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Abstract 

Background:  The prevalence of cognitive impairment in older adults is gradually increasing, and this is leading to 
many adverse outcomes. Common causes of cognitive impairment in advancing age are mild cognitive impairment 
(MCI) and dementia. However, how the nutritional status and nutrient intake are related to MCI and dementia is con-
troversial. Therefore, we aimed to evaluate the association of body mass index (BMI) and dietary intake with the risk of 
MCI and dementia.

Methods:  This retrospective cohort study involved 821 participants aged ≥ 50 years from a previous population-
based cohort study: the Electricity Generating Authority of Thailand (EGAT) study in 2013–2014 (baseline) and 
2018–2019 (follow-up). Dietary intake was recorded using a 12-month self-reported food frequency questionnaire. 
MCI and dementia were diagnosed according to the Diagnostic and Statistical Manual of Mental Disorders (DSM-5) 
criteria using the Montreal Cognitive Assessment with ADL and the Kessler Psychological Distress Scale (K10) at study 
entry and at the 5-year follow-up.

Results:  Among the 821 participants, the mean age was 60.0 ± 4.3 years, and the incidence rate of MCI and demen-
tia was 42.5 and 11.2 per 1,000 person-years, respectively. The rate of MCI and dementia was higher in participants 
aged ≥ 60 years and with an education level of < 7 years. The rate of MCI was also higher in those with a BMI of 
≥ 25 kg/m2 and type 2 diabetes. Compared to BMI 18.5–22.9 kg/m2, BMI of ≥ 25 kg/m2 (odds ratio 1.91 [95% confi-
dence interval, 1.12–3.26], p < 0.001) was associated with an increased risk of MCI after adjusted for age, education 
level, and type 2 diabetes. Regarding dietary intake, fresh red meat consumption was inversely associated with the risk 
of MCI (p = 0.037) and dementia (p = 0.011) after adjusting for age, education level, type 2 diabetes, and BMI.

Conclusion:  Obesity was associated with a greater risk of MCI. Moreover, low consumption of fresh red meat could 
be a risk factor for MCI and dementia. Further studies are required to confirm and explain these findings.
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Background
By 2050, the prevalence of MCI and dementia is pre-
dicted to reach 106.8 and 131.5  million people world-
wide, respectively [1]. The percentage of people who 
progress from MCI to dementia, especially Alzheimer’s 
disease, is 10–15% at one year and 32–38% at five years. 
Mild cognitive impairment (MCI) is a transitional state 
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of cognitive decline in at least one area of neuropsycho-
logical function. It represents a stage between normal 
cognitive function and dementia [2] and is character-
ized by preserved activities of daily living (ADL). While 
dementia, as a chronic or progressive disease of brain 
deterioration, consists of impairment of several cogni-
tive domains, including memory, thinking, comprehen-
sion, calculation, learning, language, and judgment [3]. 
Epidemiological studies of older people have shown that 
the mortality rate in patients with cognitive impairment 
also increased depending on the etiology, e.g., cerebral 
ischemia, trauma, metabolic disturbance, or psychiatric 
illness [4–7]. MCI and dementia are public health con-
cerns and significant socioeconomic burdens in aging 
societies.

. Many risk factors for cognitive decline have been iden-
tified, including chronic diseases such as hypertension, 
diabetes mellitus, hyperlipidemia, and depression, as well 
as adverse conditions such as current smoking and sleep 
disturbance [8]. In contrast, high formal education levels, 
physical activity, social engagement, and an appropriate 
nutritional status are protective factors against cognitive 
decline [9, 10]. Inflammatory processes, that resulted in 
neuronal damage of ascending cholinergic neurons and 
large pyramidal cells in the cerebral cortex, were also an 
etiology of cognitive impairment [11].

Malnutrition, including both undernutrition and over-
nutrition, is a common health problem in older people. 
Previous studies have revealed an association of being 
underweight with poor quality of life, reduced functional 
abilities and increased mortality [12, 13]. Moreover, mal-
nourished patients have a higher risk of both MCI and 
dementia [14–16]. Adiposity can also increase metabolic 
risk and may cause cerebrovascular diseases and neuro-
degeneration [17]. A previous study [18] showed the rate 
of MCI increased in older women with low body mass 
index (BMI) and older men with high BMI. Not only the 
patient’s overall nutritional status but also the details of 
his or her dietary intake should be areas of focus in clini-
cal assessments. With respect to the relationship between 
individual nutrients and cognition, recent studies have 
revealed protective effects between cognitive decline and 
specific nutrients, such as vitamin B (B6, B12, and folate), 
antioxidants (carotenoids, vitamin C, vitamin E, sele-
nium, flavonoids, and polyphenols), vitamin D, mono-
unsaturated fatty acids, and omega-3 fatty acids [19–21]. 
However, the results were inconsistent and clinically 
non-significant.

