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Summary

To determine whether medication use differs by cognitive status among community dwelling elderly, a survey
was made of a stratified random sample of 4110 black and white participants, aged 65 or older from the Duke
Established Populations for Epidemiologic Studies of the Elderly in five adjacent urban and rural counties in the
Piedmont area of North Carolina.

Main outcome measures were usage of prescription medications, non-prescription medications, and medicines
within therapeutic classes in the previous 2 weeks as determined during an in-home interview; and total number
of prescription and non-prescription medications used in the previous 2 weeks. Multivariate analyses, using
weighted data adjusted for sampling design, were conducted to assess the association between drug use patterns
and cognitive status, as assessed by the Short Portable Mental Status Questionnaire, while adjusting for
demographic, health status, and access to health care factors.

Participants with cognitive impairment (13.7% of sample) were less likely to use any prescription medications
(Adjusted OR = 0.66, 95% CI = 0.48-0.90) or any non-prescription medications (Adjusted OR = 0.71, 95%
CI = 0.56-0.89) than cognitively intact subjects. Both groups took a similar number of prescription and
non-prescription medications. Those who were cognitively impaired were less likely to take analgesics (Adjusted
OR = 0.66, 95% CI = 0.52-0.83), but were more likely to take central nervous system drugs (Adjusted
OR = 1.55, 95% CI 1.18-2.04) than those who were cognitively intact.

We conclude that drug use patterns by community-dwelling elderly people differ with cognitive status. Future
research needs to examine medication use by specific causes of cognitive impairment.

Introduction
Elderly people are substantial consumers of medica-
tions [1—7]. Community-based surveys reveal that they
take an average of 2.7 to 3.9 prescription and non-
prescription medications [3, 5-7]. While medications
can be beneficial in palliation and treatment of disease,
there is concern that elderly people are more prone to
drug-related problems such as inappropriate prescrib-
ing, and adverse drug reactions [1, 8—10]. Health
professionals, if knowledgeable about those factors
associated with medication use patterns, can be more
vigilant in their efforts to provide optimal pharma-
cotherapy for their elderly patients.

A number of factors are associated with increased
drug use including advanced age, female sex, white
race, poor health status and access to health care [1, 4,
7]. The association of cognitive impairment with drug

use by elderly people has not been thoroughly
investigated. The few relevant published studies have
focused primarily on people with cognitive impairment
due to dementia, and were either limited to the use of
medications by a select group of patients [11, 12] or
failed to include an adequate control group for
comparison [13].

There are several reasons why examination of the
association between medication use patterns and
cognitive impairment may be important. First, cogni-
tive impairment is disabling, stressful to family and
caregivers, costly, and common in the elderly popula-
tion [14]. Among community-dwelling participants in
the Epidemiologic Catchment Area Program, severe
cognitive impairment was found in 4.9% of persons
over the age of 65, and in 15% in those 85 and older [15].
Second, among known risk factors for cognitive
impairment, one of the most common is medication

 by guest on June 21, 2016
http://ageing.oxfordjournals.org/

D
ow

nloaded from
 

http://ageing.oxfordjournals.org/


DRUG USE BY COGNITIVELY IMPAIRED ELDERLY PEOPLE 191

[14, 16-20]. Finally, there is concern that cognitively
impaired individuals may be under- or over-medicated.
Under-utilization of medications is of concern since
those who are cognitively impaired may be less able to
report symptoms that would lead to appropriate
therapy. Moreover, appropriate therapy may not be
initiated because physicians may be influenced by the
knowledge that the patient is cognitively impaired.
Over-utilization of medications by cognitively impaired
elderly people is of concern owing to the risks
associated with inappropriate prescribing and adverse
drug reactions [10, 21-23].

Given these issues and the growing number of drugs
under investigation for the treatment of dementia
[24—26], documentation of the prescribing and self-
medication patterns of cognitively impaired elderly
people is needed to guide health policy and future
clinical research. The purpose of this study was to
determine whether drug use by community-dwelling
elderly people differs with cognitive status. Specifically,
we examined the use and total number of prescription,
and non-prescription medications, and the use of
medicines within therapeutic classes among cognitively
impaired and intact elderly people.

