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Background: Sugar is widely consumed in Malaysia, and the excessive intake of sugar has been

associated with cognitive functions. However, the association between sugar intake and cognitive

impairment among Malaysian older adults is yet to be determined.

Purpose: The objective of this study was to evaluate the associations between types and

sources of sugar intake and cognitive functions and to identify their risk in predicting

cognitive impairment (MMSE score <24).

Subjects and methods: A total of 1,209 subjects aged ≥60 years were recruited through

multi-stage random sampling from selected states in Malaysia. Dietary intake was derived

using a 7-day dietary history questionnaire and supplemented with a quantitative food

frequency questionnaire for added sugar intake.

Results: The prevalence of cognitive impairment as defined byMini-Mental State Examination

(MMSE) less than 24 was 31.9%, while the prevalence of mild cognitiveimpairment was 13.1%.

The median (IQR) for total sugar intake was 44.60 g/day (26.21–68.81) or 8 tsp, and free sugar

intake was 33.08 g/day (17.48–57.26) or 6 tsp. The higher intake of total sugars, free sugars,

sucrose, lactose, sugar-sweetened beverages, sugar-sweetened cakes, and dessert was found to be

significantly associated with a lower MMSE score, after adjusting for covariates. On the other

hand, the consumption of cooked dishes and fruits was significantly associated with a better

MMSE score. The adjusted OR for risk of cognitive impairment (MMSE score <24) was 3.30

(95% CI 2.15–5.08) for total sugars and 3.58 (95% CI 2.32–5.52) for free sugars, comparing the

highest with the lowest intake percentiles.

Conclusion: Excessive sugar consumption among older adults showed a notable association

with poor cognitive functions, but longitudinal studies and clinical trials are further needed to

clarify the direction of causality and to investigate the underlying mechanism.
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Background
Sugar, in the form of glucose, is the primary energy source for cognitive functions.

However, excessive sugar consumption may lead to impaired memory, and link to an

increased risk of dementia.1 WHO (2015) recommended “free sugar” intake of 25

g per day for an adult of normal BMI and the Malaysia dietary recommendation

suggested intake of <10% of the total calories from total sugar.2 Nevertheless, the

Food Balance Sheets showed that the amount of available sugar (kg per capita

per year) has risen by 91% from 22.51 kg in 1963 to 42.96 kg in 2013. At this level,

Malaysia ranks among the topmost countries in Asia concerning the availability of

sugar.3 This dietary pattern that involves the rapid escalation of the availability of

sugar is quite alarming, as it is related to an increase in the prevalence of obesity and

type 2 diabetes.4,5
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Sugar intake has also been linked with high blood

glucose,4 high blood pressure,6 dyslipidemia,7 and a con-

stellation of these metabolic risk factors, ie, the metabolic

syndrome.8 Metabolic syndrome has been linked with

cognitive impairment and type 2 diabetes is also consid-

ered to be a significant risk factor for impaired cognitive

function. However, the effect of sugar consumption on

cognitive health continues to be a controversial topic.

Data from animal studies have suggested that sugar

intake might play a role in cognitive impairment. Studies

have examined the effect of sugary diets on spatial learn-

ing and memory in the Morris Water Maze found that

feeding rats with sugar solution (notable sucrose) showed

impaired spatial learning and memory,9–12 while fructose-

fed rats showed poorer long-term spatial memory with

peripheral metabolic dysfunction (elevated serum glucose,

insulin, and triglycerides).13 Accordingly, the results from

animal studies provide strong evidence that sugar impairs

spatial memory via damage to the hippocampus, a region

known to be integral to spatial learning and memory.14

The limited human studies investigating high sugar intake

also concurred that sugar consumption could have

a significant impact on one’s cognitive abilities.

A population-based study among Puerto-Ricans aged

between 45 and 75 years old found that total sugars, added

sugars, sucrose, glucose, added fructose, and sugar-

sweetened beverages were each significantly inversely asso-

ciated with cognitive function as assessed using Mini-Mental

State Examination (MMSE).15 Additionally, in a dietary pat-

tern study, Gustaw–Rothenberg investigated the dietary pat-

tern of Alzheimer’s disease (AD) patients characterized as

having a high intake of meat, butter, high-fat dairy products,

eggs, and refined sugar as compared to the control.16

Similarly, Power et al, in a community-dwelling of an elderly

Irish cohort found that the consumption of a high glycaemic

diet was associated with impaired cognitive performance as

assessed by the MMSE.17 Recently, a double-blind, placebo-

controlled, cross-over experimental study was undertaken

suggesting that the ingestion of glucose and sucrose led to

lower performance of cognitive tasks, ie, simple response

time, arithmetic, and Stroop interference.18Most studies used

a single test to determine the cognitive functions. Thus, the

present study was conducted to determine the association

between sugar intake and cognitive functions as measured

by a series of cognitive tests ie digit span, Rey’s auditory

verbal learning test (RAVLT), MMSE, Montreal Cognitive

Assessment (MoCA), digit symbol, and visual-reproduction

test (VR) among multi-ethnic Malaysian older adults.

