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Abstract

Background: Ultra-processed food (UPF) consumption is related to increased morbidity and mortality. However, knowledge on its association
with cognitive function is lacking. In this longitudinal study, we examined the associations between UPF intake and cognitive decline in older
adults with type-2 diabetes (T2D).

Methods: The sample included initially nondemented T2D older adults (265 years), from the Israel Diabetes and Cognitive Decline study, who
had complete information on nutrition at baseline and at least 3 cognitive assessments (mean follow-up 5.3 = 1.5 years). Nutritional intake
was evaluated by a validated Food-Frequency Questionnaire, and foods were categorized as UPF based on NOVA classification. Percent of
calories from UPF were calculated from total caloric consumption in total and specific food groups. Mixed effect models were used to examine
the link between UPF intake (top vs bottom quartiles) and change in cognitive function overall and in specific domains, adjusting for potential
confounders.

Results: Of the total sample (N = 568; mean age 71.3 = 4.5 years, 60% men), 141 consumed >31% kcal from UPF (top quartile). Greater
intake of ultra-processed meat was associated with a faster decline in executive functions and global cognition (f = -0.041 = 0.013; p = .002
and 3 = -0.026 = 0.010; p = .011, respectively). Additionally, consumption of ultra-processed oils/spreads was associated with faster decline in
executive functions and global cognition (§ = -0.037 = 0.014; p = .006 and = -0.028 = 0.010; p = .009, respectively). Total UPF consumption
and UPF-derived from dairy products and bread/pastries/starch were not associated with cognitive change.

Conclusion: This study suggests that a high intake of ultra-processed meat and oils/spreads may be associated with accelerated cognitive
decline in older individuals with T2D.

Keywords: Cognition, Longitudinal study, Nutrition

Dementia is a devastating clinical diagnosis that is preceded by a
long prodromal phase of cognitive decline (1). To date, the efficacy
of pharmacological agents to prevent or treat dementia is limited,
particularly in its later stages. Projection models suggest, that even
modest delays in dementia onset may lead to a substantial reduction
in dementia prevalence and result in reduced social and financial
burden (2). It is estimated that up to 35% of dementia cases may
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be due to modifiable risk factors (3) and that healthy lifestyles (eg,
healthy diet and physical activity) can offset high risk of dementia
due to genetic propensity (4). Hence, it is a major public health pri-
ority to identify modifiable risk factors that can slow cognitive de-
cline and promote healthy aging (3).

The role of healthy diet in promoting cognitive health has
been extensively studied, and is encouraged by most major health
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organizations for maintaining brain health and mitigating cogni-
tive decline (5). Numerous macro- and micro-nutrients have been
found to impact mechanisms underlying cognitive aging (6), and sev-
eral lines of evidence suggest that the Dietary Approaches to Stop
Hypertension (DASH) (7), the Mediterranean-DASH Intervention
for Neurodegenerative Delay (MIND) (8) and the Mediterranean
(7,9) dietary patterns slow cognitive decline. These dietary patterns
are characterized by high intake of fruits and vegetables and are low
in unhealthy ingredients, including excess sodium, saturated fat, and
added sugar. Particularly, these healthy diet patterns are low in ultra-
processed foods (UPF) (10), which are formulations of ingredients,
mostly of exclusive industrial use, that result from a series of indus-
trial processes. UPFs are designed to create highly profitable prod-
ucts with low-cost ingredients, long shelf-life, and high palate. Their
relative consumption is high particularly in high-income countries
such as the United States (11) and the United Kingdom (12) where it
exceeds 50% of total caloric intake.

It is increasingly acknowledged that UPF consumption is asso-
ciated with adverse health outcomes, even independently of body
weight. These include increased risk of cancer, hypertension, cardio-
vascular disease, type 2 diabetes (T2D) (13), depression, frailty, and
all-cause mortality (14). Although UPF is thought to contribute to
neurodegeneration through its effects on neuroinflammation and gut
microbiome (15), the association of UPF with brain health has not
been tested. It is particularly important to study the effects of UPF
intake among individuals with T2D, because T2D is a strong risk
factor for cognitive decline and dementia (16) and glucose control
indices are greatly influenced by dietary patterns (17).

Thus, we aimed to investigate the associations of total UPF in-
take, and within specific food groups, with cognitive decline, among
older adults with T2D who participated in the Israel Diabetes and
Cognitive Decline (IDCD) cohort study.

