
Copyrig
ht © Excerpta M

edica, In
c, 2

010

Not fo
r Commercial

Distri
butio

n

	 A. Harugeri et al.	 The American Journal of Geriatric Pharmacotherapy

		  Volume 8 • Number 3	 June 2010	 271

Accepted for publication May 25, 2010. 
Published online June 16, 2010.� doi:10.1016/j.amjopharm.2010.06.004
© 2010 Excerpta Medica Inc. All rights reserved.� 1543-5946/$ - see front matter

Prescribing Patterns and Predictors of High-Level 
Polypharmacy in the Elderly Population: A Prospective 
Surveillance Study From Two Teaching Hospitals in India

Anand Harugeri, MPharm1,2; Jinta Joseph, MPharm1;  
Gurumurthy Parthasarathi, MPharm, PhD, Grad Dip Clin Pharm, FICP1,3;  
Madhan Ramesh, MPharm, PhD, FICP1,3; and Shoba Guido, MD2

1Department of Pharmacy Practice, Jagadguru Sri Shivarathreeshwara ( JSS) College of Pharmacy, JSS University, Mysore, 
India; 2Department of Pharmacology, St. John’s Medical College, Bangalore, India; and 3JSS Medical College Hospital, 
JSS University, Mysore, India

ABSTRACT
Background: Polypharmacy has been reported to increase the risks for inappropriate prescribing, adverse drug 

reactions, geriatric syndromes, and morbidity and mortality in elderly populations in the United States and Europe. 
Data on prescribing patterns and polypharmacy in the elderly population in India are limited. 

Objectives: The aims of this study were to assess prescribing patterns and to determine the predictors of high-level 
polypharmacy in the elderly population in 2 tertiary care hospitals in India.

Methods: This prospective surveillance study used medical records from patients aged 60 to 95 years admitted to 
the medicine wards of the 2 tertiary care hospitals between January 2008 and June 2009. Data on medication pre-
scribing from admission through discharge were reviewed. Diseases were coded using the World Health Organiza-
tion (WHO) International Classification of Diseases, 10th Revision, and medications were coded using the WHO 
Anatomical, Therapeutic, and Chemical classification. Concordance of prescribing with the indications in the prod-
uct labeling as listed in the American Hospital Formulary Services Drug Information 2007 was determined. The 
prevalences of polypharmacy (5–9 medications) and high-level polypharmacy (≥10 medications) were determined. 
Bivariate analysis and multivariate logistic regression analysis were used to determine the influential predictors of 
high-level polypharmacy during hospital stays.

Results: Data from 814 patients were included (493 [60.6%] men, 321 [39.4%] women; median age, 66 years 
[range, 60–95 years]). Systemic antibacterials were the most commonly prescribed therapeutic class of medications 
(574 [70.5%]), and pantoprazole was the most commonly prescribed medication (498 [61.2%]). The majority (7/10 
[70.0%]) of the most commonly prescribed medications were prescribed as indicated. Medications prescribed “off-label” 
included pantoprazole (432/498 [86.7%]), ceftriaxone (212/259 [81.9%]), and atorvastatin (109/237 [46.0%]). 
Polypharmacy and high-level polypharmacy were prescribed in 366 (45.0%) and 370 (45.5%) patients, respectively. 
On multivariate logistic regression analysis, multiple (≥3) diagnoses (odds ratio [OR] = 1.55; 95% CI, 1.16–2.08;  
P = 0.003), angina pectoris (OR = 2.58; 95% CI, 1.50–4.37; P < 0.001), and a length of stay ≥10 days (10–<15 days, 
OR = 3.14; 95% CI, 2.09–4.71; P < 0.001; and ≥15 days, OR = 5.74; 95% CI, 2.43–13.51; P < 0.001) were found 
to be predictors of high-level polypharmacy during hospital stays.