Methods
Study design and participants
As a cross-sectional study, this was the third phase of a large-

scale population-based study among older adults in Malaysia

(LRGS TUA)19 involving individuals recruited from four

states, ie, Johor, Perak, Kelantan, and Selangor. Briefly, data

collection was carried out between March and

September 2016. Inclusion criteria included individuals aged

60 years or older and who were able to communicate well

either inMalay or English languagewith no knownmental and

terminal illness. The sampling frame for LRGS-TUA study

was according to the National Population and Housing Census

2010. The multi-stage random sampling procedure was con-

ducted in order to recruit the subjects. Specified areas were

chosen for the study if the population of these locations com-

prised of at least 10% of older adults.19

The subjects were recruited through employing a house to

house scouting procedure one week before the actual data

collection commenced at the respective community centers.

A total of 1,560 older adults participated in the interview

process. After excluding participants having a low MMSE

score (<15), cleansed data and complete measurements for

cognitive tests and dietary sugar intake were available for

1,209 participants at the time of analysis. The present study

was conducted according to the guidelines outlined in the

Declaration of Helsinki, and all procedures involving human

subjects were approved by the Medical Research and Ethics

Committee of the University Kebangsaan Malaysia (code:

NN-060–2013). Written informed consent was obtained from

all participants in this study. During the interview process, data

about the socio-demographic status, lifestyle, dietary intake,

cognitive function, self-reported diagnosed health conditions,

and medication use were collected by trained enumerators in

the Malay or native language spoken by the participants.

Assessment of habitual food consumption
A dietary history questionnaire (DHQ) was used to quantify

the habitual dietary intake for the past week.20 All subjects

were interviewed to collect information about each meal, ie,

breakfast, morning tea, lunch, afternoon tea, dinner, and sup-

per. The portion sizes consumed by the individual were also

recorded as an indication based on the householdmeasurement

and the use of pictures from the Food Exchanges and Portion

Sizes Atlas in order to quantify the total nutrient intake and

sugar intake of the participant. A trained researcher conducted

the interviews with a degree in dietetic, given it required skills

to extract precise information. Besides, the food frequency
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questionnaire (FFQ)21 was also used as a checklist to complete

the high sugary food consumption data and to identify missing

details of other sources of daily sugar intake. The nutrient

intake information was calculated using the Nutritionist Pro

software (Axxya System, USA).

Sugar intake was quantified from the DHQ using the

database developed in Phase I of this study,22 together with

the data from the USDA food composition table,23 Singapore

food composition table,24 and several local studies.25–27 The

intake of total sugar, free sugar, sugar from sweetened bev-

erages, sugar from processed foods, sugar from cooked dishes,

sugar from fruits, total fructose, total glucose, total glucose,

total maltose, and total lactose was then calculated. Total sugar

was defined as the sum of two free monosaccharides (glucose,

fructose) and three free disaccharides (sucrose, lactose, and

maltose). Free sugar was defined as all monosaccharides, and

disaccharides added to foods by the manufacturer, cook, or

consumer, plus sugars naturally present in honey, syrups, and

fruit juices.28 In the current study, free sugar was calculated

using the following formula:

[(total sugar (grams) – natural sugar from fruit and

milk (grams)]

Assessment of cognitive function
Six cognitive tests including digit span, RAVLT, MMSE,

MoCA, digit symbol, and VR were administered to each

participant by a qualified enumerator. Briefly, the MMSE

and MoCA were administered to assess general cognitive

function.29,30 Digit span was used to assess attention and

working memory;31 RAVLT was used to assess verbal mem-

ory, with subscores including immediate and delayed recall;32

digit symbols were used to assess processing speed;31 and

a VR was used to assess visual memory, with a sub-score for

both immediate and delayed recall.33 Higher scores on each of

these six tests signified better performance in cognitive func-

tion. In the present study, the MMSE scores were used as the

primary outcome because it reflects the general cognitive

function. Nevertheless, this study also reported the relationship

between each type of sugar and each test. Furthermore, the

participants were categorized into three aging groups, ie suc-

cessful aging (SA),34,35 usual aging (UA)36, and mild cogni-

tive impairment (MCI)37,38 to determine the differences in

sugar intake between each aging category.

