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Abbas Abbasi"*/, Davood Shafie?, Reza Heidari Moghaddam®, Masoumeh Sadeghi®

Seyyed Morteza Safavi"

Original Article
Abstract

BACKGROUND: Heart failure (HF), or congestive Heart failure (CHF), is a heart disorder with a
number of symptoms caused by the heart’s inability to pump blood. Our aim in conducting this
study is to investigate the adherence to dietary approaches to stop hypertension (DASH) diet
components and the risk of HF in Iranian adult women and men.

METHODS: In this hospital-based, case-control study, we included 340 participants (194 men
and 146 women) aged 30—70 years who were recently (less than 6 months) diagnosed with
HF. In this study, there were 169 participants in the control group and 171 participants in the
case group. A semi-quantitative food frequency questionnaire (FFQ) with 148 items was used
to assess food intake. Multiple logistic regression statistical tests were used to evaluate the
relationship between DASH score and HF.

RESULTS: After adjusting for confounding variables, the data showed that adherence to the
DASH diet was associated with a reduced risk of HF. Our data show that a significant relationship
was found between the consumption of fruits (OR: 0.62; 95% CI: 0.53-0.68), vegetables (OR:
0.53; 95% CI: 0.28-0.81), legumes and nuts (OR: 0.75; 95% CI: 0.65-0.68), and heart failure,
but no significant relationship was found with the other components of the DASH diet and
heart failure.

CONCLUSION: Findings suggest that there is an inverse relationship between adherence to the
DASH-style diet and the likelihood of HF, and adherence to some components of the DASH diet
was also effective in reducing the risk of HF. To obtain more complete results, it is necessary to
conduct cohort studies and randomized clinical trials.
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Introduction

Cardiovascular diseases are currently one of the
most common chronic diseases and the main cause
of death worldwide. Due to the increase in life
expectancy in the general population, especially in
developing countries such as Iran, heart failure (HF)

has become a major public health problem'. It is
estimated that more than 26 million people in the
wortld have heart failure?.

In heart failure, the heart is not able to pump
blood in proportion to the body weight. In other
words, the heart is very weak, and there are many
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DASH diet and heart failure risk

reasons for HEF, the most important of which include
coronary artery disease, heart attack, and high blood
pressure’. In general, HF is seen in the left, right, or
both parts. In biventricular HE, both sides of the heart
are affected; however, HF is more common on the
left side*’. Systemic inflammation is often present in
patients with acute and chronic HF*. A number of
inflammatory mediators and cytokines are involved in
the pathophysiology of HE, including high-sensitivity
C-reactive protein (hsCRP), tumor necrosis factor-
alpha (TNF-o), and a number of intetleukins®’.

Dietary Approaches to Stop Hypertension
(DASH) is a type of eating style that recommends
increased consumption of fruits, vegetables, whole
grains, fish, nuts, dairy products, and vegetable oils.
Also, in this diet, the consumption of processed
meats, simple sugars, desserts, alcohol, and fats has
decreased". In the DASH food pattern, there is a
higher consumption of nutrients such as potassium,
calcium, magnesium, fiber, and vegetable proteins, as
well as alower consumption of refined carbohydrates
and saturated fats, which play a key role in controlling
blood pressure'.

A wide wvariety of studies have shown that
following the DASH diet can be associated with a
reduced risk of heart problems'". The DASH diet
has been proven to reduce inflammation', weight',
blood pressure’, metabolic syndrome'’, diabetes',
and cancer. Although many studies have shown
the effect of the DASH diet in reducing the incidence
of heart diseases, no case-control study has yet been
conducted regarding the role of the DASH diet and
its components in reducing the incidence of HE
Several studies have shown that the components of
the DASH diet (whole grains, dairy products, and
lower amounts of red meat, sodium, and added sugar)
are associated with a reduced tisk of heart disease**.
Additionally, to our knowledge, the data on the
relationship between adherence to the DASH diet and
HF are mainly limited to Western countries, with little
evidence from less developed countries. Therefore,
our purpose in conducting this case-control study is
to investigate and analyze adherence to the DASH
dietary pattern in relation to HF in Iranian adults.

