http://dx.doi.org/10.1590/1678-98652018000600006 | ORIGINAL

Measuring the quality of main meals:
Validation of a meal quality index

Medida da qualidade das principais refeicoes:
validacdo de um indice de qualidade de refeicao

Bartira GORGULHO? 0000-0002-1714-3548
Gerda Karolien POT? 0000-0002-0863-4484
Flavia Mori SARTI® 0000-0003-2834-2005
Regina Mara FISBERG* 0000-0002-4490-9035

Dirce Maria MARCHIONI# 0000-0002-6810-5779

ABSTRACT

Objective
To evaluate the internal validity and reliability of an index developed to assess the nutritional quality of meals.
Methods

The Main Meal Quality Index is composed of ten components. The final scores range from 0-100 points. The
index performance was measured using strategies for assessing content validity, construct validity, discriminant
validity and reliability. The analyses were performed using the Stata statistical software at a 5% significance level.

Results

The index was positively associated with carbohydrates, vegetable proteins, fibers, vitamins, folate and potassium
and negatively associated with energy, total fat, saturated fat, animal protein, cholesterol, phosphorus, sodium,
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added sugar, and cholesterol biomarker. Significant differences were found between the two groups with
marked disparities in dietary quality, smokers (50.2 points) and non-smokers (53.5 points).

Conclusion

The index might be a useful tool for assessing the nutritional quality of meals and for monitoring and comparing
groups.

Keywords: Dietary patterns. Dietary quality. Meals.

RESUMO

Objetivo
Avaliar a validade interna e a confiabilidade do indice de qualidade das principais refeicoes.
Métodos

O indicador, Indice de Qualidade de Refeicao, inclui dez componentes, com pontuacao final que varia de 0 a
100 pontos. Estratégias de avaliagdo do desempenho do indicador incluiram: avaliacdo da validade de conteudo,
validade de construto, validade discriminante e confiabilidade. As andlises foram realizadas no software
estatistico Stata e adotou-se um nivel de significdncia de 5%.

Resultados

O indicador associou-se positivamente com os nutrientes carboidrato, proteina vegetal, fibras, vitaminas, folato
e potassio e negativamente a energia, gordura total, gordura saturada, proteina animal, colesterol, fésforo,
sodio, acucar adicionado e biomarcador de colesterol. Diferencas significativas foram encontradas entre dois
grupos com disparidades acentuadas na qualidade da dieta, fumantes (50,2 pontos) e ndo fumantes (53,5
pontos).

Conclusao

O indicador pode ser uma ferramenta util para avaliar a qualidade nutricional das refeicées e ser empregado
para monitorar e comparar grupos.

Palavras-chave: Padréoes alimentares. Qualidade da dieta. Refeicoes.

INTRODUCTION distinct compositions elicit different postprandial

inflammatory responses [3].
Food consumption patterns of “main

meals” are associated with lifestyle factors,
food choices and nutrient intake [1,2] and
they influence both quantity and quality of
dietary intake. The food choices for meals can

Although food choices are based on a
combination of foods organized into meals, few
studies to date have investigated meal quality
indicators [1]. Previous meal indicators described
in literature were developed to evaluate quality
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affect bioavailability of certain nutrients, such
as iron and calcium [2]. However, a lack of
consistency and standardization among studies
examining meals, as well as their determinants
and consequences, was identified in a recent
literature review [1]. In this sense, relevant
evidence on the knowledge on diet-disease
relationships might be missing [1]. A crossover
trial showed that modification of a single
meal could be sufficient to promote health
benefits, observing that isocaloric meals with

of institutional meals and none of them was
designed for population based-surveys [4].

