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Abstract

Background: We have limited evidence for the relationship of high sugar intake with dementia 

risk.

Objective: To determine whether high sugar intake is associated with an increased risk of 

dementia in community-dwelling older adults

Methods: This study included 789 participants of the Rush Memory and Aging Project 

(community-based longitudinal cohort study of older adults free of known dementia at 

enrollment), with annual clinical assessments and complete nutrient data (obtained by validated 

food frequency questionnaire). Clinical diagnosis of dementia is based on the criteria of the joint 

working group of the National Institute of Neurological and Communicative Disorders and Stroke 

and the Alzheimer’s Disease and Related Disorders Association. We used Cox proportional hazard 

models.

Results: 118 participants developed dementia during 7.3 ± 3.8 years of follow-up. Those in 

the highest quintile of total sugar intake were twice as likely to develop dementia than those 

in the lowest quintile (Q5 versus Q1:HR=2.10 (95%CI: 1.05, 4.19) when adjusted for age, sex, 
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education, APOE ε4 allele, calories from sources other than sugar, physical activity, and diet 

score. Higher percent calories from sugar were positively associated with dementia risk (β=0.042, 

p = 0.0009). In exploratory analyses, the highest versus lowest quintile of fructose and sucrose in 

the diet had higher dementia risk by 2.8 (95%CI: 1.38, 5.67) and 1.93 (95%CI: 1.05, 3.54) times, 

respectively.

Conclusions: A higher intake of total sugar or total calories from sugar is associated with 

increased dementia risk in older adults. Among simple sugars, fructose (e.g., sweetened beverages, 

snacks, packaged desserts) and sucrose (table sugar in juices, desserts, candies, and commercial 

cereals) are associated with higher dementia risk.
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INTRODUCTION

It is estimated that 6.2 million Americans age 65 and older are living with Alzheimer’s 

disease (AD) dementia [1], a chronic disease of aging associated with progressive loss of 

cognitive function and the ability to carry out activities of daily living [2]. Age is among 

the strongest known risk factors for AD dementia [3], and due to an aging population, 

the number of adults living with dementia is projected to more than double by 2060 

[1]. AD is a costly disease that results in significant loss of lives annually. In 2022, 

the estimated total payment for health care, long-term care, and hospice care for 65 and 

older living with dementia is around $321 billion [1]. Various lifestyle preventive strategies 

including diet are of great public interest. Healthy dietary patterns such as Mediterranean-

DASH Intervention for Neurodegenerative Delay (MIND) and a Mediterranean diet are 

associated with a decreased risk of AD dementia in community-dwelling older adults [4, 

5]. One important aspect of these healthy dietary patterns is limiting foods high in sugar. 

Animal studies have demonstrated that higher sugar intake induces insulin resistance and 

is associated with memory impairment and more amyloid-β accumulation in the brain [6, 

7]. Human studies investigating the relationship between sugar intake and the risk of AD 

dementia have been limited. Sugar intake is associated with poor cognitive performance 

[8, 9] and risk of AD dementia among women [10]. Studies have reported higher sugared 

beverage intake associated with increased risk of dementia, AD dementia, stroke [11], 

and total brain volume and episodic memory [12]. Artificially sweetened beverages were 

also associated with dementia [13], while a recent meta-analysis reported null findings for 

sugar-sweetened beverages and dementia [14]. In the present study, we investigated whether 

there is a relationship between total sugar intake or percent calories from sugar and the 

risk of dementia in community-dwelling older adults (including both men and women). 

In additional analyses, we explored whether any specific simple sugars including sucrose, 

fructose, glucose, maltose, and lactose are associated with dementia risk.
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METHODS

Data and sample

The study was conducted among Rush Memory and Aging Project (MAP) participants. 

