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A BS T R AC T
BACKGROUND

The prevalence of dementia is expected to soar as the average life expectancy increases, but recent estimates suggest that the age-specific incidence of dementia
is declining in high-income countries. Temporal trends are best derived through
continuous monitoring of a population over a long period with the use of consistent diagnostic criteria. We describe temporal trends in the incidence of dementia
over three decades among participants in the Framingham Heart Study.
METHODS

Participants in the Framingham Heart Study have been under surveillance for incident dementia since 1975. In this analysis, which included 5205 persons 60 years
of age or older, we used Cox proportional-hazards models adjusted for age and sex
to determine the 5-year incidence of dementia during each of four epochs. We also
explored the interactions between epoch and age, sex, apolipoprotein E ε4 status,
and educational level, and we examined the effects of these interactions, as well
as the effects of vascular risk factors and cardiovascular disease, on temporal
trends.
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RESULTS

The 5-year age- and sex-adjusted cumulative hazard rates for dementia were 3.6 per
100 persons during the first epoch (late 1970s and early 1980s), 2.8 per 100 persons
during the second epoch (late 1980s and early 1990s), 2.2 per 100 persons during
the third epoch (late 1990s and early 2000s), and 2.0 per 100 persons during the
fourth epoch (late 2000s and early 2010s). Relative to the incidence during the first
epoch, the incidence declined by 22%, 38%, and 44% during the second, third,
and fourth epochs, respectively. This risk reduction was observed only among
persons who had at least a high school diploma (hazard ratio, 0.77; 95% confidence interval, 0.67 to 0.88). The prevalence of most vascular risk factors (except
obesity and diabetes) and the risk of dementia associated with stroke, atrial fibrillation, or heart failure have decreased over time, but none of these trends completely explain the decrease in the incidence of dementia.
CONCLUSIONS

Among participants in the Framingham Heart Study, the incidence of dementia
has declined over the course of three decades. The factors contributing to this
decline have not been completely identified. (Funded by the National Institutes of
Health.)
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ementia is the leading cause of
dependence and disability in the elderly
population worldwide.1-3 As the average
life expectancy increases, the prevalence of dementia4 and associated monetary costs are expected to increase exponentially.5 A few studies
have suggested that the age-specific incidence of
dementia (i.e., the risk of dementia at any specific age) might be decreasing, but these studies
either have shown a trend that failed to reach
significance6,7 or have relied on comparisons of
prevalence data that were ascertained at multiple
time points.8-10 One study showed no decline in
incidence.11 Temporal trends are best derived
through continuous monitoring for new cases in
a representative community-based sample over
an extended observation period, with the use of
consistent diagnostic criteria; however, such data
from published studies are limited. We estimated
temporal trends in the incidence of dementia
over three decades among participants in the
Framingham Heart Study.

Me thods
Study Design

The Framingham Heart Study is a communitybased, longitudinal cohort study that was initiated in 1948. The original cohort comprised
5209 residents of Framingham, Massachusetts,
and these participants have undergone up to 32
examinations, performed every 2 years, that
have involved detailed history taking by a physician, a physical examination, and laboratory
testing.12 In 1971, a total of 5214 offspring of
the participants in the original cohort and the
spouses of these offspring were enrolled in an
offspring cohort. The participants in the offspring cohort have completed up to 9 examinations, which have taken place every 4 years.13
All participants have provided written informed
consent. Study protocols and consent forms
were approved by the institutional review board
at the Boston University Medical Center.
Surveillance for Dementia

