoghurt, coffee Lowest quintile Highest quintile
SSB, red meats, processed meats, refined grains, deserts/ice cream,

potatoes, potato chips, fried foods away from home
Highest quintile Lowest quintile

Total score 14 70

NOVA Contribution (%) to total daily dietary energy intake

Group 1: Minimally or unprocessed Meat, poultry & fish, milk & plain yoghurt, fruits, vegetables, eggs,
roots & tubers, etc.

Group 2: Culinary ingredients Fat (butter, oil, cream), table sugar, starches, etc.
Group 3: Processed products Cheese, canned goods, salted or oil-roasted nuts, processed peanut

butter, etc.
Group 4: Ultra-processed products Commercial breads, SSB and juice, candies & ice cream, breakfast

cereals, margarine, processed meats, etc.

aHEI-2010, alternative Healthy Eating Index 2010; LC, long chain; FQS, Food Quality Score; %E, percentage of energy; SSB, sugar-sweetened beverages.

Table 2 Harmonized metabolic syndrome definition

Metabolic syndrome Any three criteria
Central obesity Waist circumference (South Asian)

Men: ≥90 cm
Women: ≥80 cm

TAG* ≥1·70mmol/l
HDL cholesterol* Men: ≤1·03mmol/l

Women: ≤1·29mmol/l
Fasting plasma glucose* ≥5·6mmol/l
Hypertension* ≥130/85mmHg

*Condition is considered present if patient is receiving specific treatment for
this condition or in presence of a previous diagnosis.

174 M Lavigne-Robichaud et al.



Results

The mean age of our study population was 36·4 (95% CI
35·4, 37·4) years and 59% were female (n 476; Table 3).
A large majority of the Eeyouch adults in our study were
obese (70%), with an additional 21% who were overweight,
and on average BMI was 33·1 (95% CI 32·7, 33·6) kg/m2.
Central obesity was found in 95% of participants.

In our sample, the most common metabolic disturbance
was elevated FPG above 5·6mmol/l (50%) followed by
reduced HDL-C level (45%). Forty-three per cent pre-
sented hypertension and 39% had elevated TAG. MetS
was identified in more than half of our sample (56·6%).
Participants with MetS were older and had higher BMI.

Diet quality assessment from the aHEI-2010 scores
ranged from 13·2 to 68·9 with a mean of 36·3 (SD 10·7) out
of a maximum score of 110 (Table 4). From a maximum
possible score of 70, mean FQS was 38·2 (SD 6·4) and
ranged from 20 to 58. The contribution of UPP to total
daily dietary energy intake consumed by Eeyouch varied
from 0 to 100% with a mean of 51·9 (SD 22·9) %. Pearson
correlation coefficients between all three diet quality
scores were the strongest between aHEI-2010 and FQS
(r= 0·52). When comparing with the dietary share of UPP,
negative correlations were observed with the aHEI-2010
score (r= −0·47) as well as with the FQS (r= −0·29). All
correlations were significant (P< 0·0001; data not shown).

Dietary intake by aHEI-2010 score quintiles is provided
in the Appendix.

After adjustment for potential confounding variables,
diet quality scores showed a significant trend with
prevalence of MetS in one model (Table 4). Higher quintiles
of energy contribution of UPP showed significant association
with MetS (OR=1·90; 95% CI 1·14, 3·17; P-trend=0·04).
A marginally significant lower trend (P=0·05) of MetS was
observed for aHEI-2010 quintiles, but only the fourth quintile
was statically significant (OR=0·56; 95% CI 0·35, 0·89).

Addressing the MetS diagnosis criteria independently
(Table 5), we observed a higher prevalence of reduced
HDL-C with an increased contribution of UPP (P-trend=
0·02). A significant trend towards lower risk of elevated
WC was observed with higher FQS (P-trend = 0·04). The
OR of elevated WC was 0·25 (95% CI 0·07, 0·82) for the
highest quintile, compared with the lowest.

