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 Background: Cognitive decline has become a public health concern as it causes adverse economic and socio-psychological 
outcomes. Studies have assessed the effects of history of stroke or high-sugar diet on cognitive decline of old-
er adults, but whether there was interaction between high-sugar diet and history of stroke in affecting cogni-
tive decline was still unclear. The present study explored the interaction between high-sugar diet and history 
of stroke in affecting the risk of cognitive decline in older adults.

 Materia/Methods: This cross-sectional study included 2710 subjects. Univariate analysis was applied to explore the associations of 
high-sugar diet or history of stroke in affecting cognitive decline. The relative excess risk of interaction (RERI), 
synergy index (SI), and attributable proportion of interaction (API) were used to assess the interaction of high-
sugar diet and history of stroke in risk of cognitive decline.

 Results: An increased risk of cognitive decline was observed in people with history of stroke [odds ratio (OR)=1.826, 
95% confidence interval (CI): 1.124-2.968] and high-sugar diet (OR=1.509, 95% CI: 1.109-2.052). The confidence 
intervals of interaction indicators RERI=1.257 (95% CI: 0.188-2.326) and API=0.386 (95% CI: 0.135-0.638) did 
not contain 0 and were both >0; the confidence interval of SI=2.261 (95% CI: 1.063-4.809) did not contain 1 
and were >1.

 Conclusions: A high-sugar diet and history of stroke interacted synergically in association with cognitive decline in older 
adults, which might provide a reference for management of cognition in older adults.
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Background

As one of the vital elements of health status, cognitive func-
tion is an essential determinant of independence, daily living 
ability, and quality of life, especially in older adults [1]. Brain 
aging may increase the risk of behavioral dysfunction and cog-
nitive decline, which is a common geriatric syndrome in older 
adults, with an increased prevalence in Chinese adults aged 
³60 years [2]. Cognitive decline has become a public health 
concern as it brings adverse economic and socio-psychologi-
cal outcomes [3,4]. Cognitive decline decreases the quality of 
life and the ability to perform instrumental activities of daily 
living, which is thought to be the precursor symptom of de-
mentia [5,6]. Therefore, cognitive decline in older adults is of 
great importance.

Cognitive decline is a major medical outcome after stroke, and 
patients who have had stroke have increased risk of cogni-
tive decline compared to those without stroke [7]. Levine et al 
found that cognitive decline can occur immediately or some-
time later after stroke [8]. Previous studies demonstrated that 
38% of stroke survivors had cognitive impairment 1 year af-
ter stroke, and dementia occurred in about 10% of stroke sur-
vivors in the first year after stroke and in one-third within 3 
years of initial stroke [9,10]. Previously, several studies revealed 
that excessive sugar consumption may lead to impaired mem-
ory and increased risk of dementia [11]. Ye et al found that 
higher sugar intake was associated with lower cognitive per-
formance among middle-aged and older people [12]. A meta-
analysis showed that high sugar intake was negatively corre-
lated to overall memory, executive function, and psychomotor 
speed, and was positively associated with neurological disor-
ders in older people [13]. Increasing evidence shows that ex-
cessive sugar consumption can increase the risk of stroke [14]. 
Some other studies indicated that excessive sugar intake is 
associated with elevated risk of stroke and dementia [15,16]. 
These findings suggest an association between dietary sugar 
and stroke. Studies have found the effects of history of stroke 
and high-sugar diet on cognitive performance in older adults, 
but whether there was an interaction between high-sugar 
diet and history of stroke in cognitive decline was still unclear.

The present study explored the roles of history of stroke and 
high-sugar diet, as well as the interaction between high-sug-
ar diet and history of stroke, on the risk of cognitive decline 
in older adults based on the data from National Health and 
Nutrition Examination Survey (NHANES). Our results may of-
fer a reference for sugar intake in patients with a history of 
stroke in the management of their cognitive performance.

