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Abstract

Tools, called ‘diet/dietary quality indices’, evaluate the level of adherence to a specified pattern or a set of recommendations in populations. Yet,
there are no review studies providing unanimous comprehensive results of dietary indices on obesity. We reviewed observational studies, focusing
on the association of diet quality indices with general obesity or abdominal obesity in adults. We systematically conducted a search in all English
language publications available on MEDLINE, ISI Web of Science and Embase between January 1990 and January 2016. Among the wide variety of
indices and weight-derived variables, studies with dietary-guideline-based indices and mean changes for weight gain or OR for general obesity and
abdominal obesity were selected. From a total of 479 articles, thirty-four studies were selected for the current review, ten of which had prospective
designs and twenty-six had cross-sectional designs. Associations of weight status with the original Healthy Eating Index (HED) and other versions of
the HEI including alternative HEI, HEI-2005 and HEI-05 were examined in thirteen studies, with ten studies revealing significant associations. The
HEI was a better general obesity predictor in men than in women. Diet scores lacked efficacy in assessing overall diet quality and demonstrated no
significant findings in developing countries, in comparison with US populations. In addition, indices based on dietary diversity scores were directly
associated with weight gain. Despite the insufficient evidence to draw definitive conclusions about the relation between dietary indices and
obesity, HEI was found to be inversely associated with obesity and diversity-based indices were positively associated with obesity.
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Obesity is associated with an increased risk for non-
communicable diseases (NCD) such as CVD, type 2 diabetes,
certain types of cancers and premature death. The most important
variables that contribute to obesity include over-eating, sedentary
lifestyle, genetic, environmental, neurological, physiological,
biochemical, socio-cultural and psychological factors™.

Diet is a major modifiable determinant of obesity, and diet
quality has been defined as the degree to which a diet reduces the
risk for NCDY™. To assess diet quality in a population, the
a priori dietary pattern was introduced as a tool known as ‘diet
quality/dietary quality indices’, which evaluates the level of

adherence to a specified pattern or a set of recommendations™® or

reflects the risk gradient for major diet-related chronic diseases™ .
Assessing diet quality can provide information on dietary beha-
viours. Behaviours, as a holistic view, include several components
that work synergistically on health and disease™>. Thus, in recent
years, diet quality indices have been developed to meet the
requirement of this field of nutrition research®. To the best of our

knowledge, there are no published comprehensive systematic

reviews clarifying which of the developed indices for adherence
to dietary recommendations can predict the risk for obesity
among healthy populations.

The aim of the current review was to systematically
summarise all available literature regarding the association of
dietary indices with general obesity/abdominal obesity in
observational studies.

Methods
Eligibility criteria

Study designs. Prospective (cohort), cross-sectional and nested
case—control studies were included, whereas reviews, meta-
analyses, commentaries, clinical trials, editorials or duplicate
publications were excluded.

Participants. Studies were included if their participants had been
healthy adult individuals (aged >18 years) of both sexes, and

Abbreviations: DDS, Dietary Diversity Score; DGAI, Dietary Guidelines for Americans Index; DGI, Dietary Guideline Index; DQI, Diet Quality Index; FNRS,
Framingham Nutritional Risk Score; HEI, Healthy Eating Index; WC, waist circumference.
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were excluded if they had been conducted on infants, children,
adolescents, pregnant or lactating women, and patients.

Exposure. We included studies that investigated the Healthy
Eating Index (HED), the Diet Quality Index (DQD), the Dietary
Guidelines for Americans Index (DGAD, the Dietary Guideline
Index (DGD), the Framingham Nutritional Risk Score (FNRS), the
Recommended Food Score (RFS), the Not Recommended Food
Score (NRFS), the French Program National Nutrition Santé-
Guideline Score (PNNS-GS), the Dietary Quality Score (DQS), the
Food Variety Score (FVS), the Elderly Dietary Index (EDD), the
Australian Recommended Food Score (ARFS) and the Dietary
Diversity Score (DDS) as exposures (Appendix). These studies
included the DQI to score dietary guideline recommendations and
the food guide pyramid. Studies were excluded if they had
investigated dietary patterns or specific diets that were not based
on dietary guidelines such as the Mediterranean dietary pattern or
the Dietary Approaches to Stop Hypertension (DASH) diet.

Outcomes. The main outcomes in the studies reviewed were
overweight, general obesity, overweight and/or obesity, and
abdominal obesity. Weight status as defined by BMI (normal
weight: 185-24-9kg/m?% overweight: 25-29-9kg/m?% obese:
>30kg/m? overweight/obesity: >25kg/m? was based on World
Health Organization classification”. Abdominal obesity was
defined according to author-specified criteria such as the National
Cholesterol Education Program Adult Treatment Panel I (waist
circumference (WC) >88cm for women and WC>102cm for
men)®, World Health Organization (WC>94cm for men and
WC>80cm for women)(7) or national cutoff points. Results of
studies were reported using means for WC and BMI, weight or
BMI changes, and OR or relative risk for overweight and obesity.

Search strategy

A search was performed of literature published between
January 1990 and January 2016 using MEDLINE (http://www.
nlm.nih.gov/bds/pmresources/html) and Embase (http://www.
embase.com) by using diet(ary) quality, diet(ary) patterns, diet
score, diet (quality) index, or diet indices in combination with
BMI, WC, (general) obesity, or abdominal (central) obesity.
Search results were downloaded and imported directly into
EndNote (version X5).