Discussion

The present study reports the first available information on
diet quality and food processing relating to MetS among
Indigenous peoples, notably Eeyouch adults from Eastern
James Bay (Québec). Diet quality scores (aHEI-2010, FQS)
were very low and the contribution of UPP to energy
intake was relatively high at 52%. When assessing the

Table 3 Characteristics of Eeyou adults (≥18 years old) from seven northern Québec communities, Canada, 2005–2009
Nituuchischaayihititaau Aschii Environment-and-Health Study

Metabolic syndrome*

No (n 352) Yes (n 459) All (n 811)

Geometric
mean or % 95% CI

Geometric
mean or % 95% CI

Geometric
mean or % 95% CI

Sex (% women) 58·8 – 58·6 – 58·7 –

Age (years) 31·3 30·1, 32·5 40·8 39·5, 42·3 36·4 35·4, 37·4
Area of residence (% coastal) 73·9 – 65·1 – 68·9 –

Current smokers (%) 63·9 – 42·3 – 51·7 –

Alcohol drinkers (%) 30·4 – 21·4 – 25·3 –

BMI (kg/m2) 30·4 29·8, 31·1 35·4 34·8, 36·0 33·1 32·7, 33·6
Normal weight (%) 18·5 – 0·9 – 8·5 –

Overweight (%) 26·7 – 17·2 – 21·3 –

Obese (%) 54·8 – 81·9 – 70·2 –

WC (cm) 104 102, 105 116 115, 117 110 109, 112
Men ≥90 cm, women ≥80 cm (%) 89·8 – 99·8 – 95·4 –

FPG (mmol/l) 5·20 5·13, 5·28 6·67 6·49, 6·87 5·99 5·88, 6·11
Normal (<5·6mmol/l; %) 84·9 – 23·1 – 49·9 –

IFG (5·6–6·9mmol/l; %) 12·8 – 50·3 – 34·0 –

Diabetes (≥7·0mmol/l; %) 2·3 – 26·6 – 16·0 –

SBP (mmHg) 115 113, 116 125 124, 127 120·5 120, 122
≥130mmHg (%) 8·8 – 39·7 – 26·3 –

DBP (mmHg) 70·3 69·2, 71·4 75·4 74·3, 76·4 73·1 72·3, 73·9
≥85mmHg (%) 5·7 – 21·6 – 14·7 –

Hypertension (≥130/85mmHg) 13·9 – 66·0 – 43·4 –

TAG (mmol/l) 1·08 1·04, 1·12 1·68 1·61, 1·75 1·39 1·34, 1·43
≥1·7mmol/l (%) 7·1 – 62·8 – 38·6 –

HDL-C (mmol/l) 1·34 1·31, 1·37 1·12 1·09, 1·14 1·21 1·19, 1·23
Men ≤1·03mmol/l, women ≤1·29mmol/l (%) 25·3 – 59·3 – 44·5 –

WC, waist circumference; FPG, fasting plasma glucose; IFG, impaired fasting glucose; SBP, systolic blood pressure; DBP, diastolic blood pressure; HDL-C, HDL
cholesterol.
*Based on the MetS harmonized definition (see criteria in Table 2).
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aHEI-2010, FQS and contribution of UPP to total daily
dietary energy intake with risk of MetS, the contribution
of UPP showed the strongest association. However, no
significant association was observed with the diet quality
scores provided by aHEI-2010 and FQS.

Eeyouch participants in our study suffered from a heavy
burden of MetS (57%), approximately 2·7 times higher than
that among the general Canadian population(36), despite a
younger average age among the Eeyouch. These rates
are consistent with those found in Cree communities from
western Canada(15). Other First Nations populations in
Canada have reported (2006) lower rates of MetS (range 16·0–
37·5%)(37). Chateau-Degat et al.(14) observed lower rates (men
21·1%, women 25·1%) of MetS (2005 International Diabetes
Federation definition) among James Bay Cree in 1990–1992
than those found in our study (men 56·7%, women 56·5%).
Wide variation in prevalence of MetS risk factors has been
observed among different ethnic groups, such as the WC cut-
offs(15,33). As such, elevated TAG and impaired fasting glucose
are considered good indicators of MetS in most popula-
tions(33). The high prevalence of MetS in our study (57%) was
accompanied by a very high rate of obesity (70%) and central
adiposity (95%). This is also consistent with observations from
Canadian, American and European studies(38).