Statistical analyses
The Statistical Package for Social Sciences (SPSS) version

22.0 was used to analyze the data in this study. A value of

p<0.05 (two-sided) was considered statistically significant.

Descriptive data were used to obtain frequency and the

percentage of socio-demographic data, anthropometric

data, sugar intake, and cognitive assessment. Normality

test was performed using the Shapiro–Wilk test. Data

which were not normally distributed were presented as

median (IQR). The various sugar intakes were further

divided into four percentiles, namely, 25th percentile,

50th percentile, 75th percentile, and 100th percentiles.

One-way ANOVA test or Kruskal–Wallis test was per-

formed to identify the significant differences between

two or more than two groups of independent variables.

The chi-square test was used to identify significant differ-

ences for two categorical data, and ANCOVA was used to

calculate the means of cognitive scores by the percentile of

sugar consumption, after controlling for age, gender, edu-

cational years, BMI, daily calorie intake, marital status,

smoking status, alcohol consumption status, physical

activity, and geriatric depression scale. The means scores

were then compared with Tukey’s adjustment for multiple

comparisons. Also, binary logistic regression models were

employed to estimate OR for cognitive impairment defined

by the traditional cut-off point of 24 of the MMSE score

(MMSE score <24) in the 100th percentile relative to the

25th percentile of total and free sugar intake, respectively.

Results
Socio-demographic characteristic and the

prevalence of SA, UA, and MCI
The prevalence of SA, UA, and MCI in the current study

involving 1,209 community-dwelling older adults from four

states of Peninsular Malaysia was 15.9%, 71.1%, and 13.1%,

respectively (Figure 1). Older men showed a higher preva-

lence of SA (17.2% vs 14.5%) andMCI (14.4% vs 11.7%) but

a lower prevalence of UA (68.4% vs 73.7%). However, there

were no gender differences in the prevalence as assessed by

the chi-square analysis (p>0.5).

The mean age of the subjects in this study was 68.1±5.6

years old and, those in the SA group were the youngest (66.5

±4.9 years old) as compared to UA (68.7±5.8 years old) and

MCI (69.7±4.7 years old) (Table 1). Both genders in this study

were equally distributed comprising of 604 men and 605

women. The ethnic distribution of the study subjects was

Malay (63.8%) followed by Chinese (35.1%) and Indian

(4.6%). Most of the older adults had received a minimum

primary school education with mean education years of 5.54

±3.94 years, those in the SA group had the highest education

years (7.1±3.9) as compared to UA (5.0±3.9) and MCI (6.3
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Figure 1 Prevalence of SA, UA, and MCI according to total population and gender. p>0.1 for chi-square analysis of the association between gender and cognitive status.

Abbreviations: SA, successful aging; UA, usual aging; MCI, mild cognitive impairment.

Table 1 Socio-demography characteristic and self-reported medical history of subjects

Parameters SA (n=192) UA (n=859) MCI (n=158) Total (n=1209) p-value

Age (years) 66.48±4.92 68.67±5.82 66.66±4.76 68.08±5.63 0.000***

Ethnicity

Malay 116 (60.4) 572 (66.6) 83 (52.5) 771 (63.8) 0.007**

Non-Malay 76 (39.6) 287 (33.4) 150 (47.5) 438 (36.2)

Gender

Men 104 (54.2) 413 (48.1) 87 (55.1) 604 (50.0) 0.121

Women 88 (45.8) 446 (51.9) 71 (44.9) 605 (50.0)

Religion

Muslim 116 (60.4) 572 (66.6) 83 (52.5) 771 (63.8)

Non-Muslim 76 (39.6) 287 (33.4) 150 (47.5) 438 (36.2) 0.000***

Education level (years) 7.07±3.96 5.00±3.88 6.28±4.24 5.54±3.94

Education level

Primary (<6 years) 109 (56.8) 511 (59.5) 88 (55.7) 708 (58.6) 0.000***

Secondary (6–13 years) 62 (33.3) 153 (17.8) 44 (27.9) 259 (21.4)

