[Downloaded free from http://www.ijpvmjournal.net on Saturday, August 13, 2022, IP: 176.102.246.155]

- Review Article

Diet Quality Indices in Relation to Cardiovascular Risk Factors in T2DM
Patients: A Systematic Review

ABSTRACT

Background: Dietary quality indices are practical as an instrument to investigate the extent of
adhering to a special diet to prevent cardiovascular disease (CVD) in type 2 diabetes mellitus (T2DM).
Considering the lack of any systematic review with regards to this issue, our aim was to examine
observational studies to test the relationship between dietary quality indices and CVD risk factors
in T2DM. Methods: Systematic search was performed in Web of knowledge, PubMed, Cochrane,
Science direct, Google Scholar and Scopus databases from January 1990 to July 2020. The studies
exploring the relationship between dietary quality indices (diet quality score (DQS), dietary diversity
score (DDS), healthy diet indicator (HDI), healthy eating index (HEI), diet quality index (DQI),
Mediterranean diet score (MDS)) and lipid profile, anthropometric indices, glucose profile as well as
blood pressure were eligible to be included in this review. Overall, mean changes, odd ratio (RR),
correlation coefficients, and beta coefficient of outcomes were extracted, with the quality assessment
of studies performed applying The Newcastle-Ottawa scale. Results: From among 1627 papers, 10
articles were included: Eight cross-sectional and two prospective (cohort) studies. The association
between HEI as well as MDS and CVD risk factors was more evident in the included studies. Fasting
blood sugar, hemoglobin Alc, body mass index, and waist circumference revealed the greatest inverse
significant relationship with dietary quality indices in adults with T2DM. Conclusion: Overall, the
findings of this study suggest that the level of CVD risk factors in T2DM decreases significantly
with increase in the score of dietary quality indices. Further studies in future are required to confirm

these findings.
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Introduction

Diabetes is known as a prevalent
metabolic disease. This disorder is a
developing hazard and serious world

health organization (WHO) alarm as a
risk factor for cardiovascular disease
(CVD).[12 Poor blood glucose control can
lead to multiple critical complications,
such as cardiovascular  disturbances,
retinopathy, and renal failure.”’ CVD such
as hypertension and myocardial ischemia
is considered as the most common cause
of death worldwide.*! Family history,
genetics, and lifestyle factors, identified
as the major modifiable agents, can have
significant effects on the progress of type 2
diabetes (T2DM) and CVD.©

Nutritional ~ status is an  adjustable
environmental factor of diabetes, and
nutrition therapy plays a substantial role in
preventing the associated complications.!
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Based on the reaction between nutritious
elements and synergistic effects of
micro- and macronutrients in a complete
diet, previous studies have aimed to reveal
the relationship between dietary quality
indices and chronic diseases.®” The
Diet Quality Index-International (DQI-I;
based on the worldwide national
dietary guidelines), The Healthy Diet
Indicator (HDI; according to the World
Health Organization dietary guidelines),
the Healthy Eating Index-2010 (HEI-2010;
based on the Food Guide Pyramid), and
Mediterranean Diet Score (MDS; based on
the Mediterranean eating pattern) are four
quality indices.'*!!! Overall, diet quality
indices recommend use of healthy nutrients
groups, such as fruits, essential fatty acids,
legumes, cereals, fish and vegetables, as
well as sustaining variety, moderation, and
balance in nutrients intake.!'”

Epidemiological evidence has indicated
that a higher adherence to the diet quality
indices was inversely correlated with the
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risk of obesity, CVD, diabetes, metabolic syndrome, and
cancer.”*!*] However, some previous reports suggest that
the results obtained from different studies on measuring
the relationship between dietary quality and some
cardiovascular disease risk factors differ across various
populations.['"13161 - Although investigation of the current
databases indicates that so far no systematic review has
been done for assessing the relationship between diet
quality indices and cardiovascular disease risk factors
in T2DM patients, a systematic review in 2017 by
investigating 34 papers indicated that some indicators of
dietary quality such as HEI have an inverse relationship
with obesity in healthy individuals.!'”!

