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Use of the Healthy Eating Index in Intervention
Studies for Cardiometabolic Risk Conditions:
A Systematic Review

Paula Brauer, Dawna Royall, and Ariellia Rodrigues
Department of Family Relations and Applied Nutrition, University of Guelph, Guelph, Ontario, Canada

Researchers and counselors need diet-assessment tools that characterize diet at baseline and over time in diet counseling and coaching
interventions. Among possible tools, the Healthy Eating Index (HEI) is of interest in cardiometabolic treatment as it has undergone significant
validation and development. The objective of this study was to systematically review relevant intervention studies using the HEIl and its adaptations
to examine whether diet interventions improve diet quality as measured by the HEl and the magnitude of change in included diet-quality scores
following dietary intervention. Two databases [Cumulative Index to Nursing and Allied Health Literature (CINAHL) and PubMed] were searched for
articles published from January 1995 to December 2019. The review included intervention studies in adults presenting with overweight/obesity
and obesity-related chronic disease (metabolic syndrome, diabetes, prediabetes, hypertension, dyslipidemia) who received education or counseling,
and the HEl was evaluated from baseline to follow-up (US or Canadian version) or Alternate HEI. Study quality was assessed using Cochrane risk of
bias for randomized controlled trials (RCTs) or Cochrane Risk of Bias for Nonrandomized interventions (ROBINS-I). A total of 25 studies were included:
15 RCTs, 3 quasi-experimental studies, and 7 pre-post studies. Eight different versions of the HEl were used. Results demonstrated that diet quality
assessed by HEI and its adaptations improved to a clinically relevant degree, especially in studies where multiple food behaviors/food-behavior
goals were the focus and where an intensive, long-term intervention was compared with a no-treatment control group. There was wide variation
in magnitude of change in included diet-quality indicators. Use of the HEI and its adaptations and other diet-quality tools is promising for better
characterization of diet-counseling interventions and results when multiple food behaviors are a focus. Additional development is encouraged.
Adv Nutr2021;12:1317-1331.
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Introduction
Diet assessment is a core activity in the clinical nutrition
care process and in various diet interventions offered in
health education programs in the community. Accurately
assessing dietary intake of individuals is a well-recognized
and longstanding challenge in dietetics (1).

Tools developed to assess diet quality in epidemiologic
studies have several desirable features that suggest they may
also be helpful in intervention research. These indices aim to
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evaluate intake of several key nutrients and/or foods together
and compile them into an overall summary score, defining
a healthy diet, compared with some standard. They can
be calculated from food-frequency questionnaires, recalls,
or food records (2). Higher scores on several diet-quality
tools are known to be associated with reduced risk for
cardiovascular and overall mortality (3, 4). Various tools are
preferred and used for different populations, health contexts,
and outcomes, and no one tool is currently preferred. In
North America, the Healthy Eating Index (HEI), the Dietary
Approaches to Stop Hypertension (DASH) score, and the
Alternate Healthy Eating Index (AHEI) are most often
calculated.

Researchers conducting implementation studies of diet
therapy in the health care system need feasible tools that
can be completed during a client encounter or online, will
characterize an individual’s diet at baseline relative to their
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peers, and will be responsive to the food changes being
promoted by the intervention program or counselor(s). Tools
that can be summarized as a score would be helpful in
comparing results over time and across programs or studies.
Cardiometabolic risk conditions [i.e., various combinations
of risk factors, as well as clinical cardiovascular diseases
(CVD), prediabetes, type 2 diabetes (T2D), or metabolic syn-
drome] are a major focus of lifestyle intervention programs
in the health system, as these conditions are very prevalent
(5, 6) and efficacy and effectiveness of lifestyle (diet and
exercise) in reducing the incidence of diabetes and CVD are
proven (7). In terms of diet therapy, 2 main approaches can be
discerned in the literature; weight-loss focus, as exemplified
by the Diabetes Prevention Program (8) and subsequent
adaptations, versus a focus on diet quality, as exemplified by
the Prevencion con Dieta Mediterranea (PREDIMED) study
(9). Both approaches have shown merit; so many researchers
and practitioners are becoming interested in collecting data
on diet quality as well as traditional clinical measures and
body weight.