Study selection

Study selection was a three-step process; first, we removed
exact duplicate articles using EndNote tools. Second, to detect
irrelevant studies, two authors (E. Y. and G. A)) screened all
titles identified through the electronic database search. Third,
E. Y. and G. A. read all abstracts and full texts and based on
inclusion criteria, selected studies from the remaining articles.
If the results of a study were reported in more than one
publication, only the publication with the most complete results
was retained. To avoid double-counting data from multiple
publications, we juxtaposed author names, sample sizes and
outcomes. Lastly, to identify other potentially relevant articles,
G. A. examined the reference lists of selected articles;
disagreements between E. Y. and G. A. were resolved by

consensus, and when consensus could not be reached, a third
author (P. M.) made the final decision.

Results

Using the above-mentioned search engines, 479 papers were
identified, which described original English-language research
studies conducted on humans. After reviewing titles, abstracts and
full texts, 445 articles were excluded because they did not include
a priori dietary patterns. Articles that assessed specific diets, for
example, the Mediterranean or DASH diet scores were also
excluded. In the final step, full texts were reviewed for cited
references and one more article was included. Finally, thirty-four
studies were selected for the current review (Fig. 1). Character-
istics of the studies included are illustrated in Tables 1 and 2.

For HEI, updated or modified versions such as alternative
HEI (AHEI)(ZO), HEI-05%% and HEI-20057 have been reported,
however, the original HEI had the highest frequency in articles
(n 13), followed by DQI (z 7), DGAI (z 5), RFS (n 4), DDS
(n 3), and FNRS, DGI and FVS (n 2 each). However, EDI, DQS,
ARFS and PNNS-GS scores, along with some of the scores
mentioned above, were investigated in single studies only. Only
one article had targeted a population of the elderly (>65 years)
and EDI was used as the DQI in this population®®.

In all, ten studies had a prospective design, with only
one of them focusing solely on women®® and the remaining on
both sexes. Out of ten published articles, five had >10-year
follow-ups, of which the study by Zamora et al®” had
a 20-year follow-up. A total of five prospective studies were
performed on the North American population(24'35’38)
the remaining were conducted in Iran™®,

France“™”, Canada®® and Spain(/‘l). However, among cross-

sectional studies, thirteen had been performed on North
(11-13,15-17,19,20,24,25,27,28,34) (18,31,32)

and

Australia®,

American , three on Iranian
and one each on Brazilian®, French?, Guatemalan®, Sri Lankan®”,
Danish®®, Spanish®® and Australian® populations.

Eight studies had <1000®1118:30-323430), fiffeen had between
1000 and 1000012142-293537-42 444 six  studies had
>100001213:17:203343) oa icipants. FFQ (12 19) and 24-h recalls
(n 9) were the most common dietary methods; however, some
studies used multiple dietary methods. A total of seven studies
investigated BMI, not as the main outcome, rather, as the

’ 479 articles identified through database search

l

479 articles screened by | 367 articles excluded based on title
title or abstract screening
l 79 full-text articles were not eligible:
1 12?'}:'_(:;3? :Zf:";d(;?j and > — 35 did not report relevant
uli-tex eV outcomes

— 44 investigated dietary
patterns and Mediterranean
index

34 articles included F; 1 additional article identified through
references

Fig. 1. Review flow chart for the association of diet quality indices with obesity.
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Table 1. Summary of the findings for diet quality and obesity in cross-sectional studies

First author Participants Food
(reference) Index (n) Population Outcome Adjusted variables measurements  Findings
Tardivo® HEI 173 Brazilian BMI, WC, WHR, BF% Age and menopause A 24-h recall No relation between values of HEI with
postmenopausal BMI, WC, WHR, and BF% was seen;
women however, HEI was associated with
categories of BF%
Drewnowski'®  HEI F: 2881  SU.VI.MAX Study BMI Age, energy intake, tobacco use, and alcohol A 24-h recall M: higher HEI scores were weakly
M: 2200 consumption associated with lower BMI (8 —0-08)
F: HEI score was unrelated to BMI
Fung(" HEI 690  Nurses’ Health Study BMI, WC FFQ HEI, AHEI, and DQI were inversely
AHEI associated with BMI, and RFS did not
DQI-R relate to BMI
RFS
Tande('? HEI F: 8188 Third National Health Abdominal obesity Age, ethnicity, residence location, income, marital 24-h recall M: each one-point increase of HEI was
M: 7470 and Nutrition status, smoking, education, energy intake, alcohol associated with | 1-4% risk for
Examination intake abdominal obesity
Survey F: each one-point increase of HEI was
associated with | 0-8% risk for
abdominal obesity
Guo(™® HEI F: 5571 Third National Health Overweight, general  Age, sex, race, physical activity, smoking, alcohol, 24-h recall M: lower scores of HEI increased risk
M: 5359 and Nutrition obesity income, education for general obesity and overweight o
Examination 90 % and 50 %, respectively 2
Survey F: lower scores of HEI increased only N
risk for general obesity by 70 % =
Schroder(? HEI 3179 Free-living Spanish ~ General obesity Sex, energy intake, smoking, age, physical activity FFQ Highest quartile of HEI was associated =~ £
men and women with 40 % lower risk for general =)
adult obesity =3
McCullough'®  HEI-f 38622  Health professional  BMI - FFQ BMI was slightly | in higher HEI e
follow-up study quintiles 2
McCullough'®  HEI-f 67272  Nurses’ Health Study BMI - FFQ BMI was slightly | in higher HEI -
quintiles =
Nicklas'” HEI-2005 18989 National Health and  Overweight/obese, Age, sex, ethnicity, energy intake:energy requirement A 24-h recall Highest HEI-2005 quartile were related 2‘
Nutrition abdominal obesity ratio, poverty:income ratio, physical activity, to approximately 35 % lower risk for g
Examination smoking, and alcohol overweight/obese and abdominal S
Survey obesity g
Asghari('® DQI-I, 467 Tehran Lipid and BMI, WC Age, sex, and energy intake Three 24-h recall None of the indices was significantly
HEI-2005 Glucose Study associated with BMI and WC
de Koning!'® HEI-2005 51529 Health Professionals BMI Age FFQ Higher scores of all indices were
AHEI Follow-Up Study associated with a | BMI
RFS
McCullough®®  AHEI F: 38615 Health professional  BMI Age FFQ F: AHEI score was associated with 1.3
RFS M: 67271 follow-up study and unit | and RFS with 0-3 unit 1 in BMI
Nurses’ Health M: AHEI and RFS score was
Study associated with 1-1 and 0-2 unit | in
BMI, respectively
Drenowatz®" HEI-2010 Total: 407 USA young adults Overweight/general  Age, education, race/ethnicity and spent time in Two 24-h recall  F: higher score was not related to
M: 197 obesity moderate-to-vigorous physical activity overweight/general obesity.
F: 210 M: higher score was associated with
lower risk for overweigh/general
obesity
Total: higher score was associated with
lower risk for overweigh/general
obesity
Sundararajan(zz) HEI-2005 13536 Canadian Community BMI Age, sex, marital status, immigration status, length of A 24-h dietary One-unit 1in DQI score is associated
DQl Health Survey immigration, educational status, employment recall with a 0-053kg/m? | in BMI and a
status, household income, energy intake, leisure- one-unit 1 in HEI score is associated
time physical activity, percentage of energy with a 0-095 kg/m? | in BMI