Conclusions: The campaign for rational drug use in hospitalized elderly patients in India should promote panto- 
prazole, ceftriaxone, and atorvastatin prescribing in concordance with their indications. Interventions to reduce the 
high-level polypharmacy in the elderly during their stays in tertiary care hospitals in India should focus on patients 
with ≥3 diagnoses, angina pectoris, and/or ≥10 days of hospital stay. (Am J Geriatr Pharmacother. 2010;8:271–280) 
© 2010 Excerpta Medica Inc.
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Introduction
Worldwide, life expectancy has increased by 2 years in 
the past decade due to social, economic, and health care 
improvements.1 As a result, the elderly population is in-
creasing and is expected to reach 1.4 billion by 2050.2 
In 2007, the elderly population in India (93 million) 
constituted 12.8% of the worldwide elderly population, 
and this number is expected to increase to 100 million 
by 2013.1,3 Health care utilization is also expected to 
increase.4

Although there is no consensus5 on the definitions of 
polypharmacy and high-level polypharmacy (also known 
as excess polypharmacy), these terms have been de- 
fined as the concurrent prescribing of 5 to 9 drugs6–8 and 
≥10 drugs,5,9 respectively. Polypharmacy has also been 
defined as prescribing more drugs than are clinically in-
dicated, or as unnecessary prescribing.10 Polypharmacy 
increases with age (47% at a mean age of 74.5 years and 
66.1% at 84 years).11,12 Safe and effective prescribing 
in the elderly is difficult because of altered pharmaco- 
kinetics and pharmacodynamics and age-related changes 
in body composition and physiology.2 Polypharmacy has 
been reported to increase the risks for inappropriate pre-
scribing, adverse drug reactions, geriatric syndromes, 
and morbidity and mortality in elderly populations in 
the United States and Europe.13

The health care system in India is diverse, with a 
wide range of health care facilities in the private, corpo-
rate, and government sectors. Outpatient and inpatient 
services are available in all 3 sectors in varying capacities 
and scopes. Inpatient services are available at primary, 
secondary, and tertiary care hospitals. Based on their 
affiliations with medical schools, these hospitals are 
categorized as teaching or nonteaching. Physicians at 
primary care hospitals might provide care to patients 
with early-stage diseases or minor ailments. Referral 
from primary care hospitals to secondary and tertiary 
care centers is routine in the management of complex 
cases.

The secondary centers employ general surgical and 
medical teams. General medical teams have ≥1 physi-
cian with specialization in general medicine. Tertiary 
care hospitals are mainly referral centers for complex 
cases and specialized treatment; however, they also pro-
vide basic health care services. Only 3.4% of the total 
government expenditure in India is spent on health care 
services. Considering low per-capita per-year health care 
expenditure (3404 Indian rupees [INR] [US $1 =  
46 INR]) and 91.4% out-of-pocket expenditure on 
health care,1 polypharmacy is a serious concern to pa-
tients in India, especially the elderly, due to socioeco-

nomic challenges such as social isolation, financial inse-
curity, and the lack of a government-funded health 
insurance program.4

Because geriatrics is not a widely practiced clinical 
specialty in India, few hospitals in India have geriatric 
clinics. Previously published studies from India have 
reported that the rates of polypharmacy and inappro-
priate medication prescribing (as assessed using updat-
ed modified Beers criteria14) in the elderly population 
are high (31.5%–67.8% and 17.9%, respectively).15,16 
However, those studies lacked systematic descriptions 
of medication prescribing in elderly patients and did 
not assess the determinants of polypharmacy. Sociode-
mographic factors, such as age, sex, education level, 
socioeconomic status, and employment, have been ex-
amined as determinants of polypharmacy in Ireland17 
and the United States.18 Factors related to the health 
care system (eg, apparent pressure from patients, pre-
scriber-related factors [high patient load, prescribing 
practice, practice structure], free access to medica- 
tions)7,19–21 and disease (eg, multiple comorbidities, 
chronic illness22,23) have also been explored as predic-
tors of polypharmacy. However, based on the findings 
from a literature search, none of those variables have 
been tested as predictors of polypharmacy in hospital-
ized elderly patients in India. This study aimed to de-
termine prescribing patterns, concordance of medica-
tion prescribing with approved indications, prescribing 
patterns in the most commonly treated disease condi-
tions, and predictors of high-level polypharmacy in 
hospitalized elderly patients in India.