Surveillance methods have been published previously,14,15 and further details about dementia
tracking are provided in the Supplementary Appendix (available with the full text of this article
at NEJM.org). Cognitive status has been moni-
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tored in the original cohort since 1975, when
comprehensive neuropsychological testing was
performed. At that time, participants with low
cognitive scores (the lowest 10%) also underwent
neurologic assessment, and then a dementia-free
inception cohort was established that included
all dementia-free persons in the entire cohort.16
Since 1981, participants in this cohort have been
assessed at each examination with the use of the
Mini–Mental State Examination (MMSE)17; participants are flagged for further cognitive screening
if they have scores below the prespecified cutoffs, which are adjusted for educational level and
prior performance. Participants in the offspring
cohort have undergone similar monitoring18; they
answered a subjective memory question in 1979,
have undergone serial MMSEs since 1991, and
have taken a 45-minute neuropsychological test
every 5 or 6 years since 1999. Participants who
are identified as having possible cognitive impairment19 on the basis of these screening assessments are invited to undergo additional, annual
neurologic and neuropsychological examinations.
If two consecutive annual evaluations show reversion toward normal cognition, participants
are returned to the regular tracking pool. Additional examinations are also performed when
subjective cognitive decline is reported by the
participant or a family member, either spontaneously between examinations or during annual
health-status updates; on referral by a treating
physician or by ancillary investigators of the
Framingham Heart Study; or after review of outside medical records.14
A dementia review panel, which includes a
neurologist and a neuropsychologist, has reviewed
every case of possible cognitive decline and dementia ever documented in the Framingham
Heart Study. For cases that were detected before
2001, a repeat review was completed after 2001
so that up-to-date diagnostic criteria could be
applied. The panel determines whether a person
had dementia, as well as the dementia subtype
and the date of onset, using data from previously
performed serial neurologic and neuropsychological assessments, telephone interviews with
caregivers, medical records, neuroimaging studies, and, when applicable and available, autopsies.15 After a participant dies, the panel reviews
medical and nursing records up to the date of
death to assess whether the participant might
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have had cognitive decline since his or her last
examination.20
The diagnosis of dementia is based on criteria
from the Diagnostic and Statistical Manual of Mental
Disorders, fourth edition (DSM-IV).21 The diagnosis of Alzheimer’s disease is based on criteria for
possible, probable, or definite Alzheimer’s disease from the National Institute of Neurological
and Communicative Disorders and Stroke and
the Alzheimer’s Disease and Related Disorders
Association (NINCDS–ADRDA).22,23 The diagnosis of vascular dementia is based on criteria for
possible or probable vascular dementia from the
National Institute of Neurological Disorders and
Stroke and the Association Internationale pour la
Recherche et l’Enseignement en Neurosciences
(NINDS–AIREN).24 The diagnostic algorithm allows participants to have more than one subtype
of dementia.
Educational Level and Vascular Risk Factors

In the Framingham Heart Study, extensive information is collected at each examination. For this
analysis, educational level was dichotomized (high
school diploma vs. no high school diploma). Vascular risk factors were assessed, including systolic
and diastolic blood pressures, use of antihypertensive medications, body-mass index, current
smoking status, diabetes status, lipid levels, use
of lipid-lowering agents, apolipoprotein E (APOE)
ε4 status, and a history of cardiovascular events,
including stroke and transient ischemic attacks,
coronary heart disease, heart failure, and peripheral arterial disease; further details are provided
in the Methods section of the Supplementary
Appendix.
Statistical Analysis

We evaluated four nonoverlapping epochs, which
started at the beginning of the second, fourth,
sixth, and eighth examination cycles for the offspring cohort and the four closest corresponding
time periods for the original cohort. The baseline examination period was between 1977 and
1983 for the first epoch, between 1986 and 1991
for the second epoch, between 1992 and 1998 for
the third epoch, and between 2004 and 2008
for the fourth epoch. We selected these dates to
maximize the person-years of available surveillance data (for more information about the selection of epochs, see the Supplementary Appendix).

