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Background: Dementia can be caused by severe niacin insufficiency, but it is unknown whether variation
in intake of niacin in the usual diet is linked to neurodegenerative decline. We examined whether dietary
intake of niacin was associated with incident Alzheimer’s disease (AD) and cognitive decline in a large,
prospective study.
Methods: This study was conducted in 1993–2002 in a geographically defined Chicago community of
6158 residents aged 65 years and older. Nutrient intake was determined by food frequency
questionnaire. Four cognitive tests were administered to all study participants at 3 year intervals in a
6 year follow up. A total of 3718 participants had dietary data and at least two cognitive assessments for
analyses of cognitive change over a median 5.5 years. Clinical evaluations were performed on a stratified
random sample of 815 participants initially unaffected by AD, and 131 participants were diagnosed with
4 year incident AD by standardised criteria.
Results: Energy adjusted niacin intake had a protective effect on development of AD and cognitive decline.
In a logistic regression model, relative risks (95% confidence intervals) for incident AD from lowest to
highest quintiles of total niacin intake were: 1.0 (referent) 0.3 (0.1 to 0.6), 0.3 (0.1 to 0.7), 0.6 (0.3 to
1.3), and 0.3 (0.1 to 0.7) adjusted for age, sex, race, education, and ApoE e4 status. Niacin intake from
foods was also inversely associated with AD (p for linear trend = 0.002 in the adjusted model). In an
adjusted random effects model, higher food intake of niacin was associated with a slower annual rate of
cognitive decline, by 0.019 standardised units (SU) per natural log increase in intake (mg) (p = 0.05).
Stronger associations were observed in analyses that excluded participants with a history of
cardiovascular disease (b = 0.028 SU/year; p = 0.008), those with low baseline cognitive scores
(b = 0.023 SU/year; p = 0.02), or those with fewer than 12 years’ education (b = 0.035 SU/year; p = 0.002)
Conclusion: Dietary niacin may protect against AD and age related cognitive decline.

S

evere deficiency of niacin (nicotinic acid) and tryptophan, its dietary precursor, is known to cause pellagra, a
condition characterised by dementia, diarrhoea, and
dermatitis. Once endemic in populations where the main
dietary component was maize or sorghum, pellagra can also
occur with severe alcoholism and other conditions that cause
nicotinic acid deficiency.1 Although a direct cause for the
dementia has not been fully determined, a number of studies
have found that niacin plays important roles in DNA
synthesis and repair,2–4 myelination and dendritic growth,5 6
cellular calcium signalling,7 and as a potent anti-oxidant in
brain mitochondria.8 Improvements in cognitive test scores9 10
and overall function11 have been reported by European trials
of pharmacological preparations that include nicotinic acid.
There has been limited study of dietary niacin and the
development of Alzheimer’s disease (AD). Two case2control
studies reported lower blood levels of a nicotinic acid
metabolite among demented patients than among age and
sex matched controls.12 13 We examined the association
between dietary intake of niacin and tryptophan with
incident AD and overall cognitive decline in a large
prospective study of a biracial Chicago community.

SUBJECTS AND METHODS
Population
Participants are from the Chicago Health and Aging Project
(CHAP), a biracial study of three geographically defined
contiguous neighbourhoods on the south side of Chicago. A
census identified 8501 residents aged 65 years and older, of

whom 439 had died and 249 had moved before participation
could be secured. In total, 6158 participated (79% participation overall; 81% among blacks, 75% among whites). The
study population was 62% black, 38% white, and 39% male,
61% female, with a mean educational level of 11.8 years.
Data were collected from 1993–2002 in cycles of approximately 3 years, each consisting of at home interviews of all
participants (including the administration of four cognitive
tests), and clinical neurological evaluation on a stratified
random sample.
Baseline data provided risk factor information on the entire
population, identified prevalent cases of AD in a sample of
729 people, and identified a cohort of 3838 unaffected
participants to follow for incident disease. The disease free
cohort consisted of 3369 people who had good performance
on two14 15 of the baseline cognitive tests, and 469 whose
cognitive performance was intermediate or poor, but were
unaffected by AD at the baseline clinical evaluation.
Subsequent to the 3 year population interview, a second
stratified random sample of 1249 participants was drawn
from the disease free cohort, and 842 of these (73.9% of
survivors) were clinically evaluated for incident AD. Sample
participants were randomly selected within strata defined by
age, sex, race, and change in cognitive performance from
baseline to the 3 year follow up (stable or improved, small
Abbreviations: AD, Alzheimer’s disease; CHAP, Chicago Health and
Aging Project; FFQ, food frequency questionnaire; MMSE, Mini Mental
State Examination; RDA, recommended dietary allowance/
recommended daily amount
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and large decline). The sample design allowed for efficient
identification of AD cases and a representative sample of the
disease free cohort.16 A total of 815 participants had complete
data for the analysis of diet and incident AD.
A total of 4324 participants (87% of surviving residents
from the original study cohort) completed a dietary questionnaire and at least two cognitive assessments in the 6 year
follow up for the analysis of change in cognitive function. We
excluded 147 people with incomplete or potentially invalid
dietary data (see below), and 459 who completed the dietary
questionnaire more than 2.5 years after the initial cognitive
assessment, leaving 3718 participants for analysis of cognitive change, with a median follow up of 5.5 years.
Descriptions of the population interviews17 and clinical
evaluations16 18 have been published previously. The study
was approved by the institutional review board of Rush
University St. Luke’s Medical Center.

of 30). For analysis, dietary intake levels were adjusted for
total energy intake using the regression residual method23
separately for men and women.
The CHAP FFQ has been shown to be a valid and reliable
measure of dietary intake in the CHAP population.24
Pearson’s correlation for niacin intake levels measured by
the FFQ and repeated 24 hour dietary recall interviews were
0.52 for total niacin and 0.47 for niacin excluding supplements. Intra-class correlations for reproducibility of intake
levels from two FFQs 1 year apart were 0.62 for both total
niacin and for niacin excluding supplements.