Tertiary (>13 years) 8 (4.1) 16 (1.7) 5 (3.2) 29 (2.4)

No formal schooling 13 (6.8) 179 (20.8) 21 (13.3) 213 (17.6)

Marital status

Married 147 (76.6) 604 (70.3) 121 (76.6) 872 (72.1) 0.177

Single/divorced/widow 45 (23.4) 255 (70.0) 37 (75.6) 337 (27.9)

Household income (MYR) 1,614 (2000) 1,199 (2397) 1,260 (1899) 1,272 (2281) 0.077

Living status

Staying alone 18 (9.4) 94 (10.9) 22 (13.9) 134 (11.1) 0.391

Staying with others 174 (90.6) 765 (89.1) 136 (86.1) 1,075 (88.9)

Smoking status

Smoker 43 (22.4) 154 (17.9) 69 (15.2) 221 (18.3) 0.139

Non-smoker/ex-smoker 179 (77.6) 1,225 (82.1) 246 (74.8) 988 (81.7)

(Continued)

Chong et al Dovepress

submit your manuscript | www.dovepress.com

DovePress
Clinical Interventions in Aging 2019:141334

Powered by TCPDF (www.tcpdf.org)

http://www.dovepress.com
http://www.dovepress.com


±4.2). Besides that, most of the subjects were married (72.1%)

and stayed with other family members (88.9%). The habit of

smoking was uncommon among the subjects (18.3%), with

only 4.2% consuming alcohol. Further, poorer health status

was reported by subjects in the UA category reporting the

highest prevalence with regard to hypertension (82.5%), dia-

betes mellitus (79.0%), hyperlipidaemia (74.2%), osteoarthri-

tis (71.9%), cardiovascular diseases (79.2%), cataracts

(81.6%), and constipation (78.3%) (p<0.01 for all parameters).

Sugar intake among three aging categories
Table 2 presents the various sugar intake among the older

adults according to the three aging categories: SA, UA,

and MCI. Data were presented as median (interquartile

range). The median for total sugar intake was 44.60 g -

per day (IQR 26.21-68.81), while the free sugar intake was

33.08 g per day (IQR 17.48-57.26). The sugar intake was

mainly from sucrose (29.67 g/day) followed by glucose

(3.16 g/day), fructose (3.12 g/day), maltose (1.41 g/day),

and lactose (0.93 g/day). Total sugar intake contributed

11.51% to the total calorie intake while free sugar intake

contributed 8.53%. Sugar-sweetened beverages were the

main contributor to total sugar followed by fruits, cakes,

and dessert, processed foods and cooked dishes. Older

adults in the MCI group had significant higher fructose

intake compared to those in SA (p<0.01), and significant

higher glucose intake compared to UA (p<0.05). In terms

of the source of sugar, participants in the MCI group had

a significantly higher intake of sugar from cooked dishes

(p<0.001) as compared to those in the SA and UA groups.

Adversely, the MCI group noticeably took a significantly

lower intake of sugar from fruits (p<0.05).

Total sugar intake and cognitive functions
Nevertheless, the results from ordinal logistic regression

indicated that there were no significant differences in the

intake of total sugar, free sugar, and various types of sugar

among the three aging categories excepted for sugar from

cooked dishes (data not presented). Thus, further analysis

was conducted using the percentile of sugar intake and

Table 1 (Continued).

Parameters SA (n=192) UA (n=859) MCI (n=158) Total (n=1209) p-value

Alcohol consumption 0.909

Yes 7 (3.6) 7 (4.3) 37 (4.3) 51 (4.2)

No 185 (96.4) 822 (95.7) 151 (95.6) 1,158 (95.8)

Hypertension

Yes 0 (0.0) 553 (64.4) 117 (74.1) 670 (55.4) 0.000***

No 192 (100.0) 306 (35.6) 41 (25.9) 539 (44.6)

Diabetes mellitus

Yes 0 (0.0) 263 (30.6) 70 (44.30) 333 (27.5) 0.000***

No 192 (100.0) 596 (69.4) 88 (55.7) 876 (72.5)

Hyperlipidemia

Yes 45 (23.4) 406 (47.3) 96 (60.8) 547 (45.2) 0.000***

No 147 (76.6) 453 (52.7) 62 (39.2) 662 (54.8)

Stroke

Yes 0 (0) 19 (2.2) 5 (3.2) 24 (2.0) 0.073

No 192 (100.0) 840 (97.8) 153 (96.8) 1185 (98.0)

Osteoarthritis

Yes 41 (21.4) 251 (29.2) 57 (36.1) 349 (28.9) 0.009**

No 151 (78.6) 608 (70.8) 101 (63.9) 860 (71.1)

Heart disease

Yes 0 (0) 76 (8.8) 20 (12.7) 96 (7.9) 0.000***

No 192 (100.0) 783 (91.2) 138 (87.3) 1113 (92.1)

Notes: ***p<0.001; **p<0.01 significant at two-tailed using one-way ANOVA for the continuous independent variable and Pearson chi-square for categorical variable. Data

presented as n (%) or mean ± SD.