n engl j med 374;6

For each epoch, we included participants 60 years
of age or older who were free of dementia at the
start of that epoch. Among participants with
incident dementia during the epoch, follow-up
time was measured in years from the baseline
examination to the diagnosis of dementia. Data
for participants in whom dementia did not develop were censored at the last date on which they
were known not to have dementia, at the date of
death, or up to 5 years after the baseline assessment (a complete observation period). Participants who did not have dementia at the end of an
epoch could contribute information to a subsequent epoch.
In our primary analysis, we used Cox proportional-hazards models, adjusted for age at entry
and sex, to compare the incidence of dementia
across the four epochs. For each epoch, we report the 5-year cumulative hazard rates, which
represent the cumulative incidence of dementia
per 100 persons over a period of 5 years, and we
report hazard ratios, which represent the incidence of dementia during each epoch relative to
the incidence during the first epoch. We performed separate analyses for overall dementia,
Alzheimer’s disease, and vascular dementia. We
used robust sandwich estimators to account for
the inclusion of individual participants in more
than one epoch.25 We estimated linear trends,
which represent the decline per decade in the
5-year incidence of dementia, using the elapsed
mean time (in decades) between the first epoch
and each consecutive epoch.
In secondary analyses, we examined possible
interactions between epoch and age, sex, educational level, and APOE ε4 status. We also examined the effects of additional adjustments for
educational level and individual vascular risk
factors that were present at baseline or at midlife
(i.e., 55±5 years of age), as well as the combined
effect of vascular risk factors, as assessed by
calculation of Framingham Stroke Risk Profile
scores (for more information about the Framingham Stroke Risk Profile, see the Supplementary
Appendix).26 Finally, we explored temporal trends
in the effects of stroke and three common clinical cardiovascular diseases (atrial fibrillation,
coronary heart disease, and heart failure) on the
risk of dementia. Statistical analyses were performed with the use of SAS software, version 9.4
(SAS Institute).
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R e sult s
6495 Attended selected
examinations
5 Had no follow-up
4033 Were excluded

Epoch 1

2457 Were included

5420 Attended selected
examinations
35 Had no follow-up
3250 Were excluded

Epoch 2

2135 Were included

4558 Attended selected
examinations
111 Had no follow-up
2114 Were excluded

Epoch 3

2333 Were included

3324 Attended selected
examinations
315 Had no follow-up
919 Were excluded

Epoch 4

2090 Were included

Figure 1. Study Samples for the First, Second, Third, and Fourth Epochs.
The baseline examination period was between 1977 and 1983 for the first
epoch, between 1986 and 1991 for the second epoch, between 1992 and
1998 for the third epoch, and between 2004 and 2008 for the fourth epoch.
Participants who had no follow-up are those for whom we do not have verified information about cognitive status during the specified 5-year period;
however, these participants were not lost to follow-up, and information
about them may be available from later examinations or from additional
sources. Participants were excluded from the analyses if they were younger
than 60 years of age, did not attend examinations in which involvement
in an inception cohort was established, or had preexisting dementia (for
further details, see Fig. S1 in the Supplementary Appendix, available at
NEJM.org).
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The analyses included 5205 individual participants who collectively contributed data for a total of 9015 observation periods (40,192 personyears). Across the four epochs, the proportion
of living participants who attended the baseline
examination remained constant at 75 to 78%,
and the mean baseline MMSE scores did not differ among epochs (see Table S2 in the Supplementary Appendix). More than 2000 participants
contributed data for each epoch (Fig. 1), and the
participants’ ages ranged from 60 to 101 years
(Table 1). Most health indicators were similar
among participants in the original cohort and
those in the offspring cohort. Over the three
decades, we observed a trend toward higher educational level and a parallel trend toward a lower
prevalence of most vascular risk factors, with the
exception of obesity and diabetes, both of which
were associated with increasing trends over time.
We also observed trends toward a lower prevalence of stroke and other cardiovascular diseases. A deeper exploration revealed that improvements in cardiovascular health were seen
only in the cohort of participants who had a
high school diploma (see Tables S8 and S9 in the
Supplementary Appendix).
We observed 371 cases of dementia. There was
a trend toward an increasing mean age at diagnosis, from 80 years during the first epoch to
85 years during the fourth epoch (P<0.001 for
trend). The 5-year age- and sex-adjusted cumulative hazard rates for dementia declined over
time; the rates were 3.6 (95% confidence interval
[CI] 2.9 to 4.4) per 100 persons during the first
epoch, 2.8 (95% CI, 2.2 to 3.5) per 100 persons
during the second epoch, 2.2 (95% CI, 1.8 to
2.8) per 100 persons during the third epoch, and
2.0 (95% CI, 1.5 to 2.6) per 100 persons during
the fourth epoch (Table 2). Relative to the incidence during the first epoch, the incidence of
dementia declined by 22% during the second
epoch (P = 0.09), by 38% during the third epoch
(P = 0.001), and by 44% during the fourth epoch
(P<0.001). On average, since 1977, there has
been a decline in the incidence of dementia of
20% per decade (hazard ratio, 0.80; 95% CI, 0.72
to 0.90). The decline in the incidence of Alz
heimer’s disease was not significant (P = 0.052
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Table 1. Baseline Characteristics.*
Epoch 1
(N = 2457)

