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Evidence of secular changes in disability
and health has been sought as an indication of
the effects of disease prevention, health promo-
tion, and health care activities and as an aid to
social program planning.'v The life period of
55 through 70 years is particularly appealing for
examination of such secular changes, because
age-related increases in the prevalence of dis-
ability and morbidity begin to occur at this
time.5 These life years are also when people
usually retire, so disability and health data about
this period relate to an important social program
change: the increase in age for full Social Secu-
rity retirement benefits from 65 to 67 years.6

We examined evidence for secular change
in disability and health among people aged
55 to 70 years, using data from the Framing-
ham Heart Study (FHS). The FHS offers a
unique opportunity to investigate such
changes, since similar data from 2 cohorts,
representing 2 generations, are available. Fur-
ther advantages ofFHS data are the availabil-
ity of a measure of disability based on diffi-
culty in functioning rather than need for help
and of several measures of health, including
general health status, medically defined clini-
cal diseases, and health behaviors.

Since cardiovascular diseases have
accounted for a substantial proportion of dis-
ability,7 a contemporaneous decline in their
prevalence2'8 could account for any secular
decline in disability, assuming an unchanging
prevalence of disability in persons with and
without these diseases. Therefore, we also
examined evidence for secular change in dis-
ability and health status among FHS cohort
members with and without chronic diseases.
This has not been done in other studies.

Methods

This investigation compared individuals
aged 55 to 70 years from the original FHS

cohort with those in the same age range in the
offspring cohort. In the FHS, clinical data and
self-reported health and demographic data are
collected at regular intervals; disability data
have been collected at selected examinations.

Original Cohort

The FHS was started in 1948 as a pro-
spective investigation of cardiovascular dis-
ease. A total of 5209 residents of Framing-
ham, Mass (a town west of Boston) between
the ages of 30 and 62 were enrolled in the
study between 1948 and 1951.9 These resi-
dents constituted approximately one third of
the town's population and are the original
study cohort. Almost all subjects were
White. Further details about recruitment are
described elsewhere.9

Offspring Cohort

The second cohort, the Framingham
Offspring Study, consists of 3544 children of
parents from the original cohort and 1580
spouses of these offspring.9 The racial/ethnic
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Secular Change in Disability

characteristics of this sample are therefore
similar to those ofthe original cohort. In fam-
ilies where both parents were FHS partici-
pants (63% ofparticipants), all children were
contacted. Where 1 parent was a FHS partici-
pant, children of parents with coronary heart
disease or abnormal lipoprotein patterns were
preferentially recruited. All 5124 individuals
were enrolled between 1971 and 1978.

Definition and Construction ofVariables

The study variables were grouped under
the following headings: (1) disability, (2)
health, and (3) demographic characteristics.
Many of the same methods of measurement
were used in collecting data from both
cohorts. The wording of the self-report ques-
tions we used was identical to that ofthe orig-
inal study, except for the activities of daily
living items. Self-reported data were col-
lected by an interviewer in the original cohort
and by self-administration in the offspring
cohort.

Disability variables. Three components
of disability were measured. A physical activ-
ity component consisted of 9 activities devel-
oped by Nagi: pulling or pushing large
objects; stooping, kneeling, and crouching;
reaching above shoulder level; reaching
below shoulder level; handling small objects;
standing longer than 15 minutes; sitting for
an hour or more; lifting less than 10 pounds;
and lifting more than 10 pounds.10 Subjects'
difficulty in doing each function was indi-
cated as none, a little, some, a lot, unable to
do, or don't do under doctor's orders.

A gross motor component contained
3 Rosow-Breslau Functional Health Index
functions: walk one half mile, walk up and
down stairs to the second floor, and do heavy
work around the house.11 Subjects reported
whether they could or could not do these
activities without help. Finally, an activity of
daily living component consisted of bathing,
dressing, eating, and transferring functions
taken from the Katz activity of daily living
scale.12 Wording of the transfer item changed
from "bed to chair" in the original cohort to
"chair to standing" in the offspring cohort.
Wording of the response categories changed
from "no help, help from special equipment
or device, help from another person, or help
from both another person and special equip-
ment" in the original cohort to "no help
needed, device used, or human assistance
needed" in the offspring cohort.