Concerning the synergistic effect of each of the
cardiovascular risk factors in T2DM patients and the
increase in the prevalence of these factors, it seems that a
systematic review is required to examine the relationship
between diet quality indices and the most important CVD
risk factors in T2DM patients. The results of the present
study can be practical in modifying the dietary quality of
T2DM patients and in preventing from this disease.

Materials and Methods
Study protocol

The current study was performed based on the
Preferred Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA)!'®  and was registered in
the PROSPERO with the code of CRD42020191933.
According to the current study design, ethical approval was
not required due to the local regulations.

Inclusion and exclusion criteria

Studies were required to meet the inclusion criteria as
follows: 1) Studies that were published as an original
research paper, with full-text availability. 2) The study
participants were individuals aged 18 years or older with
T2DM at study baseline. 3) Studies employing a valid
method for assessing dietary intake (e.g. Food Frequency
Questionnaire (FFQ) or 24-h recall). 4) Studies analyzing
the correlation between dietary patterns scores (including
the Healthy Eating Index (HEI), Alternative Healthy
Eating Index (AHEI), the Healthy Diet Indicator (HDI),
the Dietary Diversity Score (DDS), the Dietary Quality
Score (DQS), the Diet Quality Index (DQI), relative
Mediterranean diet score (rMED) and Mediterranean
diet score (MDS)) and a suitable outcome measure.
5) Studies measuring at least one intended outcome from
one of following measures: Lipid profile (low-density
lipoprotein- cholesterol (LDL-C), high-density
lipoprotein-cholesterol (HDL-C), total cholesterol (TC),
triglyceride (TG)) (mg/dl), blood pressure (mmHg),
blood glucose (mg/dL), HbAlc (%), body mass index
(kg/m?) and waist circumference (cm). 6) Studies conducted
through cross-sectional and prospective (cohort) design.
The exclusion criteria included: 1) Studies with special

2

participants (e.g. lactating or pregnant women, infants,
children, and adolescents. 2) Studies with unclear described
data about the study methods, issue, analysis method of
the results, and participants features. 3) Studies assessing
specific foods or nutrients only. 4) Studies conducted on
nonhuman subjects.

Data sources and search strategy

An online search was performed for studies assessing the
correlation between dietary quality indices and CVD risk
factors in adults with T2DM, using Web of knowledge,
PubMed, Cochrane, Science direct, Google Scholar and
Scopus databases. It was completed by publisher databases
such as FElsevier, Wiley online, and springer link from
January 1990 to July 2020. Existing reviews and reference
lists of suitable studies were manually searched for the
supplementary data. No language limitation was applied
in the literature search. The search terms considered
for searching in PubMed were as follows: “diet quality
indices”, “dietary quality index”, “dietary quality score”,
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“healthy diet indicator”, “healthy eating index”, “alternative
healthy eating index”, “Mediterranean diet score”, “relative
Mediterranean diet score”, “dietary diversity score”
AND “cardiovascular diseases”, “risk factors”, “obesity”,
“abdominal obesity”, “metabolic syndrome”, “diabetes”,
“lipid markers”, “low density lipoproteins”, “high density
lipoproteins™,  ““cholesterol”, “triglyceride”, “HbAlc”,
“fasting blood glucose”, “2hPP”, “body mass index”,
“blood pressure”, “waist circumference”. The data terms
were searched as medical subject headings (MESH) terms
or free text. End Note software was used to manage the

search results.
Study selection

Authors individually assessed the list of identified
references to consider eligibility for inclusion. Any
disagreements were resolved by consensus. In the first
step, the studies extracted from searching the electronic
databases were classified based on the title and abstract,
with duplicate publications removed. Thus, the included
papers which did not meet the study purposes were
excluded. In the next step, selection of the included studies
was performed by reading and screening both abstract
and full text according to eligibility criteria from the
remaining papers. In cases where the results of a study
had been published in several articles, the paper with the
most complete result was registered in this review. Finally,
authors checked the reference lists of the included studies
to find other relevant papers.

Method of quality assessment

Quality assessment was done using The Newcastle-Ottawa
scale, for evaluating the quality of non-randomized studies
in review papers. This tool utilizes a “star” approach to
quality assessment of non-randomized studies in three
sections: Comparability of study groups, ascertainment
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of outcomes, and the selection of participants.'”! The
maximum score of the scale was nine stars. Studies meeting
a score of nine stars were considered as the highest quality.

