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Abstract

Background: Dietary intakes of B vitamins (eg, folate) are related to cognitive function according to epidemiological studies in western
countries. But prospective studies in Asian populations are scarce. This study evaluated the relationships of dietary intakes of six B vitamins in
midlife with cognitive impairment in old age in a Chinese population living in Singapore.

Methods: This study included 16,948 participants from the Singapore Chinese Health Study, a population-based prospective cohort. Baseline
dietary intakes of B vitamins were assessed using a validated 165-item food frequency questionnaire when the participants were aged 45-74 years
(1993-1998). After an average follow-up of 20 years, cognitive function was examined using a Singapore-modified version of Mini-Mental State
Examination scale in 2014-2016, and cognitive impairment was defined using education-specific cutoffs. Logistic regression models were applied
to estimate the association between B vitamins and cognitive impairment. All the six B vitamins were mutually adjusted in the final model.
Results: In the 2014-2016 interview, 2,443 participants were defined as cognitive impairment. Riboflavin and folate were significantly and
independently associated with cognitive impairment in a dose-dependent manner: the odds ratio (95% confidence interval) comparing the
highest with the lowest quartile was 0.82 (0.69, 0.97) for riboflavin and 0.83 (0.70, 0.98) for folate (both p-trend <.05). Dietary intakes of
thiamine, niacin, vitamin B-6, and B-12 were not significantly associated with risk of cognitive impairment.

Conclusions: Higher dietary intakes of riboflavin and folate in midlife were associated with a lower risk of cognitive impairment in late-life
in the Chinese population.
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In Asia, the percentage of people aged 60 years or older in 2017
was 12.2% and was estimated to keep rising in the following dec-
ades to about 24.2% in 2050 (1). The numbers are even higher in
China with 16.2% in 2017 and 35.2% in 2050 (1). Cognitive im-
pairment is common in the elderly population and a key clinical fea-
ture of dementia. With the dramatically rapid rate of aging in Asia,
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the burden of cognitive impairment would correspondingly increase,
thus making the maintenance of cognitive function in the old age a
major public health priority in Asian populations.

Since the landmark postulation of the “homocysteine hypoth-
esis” of dementia (2), B vitamins have received extensive attention
in the preservation of cognition due to their homocysteine-lowering
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effects (3-5). At present, nonhomocysteine-related pathways, such
as hypo-methylation or the effects on mitochondrial energy metab-
olism, have also been found to support the independent effect of
B vitamins on cognitive function (6,7). Several prospective cohort
studies have assessed the associations between dietary intakes of B
vitamins and cognitive function, dementia or Alzheimer’s disease,
and some have reported significant associations for at least one sub-
type of B vitamins, for example niacin (ie, vitamin B-3) (8,9), vitamin
B-6 (8,10,11), folate (ie, vitamin B-9) (8,12-15), and vitamin B-12
(8,11). Nevertheless, few studies have simultaneously assessed the
relationships of all B vitamin subtypes with cognition (8,10), and
large and long-term cohort studies in Asian populations are scarce
in this research area.

Thus, we conducted this study by using data from a population-
based cohort of Chinese living in Singapore to examine the rela-
tionships of dietary intakes of B vitamins in midlife with the risk of
cognitive impairment in old age.

Methods

Study Design

The Singapore Chinese Health Study is a population-based pro-
spective cohort study established between April 1993 and
December 1998 (16). The cohort recruited 63,257 participants
aged 45-74 years and residing in the government housing estates,
where 86% of the Singapore population resided during the period
of enrollment. The participants were either from the Hokkien dialect
group that originated from the Fujian province in Southern China
or from the Cantonese dialect group that originated from the con-
tiguous Guangdong province.

The participants were contacted every 5-6 years to update in-
formation on selected lifestyle factors and medical history through
follow-up interviews. The third follow-up was conducted during
the period of 2014-2016, and a total of 17,107 participants aged
61-96 years were successfully interviewed at their homes. After
exclusion of those with missing responses to cognitive assess-
ment (7 = 55) and those who were not able to speak (7 = 1), see
(n = 355), or hear (n = 48), 16,948 participants were included in this
analysis.

Ethics

This study was approved by the institutional review board at the
National University of Singapore, and informed consent was
obtained from each participant.

