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Background. We tested the hypothesis that impairment in the ability to take medication independently predicts early
functional decline.

Methods. A 12-month, prospective cohort study was performed at two continuing-care retirement facilities using the
Drug Regimen Unassisted Grading Scale (DRUGS). This geriatric screening tool utilizes a stepwise progression of four
tasks: (i) identification, (ii) access, (iii) dosage, and (iv) timing.

Results. Forty-seven (86%) of the eligible participants completed the 12-month follow-up assessment; three were
transferred to skilled nursing facilities. The mean age at study entry was 84.2 + 5.1 years; 72% of the participants were
women, and 68% were college educated. At 12 months there was a decline in the Mini-Mental State Examination
(MMSE) score (p = .029), an increasein the timed “Up and Go” test (p = .023), and adeclinein the DRUGS score (p =
.029). Nine (18%) of the participants resided in assisted- versus independent-living situations compared with three par-
ticipants (5%) at study entry (p = .031). Both 12-month DRUGS score and 12-month self-reported medi cation manage-
ment capacity were associated with 12-month MMSE (p = .0001 and p = .019, respectively). Baseline DRUGS score
was associated with 12-month MM SE and Geriatric Depression Scale scores (p = .0002 and p = .002, respectively).
Both baseline DRUGS score and self-reported medication management capacity were also associated with residence in
assisted-living communities at 6 months (p = .029 and p = .040, respectively). MM SE was not associated with any of

the clinical outcomes.

Conclusions. The DRUGS tool may predict functional decline in highly functioning older adults.

LTHOUGH population-based screening data suggest

that needing or receiving assistance with medication
management may predict increased risk of frailty, previous
studies of medication management have not extensively ex-
plored the relationship between medication management,
functional status, and the risk of functional decline (1-5).
Cognitive impairment has been associated with the inability
to take medications independently, as well as with gait dis-
orders, falls, and functional impairment. (2—4,6-10). The on-
set of functional impairment and disability may be heralded
by subtle changesin either cognitive or physical status.

We recently developed and tested a geriatric screening
tool, the Drug Regimen Unassisted Grading Scale (DRUGS)
to assess medication management and various aspects of
function in the ambulatory setting (11). An extension of one
item of the Instrumental Activities of Daily Living (IADL)
scale and the “brown-bag” test, the DRUGS tool was devel-
oped as a performance-based, individualized measure of the
patient’ s capacity to manage his or her own medication reg-
imen (11,12). The purpose of this study isto determineif an
impairment in the ability to take medications independently,
measured by the DRUGS tool, correlates with overall func-
tional status and predicts future functional disability.
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METHODS
Geriatric Screening Tools

Self-report—Modified Katz Activities of Daily Living
(maximum score = 6) and Lawton IADL (maximum score =
8) scales were used to assess basic and instrumental activi-
ties of daily living, respectively (12,13). In addition, each
participant was asked a series of medication management
questions (11): (i) Do you take your own medication with-
out help?; (ii) Does someone remind you to take your medi-
cation on a regular basis?; and (iii) Does someone set up
your medication in advance?

DRUGS tool.—The DRUGS tool was employed as pre-
viously described (11). Briefly, thistool involves a stepwise
progression of four medication management tasks: (i) iden-
tification, or showing the appropriate medications; (ii) ac-
cess, or opening the appropriate containers; (iii) dosage, or
taking out the correct number per dose; and (iv) timing, or
demonstrating the timing of doses. The subject is asked to
perform these tasks for each of the prescription and nonpre-
scription medications that he or she plans to take on the day
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of the evaluation, including PRN or “as needed” medica
tions, using the DRUGS tool. A visua aid, in the form of a
sheet of paper marked with a grid labeled “time” (7 am—11
pM), “meal,” and “medications,” is employed to standardize
the process. The DRUGS tool is an easy-to-administer indi-
vidualized measure that examines medication self-adminis-
tration. It takes approximately 4 to 5 minutes, and interrater
and test-retest reliability of the DRUGS tool are >.90 (11).