Methods

Study sample
The IDCD study is an ongoing prospective cohort study aiming to
identify the relationship of long-term diabetes characteristics with
cognitive decline and dementia (18). Participants’ recruitment pro-
cess started in 2010. Participants are older individuals with T2D
aged 65 years and older living in the center of Israel, who were
included in the diabetes registry (N = ~11 000) of the Maccabi
Healthcare Services, the second-largest health maintenance organ-
ization in Israel. To be included in the diabetes registry, participants
had to have at least one of the following (1): HbAlc > 7.25% (2),
glucose > 200 mg/dl on 2 examinations more than 3 months apart
(3), purchase of diabetic medication twice within 3 months (4), diag-
nosis of T2D (International Classification of Diseases [ICD9] code)
by a general practitioner, internist, endocrinologist or ophthalmolo-
gist, supported by a HbAlc > 6.5% or glucose > 125 mg/dl within
half a year. These criteria have been validated against records from
20 medical practice clinics (19). In addition, to be included in the
IDCD, participants had to have at least 3 measurements of HbA1C,
to be cognitively normal (a score of 0 on the clinical dementia rating
(CDR) score) (20) at entry, and to be free of major neurological, psy-
chiatric conditions (eg, status poststroke, schizophrenia, Parkinson’s
disease) that might affect cognition. Lastly, participants were in-
cluded only if they had an informant and spoke Hebrew well.
Overall, 950 attended at least 1 visit, with a maximum of 6 visits.
We excluded 156 who had missing information on any of the study

covariates, 209 who attended less than 3 visits and 7 who were vege-
tarians (consumed zero kcal from meat). In addition, we excluded 9
men and 1 women with implausible values for total calorie intake
(below or above the acceptable range of 800-4 000 kcal/day for
men and 500-3 500 kcal/day for women). Thus, our final sample
included a total of 568 individuals.

Cognitive evaluation

All cognitive assessments were administered in person at the Sheba
Medical Center Neuroscience unit by trained neuropsychologists. To
maximize between-assessor reliability, an administration and scoring
manual was in place, and new examiners viewed videotape training
materials, observed experienced testers, and administered all tests to
a senior neuropsychologist, by whom they were certified.

Previous studies demonstrated associations of healthy nutrition
with a slower decline in global cognition as well as in various cog-
nitive domains (21). Therefore, our outcomes consisted of global
cognition as well as episodic memory, attention/working memory,
semantic categorization, and executive function. The cognitive
battery included 14 tests that were grouped into the 4 cognitive
domains (18). Episodic memory included: (a) word list memory,
word list recall, and word list recognition from the Consortium
to Establish a Registry for Alzheimer’s Disease (CERAD) cognitive
battery; (b) Attention/working memory included the diamond can-
celation and the digit span (forward and backward) tests from the
Wechsler Memory Scale-Revised (WMS-R); (c) Semantic categor-
ization included similarities, letter fluency and animal fluency tests;
and (d) Executive functions included trail making test (A and B),
CERAD-constructional praxis and digit symbol from the Wechsler
Adult Intelligence Scale (WAIS)-Revised. Raw scores for each test
were converted to z-scores using participants’ means and standard
deviations (SDs), and then averaged to create scores for each cog-
nitive domain. Additionally, a composite measure of global cogni-
tive function (overall cognition) was created by averaging all the
z-scores.

Dietary assessment
Dietary intake was assessed at baseline using a self-administered
126-item semiquantitative food frequency questionnaire (FFQ),
a questionnaire specifically developed and validated for the older
population in Israel (22,23). Frequencies of consumption were cal-
culated in 9 categories (ranging from never or almost never to more
than 6 servings daily), and the FFQ included a typical portion size
for each item. We multiplied the portion size by the frequency of con-
sumption in order to estimate daily consumption for each food item.
We categorized all food and beverages items included in the FFQ
as UPF or not based on the NOVA classification (24). Our classifi-
cation was based on a consensus made by a committee of experts
at the Department of Nutrition in the Israeli Ministry of Health.
Then, we calculated the daily percentage of UPF-derived calories out
of total calorie intake, overall and for each of the following food
groups: Oils/spreads, meat (including poultry and fish), dairy prod-
ucts, bread/pastries/starch, and beverages, as was previously done
(25). For example, to calculate the percentage of calories derived
from ultra-processed oils/spreads, we divided the number of calories
consumed from ultra-processed oils/spreads items by the total cal-
ories consumed from all items in this group. The food items in each
food group by processing status are listed in Supplementary Table 1.
UPF intake overall and in specific food groups was adjusted for total
calorie intake using the residual method (26).
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Table 1. Baseline Characteristics of the Total Study Sample and by Ultra-Processed Food Intake (%kcal of total kcal)