Material and Methods

Study Design and Population

In this cross-sectional study, the data of 2937 older adults 
were extracted from NHANES 2-year cycles (2011-2012 and 
2013-2014) as the 2 cycles specifically inquired about cogni-
tion [17]. NHANES is conducted by the US Centers for Disease 
Control and Prevention (CDC), which performs ongoing 2-year-
cycle cross-sectional surveys involving more than 5000 par-
ticipants each year from 15 different locations in US counties 
based on a complex, multi-stage probability sampling de-
sign [17]. NHANES examines the health and nutritional sta-
tus of the non-institutional population in the US. The survey 
obtained approval from the Research Ethics Review Board at 
the National Center for Health Statistics. After excluding peo-
ple without data on cognition, history of stroke, and high-
sugar diet, 2710 subjects were included – 1032 had cogni-
tive decline and 1678 had no cognitive decline. NHANES was 
approved by the NCHS Research Ethics Review Board (ERB) 
[Approval number: 2011-2012 (Protocol #2011-17) and 2012-
2014 (Continuation of Protocol #2011-17)] (https://www.cdc.
gov/nchs/nhanes/irba98.htm). As there were no samples from 
our own hospital, the study was exempted from ethics re-
view by the Institutional Review Board of Shanghai Second 
Rehabilitation Hospital.

Data Collection

The data analyzed in this study included age (years), gen-
der, the amount of added sugars consumed (normal or high 
level), race (Mexican American, Non-Hispanic White, Non-
Hispanic Black, or other race), body mass index (BMI, kg/m2), 
marital status (married, widowed/divorced, unmarried or co-
habitation), education (less than high school, high school, or 
more than high school), family annual income ($), sleep disor-
der, sleep duration (h), smoker, drinker, vigorous work activi-
ty (vigorous-intensity activities, moderate-intensity activities 
or others), vigorous recreational activities (vigorous-intensity 
activities, moderate-intensity activities or others), depression, 
hypertension, diabetes, congestive heart failure (CHF; yes or 
no), coronary heart disease (CHD; yes or no), heart disease (yes 
or no), total cholesterol (TC; Mgd/L), high-density lipoprotein 
(HDL; Mgd/L), glycosylated hemoglobin (GHb;%), and history 
of stroke (yes or no).

Definition of Variables

Vigorous work activity indicated the time spent doing differ-
ent types of physical activity in a typical week, the time spent 
doing work such as paid or unpaid work, studying or training, 
household chores, and yard work. Vigorous-intensity activi-
ties referred to activities that require hard physical effort and 
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cause large increases in breathing or heart rate, and moder-
ate-intensity activities referred to activities that require mod-
erate physical effort and cause small increases in breathing or 
heart rate. Vigorous recreational activities included sports, fit-
ness, and recreational activities. Vigorous-intensity sports, fit-
ness, or recreational activities referred to activities that cause 
large increases in breathing or heart rate, like running or bas-
ketball, for at least 10 min continuously.

“Added sugars” was defined as sugars added to foods as an in-
gredient during preparation, processing, or at the table. Added 
sugars do not include naturally occurring sugars (eg, lactose in 
milk and fructose in fruits). The amount of added sugars=added 
sugars (teaspoon/day)×4.2 (g/teaspoon)×3.87(kcal/g)/kcal 
(kcal/day)×100 (%). The amount of added sugars was dichot-
omized and stratified, and added sugars higher than the 75th 
quantile (weighted) was defined as high added sugars.

The word learning and recall modules from the Consortium to 
Establish a Registry for Alzheimer’s Disease (CERAD) was ap-
plied for assessing the immediate and delayed learning abil-
ity of new language information (memory subdomain). The 
CERAD test includes 3 consecutive learning trials and 1 de-
layed recall. Participants were asked to recall words after learn-
ing the test. The score was 0-10 points, with 1 point for each 
correct answer. The CERAD score was the sum of the 4 tests 
[18]. The DSST was applied to evaluate the sustained atten-
tion and working memory. Participants should match the num-
bers in 133 boxes to the corresponding symbols within 120 s 
The score was 133 points and each of correct match scored 
1 point [19]. The Animal Fluency test was employed for test-
ing absolute language fluency. Participants should name as 
many animals as possible within a minute, and each answer 
was scored 1 point [20]. Cognitive decline was defined based 
on the 25th percentile of the combined scores of the CERAD, 
the DSST, and Animal Fluency test, and the lowest quartile was 
set as the cut-off point. As age has a significant effect on cog-
nitive performance, the score was further categorized based 
on age (60 years to <70 years, 70 years to <80 years, and ³80 
years). For each cognitive test, scores lower than the lowest 
quartile in each age group were defined as cognitive decline.