Methods
This prospective, active-surveillance study was con-
ducted over a period of 18 months (January 2008 to 
June 2009) in the medicine wards at St. John’s Medi- 
cal College Hospital, Bangalore, India, and Jagadguru 
Sri Shivarathreeshwara (JSS) Hospital, Mysore, India. 
Both are 1200-bed, representative tertiary care teach-
ing hospitals. The study protocol and written informed- 
consent form were approved by the ethics committees at 
both hospitals.

Data from patients aged 60 to 95 years admitted to 
the medicine wards at the 2 hospitals between January 
2008 and June 2009 were included in the study. Data 
from patients treated in the outpatient departments, 
intensive care units, and intensive therapy units of these 
hospitals were excluded because the focus of the study 
was on data from elderly patients in typical medicine 
wards at tertiary care teaching hospitals. Patients ad-
mitted to the medicine wards during the study period 
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Statistical Analysis
Comparisons between groups were conducted using 

the Pearson χ2 test for categoric variables and the 
Mann-Whitney Z test for continuous variables. Pearson 
correlation coefficients (r) were calculated for the cor-
relations. Using bivariate analysis by Pearson χ2 test, 
predictors of high-level polypharmacy during hospital 
stay at P < 0.05 were identified. Age, sex, number of 
diagnoses, hospital length of stay (LOS), and disease 
conditions (eg, essential hypertension, diabetes, chron-
ic obstructive pulmonary disease [COPD], angina pec-
toris) were tested using bivariate analysis. Multivariate 
logistic regression was used to assess the influence of 
the predictors of high-level polypharmacy that were 
identified on bivariate analysis. Statistical analysis was 
carried out using SPSS version 17.0 (Systat Software, 
Inc., Chicago, Illinois). P < 0.05 was considered statis-
tically significant.

Results
During the study period, 4366 elderly patients  
(59.1% men, 40.9% women) were admitted to the 
medicine wards of the 2 study hospitals. Among these, 
814 were included in the study (493 [60.6%] men,  
321 [39.4%] women). The sex distribution in the study 
patients was similar to that of patients not included in 
the study (n = 3552; 58.8% men, 41.2% women; χ2 = 
0.89). The median age of the study patients was 66 years 
(range, 60–95 years), and the median age of patients not 
included in the study was 67 years (range, 60–101 years) 
(Mann-Whitney Z = –0.876; P = NS). Median LOS was 
not significantly different between the patients included 
in the study and those not included in the study (7 days 
[range, 1–48 days] vs 7 days [range, 1–43 days, respec-
tively]; Mann-Whitney Z = –1.676). Characteristics of 
the study patients are shown in Table I. 

Most Commonly Prescribed Medications
The most commonly prescribed medication classes 

and individual medications in the study population are 
listed in Table II. Antibacterials were frequently pre-
scribed (574/814 [70.5%]) in patients with infectious 
diseases (ICD-10 codes A01–A04, A06, A09, A15–A17, 
A27, A41, A91, A92, and A98) (98.3% [113/115]), 
respiratory system disorders (ICD-10 codes J01, J06, 
J12, J15, J17, J18, J20, J22, J40, J42–J44, and J90) 
(95.0% [320/337]), and genitourinary system disorders 
(ICD-10 codes N04, N08, N10, N13, N17, N18,  
N20, N23, N39, and N40) (82.2% [111/135]).  
Sixty-one patients (7.5%) received thiazide diuretics, and 
20 (2.5%) received psycholeptics/psychoanaleptics.

were identified daily (Monday–Saturday) by a graduate 
clinical pharmacist using the wards’ census registers. 
Data from patients admitted on Sundays and those who 
were discharged within a day before the next morning 
check of census registers were excluded. It was not pos-
sible to include all admitted elderly patients due to the 
availability of only 1 graduate clinical pharmacist per 
hospital for this study and due to the unavailability of 
patients’ medical records in electronic format at the study 
settings. However, to determine the generalizability of the 
study findings, statistical comparisons were made between 
the patients included and not included in the study.

