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Abstract: Background: Anticholinergic and sedative drugs are associated with adverse events such as cognitive
and functional impairment in elderly. The Drug Burden Index (DBI) is a measure of an individual’s total expo-
sure to anticholinergic and sedative drugs.

Objetive: The study aimed to evaluate the association between the total DBI and cognitive and functional im-
pairment in pelypathelogicat-patients(PP))
Setting: Pelypathelogiealpatientsy enrolled in the IMPACTO project.

Methods: Cross-sectional observational study.

Main outcome measure: The anticholinergic and sedative exposure was calculated using DBI. The Pfeiffer Test
(PT) was used for cognitive status and the Barthel Index (BI) for functional status.

Results: 336 patients were included (mean age 77.6 + 8.7 years, 54.2% men and a mean of 11.5 + 3.7 prescribed
drugs). 180 patients (53.6%) exposed to anticholinergic and/or sedative drugs were identified. The median score
obtained in PT was slightly higher in exposed patients (1 (IQR 0-2) and 2 (IQR 0-4), p = 0.082 in "non-exposed"
and "exposed", respectively). The bivariate analysis showed an association [0.544 (95% CI 0.044-1.063, p =
0.03)]. The median obtained in the BI analysis was 85.0 (IQR 30.0) and 75.5 (IQR 42.5) p = 0.002, in "non-
exposed" and "exposed", respectively. After the adjusted analysis, a relationship was obtained between both the
variables [-9,558 (95% CI-15,794; -3,321, p = 0.03)].

Conclusion: Higher DBI is associated with the impairment of functional status and, slightly to the deterioration
of cognitive function in PB; DBI should be considered in PB to optimize the pharmacological treatment of a group
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of special interest due to its vulnerability.

Keywords: Anticholinergic burden, anticholinergic drugs, drug burden index, frail elderly, multimorbidity.

1. INTRODUCTION

Continuous growth in the prevalence of chronic diseases [1]
leads to an increase in patients with multimorbidity. They are older
patients who present two or more chronic diseases associated to
severity or disability, suffer from frequent exacerbations of their
underlying pathology and generate a constant demand for different
care settings [2].

The prevalence of multimorbidity, although low in general
population, is high in the hospital environment [3]. 83.6% of pa-
tients in Internal Medicine have at least one chronic disease and
48.3% are patients with multimorbidity [4]. These patients tend to
suffer from problems such as the increase of polymedication, the
presence of comorbidities and continuous care transitions [5].

On the other hand, approximately 50% of elderly uses at least
one drug with anticholinergic activity [6]. These drugs are consid-
ered potentially inappropriate in older people, however, are often
prescribed for the symptomatic treatment of clinical situations as
urinary incontinence.
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Anticholinergic drugs may produce peripheral adverse effects
such as urinary retention, constipation, decreased secretions,
amongst others, and central ones, such as delirium or cognitive and
functional impairment [7].

Pharmacokinetic and pharmacodynamics changes (mainly me-
tabolism and excretion) may alter significantly the effect of phar-
macological treatment with advancing age [8]. All these changes
predispose the older patient to develop adverse reactions and drug
interactions more frequently. They are estimated to face seven
times more adverse drug reactions that lead to hospital admission
than in young adults [9].

When a patient receives one or more drugs with anticholinergic
activity, a cumulative effect occurs, which increases the risk of
developing anticholinergic adverse effects. This is known as an
anticholinergic burden [10]. There are anticholinergic risk scales
that estimate the exposure to these drugs and calculate the total
burden that a patient receives based on their treatment.

Drug Burden Index (DBI), developed by Hilmer et al. in 2007
[11] quantifies exposure to anticholinergic and sedative medications
in older patients, based on the hypothesis that the cumulative effect
is linear. The total burden is obtained by a simple mathematical
formula: Total Burden = D / 8 + D, where D is the daily dose of
the drug that the patient receives and § is the recommended mini-
mum daily dose of the drug.