consumed, self-perceived stress, smoking, rural/
urban location and province of residence
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Table 1. Continued

First author Participants Food
(reference) Index (n) Population Outcome Adjusted variables measurements  Findings
Gregory®®) RFS 1220 Guatemalan young BMI, WC Age, smoking, physical activity, rural or urban FFQ DQI was positively associated with BMI
NRFS adults residence and WC. None of the other scores
FVS was associated with the WC and
DQI-I BMI.
Quatromoni®”  DQI F: 1845  Framingham BMI, overweight, Age, smoking cessation, alcohol intake, physical Three 24-h M: higher scores was not related to
M: 1433 Offspring cohort general obesity activity, intentional changes in eating behaviour recalls BMI, and prevalence of overweight
and menopausal status (women only) and general obesity
F: higher scores was associated with
lower BMI and prevalence of
overweight
Fogli-Cawley®® DGAI 3323  Framingham Heart ~ BMI, WC Sex, age FFQ Highest quintile of DGAI was associated
Study Offspring with | in approximately 2 units of BMI
Cohort and 6cm of WC
Hosseini- DGAI 2504 Tehran Lipid and BMI, WC Sex, age, energy intake, smoking status and FFQ No relation was observed between
Esfahani®® Glucose Study physical activity DGAI and WC and BMI
Fogli-Cawley®” DGAI 3177 Framingham Heart WC Age, sex, energy intake, physical activity, FFQ Higher DGAI score was associated with
Study Offspring multivitamin use and smoking status 50 % reduction in enlarged WC
Cohort
Fogli-Cawley®® DGAI 3082  Framingham Heart ~ BMI, WC Age and sex FFQ Highest quintile of DGAI was
Study Offspring associated with | in approximately 2
Cohort unit of BMI and 6 cm of WC
McNaughton®® DGl F: 3996  Australian Diabetes, BMI, abdominal Age, education, energy intake, smoking, physical FFQ M: DGI was associated with 30 % | risk
M: 3300 Obesity and obesity activity, TV viewing time for abdominal obesity
Lifestyle study F: DGI score was unrelated to change
in any measurement
Jayawardena®” DDS, 481 Sri Lanka Diabetes ~ Overweight, general — 24-h recall Overweight, general obesity, and
DDSP, and Cardiovascular  obesity, abdominal abdominal obesity was positively
FVS Study obesity associated with DDS, DDSP and
FVS
Azadbakht®" DDS 581 Tehran Lipid and General obesity, WC, Age, sex, smoking, physical activity, BMI, WHR, FFQ No significant difference regarding WC
Glucose Study WHR energy intake, % energy of fat, use of oestrogen, and WHR across DDS quatrtiles;
anti-blood pressure drug however, the risk for general obesity
increased 39 % with higher DDS
scores
Azadbakht®? DDS 289 Healthy female from  General obesity, Age, physical activity, total energy intake, FFQ Highest quartile of DDS was associated
Isfahan University abdominal obesity For WC adjusted BMI with 80 % | risk for general obesity
of Medical and abdominal obesity
Sciences
Toft®d DQS 12934 Danish Population- BMI, WC Age, sex, physical activity, smoking, education FFQ None of the indices was associated with
Based Inter99 BMI and WC
study
Kourlaba®? EDI 668 Elderly subjects from General obesity Sex, age, physical activity, smoking, education, FFQ Higher EDI score was associated with

the MEDIS Study

living alone

60 % | risk for general obesity

HEI, Healthy Eating Index; WC, waist circumference; WHR, waist:hip ratio; BF, body fat; F, female; M, male; SU.VI.MAX, SUpplementation en Vitamines et Minéraux AntioXydants; AHEI, alternative HEI; DQI-R, Diet Quality Index Revised;
RFS, Recommended Food Score; HEI-f, healthy eating index-food-frequency questionnaires; NRFS, Not Recommended Food Score; FVS, Food Variety Score; DQI-1, Diet Quality Index-International; DQS, Dietary Quality Score; DQI,
Diet Quality Index; DGAI, Dietary Guidelines for Americans Index; DGI, Dietary Guideline Index; DDS, Dietary Diversity Score; DDSP, Dietary Diversity Score with Portions; EDI, Elderly Dietary Index; MEDIS, Mediterranean Islands

