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Age related changes in the cardiovascular 

system
• Cardiac output no change at rest but has less ability to increase 

with exercise

• Reduced EF with age (due to reduced contractility and 
sympathetic tone)

• Reduced elasticity of aorta --- reduced tolerance for 
haemodynamic changes --- postural hypotension



Age related changes in gastrointestinal system

Reduced sensitivity to taste and smell and gastric atrophy

• Reduced dietary intake and weight loss

• Reduced physical activity and basal metabolic rate



Age related changes in the gastrointestinal 

system
• Reduced thirst sensitivity

• Reduced total body water (intracellular and extracellular)

• Risk for dehydration



Other age-related changes

• Reduced BMD
• Reduced muscle mass
• Increase body fat

• Reduced vision 
▫ Diseases:  Cataracts and ARMD
▫ Reduced transparency of cornea and lens.  Need more light to see 

well



Other age-related changes

• Reduced inner ear function

• Susceptibility to infection and slow healing

• Falls

▫ Decreased inner ear function, reduced vision, reduced 
proprioception, reduced muscle strength, joint stiffness, postural 
hypotension
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Geriatric Pharmacology

Older patients have altered pharmacodynamics and 
pharmacokinetics

Dose adjustment well defined in paediatric population.  Not so well 
defined in the geriatric population



Controversies in Geriatric Pharmacology

Drugs work individually.   Very few trials compare the effect 
of more than one drug

What is the effect of polypharmacy?

CDHB AMAU audit: Adverse drug reactions account for 
12% admissions and contribute to 34% of admissions.  
Most common adverse drug reaction was falls.

Jenny Cheing, personal correspondence.

Adverse drug reactions are the fourth to sixth greatest 
cause of death 

(Hilmer et al.  Fund clinPharm.  2007:217-30).



Controversies in Geriatric Pharmacology

• Drugs clearly work in young people with minimal co morbidities

▫ Can these results be extrapolated to older people

▫ What are the side effects in the elderly?

▫ What is the efficacy in older people?
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Hypertension

• . Hypertension in the elderly

Study supporting treatment

HYVET study

Studies showing limits to treatment
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Meta-analysis



Treatment of hypertension in the elderly

• Good evidence to lower blood pressure with antihypertensive 
medication  in the young population

• Randomised controlled trials of people 80 or older have excluded 
them or recruited too few

• Epidemiological studies have consistently demonstrated that 
blood pressure and the risk of death are inversely related



Evidence supporting antihypertensive use in 

the elderly

• HYVET = (Hypertension in the Very Elderly Trail)

• First randomised trial designed to assess the effects of treatment 
of hypertension in the elderly

• Published in NEJM in 2008

Beckett et al NEJM.  Vol 385, no 19, pages 1187-97.  



HYVET - Methods

• Randomised, placebo-controlled, double-blinded .

• 13 countries

• Older than 80 years.

• Average of two sitting and two standing BPs taken (after two 
minutes).   Mean  of four SBPs had to be between 160 and 199 
mmHg.  

• Exclusion criteria included creatinine>150 , potassium < 3.5 or > 
5.5,  gout, dementia or rest home patient



Treatment

• Stop all antihypertensives for two months

• Lower systolic BP to 150 mm Hg

• If BP > 150 add Indapamide SR 1.5mg

• On subsequent visits add Perindopril 2mg or 4mg to reach target blood 
pressure

• Patients seen every 3/12.  Follow up two years



HYVET – participants



HYVET – results 

Few adverse events reported



HYVET –Results



HYVET: summary

• First randomised trial of hypertensive treatment in the elderly

2008 study.  438 citations

• Limits

• Patient selection (starting SBP>160 mm Hg, SBP lowered to 
150mm Hg, very healthy patient group (low prevalence of medical 
problems, low incidence of events). Effectively excluded postural 
hypotension
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UK study assessing the 

applicability of HYVET
Managing hypertension in the very elderly: effect of adverse drug 

reactions (ADRs) on achieving targets
Butt et al.  Journal of Human Hypertension (2010): 24, 514-18.