Ultra-Processed Food

Q1-Q3 (<31%)

Ultra-Processed
Food Q4 (>31%)

All (N = 568) N =427 N=141 p Value

Background (at baseline)

Age (years) 71.3 4.5 712 +4.5 71.7 + 4.4 206
Males, 72 (%) 343 (60.4) 252 (59.0) 91 (64.5) 245
Education (years) 13.6 £ 3.5 13.5+3.6 13.7 £ 3.5 621
Current or pass smoking, 7 (%) 332 (58.5) 247 (57.9) 85 (60.3) 611
Physical activity 3.7+22 3623 3.8x22 418
BMI (kg/m?) 28342 28.5 4.4 27.8 3.6 059
BMI > 30 kg/m2, 1 (%) 166 (29.2) 131 (30.7) 35 (24.8) 185
Hemoglobin Alc (%) 6.8 0.7 6.8 +0.7 6.7 +0.7 055
Duration with diabetes (years) 9.8 +4.5 9.7+ 4.5 10.1 = 4.4 .382
Mean total cholesterol (mg/dL) 173.7 = 24.0 174.3 = 24.8 171.7 = 21.5 226
Systolic blood pressure (mmHg) 134.2 + 8.3 1343 +8.2 133.8 =+ 8.5 556
Diastolic blood pressure (mmHg) 75.5 4.5 75.6 +4.5 752 +4.6 332
Total calories (kcal/day) 1701.3 = 505.1 1672.7 +493.3 1787.7 + 531.8 .019
% fat (out of total calories) 45 12 45 + 12 45+ 11 984
% carbohydrate (out of total calories) 5818 58«18 58«16 631
% protein (out of total calories) 226 227 216 .006
Fruits and vegetables (g/day) 787 = 344 827 + 352 667 =289 <.0001
Fibers (g/day) 30«10 30«11 29 =10 122

Note: BMI = body mass index.

Covariates

Age, sex, years of education, and smoking status were derived from
the baseline assessment. HbATlc, total cholesterol levels, systolic
blood pressure, and body mass index (BMI; calculated by weight
[kg]/[height (m)]) were obtained from the diabetes registry database
and were calculated as the means of all assessments for each partici-
pant in the MHS diabetes registry. Duration of T2D was estimated
using follow-up years in the diabetes registry as a truncated surro-
gate (27). A physical activity index was determined by the number of
various physical activities (eg, swimming, jogging or brisk walking,
dancing, spinning, light exercise) performed over the previous 2
weeks using a simplified version of the Minnesota Leisure Time
Activity Questionnaire (28). Total calories were calculated from the
FFQ in kcal.

Statistical analysis

The data were analyzed using SAS version 9.4 (SAS Institute, Cary,
NC). p Values of <0.05 indicated significant findings. Categorical
data were reported as number (%), and the association with UPF
intake (%kcal of total kcal) was assessed using Chi-square tests.
Continuous variables were reported as mean = SD, and compari-
sons between groups of UPF intake (%kcal of total kcal) were per-
formed using ¢ test. UPF overall and in specific food groups was
categorized such that all comparisons were made between individ-
uals who were at the top quartile versus those who were at the 3
bottom quartiles. The cutoffs of the upper quartile were 31% for
total caloric consumption, 16 % for meat, 47% for dairy products,
71% for bread/pastries/starch, 34% for oils/spreads, and 46% for
beverages. We used mixed-effect models with random intercepts
and slopes while specifying an unstructured covariance matrix as
correlation structure to assess the link between UPF consumption
with change in cognitive function over time. We only considered
participants’ first 4 cognitive scores because only 24 (4%) partici-
pants underwent 5 or 6 cognitive assessments. We created 2 sets of
adjustments: the first models adjusted for demographic and lifestyle

factors (ie, age, sex, education, current smoking, and physical ac-
tivity). The second models further adjusted for cardiometabolic
factors (ie, BMI, HbA1C, duration of diabetes, total cholesterol,
and blood pressure). All study covariates were treated as fixed fac-
tors, and time was treated as a continuous, random factor in the
mixed effect models. In a secondary analysis, we examined whether
sex and obesity (BMI > 30 vs <30 kg/m?) modify the associations
between UPF and change in cognition. When an interaction with
sex or BMI was found (p < .05), we stratified the analyses based on
the effect modifier to interpret it.