Cumulative disability scales for each of
the disability components were constructed
by previously developed methods.'3 First,
responses to each activity were dichotomized
to unlimited (no difficulty or no human help
needed) vs limited (any amount ofdifficulty or

any human help needed). Next, scales consist-
ing ofall the items in a component were devel-
oped. Each scale was then dichotomized into
unlimited-that is, no limitation in any of the
activities-and limited categories.'3 Finally,
we defined 2 levels ofdisability on the basis of
previous work'3: (1) no limitation in any com-
ponent vs limitation in any component and (2)
no limitation or limitation in the physical
activity component only vs limitation in the
gross motor and/or activity of daily living
components.

Health variables: self-perceived health,
chronic diseases, and health behaviors. Self-
perceived health was the 4-unit rating of gen-
eral health status (excellent/good/fair/poor)
recognized as a good predictor of mortality
among the elderly."4 Using FHS protocols
described in the next paragraph, we ascer-
tained the prevalence ofeach ofthese chronic
diseases: cardiovascular diseases, including
myocardial infarction, angina pectoris, con-
gestive heart failure, stroke, and intermittent
claudication; hypertension; diabetes; chronic
obstructive pulmonary disease; and arthritis.
These diseases were selected because oftheir
association with disability in prior Framing-
ham investigations.'56 In addition, a variable
specifying chronic disease was constructed to
indicate presence of any of these diseases.

Cardiovascular diseases were character-
ized through standardized published criteria.
Such diseases were assigned a diagnosis and
date by a panel of 3 physicians. '7 Hyper-
tension was defined as systolic pressure of
140 mm Hg or higher, diastolic pressure of
90 mm Hg or higher, or current use of antihy-
pertension medication. Diabetes was defined
as a casual glucose level of 200 mg/dL or
higher in the original cohort, a fasting glucose
level of 140 mg/dL or higher in the offspring
cohort, or-in both cohorts-use of either
insulin or oral hypoglycemics. Clinically rele-
vant chronic obstructive pulmonary disease
was defined as a forced expiratory volume in
1 second (FEVy) ofless than 65% ofpredicted
value plus an FEVI-to-forced vital capacity
(FVC) ratio of less than 90% of predicted
value. Predicted values ofFEV, and FEV1-to-
FVC ratios were derived from sex-specific
regression equations relating each of these
variables to height and age among healthy
nonsmokers in the cohorts. Because there
were no clinical data on arthritis available, we
based the arthritis definition on the Framing-
ham examining physician's diagnosis. This
was definite arthritis in the original cohort and
definite degenerative joint disease or rheuma-
toid arthritis in the offspring cohort. Chart
review of diagnoses of arthritis in the original
cohort showed that over90% ofdefinite arthri-
tis consisted of degenerative joint disease or
rheumatoid arthritis.

The health behaviors were physical activ-
ity, weight, smoking, and alcohol intake. Phys-
ical activity scores were calculated from items
assessing amounts ofrest and activity in a typ-
ical day. These amounts were weighted to
reflect metabolic expenditure and summed.'8
Because physical activity data for the original
cohort were available only at the examination
conducted 4 years before the Disability Study,
we used physical activity data collected
4 years earlier for the offspring as well. Cur-
rent body mass index (BMI)-that is, weight
in kilograms divided by height in meters
squared-was used to assess secular change in
weight.

Questions about the number ofdrinks of
beer, wine, and liquor consumed per week
were used to calculate current intake of alco-
hol in grams. Daily alcohol intake was esti-
mated by the following formula: [(0.57 X
number ofcocktails per week)+(0.44 x num-
ber of beers per week)+ (0.40 x number of
glasses of wine per week)] x 28.35/7. Three
categories of alcohol intake were formed:
none, light to moderate, and high; US Depart-
ment ofAgriculture dietary guidelines, in
which light to moderate is no more than
2 drinks per day for men and no more than
1 drink per day for women, were used. Data
on current and past cigarette smoking were
used to categorize individuals as never, for-
mer, or current smokers.

Demographic characteristics. Demo-
graphic variables were age, sex, marital status,
education, and employment status. Marital and
employment statuses were dichotomized into
married or unmarried and employed or unem-
ployed. We divided educational attainment
into 2 categories: high school diploma or less
education, and education beyond high school.