Thus, a validated index that synthesizes
the quantitative and qualitative aspects of the
nutritional composition of main meals may
support nutritional guidelines for populations
and assist the development of innovative
research on food consumption patterns. Meal-
based approaches are valuable complements to
dietary advice, assisting populations in meeting
their recommended daily intakes [1]. Therefore,
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the aim of this study was to evaluate the validity
and reliability of the Main Meal Quality Index
(MMQI), an indicator developed to assess the
nutritional quality of main meals in accordance
with nutritional recommendations.

METHODS

Main Meal Quality Index (MMQI)

The MMQIis composed of ten components
with equal weight, resulting in a final score of
0-100 points; according to Waijers et al. [5],
this score range is adequate for the ranking of
individuals in a population. The scoring system
was based on international guidelines [6,7]
and adapted for meals; the cut-off points for
the maximum, intermediate, and minimum
scores were based on the daily recommended
proportion proposed by the World Health
Organization (WHO) [7] and the World Cancer
Research Fund (WCRF) [6]. The cut-off for the
minimum score of zero for each component was
based on the 85th percentiles of the Brazilian
population, similar to the Healthy Eating Index
(HEI) [8-10]. The components and the scoring
system are shown in Table 1.

Based on the daily recommended intake of
400g/day [7] of fruit and vegetables (equivalent
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to five portions per day), a main meal should
provide at least one portion of fruit (80g) and
two portions of vegetables (160g). Based on
recommendations to limit daily intake of meat
and increase vegetable consumption [6] at
least 20% of total protein consumed should
come from vegetable sources, a percentage
equivalent to a half portion of vegetables. Based
on an average daily-recommended intake of at
least 25g/day of non-starch polysaccharides, a
main meal should provide at least 10g of total
dietary fiber [7]. The component “energy intake
from carbohydrates, total fat and saturated
fat” expresses the percentage of calories from
carbohydrates, total fat and saturated fat
consumed in relation to the total energy provided
by the meal. Total carbohydrates should provide
between 55% and 75% of total energy intake,
total fat between 15% and 30% of total energy
intake, and saturated fat less than 10% of total
energy intake [7]. The components “portions
of processed meats” and “sugary beverages
and desserts” indicate the types of meats and
presence or absence of added sugar consumed
in the meal. There are general guidelines that
recommend avoiding significant intakes of
these items. In addition, guidelines recommend
avoiding diets with energy density higher than
1.25kcal/g; thus, this component allows the

Table 1. Main Meal Quality Index components and standards for scoring. Sdo Paulo (SP), Brazil, 2008.

Component Standard for maximum score of 10 points”* Standard for minimum score of zero®
Fruit >80g <0g

Vegetable >160g <809

Animal protein/total protein <80% 100%

Fiber >10g <79
Carbohydrates >55% of total energy <40% of total energy

Total fat <30% of total energy >40% of total energy

Saturated fat <10% of total energy >13% of total energy

Processed meat 0 portion >1 portion?
Sugary beverages and desserts 0 portion >1 portion®
Energy density <1.25kcal/g >1.65 kcal/g

Note: *For intermediate values were given a score proportional to the amount consumed. 2Equivalent of 190kcal; PEquivalent of 110kcal.
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analysis of energy density of the meal (energy
provided per unit weight of solid foods) [6].

Sample for testing and assessing the
MMaQl

The data were obtained from a cross-
sectional survey of health and living conditions
Inquéritos de Saude de Sao Paulo 2008 (ISA,
Health Survey of the city of Sdo Paulo), with
a representative sample of individuals. Briefly,
the sample consisted of urban dwellers living in
privateor collective householdsin the municipality
of Sdo Paulo in 2008. The participants were
selected using two-stage stratified cluster
sampling in order to assure representativeness.
The primary sampling units were urban census
tracts, and the secondary units were households.
In addition, a subsample was invited to donate a
blood sample for biochemical analyses. For each
potential participant, up to five attempts were
made to contact them for an interview; after
five unsuccessful attempts, individuals were
classified as having refused to be interviewed.
The ISA 2008 study has been described in detail
elsewhere [11].