The Additive Interaction Model

The relative excess risk of interaction (RERI), attributable pro-
portion of interaction (API), and synergy index (SI) were indexes 
assessing the interaction between a high-sugar diet and histo-
ry of stroke in affecting the risk of cognitive decline according 
to the additive model. RERI=R11-R10-R01+1: represents the 
difference between the sum of the combined effects of the 2 
factors and the sum of the separate effects, which reveals the 
risk degree of interaction in comparison with all other factors 
except the 2 factors. API=RERI/R11: represents the proportion 

of total effects attributed to interaction. SI=R11 (R10×R01): the 
meaning is the same as RERI. When 0 was involved in the con-
fidence intervals (CIs) of RERI and API and 1 was included in 
the CIs of SI indicates that no interaction was found.

Statistical Analysis

Mean±standard error (SE) was applied for displaying the 
measurement data with normal distribution and compari-
sons in groups were subjected to independent sample t test. 
Enumeration data were expressed as case number and con-
stituent ratio [n (%)], and c2 test or Fisher’s exact probabili-
ty method were employed for comparisons between groups. 
Multiple interpolation (R: mice) was performed for the miss-
ing data, and sensitivity analysis was utilized for difference 
analysis before and after interpolation. Univariate analysis 
was applied to find variables with statistically significant dif-
ferences between the non-cognitive decline group and cogni-
tive decline group, and variables were included in the multi-
variable analysis together with high-sugar diet and history of 
stroke to explore the associations of high-sugar diet or histo-
ry of stroke with the risk of cognitive decline. RERI, API, and SI 
were evaluated to identify whether there was interaction be-
tween high-sugar diet or history of stroke in determining the 
risk of cognitive decline. The missing value interpolation was 
completed using R 4.0.2, and other statistical analysis was per-
formed using SAS 9.4. The data were analyzed in a weighted 
manner and the WTMEC2YR, SDMVPSU, and SDMVSTRA func-
tion in package survey (4.02 version) were used for weighted 
analysis. All statistical tests were two-sided, and P<0.05 was 
considered statistically significant.

Results

Comparisons of the Characteristics Between People with 
and Without Cognitive Decline

This study extracted the data of 2937 older adults. We ex-
cluded those without data on cognitive decline (n=695), and 
those with history of stroke (n=5) and added sugars (n=222). 
Finally, 2710 subjects were enrolled and grouped into a cogni-
tive decline group (n=1032) and a non-cognitive decline group 
(1678) (Figure 1). The average age was 69.10 years. The pro-
portions of alcohol consumption (36.74% vs 23.72%), depres-
sion (13.35% vs 5.13%), hypertension (65.55% vs 56.64%), 
and heart failure (10.45% vs 5.79%) in the cognitive decline 
group were higher than the non-cognitive decline group (all 
P<0.05) (Table 1). Figure 2 shows the distributions of people 
with high or normal added sugar in the cognitive decline group 
and non-cognitive decline group, as well as people with or with-
out history of stroke in the cognitive decline group and non-
cognitive decline group.
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The Associations of History of Stroke or the Amount of 
Added Sugar with Cognitive Decline

The associations between a history of stroke or high-sugar diet 
with cognitive decline are displayed in Table 2. The crude mod-
el revealed that a history of stroke or high-sugar diet might 
be related to increased risk of cognitive decline. After adjust-
ment for age, gender, diabetes, and GHb, we found that history 
of stroke (OR=2.151, 95% CI: 1.428-3.240) or high-sugar diet 
(OR=1.864, 95% CI: 1.418-2.451) were associated with increased 
risk of cognitive decline. The increased risk of cognitive de-
cline was observed in people with history of stroke (OR=1.826, 
95% CI: 1.124-2.968) and high added sugar (OR=1.509, 95% 
CI: 1.109-2.052) in the adjusted model for age, gender, diabe-
tes, GHb, BMI, race, marital status, education, family income, 
drinking, vigorous work activity, vigorous recreational activi-
ties, depression disorder, hypertension, congestive heart fail-
ure, heart disease, TC, and HDL.