Analysis

Full cohort sample comparisons were
conducted separately for men and women,
because there are differences by sex in disabil-
ity and health.'9 Since age is strongly associ-
ated with disability and health, differences in
age per sample were examined within each
sex group by the Student t test. Significant dif-
ferences in the ages of the cohort samples
were found for both sexes (Table 1), so in com-
parisons ofall other variables, the cohort effect
(an indicator variable) was examined by logis-
tic regression to adjust for age as a continuous
variable. The age distribution of the combined
cohort samples was used to calculate percent-
ages standardized by age.

To examine the extent of secular change
among persons with and without chronic dis-
eases, we formed 2 subgroups consisting of
persons with chronic diseases (n = 2375) and
without chronic diseases (n = 946). In each
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TABLE 1-Demographic Characteristics of Original Cohort vs Offspring Cohort, Aged 55-70 Years:The Framingham Heart Study

Men Women

Original Cohort Offspring Cohort Original Cohort Offspring Cohort
(n = 753) (n = 819) p (n = 1007) (n = 869) P

Mean age, y (SE) 63.1 (0.14) 61.9 (0.16) <.001 63.6 (0.12) 62.1 (0.15) <.001
Married,a % 89.8 87.0 0.1 64.3 71.3 .01
>High school, %
Educational attainmenta 29.4 48.5 <.001 30.6 42.5 <.001
Employed,ab % 65.3 56.5 <.001 38.9 43.8 0.1

aPercentages standardized by age.
bFull- and part-time employment.

TABLE 2-Disability Status of Original Cohort vs Offspring Cohort, Aged 55-70 Years: The Framingham Heart Study

Men (n = 1572) Women (n = 1876)

Original Offspring Original Offspring
Cohort Cohort Cohort Cohort
(n=753) (n=819) P (n=1007) (n=869) p

Limitation in at least 1 function,a % 52.4 36.1 <.001 71.6 53.6 <.001
Difficulty with at least 1 physical activity function,ab % 50.8 35.6 <.001 69.1 52.1 <.001
Help needed in at least 1 gross motor function,ac % 16.0 8.8 <.001 29.2 17.2 <.001
Help needed in at least 1 activity of daily living function,ad% 1.3 0.5 .17 1.0 1.1 .86

subgroup, we used logistic regression to com-
pare outcomes between cohorts, adjusting for
both age and sex. The joint distribution of age
and sex in the subgroups was used to calculate
percentages standardized by age and sex.

Because of the known drop in cardiovascular
diseases and the importance of these diseases
in causing disability, we examined cohort dif-
ferences in the subset of persons with cardio-
vascular diseases (n = 466), using the same

methods.

Results

An initial Framingham Disability Study
was conducted among members of the origi-
nal cohort between 1976 and 1978; 75% of
living members attended this study.20 Of
these living members, 1760 were aged 55
through 70 years, and they constituted the
older generation sample. The median birth
year of this sample was 1914.

Disability data like those in the Fram-
ingham Disability Study were collected dur-
ing offspring examination 5; 81% of living
members attended this cycle. Of these living
members, 1688 were aged 55 through 70 years,
and they constituted the younger generation
sample. The median birth year of this sample
was 1931.

In the original cohort sample, the mean
age of the men (n = 753) was 63 years, com-

pared with a mean age of 62 years (P < .001)
among the offspring men (n = 819) (Table 1).
A small age difference existed for women also
(mean age 64 years among 1007 original
cohort women and 62 years among 869 off-
spring women; P<.001). More offspring
women were married than original cohort
women, while the rates were approximately
the same among men. The proportions of off-
spring men and women who had attained edu-
cation beyond high school were higher than

those in the original cohort. Fewer offspring
men (57%) were employed than men in the
original cohort (65%; P<.001), whereas a

modestly higher percentage of offspring
women (44%) were employed compared with
original cohort women (39%; P= .10).

Overall, there was substantially less dis-
ability among the offspring cohort than the
original cohort (Table 2). Fewer offspring sub-
jects than original subjects were limited in 1 or

more of the disability components (men, 36%
vs 52% [P<.001]; women, 54% vs 72%
[P<.001]). Secular improvements were also
found at the more severe level of disability,
that is, limitation in 2 or more components:
7% for offspring men vs 12% for original
cohort men (P= .001) and 15% for offspring
women vs 26% for original cohort women

(P= .001) (data not shown). Among the 3 dis-
ability components, similar declines were seen

in the physical activity and gross motor com-

ponents (Table 2). Litfle difference was seen in
the activity of daily living component, but the
proportions of subjects needing help in these
functions were small.