Method

Study design and population
The design of this study is case-control, conducted
on 194 men and 146 women aged 30-70. The cases

were chosen from patients with HF, diagnosed by a
cardiologist in the last six months, who were referred
to the HF department of Chamran Hospital,
Isfahan, Iran, from July 2023 to December 2023. HF
was defined based on signs and symptoms diagnosed
and recorded by a cardiologist and confirmed
histologically at the Cardiovascular Research Center
and HF Clinic in Chamran Hospital.

The control group was selected using the
companion control method after screening for
eligibility. Cases and controls who met any of the
following criteria were excluded: 1) incomplete
questionnaires, 2) lack of consent to participate, 3)
taking special supplements, 4) following special diets,
or 5) diagnosed with malignancy and cancer. Finally,
171 cases and 169 controls were included in the study.
Written consent was obtained from all participants.
The Medical Ethics Committee at Isfahan University
of Medical Sciences approved the study protocol
(IR.MULRESEARCH.REC.1402.168).

Dietary assessment

A valid and reliable FFQ semi-questionnaire with
148 items® was used to assess dietary food intake
for both groups. The frequency and amount of food
consumed were converted into grams per day and
recorded daily, weekly, or monthly over the past year.
A customized version of Nutritionist IV software
was used for diet analysis.

Calenlation of DASH score

Fung’s standard method was used to score the
DASH diet*™. In this study, to eliminate the effect of
the individual’s energy intake on the components of
the DASH score, the intake of each food group was
estimated per 1000 kcal. We calculated the DASH
score for eight components of this diet, and the
calculation of this score determines the degree of
compliance of the individual to this diet. Consuming
low amounts of sodium, sweets, sugar-sweetened
beverages, and processed red meat, as well as
consuming high amounts of low-fat dairy products,
whole grains, nuts and legumes, fruits, and vegetables,
were considered. In scoring the DASH diet, the
highest score was given to the people who followed
the DASH diet the most. Conversely, the lowest score
was given to people who had the least adherence to
the DASH diet. This scoring method was also used
for sodium, sweets, and red or processed meats.
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Finally, a total DASH score (ranging from 8 to 40)
was given to each participant.

Anthropometric assessment

Trained experts collected anthropometric data from
all subjects using standardized methods and calibrated
devices. Height without shoes was measured using
a standard tape, and body weight was measured
with bare feet and light clothes using an Olympia
scale. Body mass index (BMI) was calculated using
the formula: weight (kg) divided by the square of
height (m?). Waist circumference (WC) and hip
circumference were measured with an accuracy of
0.1 cm at the maximum circumference of the hip.
All measurements were performed by an expert to
limit observer error and were carried out based on
National Institutes of Health guidelines®. Physical
activity was assessed by a validated questionnaire?®.

Evaluation of other variables

Using a pre-tested questionnaire, we collected
information about age, marital status, place of
residence, alcohol consumption, and smoking status,
which was categorized as never, current, or former.
In the case of alcohol consumption, any amount
of alcohol consumed during a month was defined
as an alcohol user, and in the case of smoking, one
cigarette per day was defined as a cigarette user.
We also collected information on cardiovascular
disease history, based on self-reporting and medical
documentation. Diabetes was defined as the use of
anti-hyperglycemic drugs, while hypertension was
defined by the use of antihypertensive drugs. Systolic
and diastolic blood pressures were measured twice,
at least 15 minutes apart, by a trained person using a
mercury sphygmomanometer on the right arm while
the participant was seated. The average of these
measurements was recorded”’. The questionnaire
was completed for all participants through face-to-
face interviews.