Food intake was recorded using a 24-
Hour Dietary Recall method administered by
trained interviewers according to the Multiple-
Pass Method [12]. The dietary information was
collected using household measurements and
nutritional assessment was performed using the
Nutrition Data System for Research software
program version 2007 (NDS-R, University of
Minnesota, Minnesota, United States). The
NDS-R food composition table was compared
with the Brazilian table, and the nutritional
values were standardized [13].

Meals were self-reported as breakfast,
lunch, dinner or snacks in the interviews, and
the meal with highest caloric contribution to
daily energy intake (lunch, in this population)
was established as the main meal [1].

The initial sample of the study included
1258 individuals, who have complete dietary

http://dx.doi.org/10.1590/1678-98652018000600006

data and a daily energy intake between 500 and
4000kcal. Thus, the final sample was composed
of 956 individuals, who had had lunch the day
before the interview. Of these individuals, 580
(24% adolescents, 36% adults and 40% older
adults of both genders) provided a blood sample.

The project was approved by the Research
Ethics Committee and all participants gave
written informed consent.

Construct validity

Performance of the MMQI was measured
using statistical strategies based on those used
by Guenther et al. [14] to evaluate the Healthy
Eating Index-2005. Correlations between MMQ
scores and nutrients were evaluated.

Internal Reliability

Cronbach’s alpha coefficients were
used to determine the internal consistency of
components, describing the extent to which all
the items in a test measured the same concept
or construct; hence, this value indicates the
interrelatedness of the items within the test [15].
Higher Cronbach’s alpha values indicate greater
reliability of the proposed scale, and an increase
in the reliability of the estimation indicates a
decrease in the fraction of a test score that is
attributable to error [16].

Associations with overall dietary
quality

Correlations between MMQI and overall
dietary quality — assessed using the Brazilian
Healthy Eating Index Revised — were explored
using linear regression models adjusted for
gender, age and energy [8].

Subgroup analysis

Average scores for the MMQI and its
components were compared for smokers and
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non-smokers (Wald’s test) to determine whether
the index could distinguish between groups
with known differences in dietary quality.

The analyses were performed using Stata
statistical software version 13 (Stata Corporation,
College Station, Texas, United States) at a 5%
significance level.

RESULTS

The characteristics of the study population
are described in Table 2. The average energy
content of lunch was 918+19kcal.

The MMQI scores were normally distributed
(Kolmorov-Smirnov Test, p=0.66) and observed
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associations between MMQI and nutrients are
described in Table 3.

Compared with non-smokers (53.5 points),
smokers had a lower MMQI score (50.2 points),
showing a significant difference between the
groups (p<0.01). Furthermore, Cronbach’s alpha
was 0.70, and there were weak correlations
between most scores of the components; strong
correlations were observed between total fat
and carbohydrates (0.68) and between total fat
and saturated fat (0.73).

The MMQI score was significantly associated
with age, energy and overall dietary quality in
bivariate models (Table 4). Even after adjusting
for age, gender and energy intake, main meal
quality remained associated with overall dietary
quality (P<0.001).

Table 2. Characteristics of the individuals* included in the study and their MMQI scores. S&o Paulo (SP), Brazil, 2008.

Individuals MMQI

Characteristics

n % Mean SEM? 95% Cl
Sex
Men 493 52 52.84 0.92 51.02-54.65
Women 463 48 53.51 0.94 51.65-55.36
Age
Adolescent (12-18 years) 332 35 51.24 1.04 49.18-53.30
Adult (19-59 years) 350 36 52.10 1.09 49.96-54.24
Elderly (60 years or more) 274 29 56.85 1.30 54.28-59.41
Nutritional status
Underweight 79 8 50.47 2.40 45.68-55.25
Normal weight 475 50 52.79 0.88 51.06-54.52
Overweight 260 27 54.55 1.31 51.97-57.13
Obese 142 15 53.37 1.89 49.64-57.10
Cigarette
Smokers 312 33 50.21 0.12 47.80-52.62
Non-smokers 643 67 53.51 0.10 51.42-55.60
Family income per member™
Up to two minimum wages 873 92 53.44 0.68 52.11-54.78
3-6 minimum wages 70 7 49.34 4.09 40.95-57.74
6 or more minimum wages 10 1 50.65 3.27 44.08-57.22