Abbreviations: SA, successful aging; UA, usual aging; MCI, mild cognitive impairment.
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a series of neurocognitive test. Table 3 presents the rela-

tionship between total sugar intake (in percentile) and

cognitive functions. The scores of MMSE were found to

be lowest in the highest percentile of total sugar intake as

compared to another percentile. A decreasing trend in

MMSE score was observed with every increment in the

percentile of total sugar intake. Although the score for

MoCA was found to be lower in the 100th percentile as

compared to the 25th percentile (20.40±5.73 vs 21.50

±5.06; p<0.001). There was no significant difference with

the 50th percentile and 75th percentile (p>0.05). Similarly,

the score of VR-I was found to be lower in the 100th

percentile as compared to the 25th percentile (41.26

±33.91 vs 48.10±34.22; p=0.006) but not significantly

different with the 50th and 75th percentiles (p>0.05) as

shown in the post-hoc test.

Free sugar intake and cognitive functions
Table 4 presents the association between free sugar intake

(in percentile) and cognitive functions. The score of RAVLT

immediate memory, RAVLT delayed memory, MMSE,

MoCA, and VR-I was found to be significantly lower with

the free sugar intake at the 100th percentile (p<0.05). As for

the RAVLT test, an older adult who consumed free sugar of

>57.12 g at the 100th percentile had a significantly lower

score in both the immediate and delayed memory test,

compared to those who took <17.49 g of free sugar in the

25th percentile (p<0.05). In the RAVLT delayed memory

test, a similar result was observed between the 100th per-

centile and 50th percentile (p<0.05). For the global func-

tions, both the MMSE and MoCA score were significantly

lower in the 100th percentile as compared to those in the

25th percentile (MMSE: 23.84±4.03 vs 25.87±3.44; MoCA:

19.97±5.54 vs 21.86±5.08). Furthermore, the Tukey post-

hoc test showed that both MMSE and MoCA scores in the

100th percentile were also significantly lower compared to

those in the 50th and 75th percentiles (p<0.005). Besides,

a lower VR-I score was observed in the 100th percentile

with the 25th percentile (39.59±34.38 vs 51.98±34.44;

p<0.001) and the 75th percentile (39.59±34.38 vs 49.36

±34.41; p<0.001) but not with the 50th percentile (p>0.05).

Risk of sugar intake and cognitive

impairment
The results from ANCOVA indicated that the MMSE score

was from among the neurocognitive test, which highly cor-

related with most types of sugar intake (Tables 3 and 4).

Thus, further analysis was conducted between sugar intake

and cognitive impairment as defined by the MMSE score of

less than 24 using binary logistic regression. Table 5 shows

that the risk of cognitive impairment (MMSE <24) increased

by 3.3 folds for the total sugar intake at the 100th percentile

Table 2 Types of sugar intake and aging category

Parameters (g/day) Total (n=1,209) SA (n=192) UA (n=859) MCI (n=158) p-value

Total sugar intakea 44.60 (26.21-68.81) 45.35 (26.60-69.91) 44.64 (25.43-68.84) 43.19 (28.35-66.31) 0.892

Free sugar intakea 33.08 (17.48-57.26) 34.16 (16.63-56.10) 33.97 (18.10-58.31) 30.29 (16.68-49.54) 0.313

Fructosea 3.12 (1.23-6.00) 2.86 (1.16-5.67) 3.76 (1.30-7.30) 3.97 (1.42-6.43) 0.004**

Glucosea 3.16 (1.25-6.33) 3.75 (1.36-6.98) 2.92 (1.19-6.01) 3.91 (1.46-7.23) 0.032*

Sucrosea 29.67 (14.72-51.71) 30.89 (13.90-51.24) 29.81 (14.87-52.78) 25.64 (14.63-47.62) 0.357