Data extraction and analysis

Data extraction was conducted using Microsoft Excel
software as well as an adapted form by the authors, and
further confirmed by a research assistant. Data extracted
contained the tittle of the study, purpose and study design,
location, the demographic data of participants including
age, gender, BMI and sample size, study populations,
inclusion and exclusion criteria, measurement instruments,
the time of study, outcome information and the results of
analysis, dietary assessment method (e.g. 24-h recall or
FFQ) and type of dietary quality indices used in included
studies. All disagreements were resolved via discussion
among authors. Note that Cohen’s kappa statistics was used
to determine the reviewer agreement statistics.

Results
Search results

Based on the search strategy in the databases mentioned
above, 1627 papers were found. Then, 161 papers were
removed because of being duplicate. Next, the papers
which were irrelevant to our search subject in terms of
title and abstract, where also excluded, whereby 69 papers
remained for investigating eligibility criteria. In the final
step, 10 papers entered the qualitative synthesis phase, and
59 papers were further eliminated because of investigating
irrelevant outcomes and not conducting the study on the

target population of interest in the present study. Figure 1
displays the search stages.

Quality assessment

Based on Newcastle-Ottawa scale, the minimum score
belonged to the study by Tiew et al.,”” while the maximum
was found for studies by Daneshzad et a/.,”! and Wu
et al.®V The mean total score of this scale for the included
studies was 7.7. Generally, the studies included in the final
stage obtained a suitable score.

Study characteristics

The number of patients included in the qualitative
synthesis studies in the analysis phase was 6237 with
the age range of 35-84 years. Considering the gender of
participants, 50.9% were male and 49.1% were female.
Overall, the criterion for diabetes diagnosis in preliminary
studies was HbAlc >6.5% and FBS >126 mg/dl. Out
of 10 papers investigated in this study, 8 articles had a
cross-sectional design, while 2 articles had been performed
as prospective cohort study.''?!! The follow-up duration
in the cohort studies was around four years. The country
of publication of papers was as follows: USA (n = 3),
England (n = 3), South Korea (n = 1), Bangladesh (n = 1),
Switzerland (n = 1), and Spain (n = 1). These papers had
been published between 2010 and 2019 [Table 1].

For investigating the type of the dietary quality indices used
in the studies, HEI and its modified version (AHEI) had the
maximum frequency among the included studies. On the
other hand, HDI and DDS had the minimum frequency. The

Figure 1: Flow chart of study selection
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total mean score of each of the indices mentioned in the
qualitative synthesis studies was as follows: DQI and HEI
greater than 50, MDS larger than 4, and AHEI greater than
39. Also, the mean HDI score among all participants in one
study was 5.2 DDS index included two subgroups called
food group score (FGS) and serving score (SS). Their total
mean score was 4.12 and 12.75 respectively in one study.”
Assessment of food intake in the included studies had been
performed using FFQ and 24-h recall [Table 1].

Outcomes

The relationship between HEI as well as AHEI and CVD
risk factors in T2DM

The relationship between many CVD risk factors and HEI
had been examined in two cross-sectional studies. Also, one
prospective study and two cross-sectional studies had tested
the relationship between AHEI and some CVD risk factors
among T2DM patients [Table 1]. Fasting blood sugar (FBS)
decreased in two studies following elevation of the mean
HEI score (mean = SE: 149.08 + 6.04 (mg/dl) compared
to 171.72 £ 5.77 (mg/dl); P = 0.017, median (interquartile
range): 130 (mg/dl)  (103-177)  compared to
168 (mg/dl) (131-207); P <0.001).2  HbAlc
diminished in only one study with elevation of HEI
score (median (interquartile range): 7.8% (6.7-9.4)
compared to 8.5% (7.4-10.0); P = 0.002).22) However, the
rise of the HEI score had no significant effect on BMI,
WC, 2-hour postprandial (2hpp) blood glucose, systolic
blood pressure (SBP), diastolic blood pressure (DBP),
TC, TG, and LDL-C in any of the studies (p >0.05).
Meanwhile, elevation of the AHEI score resulted in
diminished BMI, WC, LDL-C, 2HPP blood glucose, and
FBS in some studies (p <0.05), but it had no effect on TG
and HbAlc (B: -0.02, 0.094; P >0.05).1'"21:3] Note that in
the study by Antonio et al.,”” again elevation of HEI score
had no significant effect on WC and HDL regarding the
gender of participants (p >0.05).