Study.
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Table 2. Summary of findings for diet quality and obesity in prospective studies

First author Participants Food
(reference) Follow-up Index (n) Population Outcome Adjusted variables measurements Findings
Zamora®” 20 years DQl 4913 Coronary Artery Risk 10kg weight Age, sex, race, education, baseline BMI,  Diet history A ten-point 1 in DQI score was associated with
Development in gain clinic of recruitment, physical activity, a 10 % risk | in whites (particularly if normal
Young Adults energy intake and smoking weight) and 15 % risk 1 in blacks
Study (particularly if obese)
Wolongevicz®® 16 years FNRS 590 Healthy women from Overweight/ Age, smoking status, physical activity Three dietary Higher FNRS tertile was associated with 76 %
the Framingham general records 1 in risk for overweight/general obesity
Offspring and obesity
Spouse Study
Kimokoti®® 16 years FNRS F: 825 Framingham Weight Age, baseline weight, physical activity, Three dietary M: no association was found
M: 690 offspring/spouse smoking records F: Higher FNRS was associated with additional
overweight and 5.2 kg weight gain compared with lower
obese adult FNRS
Arabshahi®® 15 years DGl M: 532 Australian BMI, WC Age, education, smoking, alcohol and FFQ M: higher DGI Score were less likely to gain %
F: 699 population-based physical activity BMI and WC over time g
Nambour Skin For women additional occupation, HRT F: DGI score was unrelated to change in any g
Cancer Study use, parity measurement =
Lassale®® 13 years PNNS-GS F: 1471 SU.VI.MAX study Weight Age, energy intake, smoking, education, Three 24-h M: higher scores of PNNS-GS, DGAI and DQI “f
DGAI M: 1680 change supplementation, baseline weight and recalls were associated with 30-40 % | risk for a
DQl-I height, physical activity, and menopause weight change. é
for women F: not any score was associated with general :
obesity =
Funtikova®" 10 years DQl 2181 Population-based BMI, WC Age, sex, smoking, education, physical FFQ Higher DQI score was inversely associated 2‘
survey conducted activity with WC; whereas it was not related to BMI &
in Girona 2.
Quatromoni®® 8 years DQl M: 990 Framingham Weight gain  Age, smoking cessation, alcohol intake,  Three 24-h M: highest scores had 2-7 pounds weight gain, <
F: 1255 Offspring cohort physical activity, intentional changes in recalls compared with lowest scores 5-1 pounds
eating behaviour and menopausal weight gain
status (women only) F: highest scores had 3-3 pounds weight gain,
compared with lowest scores 8 pounds
weight gain
Asghari'® 6-7 years DQl-l, 708 Tehran Lipid and BMI, WC Age, sex and energy intake Three 24-h recall None of the indices was associated with BMI
HEI-2005 Glucose Study and WC dietary
Aljadani®” 6 years ARFS 1104 Australian Overweight, Education, area of residence, baseline FFQ No association was found
Longitudinal Study  obesity weight (in kilogram), physical activity,
of Women’s smoking status, menopause and total
Health energy intake
Gao® 18 months ~ HEI-05, 6236  Multi-Ethnic Study of BMI, WC - FFQ HEI-05 and HEI were associated with
HEI Atherosclerosis decrement in approximately 1 unit of BMI

and 3-4cm of WC

DQl, Diet Quality Index; FNRS, Framingham Nutritional Risk Score; F, female; M, male; DGI, Dietary Guideline Index; HRT, hormone replacement therapy; WC, waist circumference; PNNS-GS, Program National Nutrition Sante -Guideline
Score; SU.VI.LMAX, SUpplementation en Vitamines et Minéraux AntioXydants; DGAI, Dietary Guidelines for Americans Index; DQI-I, Diet Quality Index-International; HEI, Healthy Eating Index; ARFS, Australian Recommended
Food Score.
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baseline characteristic in an unadjusted or in age- and
sex-adjusted models!>16:19:20:30.35:43)

The relation of the Healthy Eating Index and its modified
versions with obesity-related outcomes

Associations of weight status with the original HEI were examined
in eight cross-sectional studies, seven of which reported a
significant relation™®1*1®; two studies found no correlation in
women®!? , whereas one of them found a correlation in men"?.
Other versions of the HEI include AHEI, HEI-2005, HEI-2010 and
HEI-05, which were assessed in six cross-sectional and two
prospective studies. Significant inverse associations with BMI and
WC was observed in all cross-sectional studies™'719-22

one prospective study®”; however, one study of HEI-2005
as

and

documented no significant association

The average mean score of the original HEI was 63 in Frenc
67-8 in Spanish™®, 64:9 in Iranian*”, 566 in Brazilian® and 63-8 in
American'®

All studies, whether conducted on population-based subjects
or on specific groups such as nurses or health professionals,
showed an inverse relation between HEI and its modified ver-
sions and obesity status. It needs to be mentioned that in non-
significant association studies”'*'® the 24-h recall was used
for dietary assessment, indicating that one or two 24-h recalls
cannot extract the dietary patterns and usual food intakes. The
sample populations of the above-mentioned studies were small,
and the studies were conducted outside the USA — namely, in
Brazil, Iran and France.