Admission notes, outpatient records, discharge sum-
maries from previous hospitalizations, demographics, 
and medical histories were reviewed on the day of pa-
tients’ inclusion. When necessary, patients and/or their 
caregivers were interviewed during hospitalization for 
clarification of medical history information. Diagnoses 
were recorded from daily reviews of clinicians’ notes. If 
necessary, clinicians were interviewed for clarification of 
their notes on the information on diagnosis. Medica-
tions prescribed from admission through discharge 
were recorded from daily reviews of treatment charts 
and nurses’ notes, as well as discharge summaries.

Data from data-collection forms were input into a 
specially designed Microsoft Access database (Microsoft 
Corporation, Redmond, Washington). To check the 
quality of the documentation by the graduate clinical 
pharmacists and to minimize transcription errors, a senior 
academic clinical pharmacist/pharmacologist reviewed 
10% of the data-collection forms for consistency of infor-
mation transferred from patients’ medical records. All of 
the forms in the database were also reviewed against the 
data-collection forms for consistency of information.

Polypharmacy was defined as the concurrent prescrib-
ing of 5 to 9 medications, and high-level polypharmacy 
was defined as the concurrent prescribing of ≥10 medi-
cations. The highest number of concurrently prescribed 
medications during the hospital stay was used for group-
ing patients into categories of concurrent medication 
prescribing. Assessments of prescribing included over-
the-counter and prescription allopathic medications, in-
cluding those prescribed for as-needed use when actual- 
ly administered. Diagnoses were coded using the World 
Health Organization (WHO) International Statistical 
Classification of Diseases, 10th Revision (ICD-10).24 The 
medications were coded using the WHO Anatomical, 
Therapeutic, and Chemical classification.25 Whether medi- 
cations were prescribed as indicated or “off-label” was 
assessed using the American Hospital Formulary Ser-
vices Drug Information (2007).26
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reasons for prescribing pantoprazole off-label were to 
prevent gastrointestinal adverse effects of medications 
and stress ulcers during the hospital stay (91.9% 
[397/432]). Among the patients who received ceftri-
axone (n = 259), 47 (18.1%) received prescriptions as 
indicated. Ceftriaxone was commonly prescribed in the 
empiric treatment of respiratory tract infections (43.2% 
[112]), in patients with viral infections (20.5% [53]), 

Concordance of Medication Prescribing With 
Approved Indications

The majority (7/10 [70%]) of the medications 
most frequently prescribed during hospital stay were 
prescribed as indicated. The medications most com-
monly prescribed off-label were pantoprazole (86.7% 
[432/498]), ceftriaxone (81.9% [212/259]), and ator- 
vastatin (46.0% [109/237]). The 2 most common 

Table I. � Characteristics of patients in this study of  
prescribing patterns and high-level polyphar-
macy in an elderly population in 2 tertiary care 
hospitals in India (N = 814).

Characteristic
No. (%) of 
Patients

Sex
    Male 493 (60.6)
    Female 321 (39.4)

Age
    Median (range), y 66 (60–95)
    Age group
        60–<70 y 488 (60.0)
        70–<80 y 255 (31.3)
        ≥80 y 71 (8.7)

Hospital length of stay
    Median (range), d 7 (1–48)
    Range group
        1–<10 d 650 (79.9)
        10–<15 d 131 (16.1)
        ≥15 d 33 (4.1)

No. of diagnoses
    1 or 2 420 (51.6)
    3 or 4 338 (41.5)
    ≥5 56 (6.9)

No. of concurrently prescribed medications
    1–4 78 (9.6)
    5–9 366 (45.0)
    ≥10 370 (45.5)

Most common diseases (ICD-10 code)
    Essential hypertension (I10) 345 (42.4)
    Diabetes mellitus (E11) 291 (35.7)
    COPD (J44) 153 (18.8)
    Angina pectoris (I20) 75 (9.2)

ICD-10 = International Statistical Classification of Diseases, 10th Revision24; 
COPD = chronic obstructive pulmonary disease.

Table II. � Medications most commonly (≥20% of patients) 
prescribed during hospital stays in this study of 
prescribing patterns and high-level polyphar-
macy in an elderly population in 2 tertiary care 
hospitals in India (N = 814).