Clinical evaluation for incident AD
AD was diagnosed based on structured clinical evaluations
that were conducted in participants’ homes. A board certified
neurologist, who was blinded to participant information
on dietary intake, examined every participant. The evaluations included neuropsychological testing (using tests
of Consortium Established for Research on Alzheimer’s
Disease25), a complete medical history, medication use,
laboratory testing, neurologic examination, and informant
interviews for cognitively impaired participants. The diagnosis of probable AD was based on criteria of the National
Institute of Neurological Communicative Disorders and
Stroke, and the AD and Associated Disorders Association,26
with the exception that the definition of AD included all
cases that met the criteria, thereby including 14 participants
with a co-existing dementing condition. Demented participants without AD (n = 11) were analysed as non-cases. MRI
was performed when dementia was evident and clinical
stroke was uncertain.

Dietary assessment
Diet was assessed using a modified 152 item Harvard self
administered food frequency questionnaire (FFQ),19 20 on
average (SD) 1.7 (0.9) years after the baseline in the clinically
evaluated sample, and 1.1 (0.9) years after the initial
cognitive test for the analyses of change in cognitive function.
The FFQ was distributed to participants along with a self
addressed envelope for its return, although some participants
were interviewed at their request. The FFQ included
questions about usual intake of 139 food items and individual vitamin supplements. Nutrient intake was obtained by
multiplying the nutrient content of individual food items by
the frequency of consumption and then summing over all
items. Nutrient content of individual food items was based
on the Harvard University Nutrient Database, which is
continually updated using data from the US Department of
Agriculture,21 and from selected individual publications.22
Participants were prompted for specific brand names of
multivitamins, cereals, and margarines, type of cooking oil,
and fat preferences for milk and meat products, and this
information was used in the computation of nutrient intake.
The computation of total niacin equivalents was based on the
sum of niacin intake from foods and supplements, plus the
tryptophan contribution (1 mg niacin per 60 mg of tryptophan intake). FFQs were considered potentially invalid
(n = 147) and eliminated from the analyses if entire food
sections or more than half the items were left blank, total
energy intake (kcal) was ,500 or .3800 for females or ,700
or .4000 for males, or the baseline Mini Mental State
Examination (MMSE) score was ,10 (out of a possible score

Change in cognitive function
Cognitive function was assessed on the entire study population during in-home interviews at baseline and 3 year and
6 year follow ups using four cognitive tests: the East Boston
Tests of Immediate and Delayed Recall,27 28 the MMSE,29 and
the Symbol Digit Modalities test.15 Raw scores on each test
were converted to z scores, using the baseline mean and
standard deviation of the study population, and averaged to
form a composite measure.30
Covariates
Information for all non-dietary variables except clinical
stroke and ApoE e4 was obtained at participants’ baseline
population interview. Alcohol consumption (g/day) was
based on three separate FFQ questions about usual consumption of beer, wine, and spirits. Education (years) was

Table 1 Baseline characteristics by quintiles of total niacin intake including supplements, and niacin from food among 815
randomly selected participants of the Chicago Health and Aging Project
Quintile
Total niacin

Niacin from foods only

Characteristic

1

2

3

4

5

1

2

3

4

5

Intake range (mg/day)
Age (median years)
Female (%)
Blacks (%)
Education (median years)
ApoE e4 (% with at least 1 allele)
Multivitamin Use (%)
Vitamin E in food (median IU/day)
Clinical stroke
Heart disease
Hypertension
Diabetes

7–15
72.9
69.4
62.2
11.4
35.4
3.2
7.8
10.9
17.7
50.8
10.2

16–18
73.2
66.1
55.1
12.2
31.8
3.3
8.9
4.1
21.5
63.8
16.1

18–22
72.2
49.3
56.8
12.6
31.1
12.4
8.3
2.7
14.7
51.5
24.5

22–36
71.0
63.4
47.5
12.7
44.7
69.4
8.7
12.3
17.6
59.1
19.8

36–171
72.2
62.1
33.1
13.0
25.5
96.9
8.8
7.2
21.8
54.9
16.8

7–14
72.2
79.9
59.8
11.9
37.7
44.2
7.6
16.4
21.8
64.7
11.0

14–16
71.5
68.8
50.3
12.6
28.5
35.8
8.4
4.6
12.5
47.8
13.6

16–18
73.1
58.8
52.2
12.5
41.5
34.3
9.0
5.6
20.3
62.5
18.4

18–20
72.2
56.8
51.9
12.8
30.3
30.2
8.7
2.7
15.2
48.3
21.3

20–48
71.1
41.9
41.9
13.3
36.5
38.5
11.6
10.6
21.5
57.4
21.8

All percentages and medians are weighted for the stratified random sample design,
All variables (except age and niacin intake) are age standardised to the age distribution of the disease-free cohort at baseline.
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1.0
1.0
1.0

6.7
10.7

0.6 (0.3
to 1.3)
0.5 (0.2
to 1.3)

5.6

0.3 (0.1
to 0.7)
0.3 (0.1
to 0.7)
0.3 (0.1
to 0.6)
0.3 (0.1
to 0.6)
1.0

1.0

8.4
20.5

*Weighted for the stratified random sampling design
Basic adjusted model includes terms for age (years), sex, race, education (years), ApoE e4, interaction between ApoE e4 and race, time between disease free determination and clinical evaluation for incident disease. All models were weighted
by the inverse of the sampling probability.
`Multiple adjusted model includes terms from the basic adjusted model plus vitamin E intake from foods (ln(IU/day)), total vitamin C intake (ln(mg/day)), total beta-carotene (ln(IU/day)), and an indicator variable for multiple vitamin use.
AD, Alzheimer’s disease; RR, relative risk; CI, confidence interval.