Studies in males and females revealed different correlations.
Tande et al*® showed that the correlation between the HEI
score and abdominal obesity was stronger in men than in
women (1-4 v. 0-8% risk reduction), and Drewnowski et al\'?
found a significant correlation between higher the HEI score
and lower BMI (f-coefficient=-0-08) in males but not in
females. Moreover, Drenowatz et al.?" revealed that a higher
HEI-2010 score was correlated with a decreased risk for general
obesity and overweight among men but not among women.
In addition, Guo et al.*® showed that, in men, lower scores of
HEI increased the risk for general obesity and overweight by 90
and 50 %, respectively; however, in women, lower scores of
HEI increased the risk for general obesity by 70 % but not of
overweight. A general overview may imply that the HEI score
showed a better correlation with general obesity or abdominal
obesity in males and a weak correlation in females.

(€10)
h ’

studies.

The relation of the Diet Quality Index and its modified
versions with obesity-related outcomes

Associations of weight status with the original DQI, Diet Quality
Index-International (DQI-D), and the Diet Quality Index
Revised (DQI-R) were observed in four®?24374D  three182340
and one™ study, respectively; of these, three had pro-
spective®” 494 and three had cross-sectional designs™'?%%?,
whereas two had both cross-sectional and longitudinal
designs"®#?. Of three studies investigating the original DQI,
one study had significant findings on WC but not on BMI“"; the
second revealed ethnicity-specific findings, with an inverse

association among whites and a direct one among blacks®”;

and the third study, with a cross-sectional design, found
correlations in both sexes. However, no significant prediction
was found in its prospective design for men®”. Of the studies
conducted on DQI-I, conflicting results were found for both
sexes: Gregory et al.*® found a positive correlation, whereas
one study found an inverse prediction in men and no prediction
in women“” and Asghari et al™® observed no significant
associations. In the only study on DQI-R that revealed a
significant inverse correlation™”] mean scores of the DQI-I
were 63, 67 and 59 in Iran, Guatemala and USA, respectively.

The sample size was relatively low, ranging from 467 to 4913,
compared with studies on HEL. The DQI was evaluated in
various countries including France(AO), USA(11'24’37), Iran(lg)7
Guatemala®® and Spain“*V. FFQ and 24-h recalls were the most
common dietary methods?®23?44%4D " pour studies reported
BMIH18:234D and two studies measured weight gain during

3740 and in one study, the combination of weight
d(24).

follow-up
gain and BMI was calculate

Funtikova et al“*Y found that after adjustment for con-
founders, a ten-point increment in the DQI predicted a 3-2cm
reduction in WC, but there was no significant prediction of BMI
on the basis of DQI over a 10-year follow-up period among
Spanish men and women. Zamora et al.*” observed that a ten-
point increment in the DQI score predicted 15% more weight
gain in blacks (particularly obese ones), and 10% less weight
gain in whites, after adjustment for confounders. In addition,
Quatromoni et al.?® found an inverse, linear association
between better adherence to DQI and lower weight gain over
an 8-year follow up in the Framingham Offspring Study. Fung
et al 'V showed that higher adherence to the DQI-R was
inversely correlated with BMI in the Nurses’ Health Study.
Lassale et al“” observed a 32% increment in the risk for
general obesity after 13 years of follow up in French men with
higher adherence to the DQI; these predictions were not
statistically significant in women. In a cross-sectional study from
Guatemala, DQI-I was positively correlated with BMI and WC in
23 Asghari et al® reported no
significant association in the Tehran Lipid and Glucose Study
for both longitudinal and cross-sectional analyses. Overall,
studies regarding DQI or its modified versions indicate con-
troversial and sex-specific findings.

both men and women

The relation of variety scores with obesity-related
outcomes

Among four cross-sectional studies, all in developing countries
(two in Iran®?, one in Sri Lanka®” and one in Guatemala®),
DDS had the highest frequency (7 3). In the Tehran Lipid and
Glucose Study, the highest quartile of DDS, compared with the
lowest, increased the risk for general obesity by 39%°Y; in
contrast, healthy females with higher DDS had an approximately
80% decrement in the risk for general obesity and abdominal
obesity®?. In Sri Lanka, using a 24-h dietary recall, it was found
that BMI and WC in the lowest category compared with the
highest category of DDS were 22:16 v. 23-82kg/m* and 77 v.
80cm, respectively®®. Regarding FVS, Jayawardena et al®®
observed a positive correlation and Gregory et al.*® reported a
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non-significant correlation with general obesity risk. Also, the
Dietary Diversity Score with Portions score was positively corre-
lated with general obesity®”
higher scores of food variety on general obesity, two pathways
were determined: First, greater food variety is associated with
higher energy intake, and therefore may be associated with
general obesity; second, greater variety can be increased by
consumption of a diversity of healthy and low-energy-dense food
groups (vegetables, whole grains and fruits), with a simultaneous
decrease in the risk for general obesity.

. Considering different effects of

The relation of the Dietary Guidelines for Americans Index
with obesity-related outcomes

Only one prospective and four cross-sectional studies provided
data on adherence to DGAI scores and obesity @249 of these
five studies, three studies conducted in US populations indi-
cated that a higher DGAI score could imply a 50 % reduction in
enlarged WC and two units of BMI®>?7*_ Hosseini-Esfahani
et al*® reported no correlation between enlarged WC and BMI
and DGAI in the Tehran Lipid and Glucose Study population.
However, in a prospective study conducted by Lassale et PIAR
on French participants, higher scores of DGALI after adjustment
for confounding variables predicted a 40 % decreased risk for
general obesity in men, but not in women, after 13 years of
follow-up. It seems that DGAI has a good correlation with
central and abdominal obesity.