Maltosea 1.41 (0.61-2.76) 1.64 (0.65-2.96) 1.35 (0.60-2.67) 1.46 (0.61-2.61) 0.245

Lactosea 0.93 (0.13-4.83) 1.30 (0.24-4.58) 0.86 (0.13-4.84) 0.96 (0.10-5.41) 0.367

Sugar from cooked dishesa 1.43 (0-3.40) 1.70 (0-3.71) 1.36 (0-3.16) 2.50 (0.73-4.31) 0.000***

Sugar from cakes and desserta 1.24 (0-5.02) 0.68 (0-4.43) 1.41 (0-5.25) 0.90 (0-4.90) 0.247

Sugar from processed foodsa 0.99 (0-3.22) 1.44 (0-3.56) 0.96 (0-2.91) 0.97 (0-3.87) 0.239

Sugar from sweetened beveragesa 29.42 (12.61-51.28) 29.18 (12.49-50.52) 24.32 (13.40-52.26) 29.72 (10.64-44.00) 0.108

Sugar from fruitsa 4.26 (0-11.07) 6.72 (0-13.10) 6.54 (0-13.42) 3.77 (0-9.92) 0.011**

Daily calorie intakeb 1,550.20 (430.54) 1,564.19 (388.82) 1,539.52 (435.64) 1,583.05 (450.09) 0.338

Carbohydrateb 199.50 (64.23) 204.84 (71.20) 197.52 (63.42) 203.75 (59.30) 0.243

Proteinb 60.46 (38.02) 63.88 (62.23) 59.63 (33.20) 60.81 (19.30) 0.373

Fatb 59.97 (40.77) 64.62 (64.80) 58.97 (36.13) 59.73 (22.65) 0.222

% of energy from total sugara 11.51 (8.25-15.21) 11.60 (8.29-15.23) 11.60 (8.08-15.38) 10.91 (8.67-14.22) 0.197

% of energy from free sugara 8.53 (5.51-12.66) 8.74 (5.52-12.22) 8.83 (5.75-13.03) 7.65 (5.10-10.63) 0.069

Notes: ***p<0.001; **p<0.01; *p<0.05 significant at two-tailed using one-way ANOVA or Kruskal–Wallis. aResult presented as median (IQR) and analyzed using Kruskal–

Wallis; IQR=Q1-Q3.
bResult presented as mean (SD) and analyzed using one-way ANOVA.

Abbreviations: SA, successful aging; UA, usual aging; MCI, mild cognitive impairment.
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compared to the 25th percentile [adjOR 3.30 (95% CI

2.15–5.08) (p<0.001)]. Similarly, the intake of free sugar at

100th percentile also increased the risk of cognitive impair-

ment by 3.6 folds [adjOR 3.58 (95% CI 2.32–5.52)

(p<0.001)]. Among the monosaccharides, both fructose

and glucose showed no significant risk for cognitive impair-

ment (MMSE<24). Similar to total sugar and free sugar, the

intake of sucrose increased the risk by 3.3 folds at the 100th

percentile [adjOR 3.33 (95% CI 2.16–5.15) (p<0.001)].

Interestingly, lactose intake also showed a significantly

increased risk in cognitive impairment at the 100th percen-

tile by 1.6 folds [adjOR 1.63 (95% CI 1.09–2.43) (p<0.05)].

Also, the source of sugar showed a significant association

with cognitive impairment. Sugar from sugar-sweetened

beverages increased the risk by 3.7 folds [adjOR 3.69

(95% CI 2.39–5.71) (p<0.001)], while sugar from cakes

and dessert increased the risk by 1.8 folds [adjOR 1.77

(95% CI 1.23–2.55) (p<0.001)].