Interaction Between History of Stroke and High-Sugar Diet 
in Determining the Risk of Cognitive Decline

The additive interaction terms of a history of stroke and high 
added sugar included normal amount of added sugars and 
no history of stroke, normal amount of added sugars and a 

Characteristics
Total

(n=2710)

Group

Statistics P Non-cognitive 
decline group

(n=1678)

Cognitive decline 
group

(n=1032)

Age, Mean (S.E)  69.10 (0.20)  68.95 (0.22)  69.59 (0.33) t=-1.770 0.086

Gender, n (%) c2=7.615 0.006

 Male  1335 (46.34)  757 (44.80)  578 (51.34)

 Female  1375 (53.66)  921 (55.20)  454 (48.66)

BMI, Mean (S.E)  29.18 (0.23)  29.07 (0.25)  29.52 (0.38) t=-1.140 0.263

Race, n (%) c2=162.821 <0.001

 Mexican American  233 (3.23)  97 (1.82)  136 (7.82)

 Other race  505 (8.21)  258 (6.35)  247 (14.26)

 Non-Hispanic White  1330 (80.45)  1051 (87.16)  279 (58.66)

 Non-Hispanic Black  642 (8.10)  272 (4.67)  370 (19.27)

Marital status, n (%) c2=27.032 <0.001

 Married  1502 (63.10)  983 (66.33)  519 (52.62)

 Widowed/divorced  977 (29.96)  563 (27.55)  414 (37.78)

 Unmarried  154 (4.19)  85 (3.64)  69 (5.96)

 Cohabitation  77 (2.75)  47 (2.48)  30 (3.64)

Table 1. The characteristics of participants with and without cognitive decline.

Olders adults with cognition data were
extracted from NIIANES 2-year cycles
(2011-2012 and 2013-2014) (n=3,632)

Excluded
Participants without data
on cognition (n=695)

Participants included (n=2,937)

Participants �nally included (n=2,710)

Participants with
cognitive decline
(n=1,032)

Participants with
cognitive decline
(n=1,678)

Excluded
Participants without data
on stroke history (n=5)
Participants without data
on added sugar content (n=222)

Figure 1.  The screen process of the participants. The figure was 
plotted via GraphPad Prism 8 (GraphPad Software, San 
Diego, California, USA).
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Table 1 continued. The characteristics of participants with and without cognitive decline.

Characteristics
Total

(n=2710)

Group

Statistics P Non-cognitive 
decline group

(n=1678)

Cognitive decline 
group

(n=1032)

Education, n (%) c2=513.353 <0.001

 Less than high school  674 (15.45)  182 (8.10)  492 (39.31)

 High school  639 (22.25)  375 (19.96)  264 (29.69)

 More than high school  1397 (62.30)  1121 (71.94)  276 (31.00)

Family annual income, n (%) c2 c2=143.058 <0.001

 <$20,000  737 (17.27)  321 (11.69)  416 (35.39)

 ³$20,000  1973 (82.73)  1357 (88.31)  616 (64.61)

Sleep disorder, n (%)  333 (12.37)  207 (12.58)  126 (11.70) c2=0.278 0.598

Sleep duration (h), Mean (S.E)  7.14 (0.02)  7.15 (0.03)  7.13 (0.06) t=0.300 0.763

Smoker, n (%)  1385 (50.48)  835 (49.54)  550 (53.52) c2=2.470 0.116

Drinker, n (%)  848 (26.78)  479 (23.72)  369 (36.74) c2=75.132 <0.001

Vigorous work activity, n (%) c2=13.223 0.001

 Vigorous-intensity activities  299 (13.26)  203 (14.61)  96 (8.88)

 Moderate-intensity activities  546 (22.35)  378 (23.60)  168 (18.30)

 Others  1865 (64.39)  1097 (61.80)  768 (72.82)

Vigorous recreational activities, n (%) c2=106.335 <0.001

 Vigorous-intensity activities  257 (11.75)  209 (14.40)  48 (3.15)

 Moderate-intensity activities  887 (34.03)  608 (36.86)  279 (24.81)

 Others  1566 (54.22)  861 (48.74)  705 (72.04)