Results

The total sample included 568 participants. Participants’ mean age
at baseline was 71.3 = 4.5 years and 343 (60%) were men (Table 1).
Of the total sample, 381 (67%) and 187 (33%) attended 3 and 4
visits, respectively. Compared to those who were not included in the
analyses, those who were included were slightly younger, were more
likely to be men, were more educated, and performed more physical
activity (Supplementary Table 2). For the study sample, the mean
follow-up time was 5.3 = 1.5 years (range 2-10 years), and the me-
dian time between visits was 2 years. The average consumption of
total UPF intake (%kcal of total kcal) was 23.3% = 11.0 with a
range of 1.9-62.9 and upper quartile of 31.0%. Table 1 presents
a comparison of baseline characteristics between participants who
consumed more than 31% of their total calories from UPF (top
quartile; 7 = 141) to those at the bottom quartiles (<31% of kcal
from UPF; n = 427). There were no significant differences in the life-
style and cardiometabolic factors tested. However, the diet of parti-
cipants with high compared to low UPF intake was characterized by
more calories and less consumption of protein and fruits/vegetables.
During the follow-up period, global cognitive function as well as
memory, language, and executive functions significantly declined,
while no significant change in attention score was detected (Table 2;
Supplementary Table 3).
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Figure 1. Change in cognitive function over time by ultra-processed food
intake (top vs bottom quartiles). (A) Change in executive function by ultra-
processed meat/poultry/fish intake; (B) change in global cognition by ultra-
processed meat/poultry/fish intake; (C) change in executive function by
ultra-processed oils/spreads intake; and (D) change in global cognition by
ultra-processed oils/spreads intake.

Table 2 presents the associations of time and UPFs with cog-
nition, and the interaction between UPF and time in relation to
cognitive function (ie, how total UPF intake and in specific food
groups is related to changes in cognitive function over time), after
adjusting for demographic, lifestyle, and cardiometabolic fac-
tors. In Supplementary Table 4 we present the same associations
while adjusting for demographic and lifestyle factors only. The 2
models yielded similar results. After controlling for the larger set of
covariates, higher consumption of ultra-processed meat was asso-
ciated with a greater decline in executive function and global cog-
nition independently of potential confounders (§ = -0.041 = 0.013;
p =.002 and B = -0.026 = 0.010; p = .011, respectively; Table 2
and Figure 1a and b). Moreover, those who consumed a higher
percentage of calories from ultra-processed oils/spreads, demon-
strated a greater decline in executive function and global cognition
(B = =0.037 = 0.014; p = .006 and B = ~0.028 = 0.010; p = .009, re-
spectively; Table 2 and Figure 1c and d). Total UPF as well as the per-
centage of calories consumed from dairy products, bread/pastries/
starch, and beverages were not related to cognitive change during the
follow-up period (Table 2).

Table 3 demonstrates the associations of time, UPFE, and the inter-
action between them (ie, how UPF is related to change in cogni-
tive function over time) by sex and BMI group. Overall, the rate
of global cognitive decline was similar in men and women and in
those with high and low BMI (Table 3; Supplementary Table 3).
Table 3 demonstrates significant interactions between sex and in-
take of ultra-processed meat and oils/spreads. In stratified models,
ultra-processed meat consumption was related to greater decline in
attention among women (f = -0.069 = 0.023; p = .004) but not men
(p=-0.000x0.017; p =.995; p-for interaction = .018). Furthermore,
ultra-processed meat consumption was associated with a greater
decline in global cognition in women only (f = -0.054 = 0.017;
p = .002; p-for interaction = .009). Similarly, greater intake of ultra-
processed oils/spreads was related to a greater decline in executive
function (f = -0.069 = 0.025; p = .005; p-for interaction = .006)
and global cognition (f = -0.047 = 0.018; p = .010; p-for inter-
action = .018) among women but not men. In addition, a statistically

significant interaction was found between BMI and ultra-processed
oils/spreads consumption, such that the link between ultra-processed
oils/spreads and executive functions (f = -0.055 = 0.022; p = .012;
p-for interaction = .012), language (p = -0.054 = 0.018; p = .003;
p-for interaction = .034), and global cognition (f = -0.057 = 0.019;
p = .004; p-for interaction = .008) were apparent only in those with
higher BMIL Lastly, we found that high consumption of UPF from
dairy products was associated with a greater decline in language
among those with BMI > 30 kg/m? (§ = -0.051 = 0.018; p = .005;
p-for interaction = .008; Table 3).