MAP is an ongoing longitudinal cohort (began in 1997) study of chronic disease of 

aging in older adults from about 40 retirement communities, senior public housing 

units, and individual homes in the greater Chicago, Illinois area [15]. At the time of 

enrollment, participants consent to annual clinical assessments consisting of medical history, 

neurological exam, routine laboratory measures, and cognitive testing, more details about 

the recruitment and study methods have been published earlier [15, 16]. At the time of 

analysis, 2,160 participants without any known dementia had completed enrollment and 

baseline evaluation in MAP. The dietary assessments began in 2004, by then 83 MAP 

participants died, 9 withdrew from the study, and 64 were ineligible (dementia symptoms 

at the time of dietary assessments or English was not the primary language, as all the 

dietary assessments were conducted in English). Of those eligible for dietary assessments, 

375 withdrew or died without completing a food frequency questionnaire (FFQ), the dietary 

assessment tool), 10 refused to fill out the FFQ, and 192 participants were excluded as their 

FFQ was incomplete or reported implausible calorie intake (<700 or >4,000 kilocalories 

for men and < 500 or >3,800 kilocalories for women). For another 401 participants, the 

derivation of dietary data was still in process and 191 had a missing value for total sugar, 

hence were also excluded from this study. Further out of 835 with complete dietary data, we 

excluded those without two cognitive assessments or clinical dementia at the time of FFQ 

assessment (n = 46). The analytical sample for this study was 789 (median (Inter quartile 

range) age: 80 years, (75, 84).

The study was approved by an Institutional Review Board of Rush University Medical 

Center. All subjects signed informed consent and an Anatomical Gift Act. More detailed 

descriptions of study procedures are available [16]. MAP data can be requested at https://

www.radc.rush.edu.

Dietary sugar intake

Dietary assessments were done using a validated FFQ based on the modified-Harvard 

FFQ consisting of 144 items [17]. Individual nutrient intakes were estimated using 

reported frequencies and age- and sex-standardized portion sizes from the US nationally 

representative food composition tables. Intakes of total sugar, sucrose, fructose, glucose, 

maltose, and lactose were estimated in grams/day [18] and modeled as quintiles. Total 

sugar includes all the soluble carbohydrates from food, fructose and glucose are the simple 

sugars, sucrose (glucose + fructose), maltose (glucose + glucose), and lactose (glucose + 

galactose) are the disaccharides, i.e., compound sugars. Calorie adjustment was carried out 

using the nutrient residual approach controlling for sex. Percent calories from sugar was also 

computed (calories from sugar ((total sugar (grams/day) multiplied by 4 kilocalorie (Kcal) / 

total calories)*100) [19].
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Dementia and ADs dementia

A clinical diagnosis of cognitive status is rendered annually at each assessment using 

a three-step process. All participants undergo a uniform, structured, clinical evaluation 

including a batter of 21 tests, all scored on computer. Next a neuropsychologist experienced 

with cognitive testing of older adults reviews the test results and rates the severity of 

impairment in five cognitive domains using a 6-level rating ranging from normal (1) 

to severe (5). A final clinical evaluation and review of all data by a neuropsychologist, 

geriatrician, or geriatric nurse practitioner, who renders a final clinical judgment regarding 

the no impairment, presence of cognitive impairment and dementia. Clinical diagnosis of 

dementia and AD dementia is based on criteria of the joint working group of the National 

Institute of Neurological and Communicative Disorders and Stroke and the Alzheimer’s 

Disease and Related Disorders Association (NINCDS/ADRDA) and requires a meaningful 

decline in cognitive function based on at least two assessments, and deficits in memory and 

at least one other cognitive domain [20].

Covariates

Sociodemographic characteristics (age, gender, and education [years]) were measured at the 

baseline using a standard questionnaire. Non-sugar calories were computed by subtracting 

sugar calories (sugar in grams/day multiplied by 4 kcal) from total calorie intake (computed 

using the FFQ responses). Genotyping was performed by Polymorphic DNA Technologies 

(Alameda, California), using high throughput sequencing to determine apolipoprotein E 

(APOE ε4) carrier status by the two polymorphisms of rs429358 (codon 112) and rs7412 