Methods
Sample: The data used are from the in-home baseline survey
(1986-87) of the Duke site of the Established Populations for
Epidemiological Studies of the Elderly (EPESE). Details on
the Duke EPESE study design and methodology are
presented elsewhere [27]. Briefly, the Duke EPESE is a
stratified probability household sample comprising 4162
participants who are representative of the approximately
28 000 persons over the age of 65 living in five adjacent
counties in the Piedmont area of North Carolina. One county
is urban and four are predominantly rural; 35% of the area
population are black, 64% white and 1% of other races. This
study was approved by the Duke University Medical Center
Institutional Review Board and informed consent was
obtained from each participant prior to data collection.

Data collection: Data were collected by trained interviewers
who used a comprehensive structured questionnaire during
in-person interviews to obtain information on various aspects
of the participants' physical, mental and social health and use
of health services [27]. To minimize potential problems with
under-reporting, for participants too ill or unable to provide
usable information, an appropriate proxy (i.e. the person most
familiar with the participant) was asked to provide informa-
tion. Participants were asked whether, during the previous 2
weeks, they had taken any medicines prescribed by a doctor,
or any others obtained from a store [3, 4], and if so, to show
the interviewer all these medications. The interviewer
recorded the drug name, dosage form, and the number of
dosage forms the respondent reported taking the previous
day. In addition, for prescription drugs, the interviewer
recorded from the label, the drug strength, whether the
participant's name was on the label, and whether the medicine
was prescribed to be taken regularly or as needed.

Medication data entry and management: All information was
edited for accuracy and consistency before computer entry.
Prescription drug data were coded using an updated and
modified version of the Drug Product Information Coding
System [28], and for non-prescription drugs the Iowa

Non-prescription Drug Product Information Coding
System was used [5]. These data were entered using a locally
developed computerized program [3]. The unique numeric
generic code assigned to each drug during data entry was
matched with a therapeutic category code. This therapeutic
category code allowed drugs to be assigned to one of 15 major
therapeutic classes and 75 subclasses [3, 5], that are based
upon an expanded version of the American Hospital
Formulary Services format [29]. Reliability of the drug use
data entry system was assessed by re-entering a random 5%
sample of participants, and was found to be highly satisfactory
with an error rate of 1.6% (95% CI, 0.7%-2.6%).

Outcome measures: We examined several dependent vari-
ables. We created a dichotomous variable (1 = yes, 0 = no) to
indicate any use or no use of: (1) prescription medications, (2)
non-prescription medications, and (3) medicines within each
of the major therapeutic classes and selected subclasses. We
also created quantitative variables to indicate the total number
of prescription and non-prescription medications used.

Independent variables: The primary independent variable
was cognitive status as assessed by the ten-item, Short
Portable Mental Status Questionnaire (SPMSQ) with scoring
adjusted for race and education [30]. Participants were
divided into two groups: cognitively impaired and cognitively
intact, based on standard cut-off scores adjusted for education
and race [30]. Specifically, for those with grade school
education, whites with four or more and blacks with five or
more errors were categorized as being cognitively impaired.
Whites and blacks with any high school education are
permitted one less error and those with more than high
school education are permitted two fewer errors.

We adjusted for important covariates that may influence
the relationship between cognitive status and drug use [1, 4, 7,
14]. Demographic factors were represented by dichotomous
variables (1 = yes, 0 = no) for race, sex, and place of residence
(i.e. whether living in an urban or rural area as defined by
U.S. Bureau of the Census), and by quantitative variables for
age and education in years. Health status factors were
represented by quantitative variables that included a modified
(three-item) version of the Rosow-Breslau scale [31], and a
health index measure (higher score = poorer health) based on
physician-assessed medical impact of five self-reported
chronic conditions (heart problems, hypertension, diabetes,
stroke, and cancer) [4]. Access to health care was represented
by dichotomous variables (1 = yes, 0 = no) for participants'
Medicaid coverage status, hospitalization in the previous
year, and continuity of care (i.e. whether the same physician
was usually seen when going for care), and a quantitative
variable that measured the number of health care visits in the
12 months prior to the interview.

Statistical analysis: For purposes of analysis, all data were
weighted to adjust for the sampling design and to allow
inference to the five-county area. The analysis proceeded in
three phases. In the first phase, the data were summarized by
percentages for all covariates and those who were cognitively
impaired were compared using the x statistic with those who
were cognitively intact [32].