© 2018 Bentham Science Publishers
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The § value is estimated with the minimum registered or li-
censed dose on the national formulary and there are some differ-
ences between countries. DBI has been adapted and validated
against a range of clinical outcomes in different countries (United
States [11], Australia [12], Finland [13] and United Kingdom [14]).
For example, diazepam has a minimum registered or licensed dose
of 4 mg in the United States and 5 mg in Australia [15]. Until now,
there is no version adapted to Spain.

Several studies have shown that increased exposure to anticho-
linergic and/or sedative drugs is associated with impaired physical
function and functional status in community-dwelling older people,
who maintain a stable level of health [11, 12, 15]. Patients with
comorbidity and, specifically, older adults with multiple chronic
conditions require greater attention to their treatment. Because of
their old age and frailty, they are especially vulnerable to the
prolonged and cumulative administration of anticholinergic and
sedative drugs.

The aim of the study is to evaluate the associations between
total DBI score and cognitive and functional status measures in
patients with multimorbidity, enrolled in the IMPACTO project.

2. MATERIAL AND METHODS

This is a retrospective, observational cross-sectional study of
patients with multimorbidity (according to the definition of the
Integrated Care Process, Health Ministry [2]) included in the IM-
PACTO project, a multicenter study developed between October
2010 and April 2012. The objective of this study was to evaluate
the clinical impact of a multilevel intervention model based on
shared care between Reference Internist and Primary Care in a
population of patients with multimorbidity after hospital discharge.

The target population of our study was elderly patients (aged>
60 years) with multimorbidity, i.e. those with two or more chronic
diseases included in one of the eight defined clinical categories [2].
Patients with severe dementia and/or Alzheimer's disease were
excluded.

Demographic variables (age and sex), clinical (Pfeiffer's test
(PT), Barthel’s index (BI), Lawton-Brody Instrumental activities of
daily living scale (IADL), Charlson's index (CI) and pharmacologi-
cal profile (drug, posology and route of administration) were col-
lected for each patient from electronic data. Data were collected
prior to the development of the disease that leads to hospitalization.
Drugs such as antibiotics due to their limited duration, as well as
drugs of topical application due to their low systemic effect (not
applicable to transdermal patches) were not included. The anticho-
linergic and sedative burden was calculated with those drugs ad-
ministered chronically, i.e. drugs prescribed at discharge were ex-
cluded. For our study, we calculated the total burden developing
DBI adapted to Spain. The list of medications considered to be
sedating and/or anticholinergic was generated utilizing the original
list by the authors of the DBI study [16] and the contributions of the
Dispennette et al. study [17]. Drugs not marketed or not available in
Spain were not included. On the other hand, a minimum registered
dose review was performed by consulting the label of each drug in
the Spanish Agency of Medicines [18] (SAM). Total DBI range
was set as 0 without risk, <1 low risk and >1 high risk [18].

For our study, "exposed" or "at risk" patients were considered
those who were prescribed or took at least one anticholinergic
and/or sedative drugs, i.e. patients with a higher score than zero.

To determine the cognitive status, PT was used, a questionnaire
specifically designed to detect cognitive impairment in elderly pa-
tients [2, 20]. Patients are divided into four levels according to the
number of errors: normal (0-2 errors), mild impairment (3-4 errors),
moderate impairment (5-7 errors), severe impairment (8-10 errors).