Among possible candidate diet-quality assessment tools,
the HEI is of particular interest, as it is scored against
the benchmark of the US Dietary Guidelines (the basis of
nutrition policy in the United States), has had extensive
development, and population data are available for compari-
son (10). The first version, HEI-1995 was developed by the
USDA Center for Nutrition Policy and Promotion, based
on the work of Kennedy and colleagues (11). Diet adequacy
and moderation components were scored based on intakes
of servings of foods and required an estimate of overall
energy intake for the calculation of percentage of energy from
total and saturated fat. The 1994-1996 Continuing Survey
of Food Intake by Individuals for the US population aged
>2 y based on 1 d of 24-h recalls calculated a mean HEI
score of 64, with 70% classified as “needs improvement” with
scores in the range between 51 and 80 (12). From 2005,
the USDA versions of the HEI were based on an energy
density approach, which requires estimation of total energy
intake with a mean reported HEI 2005 score of 58 based
on NHANES 2001-2002 (13, 14). Average scores obtained
from US populations have varied with each revision of
the HEI, with scores for 2010 ~6 points lower than 2005
(10), while scores for 2015 were ~1 point higher than 2010
(15, 16).

There have been modifications and adjustments made to
the original HEI in North America by other groups. The
AHEI was developed by the Harvard nutrition epidemiology
group, and is related to the risk of chronic disease in
the Nurses’ Health Study and the Health Professionals
Follow-Up Study, starting in 2002 (17) and updated in
2010 (18). In addition, a Canadian HEI version (HEI-C),
broadly based on the HEI-2005 (but not energy density),
with recommendations expressed as servings from the 2007
Canada’s Food Guide, was published in 2009 (19). Population
mean HEI-C from the 2004 Canadian Community Health
Survey was 59 using the 24-h multi-pass method of the
National Cancer Institute (20). A comparison of the various
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HEI versions and its adaptations is shown in Supplemental
Table 1.

No previous systematic review has examined the use
of the HEI in dietary intervention studies. As a possible
diet-quality assessment tool in implementation studies for
cardiometabolic conditions, we explored the use of the
various versions of the HEI and its adaptations in studies of
obesity and obesity-related cardiometabolic risk conditions,
including diabetes and hypertension. We sought to systemati-
cally review whether diet quality, assessed by the HEI, HEI-C,
AHEI and their adaptations/modifications, improved during
diet intervention studies and to describe the magnitude of
change in score following the diet intervention.

Methods

The systematic review examined the following research
question: In adults presenting with overweight/obesity or
at cardiometabolic risk, what is the impact of dietary
interventions delivered by a health care professional on diet
quality as measured by the HEI? The review was regis-
tered with PROSPERO (International Prospective Register
of Systematic Reviews; CRD 42,017,073,507). The search
strategy was developed in consultation with a librarian.
Keyword search terms related to intervention, diet measures,
and conditions were combined to search PubMed and
Cumulative Index to Nursing and Allied Health Literature
(CINAHL) databases published from 1 January 1995 (after
publication of HE1 1995) (11) to December 2019 (see Supple-
mental Table 2). Searches were limited to English-language
publications.

Eligibility criteria

Intervention studies in adults (>18 y) were eligible for inclu-
sion, including randomized controlled trials (RCTs), nonran-
domized studies, interventional studies without concurrent
controls, and pre-post studies. The focus was lifestyle man-
agement of overweight/obesity and obesity-related chronic
disease (metabolic syndrome, diabetes, prediabetes, CVD,
hypertension, dyslipidemia etc.). Exclusions were studies of
adolescents (<18 y), pregnant women, and individuals un-
dergoing or previously treated for the following conditions:
type 1 diabetes, gastrointestinal surgeries, cancer, lupus, or
psychotic disorders.