There were also indications of improved
health among the offspring subjects (Table 3).
Fewer offspring subjects perceived their health
as fair or poor thanin the original cohort (men,
10% vs 15% [P=.01]; women, 9% vs 15%
[P= .001]). The rates of cardiovascular disease,
hypertension, chronic obstructive pulmonary
disease, and arthritis were lower in both off-
spring sex groups (Table 3). In contrast, more
offspring subjects had diabetes than did original
cohort members. Persons in the offspring sam-

ple were more physically active than those in
the original cohort sample (Table 4); this was
true for both sexes, but especially so for women.
Other indications of health behavior improve-
ment were lower current smoking rates (men,
15% vs 31% [P<.001]; women, 17% vs 34%
[P<.001]) and lower rates of higher than rec-

ommended alcohol intake (men, 20% vs 31%
[P<.001]; women, 15% vs 20% [P=.004]).
Offsetting these favorable changes was an

increased mean BMI among offspring mem-
bers ofboth sexes (men, 28.2 vs 27.2 [P<.001];
women, 27.3 vs 26.5 [P< .001]).

1680 American Journal of Public Health

aAII percentages standardized by age; limitation is difficulty or need of help.
bNagi activities; i.e., pushing, stooping, reaching, writing, standing, sitting, and lifting.
cRosow-Breslau activities; i.e., heavy household work, walking up and down stairs, and walking one half mile.
dKatz activities; i.e., bathing, dressing, eating, and transferring.
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Overall, the proportions of offspring
members having any of the chronic diseases
were lower than those of members of the
original cohort (men, 69% vs 74% [P= .04];
women, 68% vs 77% [P =.001]). There was

less disability in the offspring cohort than in
the original cohort among persons with and
without these chronic diseases (Table 5).
Fifty-one percent of offspring subjects with
chronic disease, vs 66% of the original
cohort, were limited in 1 or more disability
components (P <.001). This difference was

even more substantial in the subset of per-
sons with cardiovascular diseases (51% of
the offspring cohort vs 79% of the original
cohort) (data not shown). Secular improve-
ments in self-perceived health and in physi-
cal activity, smoking, and alcohol intake
were also seen in the subgroup with chronic
diseases. In the subgroup without chronic
diseases, the proportion of offspring mem-
bers viewing their health as fair or poor was

only modestly lower, but the same secular
improvements in health behaviors were evi-
dent. Weight increased in the offspring
cohort in both subgroups.

Discussion

We found evidence of secular improve-
ment in disability and health in men and
women aged 55 through 70 years, the life
period when health typically begins to decline
and disability increases.5Members of the FHS
offspring cohort who were in this life period in
1994 reported less difficulty in doing physical
activities and less need for help in canrying out
gross motor functions than did similarly aged
members ofthe original cohort in 1977. Small
numbers of persons in both cohorts needed
help with activity ofdaily living functions, and
there was little evidence of secular improve-
ment in this type of disability. Other studies

have not reported consistent secular trends in
activity ofdaily living functioning.214

Declines in the prevalence of disability
among persons 65 years and older have been
reported in studies using data from the 1982-
1994 National Long-Term Care Survey (NLTCS)
and the 1984-1993 Survey of Income and Pro-
gram Participation (SIPP).2273 In the SIPP data,
the decline in disability was less evident among
persons aged 50 to 64 years.23 Our finding ofa
substantial decline in disability in the 55-to-
70-year age group differs from SIPP data
because of a different age period definition
and because ofthe longer time gap in our study.