Anatomic Class/Therapeutic Class/ 
Medication (ATC Code)

No. (%)  
of Patients

Alimentary tract (A) 737 (90.5)
    Acid-related disorders (A02) 563 (69.2)
        Pantoprazole (A02BC02) 498 (61.2)
    Diabetes drugs (A10) 314 (38.6)
        Insulin (A10AD, A10AB) 245 (30.1)

Blood and blood-forming agents (B) 431 (52.9)
    Antithrombotic (B01) 347 (42.6)
        Aspirin (B01AC06) 257 (31.6)
        Clopidogrel (B01AC04) 216 (26.5)

Cardiovascular system (C) 563 (69.2)
    Diuretics (C03) 230 (28.3)
        Furosemide (C03CA01) 185 (22.7)
    Calcium channel blockers (C08) 230 (28.3)
        Amlodipine (C08CA01) 227 (27.9)
    Agents acting on renin–angiotensin system  
      (C09) 205 (25.2)
    Lipid-modifying agents (C10) 219 (26.9)
        Atorvastatin (C10AA05) 237 (29.1)

Antibiotics for systemic use (J) 592 (72.7)
    Antibacterials for systemic use (J01) 574 (70.5)
        Ceftriaxone (J01DD04) 259 (31.8)

Nervous system (N) 463 (56.9)
    Analgesics (N02) 300 (36.9)
        Paracetamol (N02BE01) 250 (30.7)

Respiratory system (R) 386 (47.4)
    Drugs for obstructive airway disease (R03) 335 (41.2)
        Salbutamol (R03AC02) 250 (30.7)

ATC = Anatomical, Therapeutic, and Chemical classification.25
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concurrently prescribed medications was not signifi-
cantly increased with age (9 [1–22], 9 [3–20], and  
9 [2–22] with age 60–<70, 70–<80, and ≥80 years; r = 
0.027; P = NS). Medications prescribed concurrently 
during hospital stays differed significantly between 
patients with essential hypertension and those with 
angina (10 [1–22] vs 11 [6–19]; Mann-Whitney Z = 
–3.626; P < 0.001). The difference was not significant 
versus those with diabetes (9 [1–22]; Mann-Whitney  
Z = –0.872) or versus those with COPD (10 [2–19]; 
Mann-Whitney Z = –0.746).

Predictors of High-Level Polypharmacy
Prevalences of polypharmacy and high-level polyphar-

macy during hospital stays were 45.0% (366/814) and 
45.5% (370/814), respectively. The predictors of high-
level polypharmacy during hospital stays are listed in 
Table III. 

Bivariate analysis identified multiple (≥3) diagnoses 
(P = 0.009), angina pectoris (P = 0.003), and LOS  
≥10 days (P < 0.001) as predictors of high-level poly-
pharmacy during hospital stays. On multivariate logistic 
regression, multiple diagnoses (odds ratio [OR] = 1.55; 
95% CI, 1.16–2.08; P = 0.003), angina pectoris (OR = 
2.58; 95% CI, 1.50–4.37; P < 0.001), and LOS ≥10 
days (10–<15 days, OR = 3.14; 95% CI, 2.09–4.71;  
P < 0.001; ≥15 days, OR = 5.74; 95% CI, 2.43–13.51; 
P < 0.001) were found to be predictors of high-level 
polypharmacy during hospital stays.

Discussion
Based on findings from PubMed and OvidSP searches 
using the search terms drug utilization, elderly, inpa-
tients, polypharmacy, and India, this is the largest pro-
spective study that has assessed prescribing patterns in, 
and first to report the predictors of high-level poly-
pharmacy in, the hospitalized elderly population in 
India. In the study, antibiotics prescribing was exten-
sive (72.7%) and not significantly different from that 
observed in 400 elderly patients in an emergency de-
partment (17.7% of elderly patients accounted for the 
highest percentage [23.5%] of antibiotic prescriptions) 
prescription audit study from a tertiary care hospital in 
India.27 These findings might have been partly due to 
diagnoses of infections during hospital stays and/or 
systemic oral antimicrobials prescribed before, and used 
during, hospitalization. However, ceftriaxone was pre-
scribed off-label in 81.8% of patients who received this 
drug.26 Off-label prescribing of ceftriaxone (73.0%) was 
also found in an Australian concurrent observational as-
sessment (N = 671; median age, 69 years [range, new-