For the functional status, we used BI which assesses the auton-

omy of the person to perform basic and essential activities of daily
life [2, 21]. The BI measures the functional independence at per-
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sonal care, mobility, locomotion and excretion: feeding, bathing,
grooming, dressing, bowl and bladder care, toilet use, transfers,
ambulation, and stair climbing. Scores are allocated according to
their capacity to perform them: total dependency (0-20), severe (21-
60), moderate (61-90), low (91-99) and independence (100). Also
the IADL, which assesses the capacity to perform instrumental
activities of daily living that are necessary to live self-sufficiently in
the community [2, 22] was used. IADLs are defined as those activi-
ties whose accomplishment is necessary for continued independent
residence in the community as they are more sensitive to subtle
functional deficiencies than the activities of daily living. The items
evaluate the capacity to use the telephone, shopping, food prepara-
tion, housekeeping, laundry, mode of transportation, responsibility
for own medications and ability to handle finances. The score
ranges from 0 (maximum dependence) to 8 (total independence).

The CI is a system of evaluation of life expectancy at ten years
depending on the age at which it is evaluated and the subject’s co-
morbidities [23]. In general, it is stratified into three levels: no co-
morbidity (0-1), low comorbidity (2), high comorbidity (> 3).

The study was approved by the Ethical Committee of the
Virgen del Rocio University Hospital from IMPACT project and
informed consent was obtained from the patient.

Statistical analysis was performed using the SPSS® program
(version 22 for Windows). Student's t or Mann-Whitney U were
performed to study the association between total DBI range (0, <1
or >1 and the total scores of PT, BI and IADL whether they fol-
lowed a normal distribution or not. The PT, BI, IADL scores were
described and were re-encoded in quartiles. A linear regression by
bivariate analysis was performed to detect possible relationships
between the variables and, subsequently, a multivariate analysis by
adding confounding factors to verify if there were variables that
distorted the measure. These confounding factors were age, sex and
Charlson's index, adjusting the previous model by these factors.

The means and 95% confidence intervals were obtained and it
was assumed that the differences found were statistically significant
when p <0.05.

3. RESULTS

A total of 336 patients were included in the analysis. The aver-
age age was 77.6 £ 8.7 years and 54.2% were males. The average
number of drugs taken per patient was 11.5 + 3.7 and the average
number of different anticholinergic/sedative drugs per patient was
3.2 £0.1. Out of the 234 drugs prescribed in total, 38 (16.2%) were
drugs with anticholinergic and/or sedative activity, according to
DBI (Table 1).

The most frequently prescribed anticholinergic and/or sedative
drugs were benzodiazepines and analogues (30.2%), alpha adrener-
gic inhibitors (21.7%), antidepressants (18.9%, of which 13.9%
were serotonin reuptake inhibitors), antipsychotics (9.3%), opiates
(6.9%), antipyretics (5.4%), antispasmodics (2.7%), antidiarrheals
and antiemetics (2.3%), antihistamines (1.9%) and others (0.7%).

A total of 180 patients (53.6%) had an anticholinergic and/or
sedative burden (DBI score >0) with gaverage DBI of 0.44 +0.53.
The patients were distributed according to DBI category: 129
(38.4%) at low risk (DBI<1), with a mean value of 0.59 + 0.13; and
51 (15.2%) at high risk (DBI>1), with a mean value of 1.43 + 0.46.

The statistical analysis is summarized in Tables 2 and 3.