In the second phase, bivariate analyses were conducted
using \ and t tests to estimate the effects of cognitive status
on the dichotomous and quantitative drug usage measures
[32]. Then, multivariate analyses, adjusting for covariates,
were conducted using logistic regression to estimate the
effects of the independent variables on dichotomous drug
usage measures, and ordinary least squares (OLS) regression
for the quantitative drug usage measures [33]. No covariates
had more than 4.2% missing data. For the multi\ariate
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analyses, missing values were replaced with regression-
predicted imputed scores generated using the BMDP AM
procedure [34]. Final models were fitted to estimate the effect
of cognitive status on medication usage controlling for all the
demographic variables and statistically important health
status and access to health care variables. Final models were
derived in stages. In the first stage, health status and access to
health care variables were entered into regression models as a
group of variables independent of each other. In the second
stage, the significant (p < 0.05) health status and access to
health care variables were retained and entered simul-
taneously into regression models that included cognitive
status and the demographic variables. All of the above-
mentioned analyses were conducted using SAS® software
[35].

In the final phase of analyses, because the Duke EPESE
data are based on a complex, stratified survey design, we
retested the significance of our final multivariate regression
models using SUDAAN, a specialized software program
developed for the analysis of complex sampling designs and
which adjusts for the effects of clustering and stratification
[36]. Significance tests reported for the multivariate models
were also adjusted to reflect the number of non-missing cases
prior to imputation.

Results
Table I shows the descriptive characteristics of the
participants by cognitive status. Fifty-two participants
(1.2%) with missing data on cognitive status were
excluded, leaving a sample of 4110 participants of
whom 139 (3.4%) had proxy informants. All but one of
the 139 proxy interviews were for those participants
subsequently determined to be cognitively impaired.
Cognitive impairment, as assessed by the SPMSQ, was
found for 13.7% of the total sample. Assessment of
group differences provided evidence (p < 0.05) that
those who were cognitively impaired were older, less
educated, more functionally impaired, had greater
chronic disease burden, were more likely to have
many health visits, be hospitalized in the past year
and be receiving Medicaid.

The majority of participants reported the use of one
or more prescription drugs. Bivariate analyses revealed
that the use of prescription drugs was similar for both
cognitively impaired and intact participants (74.8 vs.
75.2%, respectively; X

2 = 0.03; df = 1; p = 0.88). Table
II presents the multivariate analyses on the prevalence
of prescription drug use by cognitive status. After
controlling for important covariates, those who were
cognitively impaired were 34% less likely to use
prescription drugs than those who were cognitively
intact. Covariates found to be positively associated
(p < 0.05) with prescription drug use included being
female, an urban resident, having one or more func-
tional limitations, poorer health, one or more health
visits in the previous year and seeing the same physician
at health visits. Bivariate analyses revealed that mean
prescription drug use was greater among those who
were cognitively impaired than among those who
were intact (2.60±0.10 vs. 2.17 ±0.04, respectively;
t = 4.31; df = 1; p < 0.001). Table II also presents the

Table I. Descriptive characteristics of participants by
cognitive status

Variable

Demographic factors
Age (years)

<75
75-84
85 +

Black race
Female sex
Education (years)

< 8
8-11
12 +

Urban residence

Health status factors
Functional status
^ 1 limitation
Chronic disease status

low
medium
high

Cognitively
impaired
(n = 564)f
(%)*

36.5
41.8
21.7
36.1
66.2

42.6
27.8
28.8
53.7

71.0

38.0
20.7
41.3

Access to health care factors
Health visits (no.)

0
1-4
5 +

20.9
43.4
35.7

Hospitalized in past year 24.2
On Medicaid
Continuity of care

10.2
82.2

Cognitively
intact
(n = 3546)f
(%»

66.7
28.6
4.7

35.5
61.8

35.2
36.1
28.8
57.2

41.4

39.3
26.9
33.7

18.8
49.9
31.3
16.0
5.0

85.2

p Value*

< 0.001

0.78
0.05

< 0.001

0.12

< 0.001

< 0.001

0.02

< 0.001
< 0.001

0.07

• Comparison of groups using bivariate x test.
f Unweighted.
% Weighted, may not add up to 100% owing to rounding.

multivariate analyses on the number of prescription
drugs used by cognitive status. There were no
differences (p > 0.05) between cognitive status groups
in the total number of prescription drugs taken after
controlling for other factors. Covariates found to be
inversely associated with the total number of prescrip-
tion drugs taken (p < 0.05) included being older, and
black, whereas being female, an urban resident, having
one or more functional limitations, poorer health, one
or more health visits in the previous year, being
hospitalized in the previous year and seeing the same
physician at health visits were positively associated with
the total number of prescription drugs.