The relation of the Dietary Guideline Index with
obesity-related outcomes

In Australian populations, two prospective and cross-sectional
studies provided evidence for DGI scores and anthropometric
status®>? In a cross-sectional study by McNaughton ef al.*,
a significant decrease in the risk for enlarged WC with
increasing compliance with DGI, and insignificant findings for
women, was reported. Also, in the Nambour Skin Cancer Study,
men in the highest quartile had the lowest gain in BMI (0-05 v.
0-11kg/m? per year), and those in the third quartile had the
smallest increase in WC (0-04 v. 0-26 cm/year) during a 15-year
follow-up. However, in women, the DGI score was not asso-
ciated with change in any of the anthropometric measures™”.
In addition, a study of Australian women indicated no relation
of dietary scores with general obesity, probably because over-
weight individuals adhered to healthier diets to manage their
weight and dieting issues were more popular in women than

in men®”.

Other dietary indices with obesity-related outcomes

Two longitudinal studies investigated the FNRS and the risk for
general obesity after a 16-year follow-up in the Framingham
study offspring and spouses and found a positive associa-
tion®*3%, Wolongevicz et al.®® found that weight gain was
about 1-4 kg for those with higher quality diets compared with
2:3-3-6kg for those with poorer quality diets. In addition,
Kimokoti et al.*® showed that women with a lower diet quality
gained an additional 5-2kg, compared with those with higher
diet quality®®.

All of the studies on RFS used FFQ for dietary intakes
(1920 whereas
others had unrelated findings"""?®. Three studies were con-
ducted in USA and one in Guatemala®?. McCullough et al.®”
indicated that a higher RFS score was correlated with a 0-2 unit
decrement and a 0-3 unit increment of BMI in men and women,
respectively.

Toft et al.®¥ | in a Danish population, found no correlation of
DQS with general obesity. A cross-sectional study from the
Greek islands, conducted by Kourlaba et al. %% showed that a
higher EDI was correlated with a 60% lower risk for general
obesity in the elderly. A study conducted on 1220 Guatemalan
young adults by Gregory et al®® showed no significant
prediction of NRFS with BMI and abdominal obesity. Other
dietary indices have been investigated on sporadic studies.
The PNNS-GS predicted lower risk for general obesity after a
13-year follow-up in men, but not in women“?,

collection 192023 two had significant findings

Discussion

The current systematic review provides a comprehensive
summary of the diet quality indices that have been developed to
assess the overall healthfulness of dietary intakes and over-
weight, obesity, and weight gain in adults. Among thirteen
studies on HEI, ten had inverse and three had no associations;
however, of seven studies on DQI, only two reported inverse
associations and others had conflicting associations based on
race, sex and design of the study. Furthermore, studies on
variety scores mostly had significant positive associations with
general obesity. Of five studies providing data on adherence to
DGALI, three were inversely associated with a lower risk for
general obesity. Diet quality assessed by two population-
specified indices in Australia and Framingham, DGI and FNRS,
had consistent inverse associations with general obesity in a
sex-specified manner.

The use of diet quality indices is increasing worldwide in
various populations. Several diet quality scores reflect a com-
mon dietary pattern characterised by high intakes of plant-
based foods such as whole grains, and moderate intakes of
alcohol, and low intakes of red and processed meat, Na,
sweetened beverages and trans-fatty acids.

An in-depth investigation of diet quality studies indicated
that, in most cases, subjects who adhered to diet quality indices
had favourable health behaviours associated with being older,
married, higher education levels, higher physical activity levels
and lower smoking®” 7,

Controversial findings on both men and women may be
explained by some factors. It is particularly challenging for men
to adhere to the cholesterol and Na recommendation because
they consume more total energy content™; despite this
apparent sex difference in diet quality, menopausal women
tend to gain more weight over time than men, resulting from the
potentially confounding effect of hormonal changes“®. Despite
the fact that people can meet the recommendations for fruits by
eating either fresh-raw or processed fruits, the differences in
nutritional quality and glycaemic effects can be huge. Hence,
people may achieve higher scores by choosing many different
food options.
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Several studies have found dietary diversity to be directly
associated with overweight and general obesity at the individual
level?%313 Dietary variety and diversity may reflect con-
sumption of both high- and low-quality foods®". Data shows
dietary diversity to be directly associated with energy
availability®*3P.

One of the explanations for the conflicting findings on the
association between general obesity and diet quality indices is
that the range of higher categories, compared with lower
categories was relatively narrow, indicating that subjects in the
higher and lower categories could not clearly distinguish dif-
ferences in dietary patterns, and could attenuate the association
of diet with obesity. In addition, some of the scores do not show
the extent to which a person deviates from the recommended
values because persons consuming over the recommended
amounts for food groups receive full points. Furthermore,
diet scores assessed the adherence to dietary guidelines
(e.g. HEI, DQI and DGAD, most of which were designed
for US populations; however, populations may be incapable of
assessing overall diet quality until more is known about patterns
of consumption. The major issues in developing countries are
both under- and over-nutrition. Measures of diet quality in
developing countries are more complex to design and interpret;
it is also complex in such countries to assess diet quality
in terms of both micronutrient adequacy and prevention of
overweight, indicating the need for better measures of diet
quality specifically for these populations. In addition, there are
differences in the scoring models of indices, based on
dietary guidelines, for example, the HEI-2005 was designed
to differentiate diet quality from diet quantity; however, the
original HEI considered only quantity(("49). Another point to
consider is the critical role of energy intakes, which determines
what kinds of dietary indices lead to loss or gain of weight.
Adherence to dietary guidelines has a favourable effect on
weight status when the proportion of energy requirements of
individuals is taken into account. It is important that the energy
density (e.g. intakes per 4184 kJ (1000 kcaD)) be applied in the
scoring systems. Moreover, in nutritional epidemiology, by
considering energy intake as a confounder in the multivariable-
adjusted models, the role of nutrients or foods is determined
independent of body size and physical activity in terms of
energy intake. However, studies evaluated the association
of dietary indices with obesity both before and after
energy adjustment. Interestingly, findings revealed that energy-
adjusted-OR or energy-adjusted means were not markedly
different from unadjusted OR or unadjusted-means in baseline
models. Indeed, adjustment of energy did not change the
results of the studies. Conflicting results may also be due to the
fact that overweight individuals adopt a healthier diet to
manage their weight, and the effect of a healthy diet as assessed
by scores on their obesity status hence could not be detected.
In addition, the population that the index is developed
for is important; for example, FNRS and DGI were developed
for the Framingham and Australian populations, respectively;
hence, it is clear that specific indices can be evaluated only in
specific populations.