Some of the decline in disability that we
found can be explained by the lower prevalence
of chronic diseases-especially cardiovascular
disease, hypertension, and chronic obstructive
pulmonary disease-in the offspring sample.
Similar declines have been reported in other
studies.4'174 The significant decline in arthritis
among women that we found was also seen in
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TABLE 3-Health Status of Original Cohort vs Offspring Cohort, Aged 55-70 Years: The Framingham Heart Study

Men (n = 1572) Women (n = 1876)

Original Offspring Original Offspring
Cohort Cohort Cohort Cohort

(n = 753) (n = 819) P (n = 1007) (n = 869) P

Fair or poor health perception,a % 14.6 9.6 .01 14.8 9.3 .001

Chronic disease,a % 73.6 68.9 .04 76.8 67.9 <.001
Cardiovascular diseasesb 19.9 13.7 .001 12.8 8.3 .003
Hypertension 58.0 50.5 .004 59.6 46.6 <.001
Diabetes 7.6 11.8 .02 4.5 7.5 .01
Chronic obstructive pulmonary diseasec 9.9 6.7 .01 6.3 4.9 .21
Arthritis 15.7 14.4 .69 34.3 26.2 <.001

'All percentages standardized by age.
bIncludes myocardial infarction, angina, congestive heart failure, stroke, and intermittent claudication.
cClinically relevant disease; i.e., forced expiratory volume in 1 second (FEV,) of less than 65% of predicted value plus an FEV1-to-forced vital
capacity (FVC) ratio of less than 90% of predicted value.

TABLE 4-Health Behaviors of Original Cohort vs Offspring Cohort, Aged 55-70 Years: The Framingham Heart Study

Men (n = 1572) Women (n = 1876)

Original Offspring Original Offspring
Cohort Cohort Cohort Cohort
(n=753) (n=819) p (n=1007) (n=869) p

Physical activity index, mean (SE) 35.8 (0.23) 37.4 (0.22) <.001 33.2 (0.20) 36.4 (0.22) <.001

Body mass index, mean (SE) 27.2 (0.17) 28.2 (0.16) <.001 26.5 (0.15) 27.3 (0.16) <.001

Smokinga
Never smoked, % 26.9 28.8 .55 43.0 43.5 .97
Former smoker, % 41.9 56.3 <.001 23.3 39.5 <.001
Current smoker, % 31.2 15.0 <.001 33.7 17.0 <.001

Alcohol intake
None, % 24.9 28.4 .18 43.7 40.8 .31
Light to moderate,b % 44.3 51.2 .005 36.9 44.7 .001
Heavy, % 30.8 20.4 <.001 19.5 14.5 .004

'Cigarettes.
bMen up to 2 drinks per day; women up to 1 drink per day.
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self-reported arthritis data from the National
Health Interview Survey4 and in data on both
sexes from the NLTCS.24 However, the validity of
self-reported arthritis is poor,25 and although in
our study we used physician diagnosis, the
decrease could be due to change in diagnostic
criteria for arthritis. The partial change in the
definition of diabetes could explain the increase
in the prevalence ofdiabetes, although small sec-

ular increases have been reported in other stud-
ies.4'24 The decline in the numbers of persons
reporting their health as fair or poor provides
additional evidence of improved health in the
offspring generation.

The lower rates of many of the chronic
diseases suggest that disease prevention
efforts, including promotion of increased
physical activity and decreased smoking and
alcohol intake, have had an effect.2 Increas-
ing weight, found in national samples as

well,26 continues to be a problem. The secular
improvements in disability and health found
in persons with chronic diseases, especially
cardiovascular disease, suggest that disease
interventions have also had an important ben-
eficial effect." 2 Both health promotion and
intervention efforts were probably enhanced
by the higher educational attainment of the
offspring generation.

Evidence of secular improvement in the
physical activity component of disability is
especially relevant to the life period when
retirement usually occurs, as limitation in
these activities identifies work-disabled indi-
viduals.27 For Social Security retirement age
considerations, the physical work capacity of
the offspring generation is improved com-

pared with that of their predecessors. How-
ever, offspring men were less likely to be
employed than men in the original cohort. A
gradual decline in employment among men

aged 55 to 65 has occurred since 1970,28
probably in relation to a decline in the manu-
facturing segment of the economy.29 Fram-
ingham has experienced a loss ofmajor man-
ufacturing employers.30