Aim: To determine if it was possible to follow HYVET guidelines in the 
everyday clinical setting

Method:  Retrospective cohort study.  100 patients referred to Birmingham 
Hypertension Clinic, aged over 80, over a 10 year period

Results:  Of 100 patients
Ambulatory blood pressure monitoring showed “white coat” effect in 33 

patients.
40% of the remaining patient had ADRs that limited further intervention or 

required reduction of antihypertensives.



Design:  Population based cohort study

Participants:  Half the patients over 85 and all the 
patients over 90 in six municipalities in the North of 
Sweden (n=1100)



Study Participants



Results

Tendency towards a 
U-shaped mortality 
curve with systolic 
blood pressure of 
164 being associated 
with the lowest 
mortality 
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• Design:  Population based prospective study

• Participants:  all people in the city of Vansta, Norway (n=601)



Results 

After adjusting for 
age, sex, functional 
status and coexisting 
diseases low systolic 
blood pressure was 
associated with risk of 
death
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Cochrane review

Pharmacotherapy for hypertension in the elderly.
Musini VM et al. Cochrane Database Syst Rev. 2009 Oct 7;(4):CD000028.

Selection criteria: Randomized controlled trials of at least one year duration in hypertensive 
patients over 60years old.

Results: Fifteen trials (24,055 subjects > 60 years) with were identified. 
In patients > 80 years

Reduction in total cardiovascular mortality RR 0.75 [0.65, 0.87] 
No reduction in total mortality, RR 1.01 [0.90, 1.13]. 

Authors’ conslusions: 
“Treating healthy persons (60 years or older) with moderate to severe systolic and/or diastolic 

hypertension reduces all cause mortality and cardiovascular morbidity and mortality. The 
decrease in all cause mortality was limited to persons 60 to 80 years of age.”



Meta-analysis 
Treatment of hypertension in patients 80 years and older: the 

lower the better? A meta-analysis of randomized controlled 
trials.

Bejan-Angoulvant T. et al. J Hypertension 2010 Jul;28(7):1366-72.

METHODS: Meta-analysis of available data on hypertensive patients 80 
years and older by selecting total mortality as the main outcome. Secondary 
outcomes were coronary events, stroke, cardiovascular events, heart failure 
and cause-specific mortality. 

RESULTS: Antihypertensive therapy significantly reduced (P < 0.001) the 
risk of stroke (35%), cardiovascular events (27%) and heart failure (50%). 

Cause-specific mortality was not different between treated and untreated 
patients.

CONCLUSION: Treating hypertension in very old patients reduces stroke 
and heart failure with no effect on total mortality. 



Summary: Treatment of 

hypertension in the elderly
EVIDENCE FOR

• Clear morbidity and mortality benefit for lowering SBP to 150mm Hg in the 
“healthy” older patients.   Study participants had minimal medical problems 
and limited postural hypotension.

LIMITS

• UK hypertension clinic showed 33% of patients did not have hypertension on 
ABPM.    Further treatment limited by ADRs in 40% remaining patients

• Epidemiological studies: SBP >160 best

• Cochrane: Lowering SBP does not improve mortality in those over 80 years 
of age



Overview

• Biology of ageing

• Challenges in prescribing for older people

• Hypertension

• Anticholinergics and sedatives

• Summary



Drug burden and its association with hip fractures 

among older adults in New Zealand

Wellness for Life – A Priority for All

Canadian interRAI Conference 2018

Presented by: Ulrich Bergler, Research Fellow, University of Otago, New Zealand

Researchers:  Dr Hamish A Jamieson, Dr. Prasad Nishtala, Dr. Joanne Deely, 

Rebecca Abey-Nesbit, Dr. Sara Hilmer, Dr Darrell Abernethy, Sarah Berry,      

Dr Philip J. Schluter, Dr Vincent Mor, Richard Scrase
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Objectives of this research: 

To evaluate the association between the Drug Burden Index (DBI) and hip fractures 

in a community dwelling population of older (≥65 years) adults using linked national 

datasets in New Zealand.