Those who were cognitively impaired were less likely
to use any non-prescription drugs than those who were
cognitively intact (68.0 vs 73.3%, respectively;
X2 = 7.02; df = 1; p < 0.01). Table III presents the
multivariate analyses on the prevalence of non-
prescription drug use by cognitive status and reveals
that, after adjusting for other factors, those who were
cognitively impaired were 29% less likely to be
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Table II. Multivariate analyses of prescription drug use by cognitive status

Variable

Cognitively impaired
Age (years)
Black race
Female sex
Education (years)
Urban residence
Functional status
Limitations (no.)
Chronic disease status
Health visits (no.)
Hospitalized in past year
Continuity of care

Any use

Odds rato

0.66
1.01
0.86
1.51
1.01
1.40
1.42

1.88
1.33
-
3.40

95% CI

0.48, 0.90*
0.99, 1.02
0.70, 1.05
1.23, 1.84*
0.97, 1.03
1.13, 1.74*
1.27, 1.59*

1.67,2.13*
1.26, 1.40*
-
2.67, 4.34*

No. drugs

b coefficient

-0.02
-0.02
-0.33

0.21
0.01
0.18
0.50

0.49
0.12
0.45
0.69

95% CI

-0.20,
-0.03,
-0.46,

0.08,
-0.01,

0.04,
0.43,

0.42,
0.11,
0.25,
0.54,

0.16
-0.01*
-0.20*
0.35*
0.02
0.31*
0.58*

0.56*
0.14*
0.65*
0.85*

•p<0.05 .

non-prescription medication users than cognitively
intact elderly people. Another covariate found to be
inversely associated (p < 0.05) with the total number of
non-prescription drugs was being black, whereas being
female, having one or more functional limitations,
poorer health, and one or more health visits in the
previous year were positively associated with the total
number of non-prescription drugs. Bivariate analyses
revealed that those who were cognitively impaired took
a similar mean number of non-prescription medications
to those who were cognitively intact (1.27 ±0.05 vs.
1.32 ±0.02, respectively; f = 0.83; d f = l ; p = 0.23).
Table III also presents the multivariate analyses on the
number of non-prescription drugs used by the cogni-
tive status groups. There were no differences (p > 0.05)
with cognitive status in the total number of non-
prescription drugs taken after controlling for other
factors. Covariates that were positively associated
(p < 0.05) with number of non-prescription drugs

included being female, an urban resident, having one
or more functional limitations, poorer health, and one
or more health visits in the previous year, whereas
being black was inversely associated (p < 0.05) with the
total number of non-prescription drugs.

Table IV reports the percentage of people taking
either a prescription or non-prescription drug in any of
the 15 major therapeutic drug classes by cognitive
status. Bivariate analyses indicate that participants who
were cognitively impaired were less likely (p < 0.05) to
take analgesics and more likely (p < 0.05) to take
central nervous system and nutritional supplements
than those who were intact. However, after controlling
for other factors, this association did not hold for
nutritional supplements (Adjusted OR = 1.23, 95% CI
0.95-1.59) but did for analgesics (Adjusted OR = 0.66,
95% CI 0.52-0.83) and central nervous system (CNS)
medications (Adjusted OR = 1.55, 95% CI 1.18-2.04).

Table V presents the bivariate analyses on the

Table III. Multivariate analyses of non-prescription drug use by cognitive status

I

Variable <

Cognitively impaired 1
Age (years) 1
Black race 1
Female sex
Education (years)
Urban residence
Functional status
Limitations (no.)
Chronic disease status
Health visits (no.)

