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Abstract 21 

Background and Aim: Previous studies suggested adherence to recently developed 22 

Mediterranean-DASH Intervention for Neurodegenerative Delay (MIND) associated with 23 

cognitive performance. There was no prior Randomized controlled Trial (RCT) to investigate this 24 

association. This study aimed to examine the effect of MIND dietary pattern on features of 25 

cognitive performance and also changes in brain structure in healthy obese women. 26 

Methods: As a total of 50 obese women assessed for eligibility, we randomly allocated 40 27 

participants with mean BMI 32 ± 4.31 and mean age 48 ± 5.38 years to either calorie-restricted 28 

modified MIND diet or a calorie-restricted standard control diet. Change in cognitive performance 29 

was the primary outcome measured with a comprehensive neuropsychological test battery. We 30 

also performed voxel-based morphometry as a secondary outcome to quantify the differences in 31 

brain structure.  All of the measurements administered at baseline and three months follow up. 32 

Results: Thirty-seven participants (MIND group=22 and control group=15) completed the study. 33 

The results found in the MIND diet group  working memory +1.37 (95% CI: 0.79,1.95), verbal 34 

recognition memory +4.85 (95% CI: 3.30,6.40), and attention +3.75 (95% CI: 2.43,5.07) improved 35 

more compared with the control group (ps < 0.05). Results of brain MRI consists of an increase in 36 

surface area of inferior frontal gyrus in the MIND diet group. Furthermore, the results showed a 37 

decrease in the cerebellum-white matter and cerebellum-cortex in two groups of study. Still, the 38 

effect in the MIND group was greater than the control group.  39 

Conclusions: The study findings declare for the first time that the MIND diet intervention can 40 

reverse the destructive effects of obesity on cognition and brain structure, which could be 41 

strengthened by a modest calorie restriction. 42 

Keywords: MIND diet, Cognitive performance, Brain structure, Obesity.43 
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1. Introduction 44 

Obesity, characterized by excess accumulation of fat mass, is considered as one of the most 45 

growing health issues facing the world (1). Aside from the known metabolic and physiological 46 

concomitant medical risks, research supports the view that higher body mass index (BMI) is 47 

associated with alteration in global cognitive performance (2) as well as overall brain volume (3, 48 

4). Results of a longitudinal cross-sectional study in over 2000 middle-aged adults revealed that 49 

overweight and obese people recall fewer words and took a long time to complete the cognitive 50 

tests in comparison with normal-weight participants (5). Similar results observed in a wide age 51 

range (20-82 years) research on obesity and overweight individuals illustrated that obesity without 52 

interaction with aging also has a devastating effect on cognitive performance (6). 53 

However, it is not precisely clear how obesity can affect cognitive performance and brain 54 

structure. It has been found that negative consequences of obesity itself, before the occurrence of 55 

the related diseases can lead to cognitive impairments (4). These deficits observed by using a 5-56 

day high-fat diet (75% energy) in healthy young men, showing that this duration was sufficient to 57 

reduce the speed of retrieval and attention. (7). Specifically, excessive energy intake and obesity 58 

go with chronically elevated levels of pro-inflammatory factors can impair the ability of neurons 59 

to adapt to chronic inflammation (8) and oxidative stress (9).  60 

Although, only a handful of experimentally controlled studies measured the effect of diet on 61 

cognition and brain volume. Observations in human studies provided emerging insight into 62 

modifiable lifestyle factors, such as dietary patterns (10). In particular, evidence from 63 

epidemiologic studies suggested that the Mediterranean and Dietary Approach to Stop 64 

Hypertension (DASH) diet can have protective effects on cognitive decline, but results are 65 

inconsistent (11, 12). A prospective population-based study included 3831 men and women >65 66 
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years old revealed that higher DASH and Mediterranean diet score is associated with a higher 67 

average of Modified Mini-Mental State Examination Survey test (MMSE) (13). Nonetheless, 68 

neither of these two dietary patterns have been explicitly raised designed for brain health.  69 