(codon 158) at exon 4 of the APOE gene [21]. Respondents with at least one allele were 

considered APOE ε4 positive. Physical activity (hours/week) was recorded based on self-

reported time spent over two weeks on five activities (walking for exercise, yard work, 

calisthenics, biking, and water exercise) [22]. Diet quality was assessed using the MIND diet 

score (range: 0–15, a higher score indicates higher concordance, i.e., better diet). The MIND 

diet score as previously described has 15 dietary components including 10 brain-healthy 

food groups (green leafy vegetables, other vegetables, nuts, berries, beans, whole grains, 

fish, poultry, olive oil, and wine) and 5 unhealthy food groups (red meats, butter and stick 

margarine, cheese, pastries and sweets, and fried/fast food) that were reverse coded, i.e., “0” 

if consumed more and “1” if consumed less [23]. Alcohol consumption was obtained from 

the computed output of the FFQ in grams/day. Diabetes was determined by self-report or 

diabetes medication use.

Statistical methods

Descriptive analyses were carried out using simple means and standard deviations. Baseline 

differences in sample characteristics were presented for the overall sample and compared 

across quintile of total sugar intake at baseline. Cox proportional hazards models were 

used to test our primary hypothesis of the relationship between intake of total sugar, with 

incidence of dementia. In secondary models, we replaced intake of total sugar with total 

calories from sugar and with the specific simple sugars, sucrose, fructose, glucose, maltose, 

and lactose. The proportionality of the hazard’s assumption was verified (graphically by 

plotting survival probability). A log rank test was used to compare the survival curves. To 
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examine linear trends of the sugar associations, we also employed variables of the sugar 

intake in which all records within a quintile were scored at the median value and report the 

p-value for the linear trend. Model 1 included age, education (years), sex, APOE ε4 allele 

status, and total energy from non-sugar sources. Model 2 further controlled for physical 

activity (hours/week). Model 3 was model 1 further controlled for the overall healthy dietary 

pattern (MIND diet score), and model 4 was controlled for physical activity and MIND diet 

score in the same model. As a secondary analysis, we further controlled the models for 

alcohol intake (grams/day). In sensitivity analyses, we examined associations by excluding 

individuals with diabetes at baseline and repeating the primary analyses. We also tested the 

interaction of sugar intake with MIND diet score for its association with dementia. The 

statistical significance was considered at p < 0.050. All the analyses were performed using 

SAS version 9.4 (SAS Institute, Cary, NC).

RESULTS

Selected sample characteristics are presented in Table 1. The analytical sample was 

predominantly white (93%), female (76%), and with the mean age of 79.0 (±7.1) years. 

Respondents with the highest intakes of sugar at baseline had less calories coming from 

other sources (Table 1), and the highest overall carbohydrate intake and lowest relative 

intakes of fat and protein (Supplementary Table 1). Respondents with the highest sugar 

intake consumed 34% of their total calories from sugar, as compared to 17% of the total 

calories from sugar consumed by those with the lowest intake. The average overall sugar 

intake was 106 (±1.5) grams/day (24% of total energy intake). There were 118 cases of 

incident dementia over 7.3 ± 3.8 years of follow-up. Out of these 118 cases, 90 were 

deceased with neuropathology data available. Of these 90, 84 (93%) had a diagnosis of AD 

dementia, and 82% (69 out of 84) met pathologic criteria for AD (based on NIA-Reagan 

criteria, high or intermediate likelihood).

In the age-adjusted model, total sugar intake was not associated with dementia risk 

(Q5 versus Q 1: HR (95% CI)=1.41 (0.76, 2.62), p for trend = 0.54). However, when 

further controlled for other covariates including sociodemographic characteristics (age, 

sex, education), APOE ε4 allele status, total calories from non-sugar sources, we found 

a significant association of total sugar intake and dementia risk (Table 2). Further controlling 

for physical activity in model 2, (Supplementary Table 2) and MIND diet in model 3 (Table 

2) indicated similar findings. In fully adjusted model when controlled for sociodemographic 

characteristics, genetic factor, calories, physical activity, and MIND diet score, we found 

those in the highest quintile of total sugar intake compared to those in the lowest quintile, 

have twice the risk of developing dementia (Q5 versus Q1: HR (95% CI)=2.1 (1.05, 4.19), 

p for trend = 0.08, Fig. 1A). We further assessed percentage calories coming from sugar as 

our exposure variable and had similar findings for 1 unit increase (HR (95% CI)=1.04 (1.01, 