and for surgical prophylaxis (12.4% [32]). The most 
common reason for prescribing atorvastatin off-label 
was for the primary prevention of cardiovascular events 
without multiple (≥3) risk factors (70.6% [77/109]). 
Off-label prescribing of pantoprazole, ceftriaxone, and 
atorvastatin accounted for 2869, 1297, and 790 patient-
days, respectively, of treatment during hospital stays. 

Prescribing Patterns in the Most Commonly 
Treated Disease Conditions

Essential hypertension, diabetes mellitus, and COPD 
were the most commonly treated disease conditions in 
the 2 medicine wards in this study. In the treatment of 
essential hypertension (n = 345), amlodipine adminis-
tered as monotherapy or in combination with β-blockers 
or angiotensin receptor blockers was most commonly 
prescribed on admission (171 [49.6%]), during hospital 
stay (227 [65.8%]), and on discharge (202 [58.6%]). 
For the treatment of diabetes (n = 291), metformin, 
gliclazide, and glyburide were the drugs most com-
monly prescribed on admission (30.2% [88], 22.0% 
[64], and 17.5% [51], respectively); during hospital 
stays, metformin, gliclazide, and glimepiride were most 
commonly prescribed (28.2% [82], 18.2% [53], and 
13.4% [39]); and on discharge, the most common 
treatments were metformin, glimepiride, and gliclazide 
(33.0% [96], 14.1% [41], and 13.1% [38]). Insulin was 
prescribed for diabetes in 29.2% (85) of patients on 
admission, 84.2% (245) during hospital stays, and 
69.4% (202) on discharge. For the treatment of COPD 
(n = 153), salbutamol, theophylline, and tiotropium 
bromide were the drugs most commonly prescribed on 
admission (34.0% [52], 21.6% [33], and 9.8% [15]); 
during hospital stay, these medications were salbuta-
mol, ipratropium bromide, and prednisolone (81.0% 
[124], 64.7% [99], and 35.9% [55]); on discharge, they 
were salbutamol, prednisolone, and budesonide (71.9% 
[110], 26.8% [41], and 24.8% [38]).

Concurrent Medication Use
There was no difference between the sexes in the 

median (range) number of medications prescribed con-
currently during hospital stays (men, 9 [1–22]; women, 
9 [1–20]) (Mann-Whitney Z = –0.409). The number 
of concurrently prescribed medications during hospital 
stays increased significantly with the number of diagno-
ses (8 [1–22], 10 [2–21], and 11 [1–22] with 1 or 2, 
3 or 4, and ≥5 diagnoses, respectively; r = 0.118; P < 
0.001 [1-tailed]) and LOS (8 [1–22], 11 [3–22], and 
12 [7–21] with LOS 1–<10, 10–<15, and ≥15 days; r = 
0.35; P < 0.001 [1-tailed]). However, the number of 
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vastatin (10 mg/d) were 5 INR (range, 2–7 INR), 
148 INR (90–358 INR), and 6 INR (1–12 INR), re-
spectively.32 In this study, off-label prescribing of pan-
toprazole, ceftriaxone, and atorvastatin accounted for 
additional total costs of 14,345, 905, and 191,956 INR, 
respectively (costs per patient, 41.9, 905, and 44 INR; 
per-capita per-year expenditures on health, 1.2%, 26.6%, 
and 1.3%).1 These findings suggest that interventions 
to rationalize medication prescribing in hospitalized 
elderly patients in India should focus on increasing 
adherence to indications when prescribing pantopra-
zole, ceftriaxone, and atorvastatin.