The PT was available for 286 patients. In descriptive analysis,
the average PT score of patients increases as total DBI score does.
It was one point higher in patients with total DBI > 1 (2; IQR 0-3.7)
than patients not exposed, i.e. total DBI zero (1; IQR 0-2), however,
without statistical significance (p = 0.221). Results of the linear
regression analysis were similar. For every unit increase in DBI, the
PT score increased by 0.554 (95 % CI 0.044; 1.063; p= 0.03).
When adjusting with confounding factors (age, sex and CI), loses
statistical significance (0.420; 95 % CI1 0.053; 0.893; p=0.08).
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Table 1. Demographical and clinical characteristics.
Characteristics Not exposed Exposed
Number of patients N=336, (n,%) 156 (46.4) 180 (53.6)
Age (years, average+ SD) 76.3£9.2 77.3£9.1
Women (%) 43.6 48.3
Total number of drugs (average+ SD) 11.7+4.3 11.6£3.4
Charlson index (median [IQR]) 4(2-5) 4(3-5)
Number of exposed patients according to risk, (n,%):
No risk (DBI=0) 156 (46.4)
Low risk (DBI <1) 129 (38.4)
High risk (DBI>1) 51(15.2)
SD: Standard deviation. IQR: Interquartile range. DBL: Drug Burden Index
Table2. Descriptive analysis of the association between DBI and functional and cognitive impairment.
Clinical Variables Median IQR (p25-p75) P value
Pfeiffer Test"
DBI =0 (n=140) 1.0 0-2.0
0.221
DBI<1 (n=106) L5 0-4.0
DBI>1 (n=40) 2.0 0-3.7
Barthel Index®
DBI=0 (n=119) 85 70-100
DBI<1(n=97) 75 47-95 0.008
DBI>1 (n=36) 75 55-95
Lawton and Brody Index”
DBI=0 (n=137) 3 1-6
DBI<I (n=105) 3 1-5 0.139
DBI>1 (n=42) 3 1-7
DBI: Drug Burden Index IQR: Interquartile range.
“Higher scores indicate worse cognition. Pfeiffer Test score range 0-10.
’Higher scores indicate less impairment. Barthel Index score range 0-100, Lawton and Brody Index score range 0-8.
Table3. Adjusted analysis of the association between DBI and functional and cognitive impairment.
Model 1 Model 2
Clinical Variables Beta value CI95% Pvalue Beta value CI95% Pvalue
Pfeiffer Test” 0.554 0.044;1.063 0.03 0.420 0.053;0.893 0.08
Barthel Index” -9.558 -15.794; -3.321 0.03 -7.116 -13.093;-1.139 0.02
Lawton and Brody Index” -0.419 -1.007;-1.169 0.16 -0.360 -0.935;-0.215 0.22

DBI: Drug Burden Index Model 1: Bivariate analysis. Model 2: Multivariate analysis adjusted by age, sex and Charlson Index. CI: Confidence interval.
"Higher scores indicate worse cognition. Pfeiffer Test score range 0-10.

"Higher scores indicate less impairment. Barthel Index score range 0-100, Lawton and Brody Index score range 0-8.
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Table4. DBIlist of drugs. DBI 6 adapted in Spain.
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DRUGS DBI § (mg)
alfuzosin 7.5
alprazolam 0.5
amitriptyline 25
aripiprazole 10
asenapine 10
baclofen 15
benztropine 0.5
brompheniramine 9
bromocriptine 1.25
buspirone 10
carbamazepine 200
cetirizine 10
cyclobenzaprine 20
cyproheptadine 4
citalopram 10
clomipramine 10
clonazepam 1.5
clonidine 0.15
clorazepate 5
chlordiazepoxide 5
chlorpheniramine 4
chlorpromazine 25
clozapine 12.5
codeine 28.7
dexchlorpheniramine 6
dextromethorphan 60
diazepam 4
dicyclomine=dicycloverine 5
diphenhydramine 50
dimenhydrinate 50
disopyramide 400
doxazosin 1
doxepin 25
doxylamine 12.5
escitalopram 10
phenelzine 15

(Table 4) Contd....
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DRUGS DBI § (mg)
phenytoin 300
phenobarbital 50
fentanyl transderman system 0.012
fesoterodine 4
flavoxate 200
fluoxetine 20
flurazepam 30
gabapentin 300
haloperidol 1.5
hydromorphone 4
hydroxyzine 25
imipramine 10
lamotrigine 25
levetiracetam 500
levocetirizine 5
lithium 400
loperamide 2
loratadine 10
lorazepam 1
meclizine 25
methadone 5
methyldopa 250
methocarbamol 500
metoclopramide 10
mirtazapine 15
morphine intravenous 4
morphine oral 10
nabilone 2
nortriptyline 10
olanzapine 5
orphenadrine 100
oxazepam 10
oxcarbazepine 600
oxybutynin 15
oxycodone 20
paliperidone 3
paroxetine 20