1.08). Thus, every 10% increase in calories from total sugar may increase dementia risk by 

almost 40%. This model was controlled for sociodemographic characteristics, genetic factor, 

physical activity, and MIND diet. Figure 2 shows that consuming a higher percentage of 

calories from sugar (lines showed include 17%, 24%, and 32% calories from sugar) had 

higher cumulative hazard of dementia with time.
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Additionally, we also investigated the associations of other sugars including sucrose, 

fructose, maltose, and lactose with dementia risk. In the age-adjusted models, none of the 

sugars were associated with dementia risk (data not shown). Whereas, when controlled for 

other covariates we found some significant relations. In fully adjusted model, those in the 

highest quintile intake of sucrose when compared to those in the lowest, had nearly twice 

the risk of developing dementia during the years of follow-up (HR (95%)=1.93 (1.05, 3.54), 

Table 2). Similarly, higher fructose intake was also associated with higher AD dementia risk. 

Maltose and lactose had no association with AD dementia risk (Table 2). The participants 

with the highest intakes of total sugar developed AD dementia an average of 7.1 years earlier 

than those with the lowest intake.

Although alcohol consumption was low in this cohort of older adults (mean of 4.5 ± 8.8 

grams/day; one standard drink size is 10–14 grams), as a secondary analysis we further 

controlled the models for alcohol intake (grams/day). The effect estimates for any sugar 

associations with dementia risk did not change (Q5 versus Q1: total sugar- HR (95%)=2.09 

(1.04, 4.21), sucrose- HR (95%)=1.91 (1.04, 3.51), fructose- HR (95%)=2.84 (1.37, 5.88). 

The results of sensitivity analyses are presented in Supplementary Table 3. When those with 

diabetes at baseline were excluded in the analyses (n = 98) the relationship between total 

sugar intake and risk of AD dementia was slightly stronger. In fully adjusted model, the 

hazard comparing those in the fifth quintile to those in the first was 2.30 (95% CI: 1.08, 

4.94). Additionally, we also assessed whether the MIND diet score modified the association 

of total sugar intake with dementia; we found no significant interaction (p = 0.35).

DISCUSSION

In this study of community-dwelling older adults, we found that high total sugar intake 

was associated with a higher risk of AD dementia when controlled for demographic factors, 

genetic risk of AD, physical activity, and diet. Compared to those with the lowest intake of 

total sugar, the participants with the highest intake developed AD dementia an average of 7.1 

years earlier or in other words they had twice the risk of developing AD dementia. Overall, 

a higher percent calorie from sugar were associated with higher risk of AD dementia. 

We are aware of no prior study examining the relationship between percent calories from 

sugar intake and AD dementia. Among different forms of sugar, fructose and sucrose were 

associated with AD dementia risk. Those in the highest quintile of fructose intake when 

compared to those in the lowest quartile had 2.8 times higher risk of dementia. After 

removing participants with baseline diabetes (who may have decreased their sugar intake 

after diagnosis) the estimated association between sugar and dementia risk was slightly 

stronger. These simple sugars such as fructose (primary sources include high fructose corn 

syrup in soda, juice, sweetened yogurt, fast food, packaged desserts, snack foods) and 

sucrose (disaccharide of fructose and glucose, i.e., table sugar primarily found in juices, 

desserts, candies, and sweetened commercial cereals) are widely used in the commercially 

available food products and should be further investigated among older adults for their roles 

in neurodegenerative disorders such as AD and related dementia. These findings among 

older adults suggest that consuming less calories from sugar, and lesser intake of fructose 

and sucrose in diet may reduce the risk of dementia.
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Sugared beverages, typically sweetened with high-fructose corn syrup, have been 

demonstrated to be the leading source of added sugar in the diets of Americans, and 

their consumption is associated with increased risk of obesity, diabetes, heart disease, and 

stroke [24, 25]. A previous study of data from the Framingham Heart Study found that 

respondents with the highest intake of sugared beverages had lower total brain volume 

and poorer performance on episodic memory than those with the lowest intake [12]. In 

the same cohort, recent findings indicated higher intake of sugar in beverages associated 

with higher risk of dementia [11]. Another study (Women Health Initiative, WHI) recently 

reported higher total sugar intake associated with reduced risk of AD among women [10]. 