Depression, n (%)  237 (7.07)  90 (5.13)  147 (13.35) c2=30.445 <0.001

Hypertension, n (%)  1695 (58.74)  1016 (56.64)  679 (65.55) c2=10.461 0.001

Diabetes, n (%)  669 (20.51)  341 (17.22)  328 (31.22) c2=21.835 <0.001

CHF, n (%)  198 (6.89)  99 (5.79)  99 (10.45) c2=8.288 0.004

CHD, n (%)  256 (9.80)  166 (9.72)  90 (10.05) c2=0.023 0.880

Heart disease, n (%)  240 (8.82)  135 (7.91)  105 (11.76) c2=6.788 0.009

TC, Mean (S.E)  194.26 (1.27)  196.53 (1.51)  186.87 (1.62) t=4.560 <0.001

HDL, Mean (S.E)  56.49 (0.62)  57.20 (0.74)  54.18 (0.79) t=2.940 0.006

GHb, Mean (S.E)  5.95 (0.03)  5.88 (0.03)  6.19 (0.07) t=-3.740 <0.001

History of stroke, n (%) c2=17.321 <0.001

 Yes  187 (6.29)  84 (4.81)  103 (11.09)

 No  2523 (93.71)  1594 (95.19)  929 (88.91)

Content of added sugars, n (%) c2=16.491 <0.001

 Normal level  1979 (75.03)  1276 (77.41)  703 (67.28)

 High level  731 (24.97)  402 (22.59)  329 (32.72)

BMI – body mass index; CHF – congestive heart failure; CHD – coronary heart disease; HDL – high-density lipoprotein; 
GHb – glycosylated hemoglobin.
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Variable
Model 1 Model 2 Model 3

OR (95% CI) P OR (95% CI) P OR (95% CI) P

History of stroke

 No Ref Ref

 Yes 2.469 (1.592-3.830) <0.001 2.151 (1.428-3.240) 0.001 1.826 (1.124-2.968) 0.017

Content of added sugar

 Normal Ref Ref Ref

 High level 1.667 (1.285-2.164) <0.001 1.864 (1.418-2.451) <0.001 1.509 (1.109-2.052) 0.010

Table 2. The associations of history of stroke or high-sugar diet with cognitive decline.

Model 1: Unadjusted univariate logistic analysis; Model 2: Multivariable logistic analysis adjusted for age, gender, diabetes and GHb; 
Model 3: Multivariable logistic analysis adjusted for age, gender, diabetes, GHb, BMI, race, marital status, education, family income, 
drinking, vigorous work activity, vigorous recreational activities, depression disorder, hypertension, congestive heart failure, heart 
disease, TC and HDL. OR – odds ratio; CI – confidence interval.
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Added sugar content

P<0.001

Cognitive decline Non-cognitive decline
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Stroke

P<0.001
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n (
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Figure 2.  The proportions of people in the cognitive decline group with high or normal consumption of added sugar as well people 
with or without history of stroke. The figure was plotted via GraphPad Prism 8 (GraphPad Software, San Diego, California, 
USA).

Cognitive 
decline

Content of added sugar
History of 

stroke

OR

Normal High
Normal content of 

added sugar
High content of 

added sugar

Yes 63 21
Yes R11 R10

No 61 42

Yes 1213 381
No R01 R00

No 642 287

Table 3. The sample size of each interaction term.

OR – odds ratio.
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Content of added 
sugar

History of 
stroke

Model 1 Model 2 Model 3

OR (95% CI) P OR (95% CI) P OR (95% CI) P

Normal No Ref Ref Ref

Normal Yes 2.260 (1.375-3.714) <0.001 1.749 (1.217-2.516) 0.002 1.598 (1.010-2.529) 0.037

High No 1.626 (1.256-2.104) <0.001 1.691 (1.264-2.264) <0.001 1.399 (1.005-1.946) 0.038

High Yes 5.110 (2.255-11.578) <0.001 5.326 (2.236-12.685) <0.001 3.254 (1.098-9.641) 0.027

RERI 2.224 (-0.065-4.512) 2.885 (-1.306-7.076) 1.257 (0.188-2.326)

API 0.435 (0.146-0.724) 0.542 (0.156-0.928) 0.386 (0.135-0.638)

SI 2.179 (1.087-4.370) 3.003 (1.001-9.006) 2.261 (1.063-4.809)

Table 4. Interaction between a history of stroke and high-sugar diet on cognitive decline.