\ny use

Ddds ratio

).71
).99
).62
.53
.02
.11
.13

.15

.03

95% CI

0.56, 0.89*
0.98, 1.01
0.53, 0.72*
1.28, 1.83*
0.99, 1.04
0.93, 1.32
1.03, 1.24*

1.05, 1.27*
1.01, 1.05*

No. drugs

b coefficient

-0.09
-0.01
-0.29

0.27
0.01
0.19
0.07

0.07
0.02

95% CI

-0.22, 0.04
-0.02, 0.01
-0.38, -0.20*

0.18, 0.36*
-0.01,0.02

0.10, 0.28#

0.03,0.12*

0.02,0.12*
0.01,0.03*

>p<0.05.
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Table IV. Prevalence of therapeutic drug class use by
cognitive status

Table V. Prevalence of CNS and analgesic subclass use by
cognitive status

Therapeutic
class

1. Cardiovascular
2. Analgesic
3. Central nervous

system
4. Nutritional
5. Gastro-intestinal
6. Endocrine/

metabolic
7. Respiratory
8. Antibiotic
9. Ophthalmic

10. Unidentified
11. Dermatological
12. Lipid lowering
13. Miscellaneous
14. Urinary
15. Otic

Cognitively
impaired
(n = 564)
Any use
(%)

57
55
32

29
28
21

17
9
6
3
2
2
2
1
0

Cognitively
intact
(n = 3546)
Any use
(%)

54
61
20

23
27
24

16
7
5
3
2

<1
3
1

<1

p Value*

0.223
&.005

< 0.001

0.001
0.824
0.115

0.758
0.065
0.474
0.626
0.727

< 0.001
0.076
0.831
0.396

Therapeutic
class

Analgesic
NSAIDs
Acetaminophen

(paracetamol)
Narcotics
Miscellaneous
CNS
Benzodiazepines
Antidepressants
Anti-emetics
Anticonvulsants
Neuroleptics
Sedative/hypnotics
Antiparkinson
Miscellaneous

Cognitively
impaired
(n = 564)
Any use
(%)

43.3
15.6

6.0
0.5

11.7
7.0
6.8
5.7
5.7
1.8
1.8
0.7

Cognitively
intact
(n = 3546)
Any use
(%)

50.8
14.8

4.4
0.6

11.8
3.2
2.8
1.8
1.1
1.5
0.6
1.2

• Comparison of groups using bivariate x test.

p Value*

0.001
0.649

0.087
0.917

0.907
< 0.001
< 0.001
< 0.001
< 0.001
< 0.001

0.003
0.283

• Comparison of groups using bivariate x2 test.

proportion of people taking a medication in any one of
the analgesic or CNS subclasses by cognitive status.
The most commonly used analgesic subclass was
nonsteroidal anti-inflammatory drugs (NSAIDs)
which were less likely (p < 0.05) to be taken by those
who were cognitively impaired than by those who were
intact. Use of other analgesic subclasses was similar
(p > 0.05) for both groups. The most commonly used
CNS subclass was benzodiazepines and their use and
the use of miscellaneous CNS drugs was similar
(p > 0.05) for the two groups. Those who were
cognitively impaired were more likely (p < 0.05) to
take antidepressants, anti-emetics, anticonvulsants,
neuroleptics, other sedative/hypnotics, and antiparkin-
son drugs than those who were cognitively intact.
These CNS subclasses were further collapsed into
either psychotropic (i.e. benzodiazepines, anti-
depressants, neuroleptics, sedative/hypnotics) or non-
psychotropic CNS medications. Bivariate analyses
revealed that those who were cognitively impaired
were more likely than cognitively intact individuals to
take both psychotropic (22% vs. 16%, respectively;
X2 = 12.15; df = 1; p < 0.001) and non-psychotropic
CNS medications (14.6% vs. 6.2%, respectively;
X2 = 51.07; df = 1; p < 0.001).

Discussion
This is one of the first studies to describe drug use
patterns among cognitively impaired community-
dwelling elderly people. We found that after controlling

for potential confounders, cognitively impaired
individuals were less likely to be users of prescription
or over-the-counter medications than those who were
cognitively intact. The lower utilization of prescription
drugs is of potential concern since it may represent
underuse of medications, as those who were cognitively
impaired should have had at least as great a need given
their greater chronic disease burden and poorer
functional status. There are several possible explana-
tions for this finding. It is possible that this group's
greater need was not adequately recognized by their
physicians. Alternatively, this group's greater need may
have been recognized by physicians, but appropriate
therapy was not initiated because doctors were influ-
enced by the knowledge that the patient was cognitively
impaired. Standard medical practice should include,
when feasible, treatment of health conditions that may
improve functional status and quality of life regardless
of cognitive function. The importance of the lower
utilization of non-prescription drugs by the cognitively
impaired is less clear. This finding may be related to
their impaired cognitive and functional status and
corresponding inability to purchase these products.
Moreover, care-givers may not recognize an impaired
elderly person's need for help.