Epoch 2
(N = 2135)

Epoch 3
(N = 2333)

Epoch 4
(N = 2090)

Mean

69±7

72±7

72±8

72±9

Range

60–89

60–96

60–101

60–101

59

57

57

56

No high school diploma

36

24

15

5

High school diploma

32

37

37

32

Some years of college

19

21

24

29

College degree

13

17

24

34

22

21

21

21

0.47
(age-adjusted,
0.98)

Mean systolic blood pressure (mm Hg)

137±19

143±22

138±20

131±18

<0.001

Mean diastolic blood pressure (mm Hg)

76±10

77±11

73±10

72±10

<0.001

Use of antihypertensive medication (%)

33

43

44

62

<0.001

Smoking (%)

20

14

9

6

<0.001

Mean HDL cholesterol (mg/dl)

50±16

49±15

50±16

57±18

<0.001

Use of lipid-lowering agents (%)

NA

NA

12

43

<0.001

Characteristic
Age at entry (yr)

<0.001

Female sex (%)

Educational level (%)

0.01
(age-adjusted,
<0.001)
<0.001

Positive for at least one APOE ε4 allele (%)†

Mean body-mass index‡

P Value
for Trend

26±4

27±5

27±5

28±5

<0.001

Type 2 diabetes (%)

10

11

15

17

<0.001

Cardiovascular disease (%)

23

26

25

22

0.52
(age-adjusted,
<0.001)

Stroke (%)

3.6

3.3

3.8

3.1

0.51
(age-adjusted,
0.02)

*	Plus–minus values are means ±SD. The baseline examination period was between 1977 and 1983 for the first epoch,
between 1986 and 1991 for the second epoch, between 1992 and 1998 for the third epoch, and between 2004 and 2008
for the fourth epoch. APOE denotes apolipoprotein E, HDL high-density lipoprotein, and NA not available.
†	Data were available for only a subgroup of participants with genotypic information, which included 1354 participants
during the first epoch, 1989 during the second epoch, 2279 during the third epoch, and 2036 during the fourth epoch.
The percentages are based on these data.
‡	The body-mass index is the weight in kilograms divided by the square of the height in meters.