The common classes of medications prescribed in the 
elderly (those that act on the cardiovascular system and 
the alimentary tract) reported in the literature33–35 were 
also recorded in this study. Because the 2 study hospi-
tals offer psychiatric services, patients with psychiatric 

born to 99 years]).28 In a retrospective review con-
ducted at an academic practice in the United States,29 
the rate of off-label prescribing of proton pump inhibi-
tors (PPIs) in geriatric patients (age, ≥65 years) was 
reported as 29.0%. This rate was 45.0% in a medical-
record abstraction conducted at a US Veterans Affairs 
medical center.30 Although PPIs are effective and well 
tolerated in the prevention of gastric and duodenal ul-
cers associated with NSAID use, this indication is not 
listed in the American Hospital Formulary Services 
Drug Information (2007).26 Also, they may not be use-
ful in preventing the gastrointestinal adverse effects of 
all other medications.31 The finding of the off-label 
prescribing of atorvastatin in this study could not be 
supported due to a lack of published studies.

In 2009 in India, the median costs of typical doses of 
pantoprazole (40 mg/d), ceftriaxone (2 g/d), and ator-

Table III.  Predictors of high-level polypharmacy during hospital stays in this study of prescribing patterns and high-level 
			  polypharmacy in an elderly population in 2 tertiary care hospitals in India (N = 814).

n/N (%) Prescribed High-
Level Polypharmacy 
During Hospital Stay

Bivariate Analysis
Multivariate Logistic 

Regression*

Characteristic OR 95% CI P OR 95% CI P

Sex
    Male 225/493 (45.6) 1 (Ref) – – – – –
    Female 145/321 (45.2) 0.98 0.74–1.30 0.477 – – –

Age group
    60–<70 y 226/488 (46.3) 1 (Ref) – – – – –
    70–<80 y 116/255 (45.5) 0.97 0.71–1.31 0.446 – – –
    ≥80 y 28/71 (39.4) 0.75 0.45–1.25 0.169 – – –

No. of diagnoses
    1 or 2 169/420 (40.2) 1 (Ref) – – – – –
    ≥3 201/394 (51.0) 1.43 1.07–1.91 0.009 1.55 1.16–2.08 0.003

Disease
    Essential hypertension (primary) 172/345 (49.9) 1 (Ref) – – – – –
    Diabetes mellitus 138/294 (46.9) 0.89 0.65–1.21 0.256 – – –
    COPD 80/153 (52.3) 1.10 0.75–1.61 0.343 – – –
    Angina pectoris 51/75 (68.0) 2.14 1.26–3.63 0.003 2.58 1.50–4.37 <0.001

Hospital length of stay
    1–<10 d 310/650 (47.7) 1 (Ref) – – – – –
    10–<15 d 97/131 (74.0) 3.13 2.06–4.76 <0.001 3.14 2.09–4.71 <0.001
    ≥15 d 29/33 (87.9) 7.95 2.76–22.87 <0.001 5.74 2.43–13.51 <0.001

OR = odds ratio; COPD = chronic obstructive pulmonary disease.
*R2 = 0.07 (Hosmer and Lemeshow), 0.09 (Cox and Snell), 0.11 (Nagelkerke); model χ2(1) = 74.11; P < 0.001 (df = 5); constant OR = 0.03 (P < 0.001).
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findings, patient education regarding oral hypoglycemic– 
induced hypoglycemia in the elderly population in pri-
mary and secondary health care centers might reduce the 
risks associated with the use of these agents.

The frequent (21.6%) prescribing of theophylline on 
admission in the treatment of COPD might have been 
due to its low out-of-pocket cost (2.5 INR per 400-mg 
tablet) compared with that of inhaled bronchodilators 
(82 INR for 1 metered-dose inhaler containing 200 doses 
of salbutamol at 100 µg per dose) in India. Theophyl-
line use was discontinued in all patients after hospitali-
zation because of the availability of more effective alter-
natives and the risk for adverse effects due to its narrow 
therapeutic index.52 The frequent (64.7%) prescribing 
of ipratropium reported during hospital stays was likely 
due to the combined use of salbutamol and ipratropi-
um nebulization for the treatment of acute exacerba-
tions of COPD. The severity of COPD during hospital 
stays required the use of prednisolone in 35.9% of 
cases. 