Generic medicine name ATC code Generic medicine name ATC code 

1. Alprazolam
N05BA12

42. Mirtazepine No code found 

1. Amitriptyline
N06AA09

42. Moclobemide N06AG02

1. Aripiprazole N05AX12 42. Morphine
NO2AA01

1. Benztropine
NO4AC01

42. Nitrazepam
N05CD02

1. Buprenorphine N02AE01 42. Nortryptyline

N06AA10

1. Buspirone
N05BE01

42. Olanzapine
N05AH03

1. Carbamazepine

N03AF01

42. Orphenadrine

N04AB02

1. Cetirizine R06AE07 42. Oxazepam 
N05BA04

1. Chlorpheniramine R06AB05 42. Oxybutynin G04BD04

1. Chlorpromazine

N05AA01

42. Oxycodone

N02AA05

1. Citalopram N06AB04 42. Paroxetine 
N06AB05

1. Clomipramine N06AA04 42. Pericyazine

NO5AC01

1. Clonazepam
N03AE01

42. Phenobarbital
N03AA02

1. Clonidine S01EA04 42. Phenytoin
N03AB02

1. Codeine R05DA04 42. Pizotifen N02CX01

1. Dexchlorpheniramine R06AB02 42. Pramipexole N04BC05

1. Dextromethorphan

N02AC04

42. Prazosin C02CA01

1. Diazepam N05BA01 42. Primidone
N03AA03

1. Dihydrocodeine N02AA08 42. Prochlorperazine

N05AB04

1. Disopyramide C01BA03 42. Promethazine R06AD02

1. Doxazosin C02CA04 42. Quetiapine
NO5AH04

1. Doxepin
N06AA12

42. Risperidone
N05AX08

1. Escitalopram N06AB10 42. Ropinirole N04BC04

1. Fentanyl
N02AB03

42. Selegiline N04BD01

1. Fexofenadine R06AX26 42. Sertraline N06AB06

1. Flunitrazepam

N05CD03

42. Solifenacin G04BD08

1. Fluoxetine N06AB03 42. Tamsulosin G04CA02

1. Fluphenazine
NO5AB02

42. Temazepam 
N05CD07

1. Fluphenazine N05AB02 42. Terazosin G04CA03

1. Gabapentin N03AX12 42. Tolterodine G04BD07

1. Haloperidol
N05AD01

42. Tramadol
NO2AX02

1. Imipramine
N06AA02

42. Tranylcypromine N06AF04

1. Lamotrigine N03AX09 42. Triazolam
N05CD05

1. Levetiracetam N03AX14 42. Trifluoperazine

N05AB06

1. Loperamide A07DA03 42. Trihexyphenidyl
N04AA01

1. Loratadine R06AX13 42. Trimipramine N06AA06

1. Lorazepam
N05BA06

42. Valproic Acid
N03AG01

1. Methadone N07BC02 42. Venlafaxine N06AX16

1. Methyldopa C02AB 42. Ziprasidone N05AE04

1. Metoclopramide A03FA01 42. Zopiclone N05CF01

1. Mianserin N06AX03 42. Zuclopenthixol N05AF05
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Drug Burden Index* (DBI)

• An indicator for the level of adverse side effects of medications.

• Calculated for medicines with anticholinergic and sedative properties

DBI = D/(D+ δ)

D is the daily dose taken by the individual and 

δ is the minimum efficacious dose. 

* Hilmer, S. N., Mager, D. E., Simonsick, E. M., Ling, S. M., Windham, B. G., Harris, T. B., Abernethy, D. R. (2009). 

Drug Burden Index Score and Functional Decline in Older People. 

The American Journal of Medicine, 122(12), 1142–1149.e1–2. http://doi.org/10.1016/j.amjmed.2009.02.021
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Research data 

NZ interRAI™ HC dataset

NZ Mortality data

Full Dataset
1 Sep 2012 to 31 Oct 2015

N=72,193

Linked via encrypted 

National Health Index number

MoH Fractures data

PHARMAC Dispensation data
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Full dataset

N=72,193

Alive, no fracture

n = 48,110 (68.2 %)

Died, no fracture

n = 20,194 (28.6%)

Excluded

333 did not consent

318 Invalid NHI

989 Data outside study period

Participants

N=70,553

One fracture

n = 2,249 (3.2%)
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Drug Burden Index (DBI)

•Each participant’s DBI exposure was treated as a time varying variable

•Partitioned into 90-day intervals over their study duration

•Beginning with the 90 days pre-interRAI-HC assessment. 