Discussion

This cohort study among individuals with diabetes suggests that
greater intake of ultra-processed meat is associated with a greater
decline in executive function and global cognition, and that high
intake of ultra-processed oils/spreads is related to a greater decline
in executive function and global cognition. Further exploration re-
vealed that ultra-processed meat, oils/spreads, and dairy products
may be more strongly associated with cognitive decline particularly
among females and obese individuals. Consumption of total calories
from UPF overall was not associated with cognitive decline.

The average consumption of total UPF intake (% kcal of total
kcal) in our sample of older Israeli adults with T2D was 23.3% =
11.0 with range of 1.9%-62.9%. This level is somewhat low com-
pared to estimates from samples of older adults (not necessarily with
diabetes) in other high-income countries (29,30). The observed dif-
ferences in UPF intake may be explained by variations in the food
items included in the FFQ in various countries. However, UPF
consumption in our sample was also lower compared to estimates
among older adults in Israel (28%) (31), which may be expected
considering the fact that the sample is comprised of individuals with
diabetes who may be more aware of their nutrition.

Contrary to the growing body of evidence linking UPF consump-
tion to various health outcomes, including cardiometabolic condi-
tions related to cognitive decline and dementia (32), our study did
not point to an association between total UPF consumption and
cognitive decline. The associations between specific UPF groups (ie,
meat and oils/spreads) with cognitive decline in our sample are in
line with other studies showing that the Western-style dietary pat-
tern, which is characterized by high UPF consumption, is associated
with early markers of Alzheimer’s disease (33). On the other hand,
high-quality diets (34) such as the Mediterranean diet, the DASH
diet, and the MIND diet are inversely correlated with UPF intake
and have been shown to promote brain health in multiple studies
(5). Specifically, our findings imply that high consumption of ultra-
processed meat and oils/spreads may be associated with cognitive
aging. In line with these results, a secondary analysis from a large
cohort study has demonstrated that consumption of stick margarine,
an ultra-processed fat, is a strong predictor of AD mortality (35).
Furthermore, in contrast to previous literature showing associations
between sugary beverages consumption and AD risk (36), we did
not find a relationship between ultra-processed beverages and cog-
nitive decline. However, this inconsistency may occur due to the fact
that in our study, ultra-processed beverages included items such as
diet drinks and processed fruit juice in addition to sugar sweetened
beverages.

Although additional evidence relating UPF intake to cognitive
outcomes is lacking, several studies demonstrated a link between
ultra-processed meat and fat with cardiometabolic conditions. For
example, a meta-analysis of cohort studies showed evidence, that a
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reduction in processed meat intake of 3 servings per week is associ-
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the current sample was lower compared to that of other high-income
countries, possibly due to nutritional education provided for indi-
viduals with diabetes. Thus, although diabetes-related characteristics
were adjusted for, results cannot be extrapolated to nondiabetic older
adults. The low UPF consumption in our sample compared to that of
other high-income countries may also reflect variation in types of UPF
food between countries (eg, canned soups are common in the United
States but are rarely being consumed by Israelis), and may highlight
the lack of a global consensus about UPF food items. Lastly, although
we adjusted for many relevant covariates, residual confounding such
as by ApoE4 genotype could also affect our results.

In conclusion, our results contribute new data to the growing
body of evidence linking UPF to poor health outcomes and show
that UPF, specifically of meat and oils/spreads, are associated with
a faster rate of decline in global cognition, and particularly in ex-
ecutive function. Food processing-based classifications, particularly
the NOVA system, have been established as useful markers of diet
quality and have already informed public policy specifications for
the promotion of healthy diets, including healthy eating guidelines
and the identification of foods requiring regulatory control (52). If
replicated by future investigations, these findings may lead to food
policy interventions aimed at shifting consumption patterns toward
less processed products in order to improve nutritional quality and
therefore promote brain health.
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