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The findings on the connection between Alzheimer’s disease and the dietary approaches to stop 
hypertension (DASH) are inconsistent. Additionally, the relationship between Alzheimer’s and 
the DASH diet has not been explored in the Middle East region. This case-control study aimed to 
evaluate the association between adherence to DASH diet and the risk of Alzheimer’s disease. The 
study included 212 participants (106 cases and 106 controls). Cases were recruited among people in 
the early stages of the disease who had been diagnosed with Alzheimer’s disease within the past six 
months. Controls were selected from health centers across Tehran. Dietary intake was assessed using 
a validated 168-item food frequency questionnaire. Four DASH diet indices (Dixon, Mellen, Fung, 
and Günther) were used to evaluate the adherence. After adjusting for potential confounders, higher 
adherence to Günther’s, Mellen’s, and Fung’s DASH diet indices were significantly associated with 
a reduced risk of Alzheimer’s disease (Mellen’s OR: 0.29; 95% CI: 0.10–0.83; Fung’s OR: 0.22; 95% 
CI: 0.08–0.65; Günther’s OR: 0.36; 95% CI: 0.13–1.00). Adherence to DASH dietary pattern might be 
associated with a decreased risk of Alzheimer’s disease. Future studies should aim to investigate the 
association in a prospective design in the Middle East.
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Dementia ranks among the top causes of disability and death1,2. Alzheimer’s disease is the most common cause of 
dementia3,4. The global prevalence of Alzheimer’s is expected to double, surpassing 100 million cases by 20505–7, 
imposing a trillion-dollar burden on patients and the healthcare system8–10. In Iran, prevalence of dementia 
among older adults is roughly estimated at 8%, rising to 14% in the central regions11–13.

Pro-inflammatory diets, including those high in saturated fats and sugar, can exacerbate the accumulation 
of beta-amyloid plaques in the brain, a hallmark of Alzheimer’s14–16. Conversely, anti-inflammatory diets, which 
are rich in fruits, vegetables and healthy fats, may reduce the risk and slow the progression of disease14,17,18.

While the majority of research has concentrated on specific foods and nutrients19–22, examining whole dietary 
patterns could bypass the constraints of focusing on isolated foods or nutrients23–25. The Dietary Approaches to 
Stop Hypertension (DASH), primarily designed to combat high blood pressure, may also affect Alzheimer’s 
risk26. This diet promotes fruits, vegetables, whole grains, and lean proteins while limiting salt, red meat, and 
sweets26,27.

Number of studies investigating the relationship between DASH diet and Alzheimer’s risk is limited and 
outcomes are severely conflicting28–31. Two studies revealed a significant reduction in Alzheimer’s risk with 
higher adherence to DASH diet29,30. Conversely, some reports did not find any significant association28,31.

The research explores a crucial public health issue by investigating the link between adherence to the DASH 
diet and the risk of Alzheimer’s disease within a Middle Eastern population—an area that has received limited 
attention in prior studies. Specifically, it compares four distinct DASH diet indices, which strengthens the study’s 
methodological contribution and ensures a comprehensive assessment of dietary patterns. To our knowledge, 
this study is the first to investigate the association of four DASH diet indices with risk of Alzheimer.
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Methods
Subjects
This case-control study focused on Alzheimer’s patients admitted to the Iran Alzheimer and Dementia 
Association in Tehran, Iran, between September 2023 and June 2024. The required sample size for this research 
was determined based on the data provided by Filippini et al. A significance level (α) of 0.05, a power of 0.8, an 
odds ratio (OR) of 0.66, and a control-to-case ratio of 1 were employed, resulting in a calculated sample size of 
106 cases and 106 control participants.

Only those diagnosed by the center’s neurologist based on Magnetic resonance imaging (MRI) scans and 
Modified Mini-Mental State Examination (3MS) score32, with no history of other cognitive disorders, were 
classified as Alzheimer’s patients. Eligible cases included all new Alzheimer’s cases from the past six months, 
provided their caregiver was available during the interview. Exclusion criteria included patients whose disease 
had progressed beyond the fourth stage of the Reisberg Functional Assessment Staging scale33, caregivers 
lacking knowledge of the patient’s diet before diagnosis, and patients with special dietary habits, such as being 
vegetarian. (Fig. 1)