In 2015, Morris and colleagues developed a new brain-protection pattern. This diet has been 70 

designed after the Mediterranean and DASH diet to improve some of their dietary factors and have 71 

the highest impact on brain health and cognitive performance (14). The MIND diet emphasizes the 72 

consumption of fruits in particular berries, green leafy vegetables, nuts, olive oil, whole grains, 73 

fish, beans, poultry. The MIND diet also limits the consumption of butter, cheese, red meat, fried 74 

foods, and sweets. To investigate whether MIND diet can slow cognitive decline with aging, 75 

Morris et al. examined 960 participants over an average of 4.7 years to show that the MIND diet 76 

slows the process of reducing age-related cognitive abilities, including episodic memory, semantic 77 

memory, and the speed of perception of concepts. 78 

Additionally, a higher score for the MIND dietary pattern is associated with a reduction in the 79 

rate of cognitive dysfunction in healthy older adults (14, 15). It seems that increased sensitivity to 80 

long-term effects of oxidative stress and inflammation due to obesity on the nervous system can 81 

reduce the cognitive and motor function of the brain. Therefore, a MIND diet with high levels 82 

containing polyphenols and antioxidant components can reverse the mechanism of oxidative stress 83 

and inflammation.  84 

It is predicted that obesity in middle age not only associated with an increased risk of dementia 85 

in later life but also with midlife deficits in domains of language, motor function, memory 86 

performance, and most consistently implicated in executive function. These findings suggest that 87 

obesity may affect cognition before any cognitive decline appeared. Therefore, if obesity can 88 

destroy cognition in midlife, obesity-related intervention may improve this defective cycle (16). 89 
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To the best of our knowledge, the majority of the previous MIND diet studies have been cross-90 

sectional and longitudinal, focusing on elderly participants. Here, we designed a randomized 91 

controlled trial to address this question of whether MIND dietary pattern can improve cognitive 92 

performance in middle-aged obese individuals. For this purpose, we assessed the changes in 93 

cognitive performance and the brain structures in healthy obese women. 94 

2. Material and Methods 95 

2.1. Participants and Sample size 96 

This current randomized parallel well-controlled trial was carried out on 37 randomly selected 97 

participants signed up through public advertising at Imam Reza clinic of Shiraz University of 98 

Medical Sciences. To calculate sample size, we use the formula suggested for randomized clinical 99 

trials. We considered the type I error of 5% (ꭤ = 0.05), type II error of 20% (β = 0.02, power = 100 

80%), and working memory capacity as a primary outcome variable (17). Based on this, we 101 

reached a sample size of 11 women in each group. Taking into account an estimated drop-out rate, 102 

we increased the samples. 103 

2.2. Inclusion and Exclusion criteria  104 

The inclusion criteria were defined as middle-aged women (40-60 years), without any 105 

metabolic complication, BMI 30-35 kg/m2, MMSE g 24, and no history of severe untreated 106 

medical, neurological, and psychiatric diseases which may interfere with the study intervention. 107 

We also included participants who did not have gastrointestinal problems, did not participate in 108 

weight loss programs, or did not use weight loss drugs in the last three months. In this present 109 

study, we excluded those participants who had not  wholly follow the dietary pattern or became 110 
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pregnant and undergo special medical treatments during three months follow up. The eligibility of 111 

participants was first asked during a telephone screening.  112 

2.3. Procedure 113 

Participants were randomly allocated to the calorie-restricted control diet and calorie-114 

restricted modified MIND diet group using a computerized, web-based random number table. The 115 

same dietitian who was blinded generated the random allocation sequence and assigned 116 

participants to each group. At the initial visit, participants underwent a face to face standardized 117 

medical interview and also a neurological examination. Demographic and anthropometric data, as 118 

well as details on dietary intakes, have been gathered. Nutritional data were collected using a 168-119 

item semi-quantitative food frequency questionnaire (FFQ) to know the usual dietary intake of 120 

participants (18). Before and after the three months of study, participants underwent a 121 

comprehensive neuropsychological test as well as structural neuroimaging. All study protocols 122 

were approved by the Ethics Committee of Shiraz University of Medical Science, and participants 123 

were explained the ethical aspect of the study. Participants also provided signed informed consent 124 

before participation following the Declaration of Helsinki Law (IR.SUMS.REC.1397.759). 125 

2.4. Diets 126 

The MIND dietary pattern used for this study was based on the MIND diet developed by 127 