The relationship between MDS as well as rMED indices
and CVD risk factors of T2DM

Three studies had explored the relationship between
MDS (two cross-sectional studies and one prospective
study) and one study had examined the relationship between
rMED and CVD risk factors in T2DM patients [Table 1].
Investigation of lipid profile in these studies showed that
elevation of MDS score had led to a significant reduction
in TG, TC, and LDL-C, as well as significant rise of
HDL-C (p <0.05).1"2#21 However, its increase had no
effect on blood pressure status of the patients (percentage
of hypertensive individuals in 1% tertile compared to
3 tertile: 58% compared to 58%; P = 0.16).*4 Most of
the papers investigating MDS index in the present study
suggested that the increase in the score of this index
would lead to significant reduction of HbA1C, FBS, and
2hpp blood glucose (p <0.05).2**! However, the study by

6

Bonaccio et al.' rejected the reducing effect of MDS
index on blood glucose (mean + SD: 155.0 £ 45.9 mg/dl
compared to 153.1 + 42.2 mg/dl; P = 0.67). With regards
to investigating anthropometric indices, BMI and WC
value decreased considerably with the increase in MDS
in some studies; however, the study by Bonaccio et al.,"
emphasized lack of effectiveness of changes in the score
of MDS index on BMI (p = 0.25).l'1 The results obtained
from investigating rMED index suggests that elevation
of the score of this index results in significant decline of
BMI, HbAlc, SBP, DBP, LDL-C, and significant rise of
HDL-C (mean + SD: 30.0 + 4.2 kg/m?, 7.63 + 0.48%,
133.3 £ 23.7 mg/dl, 78.6 + 8.5 mg/dl, 101.5 = 31.2 mg/dl,
46.8+12.4 mg/dl compared to 30.6 4.5 kg/m?,7.69 +0.52%,
135.3 + 14.9 mg/dl, 80.7 = 8.7 mg/dl, 105.1 + 31.9 mg/dl,
45.3 + 11.6 mg/dl; P <0.05).12¢

The relationship between DQI and CVD risk factors in
T2DM

The relationship between DQI and CVD risk factors of
T2DM had been investigated in three studies.”!®*! The
results suggested that revision of DQI score had no effect
on LDL, TG, TC, SBP, and DBP (p >0.05) [Table 1]. With
regards to T2DM measurement indices, Kim et al., %
findings also confirmed the significantly reducing effect
of DQI score elevation on FBS, HbAlc, and 2hpp blood
glucose (correlation coefficients: -0.220, -0.206, -0.296;
P=0.025,0.036,0.002).' However, the study by Daneshzad
et al.” indicated that the increase in the DQI score had
no effect on HbAlc (mean = SE: 7.50 + 0.13% compared
to 7.47 + 0.13%; P = 0.565). Also, the study by Cheung
et al.® suggested a significant reduction of BMI with
increase in DQI score (Beta coefficients (SE): — 0.94 (0.46);
P = 0.044). On the other hand, the results of another
study suggested no effect of DQI score variations on BMI
and WC (mean + SE: 29.73 + 0.52 kg/cm? compared
to 29.41 £ 0.53 kg/em* P = 0.452, Odds ratios (OR)
CI (95%): 0.52 (0.23, 1.18) compared to 0.59 (0.0.26, 1.34);
P =0.0494).”

The relationship between HDI as well as DDS and CVD
risk factors of T2DM

Overall, two studies had dealt with investigating the
relationship between HDI as well as DDS and some
CVD risk factors in T2DM [Table 1]. Kim et al 9
found that elevation of HDI score would result in reduced
FBS, 2hpp blood glucose, and HbAlc (Correlation
coefficients: -0.226, -0.263, -0.280; P=0.021, 007, 0.004).1'
In addition, overall elevation of DDS score in the study by
Tiew et al.,*!! including FGS and SS, was also associated
with a significant fall in BMI and WC (FGS; B (95%
CI): -0.68 (-1.30, -0.07), -0.67 (-1.25, -0.08); P = 0.028,
0.026),(SS; B (95%CI):-3.85(-6.50,-1.20),-3.87(-6.41,-1.33);
P =0.005, 0.003).2
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Discussion