0.01

0.07

0.3 (0.1
to 0.8)
0.2 (0.1
to 0.8)
0.5 (0.2
to 1.1)
0.4 (0.1
to 0.9)
0.3 (0.1
to 0.7)
0.3 (0.1
to 0.7)
0.3 (0.1
to 0.7)
0.3 (0.1
to 0.7)
1.0

0.3 (0.1 0.03
to 0.8)
0.4 (0.1 0.03
to 0.8)
0.4 (0.1
to 0.9)
0.4 (0.1
to 0.9)
0.5 (0.2
to 1.3)
0.5 (0.2
to 1.3)
1.0

0.2 (0.1 0.002
to 0.6)
0.3 (0.1 0.006
to 0.7)
0.3 (0.1
to 0.6)
0.3 (0.1
to 0.7)
0.3 (0.1
to 0.9)
0.4 (0.1
to 1.0)
0.3 (0.1
to 0.8)
0.4 (0.2
to 0.9)
1.0

45.0
28.9

0.3 (0.1
0.12
to 0.7)
0.2 (0.01 0.04
to 0.7)

14.5
9.5
17.3
5.9
7.0
10.1
8.2
21.6

0.7 (0.3
to 1.7)
0.7 (0.3
to 1.8)

5.7
7.7

21.9

7.7

7.5

8.9

7.1

p
58.5

5
4

42.3
33.2

3
2

29.2
24.0

1

0.94
0.82

3

0.75
0.68

2
1

0.56
22.4
18.9

4
3

16.9
15.2

2
1
5
4

19.4

3

17.0
14.1

Median intake,
mg/day
% AD*
RR (95% CI)
Basic
adjusted
Multiple
adjusted`

2
1
Measurement

Quintile of intake

p

12.6

5

p

Quintile of intake
Quintile of intake

p
5
4

Quintile of intake

Niacin equivalents
Tryptophan
Niacin from foods
Total niacin including supplements

Table 2 Relative risks (95% confidence intervals) of incident AD by quintile of intake of niacin, tryptophan, and niacin equivalents among 815 participants initially free of AD and followed a
median 3.8 years, Chicago Health and Aging Project, 1993–2000
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computed from self reported highest grade or years of formal
education, and pack years (packs per day multiplied by
number of years ever smoked). History of diabetes was
defined as use of anti-diabetic medication or participant
report of clinically diagnosed diabetes. Hypertension was
defined as participant report of high blood pressure, antihypertensive medication use, or measured systolic pressure
.160 mmHg or diastolic pressure .95 mmHg. Heart disease
was defined as self reported history of myocardial infarction,
use of digitalis, or evidence of angina pectoris based on
participant responses to a standardised questionnaire.31
Medication information was obtained through interviewer
inspection of all medications taken within the 2 week period
prior to the baseline. For the analyses of AD, clinical stroke
was defined as probable or possible stroke as diagnosed by
the examining neurologist based on a uniform, structured
examination, medical history, and MRI diagnostic testing if
indicated. ApoE genotyping was conducted on blood samples
collected at the clinical evaluations using methods of Hixson
and Vernier,32 and the primers described by Wenham et al.33
ApoE genotype was not obtained on the total study
population and therefore not available for the analyses of
cognitive change.
Statistical methods
We used logistic regression analysis programmed in SAS34 to
generate odds ratios as estimates of the relative risk of
incident AD weighted for the stratified random sample
design. Variance estimation was computed by jack knife
repeated replication.35 36 We used random effects models37 38
to estimate the effect of niacin intake on intra-person rate of
change in cognitive score while controlling for initial
cognitive score and other covariates. Before examination of
associations between the outcomes and niacin, we first
determined the best basic models of the most important
confounders, including non-linear and interactive associations. The basic model for incident AD was based on a
previous report of the CHAP study.18 For the analysis of
cognitive function, we considered higher order terms of age
and education because of earlier studies indicating non-linear
associations with cognitive function39 40 and exponential
associations with AD.18 41 We also examined interactions
among the demographic variables in baseline cognitive score
to ensure optimal adjustment of initial score level when
modelling change (all terms were statistically significant at
p,0.05 in a model of the total study population).
Energy adjusted niacin and tryptophan intakes were each
modelled as continuous log transformed variables and also in
quintiles with the lowest quintile as the reference category.
Dietary covariates were energy adjusted and modelled as
continuous log transformed variables. Effect modification
was examined in separate multiple adjusted models that
included terms for nutrient intake (as continuous variables),
the potential effect modifier (age, sex, race, education, ApoEe4), and interaction terms between these variables.