Model 1: Unadjusted univariate logistic analysis; Model 2: Multivariable logistic analysis adjusted for age, gender, diabetes and 
GHb; Model 3: Multivariable logistic analysis adjusted for age, gender, diabetes, GHb, BMI, race, marital status, education, family 
income, drinking, vigorous work activity, vigorous recreational activities, depression disorder, hypertension, congestive heart failure, 
heart disease, TC and HDL. OR – odds ratio; CI – confidence interval; RERI – relative excess risk of interaction; SI – synergy index; 
API – attributable proportion of interaction.

history of stroke, large amount of added sugars and no histo-
ry of stroke, and large amount of added sugar and a history of 
stroke. The sample size of each interaction term was present-
ed in Table 3. After adjusting for age, gender, diabetes, and 
GHb, people with normal amount of added sugar and a histo-
ry of stroke had a 1.749-fold higher risk of cognitive decline 
(OR=1.749, 95% CI: 1.217-2.516). large amount of added sug-
ar and no history of stroke was associated a 1.691-fold high-
er risk of cognitive decline (OR=1.691, 95% CI: 1.264-2.264). 
Large amount of added sugar and a history of stroke was linked 
with a 5.326-fold higher risk of cognitive decline (OR=5.326, 
95% CI: 2.236-12.685). In the adjusted model for age, gender, 
diabetes, GHb, BMI, race, marital status, education, family in-
come, drinking, vigorous work activity, vigorous recreational 
activities, depression disorder, hypertension, congestive heart 
failure, heart disease, TC, and HDL, compared with people with 
normal amount of added sugar and no history of stroke, peo-
ple with normal amount of added sugar and history of stroke 
(OR=1.598, 95% CI: 1.010-2.529), large amount of added sug-
ar and no history of stroke (OR=1.399, 95% CI: 1.005-1.946), 
as well as people with large amount of added sugar and his-
tory of stroke (OR=3.254, 95% CI: 1.098-9.641) were linked 
had higher risk of cognitive decline.

The confidence intervals of interaction indicators RERI=1.257 
(95% CI: 0.188-2.326) and API=0.386 (95% CI: 0.135-0.638) 
did not contain 0 and were both >0; the confidence interval 
of SI=2.261 (95% CI: 1.063-4.809) did not contain 1 and were 
>1. This suggested that there was synergistic interaction be-
tween consuming a large amount of added sugar and a his-
tory of stroke in affecting cognitive decline after adjusting for 
confounders. The API was 0.386, indicating that 38.6% of peo-
ple with cognitive decline was attributed to consuming a large 

amount of added sugar and a history of stroke (Table 4). The 
visualization results of the ORs of interaction terms in Model 1, 
Model 2, and Model 3 are shown in Figure 3A-3C.

Subgroup analysis concerning differences in education level 
revealed that no significant association was found in amount 
of added sugar and history of stroke with cognitive decline in 
people with less than high school education level (P>0.05). In 
people with high school education level, large amount of add-
ed sugar and history of stroke was associated with increased 
risk of cognitive decline (OR=26.199, 95% CI: 2.169-346.516). 
In people with more than high school education level, histo-
ry of stroke was linked with increased risk of cognitive de-
cline (OR=2.233, 95% CI: 1.159-4.299). The interaction of large 
amount of added sugar and history of stroke on the risk of 
cognitive decline in people with different education levels was 
no statistically different (P>0.05) (Supplementary Table 1).

Discussion

This study collected the data of 2710 people from NHANES to 
evaluate the interaction between high-sugar diet and histo-
ry of stroke in affecting cognitive decline of older adults. The 
results found that the risk of cognitive decline in older adults 
might be increased in people with a large amount of added 
sugar or a history of stroke. High intake of added sugar and 
history of stroke had a synergistic interaction in affecting risk 
of cognitive decline. Our results suggest that people with his-
tory of stroke should limit their dietary intake of sugar.