Morris and colleagues in 2015 (14). Participants in the MIND diet group received instruction in 128 

modifying the content of their diet to meet MIND pattern guidelines. This pattern emphasizes 129 

natural, plant-based foods, specifically promoting an increase in consumption of berries and green 130 

leafy vegetables, whole grain cereals, fish, nuts, and olive oil, with limited intakes of animal-based 131 

and high saturated fat foods. The component and scoring of the MIND diet were shown in table 1. 132 
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In the current study, wine consumption was not included because its usage is forbidden in our 133 

country. Therefore, we encourage our participants to use grape and grape juice, as well as raisins 134 

and currant to modify servings.   135 

A 7-day menu was then developed, meeting the required number of servings per day every 136 

week. The participants did not receive any financial compensation or gifts, but participants had to 137 

adopt the recommended diet strictly by themselves after intensive instruction and education. 138 

Participants were followed up by the same dietitian every week. Dietary intervention adherence 139 

was measured via two means of assessment, 1) MIND diet score questionnaire and 3-day food 140 

recall. Each recorded meal and snack were rated as either following the MIND diet or not. 141 

Participants were classified as having successfully adhered to the MIND diet if 80% or more of 142 

their meals/snacks met this criterion. In both groups of study, we restricted calorie intake to at least 143 

1500 kcal/d, in which the recommended daily calorie intake was individually specified based on 144 

the World Health Organization (WHO) formula for overweight and obese women > 19 years and 145 

older (19). Meals in both calorie-restricted diet groups included a balanced mix of foods with 50-146 

55% carbohydrates, 30% fat, and 15-20% proteins. Participants in the control group were 147 

instructed to calorie-restricted diet alone during the period of study. The control group also 148 

received general oral and written information about healthy food choices due to ethical concerns 149 

and to keep participants in the study.   All parameters were collected at baseline and the end of 150 

three months of intervention. 151 

 152 

 153 

 154 
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Table 1. MIND diet components and scoring 155 

MIND diet components Score 

0 0.5 1 

Green leafy vegetablesꭤ f 2 serving/week >2 to < 6/week g2 serving/week 

Other vegetablesβ f 5 serving/week 5 to < 7/week g 1 serving/day 

Berries f 1 serving/week 1-2/week g 2servings/week 

Nuts < 1/month 1/month to <5/week g 5 servings/week 

Olive oil Not primary oil - primary oil 

Butter, margarine > 2 table spoon/day 1-2 table spoon/day < 1 table spoon/day 

Cheese g 7 servings/week g 1-< 7/week < 1 servings/week 

Whole grains < 1 serving/day g 1-<3/day g 3 servings/day 

Fish (not fried) Rarely 1-3/month g 1 meals/week 

Beans€ < 1 meal/week 1-3/week > 3meal/week 

Poultry (not fried) < 1 meal/week g 1-<2/week g 2 meals/week 

Red meat and products > 6 meals/week g 4-f 6/week < 4 meals/week 

Fast fried foods g 4 times/week 1-< 4/week < 1 time/week 

Pastries and sweets g 7 servings/week g 5-< 7/week < 5 servings/week 

Wine >1 glass/day or never 1/month to 6/week 1 glass/day 

Total score 0 7.5 15 

 156 

ꭤKale, collards, greens; spinach; lettuce/tossed salad. βGreen/red peppers, squash, cooked carrots, raw carrots, 157 

broccoli, celery, potatoes, peas or lima beans, tomatoes, tomato sauce, string beans, beets, corn, zucchini/summer 158 

squash/eggplant, coleslaw, potato salad. €Beans, lentils, soybeans. 159 

 160 

 161 

 162 
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2.5.Primary endpoint 163 

2.5.1. Assessment of cognitive performance 164 

All of the participants were tested on a complex battery of neurocognitive tests to examine 165 

their cognitive performance in different domains. Verbal short memory composite included the 166 

score from Forward Digit Span Task (FDST) and Backward Digit Span Task (BDST). The 167 

working memory capacity was measured by the Letter Number Sequencing Task (LNST). 168 

Attention and visual scanning were obtained by the Symbol Digit Modality Task (SDMT).  169 

Auditory Verbal Learning Test (AVLT) was used to test verbal recognition memory performance 170 