We found that those who were cognitively impaired
were less likely to take analgesic medications, specifi-
cally NSAIDs, than those who were cognitively intact.
This agrees with the study by Kumar et al. for dementia
patients and the findings by Wolf-Klein et al. in a study
that compared patients with normal and impaired
mental status [11, 12]. There are several possible
interpretations of these findings. Participants with
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cognitive impairment may not be able to express pain
symptoms in an interpretable fashion [37]. Alterna-
tively, the higher use of analgesics by those who were
cognitively intact may represent a protective effect of
certain diseases or the medications used to treat them.
For example, a lower than expected prevalence of
Alzheimer's disease has been reported in patients with
rheumatoid arthritis [38]. Unfortunately, we did not
collect information from participants during the Duke
EPESE first in-home interview about the presence or
absence of arthritis. Moreover, a recent report by
Breitner et al. suggested that there is an inverse
association between Alzheimer's disease and anti-
inflammatory drugs (including NSAIDs) [39]. In
contrast, a large study of an ambulatory elderly
sample from Florida found no association between
NSAID use and cognitive decline [40].

We found that those who were cognitively impaired
were more likely to take CNS medications than those
who were cognitively intact. Overall, 32% of cognitively
impaired participants took one or more CNS medica-
tions, with the most common type being benzodiaze-
pines. Although high, the prevalence of CNS
medication usage was less than the 37-50% rate
reported by Semla et al. for 930 ambulatory patients
with different types of dementia who came to medical
attention [13]. There are several plausible explanations
for our findings. The high use of CNS medications may
reflect the appropriate use of psychotropics to treat
behavioural and psychiatric complications associated
with cognitive impairment due to dementia [21—23].
However, the usage level of benzodiazepines may be of
concern given that comparative clinical trials have
demonstrated greater efficacy with neuroleptics, espe-
cially for psychotic symptoms [21-23]. Alternatively,
the higher use of both CNS psychotropic and non-
psychotropic medications may be causing or exacer-
bating cognitive impairment [16-20]. In one notable
study of 300 patients referred to a tertiary care clinic for
evaluation of cognitive impairment, Larson et al. rated
46 drug therapies as the aetiology for this condition
in 35 patients, with the most common drug class
implicated being benzodiazepines [20].

We believe that these differences in drug use patterns
are not likely to be due to under- or over-reporting by
those who were cognitively impaired for several
reasons. First, special procedures were used to collect
medication data (i.e. interviewers actually seeing and
recording medications and use of proxy informants).
Second, among those who were cognitively impaired,
drug use patterns were similar (data not shown) for
those without and with proxy interviews. Finally, the
total number of medications used was similar for both
cognitive status groups and similar to that reported by
previous studies of elderly people in the community
[5-7].

There are several potential limitations to this study.
It was cross-sectional and causal interpretations are
hampered by lack of knowledge of time-order relation-
ships. Other potential limitations include that lack of

knowledge about the specific causes for participants'
cognitive impairment and cognitive status were based
on a single evaluation with the SPMSQ. However, the
SPMSQ has been shown to have substantial reliability
[30] and good sensitivity and specificity in identifying
community dwelling subjects diagnosed as having
dementia [41]. Fourth, medications were categorized
into broad therapeutic classes, which did not allow for
examination of individual medications for specific
indications. Finally, this is a study of community
dwelling elderly people living in the southeastern US
and may not be representative of other populations
where drug prescribing and non-prescription drug use
habits may be different.

Despite these limitations, our findings suggest that
community dwelling elderly people who are cognitively
impaired are less likely than those who are cognitively
intact to use prescription or non-prescription medica-
tion. Further, the use of analgesics is less likely and
CNS drugs more likely among those who are cogni-
tively impaired. Future research is needed to examine
longitudinal drug-use patterns, and the use of specific
medication classes for specific diseases or conditions by
cognitive status and associated causes, to clarify these
findings.

Acknowledgements
The authors would like to thank Carl Pieper, DrPH for his
statistical advice.

This work was supported by a grant from the Agency for
Health Care Policy Resarch (RO1-HS07819) and an Aca-
demic Award from the National Institute on Aging
(AG00526—Dr Schmader) and by the Claude D. Pepper
Older Americans Independence Center (P60AG11268—Drs
Cohen and Schmader). The data upon which this publication
was based were obtained pursuant to Contract Number N01-
AG-1 -2102 with the National Institute on Aging in support of
the Established Populations for Epidemiologic Studies of the
Elderly (Duke).