Interventions were dietary interventions defined as any
approaches that aimed to provide participants with nutrition
education with the intention to change dietary behaviors.
Interventions may have been delivered by a health care pro-
fessional for individuals or groups in clinical or community
settings, and could be face-to-face, over the phone, via e-mail,
or through mailings. The study interventions did not need to
have diet as a sole focus and may also have included other
lifestyle components (physical activity, stress management,
smoking cessation, etc.). There were no restrictions regarding
length of intervention or sample size. Comparator/control
groups could include participants who received standard care
at the time of the study as well as control interventions such as
general healthy lifestyle education or an active control group.



The main outcome was change in diet-quality score from
baseline to follow-up(s), measured using the HEI, HEI-C,
AHEI and their adaptations/modifications.

Selection process and quality assessment

Titles, abstracts, and full texts were reviewed independently
by 2 researchers, and discrepancies were resolved through
discussion. Two reviewers assessed risk of bias using the
Cochrane risk-of-bias tool for RCTs (21) or the Cochrane
Risk of Bias for Non-randomized Studies (ROBINS-I) (22).
Discrepancies were resolved through discussion.

Data synthesis

One reviewer extracted relevant data from all included arti-
cles, which were verified by another reviewer. The following
information was extracted from all studies: study design,
country, sample size, population characteristics, eligibility
criteria (including health condition), duration of interven-
tion and follow-up, attrition, description of intervention and
control condition (focus, frequency, and delivery), outcomes
examined, HEI outcome results, and analysis. We organized
the results according to type of HEI tool or its adaptation.
Due to substantial differences in patient populations, study
designs, interventions, and HEI outcomes, it was not possible
to combine study findings in a meta-analysis. HEI results
were summarized in a table for each study as reported by
authors at various time periods, indicating P values and
reported as mean (SD), mean (SD) change, mean (SEM),
mean (95% CI) change, and/or between-group difference.

Results

Description of diet-quality tools and effect size

Most of the HEI indexes are scored from 0 to 100, except for
the AHEI 2002, which is scored from 0 to 90, and the AHEI
2010, which is scored from 0 to 110. From large-population
surveys, Kirkpatrick and colleagues (10) have noted that the
SD of usual distribution of the HEI since 2005 has been ~11-
12 among adults; if the effect size of an intervention is ~0.5,
then a change of 5-6 points could be considered as clinically
relevant.

Description of studies
A total of 1320 studies were found and screened for title
and abstract; 72 articles were included for full-text review,
and after analysis 25 studies were included in the systematic
review (Figure 1). No studies were excluded due to missing
or incomplete data. Of the included studies, 15 were RCTs
(including 1 crossover RCT), 3 were quasi-experimental
studies, and 7 were pre-post studies. Eight different versions
of the HEI were used, including HEI 1995 [US (23-26) and
Canadian version (27)], HEI 2005 [US (28-35) and Canadian
version (7, 36)], AHEI [2002 (37, 38) and 2010 (39)], HEI
2010 (40-44), and HEI 2015 (45, 46). A comparison of the
various HEI tools is shown in Supplemental Table 1.

Study characteristics are summarized in Table 1. A
majority of studies focused exclusively or predominantly
(>70%) on women (45-60 y of age) presenting with

overweight/obesity and other cardiometabolic risk factors
(including hypertension, dyslipidemia, prediabetes, T2D,
and metabolic syndrome). The remainder of studies included
men and a lesser proportion (30-69%) of women (7, 24, 29,
30, 32, 35-37, 42, 44, 45). One study focused on men only
(46). Most studies (n = 17) were conducted in the United
States, 3 were from Canada (7, 27, 36), and 1 study each from
Australia (23), Brazil (24), Spain (25), Greece (32), and Iran
(31). Most of the diet interventions promoted healthy eating
with a goal of weight loss. For studies in which there was a
comparison condition, several utilized enhanced usual care
(e.g., pamphlet and some additional contact) (26, 30-32, 35,
39, 44, 46). Some active-care comparisons utilized lifestyle
interventions to promote healthy eating/weight loss through
another intervention (23, 25, 28, 29, 37, 38, 42). The duration
of active intervention ranged from 6 wk to 12 mo, with the
majority of studies reporting HEI outcomes at 3 to 6 mo.