Dietary Assessment

Participants’ habitual dietary intakes in the past year were assessed at
baseline using a 165-item semiquantitative food frequency question-
naire to collect information on intake frequency and portion sizes
of various food items and dishes. The intakes of the six B vitamins,
that is thiamin, riboflavin, niacin, vitamin B-6, folate, and vitamin
B-12 were computed by linking dietary intakes to the Singapore
Food Composition Database, which was developed specifically for
this cohort (16). In addition, a vegetable—fruit-soy diet pattern was
derived using principal component analysis, which was character-
ized by high intakes of vegetables, fruit, and soy foods and shown
to be associated with lower risks of diabetes (17), hip fracture (18),
and mortality (19) in this cohort. The food frequency questionnaire
had been validated before and details are shown in Supplementary
Material.

Cognition Measurement

Our research staff conducted face-to-face interviews at participants’
homes at the third follow-up. Interviewers were trained by profes-
sional psychological specialist (L. Feng), and they were allowed to
conduct the interviews after passing the training examination. All
interviews were audio-recorded and 20% of these records were
randomly selected for quality control. Cognitive function of parti-
cipants was assessed face-to-face using a Singapore-modified version
of Mini-Mental State Examination (SM-MMSE) that consisted of
six dimensions that included orientation, immediate recall, attention,
delayed recall, language, and construction (20). The total score of
this test ranged from 0 to 30, with higher scores indicating better
cognition. Considering the strong influence of education on cogni-
tive function, we adopted education-specific cutoff points from the
Shanghai Dementia Survey, which had participants of comparable
educational levels as those in our study (21). The cutoff points for in-
dividuals with no formal education, 1-6 years of education, and 7 or
more years of education were 17/18,20/21, and 24/25, respectively.

Assessment of Covariates

At baseline, our trained staff interviewed the participants to col-
lect information about demographics, medical history, and lifestyle
habits (e.g., tobacco smoking, alcohol consumption, and physical ac-
tivity) using structured questionnaires. (see Supplementary Material
for details).

Statistical Analysis

Dietary intakes of B vitamins were adjusted for total energy in-
take using the residual method (22). The baseline characteristics
were compared across the quartiles of dietary B vitamin intakes
by chi-square test, analysis of variance, or Kruskal-Wallis rank
test whenever appropriate. The correlations among the B vitamins
and vegetable-fruit-soy dietary pattern score were evaluated using
Spearman’s rank correlation coefficients.

The logistic regression method was used to calculate odds ratios
(ORs) and 95% confidence intervals (Cls) for the association be-
tween the dietary intakes of B vitamins and cognitive impairment. In
the first model, we adjusted for age at cognitive assessment, sex, level
of education, marital status, dialect group, body mass index, and
total energy intake. In the second model, we additionally adjusted
for cigarette smoking status, alcohol consumption, physical activity
level, sleep durations, and baseline history of hypertension, diabetes,
heart attack, stroke, and cancer. In the third model, we additionally
adjusted for vegetable—fruit-soy dietary pattern score in quartiles.
In the final model, we included all the six B vitamins simultaneously
to test for independent associations of the vitamins. We performed
multivariable generalized linear models to examine the associations
using SM-MMSE score as a continuous outcome variable. We also
examined the association between age (years) and SM-MMSE score
(both as continuous variables) to indirectly evaluate the association
between dietary vitamin intakes and the equivalent reduction for age
in terms of cognitive function.

Stratified analyses were conducted to examine whether the asso-
ciations were modified by education, body mass index, age at cogni-
tive assessment, and sex, and interactions were tested by including a
cross-product term between the ordinal value of the intake in quar-
tiles (ie, 0, 1, 2, and 3) and the stratification factor in the model.

The following sensitivity analyses were conducted: (i) age at
baseline was adjusted in the model instead of age at cognitive as-
sessment; (ii) excluding those with extreme energy intakes (<600 or
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>3,000 kcal per day); (iii) excluding those with baseline history of
cancer or cardiovascular disease; (iv) using the MMSE cutoff point
of 23/24, which is widely used in western populations.

A two-sided p value of less than .05 was defined as statistical sig-
nificance. All statistical analyses were performed with SAS (version
9.4; SAS Institute, Inc., Cary, NC).