The current study on the association between diet
quality indices and the prevalence of MetS among

Eeyouch may contribute to our knowledge of the
current nutritional environment and transition that many
Indigenous populations are facing(39).

In recent years, several diet quality scores have been
developed as an alternative to studying the intake of single
nutrients to better reflect diet complexity(1,40). Many epi-
demiological studies have observed strong associations
between diet quality scores and cardiometabolic risks.
Moubarac et al.(23) observed that UPP in Canada have a
higher energy density and contain more free sugar, fat and
salt than non ultra-processed products (fresh or minimally
processed food, culinary ingredients and processed food
together). The limited intake of fresh and unprocessed
foods and the importance of energy-dense products in
Canadian Aboriginal communities’ diets are corroborated
by several studies(22,26,41–43).

Our findings agreed with other epidemiological re-
search focusing on the relationship between UPP and
health(25,44–51). For the prevention and management of
obesity, T2DM and other chronic diseases, the Canadian
evidence has shown that UPP should contribute less than
one-third to total daily dietary energy intake in order to
meet the WHO recommendations for fat, free sugars,
sodium and fibre intake(23). The contribution (52%) of UPP
to total daily dietary energy intake in our sample is well
above that recommendation. It is also higher than the

Table 4 Adjusted odds of metabolic syndrome (MetS)* according to diet quality score quintiles of Eeyou adults (≥18 years old) from seven
northern Québec communities, Canada, 2005–2009 Nituuchischaayihititaau Aschii Environment-and-Health Study

Diet quality score quintiles

Q1 Q2 Q3 Q4 Q5 Per increment†

OR 95% CI OR 95% CI OR 95% CI OR 95% CI OR 95% CI P-trend OR 95% CI

aHEI-2010‡
Median score 22·8 29·8 35·1 42·3 50·7
Min.–max. score 13·2–26·9 26·9–32·6 32·6–38·3 38·4–45·8 45·8–68·9
No. of cases 89 95 73 97 105
No. of non-cases 73 67 90 65 57
Age-adjusted 1·00 Ref. 0·88 0·55, 1·40 0·78 0·48, 1·24 0·54 0·34, 0·85 0·65 0·39, 1·08 0·67 0·75 0·49, 1·13
Multivariate model§ 1·00 Ref. 0·89 0·56, 1·42 0·83 0·51, 1·35 0·56 0·35, 0·89 0·70 0·42, 1·18 0·05 0·81 0·53, 1·24

FQS‡
Median score 30·0 35·0 38·0 41·0 47·0
Min.–max. score 20·0–32·0 33·0–36·0 37·0–39·0 40·0–43·0 44·0–58·0
No. of cases 78 86 78 104 113
No. of non-cases 89 73 78 53 59
Age-adjusted 1·00 Ref. 1·19 0·75, 1·87 0·76 0·47, 1·21 1·27 0·78, 2·06 1·05 0·65, 1·70 0·78 0·93 0·61, 1·42
Multivariate model§ 1·00 Ref. 1·25 0·78, 1·99 0·79 0·49, 1·28 1·24 0·75, 2·06 1·06 0·63, 1·76 0·87 0·91 0·58, 1·43