Effects of diet intervention on HEI

Of the 4 studies that reported using the 1995 version of the
HEIL 3 studies were RCTs (23, 25, 26) and 1 study was a
pre-post study (24). All 4 studies reported significant and
clinically relevant improvements in HEI (Table 1). Ortega
et al. (25) showed substantive increases in HEI in both
groups, where the focus was on weight loss with increased
vegetables versus cereals. However, the study by Keogh et
al. (23) showed results opposite to those expected. There
were no improvements in the intervention arm consisting
of an intermittent energy-restricted diet [mean baseline
HEI (SD) = 69 (12) to 12-month HEI = 69 (12)], in
contrast to significant improvements (9 points) reported in
the control group given a continuous energy-restricted diet.
The difference could be explained by lower mean baseline
HEI in the control group compared with the intervention
group (62 vs. 69). Although this difference was not reported
to be statistically significant, the study was not adequately
powered to detect differences, given the high drop-out rate.

All 3 studies from Canada used adapted versions of HEI
and reported significant improvements. Using HEI-C 1995,
Carbonneau et al. (27) assessed diet quality in the Health
at Every Size Study and reported modest but significant
improvements over 4 mo compared with no change in
a waitlist control group. Two pre-post studies using the
2005 HEI-C were found. Jeejeebhoy et al. (7) showed a 10-
point increase in HEI from a baseline of 58 to 68, which
was close to the baseline values reported by Asaad et al
(36); however, Asaad and colleagues reported a very modest
2-point increase. Exploratory analysis in the Jeejeebhoy et
al. study revealed even greater changes in the subjects with
initially poor diets (HEI <52) (47).

Three studies used the AHEI to assess diet quality. Turner-
McGrievy et al. (37) and Ma et al. (38) used the AHEI-
2002 version. Subjects of the Turner-McGrievy et al. (37)
study had T2D. The intervention group received an intensive
vegan diet intervention, while the control group received the
American Diabetes Association diet. Intervention subjects
increased scores by 22 points, while the control group had
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FIGURE 1
Eating Index.

no change. Ma et al. (38) compared weight loss versus fiber
focus in people with metabolic syndrome and both groups
improved by ~5 points. Lynch et al. (39) used the 2010
version; no baseline values were provided, and change was
4 points at 12 mo in the intensive intervention group of
subjects with uncontrolled T2D, with no change in the
control group receiving a more limited intervention.

Of the 8 studies using the HEI-2005, 5 had no or minimal
intervention control groups, and of these, 3 showed changes
in the intervention groups in the clinically relevant range
while the control groups did not change (31-33). Changes
were more modest for the pre-post study of Webber and
Lee (34) and did not change for Webel et al. (35), which
was a lifestyle behavior-change trial focused on individuals
with HIV+ and CVD risk factors. Of the other 3 studies,
Landry et al. (28) and Lewis et al. (29) both included
active weight-loss control groups, so there was no statistical
difference by treatment, but both reported improvements in
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Flowchart for selection of studies. AHEI, Alternate Healthy Eating Index; HEI, Healthy Eating Index; HEI-C, Canadian Healthy