While the original cohort was a popula-
tion-based sample of a community, approxi-
mately 30% of the offspring of the cohort
members were not enrolled in the study.9
Because of the recruitment strategy used,
some offspring not enrolled might be at lower
risk for cardiovascular disease, thus creating
a bias against finding less disability in the
offspring sample. Two characteristics of off-
spring enrollees, though, suggest that they are

a representative sample of original cohort
offspring and of White US citizens in their
age range. Their cholesterol and lipopro-
tein(a) levels are similar to the levels of
White subjects of the National Health and
Nutrition Epidemiology Study of the same

age and sex,3",32 and the proportions of FHS
offspring who were current cigarette smokers
are similar to those in the National Health
Interview Survey (15% vs 18% for men,
17% vs 15% for women).33

One advantage ofusing FHS data sets is
that they contain high-quality disability and
morbidity measures. The measures of disabil-
ity used in most national surveys-need for
help, for example-may be influenced by
changes in programs or in social or physical
environments, so findings from these mea-

sures may not reflect change in health." 4'34

The physical activity items in the FHS ask
about amount of difficulty in doing an activ-
ity, a measure less apt to be influenced by
external changes. MostUS population data on
the prevalence of diseases are based on self-
report and therefore are subject to problems
in self-recognition and external changes.4

Most FHS diagnoses are based on medical
criteria.

Another important FHS advantage is
that, with the exception of the activity of
daily living items, the wording of self-report
questions was identical in both cohorts;
changes in wording have been shown to
influence disability rates.35 Although self-
report data were collected by an interviewer
in the original cohort and by self-adminis-
tration among offspring, several studies
have shown that self-administration pro-

duces higher rates of disability,3537 so a bias
favoring greater disability among offspring
members existed. A possible limitation to
the examination of any self-reported data
for secular change is that the social accept-
ability of answers may change; offspring
members may have found it less acceptable
to acknowledge limitation than members of
the original cohort.

That almost all persons in the FHS cohorts
are White suggests that the secular changes
we found were not due to racial/ethnic differ-
ences. Using subjects from the same families
limits any biological heterogeneity that could
account for our findings. However, these
findings cannot be generalized to other racial
or ethnic groups. Although overall level of
disability among some of these groups is
likely to be higher,38 in a recent report39 there

was evidence of a secular decline in disability
among Black elders in the NLTCS. One rea-

son Framingham was selected for a heart
study was its heterogeneity in social class. In
our samples, 25% of the original cohort and
30% ofthe offspring cohort held professional,
executive, supervisory, or technical positions,
and the remaining members held clerical,
sales, craftsmen, operative, service, or labor
positions or were housewives.
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TABLE 5-Original Cohort vs Offspring Cohort Subgroups, Aged 55-70 Years, With and Without Chronic Diseasesa: The
Framingham Heart Study

With Chronic Diseases Without Chronic Diseases

Original Offspring Original Offspring
Cohort Cohort Cohort Cohort

(n = 1318) (n = 1057) (n = 407) (n = 539)
(75.4%) (66.2%) p (24.6%) (33.8%) P

Limitation in at least 1 function,b % 65.5 50.5 <.001 55.1 35.3 <.001
Difficulty in at least 1 physical activity function,bc % 62.9 49.1 <.001 54.5 34.8 <001
Help needed in at least 1 gross motor function,bd % 27.5 16.2 <.001 9.9 5.6 .02
Help needed in at least 1 activity of daily living function,be % 1.31.0 .47 0.6 0.0 1.0
Fair/poor health perception,b % 17.5 11.8 <.001 5.4 3.8 0.9
Employed,b % 46.4 46.2 .69 62.8 57.7 .05

aCardiovascular diseases, hypertension, diabetes, chronic obstructive pulmonary disease, and arthritis.
bAll percentages standardized by age and sex; limitation is difficulty or need for help.
'Nagi activities; i.e., pushing, stooping, reaching, writing, standing, sitting, and lifting.
dRosow-Breslau activities; i.e., heavy household work, walking up and down stairs, and walking one half mile.
eKatz activities; i.e., bathing, dressing, eating, and transferring.
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In conclusion, members of the FHS off-
spring cohort who were aged 55 to 70 years
in 1994 were substantially less disabled than
similarly aged members of the original cohort
who were bom approximately 17 years earlier.
We found a striking secular decline in dis-
ability among persons with chronic diseases.
Our findings depict a secular change toward
a less disabled and globally healthier popula-
tion in the life period when retirement gener-
ally occurs. Z
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