NOVA║
Median score 21·1 38·0 52·0 64·9 83·0
Min.–max. score 0·00–30·2 30·2–45·5 45·7–58·3 58·3–72·5 72·6–100
No. of cases 96 96 99 81 87
No. of non-cases 66 66 64 81 75
Age-adjusted 1·00 Ref. 1·45 0·90, 2·36 1·90 1·16, 3·10 1·39 0·85, 2·27 1·96 1·18, 3·25 0·03 1·69 1·09, 2·64
Multivariate model§ 1·00 Ref. 1·49 0·91, 2·43 1·90 1·15, 3·13 1·38 0·84, 2·28 1·90 1·14, 3·17 0·04 1·65 1·05, 2·59

aHEI-2010, alternative Healthy Eating Index 2010; min.–max., minimum–maximum; FQS, Food Quality Score; ref., reference category.
*Based on the MetS harmonized definition (see criteria in Table 2).
†The per-increment scale represents the difference between 90th and 10th percentiles of each diet quality index and was 27·9 for aHEI-2010, 17 for FQS and
0·62 for NOVA.
‡Q1 represents lower scores (worst) whereas Q5 the highest scores (better).
§Adjusted for age (continuous), sex, area of residence (coastal/inland), current smoker (yes/no), alcohol drinker (yes/no, except for the aHEI-2010 model) and
total dietary energy intake (kcal/d, continuous).
║Q1 represents the lowest contribution of ultra-processed foods (best) whereas Q5 the highest contribution (worst).
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Québec average of 47%(52). UPP have been associated with
MetS(49), obesity(11,46,47,53), lipid profile(44) and CVD(51).

Lower aHEI-2010 scores have been strongly associated
with chronic disease risk, particularly T2DM(2) and
obesity(54). Mean aHEI-2010 score in our sample was 36·3
(range 13·2–68·9), which is similar to the average found by
Boggs et al.(54). These scores are considerably lower than
in other study populations, even in regions with lower
socio-economic status(2,55,56). This agrees with current
knowledge of the dietary environment of Canadian First
Nation communities(21,57–59). Although the aHEI-2010
score is built on strong epidemiological evidence(2,54,55),
the index has never been validated in an Aboriginal
setting. The low scores may relate to inadequacy of the
tool with the specificities of Eeyouch Istchee communities.
The distribution of aHEI-2010 scores in our sample is
within the lower half of the scale out of a possible
maximum score of 110. The very low scores of aHEI-2010
might explain why comparing highest (45·8–68·9) and
lowest (13·2–26·9) score quintiles showed no significant
association. The highest score quintile in our sample
may not translate into statistically significant health
benefits.

Although the FQS did not show a significant association
with MetS in our sample, the FQS stands out by its sim-
plicity and the absence of reliance on nutrient intake(3).
This represents a net advantage in clinical and research

contexts where traditional dietary evaluations take a
considerable time to complete and analyse. Unfortunately,
the current tool may not be appropriate in the First
Nations context. Items such as whole grains and nuts
represent only small portions of the Cree diet(22). There-
fore, a dietary assessment tool with a food-based checklist
tailored to the Indigenous situation would be of great
help in clinical and research settings. This list could
identify foods that have been associated with chronic
disease in Indigenous peoples. Beside specific products,
these indices do not discriminate food products based
on the processing level. This represents another limit of
these indices.

Strengths of the study
To our knowledge, the present study is the first to assess
the pertinence in a Canadian Indigenous context of three
dietary quality indices (aHEI-2010, FQS and the contribu-
tion of UPP to total daily dietary energy intake using
the NOVA classification). It is also the first to study the
relationship between these indices and MetS. Considering
the random recruitment method, the prevalence of
MetS reported is most likely representative of the real
prevalence in adult Eeyouch from Eastern James Bay,
Québec. Our data confirming high rates of MetS in
Eeyouch with respect to the important contribution of UPP
to the diet are therefore particularly striking.

Table 5 Multivariate adjusted* odds of components of the metabolic syndrome (MetS)† according to diet quality score quintiles of Eeyou
adults (≥18 years old) from seven northern Québec communities, Canada, 2005–2009 Nituuchischaayihititaau Aschii Environment-and-
Health Study