Presented in part at the American Geriatrics Society
Annual Meeting, Los Angeles, CA, May 1994.

References
1. Lipton HL, Lee PR, eds. Drugs and the elderly: clinical,

social, and policy perspectives. Stanford: Stanford Uni-
versity Press, 1988.

2. Nolan L, O'Malley K. Prescribing for the elderly: Part II.
Prescribing patterns: differences due to age. JAm Geriatr
Soc 1988;36:245-54.

3. Hanlon JT, Fillenbaum GG, Burchett B, et al. Drug use
patterns in black and nonblack community dwelling
elderly. Ann Pharmacother 1992;26:679-85.

4. Fillenbaum GG, Hanlon JT, Corder EH, Ziqubu-Page
T, Wall WE, Brock D. Prescription and nonprescription
drug use among black and white community-residing
elderly. Am J Public Health 1993;83:1577-82.

5. Helling DK, Lemke JH, Semla TP, Wallace RB, Lipson
DP, Cornoni-Huntley J. Medication use characteristics
in the elderly: the Iowa 65+ Rural Health Study. J Am
Geriatr Soc 1987;35:4-12.

6. Hale WE, May FE, Marks RG, Stewart RB. Drug use in
an ambulatory elderly population: a five-year update.
Drug Intell Clin Pharm 1987;21:530-5.

 by guest on June 21, 2016
http://ageing.oxfordjournals.org/

D
ow

nloaded from
 

http://ageing.oxfordjournals.org/


196 J. T. HANLON ET AL.

1. Chrischilles EA, Foley DJ, Wallace RB, et al. Use of
medications by persons 65 and over: data from the
Established Populations for Epidemiologic Studies of the
Elderly. J Gerontol 1992;47:M137-44.

8. Wilcox SM, Himmelstein DU, Woolhandler S. Inap-
propriate drug prescribing for community dwelling
elderly. JAMA 1994;272:292-6.

9. Pulliam CC, Hanlon JT, Moore SR. Contemporary
issues in geriatric drug therapy. J Geriatr Drug Ther
1989;4:43-86.

10. Hanlon JT, Schmader K, Lewis I. Adverse drug
reactions. In: Delafuente JC, Stewart RB, eds. Ther-
apeutics in the elderly. 2nd edn. Cincinnati: Harvey
Whitney Books, 1994;212-27.

11. Kumar V, Salama AA, Desai B, Kumar N. A community
survey: drug prescribing in dementia and in normal
elderly. Am J Alzheimer's Care Relat Disord Res
1988;3(3):16-20.

12. Wolf-Klein GP, Silverstone FA, Brod MS, et al. Are
Alzheimer patients healthier? J Am Geriatr Soc 1988;36:
219-24.

13. Semla TP, Cohen D, Paveza G, et al. Drug use patterns
of persons with Alzheimer's disease and related disorders
living in the community. J Am Geriatr Soc 1993;41:408-
13.

14. Colsher PL, Wallace RB. Epidemiologic considerations
in studies of cognitive function in the elderly: methodol-
ogy and nondementing acquired dysfunction. Epidemiol
Rev 1991;13:l-27.

15. Regier DA, Boyd JH, Burke JD, et al. One-month
prevalence of mental disorders in the United States. Arch
Gen Psychiatry 1988;45:977-86.

16. Morrison RL, Katz IR. Drug-related cognitive impair-
ment: current progress and recurrent problems. Annu
Rev Gerontol Geriatr 1989;9:232-79.

17. Stewart RB, Hale WE. Acute confusional states in older
adults and the role of polypharmacy. Annu Rev Public
Health 1992;13:415-30.

18. Lowenthal DT, Nadeau SE. Drug-induced dementia.
South MedJ 1991 ;84(5S1):24-31.

19. Bowen JD, Larson EB. Drug-induced cognitive impair-
ment: defining the problem and finding solutions. Drugs
Aging 1993;3:349-57.

20. Larson EB, Kukull WA, Buchner D, Reifler BV. Adverse
drug reactions associated with global cognitive impair-
ment in elderly persons. Ann Int Med 1987;107:169-73.