(20). Finally, the Trail making test A and B were performed to measure executive function and 171 

task switching. We also assessed the ability to inhibit cognitive interference by well-known Stroop 172 

task. 173 

2.6.Secondary endpoint 174 

2.6.1. Clinical and anthropometric data 175 

Body weight was measured using a digital scale to the nearest 0.1 kg, and standing height was 176 

measured using a stadiometer to the nearest 0.1 cm. Body composition was obtained with a 177 

Bioelectrical Impedance Analysis (BIA) device according to a standardized protocol (In Body S-178 

10, USA). Participants were instructed not to participate in extreme physical activity or to consume 179 

alcohol and caffeinated beverages within 24 hours before the measurement. 180 

2.6.2. Image acquisition and processing 181 

Magnetic resonance imaging was carried out by a 3T Siemens Skyra system with a 12-channel 182 

head coil on a subgroup of 11 participants in each group. Pre- and post-scans involved high 183 
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resolution T1-weighted anatomical images.  T1-weighted images consisted of 192 slices and were 184 

used in the sagittal plane, which prepared with gradient-echo sequence (repetition time = 1900ms, 185 

echo time = 2.52ms, flip angle = 9°, voxel size = 1×1×mm). Image preprocessing was performed 186 

by the Freesurfer, stable version 5.1 (http://surfer.nmr.mgh.harvard.edu).  187 

To capture the changes in brain structure in response to MIND diet intervention in study groups 188 

and reduce biased analysis and measurement noise, the longitudinal processing procedure of 189 

Freesurfer was used. For this procedure, first, the images from baseline and three months were 190 

independently processed. Then, the baseline data was subtracted from the three months data in a 191 

vertex-wise manner. For group analysis, the output map for each participant was resampled, 192 

normalized to common space, and smoothed with a Full Width of Half Maximum (FWHM) of 10 193 

mm. Smoothing was only performed for vertex-wise whole-brain analyses, and it was not used for 194 

parcellation measures of cortical regions and volumetric measures of subcortical regions. 195 

2.7.Statistical analysis 196 

Data were analyzed using SPSS 22.0 for Windows (SPSS, Chicago, IL) and level of significance 197 

for all analyses adjusted at alpha p < 0.05. To screen the normality of variables, a one-sample 198 

Kolmogorov-Smirnow test was used. Descriptive statistics for neuropsychological data and 199 

physical parameters are performed as mean ± SD. Independent sample t-tests were used to 200 

determine the differences between baseline measures of two groups. A paired sample t-test 201 

was used to compare the data at the baseline and the three months of intervention for each group. 202 

We also used the Man-Whitney as a non-parametric test to compare the differences in brain 203 

structure between the two groups. A mixed model two-way repeated-measure analysis of variance 204 

(ANOVA) was performed to compare the mean differences between groups that had been divided 205 
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into two factors, where time (baseline, three months) as a within-participant factor and treatment 206 

(MIND diet group, control group) as a between-participant factor. The effect of diet intervention 207 

in the whole brain and Regions of Interest (ROIs) was statistically tested. For whole-brain analysis, 208 

output maps were corrected for multiple comparisons using the false discovery rate (FDR) 0.05 as 209 

implemented in Freesurfer.  Corresponding effect sizes in the form of partial Eta square were 210 

calculated to evaluate the magnitude of effect for all hypotheses.  211 

3. Results: 212 

3.1.Participant characteristics: 213 

The study took place between October 2018 and March 2019. We screened 50 volunteers for 214 

inclusion criteria, and 40 people met the inclusion criteria. The analyzed study consisted of 37 215 

included participants (n = 22 MIND diet group, n = 15 control group). The CONSORT flowchart 216 

diagram has been reported in figure 1. The participants in both groups completed the study, and 217 

no side effects have been reported. Descriptive results showed that at baseline, the mean (SD) age 218 

of participants was 48 ± 5.3 years, and the majority of them were married (83.8%). All of the 219 

participants who participated in the study were right-handed (21). Table 2 shows the baseline 220 

characteristics of the participants who participated in the study. The MIND diet and control groups 221 

had similar clinical characteristics, and no participants reported a history of diabetes and 222 

hypertension. To examine of anthropometric parameters over three months, a repeated measure 223 