Because many nutrients are consumed each day, the 
whole food and dietary pattern should be of greater con-
cern and may more strongly affect overall health than 
individual nutrients. Previous observational studies 
have shown that healthy dietary patterns, including the 

Mediterranean diet, Dietary Approaches to Stop Hyper-
tension (DASH), healthy Nordic diet, and Japanese diet, 
can slow cognitive decline as well as decrease adverse 
health outcomes [16, 22–24]. Concerning dietary groups, 
reduced intake of meat, meat products, and sugary 
drinks may raise cognitive performance. Previous studies 
from the UK biobank [25, 26] revealed that coffee and tea 
drinking was associated with a lower risk of stroke and 
dementia, but processed meat intake was a potential risk 
factor for dementia. Nonetheless, the evidence of a rela-
tionship between the types or amount of meat intake and 
cognitive performance is limited.

How the nutritional status and dietary consumption 
affect cognitive impairment, especially MCI, remains 
inconclusive. This study aimed to evaluate the associa-
tion of BMI with MCI and dementia risk and to explore 
the relationship of dietary intake with MCI and dementia 
risk.

Methods
Study population and design
This retrospective cohort study initially included 1,328 
participants aged ≥ 50 years from the Electricity Generat-
ing Authority of Thailand (EGAT) study in the years 2013 
(EGAT2) and 2014 (EGAT3). The EGAT study was a pop-
ulation-based cohort study that enrolled EGAT employ-
ees aged ≥ 35 years from more than 30 occupations and 
followed up every five years [27]. At baseline, demo-
graphic data (age, sex, education level, smoking, and 
alcoholic drinking), health conditions (chronic diseases), 
prescribed medications, the Barthel index (BI) scores, the 
Lawton instrumental activities of daily living (L-IADL) 
scores, the 10-item Kessler Psychological Distress Scale 
(K10) scores, and the Montreal Cognitive Assessment 
(MoCA) scores were collected under face-to-face inter-
views. Physical examinations, including body weight, 
height, and waist and hip circumference, were performed 
by well-trained personnel. Barthel Index (BI), Lawton 
instrumental activities of daily living, MoCA scores, and 
K10 scores were re-evaluated at the 5-year follow-up. At 
baseline, we excluded 507 participants previously diag-
nosed with MCI or dementia. We also excluded 214 par-
ticipants who lost to follow-up. Finally, 607 participants, 
aged ≥ 50 years and having normal cognitive status, were 
included in the study. Participants were categorized into 
three groups by cognitive status at 5-year follow-up: nor-
mal cognition, MCI, and dementia (Fig. 1).

Written informed consent was obtained from all par-
ticipants and their legal guardian. The protocol was 
approved by the Institutional Review Board of the Faculty 
of Medicine Ramathibodi Hospital, Mahidol University 
(approval number COA. MURA2020/1450).
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Definitions
Cognitive status
The cognitive status was assessed in all participants 
aged ≥ 50 years using the Thai version of the MoCA. 
The MoCA is a well-calibrated and widely used assess-
ment tool to evaluate cognition in eight domains: visu-
ospatial/executive function, naming, memory, attention, 
language, abstraction, delayed recall, and orientation 
[28, 29]. The MoCA score ranges between 0 and 30, 
where a score of ≤ 25 indicates impairment in cognitive 
performance. The capacity for independence in every-
day activities of all participants was evaluated using BI 
and L-IADL in the Thai version [30–33]. The BI is com-
posed of ten variables describing ADL and mobility. The 
BI score ranges between 0 and 20, where a score of < 12 
indicates impaired ADL. The L-IADL evaluates eight 
domains of instrumental activities of daily living (IADL). 
The L-IADL score ranges between 0 and 8, where a score 
of < 8 indicates increased dependence of IADL. Psycho-
logical stress or mental disorders of participants were 
evaluated using the K10 score [34]. The K10 is a validated 
tool, designed to assess nonspecific psychological distress 
and mental disorders. The K10 consists of 10 items on a 
5-point scale with total scores ranging between 10 and 

50, where a score of < 20 is indicative of normal mental 
status.