The control group was randomly selected from visitors at six health centers across different parts of the city, 
following an examination by center’s physician and filling out 3MS questionnaire by a trained interviewer in 
order to rule out any cognitive disorders. Exclusion criteria for controls included a history of any physician-
diagnosed cognitive disorder, a 3MS score lower than 7832 and special dietary habits. Participants were matched 
based on their sex and age. The overall participation rate was 92%. Out of 214 eligible subjects, a case subject was 
excluded due to daily energy intakes being more than three standard deviations from the mean. Additionally, 
one control subject was excluded since her dietary data lacked necessary items to calculate DASH diet indices. 
Finally, 212 subjects (106 cases and 106 controls) were included in the final analysis. The study protocol was 
approved by the ethics committee of the National Nutrition and Food Technology Research Institute of Shahid 
Beheshti University of Medical Sciences, and written informed consent was obtained from all participants before 
enrollment. All procedures adhered to the principles outlined in the Declaration of Helsinki, and the findings 
were reported in accordance with the Strengthening the Reporting of Observational Studies in Epidemiology 
(STROBE) guidelines for case-control studies.

Dietary assessment
We employed a validated 168-item semi-quantitative food frequency questionnaire (FFQ) with multiple-choice 
frequency response options to evaluate the usual dietary intakes of all participants. The reproducibility and 
relative validity of this FFQ in assessing major dietary patterns and food and nutrient intake among Iranian 
adults have been previously established34. Caregivers were asked to report how often specific portions of various 
foods were consumed on a daily, weekly, monthly, or yearly basis during the year prior to the Alzheimer’s disease 
diagnosis (for cases) or their visit of the health centers (for controls). Household measures were used to convert 
these portion sizes into grams. The specified portion size, dish composition, and the average reported frequency 
(e.g., divided by 30 for monthly consumption) were considered to calculate the daily intake for each food item. 
To determine the nutrient intakes from the FFQ, the modified Nutritionist IV software was utilized, which was 
adapted to include Iranian foods in the original USDA food composition table.

The DASH scores
The inclusion of four distinct DASH diet indices allows for a comprehensive analysis of adherence to the DASH 
diet and its association with Alzheimer’s disease risk. Each index captures different aspects of dietary patterns or 
scoring methodologies, providing a multidimensional perspective that strengthens the robustness and validity 
of the findings. This approach also aligns with prior research exploring variations in DASH diet adherence 
across different populations, ensuring a deeper understanding of its applicability in a Middle Eastern setting35. 
These scores were derived from the indices established by Mellen, Fung, Dixon, and Günther36–39. Table S1 
outlines the scoring criteria and points for each index. Dixon’s DASH diet index comprises 8 food groups and 
one nutrient: total fruits, total vegetables, whole grains, total dairy products, nuts/seeds/legumes, meat/meat 
equivalents, added sugar, saturated fat, and alcohol. Each category is worth one point, with a total possible score 
ranging from 0 to 9. In our study, the alcohol component was excluded from Dixon’s DASH score due to religious 
considerations. The recommended daily energy intake cut-offs were set at 1600 kcal for women and 2000 kcal for 
men. Details on the calculation of Mellen, Fung, and Günther DASH score can be found in the supplementary 
information. (Additional file 1)

Data collection
Caregivers were interviewed by skilled interviewers to provide data on socio- economic and demographic 
variables, history of cognitive disorders and other diseases, family history of Alzheimer’s disease, daily sleep 
duration, and current or past smoking behavior. Physical activity levels were assessed using the International 
Physical Activity Questionnaire and subsequently quantified as metabolic equivalent scores (MET-min-
week-1)40. To measure weight, we used a digital scale (Seca, Germany) with subjects minimally clothed and 
without shoes, recorded to the nearest 100 g. Height was measured with a wall-mounted stadiometer (Seca, 
Germany) to a precision of 2 mm, with participants also barefoot. Body mass index (BMI) was calculated as the 
ratio of weight (in kilograms) to the square of height (in meters). Economic score was calculated using family 
income, and house ownership41.

Statistical analysis
The statistical analyses were conducted using SPSS version 27 (SPSS Inc., Chicago, IL, USA). Significance 
tests were conducted with a confidence interval of at least 95% (p-value ≤ 0.05). The normality of variables 
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was checked, employing the Kolmogorov-Smirnov test. The chi-square test examined the relationships between 
categorical variables. To analyze the association between continuous variables, either the Mann-Whitney test 
or the independent samples T-test was used. The DASH scores (Dixon’s, Mellen’s, Fung’s, and Günther’s) were 
analyzed as distribution-based indices, with the lowest tertile serving as the reference category. Unconditional 
logistic regression was used to estimate odds ratios (OR) and their 95% confidence intervals for DASH diet index 
categories or tertiles and the risk of Alzheimer’s disease in multivariate adjusted models. These models were 
adjusted for age at diagnosis (year), BMI (kg/m2), energy intake (kcal/d), daily sleep (hour), number of children, 
and family history of Alzheimer’s. Additionally, Spearman’s correlation coefficients were calculated to compare 
total scores across the four indices.