Note: "N=956; **1 minimum wage is equivalent a 415,00 reais or 125,00 pounds.
SEM?: Standard Error of the Mean; MMQI: Main Meal Quality Index; Cl: Confidence Interval.
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Table 3. Association between MMQI and nutrients consumed at lunch. Sdo Paulo (SP), Brazil, 2008.

Nutrient B 95%Cl P

Energy (Kcal) —-0.0007 —0.00090 -0.0004 <0.0010
Total fat (g) —-0.0361 -0.04110 -0.0312 <0.0010
Carbohydrate (g) 0.0140 0.01150 0.0167 <0.0010
Protein (g) -0.0129 -0.01700 -0.0087 <0.0010
Animal protein (g) -0.0187 -0.02280 -0.0146 <0.0010
Vegetable protein (g) 0.1593 0.13890 0.1796 <0.0010
Cholesterol (mg) —-0.0044 —-0.00540 -0.0034 <0.0010
Saturated fat (g) —-0.1150 —-0.12860 -0.1014 <0.0010
Fiber (g) 0.2503 0.22520 0.2754 <0.0010
Vitamin A (RE) 0.0014 0.00010 0.0002 <0.0010
Vitamin E (mg) 0.2668 0.19470 0.3389 <0.0010
Vitamin K (mcg) 0.0029 0.00190 0.0039 <0.0010
Vitamin C (mg) 0.0058 0.00450 0.0071 <0.0010
Thiamin (mg) -0.1681 -0.43170 -0.0954 0.2110
Riboflavin (mg) —-0.1853 —-0.36890 -0.0007 0.0500
Niacin (mg) —-0.0037 —-0.02040 -0.0130 0.6670
Vitamin B6 (mcg) 0.2104 —-0.02390 0.4448 0.0780
Vitamin B12 (mcg) —-0.0028 —-0.01427 -0.0086 0.6280
Total folate (mcg) 0.0062 0.00510 0.0074 <0.0010
Iron (mg) 0.0087 -0.02470 0.0421 0.6120
Phosphorus (mg) -0.0010 -0.00150 -0.0006 <0.0010
Zinc (mg) 0.0067 -0.21610 0.0350 0.6420
Calcium (mg) 0.0003 —-0.00070 0.0013 0.5680
Potassium (mg) 0.0006 0.00040 0.0008 <0.0010
Sodium (mg) —-0.0002 —-0.00030 -0.0001 0.0020
Added sugar (g) —-0.0089 -0.01390 -0.0038 0.0010

Note: “Linear regression between MMQI and each nutrient adjusted
Index; Cl: Confidence Interval. N: 956 (total of individuals).

DISCUSSION
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The meal quality indicator was positively
related to the overall dietary quality, showing
desirable measurement properties when used
to evaluate the quality of meals consumed by
the representative sample. Cronbach’s alpha
showed internal consistency of the components
as values equal to or greater than 0.6 indicated
acceptable reliability [17]. Furthermore, the
indicator was able to identify statistically
significant differences between the group with
marked and known disparities in dietary quality,
as previously described in the literature [18].

by gender and age. B: Regression coefficient; MMQI: Main Meal Quality

Similar associations between dietary quality
scores and nutrients have been described in the
literature [10,19,20].