ANOVA analysis using the variables as within-subject factor and the type of treatments as a 224 

between-subject factor was performed. Figure 2 shows that significant group × time interaction for 225 

the body weight and percent of body fat after a three months intervention in the MIND diet group 226 

in comparison with the control group (ps < 0.05, fig 2. Panel A and B). 227 
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 228 

Figure 1. CONSORT flow diagram of the study. 229 

 230 

 231 

 232 

 233 

 234 

 235 

 236 

 237 
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Table 2. Baseline characteristics of participants according to the group studies. 238 

 239 

 240 

 241 

 242 

 243 

 244 

 245 

 246 

 247 

* mean (SD)= Baseline differences between groups used t-test analysis. 248 

Abbreviations: BMI = Body Mass Index, WC = Waist circumference, MMSE = Mini-Mental State Examination 249 

survey. 250 

Figure 2. Anthropometric changes (mean and standard error of the mean) in the MIND diet group (black color) and 251 

control group (gray color) at baseline and follow up.   Note that P-value < 0.05 in a repeated measure ANOVA test 252 

indicating significant improvement in weight (panel A) and percent of body fat (panel B) in the MIND diet group in 253 

comparison with the control group. Abbreviation: PBF= Percent of Body. 254 

Variables  MIND diet 

(n:22) 

Control group 

(n:15) 

P-value 

Age (years) 48.95 (5.03) * 48.86 (6.04) 0.962 

Education (years) 16.40 (1.05) 16.40 (1.05) 0.980 

Weight (kg) 81.95 (10.96) 82.33 (15.35) 0.930 

Height (cm) 160.18 (4.65) 159.60 (5.50) 0.731 

Percent of body fat (%) 40.84 (5.34) 41.05 (6.32) 0.913 

Fat Free Mass (kg) 48.05 (5.14) 47.66 (5.33) 0.823 

BMI (kg/m2) 31.90 (3.70) 32.19 (4.99) 0.839 

WC (cm) 99.75 (9.78) 103.69 (12.61) 0.292 

MMSE (score) 26.22 (1.63) 26.73 (1.75) 0.375 

.CC-BY-NC-ND 4.0 International licenseavailable under a
was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made 

The copyright holder for this preprint (whichthis version posted July 29, 2020. ; https://doi.org/10.1101/2020.04.28.065813doi: bioRxiv preprint 

https://doi.org/10.1101/2020.04.28.065813
http://creativecommons.org/licenses/by-nc-nd/4.0/


14 

 

3.2. Changes in cognitive performance 255 

By using linear mixed model analysis, we found that there was a statistically significant effect 256 

of time on MIND diet group induced cognitive test score of FDST, BDST, LNST, and SDMT (ps 257 

< 0.05), indicated the rate of these changes over time was not similar in both groups (Table 3). 258 

However, no significant group × time interaction could be found in Trail making test B (p = 0.161 259 

fig 3. Panel F) and Stroop test (p = 0.128 fig 3. Panel G) but, the three months intervention had a 260 

statistically significant effect on Trial making test A (p = 0.002 fig 3. Panel E). A repeated measure 261 

ANOVA with a Greenhouse-Geisser correction determined that mean Auditory verbal learning 262 

task differed significantly between two-time points (p = 0<0.001 figs 3. Panel H). The within-263 

group comparison revealed that improvements in all cognitive tests were detected in both the 264 

MIND and the control group, which could be part of the results of the learning effect and being 265 

familiar with the content of tests (table 3).  Differences in each group's cognitive performance tests 266 

at each time point were presented in figure 3.  267 
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Figure 3. Changes in cognitive performance score (mean and standard error of the mean) in the MIND diet group 268 

(black color) and control group (gray color) at baseline and follow up. P-value < 0.05 in a repeated measure ANOVA 269 

determined that MIND diet intervention significantly altered the mean score of FDST, BDST, LNST, SDMT, TMTA 270 

(panel A, B, C, D, E) and AVLT (panel H). Similar but not significant trends were found for TMTB and Stroop task 271 

(panel F and G). Abbreviation: MIND = Mediterranean-DASH Intervention for Neurodegenerative Delay, FDST= 272 

forward digit span task, BDST = Backward Digit Span Task, LNST = letter Number Sequencing Task, SDMT = 273 

Symbol Digit Modalities Task, TMTA = Trail Making Test A, TMTB = Trail Making Test B, AVLT = Auditory 274 