Standard Measures of Functional Status

The results of these geriatric screening tools were com-
pared with a complement of previously validated standard
measures of functional status, which were categorized for
clinica relevance. There were tests of cognitive status
(Mini-Mental State Examination [MMSE]), affective status
(15-item Geriatric Depression Scale), physical function
(timed “Up and Go” test), medical conditions (Jaeger card to
test near vision, Charlson Comorbidity Index), medication-
specific factors (number of medications, number of doses),
and socid factors (living alone or with a partner) (14-18).
Covariatesincluded age, gender, and level of education.

Patients and Setting

This prospective cohort study was conducted at two con-
tinuing-care retirement facilities in the greater Boston area.
Patients were recruited from the Beth Israel Deaconess Ger-
ontology Group practice between October 10, 1996, and Jan-
uary 27, 1997. All ambulatory community-dwelling patients
aged 70 years and older who presented to one of the study
sites were eligible for the study. Patients were excluded if
they were currently not taking any prescription or nonpre-
scription medications or if they refused to participate.

Data Collection

Data for all participants were collected at the time of the
initial outpatient office visit (HE, ES) and at a 6-month fol-
low-up visit. The initial contact was used to obtain written
informed consent and collect clinical data. The chart review
data included the list of medications and the 19 variables
that constitute the Charlson Comorbidity Index (18). Test
status was ascertained by an investigator (HE, ES) who was
blinded to health status and sociodemographic factors. An
additiona office visit was scheduled at 6 months. Data were
obtained regarding predefined clinica outcomes: interim
clinic visits (0, =2), emergency room visits (0, =1), acute
care hospitalizations (0, =1), institutionalization, and death.
This information was confirmed by chart review. The insti-
tutional review board of the Beth Israel Deaconess Medica
Center approved the protocol.

Data Analysis

Univariate and multivariate analyses were performed us-
ing the SAS statistical package for Windows, version 6.12
(SAS Ingtitute Inc., Carey, NC). Univariate associations be-
tween the continuous outcomes (DRUGS summary score,
change in DRUGS summary score) and continuous vari-
ables were examined by Spearman correlation. Student’s t
test was used to compare the DRUGS score and change in
DRUGS score between two groups for binary predictors.
Bonferroni correction was applied to multiple comparisons.

The Spearman correlation, Fisher's exact, chi-square, and
Wilcoxon rank sum tests were employed to examine the re-
| ationships between predictors.

New variables were derived to control for baseline values
by calculating the mathematical difference between values
at either 6 or 12 months and baseline values. Multivariate
models were derived using stepwise linear regression in
which the dependent variable was either baseline DRUGS
summary score or 6- or 12-month change in DRUGS sum-
mary score. Age, sex, and covariateswith p < .2 on univari-
ate analysis were entered into the models, and variables
with p < .05 were retained in the models. Additional statis-
tical analyses were performed to explore whether changes
in self-reported medication management capacity or MM SE
were also associated with the standard measures or clinica
outcomes. Stepwise logistic regression models were derived
using baseline self-reported medication management capac-
ity as the dependent variable. Collinearity diagnostics were
performed on the final models. Nonsignificant predictors
were entered into the final models to check for uncontrolled
confounding (change in B coefficient of >10%). Residua
and regression diagnostics were performed.

RESULTS

Study Population

A total of 67 patients were approached. Four wereineligi-
ble, two did not take any medications, one lived in a differ-
ent facility at the time of the study, and five declined to par-
ticipate (these individuals were more cognitively and
functionally impaired than those who agreed to participate).
A total of 58 subjects were enrolled in the study and com-
pleted the baseline assessment. At 6 months, three patients
had moved from independent apartments to an on-site
skilled nursing facility (study endpoint). Fifty-three of the
55 community-dwelling patients (96%) completed the
6-month follow-up assessment; one refused to participate
and another did not complete the DRUGS test. Forty-seven
(86%) of the 55 eligible participants completed the 12-
month follow-up assessment; five refused to complete the
study, and three were lost to follow-up.