The present systematic review dealt with investigating the
relationship between the dietary quality indices and the
agents of measuring CVD risk factors including glucose
and lipid profile, blood pressure, as well as anthropometric
indicators in type II diabetes patients. Generally, from
among the five studies examining HEI and AHEI, three
studies suggested an inverse relationship between HEI and
FBS as well as HbAlc, along with inverse relationship
between AHEI and BMI, WC, LDL-C, 2hpp blood glucose,
and FBS.

MDS showed an inverse relationship with BMI, WC,
TG, TC, LDL-C, FBS, HbAlc, and 2hPP, and a direct
relationship with HDL-C. Following the increase in
rMED score, the level of BMI, HbAlc, SBP, DBP, and
LDL-C diminished while HDL rose. From among three
studies investigating DQI, one study revealed an inverse
relationship between this index and BMI, FBS, HbAlc,
and 2hpp blood glucose. The values of FBS, 2hpp blood
glucose, and HbAlc revealed an inverse relationship with
HDI. Also, BMI and WC indicated an inverse relationship
with DDS. Note that the dietary quality indices investigated
in this study had no desired effect over the other CVD risk
factors mentioned in the Table 1.

Diabetes as well as the issues related to preventing and
treating this disease have various aspects. Nevertheless, the
main focus on managing diabetes is controlling CVD risk
factors.”! Based on the results of papers examined in the
present study, usage of HEI in comparison to other dietary
quality indices may have greater similarity to the dietary
pattern of diabetic patients.?”? Accordingly, the observations
related to the effect of HEI on CVD risk factors in diabetic
patients also find greater expression power. HEI-2000
contains a low lipid content as well as high fiber, antioxidant,
tryptophan, and lipoic acid content. These compounds have
a useful effect on the cardiovascular function.®2! In line
with the results of our study, Saraf-Bank et al.**! found that
there is an inverse relationship between HEI-2010 and WC,
BP, and TG as well as low HDL-C level among healthy
individuals. Also, Chiuve et a/.,°% found that diabetics with
a higher AHEI score had a lower 10-year coronary heart
disease risk. This risk reduction may be due to lowering fat
intake and controlling the lipid profile in these patients.[3%21]
The anti-inflammatory and antithrombotic mechanism
of the Mediterranean diet have been proven in several
epidemiological studies for reducing blood pressure and
increasing insulin sensitivity. These effects are associated
with some compounds of this diet including vegetables and
fish.B1%2] In parallel with the results obtained in the present
study, PREDIMED study suggested that the Mediterranean
diet resulted in diminished diabetes complications in
7000 patients with CVD risk factors.”! It seems that
another preventive effect of the Mediterranean diet against
cardiovascular disease as well as its relationship with
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T2DM may be associated with carbohydrate metabolism.?*
Confirming this hypothesis, Ajala et al.,?* reported that
Mediterranean diet can potentially contribute to reducing
HbAlc level.

Although few of the papers assessed in the present study
had explored the effects of DDS, HDI, and DQI on CVD
risk factors, the results of previous studies are also notable.
Alkerwi et al.,”! indicated that the score of DQI had an
inverse relationship with WC, BP, LDL-C, and TC in 1352
healthy individuals. However, Alvarez et al.,* reported
that DQI may not be a sensitive index to investigate
the relationship between dietary quality and CVD risk
factors. Previous studies testing DDS index have reported
contradictory effects of this index on some CVD risk
factors. The results of the present study suggested that
DDS index has an inverse relationship with the value of
anthropometric indices. On the other hand, Jayawardena
et al.,”7 found that the increase in DDS score had a direct
relationship with the rise in the level of abdominal fat and
weight gain in healthy individuals. As a possible hypothesis,
the extent of adhering to diabetic diet may influence the
results of measuring dietary quality in diabetes patients.
Tiew et al.,” observed that diabetics refrain from eating
foods and dairies. This is due to fear of overconsumption
of sweets in fruits as well as the fat in dairies, while dairies
have anti-obesity, blood pressure reducing, and blood
glucose reducing effects.’” Thus, if the dietary quality
in diabetics compared to healthy individuals is measured
using different instruments, more desired results can be
achieved.