Verbal Learning Test. 275 

 276 

 277 

 278 
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Table 3. Cognitive performance data outcomes from group × time interaction after three months 279 

follow up study in the MIND diet group versus the control group. 280 

Mixed Model repeated measure ANOVA results of MIND diet group versus control group on cognitive performance 281 

after three months follow up. Abbreviation: MIND = Mediterranean-DASH Intervention for Neurodegenerative 282 

Delay, FDST= forward digit span task, BDST = Backward Digit Span Task, LNST = letter Number Sequencing Task, 283 

SDMT = Symbol Digit Modalities Task, TMTA = Trail Making Test A, TMTB = Trail Making Test B, AVLT = 284 

Auditory Verbal Learning Test. ꭤ=F-value (df1 for the numerator, df2 for the denominator) ), degree of freedom for 285 

between-subjects, within-subjects, and the interaction term, β= P-value for mixed repeated measure ANOVA, 286 

€=Partial eta squared for the ratio of variance associated with an effect. 287 

 288 

 

Outcome 

Cognitive 

performance 

Mean 

(SD) 

F (1,35)ꭤ 

 

p-value for repeated measure 

ANOVAβ 

Effect size 

(partial eta squared (€  

MIND 

 (n:22) 

Control 

 (n:15) 

Interaction 

term 
 

  

Between 

group 

Within 

group 

Interaction 

term 

Between 

group 

Within 

group 

Interaction 

term 

FDST        

Baseline 7.09 (1.92) 6.86 (1.59) 35.515 0.039 f 0.001 ≤ 0.001 0.116 0.659 0.504 

3 months 9.18 (1.36) 7.20 (1.37)        

BDST         

Baseline 4.90 (1.47) 4.26 (1.16) 4.509 0.034 f 0.001 0.041 0.122 0.555 0.114 

3 months 5.81 (1.18) 4.73 (0.79)        

LNST        

Baseline 6.90 (2.04) 5.00 (1.41) 23.101 f 0.001 f 0.001 ≤ 0.001 0.421 0.623 0.398 
3 months 8.61 (1.39) 5.40 (1.24)        

SDMT        

Baseline 42.68 (7.74) 36.26 (11.06) 33.231 0.008 f 0.001 ≤ 0.001 0.184 0.700 0.487 
3 months 47.50 (7.16) 37.33 (10.23)        

TMTA         

Baseline 39.90 (12.12) 37.00 (9.57) 11.070 0.984 f 0.001 0.002 0.000 0.309 0.240 
3 months 33.68 (7.37) 36.46 (9.31)        

TMTB        

Baseline 88.50 (30.35) 101.53 (49.91) 2.048 0.256 f 0.001 0.161 0.035 0.327 0.055 
3 months 83.40 (27.54) 99.06 (46.50)        

AVLT        

Baseline 5.81 (2.06) 5.40 (2.02) 10.485 0.067 f 0.001 ≤ 0.001 0.092 0.662 0.431 
3 months 7.81 (1.81) 5.86 (1.76)        

Stroop        

Baseline 113.04 (43.95) 150.86 (64.67) 2.434 0.011 f 0.001 0.128 0.171 0.393 0.065 
3 months 92.27 (29.44) 140.33 (59.44)        
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3.3. Change in brain structure 289 

The whole-brain analysis did not indicate a significant effect for time × group interaction for 290 

cortical thickness, surface area, and cortical volume measures. It might be due to a few participants 291 

in each group and the short length of study. Also, we quantified the effect of diet intervention on 292 

Freesurfer generated cortical parcellation and subcortical segmentations as ROI analysis. Among 293 

cortical parcellation and subcortical segmentations, we selected areas of the brain (included: 294 

orbito-frontal cortex, inferior frontal gyrus, hippocampus, and cerebellum), which the effect of 295 

dietary patterns on them was examined previously (22, 23). To quantify the changes in brain 296 

structure between the two groups, we used the Man-Whitney u test.  The result revealed significant 297 

changes in the surface area of inferior frontal gyrus in the MIND diet group (Fig 4. panel A) as the 298 

surface area in this region increase in the MIND diet group and decreased in the control group (p 299 