Statistical analysis

SPSS software version 21.0 (SPSS Inc., Chicago,
IL, USA) was used for statistical analysis. The
Kolmogorov-Smirnov test was used to determine
the normality of the data. For data with a normal
distribution, the mean =+ standard deviation was
used, and for data with a non-normal distribution,

the median and interquartile range were used.
Qualitative variables were reported as frequency
and percentage. The participants were divided into
the following four groups based on the cut point
for adherence to the DASH diet: T1: <20, T2: 21-
24, T3: 25-28, and T4: 229. Statistical analyses,
including simple t-tests, chi-square tests, ANOVA,
and multivariate logistic regression, were conducted.
Statistically significant results were determined by
p-values of <0.05 (two-tailed). Odds ratios (OR) and
95% confidence intervals (CI) were used to report
the results of the multivariate logistic regression.
Confounding factors such as BMI (kg/m?), sex, age
(years), alcohol consumption, physical activity (MET
(hout/day)), smoking, diabetes history, family history
of coronary heart disease, marital status, and place
of residence were included in the final models of
statistical analysis. A p-value < 0.05 was considered
statistically significant, and all p-values reported were
two-tailed.

Results

The anthropometric and demographic parameters
of the participants in the case and control groups are
presented in Table 1. Regarding age, physical activity,
residency, alcohol consumption, smoking status,
family history of coronary heart disease (CHD),
marital status, and blood pressutre, no statistically
significant differences were observed between the
participants in the case HF and control groups.
However, the case group reported a lower daily
caloric intake compared to the control group, with
amean * SD of total energy (kcal/d): 2075 + 324.5
versus 2254.2 = 112.14 (p < 0.001), and BMI: 30.23
T 1.37 versus 27.41 + 2.48 (p < 0.001).

Table 2 shows the main characteristics of the
participants according to the DASH diet scoring
quartile. We found that patients in the highest quartile
of the DASH score had a lower BMI (p < 0.001).
However, no other significant relationships were found
between the DASH score and the other variables.

Table 3 shows the components of the DASH diet
as well as macronutrients consumed by participants.
Participants with the lowest fat intake had the
highest DASH scores (p < 0.001). Participants who
consumed the highest amount of carbohydrates and
protein had the highest DASH scores (p < 0.001).
Individuals with the highest consumption of fruits,
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Table 1. General characteristics of people participating in the study based on HF and control group

. Total Controls Cases

variable N=340 N=169 N=171 P value

cox women 146(42.94) 76(52.05) 70(47.94) 0.087
men 194(57.05) 93(47.93) 101(52.03)

BMI (Kg/m?) 29.58+7.58 27.4142.48 30.23+1.37 <0.001

Age (years) 62.7£7.7 59.3%3.5 64.5%6.3 0.179

Total energy (kcal/d) 2088.1424832 22542+ 11214 2075+ 3245  <0.001

. . low 263(77.35) 130(49.42) 133(50.57)

gfgj;ﬁ;;;;‘my (MET moderate 46(13.52) 25(54.34) 21(45.65) 0.627
high 32(9.41) 17(53.12) 15(46.87)

Hypertension (positive) yes 103(30.29) 47(45.63) 56(54.36) 0.115
never 265(77.94) 123(46.41) 142(53.58)

Alcohol (drinking) current 63(18.52) 41(65.07) 22(30.77) 0.069
former 12(3.52) 7(58.33) 5(41.66)
never 215(63.23) 116(53.95) 99(46.04)

Smoking (active or past)  current 80(23.52) 34(42.5) 46(57.5) 0211
former 45(13.23) 19(42.22) 26(57.77)

1: f’é‘i{)ﬁ;ﬁ;‘ﬁ et discase | YES 81(23.82) 39(48.14) 42(51.85) 0.766

Diabetes history yes 72(21.17) 23(31.94) 49(68.05) 0.094

Marital status yes 278(81.76) 141(50.71) 137(49.28) 0.675

place rural 95(27.94) 45(47.36) 50(52.63) 0.485
urban 245(72.05) 124(50.61) 121(49.38)

Table 2. The main characteristics of the participants according to quartiles of DASH score