In contrast with findings from a cross-sectional analy-
sis in 523 community-dwelling elderly patients5 and a 
population-based cohort study in 601 elderly patients9 
in Finland, age and female sex were not observed as 
predictors of high-level polypharmacy. This finding 
suggests that elderly Indian women remain healthier, 
as supported by the lower proportion of hospitalized 
women observed in this study (39.4% vs 60.6% men) 
and greater life expectancy of Indian women compared 
with men (65 vs 63 years).1

The link between the number of diseases and high-
level polypharmacy is likely due to diagnoses (eg, car-
diovascular disease, diabetes mellitus, COPD) that pose 
several therapeutic challenges secondary to a variety of 
complications.5 In addition to antianginals, concurrent 
administration of antihypertensives, antidiabetics, and 
lipid-lowering agents for cardiovascular risk reduction 
might predispose patients with angina to high-level 
polypharmacy.53–55 Future studies should weigh the 
benefits of cardiovascular risk reduction in patients with 
angina against the adverse effects of high-level polyphar-
macy. In this study, LOS was a predictor of polyphar-
macy. Patients with longer LOSs might have been  
more seriously ill, thus requiring many concurrently 
prescribed medications.

The high prescribing rates in this study, at least on the 
basis of indication, suggest that high-level polypharma- 
cy is common and might be justified in some elderly 
patients. Although polypharmacy might point to the 
likelihood of exposure to medication-related problems, 
it might not necessarily reflect inappropriate medication 

diseases are admitted to psychiatry wards and hence 
only those patients with concomitant psychiatric illness 
(2.5%) received psycholeptics/psychoanaleptics. Simi-
lar to findings from another prospective observational 
study from the Government Medical College and Hos-
pital, Chandigarh, India (N = 300),36 amlodipine ad-
ministered as monotherapy or in combination with 
β-blockers or angiotensin receptor blockers was the 
treatment of choice (65.8%) for essential hypertension 
in the elderly. These drug combinations are recom-
mended for use in essential hypertension by the National 
Institutes of Health, ESH/ESC Hypertension Guide-
lines Committee, and WHO in India.37–39 The high 
rate of prescribing amlodipine in this study might have 
been due to its low cost to patients (80 INR/y) com-
pared with angiotensin-converting enzyme inhibitors 
(1660 INR/y for lisinopril) and β-blockers (318 INR/y 
for atenolol). This lower cost to patients might increase 
prescribing rates.32,36 Although thiazide diuretics are 
indicated for the treatment of essential hypertension, 
their prescribing rate was low (2.5%) in this study. A 
similar finding was reported in a prospective cohort 
study in patients aged ≥65 years from the United States 
(marked drop, from 60.0% to 38.0%, in thiazide di-
uretic use from 1990–1999)40 and a cross-sectional 
survey of general practitioners treating adults aged  
<65 years and elderly patients with hypertension (4.2% 
of general practitioners prescribed thiazide diuretics).41

New practice guidelines42,43 might have influenced 
the prescribing of metformin in this study and other 
studies.44,45 Glyburide use was discontinued in all pa-
tients following hospitalization because of its risk for 
hypoglycemia, and these patients were switched to com-
paratively better-tolerated sulfonylureas, such as glicla- 
zide or glimepiride.46–50 Oral hypoglycemic agents such 
as metformin, gliclazide, and glimepiride were prescribed 
less commonly (28.2%, 18.2%, and 13.4%, respectively) 
compared with insulin (84.2%) during hospital stays in 
the present study; this finding was similar to that from 
a previously published prospective, observational study 
in 102 patients with diabetic nephropathy (mean [SD] 
age, 55.1 [9.5] years) in a tertiary care hospital in India 
(8.9%).51 There was a 40.2% increase in insulin use 
from admission to discharge, presumably for better 
glycemic control. A prospective study in 578 elderly 
patients in a tertiary care referral hospital in northern 
India reported a high rate of oral hypoglycemic pre-
scribing just before admission (19.6%), and reported 
hypoglycemia due to the use of oral hypoglycemic 
agents as the most common cause of hospital admis-
sions for adverse drug reactions (30.8%).16 Based on these 
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