Fig. 1.  Flowchart depicting the subject selection process.
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Results
Table  1 outlines the demographic details of the study group. Control group had significantly higher height, 
weight, and BMI. Conversely, the case group had significantly higher sleep hours, number of children, and 
energy intake. Additionally, participants in the case group reported a higher incidence of family history of 
Alzheimer’s disease.

Table S2 and S3 present the baseline characteristics based on the categories or tertiles of total DASH scores for 
all indices. Individuals with higher scores across all indices generally had higher energy intake. The exceptions 
were Mellen’s index, which adjusts for energy, and Gunther’s index, which varies based on different energy intake 
levels. Additionally, the economic score was notably higher for those with high scores on Dixon and Fung’s 
index. Also, people with fewer children or no history of cardiovascular diseases (CVD) were more likely to get 
higher scores in Dixon and Fung’s index.

Table 2 shows the relationships between the total scores of various DASH indices. The correlation coefficients 
varied from 0.22 to 0.62. The strongest correlation was found between Fung’s and Günther’s indices (r = 0.62), 
whereas the weakest was between Dixon’s and Mellen’s DASH indices (r = 0.22).

The ORs and their 95% CI for total DASH scores and risk of Alzheimer’s disease are shown in Fig. 2 and 
Table S4. After accounting for potential confounders, we observed a significant trend across the tertiles of dietary 
intake for three DASH diet indices, Mellen’s, Fung’s and Günther’s, with P-trend values of 0.01, 0.002, and 0.03, 
respectively. Moreover, individuals in the highest tertiles of both Mellen’s and Fung’s scores had a 71 and 78% 
lower OR of Alzheimer’s disease compared to those in the lowest tertiles (Mellen’s OR: 0.29; 95% CI: 0.10–0.83; 
Fung’s OR: 0.22; 95% CI: 0.08–0.65). Finally, the trend in OR was not statistically significant for Dixon’s index 
(P-trend: 0.07). Furthermore, a gender-based subgroup analysis revealed a significant reduction in the risk of 

Dixon’s DASH index Mellen’s DASH index Fung’s DASH index Günther’s DASH index

Dixon’s DASH index 1.00 0.22 0.62 0.41

Mellen’s DASH index 0.22 1.00 0.42 0.48

Fung’s DASH index 0.62 0.42 1.00 0.62

Günther’s DASH index 0.41 0.48 0.62 1.00

Table 2.  Spearman’s correlation coefficients in summary scores for 4 DASH diet indices a. a all associations 
were statistically significant (P < 0.0001).

 

Control (n = 106) Case (n = 106) P-value e

Quantitative Variables

Age (year) 75.69 ± 0.78 76.01 ± 0.73 0.77

Weight (Kg) 74.63 ± 1.20 68.46 ± 1.08 < 0.001 *

Height (cm) 164.28 ± 0.95 161.29 ± 0.86 0.02 *

BMI (Kg/m2) 27.70 ± 0.40 26.37 ± 0.42 0.03 *

Energy intake (Kcal) 2078 ± 84 2817 ± 105 < 0.001 *

PAb (MET-min/wk) 4236 ± 432 3332 ± 431 0.14

Sleep (hour) 8.03 ± 0.16 9.44 ± 0.23 < 0.001 *

Children (number) 3.1 ± 0.2 4.0 ± 0.2 0.001 *

Economic score 22.91 ± 0.55 22.96 ± 0.31 0.94

Qualitative Variables

Sex (female) 65 (61.3) 60 (56.6) 0.48

Smoking 10 (9.4) 11 (10.4) 0.82

Family history 21 (19.8) 44 (41.5) < 0.001*

Education 0.22

No formal education 37(34.9) 50(47.2)

Elementary 15(14.2) 15(14.2)

High school 28(26.4) 27(25.5)

Diploma 20(18.9) 10(9.4)

College/University 6(5.7) 4(3.8)

CVD c 34 (33.0) 24 (31.2) 0.66

High blood pressure 52 (50.5) 29 (37.7) 0.09

Table 1.  Baseline characteristics of 212 participants in a case-control study in Tehran a. a Quantitative variables 
are expressed as mean ± SE and qualitative variables are expressed as Number (percent), bPhysical Activity, 
cCVD, cardiovascular disease, e P-value for quantitative variables obtained from independent t-test and 
qualitative variables from chi-squared test, *p ≤ 0.05 considered as significant.
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Alzheimer’s disease, observed exclusively among individuals in the highest tertile of Fung’s DASH score (OR: 
0.20; 95% CI: 0.04–0.98) (Table 3). Nevertheless, some Odds Ratios with 95% Confidence Intervals approach 
significance, their interpretation warrants caution due to the potential for variability (Table S4). This variability 
may arise from sampling limitations or underlying biases, emphasizing the need for careful consideration when 
drawing conclusions from these findings.