DASH score quartiles

Q@) (lowest Q2 Q(4) (highest
N((‘?/o() ) N((")/o) N((°)/o§ £ P vatue
<20 21-24 >29
cex women  146(42.95) 61(41.78) 38(20.02) 25(17.12) 22(150.6) 0.58
men 194(57.05) 48(24.74) 42(21.64) 54(27.83) 50(53.19) '
BMI (kg/m?) 30.7843.34  31.733.87 30.87+3.74 29504392 26324336 <0.001
Age (years) 62.7%7.7 62.57+7.56 62104756 62.56%8.09  60.86+7.74 0.5
Energy intake (kcal) 21341424832 20955+2380.8  2034.8%634.9 2142.9+684.2 2263.4+4528  0.55
Physical activity % 293(86.17) 87(29.69) 74(25.25) 69(23.54) 63(21.50)
(MET (day)y | moderate 33070 11(33.33) 5(15.15) 9(27.27) 8(24.24) 0.39
high 14(4.11) 3(21.42) 3(21.42) 4(28.57) 4(28.57)
g’;ﬂ;ﬁ;‘;‘)‘s“’“ yes 257(75.58) 87(33.85) 68(26.45) 61(23.73) 52(20.23) 0.20
Aleohol never 291(85.58) 85(29.20) 72(24.74) 64(21.99) 69(23.71)
( dfi(r)i(i)ng) current  38(11.17) 14(36.84) 13(30.77) 9(7.69) 2(15.38) 0.33
former  11(3.23) 3(27.27) 4(33.33) 2(18.2) 2(18.2)
Smoking (active  "€VT 254(74.70) 57(22.44) 67(19.70) 72(21.17) 58.(17.05)
current  58(17.05) 21(36.20) 13(22.41) 13(22.41) 11(18.96) 0.45
or past) former  29(8.52) 10(34.48) 7(24.13) 6(20.68) 6(20.68)
Family history
Of coronary yes 63(18.52) 22(34.92 18(28.57) 15(23.80) 8(12.69) 0.96
heart disease
Diabetes history yes 72(21.17) 31(43.05) 15(20.83) 14(19.44) 12(16.66) <0.001
Marital status ~ yes 309(95.85) 8427.18) 72(21.17) 99(32.03) 54(15.88) 0.79
Place rural 75(22.05) 17(22.66) 15(20) 23(30.6) 20(26.6) 0.1
utban 265(77.94) 84.(31.69) 69(26.03) 58(21.88) 54(20.37) '
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Table 3. Dietary Macronutrient intake and Components of DASH of the participants according energy-adjusted DASH
score. The total received energy was adjusted

Q1 (lowest)

Q4 (highest)

variable <20 >29 P value
Dietary Macronutrient intake (energy-adjusted)

Total fat (g/day) 110.66£40.26 114.39£24.72 116.39£24.53 109.68£17.36 <0.001
Total energy (kJ/day) 1912.5£2380.8 2034.8£634.9 2142.9£684.2 2263.4£452.8 0.55
Protein (g/day) 128.08£114.90 104.57£23.02 128.84%27.05 133.98£18.89 <0.001

Carbohydrate (g/day) 527.98+512.56 484.21£122.31 528.36+123.8 576.2%85.14

Components of DASH (setving/day) (energy-adjusted)

Fruits 2.41£1.55 4.08%1.41 4.43£0.94 5%0.00 <0.001
Vegetables 2.61£1.48 4.71£0.67 4.66£0.60 4.96x0.19 <0.001
Nuts and legumes 3.40£1.15 4.15+1.30 4.7810.61 5%0.00 <0.001
Whole grains 4.50£0.91 4.35%0.79 4.57£0.56 4.92+0.27 0.64
Red and processed meat 4.09£1.34 3.94£1.10 4.07£0.84 3.4810.50 0.32
Low fat daity product 1.89£1.10 2.29£0.98 2.63£1.04 2.54£0.90 0.473
Sweetened beverage 5.00£0.00 5.00£0.00 5.00£0.00 5.00£0.00 0.999
Sodium 3.32£1.06 3.12%1.37 3.02£0.47 2.78%0.65 0.48