for trend), whereas the decline in the incidence
of vascular dementia appeared to be more rapid
than that of Alzheimer’s disease (P = 0.004 for
trend), although analyses of the dementia subtypes are based on smaller numbers than are the
analyses for overall dementia. There was no evidence to suggest that the interaction between
epoch and age, sex, or APOE ε4 status had an
effect on temporal trends in the incidence of
dementia (P>0.10 for all comparisons), but the
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interaction between epoch and educational level
had a significant effect (P = 0.03). Stratified
analyses showed that the decline in the incidence
of dementia was limited to the cohort of persons
who had a high school diploma, with an average
decline in risk of 23% per decade (hazard ratio,
0.77; 95% CI, 0.67 to 0.88); there was no decline
in the cohort of persons who did not have a high
school diploma (Table 3).
Adjustment for vascular risk factors that were
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*	The baseline examination period was between 1977 and 1983 for the first epoch, between 1986 and 1991 for the second epoch, between 1992 and 1998 for the third epoch, and between
2004 and 2008 for the fourth epoch.
†	The 5-year cumulative hazard rates (the cumulative incidence of dementia per 100 persons over a period of 5 years) are adjusted for age and sex.
‡	The 5-year hazard ratios (the incidence of dementia during each epoch relative to the incidence during the first epoch) are adjusted for age and sex.
§	We estimated linear trends (the decline per decade in the 5-year incidence of dementia) using the elapsed mean time (in decades) between the first epoch and each consecutive epoch.

0.004
0.71
(0.56–0.90)
0.45
(0.23–0.87)
0.89
(0.51–1.56)
84
Vascular dementia

9014

0.8
(0.6–1.3)

0.8
(0.5–1.2)

0.4
(0.2–0.7)

0.4
(0.2–0.7)

0.46
(0.25–0.86)

0.052
0.88
(0.77–1.00)
0.70
(0.48–1.03)
1.00
(0.70–1.43)
264
Alzheimer’s disease

9015

2.0
(1.5–2.6)

2.0
(1.5–2.6)

1.7
(1.3–2.3)

1.4
(1.0–1.9)

0.88
(0.62–1.25)

0.80
(0.72–0.90)
0.56
(0.41–0.77)
0.78
(0.59–1.04)
371
Overall dementia

9015

3.6
(2.9–4.4)

2.8
(2.2–3.5)

2.2
(1.8–2.8)

2.0
(1.5–2.6)

0.62
(0.47–0.83)

Epoch 4
Epoch 2

Epoch 3

n e w e ng l a n d j o u r na l

Epoch 4
Epoch 3
Epoch 2
Epoch 1
Subtype

Total No. of
No. of Observation
Cases
Periods

Table 2. Temporal Trends in the Incidence of Dementia.*

5-Yr Cumulative Hazard Rate (95% CI)†

5-Yr Hazard Ratio (95% CI)‡

Trend§

<0.001

P Value
for Trend

The
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present at baseline or midlife did not significantly
modify our results (Table 4, and see Tables S10
and S11 in the Supplementary Appendix). Adjustment for preexisting and incident stroke and
for other cardiovascular diseases also led to
nearly unchanged estimates. This was true even
though the risk of dementia after a stroke decreased over time. During the first epoch, the
risk of dementia among persons who had had
a stroke was almost 9 times as high as the risk
among those who had not had a stroke, but
during the fourth epoch, the risk was less than
2 times as high (P = 0.06 for interaction) (see
Table S12 in the Supplementary Appendix).
Whereas the effect of physiological measures
(e.g., a rise in blood pressure of 10 mm Hg) on
the risk of dementia was identical across epochs,
the adverse effect of heart failure and atrial fibrillation was less during the third epoch than
during the first (P<0.10 for interaction), but this
effect did not completely explain the observed
declines in the incidence of dementia.

Discussion
Results from the Framingham Heart Study
showed a progressive decline in the incidence
of dementia over three decades. This temporal
trend and a parallel improvement in cardiovascular health over time were both observed only
in the cohort of persons who had at least a high
school diploma. Rising educational levels might
have contributed to the 5-year delay we observed
in the mean age at onset of clinical dementia.
However, the proportion of participants who did
not have a high school diploma was low during
the last two epochs, thus limiting a deeper investigation of trends in the incidence of dementia in this subgroup.
Few studies can accurately track the incidence
of dementia over time, and our study provides
robust evidence that indicates a declining trend.
Data from Rochester, Minnesota, showed a 30%
decline in the age-adjusted incidence of dementia during the second decade they studied (1985–
1994), but no significant trend was observed
when the entire study period (1975–1994) was
considered.7 Moreover, in that study, estimates
of the incidence of dementia could have been
affected by changes in clinical practice and diagnostic criteria for dementia over time, since
ascertainment of events was obtained by linkage
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Table 3. Temporal Trends in the Incidence of Dementia, Stratified by Age, Sex, Educational Level, and Apolipoprotein E ε4 Status.*