Refined sugar is a main part of the modern human diet and 
interest in studying the effects of sugar consumption on 

e937572-7
Indexed in: [Current Contents/Clinical Medicine] [SCI Expanded] [ISI Alerting System]  
[ISI Journals Master List] [Index Medicus/MEDLINE] [EMBASE/Excerpta Medica]  
[Chemical Abstracts/CAS]

Xu Q. et al: 
High-sugar diet and history of stroke in cognitive decline
© Med Sci Monit, 2022; 28: e937572

CLINICAL RESEARCH

This work is licensed under Creative Common Attribution-
NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0)



cognitive performance has been increasing in recent years 
[21,22]. In our study, high intake of added sugar was asso-
ciated with increased risk of cognitive decline, as supported 
by previous studies. Yeomans found that high dietary intake 
of sugar had adverse effects on the human cognition [23]. 
Chong et al recruited 1209 subjects aged ³60 years through 
multi-stage random sampling in Malaysia to evaluate the as-
sociation between habitual sugar intake and cognitive impair-
ment, which found excessive sugar consumption was linked 
with poor cognitive function among older adults [24]. These 
results suggested that controlling sugar intake in older adults 
could help prevent cognitive decline. Several studies have in-
dicated that glycemic status is associated with cognitive de-
cline in older adults, and higher glycated hemoglobin (A1c) 
values can cause a higher risk of cognitive impairment and 

an accelerated rate of cognitive decline [25,26]. This may be 
the potential mechanism underlying the association between 
high-sugar diet and cognitive decline in older adults. A recent 
meta-analysis of 9 longitudinal hospital-based cohorts found 
that patients with a history of stroke experienced significantly 
faster cognitive decline than those without stroke history [27]. 
Hreha et al reported that cognitive decline can occur imme-
diately or sometimes after stroke, and the prevalence of cog-
nitive decline was higher in stroke survivors than those with-
out a stroke history [28]. These studies support the findings 
of our study, which showed that compared to people without 
a history of stroke, the risk of cognitive decline was higher in 
those with a history of stroke.
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Figure 3.  The OR values of interaction between amount of added sugar consumed and history of stroke in affecting cognitive decline 
of older adults in Model 1 (A), Model 2 (B), and Model 3 (C). The figure was plotted via GraphPad Prism 8 (GraphPad 
Software, San Diego, California, USA).
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Another interesting finding in our study was that high-sugar 
diet and history of stroke had a synergistic effect on cognitive 
decline. A prospective cohort study found that sugar in bever-
ages increased the risk of dementia by 1.80-fold, and stroke by 
1.11-fold [29]. It was reported that prediabetes was associated 
with post-stroke cognitive impairment in patients with stroke 
[30]. These findings suggest an interaction between high-sug-
ar diet and history of stroke in affecting cognitive decline. A 
possible mechanism may be that a high-sugar diet affects hip-
pocampal-dependent forms of cognitive performance through 
neuro-inflammation and increasing the expression of pro-in-
flammatory cytokines, such as interleukin-1b, tumor necrosis 
factor-a (TNF-a), and the marker of glial cell activation [gli-
al fibrillary acidic protein (GFAP)] [13, 31]. A high-sugar diet 
might reduce the long-term potentiation in hippocampal py-
ramidal neurons and affect neuroplasticity [32,33]. In people 
with a history of stroke, a high-sugar diet might aggravate the 
pro-inflammatory processes and neuroplasticity in the brain, 
leading to increased ischemic damage [34]. The findings of our 
study emphasize the importance of controlling the dietary in-
take of refined sugar in stroke patients.

In previous studies, education and income were reported to 
impact cognitive performance in people aged ³50 years [35]. 
A systematic review indicated that individuals had cognitive 
impairment during the first episode of depression and those 
with multiple episodes showed more severe cognitive impair-
ment [36]. Physical activities were also found to be linked 
with higher cognitive performance, especially in attention and 
memory [37]. Age and gender were frequently identified as 
factors associated with cognitive decline [38]. Cognitive dys-
function might be an emerging complication of diabetes mel-
litus [39]. These studies suggested that these factors might be 
confounding variables affecting the results of our study. In the 
current study, we adjusted confounding variables in 2 mod-
els, one adjusted for age, gender, diabetes and GHb, and an-
other adjusted for age, gender, diabetes, GHb, BMI, race, mar-
ital status, education, family income, drinking, vigorous work 
activity, vigorous recreational activities, depression disorder, 
hypertension, congestive heart failure, heart disease, TC, and 
HDL, to obtain more reliable results. Considering the associ-
ation of education with cognitive decline, subgroup analysis 
was performed in patients with different levels of education. 