The total received energy was adjusted. Values are mean (SD) or number (percentage)

Table 4. Relationship between components of DASH diet and HF
Adjusted? model Adjusted® model
OR (95% CI) OR (95% CI)
0.63(0.56-0.69)* 0.61(0.57-0.68)*

crude model
OR (95% CI)
Fruits 0.63(0.57-0.70)*

Adjustedc model
OR (95% CI)
0.62(0.53-0.68)*

variable

Vegetables 0.56(0.48-0.68)* 0.56(0.46-0.68)* 0.55(0.45-0.67)* 0.53(0.28-0.81)*
Nuts and legumes 0.76(0.67-0.87)* 0.77(0.67-0.88)* 0.75(0.65-0.86)* 0.75(0.65-0.68)*
Whole grains 0.97(0.74-1.27) 1.09(0.82-1.45) 1.12(0.82-1.52) 1.13(0.83-1.55)
Red and processed meat 1.00(0.52-1.93) 1.05(0.54-2.03) 1.01(0.50-2.03) 1.05(0.52-2.14)
Low fat dairy product 0.74(0.47-1.13) 0.77(0.49-1.20) 0.67(0.47-1.07) 0.68(0.41-1.10)
Sodium 4.13(2.51-6.79) 4.04(2.49-6.89) 4.01(2.35-6.83) 3.93(2.30-6.71)

Multiple logistic regressions adjusted for confounding factors in multiple models. Adjusted * by sex, age. Adjusted > by model # and
BMI, smoking, residence, Family history of CHD, matrital, physical activity, Blood pressure and alcohol. Adjusted ¢by model P and
kcal and diabetes.

vegetables, legumes, and nuts had the highest DASH
scores, which was statistically significant (p < 0.001).
Also, participants who consumed the lowest amount
of sodium, red, and processed meats had the highest
DASH scores, although this difference was not
statistically significant.

The results of the multivariate logistic regression
analysis, presented in Table 4, reveal significant
findings. After adjusting for confounding variables—
including BMI (kg/m?), age (years), alcohol
consumption, smoking, physical activity (MET),
family history of CHD, blood pressure, residence,
marital status, daily caloric intake, and diabetes—the
analysis shows a significant relationship between the
consumption of vegetables (OR = 0.62, 95% CI:
0.50-0.68), fruits (OR = 0.53, 95% CI: 0.23-0.81),
and whole grains (OR = 0.75, 95% CI: 0.65-0.88)
with a lower risk of HE.

Fig. 1 illustrates that low adherence to the DASH
diet is associated with an increased risk of HF,

whereas higher adherence to the dietary pattern is
linked to a reduced risk of HE.

Discussion

In this study, conducted on patients with HF at
Chamran Hospital, Isfahan (Iran), we observed that
adherence to the DASH diet, but not all components
of the diet, was associated with a reduced risk of
HF in adults. Our findings showed that higher
consumption of fruits, vegetables, legumes, and
nuts is associated with a reduced risk of HE In
other words, these data showed that increased
consumption of vegetables, fruits, legumes, and nuts
had a significant effect in reducing the risk of HE
although other components of the DASH diet did
not show significant differences.
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Figure 1. Investigation of adherence to dash diet and occurrence of HF

Other results showed that the daily caloric intake
in patients could be affected by their heart problems
and heart failure, which impacted their appetite. HF
leads to dysfunction of the kidneys, liver, stomach,
and intestines. This can lead to decreased appetite,
nausea, malabsorption, and increased catabolism,
resulting in malnutrition and cachexia®. Compared to
conventional diets, the DASH diet has lower amounts
of harmful compounds such as saturated fats, trans
fatty acids, and cholesterol, while being rich in
micronutrients that help lower blood pressure, such
as potassium, calcium, and magnesium. A number of
studies have reported that adherence to the DASH
diet reduces insulin resistance and improves lipid

27,29

profiles?”, which is valuable for the prevention
of cardiovascular disease (CVD). An observational
study in Sweden showed that adherence to the DASH
diet was associated with reduced heart disease™.
Other studies have shown that following the DASH
diet in the long term reduces the risk of heart
disease” The results of our study are consistent
with other studies, but our data emphasized more on
the type of DASH diet components, whereas other
studies have shown the conclusion in general. This
study revealed that there is a significant difference
between the consumption of some components of
the DASH diet (fruits, vegetables, nuts, and legumes)
and reducing the risk of HE.