Variable

No. of
Cases of
Dementia

Total No. of
Observation P Value for
Periods
Interaction

Age at entry (yr)

P Value
for Trend

5-Yr Hazard Ratio (95% CI)†
Epoch 2

Epoch 3

Epoch 4

Trend‡

0.82

60–69

42

4418

0.43
(0.18–1.00)

0.36
(0.15–0.89)

0.38
(0.15–0.93)

0.65
(0.47–0.89)

0.008

70–79

133

3229

0.91
(0.59–1.42)

0.67
(0.42–1.07)

0.64
(0.36–1.11)

0.83
(0.68–1.00)

0.047

≥80

196

1368

0.86
(0.56–1.33)

0.72
(0.48–1.09)

0.68
(0.44–1.06)

0.86
(0.74–1.01)

0.06

Sex

0.27
Female

234

5173

0.70
(0.50–1.00)

0.52
(0.36–0.74)

0.53
(0.36–0.78)

0.77
(0.67–0.89)

<0.001

Male

137

3842

0.96
(0.59–1.57)

0.89
(0.55–1.43)

0.64
(0.38–1.08)

0.85
(0.71–1.02)

0.08

Educational level

0.031

No high school diploma

130

1831

1.46
(0.94–2.26)

0.97
(0.58–1.61)

1.66
(0.87–3.15)

1.11
(0.89–1.39)

0.34

High school diploma

228

6948

0.54
(0.36–0.81)

0.55
(0.38–0.79)

0.46
(0.31–0.67)

0.77
(0.67–0.88)

<0.001

APOE ε4 status§

0.15

Any genotypic information

246

6304

0.96
(0.70–1.30)

0.83
(0.60–1.16)

0.89
(0.74–1.08)

0.25

Negative for APOE ε4

169

5000

0.95
(0.65–1.37)

0.75
(0.50–1.13)

0.84
(0.66–1.06)

0.14

77

1304

1.01
(0.58–1.75)

1.09
(0.61–1.93)

1.05
(0.75–1.47)

0.76

Positive for at least one
APOE ε4 allele

*	The baseline examination period was between 1977 and 1983 for the first epoch, between 1986 and 1991 for the second epoch, between 1992
and 1998 for the third epoch, and between 2004 and 2008 for the fourth epoch.
†	The 5-year hazard ratios (the incidence of dementia during each epoch relative to the incidence during the first epoch) are adjusted for age
and sex, except for those stratified by sex (which were adjusted only for age at entry) and those stratified by age (which were adjusted only
for sex).
‡	We estimated linear trends (the decline per decade in the 5-year incidence of dementia) using the elapsed mean time (in decades) between
the first epoch and each consecutive epoch.
§	Data were available for only a subgroup of participants with genotypic information. Data for APOE ε4 genotyping were limited during the first
epoch; therefore, the hazard ratios for the third and fourth epochs were calculated relative to the data obtained during the second epoch.