(Table 4) Contd....
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DRUGS DBI § (mg)
perphenazine 8
pimozide 1
pramipexole 0.264
prazosin 1
pregabaline 150
primidone 250
propantheline 22.5
quetiapine 50
risperidone 0.5
ropinerole 0.25
selegiline oral 5
sertraline 50
silodosin 8
solifenacin 5
tamsulosin 0.4
terazosin 1
tiagabine 5
thiothixene 10
tizanidine 6
tolterodine 4
tramadol 150
tranylcypromine 10
trazodone 100
triazolam 0.125
trifluoperazine 4
trihexyphenidyl 1
trimipramine 25
trospium 40
venlafaxine 75
zaleplon 5
ziprasidone 40
zolpidem 5
valproic acid 200

The BI was available for 252 patients. In descriptive analysis,
the average BI score of patients not exposed to anticholinergic
and/or sedative drugs was 85.0 (IQR 70-100) whereas that patients
with total DBI >0 was lower (p = 0.002). In bivariate analyses, for
every unit increased in DBI the PT score decreased by 9.558 (95 %
CI -15.794; -3.321; p= 0.03). In multivariate analysis, the results
were similar (-7.116; 95 % CI -13.093; -1.139; p=0.02).

The IADL was available for 284 patients. No differences were
observed in IADL averages. Results of linear regression analysis
shows that, for every unit increase in DBI the IADL score de-
creased, but were not statistically significant.

Finally, Table 4 shows the list of anticholinergic and/or sedative
drugs used in study calculations with their respective 6 values, i.e.
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Spanish version of DBI. A total of 106 drugs were included in the
list.

4. DISCUSSION

The results of this study suggest fail to demonstrate that the
cumulative effect of anticholinergic and/or sedative drugs on pa-
tients with multimorbidity worse cognitive status, because it didn’t
reach statistical significance. The results of the relationship with the
functional impairment are more consistent.

This was the first study to investigate the total DBI in older
patients with multimorbidity. Most studies have focused in commu-
nity-dwelling elders [12, 15, 16, 17]. Although the studies in insti-
tutionalized old people could be similar to this study in patients
with multimorbidity [13, 24]. Also, it is the first study that used
adapted DBI in our country, i.e. Spanish version. Therefore, the
results obtained are interesting both by the population studied and
by the testing of the tool in these patients.

Wilson et al's work performed on institutionalized older pa-
tients shows slightly higher percentages of exposed patients
(69.9%) as well as patients at high risk (26.2%) than our study [24].

In this same work, the most commonly prescribed drugs are
similar to those submitted herein. The most important difference
lies in the alpha-adrenergic inhibitors, since they are not reflected in
Wilson et al.'s article while they represent a 21.7% in our analysis,
and in antidepressants (except SSRIs), whose percentage in the
cited article is 17.4% [24], while our results show only 5.0%.

Our research group developed a systematic review to identify
anticholinergic scales applicable to patients with multimorbidity (or
with similar characteristics) [25]. The association results between
cognitive status and total DBI were few and contradictory. For ex-
ample, the DBI validation study developed by Hilmer et al., is high-
lighted in which 3075 patients older than 70 years were analyzed.
The Digit Symbol Substitution Test was used as an instrument to
measure cognitive status and an association was obtained with the
total DBI [15] (34.5 vs 35.5 p = 0.045). In contrast, the study by
Bostock et al. found no association when using the Short Mental
Test, a questionnaire similar to PT (correlation coefficient: -0.106
(p =0.084) [26].

In other studies no results of association with cognitive impair-
ment were found either. Gnjidic ef al. studied patients older than 70
years and found no association between increasing DBI scores and
lower performance in any of the results [27]. A recent prospective
cohort study with a 5-year follow-up performed in the same popula-
tion yielded little significant data about the influence of anticho-
linergic and sedative exposure on the cognitive status, referring to a
small impairment of cognitive performance [28].