Generally, the sociodemographic situation, differences in
the measurement method of CVD risk factors, the data
collection instrument associated with the dictary intake,
the method of calculating the dietary quality indices,
health status, level of education, occupation and income
of individuals, their place of residence, and gender
may explain the discrepant results across studies.[-3%
Harrington et al.,?” reported that a low level of personal
education about nutritional recommendations is directly
associated with a low dietary quality. On the other hand,
the prevalence of T2DM is also higher in those with a
low level of education.” The costs associated with diet
and food price can also influence the diversity in food
selection. Reduction in dietary diversity may lead to
diminished dietary quality.”*!! Blaylock et al.,**! suggested
that those with a low level of income have also a lower
dietary quality. Thus, the role of place of residence can
also be important in the association with level of income.
Those who live in developed countries, compared to the
individuals living in developing countries, have a higher
level of education and income, which can in turn affect the
dietary quality of people.

One of the important points observed in the included studies
is the energy intake. Although some studies had adjusted
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the energy intake, some others had neglected it. The level
of energy intake acts like a double-edged sword. Some
studies suggest that increase in the energy intake leads to
obesity, while if the rise in the consumption of healthy
and diverse food causes balanced increase in the energy
intake, the quality of the diet consumed grows and CVD
risk factors diminishes in diabetics.[*** Daneshzad et al.,"!
observed that the energy intake did not differ significantly
in the HEI-2010 and DQI scored subgroups. On the other
hand, with increase in the score of these indices, DBP and
SBP, LDL-C, TG, TC, 2hPP, HbAlc, WC, and BMI also
decreased. Meanwhile, reducing energy intake through
special dietary patterns and increasing consumption of
plant-based diets in diabetics can modify the complications
and symptoms of the disease.l?’] Thus, this hypothesis can
be noted that energy intake in the form of dietary patterns,
in addition to balancing the food intake, can also lead to
enhanced dietary quality and reduced CVD complications
as well as symptoms.

The results of previous studies suggest that the extent of
adhering to consuming some nutrients such as cholesterol
and sodium is greater in men than in women.!'7#* This may
be associated with increased energy intake by men. Based
on the above point, the incidence of CVD risk factors
may increase in T2DM men compared to women.“¢! In
line with these results, Giugliano et al.,* who worked
on men, also found that the extent of adhering to MDS
index was inversely associated with TC and TG, HbAlc,
2hPP, WC, and BMI. However, Daneshzad et al.”! who
studied women, rejected this result. On the other hand,
Antonio et al.,”? observed that the extent of adhering to
HEI index has no significant relationship with WC and
HDO concerning gender. Regardless of the type of the
dietary quality indices, this hypothesis can be mentioned
that although some studies reported increased incidence of
CVD risk factors in men compared to women in T2DM,
controlling consumption of harmful nutrients such as
cholesterol and sodium as healthy dietary patterns can also
have more desired effects on men compared to women
suffering T2DM.

The limitations of the present study were as follows: 1)
considering the relationship between dietary quality and
level of well-being, most of the studies had also been
performed in developed countries with a relatively good
level of welfare, which may affect the results. On the other
hand, in other populations, the obtained results may be
different; 2) most of the included studies had been done
cross-sectionally, and only two had been performed as
prospective. This can create bias and affect our conclusion
to some extent; 3) in spite of the importance of adjusting
confounding variables (especially energy intake), some
studies had not done that, and the results of these studies
may have lower validity; 4) Considering the heterogeneity
of qualitative synthesis studies, it was not possible to
perform a meta-analysis.
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In conclusion, the findings of this review suggest that the
dietary quality plays a significant role in the scenario of the
relationship between diet and CVD risk factors in T2DM.
It also creates a new perspective for designing effective
strategies in future to develop this scenario. Most of the
included studies showed an inverse relationship between
dietary quality indices and CVD risk factors in T2DM.
Generally, from among all of the examined risk factors,
the main inverse effect of the dietary quality indices in the
studies was observed on glucose profile and anthropometric
indices. Further studies seem to be warranted to confirm
these findings.
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