Discussion
This study successfully estimated the magnitude of sugar

consumption and cognitive functions among multi-ethnic

Malaysian older adults. The intake of free sugar [median

(IQR)] was 33.1 (39.8) or about six teaspoons per day

which were similar to the MANS study among Malaysian

adults (37 g or 7 tsp)39 but lower compared to a study con-

ducted among older adults out-patients across Indonesia

(40.1 g in men and 43.9 g in women).40 The discrepancy

occurred given the different age groups and methods in

quantifying the sugar intake. Besides, the MANS study

used FFQ while the current study combined both the DHQ

and FFQ. Free sugar contributed approximately 8.53% of the

energy intake, which is less than 10% of the total calorie

intake recommended by WHO (2014). The source of free

sugar was largely contributed by sugar-sweetened beverages,

followed by fruits, cooked dishes, sweetened cakes and des-

serts, and processed foods. The result was in line with the

MANS study where the sugar-containing foods that contrib-

uted most to the energy intakes of Malaysian adults were

sugar-sweetened beverages (cordial, syrup, tea, coffee, cho-

colate flavored beverages), condensed milk and local kuih

(traditional starchy cakes). Thus, there was no difference in

habitual sugar intake found among older adults and adults in

Malaysia. This study provided details of sugar intake and the

source of sugar intake, specifically among older adults,

which has added to the limited data on sugar consumption

among older adults in Malaysia and South-east Asia.3,41,42

Additionally, this study found that participants with MCI

consumed more fructose and glucose but no other types of

sugar. However, it is important to note that the diagnosis of

mild cognitive impairment requires further examination,

longer surveillance, and clinical evaluation by a physician

rather than just based on a single cognitive test.

Further investigation with each cognitive test found

that total sugar intake was inversely associated with the

MMSE score, MoCA score, and VR. Likewise, higher

intake of total sugar (in percentile) was associated with

lower global cognition as measured by MMSE and MoCA.

Individuals having a total sugar intake more than 68.8

g were more likely to score lower in MMSE and MoCA

as compared to those with lower intake. Although there

was a significant difference in the VR-I score in the four

percentile of total sugar intake, post-hoc analysis indicated

there was no significant trend or pattern across the four

Table 5 Multivariate-adjusted OR and 95% CI for cognitive impairment (MMSE <24) according to quintile of various sugar intake

Various sugar intake 25th percentile 50th percentile 75th percentile 100th percentile

Total sugar 1.0 1.64 (1.08–2.51)* 2.04 (1.34–3.10)** 3.30 (2.15–5.08)***

Free sugar 1.0 1.48 (0.968–2.28) 2.37 (1.54–3.65)*** 3.58 (2.32–5.52)***

Fructose 1.0 0.83 (0.54–1.27) 0.86 (0.57–1.29) 0.73 (0.48–1.12)

Glucose 1.0 1.14 (0.77–1.69) 1.24 (0.82–1.87) 1.32 (0.87–2.00)

Sucrose 1.0 1.51 (0.98–2.33) 2.89 (1.87–4.44)*** 3.33 (2.16–5.15)***

Maltose 1.0 1.09 (0.73–1.63) 0.93 (0.61–1.40) 1.36 (0.90–2.04)

Lactose 1.0 1.17 (0.78–1.76) 1.26 (0.85–1.89) 1.63 (1.09–2.43)*

SSB 1.0 1.66 (1.07–2.56)* 2.75 (1.78–4.22)*** 3.69 (2.39–5.71)***

Cakes and dessert 1.0 0.78 (0.42–1.48) 1.70 (1.19–2.44)** 1.77 (1.23–2.55)**

Processed foods 1.0 0.81 (0.54–1.21) 1.08 (0.74–1.58) 0.75 (0.51–1.11)

Cooked dishes 1.0 1.34 (0.87–2.06) 0.90 (0.62–1.31) 0.69 (0.47–0.94)*

Fruits 1.0 1.19 (0.80–1.78) 0.86 (0.58–1.25) 0.65 (0.43–0.94)*

Notes: ***p<0.001; **p<0.01; *p<0.05 significant using binary logistic regression, adjusted for covariates: gender, age, years of education, BMI, marital status, smoking status,

alcohol consumption status, physical activity, geriatric depression scale.

Chong et al Dovepress

submit your manuscript | www.dovepress.com

DovePress
Clinical Interventions in Aging 2019:141338

Powered by TCPDF (www.tcpdf.org)

http://www.dovepress.com
http://www.dovepress.com


percentiles. Thus, it is inconclusive to mention that higher

sugar intake correlated with visual memory.

Furthermore, as the analysis was scoped down to free

sugar, the effect of higher free sugar was not only affecting

MMSE, MoCA, and VR-I but also expended to RAVLT

immediate and delayed memory. Free sugar intake of more

than 57.1 g or 11 teaspoons per day was more likely to

score lower in the MMSE, MoCA, RAVLT immediate and

delayed memory tests compared to those having lower

intake. The results indicated that free sugar was not only

affecting global cognition, but also the visual and verbal

memory, which involved both the prefrontal and hippo-

campal area.43

Besides, binary logistic regression indicated that higher

total sugar, free sugar, sucrose, and lactose was related to

cognitive impairment (MMSE<24) after being adjusted for

covariates (age, gender, years of education, BMI, daily

calorie intake, marital status, smoking status, alcohol con-

sumption status, physical activity and geriatric depression

scale). Nevertheless, there was no apparent effect of fruc-

tose, glucose, and maltose on the cognitive functions. As

the main contributor of free sugar and total sugar in this

study was from sucrose, it can be assumed that sucrose

yielded adverse effects on the global cognitive functions as

compared to other types of sugar. Interestingly, lactose

intake was found inversely associated with a cognitive

impairment, which had not been reported elsewhere.