These results are consistent with our results. Exposure to medi-
cations with anticholinergic and sedative effects measured with the
DBI was associated with poorer cognitive performance measures,
however, after adjusting for confounders factors was not statisti-
cally significant. The instruments used in each study to measure
cognitive status are different and can affect the results.

On the other hand, increasing DBI exposure was associated
with poorer functional status in patients with multimorbidity. These
findings are consistent with previous analysis in patients with simi-
lar characteristics to multimorbidity, i.e. institutionalized older
people [13, 24]. Many studies of the systematic review previously
cited, found an association between anticholinergic burden and
functional impairment measured with different instruments [25].
Two studies included in this systematic review used the same test
that our study (BI). Bostock et al. [26] in old hospitalized patients
and Lowry ef al. [14] in old frail patients with comorbidities admit-
ted to geriatric wards. In both, their results showed a relationship
between the DBI and functional impairment: RR 2.96 (1.21-7.27, p
=0.02) and OR 0.71 (95% CI 0.55-0.91; p = 0.007), respectively.
The validation study of DBI also showed a positive association
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[11], using the Health, Aging, and Body Composition Study tool,
2.08 vs 2.21 p <0.001. Conversely, Wilson et al. studied 602 insti-
tutionalized elderly patients and showed no association after multi-
variate analysis in one of the items, gait speed [24] (-0.01 m /s (p =
0.3).

Two studies performed on community-dwelling old patients
validate DBI in other countries, such as the United Kingdom [14]
and Finland [13]. Although these populations are not similar to
ours, , it is interesting to know that the BI was significantly lower
with higher DBI in both studies.

Regarding IADL, there was no association in any of the analy-
ses performed. When the DBI value increases no change in IADL
was observed. Therefore, a relationship between exposure to total
DBI and a worsening in complex activities that provide autonomy
within the community in patients with multimorbidity cannot be
established.

There are some limitations to this study. The inferences about
the cause and the effect of the study findings are limited by the
cross-sectional design. The medication use was based on medical
records and electronic data. It would be convenient more accurate
information on exposure, i.e. interviews or visual inspection during
a clinic visit.

Further interventional studies and longitudinal designs are re-
quired to evaluate whether the association between increasing total
DBI and impaired cognitive and functional status is causative, and
to test if the reduction in DBI scores might improve multimorbidity
patients’ health status.

Despite these limitations, there are interesting results.
Multimorbidity in older adults leads to polypharmacy with all its
drug related problems [29]. It is necessary to understand the impact
of these drugs and tend to reduce the polypharmacy. This is still not
a common procedure because there are many barriers to stop the
medications. However, this type of study provides evidences to
perform an assessment of patient treatment, taking into account the
situation of the patient, the prognosis and life expectancy. There-
fore, to make decisions about the treatment, it is important perform-
ance an individualized assessment of the patient.

CONCLUSION

The use of medications with anticholinergic and sedative prop-
erties is common among patients with multimorbidity. Higher DBI
scores are strongly associated with reduced functional status in this
group. Our study provided that this correlation is also found with
DBI adapted to the Spanish specifications.

DBI should be considered to optimize the pharmacological
treatment of a group of special interest due to its vulnerability.

The prescriber can assess the potential effects of the disease and
different treatment options on the patient's cognitive and functional
status. Further research is required with longitudinal designs to
examine and reinforce these results. It is important to determine
whether the strategies aimed at decreasing the total DBI scores,
either by decreasing doses, replacing or suspending drugs that are
considered anticholinergic and/or sedative, may benefit this group
of patients.

LIST OF ABBREVIATIONS

PT = Pfeiffer's test

BI = Barthel’s index

IADL = Lawton-Brody Instrumental activities of daily
living scale

CI = Charlson's index
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