Results

The mean age of participants was 53.5 (SD: 6.2) years at baseline
and 73.2 (SD: 6.4) years at cognitive assessment, and 40.8% of them
were men. The average daily intakes of B vitamins in this popula-
tion are shown in Supplementary Table 1. Compared with those in
the lowest quartile, participants in the highest quartiles of intake
for B vitamins were younger and more likely to be women. They
had higher education level and physical activity level (except for
vitamin B-12) and were less likely to be smokers or drinkers (except
for niacin and vitamin B-6; see Table 1 and Supplementary Table
2). The Spearman’s rank correlation coefficients between B vitamins
were from .13 to .56 and ranged from .04 to .45 between B vitamins
and the vegetable-fruit-soy dietary pattern (Supplementary Table 3).

The mean value of SM-MMSE score was 24.8 (SD: 3.9), and
14.4% of them were defined as cognitive impairment in 2014-2016.
The associations between dietary intakes of B vitamins and risk of
cognitive impairment are shown in Figure 1 and Supplementary
Table 4. In Model 3 that included demographic and lifestyle factors,
dietary intakes of thiamine, niacin, folate, and riboflavin were asso-
ciated with a lower risk of cognitive impairment. However, in the
final model that mutually adjusted for all B vitamins, only the asso-
ciations of riboflavin and folate remained significant: the OR (95%
CI) comparing the highest with the lowest quartile was 0.82 (0.69,
0.97) for riboflavin, and 0.83 (0.70, 0.98) for folate (both p-trend <

.05; Figure 1 and Supplementary Table 4). In the generalized linear
models, the adjusted mean difference of SM-MMSE scores also in-
creased significantly in a dose-dependent manner with higher quar-
tile intake of riboflavin and folate (mean difference of the highest
comparing to the lowest quartile was 0.30 for riboflavin and 0.31
for folate; both p-trend < .003; Table 2). The mean differences in
SM-MMSE scores comparing extreme quartiles for intake of ribo-
flavin and folate were equivalent to the differences in scores com-
paring age difference of 1.67 and 1.69 years, respectively.

No significant interactions were found between various factors
and riboflavin and folate, with risk of cognitive impairment, except
that sex modified the association between folate intake and cogni-
tive impairment and the inverse association was significant among
women but not in men (p-interaction = .01; Supplementary Table 5).

Overall, the findings of the inverse relations of riboflavin and
folate with cognitive impairment were consistent in the various sensi-
tivity analyses of adjustment of age at baseline (Supplementary Table
6), excluding those with extreme energy intakes (Supplementary
Table 7) or baseline history of cancer or cardiovascular disease
(Supplementary Table 8), or using the MMSE cutoff point of 23/24
(Supplementary Table 9).

Discussion

In this study that comprehensively examined dietary intakes of six B
vitamins in a Chinese population living in Singapore, we found that
higher dietary intakes of riboflavin and folate in midlife were associ-
ated with a lower risk of developing cognitive impairment in old age.

A number of cohort studies reported that higher dietary intake
of folate was associated with better cognitive function (8), and a
lower risk of cognitive impairment (12), cognitive decline (13) or
Alzheimer’s disease (14,15), which concurs with our findings.

Table 1. Characteristics of the Participants and by Extreme Quartiles of Dietary Riboflavin and Folate Intake at Baseline (1993-1998) in the

Singapore Chinese Health Study (n = 16,948)

Riboflavin (mg) Folate (pg)
All subjects Q1 Q4 Q1 Q4
Median daily intake — 0.72 1.22 110.99 213.88
Baseline age (y) 52.50 52.98 52.34 53.19 51.86
Follow-up age (y) 72.18 72.87 71.74 73.05 71.41
Body Mass Index (kg/m?) 23.05 23.03 22.97 22.97 23.12
Female (%) 59.20 43.85 66.77 45.86 63.32
No formal education (%) 18.84 20.01 15.01 22.45 12.72
Primary school (%) 44.77 50.53 41.33 49.26 39.91
Secondary school (%) 28.99 24.00 33.21 23.37 37.05
Diploma or higher (%) 7.40 5.45 10.46 4.93 10.31
Married (%) 88.60 89.05 87.61 89.00 88.65
Cantonese® (%) 49.83 49.68 54.21 46.12 58.08
Current smoker (%) 13.06 19.94 8.73 21.76 8.76
Daily drinker (%) 2.76 3.47 2.48 3.28 2.71
Hypertension (%) 19.38 18.57 19.59* 17.35 21.27
Heart attack (%) 2.08 1.75 2.41% 1.72 2.34%
Stroke (%) 0.48 0.38 0.80 0.45 0.50%
Diabetes (%) 4.89 3.45 6.61 4.30 5.40%*
Cancer (%) 1.89 1.30 2.60 1.46 2.15%
Daily energy intake (kcal) 1,506.32 1,660.83 1,594.83 1,685.69 1,580.87