The mean age at study entry was 84.2 *+ 5.1 years; 72%
of the participants were women, 68% were college edu-
cated. There was no significant difference between the
patients who participated in the baseline, 6-month, and 12-
month assessments in terms of age, gender, living arrange-
ment, or level of education (Table 1).

Table 1. Demographic Data at Baseline, 6, and 12 Months

Baseline 6 Mo 12 Mo

Number of participants (%) 59 53 (90) 47 (81)
Mean age, y (D) 84.2(5.1) 84.1(4.9) 85.2(5.3)
Gender, number women (%) 43 (72) 37 (70) 31(70)
Living arrangement, number

alone (%) 44 (73) 37 (70) 31(70)
Level of education, number

completed college (%) 41 (69) 36 (68) 30 (4)
Assisted living, number (%) 3(5) 5(8) 9(18)
Nursing home, number (%) 0(0) 3(5) 3(6)
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Change in Functional Status

The baseline, 6-, and 12-month mean va ues for standard
measures of cognitive, affective, physical, and functional
status, medication-specific factors, and DRUGS summary
scores are presented in Table 2. There was a decline in
MMSE (27.2 to 26.4, p = .029), an increase in the timed
“Up and Go” test (13.1t0 18.6 s, p = .023), and adeclinein
the DRUGS score (93.2 to 81.1, p = .029). The increase in
the timed “Up and Go” was also evident at 6 months (13.1
to 17.5 s, p = .0008). There was no change in the Geriatric
Depression Scale, Jaeger score, or Charlson Comorbidity
Index. Self-reported IADL and activities of daily living
(ADL) scores did not change over the 12-month follow-up
period. At 12 months, nine (18%) of the participants resided
in assisted-living rather than independent-living housing
units, compared with three participants (5%) at study entry
(p=.031).

Baseline, 6-, and 12-Month Correlates

At basdling, 6, and 12 months, there was a positive associa-
tion between the DRUGS tool and MM SE scores(r = .42, p =
.0008; r = .34, p=.003; andr = .35, p = .018, respectively).
Controlling for medication-specific factors in a multivariate
model, both 12-month DRUGS score and 12-month sdif-
reported medication management capacity were associated
with 12-month MM SE (p = .0001, p = .019, respectively).

There was a significant association between the 6-month
DRUGS tool and 6-month self-reported ADL capacity (p =
.025). Both 12-month DRUGS scores and 12-month self-
reported medication management capacity were associated
with 12-month |ADL capacity (p = .026, p = .007, respec-
tively). Neither DRUGS performance nor self-reported
medication management capacity was associated with the
total number or total dose of medication at baseline, 6, or 12
months.

Table 2. Standard Measures, Self-Report and DRUGS Tool at
Basdling, 6, and 12 Months

Baseline 6-Mo 12-Mo
DRUGS DRUGS DRUGS
Mean (SD) Mean (SD) Mean (SD)
Standard
Charlson Index 13(1.2) 14(1.4) 12(1.2)
Jaeger score 5.4(3.7) 46 (3.8 5.0(3.9)
MMSE 27.2(24) 26.8 (3.5) 26.4 (4.1)*
Geriatric Depression Scale 3631 3.7(28) 39(29)
Timed “Up and Go,” s 13.1(5.9) 17.5(10.8)*  18.6(16.3)*
Self-report
ADLSs capacity 5.8(0.4) 5.8(0.5) 5.7(0.7)
IADLSs capacity 6.4(1.9) 6.3(2.3) 6.6 (2.3
MM capacity, number (%)* 48 (81.4) 41 (75.9) 38(80.9)
DRUGS tool
Total medications 6.6 (3.0) 6.4(3.7) 7.6 (3.6)
Total doses 9.3(5.3) 9.1(6.0) 10.3(5.4)
Summary score 93.2(11.2) 87.9(20.3) 81.1(29.3)*
Time to completion, min 4229 3.3(23 4.4 (4.4)

Note: MMSE = Mini-Mental State Examination; ADLs = activities of daily
living; IADLs = instrumental activities of daily living; MM = medication
management.