They also found lactose intake association with increased AD risk. Our findings support 

the existing literature for total sugar intake among both men and women, suggesting that 

community-dwelling older adults with higher total sugar intake or more calories from sugar 

compared to those with lower intake may have higher risk of dementia. As reported in 

previous literature, we did not find any association between lactose and dementia risk; 

however, we found association of higher fructose and sucrose intakes with increased 

dementia risk. We speculate there can be various reasons for this difference ranging from 

different study populations to different methods of outcome assessment. The previous study 

included women only with an average age around 66 years and AD diagnosis was obtained 

from the reports using a standard questionnaire, whereas in our study we included both men 

and women, average age was 79 years, and the dementia diagnosis was based on criteria of 

the joint working group of the NINCDS/ADRDA.

Impaired glucose metabolism is related with cognitive function and AD [26, 27]. Studies 

linking AD directly to insulin resistance have been limited, but obesity, diabetes, and 

abnormal levels of glucose and insulin levels are risk factors for AD [28]. Several plausible 

biological pathways may link sugar intake to risk of dementia. Importantly, most sugars 

are readily converted to glucose, placing them under homeostatic regulation by insulin. 

Evidence suggests that brain insulin resistance may play a role in the development of AD 

[27, 29, 30]. The insulin-mediated glucose transporter, GLUT4, is highly expressed in the 

hippocampus [31]. Blocking translocation of the GLUT4 transporter in the hippocampus has 

been shown to impair memory in an animal model [32, 33]. Animal studies have also linked 

intakes of both fructose and glucose with impaired glucose metabolism [34], and indicate 

fructose, driving the metabolic complications [35].

Although glucose and fructose are metabolized differently, both have been shown to 

promote inflammation and the formation of reactive oxygen species [36, 37], and it is well 

established that both inflammation and oxidative stress are related to AD. Further studies are 

needed to fully understand the role of sugar, and specifically simple sugars and AD.

Our study has various strengths and weaknesses. The strengths include large community-

based sample of older adults who were prospectively followed for multiple years, 

via standardized tests, structured annual neurological assessments, clinical diagnosis of 

dementia and clinical AD dementia based on NINCDS/ADRDA criteria, and a dietary 

assessment tool validated in older adults. However, the study has some limitations. The 

observational study design implies that we can neither establish causation nor ensure that 

there are no unaddressed confounders. The FFQ is a self-reported tool to capture diet and 
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may suffer recall bias. Total sugar used in the study includes sugar coming from various 

food sources and not just high sugar foods. Future studies specifically investigating added 

sugars, sweetened beverages, foods with high fructose corn syrup and artificial sweetener 

are needed to understand their roles in dementia risk. Additionally, as the analytical sample 

was majority non-Hispanic Whites and older, the study results may not generalize to other 

diverse or younger populations.

Findings from this study suggest that overall high sugar intake or a higher percentage 

of calories from sugar is associated with increased dementia risk. Those in the highest 

quintile of sugar intake were twice more likely to develop dementia during the years of 

follow-up compared to those who were in lowest quintile. Exploratory analysis indicated 

higher fructose (a monosaccharide) and sucrose (disaccharide composed of glucose and 

fructose moieties) intakes were positively associated with dementia risk. As both fructose 

and sucrose are readily used in commercially available food, these results should be further 

investigated for its role in AD and related dementias.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Fig. 1. 
A) Total sugar intake and Dementia risk. B) Fructose intake and Dementia risk. C) Sucrose 

Intake and Dementia risk.
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Fig. 2. 
Those consuming a higher percentage of calories from sugar (lines include 17%, 24%, 

and 32%) had a higher risk of incident dementia. The model was controlled for age, sex, 

education), APOE ε4 allele status, physical activity, and MIND diet.
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