= 0.018). It was indicating that using a three months MIND diet can prevent surface area loss in 300 

the MIND group in comparison with the control group. Furthermore, the results showed a decrease 301 

in cerebellum white matter and cerebellum gray matter in two groups of studies (Fig 4. panels B 302 

& C). As can be seen in Fig 4, the effect in the MIND group was more than the control groups.  303 

 304 
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Figure 4. Time × group interaction for gray and white matter volumes of brain regions in the MIND diet group (black 305 

color) compared with the control group (gray color). Changes (mean and standard error of the mean) presented. Results 306 

showed that MIND diet intervention significantly increased mean changes in the surface area of inferior frontal gyrus 307 

in comparison with the control group. 308 

4. Discussion 309 

In this three-month randomized controlled study, we investigated the effect of the MIND diet 310 

on cognitive performances and brain volume changes in healthy obese women. To the best of our 311 

knowledge, this is the first study evaluating the effect of a short-term MIND diet intervention on 312 

cognition. Our results showed that the mean change of weight and percent of body fat were more 313 

decreased in the MIND diet group in comparison with the control group. Besides, group × time 314 

interaction revealed that in the MIND diet group, cognitive performance tests significantly 315 

improved relative to the control group. Our results also found that the three months intervention 316 

study can increase the volume of IFG in the MIND diet group between time points.  317 

A distinction can be considered between MIND diet-induced weight loss and weight reduced 318 

by calorie restriction. In addition, even a moderate weight loss of about 10% or less has been 319 

shown to lead to several health benefits that improve cognitive performance. In particular, our 320 

study showed that MIND hypocaloric diet intervention had been associated with more 321 

considerable improvement in weight and percentage of body fat than the hypocaloric diet alone. 322 

In line with this thought, the current previous randomized trial on 19 obese women showed that 323 

weight loss due to calorie restriction has a beneficial effect on brain structure (24).  324 

The results of our study indicate that adherence to the MIND diet has a more significant 325 

positive effect on FDST and BDST, which were used to measure verbal short memory. These 326 
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findings in line with a meta-analysis that revealed, adherence to the Mediterranean diet 327 

significantly improved working memory and global cognition compared to controls. (25). 328 

Amelioration in cognition performance was not specific for the MIND diet group alone and could 329 

be found in the control group too. Nonetheless, this improvement was significantly greater in the 330 

MIND diet group. In addition to enhancement in working memory, we also received an 331 

improvement in Trail making test A that is considered as executive function, as well as verbal 332 

recognition memory concerning better performance on AVLT. Our findings are consistent with 333 

community based American cohort study that found a higher adherence to the Med diet was 334 

associated with a lower risk of developing MCI and slower rates of cognitive decline (26). Whereas 335 

an Australian cohort with 8-year follows up could not find an association between higher 336 

compliance of Med diet and cognition improvement (27). Additionally, Smith, Blumenthal (28) 337 

demonstrated that the DASH diet, combined with aerobic exercise and reduced-calorie, was 338 

associated with advancement in psychomotor speed performance relative to controls after the 4-339 

month intervention. These inconsistent findings can be explained by the characteristics of the study 340 

populations, long duration of the effect of nutritional changes on cognition and the score used to 341 

evaluate adherence to the dietary patterns.  342 

In the MIND diet group, our MRI data analysis showed an increase in gray matter volume in 343 

bilateral IFG. Our result was in line with Prehn's study, which shows the calorie restituted diet for 344 

12-week improved recognition memory, paralleled by an increase in gray matter volume in 345 

IFG(24).  Similarly, a fMRI study of obese individuals declares that a 10 % reduction in weight 346 

loss following a low-calorie diet for 6-8 weeks was accompanied by increased activity of brain 347 

reward regions and decision-making systems such as inferior frontal gyrus and middle temporal 348 

gyrus (29). Previous human studies declare that obesity can be associated with decreasing the 349 
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executive control of eating behaviors via reducing the activation of inferior frontal gyrus (30). 350 

Therefore, MIND diet intervention might be enhanced neuronal plasticity in frontal-temporal brain 351 

regions by increasing in IFG volume. Besides, our study also resulted in a considerable reduction 352 

in gray and white matter volume of the cerebellum in both MIND and control groups. A review of 353 