A normal cognitive status was defined as normal cogni-
tive performance (MoCA > 25), ADL (BI ≥ 12), and IADL 
(L-IADL = 8). We defined MCI and dementia using face-
to-face clinical diagnosis following the Diagnostic and 
Statistical Manual of Mental Disorders (DSM-5) criteria 
[35]. MCI (minor neurocognitive disorders) was defined 
as a decline in cognitive function without an impaired 
capacity for independence in everyday activities, which 
was not interfered with by mental disorders (K10 < 20) or 
delirium. Dementia (major neurocognitive disorder) was 
defined as both cognitive impairment and a decline in 
capacity for independence in everyday activities.

Body mass index (BMI)
The BMI was calculated as weight in kilograms divided 
by the square of height in meters. The World Health 
Organization recommendations for Asian populations 
were used to categorize individuals into four BMI groups: 
<18.5  kg/m2 (underweight), 18.5–22.9  kg/m2 (normal 
weight), 23.0–24.9  kg/m2 (overweight), and ≥ 25  kg/m2 
(obese) [36]. We used a normal weight as a reference 
BMI.

Fig. 1  Participant flow chart. EGAT, Electricity Generating Authority of Thailand study; MoCA, Montreal Cognitive Assessment
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Dietary data
Dietary consumption was assessed using a self-reported 
semi-quantitative food frequency questionnaire (FFQ) 
[37, 38] which included 40-food items. The validated FFQ 
was translated into Thai. Participants were asked to recall 
their average frequency of dietary consumption in stand-
ard serving size during the past 12 months after the well-
trained personnel demonstrated the portion size of each 
food to participants. We calculated daily dietary intake 
by multiplying the average number of daily servings by 
assigned portion sizes. We constructed and analyzed 
nine major diet groups based on the interest and poten-
tial association with study outcomes: fresh red meat, 
processed meat, white meat (poultry, fish, and seafood), 
animal protein (fresh red meat, processed meat, white 
meat, and meat organs), fruits, vegetables, drinks with 
added sugar, refined carbohydrates, and unrefined car-
bohydrates. Each dietary intake group was divided into 
three groups by tertiles of participants, and the median 
(minimum – maximum) dietary intake in each tertile was 
presented in Additional file 1: Table S1. We used the ter-
tile 1 of each dietary intake group as a reference.

Statistical analyses
Statistical analyses were conducted using IBM SPSS Sta-
tistics for Windows, Version 24.0 (IBM Corp., Armonk, 
NY, USA). Categorical variables were compared using 
the chi-square test to determine the differences between 
groups and are reported as N (%). The mean difference 
of continuous variables was compared using ANOVA 
with the Bonferroni post hoc test and is reported as 
mean ± standard deviation (SD).

Regarding objective 1 (to evaluate the association 
of BMI with MCI and dementia risk), we evaluated the 
association of BMI with MCI and dementia using uni-
variate and multivariate multinomial logistic regression 
analyses. All potential confounding factors (p-value of 
< 0.1 in the univariate regression analyses (Additional 
file 1: Table S2)) were considered as potential covariates, 
including age (< 60 and ≥ 60 years), education level (< 7 
and ≥ 7 years), and type 2 diabetes [8, 10]. The multivari-
ate multinomial logistic regression model was adjusted 
for these potential covariates.

Regarding objective 2 (to explore the relationship 
of dietary intake with MCI and dementia risk), we also 
evaluated the association of dietary intake with MCI and 
dementia using univariate and multivariate multinomial 
logistic regression analyses. All multivariate multinomial 
logistic regression models were also adjusted for poten-
tial covariates, including age, education level, type 2 dia-
betes, and BMI (< 18.5 kg/m2, 18.5–22.9, 23.0–24.9, and 

≥ 25). A p-value of < 0.05 was considered statistically sig-
nificant using a two-tailed test for independent samples.