Fig. 2.  Crude and adjusted ORs (95% CIs) for Alzheimer’s disease by tertiles of DASH diet index scores. Basic 
model adjusted for age at diagnosis, sex and BMI. Multivariate model adjusted for age at diagnosis, BMI, 
energy intake, sleep per day, number of children and family history of Alzheimer. *p ≤ 0.05 considered as 
significant.
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Discussion
To our knowledge, this is the first observational study that explores the relationship between four DASH diet 
indices and the risk of Alzheimer’s disease. In this case-control study, we discovered that higher adherence to 
three of the four DASH indices (Günther’s, Mellen’s and Fung’s) was significantly linked to a reduced risk of 
Alzheimer’s disease. However, we failed to find a significant relation between the trend of OR and Dixon’s index.

This variation in results could be attributed to the differences in scoring methodologies and sensitivity to 
capturing dietary adherence trends35,36,42. Mellen’s index focuses on specific nutrient targets (e.g., potassium, 
magnesium, fiber) and penalizes deviations from optimal nutrient intake35,39. Its precision in quantifying 
nutrient adherence may contribute to its significant association with reduced Alzheimer’s disease risk. Fung’s 
index, conventional scoring, emphasizes on food components, allowing the identification of dietary patterns 
with high adherence to DASH principles35,37. Its quintile-based categorization of intake may capture broader 
variations across individuals, leading to stronger associations35. Günther’s Index is a more intricate food-based 
scoring system that assesses adherence across a variety of components38. This index’s higher granularity may 
better identify adherence patterns, correlating significantly with Alzheimer’s risk reduction35,38. Dixon’s index, 
while also food-based, has fewer components compared to Günther’s along with a rigid scoring system36. This 
simpler structure may be less sensitive in detecting adherence trends, contributing to the lack of significant 
association35,36.

Current evidence linking the DASH diet to risk of Alzheimer’s disease is limited. In line with our findings, 
after more than 4 years of follow-up, the Memory and Aging Project found that individuals with the highest 
adherence to the DASH diet had a significantly lower risk of Alzheimer’s disease29. Additionally, those in the 
highest tertile of DASH adherence experienced a slower decline in overall cognitive function. The study also 
showed that a continuous DASH score was linked to a slower rate of decline in global cognition, episodic memory, 
and semantic memory30. Meanwhile, Shakersain et al. failed to find a significant association between DASH 
score and cognitive decline in Swedish population28. However, this might be the result of using a summarized 
version of FFQ that could have missed some influential items28,43. Moreover, reports from a study from Spain, 
investigating the association between adherence to DASH diet with cognitive performance, indicated no 
significant relation between Fung’s DASH index and variations in cognitive function31. Although Nishi et al.31, 
focused on individuals with a mean age of 65 years and reported results following a 2-year follow-up period, 
its participants were predominantly recruited from populations with obesity or overweight conditions. This 
recruitment criterion likely influenced the outcomes of their dietary assessment and restricted the generalizability 
of their findings. In contrast, our study demonstrated significant associations across tertiles of dietary intake for 
three DASH diet indices (Mellen’s, Fung’s, and Günther’s) and the risk of Alzheimer’s disease, with P-trend 
values of 0.01, 0.002, and 0.03, respectively (Fig. 2; Table S4). Similarly, while Daniel et al.44 found no significant 
association between Fung’s DASH index and cognitive decline or performance, in our study individuals in the 