There was no association between the
MMQI score and thiamine, vitamin B6, vitamin
B12, iron, zinc or calcium. These results were
expected for the following reasons: (1) in
Brazil, food sources with these nutrients (e.g.,
milk, cereals and nuts) are usually consumed at
breakfast or as snacks; and (2) food sources of
the nutrients are usually foods of animal origin.
The MMQI score prioritizes vegetable sources of
protein, penalizing the excessive consumption of

Rev. Nutr. 2018;31(6):567-575
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Table 4. Association between MMQI and revised version of the Healthy Eating Index for the Brazilian population (B-HEIR). Sdo Paulo

(SP), Brazil, 2008.

Bivariate Model?

Regression Models

B 95% Cl p
Bivariate Model®
Demographic covariates
Gender 0.0665 -0.1928 0.3259 0.6150
Age 0.0106 0.0056 0.0166 <0.0010
Dietary covariates
Energy intake -0.0001 -0.0012 -0.0007 <0.0010
HEI-B 0.0790 0.0690 0.0890 <0.0010
Model 1P
HEI-B 0.0800 0.0692 0.0909 <0.0010

Note: 2Linear regression between MMQI and each demographic, dietary and outcome covariate; PLinear regression between MMQI and HEI-B

adjusted by demographic covariates and energy intake. B: Regression coefficient; MMQI: Main Meal Quality Index; Cl: Confidence Interval.

animal sources of protein. In Brazil, 74% of the
population habitually consumes red (beef and
pork) and greater amounts of processed meats
than those recommended, with an average meat
consumption of 157g/day [21]. The MMQI was
developed to evaluate main meals, that is, meals
that supply the highest levels of daily energy
intake, such as lunch or dinner in most western
countries. Thus, considering its characteristics,
this indicator might not be appropriate for
studying minor eating events, such as breakfast
and snacks.

Despite cultural and social differences,
countries and international  organizations
have developed nutritional reference values
and guidelines with the aim of maintaining
health status and preventing an increase in the
prevalence of diet-related, non-communicable
chronic diseases. Such guidelines consistently
recommend high consumption of whole grains,
fruits and vegetables, and reduced consumption
of total fat, saturated fat and added sugar
[6,7,21]. Accordingly, these consensual indicators
of good food choice were used in the MMQI
development [6,7]. This option allows further
comparisons of main meals consumed by

Rev. Nutr. 2018;31(6):567-575

different populations, without modifications to
its components [22]. Therefore, although the
data used to validate the index is from Brazil,
we believe that the MMQI can be used to assess
main meal intake in population-based data in
other western countries.

The development of a quality index is
complexasitinvolves alarge degree of subjectivity
and many choices related to components, cut-
off values and scoring [5]. One relevant point
is the adjustment for energy. Intakes of most
nutrients tend to be positively correlated with
total energy consumed, and particularly strong
associations for macronutrients are described in
the literature [23]. In an endeavor to overcome
this, the MMQI evaluates the energy percentage
contributed by carbohydrates and fats, including
the energy density of the meal as a component.
Foods rich in fiber, vitamins and minerals, such
as fruits and vegetables, have lower energy
density compared with foods that have higher
sugar and fat contents. Furthermore, avoiding
processed meats and sugary beverages and
foods, irrespective of the energy consumption,
is recommended [6].

Currently, no consensus has been reached
regarding the best way to validate dietary quality

Revista de Nutricao
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indicators. In this context, we sought to apply
the most common approaches used analysis
described in literature. We believe that an
interesting way to validate the MMQI would be
an examination of the association between index
scores and postprandial responses; however, we
do not have enough information to conduct such
an analysis. Moreover, there are no nutritional
recommendations that may be apply to meals.
At present, some programs and guidelines
have been changed to emphasize meal-based
recommendations, but few have attempted to
scientifically define a “good meal”.

CONCLUSION

The Main Meal Quality Index presented
satisfactory proprieties and internal consistency
as an instrument for evaluating lunch, the main
meal in a population living in a highly urbanized
and industrialized setting, and it may be used to
monitor and compare the nutritional quality of
meals in similar populations, but further studies
are necessary.
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