RESULTS
A total of 815 people, all of whom were initially free of AD at
baseline, were clinically evaluated on average 3.9 years later,
and 131 were diagnosed with incident AD. The annual
incidence rate was 2.6% after appropriate weighting for the
stratified random sampling design. Non-dietary niacin
supplementation was through multivitamins, including B
complex vitamins, as opposed to use of individual supplements. Only 9 of the 815 participants were taking a
prescribed form of niacin at baseline. The lowest quintile
groups of total niacin intake and niacin food intake had
higher percentages of females, blacks, people with clinical
stroke, and people with low food intake of vitamin E than did
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higher quintile groups (table 1). Participants in the lowest
quintile of total niacin intake, but not of food intake, were
more likely to have an ApoE e4 allele than were those in the
highest quintile. There was a higher prevalence of diabetes
among participants in the highest quintiles of both total and
food intake of niacin.
Total niacin intake, including intake from food and
supplements, was inversely associated with incident AD after
adjustment for age, sex, race, education, ApoE e4, and time
period of observation in both continuous and categorical
models. Compared with the risk of disease among participants in the lowest fifth of intake (median of 14.1 mg/day),
those in the second, third, and fifth quintiles had significantly lower risk by 70% (table 2). Participants in the fourth
quintile of intake had a 40% non-significant reduction in risk
compared with the lowest quintile group. The protective
association with higher niacin intake became stronger (p for
trend = 0.04) after further adjustment for multivitamin use
and intake of the antioxidant nutrients (vitamin C, betacarotene, or vitamin E from food sources) that were found in
previous reports42 43 to be possibly protective against AD.
Intake of niacin from foods had an inverse association with
AD in the basic adjusted model (p for trend = 0.002) (table 2).
Participants in intake quintiles 224 had 70% reductions in
risk compared with those in the lowest quintile (median
intake 12.6 mg/day), whereas participants in the highest fifth
of intake (median 22.4 mg/day) had an 80% reduction in
risk; all were statistically significant. The relative risks were
only slightly less protective in the multiple adjusted model
and remained statistically significant.
We considered that the observed protective association of
niacin could be entirely due to greater risk of AD among
participants in the lowest quintile of niacin intake. When we
excluded these from the analyses, we observed a statistically
significant inverse log linear association among participants
in the upper quintiles of intake (.14 mg/day) with niacin
intake from food measured as a continuous log transformed
variable. The basic adjusted relative risk was 0.4 (p = 0.04)
per 7.2 mg/day increase in dietary niacin, which represents
the difference in median intakes for the second and fifth
quintiles.
Tryptophan intake from food was also inversely associated
with incident AD. The basic adjusted risk decreased with
increased level of intake (p for trend = 0.03) (table 2). There
was no appreciable change in the relative risks with further
adjustment for intake of the antioxidant nutrients and
multivitamin use. Because many of the same foods that
contain tryptophan also contain niacin we added control for
the effect of niacin intake from foods in the multiple adjusted
model; the relative risks for tryptophan intake were less
protective and no longer statistically significant (for quintiles
225, the relative risks (95% confidence interval) were 0.6
(0.2 to1.6), 0.8 (0.3 to2.1), 0.5 (0.2 to1.5), and 0.6 (0.2 to1.4),
respectively.
The recommended dietary allowance (recommended daily
amount; RDA) for niacin is described in terms of niacin
equivalents, which includes intake from both pre-formed
niacin and tryptophan. The basic adjusted relative risks for
intake of niacin equivalents were of the same magnitude as
for total niacin intake and all but the fourth quintile were
statistically significant (table 2).
Because some studies44–46 suggest that dietary intakes of
folate and other B vitamins (vitamins B6, B12, B1, and B2)
may be involved in the development of AD, and dietary
intakes of the B vitamins are inter-correlated, we adjusted for
these individually in separate basic adjusted models, but
there were no material changes in the relative risks for niacin
(total and from foods) or for tryptophan. Because cardiovascular related conditions may be associated with the
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development of AD, we investigated whether the observed
associations for niacin and tryptophan could be attributed to
the presence of clinical stroke, heart disease, hypertension, or
diabetes. There were no appreciable differences in any of the
relative risks when we simultaneously adjusted for these
conditions in the basic adjusted models. We also found no
evidence of confounding in separate basic adjusted models
that controlled for alcohol consumption and pack years of
smoking. In a previous report, we found evidence that
different types of fat were associated with the incidence of
AD.47 Therefore we examined whether additional control for
intake of saturated, trans, monounsaturated, n-6 polyunsaturated, and n-3 polyunsaturated fats could have biased the
observed associations, but there were no material changes in
the relative risks.
We found no statistically significant modifications in the
protective niacin effect by age or within categories of ApoE e4
status, race, education, sex, heart disease or clinical stroke.
There was no appreciable change in the protective relative
risks when we controlled for the time between the dietary
assessment and the clinical evaluation for incident AD. We
also re-analysed the data after excluding participants
(n = 51) who had poor cognitive performance at baseline
but there was little change in the multivariable relative risks
(for quintiles 225 of niacin food intake: 0.2, 0.4, 0.3, and 0.2,
respectively; p for trend = 0.02). When we restricted the
analysis to participants with good cognitive performance at
baseline, the multivariable relative risks were virtually
unchanged and remained statistically significant.