There was no single study investigating the differences of
abdominal obesity definitions in relation to the dietary indices;

therefore, we were unable to determine the effect/impact of
different definitions of abdominal obesity on results.

Nutritional behaviour and food choice, as well as economic
and cultural factors and ethnicity, play major roles?43>.
In a Spanish population, diet cost increases with higher
adherence to the HEI and higher scores of the HEI were
inversely associated with general obesity; subjects who strongly
adhere to HEI had to pay 42€ (52-5$) more per month than
those with low adherence to this dietary score™®. Ethnicity, as a
culturally relevant factor, is proposed to influence the HEI
adherence and its relation to general obesity®>. Adherence to
HEI scores for white populations was better than the other
ethnicities. HEI predictability for outcome of obesity was
different among ethnicities, efficient in whites, only fair in
Chinese and Hispanic, and poor in African-Americans. Lack of
understanding of nutrition guidelines and misconceptions about
‘good’ v. ‘bad’ foods are two of the major obstacles to a healthy
diet, particularly in whites and African-Americans. Dietary
habits are changing in the Chinese and Hispanics, and they are
adopting new dietary behaviours. In addition, people who have
migrated recently were less able to adapt their traditional foods
to US nutritional guidelines®>.

Some limitations of this review need to be mentioned. First,
it is possible that this review did not identify all relevant
publications; although using wide search terms, repeating our
search in numerous relevant databases, and hand-searching
reference lists were attempted to minimise this possibility.
Second, there are several factors that may have introduced bias
in our findings; specifically, the selection of English-language
publications. The third limitation is that twenty-four of the
identified articles had a cross-sectional design. These studies
cannot show causal effects of adhering to dietary indices on
weight status, and only explained an association. The fourth
limitation of the literature is that most of the studies were
conducted in developed countries. This is important because
other populations may differ with respect to weight reduction
and acceptability of food items from dietary guidelines.

In conclusion, the review findings suggest that overall diet
quality seems to be an important component of the diet—obesity
relationship, and also provides potential new insights for
use in future research on developing preventive nutrition
strategies. Diet quality indices provide important information
on updating food guidelines. We found that diet quality
indices based on dietary guidelines were inversely associated
with parameters of weight status in most studies. However, the
difference in scores observed in different populations indicated
that future dietary guidelines should be developed and updated
to address the dietary needs of different specific population
groups. Scoring on the basis of dietary diversity was directly
associated with weight gain. Further research using longitudinal
studies and field trials to confirm these findings are
recommended.
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Appendix. Description for diet quality indices

Scores Description

Healthy Eating Index (HEI)®

Healthy Eating Index-2005
(HEI-2005)49)

Healthy Eating Index-05 (HEI-05)©%

Score range: 0—100. The HEI assesses adequacy, moderation and variety, and is based on the three energy levels

in the Food Guide Pyramid and dietary guidelines. It has ten components including servings of grains,
vegetables, fruit, milk, and meat/beans for adequacy, total fat, SFA, cholesterol, Na for moderation, and the tenth
component is variety. Each component contributes 0-10 points

Score range: 0—100. The HEI-2005 is based on twelve energy levels in My Pyramid and assesses the food groups
in per 4184 kJ (1000 kcal) manner. It has nine adequacy components including total fruit (5 points), whole fruit

(5 points), total vegetables (5 points), dark-green and orange vegetables and legumes (5 points), total grains
(5 points), whole grains (5 points), milk (10 points), meat and beans (10 points), and oils (10 points), and three
moderation components including SFA (10 points), Na (10 points), and energy from solid fats, alcoholic

beverages, and added sugars (20 points)
Score range: 0-100. It is calculated using the same components, weighting and scoring rules as for the HEI;

however, it is adjusted for twelve energetic levels specified in the 2005 dietary guidelines for Americans

Alternate Healthy Eating Index
(AHEN@®

Diet Quality Index (DQI)®®
Diet Quality Index-International

(DQI-®"

The Diet Quality Index Revised
(DQI-R)®?
Elderly Dietary Index (EDI)®%

Score range: 2-5-87-5. The components included vegetables, fruits, nuts and soya protein, white:red meat ratio, cereal
fibre, trans-fatty acids, PUFA:SFA ratio and alcohol intake, and each contributes 0—10 points. The ninth component is
multivitamin intake duration, and a score of 2.5 or 7-5 was given for intake of <5 or >5 years, respectively

Range: 0 (high quality) —16 (poor quality). The DQI is based on the dietary guidelines for Americans. It has eight
components including total fat, SFA, protein, cholesterol, Na, Ca, fruits and vegetables grains and legumes