HEI compared with baseline. Lin et al. (30) used a 2-by-
2 study of dietitian counseling versus usual care with and
without physician education. Dietitian counseling improved
diet quality by 5 to 9 points at 6 mo compared with usual care,
while physician education had minor effects (0-1 points).
Five studies used the HEI-2010 version. Two pre-post
studies showed marked improvements of 8 to 20 points
in studies that focused on improving diet quality (40)
or promoted weight loss in weekly meetings for 6 mo
(43). Improvements were modest (3-point increase in HEI
scores) for a study that focused on reducing sugar-sweetened
beverages (41) and in a decision-support telephone coaching
intervention for T2D (44). However, no significant between-
group differences were observed in HEI change compared
with control groups in these studies. Njike et al. (42) saw 7-
to 9-point increases in both intervention and control groups,
but both groups received dietitian counseling, and calorie
restriction versus no restriction was the main focus.
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For the 2 studies that used the HEI-2015 version, the
pre-post study by Chang et al. (45) focused on decreasing
sodium and an increase in HEI of 4 points was reported at
2 mo. In the second study (the only one focused on men
only), both the tele-nutrition and usual-care groups had clin-
ically relevant improvements in diet-quality score (20- and
13-point increase, respectively), but treatment and usual-care
effects were not statistically different between groups (46).

Quality assessment

For the RCTs, 2 were at low risk of bias in all domains (30,
38). The remainder had an unclear or a high risk of bias,
particularly relating to allocation concealment, blinding of
participants and personnel, and other sources of bias (includ-
ing industry funding and study design) (Supplemental Table
3). For the quasi-experimental and pre-post studies, 5 had
an overall rating of moderate risk of bias; 4 were serious and
1 was critical. Risk-of-bias issues related predominantly to
confounding, selection bias, and measurement of outcomes
(Supplemental Table 3).

Discussion

This narrative systematic review examined the change in diet
quality (assessed by the HEI, HEI-C, AHEI, and their adap-
tations) during diet interventions in cardiovascular risk con-
ditions, including overweight/obesity, metabolic syndrome,
diabetes, prediabetes, hypertension, and dyslipidemia. Of the
25 included studies, 8 different versions of the included diet-
quality indicator were used. Recognizing that scoring varied
across the different versions, we considered all 25 studies
together. A clinically relevant improvement in score (i.e., 5- to
6-point increase) for the included diet-quality indicator was
observed in several studies, particularly those where multiple
food behaviors or food-behavior goals were the focus and
where an intensive long-term intervention was compared
with a no-treatment control group.

Some key methodological challenges in nutrition research
have been highlighted in recent commentaries in the lit-
erature (48, 49) and are relevant to interpretation of these
findings. Dietary interventions cannot be controlled with
true placebos, and context and cultural norms as well as
changes in dietary patterns over time need to be considered
in interpreting our results. Other limitations include lack of
double blinding, variable and sometimes poor compliance
and adherence, and high drop-out rates (50). Subjects of
such studies are often not representative of the population
of interest (51). Another fundamental problem is that diet-
measurement challenges persist at every level (52).

With these considerations in mind, assessment of diet
quality that attempts to provide a summary of several aspects
of diet may be a promising “intermediate level” approach
for characterizing diet when multiple food-behavior changes
are likely to be promoted. This is particularly relevant to
diet interventions for cardiometabolic risk, as current clinical
practice guidelines offer multiple possible food-behavior
changes (53, 54). There were 2 studies where only 1 nutrient
or type of food was promoted. Hedrick et al. (41) focused
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on reduction in sugar-sweetened beverages in an RCT, while
Chang et al. (45) focused on sodium reduction in chronic
kidney disease in a pre-post study. HEI changes ranged from
2.6 to 4 in the intervention groups, lower than our estimated
meaningful effect size (10). The use of the HEI and other
diet-quality tools would be most suitable when multiple food
behaviors are the focus.

Results most directly answering the systematic review
question were in the 4 studies (27, 31, 33, 44) where
the intervention involved an intensive long-term dietary
intervention compared with a no-treatment control group.
In each of these studies, there was no or minimal change in
the HEI score in the control groups, irrespective of the HEI
version. The degree of change in treatment groups within
these 4 studies varied widely (3-23 points), however, which
could be related to the known issues in diet intervention
research already discussed.