with medical records rather than with the use of
standardized protocols. Although we also use
data from medical records in the Framingham
Heart Study, we supplement these data with direct assessments of the participants and their
families. The Rotterdam Study suggested a 25%
reduction in the incidence of dementia over a
10-year period through a comparison of the incidence rates in 1990 and 2000,6 but the results
did not reach significance. Studies from the
United States,7 England,8 and Stockholm9 have
indirectly suggested declines in the incidence of
dementia on the basis of repeated prevalence
n engl j med 374;6

estimates drawn from survey data. In these
studies, a true decline in the incidence of dementia cannot be distinguished from a faster increase in life expectancy among persons who do
not have dementia than among those who have
dementia.
In parallel with the trend toward a lower incidence of dementia, participants in the Framingham Heart Study also had improvements in most
indicators of cardiovascular health, with the exception of a trend toward increasing prevalences
of diabetes and obesity; this trend is consistent
with national and global statistics.27 Although
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Table 4. Temporal Trends in the Incidence of Dementia, Adjusted for Educational Level, Vascular Risk Factors at Midlife, and Cardiovascular
Disease.*
No. of
Cases of
Dementia

Variable

Total No. of
Observation
Periods

P Value
for Trend

5-Yr Hazard Ratio (95% CI)†
Epoch 2

Epoch 3

Epoch 4

Trend‡

High school diploma

358

8778

0.82
(0.61–1.10)

0.68
(0.50–0.91)

0.65
(0.47–0.91)

0.85
(0.75–0.95)

0.005

Increase in systolic blood pressure
at midlife

361

8837

0.76
(0.56–1.01)

0.61
(0.46–0.81)

0.54
(0.40–0.75)

0.79
(0.71–0.89)

<0.001

Increase in body-mass index at
midlife

352

8658

0.78
(0.59–1.05)

0.62
(0.47–0.83)

0.56
(0.41–0.76)

0.80
(0.71–0.89)

<0.001

Type 2 diabetes at midlife

284

7418

0.76
(0.55–1.06)

0.55
(0.39–0.76)

0.50
(0.35–0.71)

0.76
(0.67–0.86)

<0.001

Preexisting and incident stroke

371

9015

0.78
(0.59–1.04)

0.62
(0.47–0.82)

0.58
(0.42–0.78)

0.81
(0.72–0.90)

<0.001

Preexisting cardiovascular disease

371

9015

0.78
(0.59–1.04)

0.62
(0.47–0.82)

0.57
(0.41–0.77)

0.80
(0.72–0.90)

<0.001

Preexisting atrial fibrillation

371

9015

0.78
(0.59–1.04)

0.61
(0.46–0.81)

0.55
(0.40–0.75)

0.79
(0.71–0.89)

<0.001

*	The baseline examination period was between 1977 and 1983 for the first epoch, between 1986 and 1991 for the second epoch, between 1992
and 1998 for the third epoch, and between 2004 and 2008 for the fourth epoch.
†	The hazard ratios in each row are adjusted for the variable shown in the first column of that row. In addition, the 5-year hazard ratios (the
incidence of dementia during each epoch relative to the incidence during the first epoch) are adjusted for age and sex.
‡	We estimated linear trends (the decline per decade in the 5-year incidence of dementia) using the elapsed mean time (in decades) between
the first epoch and each consecutive epoch.