Major risk factors for HF include myocardial

infarction, hypertension, cardiomyopathy, and
33,34

. Oxidative stress is one of

valvular heart disease

the main factors for heart diseases. One possible
mechanism in the relationship between following
the DASH diet and reducing HF is the antioxidant
content of this diet. Clinical and experimental studies
have shown that HF is aggravated under conditions

of oxidative stress®>*

. Oxidative stress aggravates
HF by disrupting the function of myocardial
proteins”. One study showed that HF occurring
after myocardial infarction (MI) does not have a
good prognosis if it is accompanied by a deficiency
of antioxidant factors®™. Several clinical studies
have shown that improving antioxidant capacity, by
enhancing endogenous glutathione (GSH) levels, is
promising in HF patients. Several trials showed that
increasing the GSH/oxidized GSH ratio (GSSG) is
associated with improved heart function in patients
with HF and acute MI***. A meta-analysis of clinical
trial studies found that patients who followed the
DASH diet had increased GSH levels*'.

Another possible mechanism is the role of the
DASH diet in reducing an individual’s body weight.
A leftward shift in the Frank-Starling curve occurs
in obese subjects due to increased blood volume
and preload, leading to left ventricular (LV) dilation
and hypertrophy. Also, left atrial enlargement causes
changes in LV diastolic filling. All these changes
cause diastolic and systolic disorders and finally
HE*. Our study found that individuals adhering to
the DASH diet had a lower BMI, which may offer
protective benefits against cardiovascular disease.
Research indicates that reducing obesity can decrease
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the risk of heart disease and heart attacks, leading to
a lower incidence of heart failure®.

The results of a number of studies showed that
the DASH diet is associated with a reduction in the
risk of cardiovascular diseases. The most important
role of this diet is to improve blood pressure in
people with cardiovascular diseases and without
diabetes**. One of the most important parts of the
DASH diet is fruits, vegetables, nuts, and legumes.
It seems that the role of these components of the
DASH diet is more to control an individual’s blood
pressure than their antioxidant role™. Another
possible mechanism for the effect of the DASH diet
is the role of fiber in improving the lipid profile and
better blood sugar control'”.

Although this study provides new information,
there are some limitations that should be considered.
First, the presence of selection biasin this study cannot
be easily avoided, but to minimize this bias, we tried
to include the controls within the hospital. Second,
it is necessary to design prospective studies for more
complete conclusions. There are several strengths
of this study. First, based on available data, this
study is the first to examine the association between
adherence to the DASH diet and heart failure in a
case-control study. In addition, we considered both
sexes who had recently been diagnosed with HF as
the case group. Second, we included a wide range of
confounding factors in the study to moderate their
effects on the final results. Third, we used a validated
FFQ administered by a trained nutritionist, ensuring
higher quality and low bias™.

Conclusion

This study revealed an inverse relationship between
adhering to DASH diet and HF risk in adult. Overall,
our study showed that high consumption of some
components of the DASH diet, such as fruits,
vegetables, legumes, and nuts, was associated with
a reduced risk of HE In other words, these data
revealed that partial adherence to the DASH diet
was also associated with a reduced risk of HE In
addition, it is recommended that the DASH diet
plan can be valuable in reducing the risk of HF due
to its balance and health. To confirm these tresults
and obtain additional results, it is recommended to
conduct cohort studies as well as randomized clinical
trials in high sample size.
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