Niacin intake and cognitive change in the entire study
population
We also examined whether dietary intake of niacin was
associated with 6 year cognitive change among 3718 people
in the larger study population. Although this type of analysis
is not specific to AD, it provides an objective and sensitive
measure of gradual decline, the central characteristic of this
disease. Much of the cognitive decline in the population is
probably due to disease processes associated with AD, which
is the leading cause of dementia, followed by vascular
dementia.48
The mean cognitive score at the initial assessment (average
z score of four cognitive tests) was 0.18 (range: 23.50 to
1.58), and the average annual decline was 0.042 standardised
units (SU) per year. Food intake of niacin had a linear
protective association in both continuous and categorical
models. In the continuous model adjusted for demographic
confounders, the rate of cognitive decline decreased by
0.019 SU/year (p = 0.05) per ln increase in intake (mg)
(table 3). The effect was attenuated slightly (b = 0.017 SU/
year; p = 0.12) after additional control for dietary intakes of
antioxidant nutrients and folate, multivitamin use, smoking
and alcohol use, stroke, heart disease, diabetes, and
hypertension. Substitution of each of the other B vitamins
for folate produced similar results.
Because of the likelihood of dietary changes among people
who experience major cardiovascular events, we next
repeated the analyses after excluding the 894 participants
who reported a history of stroke or myocardial infarction at
the baseline or first follow up interviews. Food intake of
niacin had a linear protective association with cognitive
decline in the basic adjusted model (b = 0.028 SU/year;
p = 0.004). In the categorical model, the rate of cognitive
decline was significantly reduced by 44% among participants
in the top fifth of niacin food intake (median 22.1 mg/day)
compared with those in the lowest fifth (median 12.6 mg/
day), a difference of 0.021 SU/year (p = 0.003) (fig 1).
Adjustment for other dietary and cardiovascular-related risk
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Table 3 Adjusted effects of niacin intake from food (per ln increase in intake (mg)) on the rate of cognitive change over
6 years, among the total cohort of 3718 participants, and among 2824 participants with no history of stroke or myocardial
infarction at baseline or first follow up, Chicago Health and Aging Project, 1993–2002
Excluding participants with stroke or
myocardial infarction (n = 2824)*

Total cohort (n = 3718)

Excluding participants with low
cognitive scores (n = 3158)

Model

b

SE

p

b

SE

p

b

SE

p

Basic adjusted`
Multiple adjusted1

0.019
0.017

0.009
0.011

0.05
0.12

0.028
0.035

0.010
0.010

0.004
0.002

0.023
0.025

0.010
0.011

0.02
0.03

*Multiple adjusted model does not include terms for stroke or heart disease.
Lowest 15% of scores distribution.
`Includes age (years), age2, sex, race, education (years), education2 interactions between sex and age, sex and education, and race and education, time, niacin
intake from foods (continuous log transformed), and interactions between time and age, education, education squared, and niacin intake.
1Includes terms from the basic-adjusted model plus vitamin E intake from food sources (ln(IU/day)), total intakes of vitamins C (ln(mg/day)), beta-carotene (ln(IU/day),
folate (ln(mg/day)), diabetes, hypertension, ever smoked (yes/no), pack years of smoking, alcohol use (g/day), multivitamin use, history of stroke, heart disease, and
interactions between time and each of these covariates.

factors resulted in an even greater reduction in the rate
(table 3).
To investigate whether the observed protective association
of niacin might be due to unreliable reporting among people
with poor cognition, we repeated the analyses after excluding
551 participants from the total cohort who had baseline
scores in the lowest 15% of the distribution. In this
cognitively restricted group, high intake of dietary niacin
was associated with a greater protective effect than that
observed for the total cohort in both the basic and multiple
adjusted models (table 3). In other analyses, we examined
whether low socioeconomic status could account for the
findings by excluding participants from the total cohort who
had fewer than 12 years of formal schooling. Even among the
higher educated (n = 2495), the rate of cognitive decline was
significantly reduced with higher food intake of niacin
(b = 0.035; p = 0.002 in the basic adjusted model).
Total niacin intake (including intake from vitamin supplements) had no association with cognitive change; the effect
estimates fluctuated around 0 in both the basic and multiple
adjusted models in the total cohort as well as in the cohort
restricted to those with no history of stroke or myocardial
infarction.

Figure 1 Change in cognitive score (z score) for participants in quintiles
1 and 5 of niacin intake from foods based on the basic adjusted model
(table 3) among 2824 participants with no history of stroke or
myocardial infarction. The figure data were computed for a 75 year old
female with 12 years of education. The annual rate of change in
cognitive score was 20.048 SU/year in the lowest quintile of niacin
intake (median = 12.6 mg/day) and 20.027 SU/year in the highest
quintile of intake (median = 22.1 mg/day). The difference in rates of
0.021 SU/year was statistically significant at p = 0.003. The rate
differences for quintiles 224 were 0.003, 0.002, and 0.009,
respectively, and were not statistically significant.