Note: N for each quartile was 4,237. Values were medians or percentages as appropriate. Follow-up age was recorded at cognitive assessment. Other values were
all assessed at baseline in 1993-1998. Q = quartile.
*Cantonese is one of the two father dialects of our study population, the other is Hokkien.
*p 2.05; All others were significant at p < .05.
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Figure 1. Odds ratios (95% confidence interval) of cognitive impairment
by quartiles of B vitamins intake in the Singapore Chinese Health Study
(n = 16,948). p Values for linear trend were tested by treating the median
values of quartiles as a continuous variable; Reference group is Q1;
Multivariate model without other B vitamins was adjusted for age at cognitive
assessment, sex, education level, marital status, dialect group, body mass
index, total energy intake, cigarette smoking status, alcohol consumption,
physical activity level, sleep duration, baseline history of hypertension,
diabetes, heart attack, stroke, cancer and vegetable—fruit-soy dietary pattern;
Multivariate model with other B vitamins additionally included all the six
subtypes of B vitamins simultaneously. Cl = confidence interval, OR = Odds
Ratio, Q = quatrtile.

A randomized controlled trial conducted in China found that a
short-term folate supplementation of 400 pg/day was beneficial for
cognitive functioning among Chinese older adults with mild cog-
nitive impairment (23). However, some cohort studies have found
a null relation (10,24) or even a positive association (25) between
folate intake and cognitive impairment. One study was conducted
in the United Kingdom with a small sample size (7 = 155) (10). The
other two studies were conducted among the elder people in the
United States (24,25). With widespread multivitamin use and folic
acid fortification in the United States, folate deficiency became less
a concern. Because our study population did not have mandatory
folic acid fortification of selected foods and also had low prevalence

Table 2. Least-Squares Means (95% Confidence Interval) of SM-
MMSE Score by Quartiles of Riboflavin and Folate Intake in the
Singapore Chinese Health Study (n = 16,948)

SM-MMSE score

Least—squ ares means

(95% CI) § p Value p Trend

Riboflavin <.001

Q1 24.18 (23.73, 24.64)

Q2 24.27 (23.82,24.72) 0.09 .23

Q3 24.52 (24.07,24.97) 0.34 <.001

Q4 24.49 (24.04, 24.93) 0.30 <.001
Folate .003

Q1 24.18 (23.72,24.63)

Q2 24.41 (23.96, 24.86) 0.23 .002

Q3 24.40 (23.95, 24.85) 0.22 .005

Q4 24.48 (24.03,24.93) 0.31 <.001

Note: Linear trend was tested by treating the median values of quartiles as
a continuous variable; The statistical model was the same as the multivariate
model with other B vitamins in Figure 1; , SM-MMSE = Singapore-modified
version of Mini-Mental State Examination; Q = quartile.

of supplement use at the time of recruitment (26), we have a unique
opportunity to examine the association of dietary folate from food
intake with risk of cognitive impairment. Furthermore, the intake
levels in the UK and US populations (average above 310 pg/day)
(24,25) were substantially higher compared to ours (154 pg/day).
Therefore, it is possible that higher folate intakes may not provide
benefits for cognitive function in the western populations who al-
ready have high intake levels, whereas our study suggests that folate
could help reduce the risk of cognitive impairment in populations
with relatively lower intake levels.