Range: 0-100. The DQI-I assesses following components: variety: overall food group variety (0—15 points); within-
group variety for protein source (0-5 points); adequacy: vegetables, fruits, cereals, fibre, protein, Fe, Ca, vitamin C
(0-5 points each); moderation: total fat, SFA, cholesterol, Na, empty-energy foods (0—6 points each); overall
balance: macronutrient ratio (carbohydrate: protein: fat, 0-6 points); fatty acid ratio (PUFA:MUFA:SFA, 0—4 points)

Range: 0—100. The DQI-R consists of ten components including grains, vegetables, fruit, total fat, SFA, cholesterol,
iron, Ca, diet diversity, and moderation in added fat and sugar. Each component contributes 0—10 points

Range: 10-40. The EDI is based on the Modified MyPyramid for Older Adults, and assessed the following
components: fruits, vegetables, cereals, olive oil, meat, fish or seafood, legumes, bread, alcohol and dairy
products. Each component contributes 1-4 points
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Scores

Description

Dietary Guideline Index (DGI)®®

Dietary Guidelines for Americans
Index (DGAI)@

Dietary Diversity Score (DDS) —
Jayawardena®®

Dietary Diversity Score (DDS)®*

Dietary Diversity Score with Portions
(DDSP)®?

The Framingham Nutritional Risk
Score (FNRS)®®

Recommended Food Score (RFS)®®

Food Variety Score (FVS)“?

Dietary Quality Score (DQS)®®

Range: 0—150. The DGl is based on the dietary guidelines for Australians, and consists of fifteen components
including variety, vegetables, fruit, cereals, whole-grain cereals, meat and alternatives, lean protein sources, total
dairy products, low-fat/reduced-fat dairy products, fluids, SFA, salt, alcoholic beverages, added sugars and extra
foods. Each contributes 0—10 points

Score range: 0—20 points. The DGAI recommendations are based on energy needs calculated with BMR and physical
activity level for each subject. It consists of eleven items for foods (0—1 point each): dark-green vegetables, orange
vegetables, legumes, other vegetables, starchy vegetables, fruits, variety, meat and beans, dairy products, all grains,
discretionary energy; and nine items for healthy choices/nutrient intake whole grains (0—1 point), fibre intake (0-1
point), total fat (0—1 point), SFA (0—1 point), trans-fat (0—1 point), cholesterol (0—1 point), low-fat dairy products (0-0-5
points), low-fat meat products (0—0-5 point), Na (0—1 point), and alcohol (0—1 point)

Score range: 0-12. The DDS by Jayawardena is defined as the total count of different food groups irrespective of
the amount consumed by individuals over the 24 h period. All food items were categorised into twelve food
groups including starch, vegetables, green leafy vegetables, fruits, fish, meat (including poultry, egg), legumes
(including nuts and seeds except coconut), dairy products, beverages (tea, coffee and fizzy drinks), oils and fats
(coconut products were included), sweets and miscellaneous (e.g. alcohol)

Score range: 0-10. The DDS is based on adherence to five food groups (grains, vegetables, fruits, meats and dairy
products) of the Food Guide Pyramid. These main groups were divided into twenty-three subgroups: seven
subgroups for (refined bread, biscuits, macaroni, whole bread, maize flakes, rice, refined meal), two subgroups
for fruits (fruit and fruit juice, berries and citrus), seven subgroups for vegetables (vegetables, potatoes, tomatoes,
starchy vegetables, legumes, yellow vegetables, green vegetables), four subgroups of meat (red meat, poultry,
fish, egg), and three subgroups for dairy products (milk, yogurt, cheese). A participant was considered a
consumer of a food group if he/she consumed at least one-half of the serving of any subgroup. Diversity score
receives 0-2 points for each food group

Range score: 0—8. The DDSP is defined according to major food groups in the Sri Lankan food pyramid which
included starch, vegetables, green leafy vegetables, meat (meat/poultry/egg), fish (fish/dry fish/ sea foods), dairy
products, pulses and fruits. A participant was considered as consumer if he/she consumed a minimum of one
portion for the respective food group

Range score: depends on sample size. Ranks are assigned so that desirable nutrient intake level receives a lower
rank, whereas undesirable nutrient intake level receives a higher rank. Energy, protein, alcohol, total, SFA, and
MUFA, dietary cholesterol, and Na intakes were ranked from low to high, whereas PUFA, carbohydrate, fibre, Ca,
Se, vitamins C, Bg, B1,, and E, folate and carotene intakes were ranked from high to low. An overall composite
nutritional risk rank was computed using the mean of the ranks of nineteen individual nutrients

Range score: 0-23. The RFS is calculated as the sum of the following twenty-three food items if subjects consumed
them at least once a week. The food items included apples or pears; oranges; cantaloupe; orange or grapefruit
juice; grapefruit; other fruit juices; dried beans; tomatoes; broccoli; spinach; mustard, turnip or collard greens;
carrots or mixed vegetables with carrots; green salad; sweet potatoes, yams; other potatoes; baked or stewed
chicken or turkey; baked or broiled fish; dark breads like whole wheat, rye or pumpernickel; maize bread, tortillas
and grits; high-fibre cereals, such as bran, granola or shredded wheat; cooked cereals; 2% milk and beverages
with 2% milk; and 1% or skimmed milk

The FVS refers to the number of different dietary items consumed in a day (different food items eaten during last
24 h). The total number of foods included irrespective of quantity consumed. There is no maximum value here

Score range: 1-12. The calculations were based on DQI® and the Danish dietary guidelines. The DQS included
fish (1-3 points), fruits (1-3 points), vegetables (1-3 points), and fats (1-3 points)
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