Indeed, such result could be due to the source of lactose

in this study population which was from sweetened crea-

mer and other sugar-sweetened dairy products.39,44

Concerning the source of sugar, sugar-sweetened bev-

erages, and sugar-sweetened cakes and desserts were found

to increase the risk of cognitive impairment (MMSE<24)

with adjusted OR of 3.69 (95% CI 2.39–5.71) and 1.77

(95% CI 1.23–2.55), respectively. The results were similar

to sucrose and free sugar as these are the primary added

sugar found in Malaysian sweetened food and beverages. It

is also important to note that sugar from both cooked dishes

and fruits related to better cognitive functions. Cooked

dishes consist of a small amount of sugar, but it is also

a source of protective nutrients for cognitive functions,

including complex carbohydrates, protein, fat, vitamins

and minerals, therefore, neutralizing the detrimental effect

of the sugar. Similarly, fruits containing a natural source of

fructose, glucose, and sucrose, are also a source of antiox-

idants and vitamins that are important for neurocognitive

protection.45–47

Notwithstanding, the results of the current study high-

lighted that the high intake of total sugar, free sugar, and

sucrose consumption resulted in lower cognitive perfor-

mance as supported by previous studies in both

humans15,48–51 and animals.12,52–54 On the other hand,

sugar from cooked dishes and fruits resulted in better perfor-

mance as the deleterious effect of sugar could be attenuated

by other protective nutrients in both cooked dishes and fruits.

It is possible that high sugar consumption, likely reflect-

ing lifelong habitual intake, may adversely affect cognitive

performance through chronic elevations in blood sugar,55,56

insulin resistance,57–59 neuroinflammation,60,61 and oxida-

tive stress responses,62,63 which have been shown to inhibit

synaptic plasticity that results with a cognitive deficit.

Additionally, it is possible that the development of AGEs,

which have been found in AD brains64,65 could have been an

underlying process involved in the observed relation between

total sugar intake and cognitive deficits.

Sugar intake and cognitive function may also be con-

nected through other mechanisms. The Brain-derived neu-

rotrophic factor (BDNF), which plays a vital role in

regulating survival, growth, and maintenance of neurons,

may play a role in learning and memory.66 For example,

hippocampal samples from AD donors show decreased

BDNF expression,67 and individuals with AD have low

plasma levels of BDNF.68 Diets high in fat and sugar also

reduce BDNF expression, which has been correlated with

memory deficits as reported in rats fed with high fat and

sucrose diet.69 Whereas, the high intake of fruits could

improve the BDNF level, which in turn prevents the cog-

nitive decline.70,71

The present study has several strengths. Analyses were

conducted among older adults in four states of Peninsular

Malaysia, controlled for critical confounding factors.

A series of cognitive function tests that allowed the assess-

ment of different domains of cognitive function were used.

Sugar intake was assessed for total sugar, and various

other sugars included the source from different food cate-

gories. Several limitations of the study include the cross-

sectional design, which precludes conclusion regarding the

direction of causality; sugar intake estimation using DHQ

and FFQ, which may be subject to recall bias and further,

it is impossible to exclude the possibility of residual con-

founding despite controlling for few confounders. To our

knowledge, this study is the first to provide evidence

suggesting that dietary sugar detrimentally affects cogni-

tive functioning among older adults in Malaysia.
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Conclusion
This study confirmed the hypothesis that high sugar intake

would be significantly related to overall lower cognitive per-

formance across verbal and visual memory. The findings of

this study contribute to the existing knowledge in this field,

indicating that diets high in sugars, notably free sugar or

sucrose produce cognitive deficits and impairments in brain

functioning. Excessive sugar intake, especially free sugar, is

not only attributed to global cognitive functions but also

specifically affects verbal memory and visual memory. The

data are in accord with emerging evidence highlighting

a prominent role of sugar intake in preventing cognitive

decline among older adults.
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