High dietary intake of sugar and history of stroke were asso-
ciated with increased risk of cognitive decline in people with 
high school education, and history of stroke was linked with 
increased risk of cognitive decline in people with more than 
high school education.

Given the increasing global impact of cognitive decline, ear-
ly interventions and treatments are required in the manage-
ment of older adults, especially those with a history of stroke. 
Our study identified a synergistic interaction between high di-
etary intake of sugar and history of stroke in affecting cogni-
tive decline in older adults, which might provide a reference 
for dietary sugar intake in older adults. This suggests that older 
adults with a history of stroke should control their dietary sug-
ar intake. There were several limitations of the present study. 
First, some variables such as social support and rehabilita-
tion after stroke, which might affect cognitive decline in older 
adults, were not included due to limitations of the NHANES da-
tabase. Second, this was a cross-sectional study, so we could 
only assess the association of high dietary intake of sugar or 
history of stroke with cognitive decline of older adults, and 
a cause-effect association could not be deduced. The results 
of the current study require validation in prospective studies.

Conclusions

The interaction between high dietary intake of sugar and his-
tory of stroke in affecting cognitive decline of older adults was 
evaluated based on the data of 2710 people from the NHANES 
database. The data revealed that the risk of cognitive decline 
in older adults is higher in people with high dietary intake of 
sugar or history of stroke. High dietary intake of sugar and 
history of stroke had a synergistic effect on cognitive decline. 
The findings of our study might help deepen understanding of 
the association of high-sugar diet and history of stroke with 
cognitive decline in older adults.
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All figures submitted have been created by the authors, who 
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Content of 
added sugar

History of 
stroke

Model 1 Model 2 Model 3

OR (95% CI) P OR (95% CI) P OR (95% CI) P

Less than high school

Normal No Ref Ref Ref

Normal Yes  0.984 (0.293-3.305) 0.979  0.875 (0.295-2.594) 0.228  0.744 (0.156-3.543) 0.702

High No  1.558 (0.944-2.573) 0.081  1.537 (0.925-2.551) 0.803  1.434 (0.846-2.429) 0.173

High Yes  1.337 (0.392-4.560) 0.632  1.420 (0.385-5.237) 0.094  1.051 (0.311-3.551) 0.935

RERI  -0.206 (-2.577-2.166)  0.008 (-2.364-2.381)  -0.128 (-1.989-1.734)

AP  -0.154 (-2.068-1.760)  0.006 (-1.659-1.671)  -0.121 (-1.985-1.742)

S  0.621 (0.002-1.000)  1.020 (0.003-1.000)  0.284 (0.001-1.000)

High school

Normal No

Normal Yes  1.849 (0.607-5.634) 0.269  1.398 (0.566-3.451) 0.455  1.585 (0.671-3.747) 0.283

High No  1.052 (0.754-1.467 0.758  1.481 (1.068-2.052) 0.020  1.430 (0.981-2.084) 0.062

High Yes  9.868 (1.791-54.369) 0.010  15.281 (2.689-86.838) 0.003  26.199 (2.169-346.516) 0.012

RERI  7.967 (-7.936-23.869)  13.402 (-11.901-38.705) –

AP  0.807 (0.469-1.145)  0.877 (0.671-1.083)

S  9.838 (0.767-126.116)  16.251 (2.037-129.679)

More than high school

Normal No

Normal Yes  3.196 (1.732-5.895) <.001  2.682 (1.456-4.941) 0.002  2.233 (1.159-4.299) 0.018

High No  1.924 (1.125-3.291) 0.018  1.840 (1.056-3.206) 0.033  1.553 (0.849-2.840) 0.147

High Yes  5.038 (1.542-16.459) 0.009  4.540 (1.348-15.288) 0.016  2.029 (0.580-7.096) 0.258

RERI  0.918 (-4.043-5.880)  1.018 (-3.939-5.974)  -1.097 (-2.808-0.615)

AP  0.182 (-0.615-0.980)  0.224 (-0.632-1.080)  -0.847 (-2.899-1.205)

S  1.294 (0.384-4.367)  1.403 (0.337-5.843)  0.212 (0.002-29.428)

Supplementary Table 1.  Interaction between a history of stroke and high-sugar diet in affecting cognitive decline in people with 
different education levels.

Supplementary Material
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