•The cumulative DBI exposure for each 90-day interval was calculated

using the principles trapezoidal area under the curve as described by

S Hilmer et al 2009*.

•The DBI was partitioned into four groups, namely: 

(i) DBI=0; 

(ii) 0<DBI≤1; 

(iii) 1<DBI≤3; and, 

(iv) 3<DBI

* Hilmer, S. N., Mager, D. E., Simonsick, E. M., Ling, S. M., Windham, B. G., Harris, T. B., Abernethy, D. R. (2009). 

Drug Burden Index Score and Functional Decline in Older People. 

The American Journal of Medicine, 122(12), 1142–1149.e1–2. http://doi.org/10.1016/j.amjmed.2009.02.021
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Drug Burden Index – distribution and group size
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Drug Burden Index (DBI) over the 90 days prior to assessment

(i) DBI=0;        n=29,111

(ii) 0<DBI≤1;   n=20,791

(iii) 1<DBI≤3;  n=16,600 

(iv) 3<DBI;      n=4,051



46

Demographics grouped by survival status

First Event

Total – n (%) Alive no fracture – n (%) Fracture – n (%) Died - n (%)

Age (years)

65-74 12,175  (100.0) 9,124  (74.9) 174  (1.4) 2,877  (23.6)

75-84 28,999  (100.0) 20,656  (71.2) 820  (2.8) 7,523  (25.9)

85-94 27,048  (100.0) 17,131  (63.3) 1,120  (4.1) 8,797  (32.5)

95+ 2,331  (100.0) 1,199  (51.4) 135  (5.8) 997  (42.8)

Gender a

Female 43,048  (100.0) 30,945  (71.9) 1,569  (3.6) 10,534  (24.5)

Male 27,501  (100.0) 17,162  (62.4) 680  (2.5) 9,659  (35.1)

Ethnicity

Maori 3,814  (100.0) 2,638  (69.2) 41  (1.1) 1,135  (29.8)

Pasifika 2,187  (100.0) 1,622  (74.2) 26  (1.2) 539  (24.6)

NZ European 62,436 (100.0) 42,257  (67.7) 2,134  (3.4) 18,045  (28.9)

Other 2,116 (100.0) 1,593  (75.3) 48  (2.3) 475  (22.4)

Note: a 4 records missing
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Hazard ratios for different DBI exposure groups

a Adjusted for: age, sex, ethnicity, body mass index (BMI), cognitive performance, dementia, congestive heart 

failure (CHF), chronic obstructive pulmonary disease (COPD), depression, diabetes mellitus, urinary 

incontinence, alcohol consumption, smoking status, hearing status, vision status, fatigue, mobility, wandering, 

seasonality (a time covariable), and supplementation of bisphosphonates, vitamin D, and calcium 

supplementation.

Alive, no fracture Fracture Died SHR Unadjusted SHR Adjusteda

n (%) n (%) n (%) SHR (95% CI) SHR (95% CI)

DBI=0 20,274 (69.6) 893 (3.1) 7,944 (27.3) 1 (reference) 1 (reference)

0<DBI≤1 14,306 (68.8) 687 (3.3) 5,798 (27.9) 1.11 (1.00, 1.23) 1.12 (1.01, 1.24)

1<DBI≤3 11,051 (66.6) 544 (3.3) 5,005 (30.2) 1.24 (1.12, 1.38) 1.32 (1.18, 1.47)

3<DBI 2,479 (61.2) 125 (3.1) 1,447 (35.7) 1.28 (1.08, 1.52) 1.52 (1.28, 1.81)
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Conclusions

• Drug Burden Index is a hazard for hip fractures, both by DBI level and 

by time

• De-prescribing based on DBI is to be researched as an intervention.
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