Diet interventions for cardiometabolic risk vary widely in
focus, such that a focus on weight loss alone may or may
not include a change in diet quality. Similarly, it is possible
to focus on diet quality without limiting energy intake.
Generally, interventions were not described in enough detail
to understand if diet-quality changes were an explicit goal.
Four studies (7, 25, 37, 40), however, did indicate food
goals that would be expected to change diet quality. Ortega
et al. (25) reported a mean increase of 27 points in a
study that focused on promotion of vegetables versus cereals
in a weight-loss context; Jeejeebhoy et al. (7) observed a
10-point increase in a study focused on the Canadas Food
Guide and Mediterranean diet using a care map approach to
client-centered counseling (55); Turner-McGrievy et al. (37)
tested a vegan diet in participants with T2D and reported
a mean 23-point increase; and Arnold et al. (40) observed
an 8-point increase in a study focused on diet quality in
women presenting with obesity. These positive changes in
HEI demonstrate a wide variation in the magnitude of
change.

Thus, there is emerging evidence from this review that
diet quality assessed by the HEI, HEI-C, AHEI, and their
adaptations can improve to a clinically relevant degree.
The only study with unexpected results was the study by
Keogh et al. (23); however, substantive differences in mean
baseline HEI suggest that the study may not have been truly
randomized.

Unfortunately, few conclusions on expected magnitude of
change using included diet-quality scores following various
health-improvement interventions can be inferred from the
studies to date. It has been observed by others that baseline
diet is likely to be an issue in diet interventions, in that people
with high baseline scores may not have many changes to
make that can be detected with a diet-quality tool compared
with those with initially low scores (51). For example, if
the mean baseline HEI in an intervention group is 1 SD
above the estimated comparable population mean (assuming
the HEI is approximately normally distributed), then mean
intake will be close to the 85th percentile of the standard
normal curve (56). Similarly, studies of specific subgroups



with poor diet quality may be enhanced by comparison
to population data at baseline, if available for the relevant
time period of data collection. Data on population HEI and
AHEI are accumulating from the NHANES and other large
surveys (10, 17), which will allow greater understanding of
the degree to which intervention groups are representative of
the population of interest in future studies.

Strengths of this review were the use of current systematic
review methods, which revealed potential for the use of
the HEI, HEI-C, AHEI, and their modifications as diet-
quality indicators in intervention studies for multiple chronic
conditions. The evidence base is currently quite limited. Al-
though several RCTs were identified, most were at unclear or
high risk of bias related to challenges in conducting blinded
nutrition research. Bias due to confounding was common
in nonrandomized studies. Other limitations include the
changes in HEI over time, which decreased the comparability
of studies. In addition, calculation of the HEI currently
requires estimation of nutrient and total energy intake,
which adds to data-collection costs and may be infeasible in
some community-based studies; use of solely food-focused
assessment criteria could make this tool appropriate for
practice settings. It was not possible to draw conclusions
regarding the magnitude of change in diet quality attributed
to the interventions. Interpretation of results was also limited
due to the variety of interventions offered (e.g., dietary
components, intensity, duration). A better description of
diet-counseling and coaching interventions with respect to
focus and content is needed to drive improvement in the
description of diet interventions. To avoid volunteer bias,
greater emphasis on recruiting subjects from the population
of interest is also important to better understand which diet
interventions and counseling methods are most effective in
which types of clients.

Conclusions

The review has revealed that assessment of diet quality
using the HEI, HEI-C, AHEI, and their adaptations may be
useful in intervention studies but that further development is
needed, preferably in concert with other nutrition research in
population contexts. Diet assessment tools need to be feasible
and able to be completed in the course of counseling if they
are to be widely useful in the clinical and community context.
Currently, we cannot compare diverse studies in different
groups across countries or over time. Current efforts are
encouraged to improve and develop diet-quality assessment
tools both for surveillance and for intervention studies to
guide counseling practice.
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