16 obese participants realized that they have higher relative brain white matter volume in the 354 

cerebellum and several brain regions, which can be partially decreased by a very low-calorie diet 355 

for six weeks (31). It is investigated by fMRI studies that the cerebellum is part of the bottom-up 356 

appetite control network, which might play a particular role in some cognitive performances, 357 

including interoceptive awareness, in addition to having a role in determining energy needs and 358 

eating behavior (32).   Except for an increase in the gray matter volume of IFG, there was no group 359 

by time interaction in the rest of the regions in our study results. This is possible that the smaller 360 

sample size and short duration of our study missed statistical power to detect the effect of the 361 

MIND diet on brain structure volume. 362 

With regard to the mechanism, although the MIND diet was established on the component of 363 

the Mediterranean and DASH diets, it also has particular features that emphasize the consumption 364 

of berries, green leafy vegetables, and olive oils. As shown in previous studies, there was a linear 365 

relationship between the use of green leafy vegetables and slowing in cognitive decline. The results 366 

of this study suggest that people who consume 1 to 2 servings green leafy vegetables per day means 367 

that they are 11 years younger than those who rarely or never consume (33). In a similar way to 368 

our results, animal models' studies were demonstrated that higher intake of berries was associated 369 

with improvement in memory and learning. These beneficial cognitive effects of berries are also 370 

repeated in the Nurse Health Study (34). Our findings are in keeping with Washington heights-371 

Inwood Community Aging Project results, showing higher fish intake were positively associated 372 
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with a larger mean cortical thickness (35). Additionally, olive oil is one of the essential key 373 

elements of the MIND diet pattern. In line with our results, a randomized trial in the sub-study of 374 

PREDIMED showed that Mediterranean intervention supplemented with extra virgin olive oil 375 

were impressive in higher cognitive scores compared with a low-fat diet among Spaniards at high 376 

cardiovascular risk (36). 377 

On the other hand, restrictions on the intake of red meat, saturated fats, and pastries are other 378 

essential components of the MIND pattern. These components can have detrimental effects on the 379 

cardiovascular system and consequently have been related to a more considerable cognitive 380 

decline and risk of dementia (37). As a result, these nutrients may have an independent mechanism 381 

of action that synergistically protect against neurological pathogenesis. Also, it can be speculated 382 

that these components of the MIND diet could be found to protect the brain with their antioxidant 383 

and anti-inflammatory properties to protect against obesity. 384 

 The strengths of this trial included: To our knowledge, this study was the first RCT to 385 

consider the effect of MIND diet intervention on cognitive performance and brain structure among 386 

healthy obese adults. Additionally, the present study was entirely controlled intervention studies, 387 

in which all efforts to adherence to the dietary patterns are attentively considered by a well-388 

informed nutrition consultant at the regular intervals. Finally, in the current study, we used a 389 

comprehensive cognitive test battery that had been delineated to correlate with dietary patterns in 390 

previous systematic reviews. 391 

Our study also has limitations that must be considered when interpreting data. First, it should 392 

be noted that the short study length, along with the rather small sample size, may not allow us for 393 

further comparisons with adequate statistical power to establish between specific subgroups. 394 
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However, it is consistent with sample sizes in further studies examining the effect of different 395 

dietary patterns on cognitive performance. Second, the study sample only examined a particular 396 

population and may not display the broader adult population with varying levels of education and 397 

health. However, this relative homogeneity of study participants can be attributed to the strength 398 

of the current study.  399 

5. Conclusion: 400 

In conclusion, the results of this randomized controlled study have sought to consolidate the 401 

hypothesis that shows for the first time in humans a beneficial effect of MIND diet on cognition 402 

and brain structure in obese adults. In particular, the results demonstrated that these effects were 403 

specific for minimal to marked weight loss, which may have a highlighted impact on dietary 404 

patterns and cognitive performance simultaneously. According to the current development of 405 

obesity in the present century and its threatening effect on the neuronal system in adults, the 406 

strategies that focus on the reduction of stress reactivity and modulate structural functions should 407 

be viewed as more effective than pharmacological approaches. In consequence, exploring the 408 

validity of our findings in larger study samples as well as longer durations will assist researchers 409 

in developing a clear understanding of whether or not a MIND diet intervention has an evidence-410 

informed effect on cognitive function. 411 
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