Results
Baseline characteristics of study participants
At baseline, 821 participants with normal cognitive 
status were included in this study. However, 214 par-
ticipants lost to follow-up. Then, 607 participants with 
complete follow-up data were analyzed (Fig.  1). There 
was no statistically significant difference in baseline 
characteristics of participants between the analyzed 
and lost follow-up (Additional file 1: Table S3). Among 
607 participants, their mean age was 55.9 ± 4.4 years, 
and 18.5% of the total population was aged ≥ 60 years. 
The majority of participants were male (69.4%). The 
percentage of participants underweight, normal weight, 
overweight, and obese were 2.5, 28.2, 23.4, and 46.0, 
respectively. The three most frequent comorbidities 
were dyslipidemia (54.4%), hypertension (54.2%), and 
type-2 diabetes (14.2%). At the 5-year follow-up, 21.3% 
had developed MCI, and 5.6% had developed dementia 
by five years (Table 1). The incidence rates of MCI and 
dementia were 42.5 and 11.2 per 1,000 person-years, 
respectively.

Compared with participants who had normal cogni-
tion, the number of participants with MCI and demen-
tia was significantly higher among those aged ≥ 60 years 
(23.3% vs. 14.9%, p = 0.025 and 47.1% vs. 14.9%, p < 0.001) 
and those with low education levels (< 7 years) (39.5% 
vs. 16.4%, p < 0.001 and 44.1% vs. 16.4%, p < 0.001). In 
addition, compared with participants having normal 
cognition, the number of participants with MCI was 
significantly higher among those diagnosed with type 2 
diabetes (20.2% vs. 12.4%, p = 0.026) and those with an 
increased BMI (25.8 ± 3.9 vs. 24.8 ± 3.8 kg/m2, p = 0.007) 
(Table 1).

The median intake in each dietary intake group (fresh 
red meat, processed meat, white meat, animal protein, 
fruits, vegetables, drinks with added sugar, refined carbo-
hydrates, and unrefined carbohydrates) and the numbers 
of participants with normal cognition and MCI in each 
tertile are shown in Additional file 1: Table S1. In higher 
levels of fresh red meat and lower levels of drinks with 
added sugar intake, the number of participants with MCI 
and dementia was significantly lower than that of partici-
pants with normal cognition (p = 0.010 and p = 0.013).

Association between BMI and risk of MCI and Dementia
The univariate multinomial logistic analysis showed 
that age of ≥ 60 years, education level of < 7 years, BMI 
of ≥ 25  kg/m2, and type 2 diabetes were potential fac-
tors associated with MCI, whereas the age of ≥ 60 years 
and education level of < 7 years were potential factors 
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associated with dementia (Table 2 and Additional file 1: 
Table  S3). Furthermore, after controlling for potential 
covariates (age, education level, and type 2 diabetes), 
a BMI of ≥ 25  kg/m2 (odds ratio, 1.91 [95% confidence 
interval, 1.12–3.26], p = 0.017) was also associated with 

a greater risk of MCI. In contrast, no significant associ-
ation between BMI levels and the risk of dementia was 
found (Table  2). Additionally, in the multivariate multi-
nomial logistic models, age of ≥ 60 years and an educa-
tion level of < 7 years were independently associated with 

Table 1  Baseline characteristics of participants stratified by cognitive status at 5-year follow-up (normal cognition, MCI, and dementia)

MCI mild cognitive impairment

Data are presented as mean ± standard deviation or n (%).

Boldface p-values are statistically significant.

Baseline characteristics TotalN =  607 Cognitive status at 5-year follow-up

Normal MCI p-value Dementia p-value p-value

N= 444 (73.1%) N= 129 (21.3%) Normal VS. MCI N = 34 (5.6%) Normal VS. 
Dementia

Age, years 55.9 ± 4.4 55.4 ± 4.1 56.6 ± 4.8 0.026 58.6 ± 5.0 <0.001 <0.001
Age of ≥60 years 112 (18.5) 66 (14.9) 30 (23.3) 0.025 16 (47.1) <0.001 <0.001
Sex, male 421 (69.4) 303 (68.2) 97 (75.2) 0.130 21 (61.8) 0.436 0.197

Body mass index, kg/m2 25.0 ± 3.9 24.8 ± 3.8 25.8 ± 3.9 0.023 24.7 ± 4.4 1.000 0.026
Body mass index, kg/m2 0.046 0.610 0.130

     <18.5 15 (2.5) 10 (2.3) 3 (2.3) 2 (5.9)

     18.5–22.9 171 (28.2) 136 (30.6) 25 (19.4) 10 (29.4)

     23.0–24.9 142 (23.4) 106 (23.9) 29 (22.5) 7 (20.6)

     ≥25.0 279 (46.0) 192 (43.2) 72 (55.8) 15 (44.1)