DISCUSSION
In this prospective population based study, we observed
inverse associations between AD and dietary intakes of total
niacin (foods and supplements), niacin from foods only, and
tryptophan. Although participants in the lowest fifth of
intake had the greatest risk of AD, a statistically significant log linear inverse association remained when we
restricted the analyses to participants with higher intake
levels. Higher intake of niacin from food sources was also
linearly associated with lower cognitive decline in the study
population
The protective association of niacin against AD was
observed after controlling for the important risk factors for
dementia (age, education, race, ApoE e4) as well as many
other dietary and non-dietary factors that could potentially
account for the results, including cardiovascular conditions,
and dietary intake of antioxidant nutrients, fats, folate, and
vitamins B6, B12, B1, and B2. It is possible that residual
confounding may have influenced the magnitude of the
protective effect; however, there is good evidence in support
of an association. Firstly, protective associations were
observed after adjustment for race and education, and there
was no evidence of modification in the effect by these factors.
Secondly, the protective association was specific to niacin
intake as opposed to other related B vitamins. Finally, we also
found a specific protective effect of niacin intake from food
against 6 year cognitive decline among 3718 participants in
the larger cohort that was only strengthened in sensitivity
analyses excluding participants with low initial cognitive
scores or with less than a high school education, and with
control for dietary and other potential confounders. We did
not observe an association between total niacin intake and
cognitive change. It is difficult to test for associations with
supplemental niacin because it is obtained through multivitamins that contain many other nutrients that may
confound observed effects.
A major strength of the study is the unbiased selection of
clinically evaluated participants from a random sample from
a community population, and unbiased detection of AD cases
through uniform, structured neurological examination using
standardised criteria. For a number of clinically evaluated
participants, the dietary assessments occurred after baseline,
and this could have biased the results if dietary behaviours or
that responses to the dietary questionnaires were affected by
the onset of disease. However, the protective association
remained when we controlled for the timing of the dietary
assessment, when we eliminated participants with the
poorest memory at baseline, and when we further restricted
the analyses by also eliminating those with intermediate
memory performance. Further, in a validity study of 232
randomly selected CHAP participants, we found no marked
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differences in the correlations between nutrient intake on the
FFQ and repeated 24 hour recall interviews by cognitive
ability, age, race, or educational level.24
Niacin rich foods include meats, legumes, nuts, enriched
grains/cereals, coffee, and tea. In addition, niacin is synthesised endogenously through the conversion of tryptophan, an
amino acid that constitutes about 1% of the protein in foods.
The association with tryptophan was lessened when niacin
was included in the model, suggesting the protective benefit
may be due to the niacin rather than the tryptophan.
It has been known since the 1930s that pellagra is a result
of niacin deficiency and is responsive to synthetic niacin.
Confusion and psychosis are well recognised symptoms of
pellagra and of the encephalopathy associated with niacin
deficiency in severe alcoholism. The level of dietary insufficiency associated with these conditions (8.8 mg niacin
equivalents per 2000 kcal49) is lower than the range of intake
for the lowest quintile (13.2 to 27 mg per day). The current
RDA for niacin equivalents is 16 mg per day for men and
14 mg per day for women.50
Much attention has been focused on the relation between
dementia and other B vitamins, particularly vitamin B12,
vitamin B6 and folate. There has been little previous
examination of dietary niacin and AD, although niacin has
been administered to older people to prevent confusional
states, and there have been several published clinical trials of
medications for this indication.9–11 In this prospective study,
we observed a protective association of niacin against the
development of AD and cognitive decline within normal
levels of dietary intake, which could have substantial public
health implications for disease prevention if confirmed by
further research.

ACKNOWLEDGEMENTS
This study was supported by grants (AG11101 and AG13170) from
the National Institute on Aging. The authors thank the communities
of Washington Heights, Morgan Park and Beverly for their support,
and gratefully acknowledge the work of study coordinators, C Bibbs,
M Bos, J Tarpey, H Hadden, and F Lamorticella, their staffs, and the
analytical programmer, W Bang.
.....................

Authors’ affiliations
M C Morris, D A Evans, J L Bienias, L E Hebert, D A. Bennett, R S Wilson,
N Aggarwal, Rush Institute for Healthy Aging, Centers for Disease
Control and Prevention, Atlanta, GA, USA
M C Morris, D A Evans, J L Bienias, L E Hebert, Department of Internal
Medicine, Centers for Disease Control and Prevention, Atlanta, GA,
USA
M C Morris, Department of Preventive Medicine, Centers for Disease
Control and Prevention, Atlanta, GA, USA
D A Evans, D A Bennett, R S Wilson, N Aggarwal, Rush Alzheimer’s
Disease Center, Centers for Disease Control and Prevention, Atlanta,
GA, USA
P A Scherr, Division of Adult and Community Health, Centers for Disease
Control and Prevention, Atlanta, GA, USA
C C Tangney, Department of Clinical Nutrition, Rush University Medical
Center, Chicago, IL, USA
D A Bennett, R S Wilson, N Aggarwal, Department of Neurological
Sciences, Rush University Medical Center, Chicago, IL, USA
R S Wilson, Department of Psychology, Rush University Medical Center,
Chicago, IL, USA
Competing interests: none declared

REFERENCES
1 Kinsella LJ, Riley DE. Nutritional deficiencies and syndromes associated with
alcoholism. In: Goetz CG, Pappert EJ, eds. Textbook of clinical neurology.
Philadelphia: W.B. Saunders Company, 1999:803–6.
2 Chong ZZ, Lin SH, Maiese K. Nicotinamide modulates mitochondrial
membrane potential and cysteine protease activity during cerebral vascular
endothelial cell injury. J Vasc Res 2002;39:131–47.