21. Schneider LS, Pollock VE, Lyness SA. A meta-analysis
of controlled trials of neuroleptic treatment in dementia.
J Am Geriatr Soc 1990;38:553-63.

22. Sky AJ, Grossberg GT. The use of psychotropic
medication in the management of problem behaviors in
the patient with Alzheimer's disease. Med Clin North Am
1994;78:811-22.

23. Wragg RE, Jeste DV. Neuroleptics and alternative
treatments: management of behavioral symptoms and
psychosis in Alzheimer's disease and related conditions.
Psychiatr Clin North Am 1988;11:195-213.

24. Knapp MJ, Knopman DS, Solomon PR, Pendlebury
WW, Davis CS, Gracon SI. A 30-week randomized
controlled trial of high-dose tacrine in patients with
Alzheimer's disease. JAMA 1994;271:985-91.

25. Whitehouse PJ, Geldmacher DS. Pharmacotherapy for
Alzheimer's disease. Clin Geriatr Med 1994; 10:339-50.

26. Pharmaceutical Manufacturers' Association. New medi-
cines in development for older Americans. 1993;2.

27. Cornoni-Huntley J, Blazer DG, Lafferty ME, Everett

DF, Brock DB, Farmer ME, eds. Established populations
for epidemiologic studies of the elderly. Vol 2. Resource data
book (NIH Publication 90-495). Bethesda, Md.: National
Institute on Aging, 1990.

28. DeVito CA, Aldridge GW, Wilson A, et al. Framework
and development of a comprehensive drug product
coding system. Contemp Pharm Pract 1979;2:62-5.

29. McEvoy GK, ed. AHFS Drug Information 1992.
Bethesda: American Society of Hospital Pharmacists,
1992.

30. Pfeiffer E. A short portable mental status questionnaire
for the assessment of organic brain deficits in elderly
patients. J Am Geriatr Soc 1975;23:433-41.

31. Rosow I, Breslau N. A Guttman health scale for the aged.
J Gerontol 1966;21:556-9.

32. Rosner B. Fundamentals of biostatistics. 3rd edn. Boston:
PWS-Kent Co., 1990.

33. Kleinbaum DG, Kupper LL, Muller KE. Applied
regression analysis and other multivariable methods. 2nd
rev. edn. Boston: PWS-Kent Co., 1988.

34. Dixon WJ, ed. BMDP statistical software. Berkeley:
University of California Press, 1983.

35. SAS/STAT user's guide. Cary, NC: SAS Institute, 1993.
36. SUDAAN: professional software for survey data analysis.

Research Triangle Park NC: Research Triangle Institute,
1989.

37. Ferrell BA. Pain management in elderly people. J Am
Geriatr Soc 1991;39:64-73.

38. McGeer PL, McGeer E, Rogers J, Sibley J. Anti-
inflammatory drugs and Alzheimer's disease. Lancet
1990;335:1037.

39. Breitner JCS, Gau BA, Welsh KA, et al. Inverse
association of anti-inflammatory treatments and Alzhei-
mer's disease: initial results of a co-twin control study.
Neurology 1994;44:227-32.

40. May FE, Moore MT, Stewart RB, Hale WE. Lack of
association of nonsteroidal anti-inflammatory drug use
and cognitive decline in the elderly. Gerontology
1992;38:275-9.

41. Fillenbaum G, Heyman A, Williams K, Prosnitz B,
Burchett B. Sensitivity and specificity of standardized
screens of cognitive impairment and dementia among
elderly black and white community residents. J Clin
Epidemiol 1990;43:651-60.

Authors' addresses
J. T. Hanlon, R. D. Homer, K. E. Schmader, H. J. Cohen
Departments of Medicine
(Division of Geriatrics and General Internal Medicine),

D. V. Dawson*
Community and Family Medicine
(Division of Biometry and Medical Informatics),

L. R. Landerman, G. G. Fillenbaum, D. G. Blazer
Psychiatry and Behavioral Sciences,

W. E. Wall Jr.

Center for the Study of Aging and Human Development,
Box 3003, Duke University Medical Center,
Durham, NC 27710, USA
• Present address: Department of Epidemiology and Biosta-
tistics, Case Western Reserve University School of Medicine,
Cleveland, OH, USA

Received 4 July 1995

 by guest on June 21, 2016
http://ageing.oxfordjournals.org/

D
ow

nloaded from
 

http://ageing.oxfordjournals.org/