In our study, we did not find significant relationships of cog-
nitive impairment with the other two folate-related B vitamins,
namely vitamin B-6 and B-12. A systematic review of two ran-
domized controlled trials and six cohort studies also showed either
null or inconsistent associations between vitamin B-12 intake and
cognitive function (27). Some previous studies suggested that the
association between vitamin B-12 and cognitive function could
be influenced by the genetic predisposition (e.g., ApoE genotype)
and depression status (28-30). The association between vitamin
B-6 and cognitive function was also inconsistently reported in the
literature (8,10,15,24). Several meta-analyses of randomized con-
trolled trials also did not support the protective effect of vitamin
B-6 and B-12 on cognitive impairment or decline or Alzheimer’s
disease (31-33).

At present, researchers found that riboflavin may also influence
plasma homocysteine concentration (34,35), and thus play an im-
portant role in the maintenance of brain health (36). Besides, ribo-
flavin deficiency may cause an insufficiency of prosthetic groups
of flavin mononucleotide and flavin adenine dinucleotide, in turn
leading to an adverse impact on cytochrome P450 reductase (37),
and a consequent accumulation of hemin to eventually damage brain
cells (36). In our study, dietary riboflavin intake was inversely asso-
ciated with risk of cognitive impairment. However, several studies
in the western populations did not find significant associations
(10,11,38). Again, we postulate that a possible reason for this dis-
crepancy could be the higher intake levels in these previous studies
(average 1.6-2.8 mg/day) (10,11,38) compared with the lower
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intake level in our study population (mean 0.9 mg/day). Second, the
follow-up period in these studies (4-6 years) (10,11) may not be
long enough to observe a modest association compared to the much
longer follow-up period in our study.

In this study, the inverse association between niacin and cog-
nitive impairment was marginally significant before adjusting for
other B vitamins, but not statistically significant in the final model
including all B vitamins in the same model. In two cohort studies in
the US population, the authors reported that dietary niacin intake
was inversely associated with both cognitive decline and Alzheimer’s
disease (8,9). The inconsistency between different studies might be
related to differences in statistical methods, adjustment of covariates
and characteristics of the participants. The association between
niacin and cognitive impairment needs to be further evaluated in
future studies. Very few studies have investigated the association
between thiamin and cognitive impairment, and a 13-year cohort
study in 4,809 French elderly women reported a null association
(38), which is consistent with our study.

This study has several strengths, including the large sample size
(n = 16,948), a long follow-up period (about 20 years) through
midlife to late-life, and a comprehensive study of six subtypes of B
vitamins. We were also able to examine the relationships of dietary
intakes of B vitamins at low doses with cognitive function, because
our study population had relatively lower dietary intakes of these
vitamins, a low prevalence of supplement use, and Singapore did
not have mandatory fortification of selected foods during the study
period, which is commonly practiced in western countries. A limi-
tation of this study was the examination of cognitive function only
at one time-point, thus precluding us from studying the association
with cognitive decline. In addition, we did not exclude participants
with cognitive impairment or dementia at baseline. However, be-
cause all participants had completed a set of complex question-
naires, including dietary information, at recruitment, it was unlikely
for those with substantial cognitive impairment or dementia to have
been included in the study. Furthermore, dietary habits were only ex-
plored at baseline and we are unable to take into account the impact
of potential changes during follow-up time. The measurement error
of dietary assessment is inevitable. However, the food frequency
questionnaire was validated using two different methods and rea-
sonable correlation coefficients were observed. In addition, we did
not collect blood samples at baseline and the dietary intake levels
may not be equivalent to the circulating blood concentrations (39).
We did not have ApoE genotype data or depression status at baseline
and could not assess the influences of those factors on the observed
associations. Finally, our final model included vegetable—fruit-soy
dietary pattern and all B vitamins in the same model. Because the
major dietary contributors of both riboflavin and folate were veget-
ables (26), the final model may be overadjusted, but the possibility
of residual confounding still cannot be eliminated. Further studies on
different food sources of B vitamins in relation to cognitive function
are also needed.

In conclusion, our study found that higher intakes of ribo-
flavin and folate in midlife were associated with a lower risk
of cognitive impairment in late-life in the Chinese population
living in Singapore. Our results need further validation by other
high-quality cohort studies and well-designed randomized con-
trolled trials. If the relations are causal, our findings have signifi-
cant public health importance for improving cognitive health in
the elderly populations by increasing dietary intakes of riboflavin
and folate in their midlife.

Supplementary Material

Supplementary data are available at The Journals of Gerontology,
Series A: Biological Sciences and Medical Sciences online.
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