www.jnnp.com

Morris, Evans, Bienias, et al

3 Rawling JM, Jackson TM, Driscoll ER, et al. Dietary niacin deficiency lowers
tissue poly(ADP-ribose) and NAD+ concentrations in Fischer-344 rats. J Nutr
1994;124:1597–603.
4 Hageman GJ, Stierum RH. Niacin, poly(ADP-ribose) polymerase-1 and
genomic stability. Mutat Res 2001;475:45–56.
5 Nakashima Y, Suzue R. Influence of nicotinic acid on cerebroside synthesis in
the brain of developing rats. J Nutr Sci Vitaminol 1984;30:525–34.
6 Nakashima Y, Esashi T. Effect of 3-acetylpyridine on the development of rat
brain. J Nutr Sci Vitaminol 1985;31:305–15.
7 Jacobson MK, Ame JC, Lin W, et al. Cyclic ADP-ribose. A new component of
calcium signaling. Receptor 1995;5:43–9.
8 Melo SS, Meirelles MS, Jordao Junior AA, et al. Lipid peroxidation in
nicotinamide-deficient and nicotinamide-supplemented rats. Int J Vitam Nutr
Res 2000;70:321–3.
9 Schneider F, Popa R, Mihalas G, et al. Superiority of antagonic-stress
composition versus nicergoline in gerontopsychiatry. Ann NY Acad Sci
1994;717:332–42.
10 Herrmann WM, Stephan K, Gaede K, et al. A multicenter randomized
double-blind study on the efficacy and safety of nicergoline in patients with
multi-infarct dementia. Dement Geriatr Cogn Disord 1997;8:9–17.
11 Battaglia A, Bruni G, Ardia A, et al. Nicergoline in mild to moderate
dementia. A multicenter, double-blind, placebo-controlled study. J Am Geriatr
Soc 1989;37:295–302.
12 Thomas DE, Chung AOKO, Dickerson JW, et al. Tryptophan and
nutritional status of patients with senile dementia. Psychol Med
1986;16:297–305.
13 Shaw DM, Tidmarsh SF, Karajgi BM, et al. Pilot study of amino acids in senile
dementia. Br J Psychiatr 1981;139:580–2.
14 Albert MS, Smith LA, Scherr PA, et al. Use of brief cognitive tests to identify
individuals in the community with clinically-diagnosed Alzheimer’s disease.
Internatl J Neurosci 1991;57:167–78.
15 Smith A. Symbol digit modalities test manual–revised. Los Angeles, CA:
Western Psychological, 1984.
16 Morris MC, Evans DA, Bienias JL, et al. Dietary intake of antioxidant nutrients
and the risk of incident Alzheimer’s disease in a biracial community study.
JAMA 2002;287:3230–7.
17 Morris MC, Evans DA, Bienias JL, et al. Vitamin E and cognitive decline in
older persons. Arch Neurol 2002;59:1125–32.
18 Evans DA, Bennett DA, Wilson RS, et al. Incidence of Alzheimer’s disease in a
biracial urban community: relation to apolipoprotein E allele status. Arch
Neurol 2003;60:185–9.
19 Rockett HR, Breitenbach M, Frazier AL, et al. Validation of a youth/adolescent
food frequency questionnaire. Prev Med 1997;26:808–16.
20 Morris MC, Colditz GA, Evans DA. Response to a mail nutritional survey in an
older bi-racial community population. Ann Epidemiol 1998;8:342–6.
21 USDA. Nutrient database for standard reference, release 10–11, 1996.
22 Holland B, Welch AA, Unwin ID, et al. McCance and Widdowson’s the
composition of foods, 5th ed. Cambridge, UK: The Royal Society of Chemistry
and Ministry of Agriculture, Fisheries and Food, 1991.
23 Willett WC, Stampfer MJ. Total energy intake: implciations for epidemiologic
analysis. Am J Epidemiol 1986;124:17–27.
24 Morris MC, Tangney CC, Bienias JL, et al. Validity and reproducibility of a
food frequency questionnaire by cognition in an older biracial sample.
Am J Epidemiol 2003;158:1213–17.
25 Welsh KA, Butters N, Mohs R, et al. CERAD Part V. A normative study of the
neuropsychological battery. Neurology 1994;44:609–14.
26 Anonymous. Criteria for the clinical diagnosis of Alzheimer’s disease.
Excerpts from the NINCDS-ADRDA Work Group report. J Am Geriatr Soc
1985;33:2–3.
27 Albert M. Neuropsychological and neurophysiological changes in healthy
adult humans across the age range. Neurobiol Aging 1993;14:623–5.
28 Scherr PA, Albert MS, Funkenstein HH, et al. Correlates of cognitive
function in an elderly community population. Am J Epidemiol
1988;128:1084–101.
29 Folstein MF, Folstein SE, McHugh PR. ‘‘Mini-mental state’’. A practical method
for grading the cognitive state of patients for the clinician. J Psych Res
1975;12:189–98.
30 Wilson RS, Bennett DA, Beckett LA, et al. Cognitive activity in older persons
from a geographically defined population. J Gerontol Series B-Psych Sci Soc
Sci 1999;54:155–60.
31 Rose GA, Blackburn H, Gillum RF, et al. Cardiovascular survey methods.
Geneva, Switzerland: World Health Organization, 1982:162–5.
32 Hixson JE, Vernier DT. Restriction isotyping of human apolipoprotein E by
gene amplification and cleavage with HhaI. J Lipid Res 1990;31:545–8.
33 Wenham PR, Price WH, Blundell G. Apolipoprotein E genotyping by one
stage PCR. Lancet 1991;337:1158–9.
34 SAS/STAT. User’s guide, version 8. Cary, NC: SAS Institute, 1997.
35 Wolter KM. Introduction to variance estimation. New York: Springer-Verlag,
1985.
36 Bienias JL. Replicate-based variance estimation in a SAS macro. Proceedings
of the Fourteenth Annual Meeting of the NorthEast SAS Users Group,
Statistics, Data Analysis, and Econometrics Section, 2001.
37 Laird N, Ware J. Random-effects models for longitudinal data. Biometrics
1982;38:963–974.
38 Diggle PJ, Liang J-Y, Zeger SL. Analysis of longitudinal data. Oxford: Oxford
University Press, 1994.
39 Morris MC, Scherr PA, Hebert LE, et al. The cross-sectional association
between blood pressure and Alzheimer’s disease in a biracial community
population of older persons. J Gerontol Series A Biol Sci Med Sci
2000;55:130–6.