Diet quality score quintiles

Q1 Q2 Q3 Q4 Q5 Per increment‡

OR 95% CI OR 95% CI OR 95% CI OR 95% CI OR 95% CI P-trend OR 95% CI

aHEI-2010§
WC 1·00 Ref. 1·64 0·55, 4·94 0·87 0·35, 2·13 1·02 0·35, 2·95 1·08 0·30, 3·95 0·62 0·93 0·30, 2·87
TAG 1·00 Ref. 1·28 0·80, 2·02 0·73 0·45, 1·17 0·98 0·60, 1·56 0·92 0·56, 1·51 0·37 0·86 0·57, 1·31
HDL-C 1·00 Ref. 0·89 0·56, 1·42 0·64 0·40, 1·03 0·97 0·60, 1·56 0·95 0·57, 1·56 0·88 0·88 0·58, 1·34
Hypertension 1·00 Ref. 1·20 0·74, 1·97 0·88 0·53, 1·45 0·83 0·49, 1·39 1·11 0·65, 1·90 0·74 1·01 0·65, 1·57
FPG 1·00 Ref. 1·16 0·72, 1·88 0·91 0·56, 1·48 1·04 0·63, 1·71 1·01 0·60, 1·71 0·85 1·04 0·67, 1·61

FQS§
WC 1·00 Ref. 0·77 0·27, 2·19 0·79 0·25, 2·57 0·59 0·17, 2·10 0·25 0·07, 0·82 0·04 0·32 0·11, 0·94
TAG 1·00 Ref. 1·42 0·88, 2·27 1·11 0·68, 1·81 1·38 0·84, 2·27 1·14 0·68, 1·90 0·72 1·02 0·66, 1·58
HDL-C 1·00 Ref. 0·89 0·56, 1·41 0·77 0·47, 1·24 0·86 0·53, 1·41 1·00 0·60, 1·64 0·98 0·91 0·59, 1·41
Hypertension 1·00 Ref. 0·92 0·56, 1·52 0·93 0·56, 1·56 0·91 0·53, 1·54 0·83 0·48, 1·42 0·52 0·82 0·51, 1·32
FPG 1·00 Ref. 1·11 0·69, 1·81 0·93 0·56, 1·53 1·58 0·94, 2·67 0·77 0·45, 1·30 0·73 0·85 0·54, 1·35

NOVA║
WC 1·00 Ref. 1·07 0·26, 4·39 1·26 0·32, 4·95 0·84 0·24, 2·88 1·18 0·33, 4·32 0·98 1·10 0·38, 3·17
TAG 1·00 Ref. 0·96 0·61, 1·52 1·02 0·64, 1·63 0·89 0·55, 1·44 0·93 0·57, 1·52 0·71 1·01 0·66, 1·55
HDL-C 1·00 Ref. 1·25 0·78, 2·00 1·44 0·89, 2·32 1·72 0·72, 1·92 2·05 1·25, 3·38 0·02 1·87 1·21, 2·90
Hypertension 1·00 Ref. 0·92 0·56, 1·51 1·31 0·79, 2·16 1·01 0·60, 1·69 0·99 0·59, 1·68 0·91 1·03 0·65, 1·63
FPG 1·00 Ref. 1·65 1·00, 2·74 1·95 1·17, 3·25 1·40 0·84, 2·35 1·76 1·04, 2·97 0·14 1·45 0·92, 2·30

aHEI-2010, alternative Healthy Eating Index 2010; WC, waist circumference; HDL-C, HDL cholesterol; FPG; fasting plasma glucose; FQS, Food Quality Score;
ref., reference category.
*Adjusted for age (continuous), sex, area of residence (coastal/inland), current smoker (yes/no), alcohol drinker (yes/no, except for the aHEI-2010 model) and
total dietary energy intake (kcal/d, continuous).
†Based on the MetS harmonized threshold (see criteria in Table 2).
‡The per-increment scale represents the difference between 90th and 10th percentiles of each diet quality index and was 27·9 for aHEI-2010, 17 for FQS and
0·62 for NOVA.
§Q1 represents lower scores (worst) whereas Q5 the highest scores (better).
║Q1 represents the lowest contribution of ultra-processed foods (best) whereas Q5 the highest contribution (worst).
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Weaknesses of the study
Information bias is inherent to all dietary recall
methods(60,61). It has been shown that certain foods which
are present in FQS and aHEI-2010 lists are forgotten or
omitted in 24 h recall(62). However, the five-step multiple-
pass method, including a list of often forgotten foods,
ensures a greater reliability of dietary food intake(29,62,63).
Finally, the 24 h recall was not designed to use the NOVA
classification; therefore, some foods could have been
misclassified due to lack of sufficient details.