the age-adjusted prevalence of some vascular
risk factors has decreased, the effect of specific
vascular risk factors (e.g., elevated blood pressure) on the risk of dementia appears to have
remained constant across epochs. However, we
observed a decreasing effect of cardiovascular
events and an increasing benefit of the use of
antihypertensive medications on the subsequent
risk of dementia during successive epochs. These
findings suggest that earlier diagnosis and more
effective treatment of stroke and heart disease
might have contributed to a lower incidence of
dementia, particularly vascular dementia, during
more recent epochs. This benefit seems to be
more pronounced among persons who have a
high school diploma, a finding that is consistent
with our observation that improvement in cardiovascular health was seen only among persons
with at least a high school education.
Since vascular risk factors increase the risk of
stroke and, in turn, a history of stroke increases
the risk of cognitive decline and dementia, we
examined the effect of adjustment for incident
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stroke on the risk of dementia; however, such an
adjustment did not appreciably diminish the
observed trends. Similarly, adjustment for the
Framingham Stroke Risk Profile score and its
components (including systolic blood pressure,
use of antihypertensive medications, diabetes
status, smoking status, atrial fibrillation, and
clinical cardiovascular events) did not explain
the decline, regardless of whether the data were
obtained at baseline or at midlife. Our observations do not rule out a role for vascular risk factors in explaining the observed trends, although
they emphasize the need to simultaneously search
for additional explanations.
In addition to changes in vascular risk factors,
temporal trends in the prevalence of neurodegenerative processes have also been documented.
A recent study from Switzerland that evaluated
1599 specimens of brain tissue obtained from
autopsies performed over the course of three
decades (1972–2006) from persons who were 65
years of age or older at death suggests a decline
in the age-adjusted burden of amyloid deposi-
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tion.28 This intriguing trend might be caused by
changes in education and vascular risk factors
that are similar to those we observed in the
Framingham Heart Study or could be due to
factors we could not consider, such as changes
in diet, physical activity, exposures to environmental toxins, or other unknown factors. The
Framingham Heart Study does not have brain
autopsy data from before 1995, and thus we are
unable to explore the contribution of trends in
amyloid burden to the observed risk of dementia
across epochs.
A strength of the Framingham Heart Study is
the long period of surveillance; dementia events
have been tracked since 1975 and continue to be
tracked to date. This permitted the assessment
of temporal trends over three decades in a single
cohort with carefully ascertained longitudinal
data on various vascular risk factors. The Framingham Heart Study–based risk estimates, which
are intermediate between the highest29 and lowest 30 national estimates, are considered to be
reliable and have been used by the Alzheimer’s
Association to educate the public on lifetime
risks.14,31 Although our diagnostic criteria for
dementia have evolved over time, we were able to
rereview all available records to retrospectively
apply consistent diagnostic criteria to the entire
30-year period, thus reducing the risk of bias
due to differences in diagnostic thresholds. Our
tracking system for dementia is as consistent
and accurate as possible in the setting of a longitudinal study, but we acknowledge that the awareness of dementia as a diagnostic entity has grown
over the past 15 years. However, any resulting
bias is likely to increase sensitivity for incident
dementia in more recent epochs and should create a bias against finding a declining trend. Although the increase in educational level could
have reduced the sensitivity of our multistep
protocol for dementia screening, we performed
complete neuropsychological assessments in a
large number of participants who met the MMSE
screening criteria and found no evidence that
our MMSE cutoffs, which were adjusted for educational level, were insensitive among participants with high levels of education (see Tables
S13 and S14 in the Supplementary Appendix).
One of the limitations of the Framingham
Heart Study is that the participants are overwhelmingly of European ancestry; therefore, our

n engl j med 374;6

findings would need to be replicated in groups
that include a larger number of participants of
other races and ethnic backgrounds. Furthermore, data were not available to examine the
effects of some putative risk factors for dementia, such as diet and physical activity, as possible
explanations for the observed temporal trends.
Also, we were unable to consider the burden of
subclinical vascular brain injury as a possible
explanation for the observed trends, since the
participants have undergone magnetic resonance
imaging of the head only since 1999.
Despite our observation of a declining trend
in the age-specific incidence of dementia and the
possible stabilization of dementia occurrence in
Western Europe,32 the worldwide burden of dementia will continue to increase rapidly as the
average life expectancy increases. This is especially true for the most economically vulnerable
persons, the most elderly persons in high-income
countries,33 and persons in low-to-middle-income
countries,34,35 where the average life expectancy
and the burden of vascular risk factors are increasing most rapidly.
In conclusion, although projections suggest
an exploding burden of dementia over the next
four decades owing to an increasing number of
older persons at risk,4,36 primary and secondary
prevention might be key to diminishing the
magnitude of this expected increase.37 Our study
offers cautious hope that some cases of dementia might be preventable or at least delayed.
However, it also emphasizes our incomplete
understanding of the observed temporal trend
and the need for further exploration of factors
that contribute to this decline in order to better
understand and possibly accelerate this beneficial trend.
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