J Neurol Neurosurg Psychiatry: first published as 10.1136/jnnp.2003.025858 on 16 July 2004. Downloaded from http://jnnp.bmj.com/ on 14 December 2018 by guest. Protected by copyright.

1098

40 Glynn RJ, Beckett LA, Hebert LE, et al. Current and remote blood pressure and
cognitive decline. JAMA 1999;281:438–45.
41 Hebert LE, Scherr PA, Beckett LA, et al. Age-specific incidence of Alzheimer’s
disease in a community population. JAMA 1995;273:1354–9.
42 Morris MC, Evans DA, Bienias JL, et al. Dietary intake of antioxidant nutrients
and the risk of incident Alzheimer disease in a biracial community study.
JAMA 2002;287:3230–7.
43 Engelhart MJ, Geerlings MI, Ruitenberg A, et al. Dietary intake of antioxidants
and risk of Alzheimer disease. JAMA 2002;287:3223–9.
44 Seshadri S, Beiser A, Selhub J, et al. Plasma homocysteine as a risk factor
dementia and Alzheimer’s disease. NEJM 2002;346:476–83.
45 Wang HX, Wahlin A, Basun H, et al. Vitamin B(12) and folate in
relation to the development of Alzheimer’s disease. Neurology
2001;56:1188–94.

1099

46 Riggs KM, spiro A, Tucker KL, et al. Relations of vitamin B-12, vitamin B-6,
folate, and homocysteine to cognitive performance in the Normative Aging
Study. Am J Clin Nutr 1996;63:306–14.
47 Morris MC, Evans DA, Bienias JL, et al. Dietary fats and the risk of incident
Alzheimer’s disease. Arch Neurol 2003;60:194–200.
48 Gorelick PB, Mangone C. Vascular dementias in the elderly. Clinical Ger Med
1991;7:599–615.
49 Marcus R, Coulston AM. Water-soluble vitamins: the vitamin B complex and
ascorbic acid. In: Gilman AG, Goodman LS, Rall TW, Murad F, eds. The
pharmacological basis of therapeutics. New York: MacMillian Publishing Co,
1985:1531–72.
50 Food and Nutrition Board, Institute of Medicine. Dietary reference intakes for
thiamin, riboflavin, niacin, vitamin b6, folate, vitamin b12, pantothenic acid,
biotin, and choline. Washington, D.C.: National Academic Press, 2000.

Clinical Evidence—Call for contributors
Clinical Evidence is a regularly updated evidence based journal available worldwide both as
a paper version and on the internet. Clinical Evidence needs to recruit a number of new
contributors. Contributors are health care professionals or epidemiologists with experience in
evidence based medicine and the ability to write in a concise and structured way.

Currently, we are interested in finding contributors with an interest in
the following clinical areas:
Altitude sickness; Autism; Basal cell carcinoma; Breast feeding; Carbon monoxide poisoning;
Cervical cancer; Cystic fibrosis; Ectopic pregnancy; Grief/bereavement; Halitosis; Hodgkins
disease; Infectious mononucleosis (glandular fever); Kidney stones; Malignant melanoma
(metastatic); Mesothelioma; Myeloma; Ovarian cyst; Pancreatitis (acute); Pancreatitis
(chronic); Polymyalgia rheumatica; Post-partum haemorrhage; Pulmonary embolism;
Recurrent miscarriage; Repetitive strain injury; Scoliosis; Seasonal affective disorder;
Squint; Systemic lupus erythematosus; Testicular cancer; Varicocele; Viral meningitis; Vitiligo
However, we are always looking for others, so do not let this list discourage you.

Being a contributor involves:

N
N
N
N
N

Appraising the results of literature searches (performed by our Information Specialists) to
identify high quality evidence for inclusion in the journal.
Writing to a highly structured template (about 2000–3000 words), using evidence from
selected studies, within 6–8 weeks of receiving the literature search results.
Working with Clinical Evidence Editors to ensure that the text meets rigorous
epidemiological and style standards.
Updating the text every eight months to incorporate new evidence.
Expanding the topic to include new questions once every 12–18 months.

If you would like to become a contributor for Clinical Evidence or require more information
about what this involves please send your contact details and a copy of your CV, clearly
stating the clinical area you are interested in, to Claire Folkes (cfolkes@bmjgroup.com).

Call for peer reviewers
Clinical Evidence also needs to recruit a number of new peer reviewers specifically with an
interest in the clinical areas stated above, and also others related to general practice. Peer
reviewers are health care professionals or epidemiologists with experience in evidence based
medicine. As a peer reviewer you would be asked for your views on the clinical relevance,
validity, and accessibility of specific topics within the journal, and their usefulness to the
intended audience (international generalists and health care professionals, possibly with
limited statistical knowledge). Topics are usually 2000–3000 words in length and we would
ask you to review between 2–5 topics per year. The peer review process takes place
throughout the year, and our turnaround time for each review is ideally 10–14 days.
If you are interested in becoming a peer reviewer for Clinical Evidence, please
complete the peer review questionnaire at www.clinicalevidence.com or contact Claire
Folkes(cfolkes@bmjgroup.com).

www.jnnp.com

J Neurol Neurosurg Psychiatry: first published as 10.1136/jnnp.2003.025858 on 16 July 2004. Downloaded from http://jnnp.bmj.com/ on 14 December 2018 by guest. Protected by copyright.

Niacin intake and incident Alzheimer’s disease