The cross-sectional design of the study is another
limitation and does not allow us to determine any causal
relationships. Moreover, it is possible that participants with
high MetS risk factors may have already made changes to
their diet that could not be identified in the current study
design. Therefore, prospective studies are needed.

Conclusion

Our results suggest a high prevalence of MetS among
Eeyouch adults from Eastern James Bay, Québec. The
NOVA classification, particularly the contribution of UPP to
total daily dietary energy intake, provides the strongest
relationship with MetS. These results support the use of
UPP contribution to total daily dietary energy intake as a
new meaningful predictive indicator of overall diet nutri-
tional quality. Although the overall scores calculated by the
three indices used in the present study suggest a low diet
quality in these communities, more pertinent and culturally
adapted instruments are needed to fully understand the
impact of diet quality on MetS. These results support
the importance of developing tools that are tailored to the
particular nutritional environment in Canadian Indigenous
communities. Further research should also address deter-
minants of diet quality, especially food availability, access
and utilization (knowledge and preferences).
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Appendix
Dietary intake by aHEI-2010 score quintiles of Eeyou adults (≥18 years old) from seven northern Québec
communities, Canada, 2005–2009 Aschii Nituuchischaayihititaau Environment-and-Health Study

Quintiles of aHEI-2010 score

Q1
(n 162)

Q2
(n 162)

Q3
(n 163)

Q4
(n 162)

Q5
(n 162)

Mean SD Mean SD Mean SD Mean SD Mean SD

Dietary intake
Total energy intake (kJ/d) 10 732 4012 10 138 4632 9740 4682 8418 3782 8364 4163
Total energy intake (kcal/d) 2565 959 2423 1107 2328 1119 2012 904 1999 995
Protein intake (g/d) 107·0 50·2 108·0 65·1 107·0 59·7 101·0 60·2 112·0 66·7
Dietary fat intake (g/d) 108·0 51·8 104·0 56·7 94·9 56·7 85·8 51·0 87·2 54·8
Carbohydrate intake (g/d) 285 112 263 132 253 133 206 102 186 109

aHEI-2010 items
Fruit (servings/d) 0·21 0·41 0·51 1·20 0·46 0·96 0·44 0·99 0·85 1·47
Vegetables (servings/d) 0·59 1·25 0·49 0·91 0·77 1·06 0·70 1·12 0·66 1·39
Whole grains (g/d) 0·46 1·29 0·56 1·52 0·70 2·32 0·52 1·88 0·54 1·26
SSB and fruit juice (servings/d) 3·51 2·57 2·97 2·56 2·49 2·61 1·88 2·03 0·63 1·49
Nuts and legumes (servings/d) 0·01 0·07 0·05 0·27 0·09 0·26 0·10 0·45 1·50 9·26
Red/processed meat (servings/d) 0·59 1·72 2·34 3·22 3·65 4·12 6·35 4·07 8·02 3·08
Trans-fatty acids (%E) 0·014 0·014 0·010 0·009 0·009 0·012 0·008 0·009 0·006 0·006
LC n-3 fatty acids (EPA+DHA; mg/d) 0·05 0·18 0·16 0·58 0·23 0·66 0·33 0·97 1·03 2·60
PUFA (%E) 5·83 2·22 7·13 2·53 6·97 3·05 7·97 3·19 8·61 3·62
Sodium (mg/d) 4120 1988 3564 1694 3062 1713 2636 1617 2138 1364
Alcohol (drinks/d) 0·024 0·182 0·016 0·112 0·031 0·174 0·015 0·096 0·018 0·113

aHEI-2010, alternative Healthy Eating Index 2010; SSB, sugar-sweetened beverages; LC, long chain; %E, percentage of energy.
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