Education level of <7 years 139 (22.9) 73 (16.4) 51 (39.5) <0.001 15 (44.1) <0.001 <0.001
Underlying diseases

      Dyslipidemia 330 (54.4) 248 (55.9) 64 (49.6) 0.229 18 (52.9) 0.742 0.449

      Hypertension 329 (54.2) 234 (52.7) 75 (58.1) 0.316 20 (58.8) 0.491 0.472

      Type 2 diabetes 86 (14.2) 55 (12.4) 26 (20.2) 0.026 5 (14.7) 0.694 0.083

      Ischemic heart disease 18 (3.0) 12 (2.7) 4 (3.1) 0.809 2 (5.9) 0.289 0.571

      Thyroid disorder 16 (2.6) 13 (2.9) 1 (0.8) 0.163 2 (5.9) 0.341 0.194

      Stroke 6 (1.0) 3 (0.7) 3 (2.3) 0.105 0 (0.0) 0.631 0.208

  Smoking 226 (37.2) 160 (36.0) 56 (43.4) 0.148 10 (29.4) 0.437 0.195

  Alcohol drinking 454 (74.8) 334 (75.2) 96 (74.4) 0.908 24 (70.6) 0.548 0.830

Table 2  Association of body mass index with mild cognitive impairment and dementia using multinomial logistic regression analysis

CI, confidence interval

Boldface p-values are statistically significant.

– Results are not available due to low sample sizes of dementia event.
a Multivariable multinomial logistic regression model was adjusted for age, education level, and type 2 diabetes.

Univariate regression model Multivariate regression modela

Risk of mild cognitive 
impairment 

Risk of dementia Risk of mild cognitive 
impairment 

Risk of dementia

Odds ratio  (95% CI) p-value Odds ratio  (95% CI) p-value Odds ratio  (95% CI) p-value Odds ratio  (95% CI) p-value

Body mass index (kg/m2)

18.5–22.9 Reference Reference Reference Reference

<18.5 1.63 (0.42–6.35) 0.480 2.72 (0.52–14.14) 0.234 2.04 (0.51–8.16) 0.311 2.33 (0.39–14.06) 0.357

23.0–24.9 1.49 (0.82–2.69) 0.188 0.90 (0.33–2.44) 0.833 1.47 (0.80–2.72) 0.216 0.97 (0.34–2.80) 0.952

≥25.0 2.04 (1.23–3.38) 0.006 1.06 (0.46–2.44) 0.886 1.91 (1.12–3.26) 0.017 1.14 (0.46–2.76) 0.783
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a greater risk of MCI (1.70 [1.02–2.84], p = 0.042 and 3.23 
[2.07–5.02], p < 0.001, respectively) and dementia (5.26 
[2.47–11.23], p < 0.001 and 4.36 [2.04–9.35], p < 0.001, 
respectively).

Association between Dietary Intake and Risk of MCI 
and Dementia
The univariate multinomial logistic analysis showed 
that fresh red meat consumption was inversely asso-
ciated with the risk of MCI (p for trend = 0.040) and 
dementia (p for trend = 0.005). Compared with the first 
tertile, fresh red meat consumption in the third tertile 
was also associated with a lower risk of MCI (p = 0.032) 
and dementia (p = 0.006). However, compared with the 
first tertile, the third tertile of drinks with added sugar 
was associated with a higher risk of MCI (p = 0.026) 
and dementia (p = 0.008). After controlling for age, 
education level, type 2 diabetes, and BMI, fresh red 
meat consumption was still inversely associated with 
the risk of MCI (p for trend = 0.037) and dementia (p 
for trend = 0.001) and, compared with the first tertile, 
fresh red meat consumption in the third tertile was 
associated with a lower risk of MCI (odds ratio, 0.57 
[95% confidence interval, 0.34–0.96], p = 0.034) and 
dementia (0.25 [0.08–0.76], p = 0.015) (Table 3).

Discussion
This population-based longitudinal study revealed that 
the incidence rates of MCI and dementia were 42.5 
and 11.2 per 1,000 person-years, respectively. A BMI of 
≥ 25  kg/m2 was independently associated with a higher 
risk of MCI at five years. An age of ≥ 60 years and educa-
tion level of < 7 years were independently also associated 
with a higher risk of MCI and dementia at five years. Fur-
thermore, fresh red meat intake was inversely associated 
with MCI and dementia at five years.