*Denotes statistically significant change compared with baseline, p = .05.

TAble to take medication independently by self-report.

EDELBERG ET AL.

Change in DRUGS score between baseline and 6 months
was associated with an increased frequency of emergency
department visits (p = .024), whereas change in self-
reported medication management capacity was associated
with an increased frequency of ambulatory clinic visits
(p = .024). Changein DRUGS summary score and in self-
reported medication management capacity between baseline
and 12 months was associated with residence in assisted-
versus independent-living situations at 12 months (p =
.049, p = .030).

Predictive Value

Both baseline DRUGS score and self-reported medica
tion management capacity were also associated with resi-
dence in assisted-living situations at 6 months (summary
score, 80.2 vs 94.4 for those in assisted- vs independent-liv-
ing situations at 6 months, p = .029, p = .040, respec-
tively). There was no association between either the per-
formance-based or self-reported measures of medication
management capacity and the 12-month clinical outcomes.
MMSE was not associated with any of the 6- or 12-month
clinical outcomes.

Multivariate analyses, adjusted for age, gender, living ar-
rangement, and medication-specific factors, demonstrated a
statistically significant association between basdine DRUGS
summary score (dependent variable), changein MMSE (B =
1.69, p = .0002), and change in Geriatric Depression Scale
(B = 1.93, p = .002) over time. The logistic regression
model with baseline self-reported medication management
capacity as the dependent variable, adjusted for age, gender,
living arrangement, and medication-specific factors, in-
cluded change in Geriatric Depression Scale (odds ratio =
0.99, 95% confidenceinterval = 0.62, 1.57; p = .965).

There was no evidence of collinearity between the vari-
ables in the model by Belsey-Kuh-Welch criteria. Outliers
(data points with jackknife residuals >3 or <—3) were re-
moved, and the model was rerun without significant change
in the B coefficients. There were no influential points
(Cook’ s distance >1).

DiscussioN

This study had three major findings. First, the DRUGS
tool has face validity as a measure of medication manage-
ment capacity over time. Second, the DRUGS tool provides
information about functional correlates, particularly cogni-
tive status. Finally, the DRUGS score is apparently associ-
ated with subsequent transfer from an independent-living to
an assisted-living situation.

The DRUGS tool has implied functional significance. It
has intrinsic value in assessing medication management ca-
pacity. Short-term follow-up data confirm the relationship
between self-reported ADL and IADL scores and self-
reported and performance-based medication management
capacity. Irrespective of the actual summary score, the
DRUGS tool is designed to provide valuable information
regarding the patient’s ability to manage his or her own
medi cation regimen without assistance.

There is a robust association between the DRUGS tool
and cognitive status as measured by the MM SE. Unlike the
MMSE, however, change in DRUGS score is associated
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with the need for increased home services (i.e., assisted liv-
ing) and multiple emergency room visits. This study did not
explore the specific reasons for the transfer. The DRUGS
score may reflect deterioration in health or functional status.
Alternatively, mismanagement of medications, with or
without subsequent adverse drug events, may have precipi-
tated the move. Medication management capacity as mea
sured by the DRUGS tool may provide akey to understand-
ing the patient’ s ability to live independently.

There are severa limitations to this study. This was a
small cohort of highly functioning, well-educated individu-
as. The power of the study was insufficient to detect differ-
ences in clinical outcomes, such as institutionalization or
death. In addition, the results are not readily generalizable
to the population at large, and the DRUGS tool needs to be
validated in a larger, ethnically and socioeconomically di-
verse population of older adults. Nevertheless, the DRUGS
tool appeared to identify highly functioning individual s who
are at risk of functional decline in this sample population.
These findings may actualy strengthen the validity and
comparative value of the DRUGS tool as a measure of med-
i cation management capacity and functional status.

In conclusion, the DRUGS tool, a performance-based
screening tool that relies on direct observation, may com-
plement self-report measures of medication management
capacity and may be useful in predicting functional decline.
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