DASH index

Tertiles of DASH index

P-trendT1 T2 T3

Dixon’s DASH index

Cases/controls 15/22 18/23 27/20

Crude OR 1.00 (referent) 1.15 (0.47–2.83) 1.98 (0.83–4.75) 0.17

Basic OR a 1.00 (referent) 1.61 (0.57–4.55) 2.55 (0.93–7.00) 0.07

Multivariate OR b 1.00 (referent) 0.33 (0.07–1.54) 0.35 (0.08–1.59) 0.22

Mellen’s DASH index

Cases/controls 21/15 33/22 6/28

Crude OR 1.00 (referent) 1.07 (0.46–2.52) 0.15 (0.05–0.46) * < 0.01*

Basic OR a 1.00 (referent) 1.08 (0.40–2.94) 0.09 (0.02–0.36) * < 0.01*

Multivariate OR b 1.00 (referent) 2.31 (0.64–8.31) 0.30 (0.05–1.64) 0.28

Fung’s DASH index

Cases/controls 22/16 26/27 12/22

Crude OR 1.00 (referent) 0.70 (0.30–1.62) 0.40 (0.15–1.03) 0.03*

Basic OR a 1.00 (referent) 0.67 (0.26–1.75) 0.46 (0.15–1.36) 0.06

Multivariate OR b 1.00 (referent) 0.43 (0.11–1.70) 0.20 (0.04–0.98) * 0.01*

Günther’s DASH index

Cases/controls 33/22 18/20 9/23

Crude OR 1.00 (referent) 0.60 (0.26–1.38) 0.26 (0.10–0.67) * < 0.01*

Basic OR a 1.00 (referent) 0.61 (0.24–1.55) 0.25 (0.08–0.76) * < 0.01*

Multivariate OR b 1.00 (referent) 2.52 (0.68–9.30) 0.46 (0.11–2.01) 0.30

Table 3.  Crude and adjusted ORs (95% CIs) for alzheimer’s disease by tertiles of DASH diet index scores 
among women. OR: Odds Ratio, 95% CI: 95% Confidence Interval. *p ≤ 0.05 considered as significant. a 
Adjusted for age at diagnosis and BMI. b Adjusted for age at diagnosis, BMI, energy intake, sleep per day, 
number of children and family history of Alzheimer.
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highest tertiles of Fung’s DASH score exhibited a remarkable reduction in risk—78% (OR: 0.22; 95% CI: 0.08–
0.65). This divergence could reflect differences in the study populations or dietary assessment methodologies, 
underscoring the need for further investigation into these relationships.

On the contrary, Wengreen et al. reported a significant association between quintiles of adherence to DASH 
diet and better average cognition among adults aged over 65 years24. Likewise, Haring et al. reported Higher 
quintile of DASH score significantly associated with lower risk of mild cognitive impairment in older people 
after over 9 years of follow-up45.

The precise mechanisms by which DASH affects risk of Alzheimer’s disease are gradually coming to light. 
Whole grain, vegetables, fruits, legumes, and nuts are rich in essential nutrients and bioactive compounds that 
possess anti-inflammatory and antioxidant qualities. Also, some of these nutrients, including B vitamins, affect 
the balance of neurotransmitters and epigenic regulations17,46–48. These properties are believed to help reduce 
oxidative stress in the brain, support the growth of new neurons, and enhance neuronal connectivity17,46,47,49. 
Furthermore, by limiting the intake of sweets and processed meat in the DASH diet, the harmful effects of high 
fat and sugar on the formation of beta amyloid protein and brain inflammation can be reduced50. Additionally, 
Diet-induced changes to the gut microbiome could also play a role, as suggested by a previous New York 
university women’s health study that identified an increase in pro-inflammatory gut bacteria in women who 
reported higher cognitive complaints51,52. Finally, since hypertension is a known risk factor for Alzheimer’s 
disease, the DASH diet’s influence on blood pressure regulation could explain the results53.

The primary strength of our study lies in the comparison of four different DASH diet indices for the same 
outcome. Additionally, to eliminate the chance of diet al.teration due to Alzheimer’s disease or diagnosis, we 
exclusively enrolled patients in the early stages of the disease who had been diagnosed with Alzheimer’s disease 
within the past six months. The study’s strengths also included a high participation rate among subjects and 
an analysis adjusted for confounding variables. However, our research has several limitations. Firstly, due to 
the case-control design, there is a potential for recall bias. Participants diagnosed with Alzheimer’s and their 
caregivers might remember their past diets differently, which could lead to an overestimation of associations. 
Secondly, selection bias is a concern in retrospective case-control studies. In our study, we minimized this risk 
by ensuring high participation rates and selecting control participants from various health centers across the city, 
representing different socio-economic backgrounds. Another limitation is the lack of precision in our results, 
attributed to the small sample size. Additionally, despite using a validated food-frequency questionnaire to assess 
dietary intake, measurement errors were unavoidable, potentially causing underestimation or overestimation of 
associations34. Future prospective studies are necessary to clarify the role of different aspects of the four DASH 
diet indices in predicting Alzheimer’s risk and to establish a standardized DASH diet index for these patients.

Conclusion
In summary, our findings indicated that adherence to DASH diet was associated with a decreased risk of 
Alzheimer’s disease. However, it is important to note that slight differences among the scoring methods can 
influence the outcomes, which should be considered in future studies.

Data availability
The data sets used and analyzed during the current study are available from the corresponding author upon 
reasonable request.
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