This study showed that a BMI of ≥ 25 kg/m2 (obesity) 
was associated with a higher risk of MCI than was a nor-
mal BMI. A recent study of people aged 50 to 65 years 
also revealed that BMIs of < 18.5 and ≥ 25  kg/m2 were 
associated with a higher risk of MCI [39]. However, the 
present study showed no association between BMI and 
a higher risk of dementia. The association between the 
BMI and cognitive impairment remains controversial 
[14, 40–42]. People with obesity have an increased risk 
of insulin resistance and metabolic syndrome, which may 
account for the pathophysiology of cerebrovascular dis-
eases and may progress to vascular dementia, the second 
most common cause of dementia. In addition, adipose 
cells produce inflammatory cytokines, leading to neuro-
logical damage and cognitive decline. Nonetheless, we 
found neither association between being underweight 
and MCI nor an association between low or high BMI 

and dementia in the present study. The reason for this 
may be that too few participants had a BMI of < 18.5 kg/
m2. Also, the number of participants with dementia was 
small. Although the baseline characteristic of a previous 
diagnosis of stroke was not different between the groups, 
the participants who had dementia at the 5-year follow-
up had no stroke diagnosis. Because of the retrospective 
nature of this study, the diagnosis of stroke was obtained 
either from the participants themselves or, if they had 
died, from the national record – extracted from their 
death certificate; no brain imaging was utilized.

The present study showed that the amount of fresh red 
meat consumption was inversely associated with the risk 
of MCI and dementia. A previous study also showed that 
a high intake of unprocessed meat was associated with 
a lower risk of dementia [26]. Fresh red meat is a highly 
valued source of cognition-related nutrients, includ-
ing protein, iron, zinc, niacin, cobalamin, and riboflavin 
[43]. In older adults, adequate protein intake can reduce 
the risk of MCI and dementia [44]. Moreover, inadequate 
iron intake results in iron deficiency anemia, a revers-
ible cause of the cognitive decline and intentional deficit. 
Chronic brain hypoxia related to anemia may contribute 
to a decline in cognitive function through an increasing 
accumulation of amyloid-β [45, 46]. The bioavailabil-
ity of heme iron in fresh red meat is much higher than 
that of non-heme iron in plants [47]. Conversely, high 
iron intake can increase the risk of non-communicable 
diseases, such as type 2 diabetes and atherosclerosis. In 
addition, iron loading may result in brain iron deposition 
and neurodegeneration. The pathophysiology is related 
to oxidative stress and changes in the activity of tran-
scription factors (nuclear factor κB and activator protein 
1) [43]. The World Cancer Research Fund International 
recommended that red meat consumption should not 
exceed 500  g/week [48]; however, the lowest recom-
mended amount of red meat consumption was not men-
tioned. In this study, the median intake of fresh red meat 
among the participants in the third tertile was 100  g/
day. Accordingly, adequate fresh red meat, but not pro-
cessed meat, may be a protective factor against cognitive 
impairment.

MCI and dementia are gradually increasing in preva-
lence and becoming a burden in aging populations. On 
the background of the controversy regarding the associa-
tion of nutritional status and dietary intake with cognitive 
impairment, the present study has added more informa-
tion on the risk factors for MCI and dementia, particu-
larly in the Asian population. This longitudinal study was 
conducted in a well-designed cohort. The study partici-
pants were EGAT employees with a wide range of soci-
odemographic backgrounds. However, the current study 
had some limitations that should be considered. In terms 
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of employment status, people with severe frailty, illness, 
and disability were not included. The participants’ BMI 
and dietary intake may have changed during the 5-year 
study period. Because dietary data were collected using 
a self-reported dietary frequency questionnaire, energy 
intake could not be accurately evaluated. Additionally, 
some potential factors, including lifestyle, physical activ-
ity, and body composition, were not analyzed because of 
unavailable data. Lastly, more than a quarter of partici-
pants lost to follow-up. Nevertheless, the baseline char-
acteristics of participants between the analyzed data and 
lost follow-up groups were not significantly different. 
Further well-controlled, prospective studies with a large 
sample size are required to confirm the effects of BMI 
and meat consumption on cognitive impairment.

Conclusion
Obesity was associated with a greater risk of 5-year MCI. 
Advanced age and low education levels were indepen-
dently associated with a greater risk of 5-year MCI and 
dementia. In terms of dietary intake, low consumption of 
fresh red meat could be a risk factor for MCI and demen-
tia in five years.
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