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Key points 
Our review of literature and analysis of national data and published evidence of the 
social and economic costs of stroke revealed that: 

• Stroke is the third highest cause of death in New Zealand, and causes 
hundreds of premature deaths each year 

• Stroke is the eighth most important source of health loss 

• Stroke is largely preventable through primary and secondary prevention 

• Better rehabilitation is not only possible but may deliver important benefits 
across two major outcomes – productivity loss in working age adults and 
quality of life in all survivors 

• New Zealand has not experienced the decreases in mortality and morbidity 
that have occurred in other OECD countries 

• New Zealand has been slow to adopt interventions seen elsewhere 

• An annual cohort of strokes in New Zealand (approximately hospitalised 
9,500 strokes) is associated with at least $880 million in social and 
economic costs (including the value of lost quality of life and life years lost 
prematurely) over next five years 

• The expected cost of a stroke over five years is $98,000. 

Based on our review of cost-effectiveness literature, improvements in stroke care can 
be associated with significant improvements in outcomes at low cost, and even with 
cost-savings when long term and indirect costs are considered. In line with these 
findings, NZIER recommends increased investment to: 

• Ensure rapid assessment and treatment services through measures such as 
hospital pre-alerting 

• Increase access to thrombolytic therapies, including emerging techniques 

• Increase access to organised stroke units 

• Develop guidelines for optimal use of early home-supported discharge  

• Investigate the potential for increased intensity of rehabilitation at different 
stages 

• Explore the potential for further ICT investments to improve access to 
specialist care.1 

Overall, it will be important to consider that, with more people surviving stroke, the 
prevalence of disability is expected to increase, increasing demand for rehabilitation 
and residential care as well as income support and caregiver burden. This trend 
underscores the importance of balancing life-saving interventions with interventions 
that optimise quality of life and functional outcomes for survivors. 

Finally, UK data suggests that stroke research is under-funded. If the New Zealand 
situation is similar, then NZIER recommends lifting the level of research to support 
improved stroke care delivery. 

                                                                 
1  Evidence from overseas suggests that high-volume hospitals produce better outcomes. If this is true in New Zealand, ICT 

investment to enable skill-sharing may be one way to address disparities. 
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Executive summary 
The size of the burden 

Stroke represents a significant disease burden for New Zealand. It is the third highest 
cause of death, accounting for 8.2 percent of all deaths in New Zealand and 4.2 percent 
of all premature deaths. 

There has been a significant decrease in mortality from stroke over recent decades in 
developed countries. OECD data, however, places New Zealand above the OECD 
average for cerebrovascular disease mortality and suggests that the reduction in 
mortality achieved since 1990 has also been below the OECD average. New Zealand 
may be able to reduce the burden of stroke further, but the motivation to work to 
achieve this relies on decision-makers being aware of the costs of stroke as well as 
opportunities to improve. 

Although stroke is associated with older age groups, 25 to 30 percent of strokes occur 
in people aged under 65. At any age, stroke can result in death, or for survivors, short-
term or long-term impairment. Older victims face a higher risk of admission to 
residential care. Younger victims face a risk of impairment that has been shown to have 
a significant and long-lasting effect on employment and income. When impairment is 
severe, informal caregiver burden increases or institutional care may be needed. These 
costs are as important to estimate as the direct medical costs of stroke. 

The loss of quality of life (due to both impairment and the change of residence that 
often occurs post-stroke) and premature loss of life years are equally important costs 
of stroke. Anxiety and depression in stroke survivors is common and many struggle 
with the known risk of recurrent stroke and fear of the worst outcomes. These 
dimensions are rarely monetised, but because they matter to those at risk, as well as 
to stroke victims and their families, it is important to at least attempt to capture some 
of the value. Our estimates suggest that to neglect these components is to ignore the 
major non-system costs of stroke. 

Our approach 

For this project, we were reliant on national level data and published evidence from 
stroke studies in New Zealand and, where necessary, from other jurisdictions. We 
constructed a simplified model based on the number of hospitalised strokes in New 
Zealand in 2014 and published estimates of mortality, recurrent stroke, service use, 
and quality of life.  

Costs were derived from New Zealand sources (the Treasury CBAx model, Pharmac’s 
cost manual, and New Zealand-based published cost studies) except for the cost of 
secondary stroke prevention which was derived from data from the North-East 
Melbourne Stroke Incidence Study. 

A high reliance on assumption, both implicit and explicit, is the necessary result of an 
approach that relies on averages and a simplified underlying epidemiological model to 
overcome a lack of data on specific populations. Because of this shortcoming, we made 
conservative assumptions about service use at every step. We included costs up to a 
maximum of five years from a stroke, even though many dimensions we captured, 
including quality of life and employment income, may continue to be affected for much 
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longer. We discounted all future costs at the Treasury CBAx model default rate of six 
percent per annum. 

The most controversial aspect of our analysis will be the inclusion and monetisation of 
the value of life years lost prematurely and quality of life lost due to stroke. These were 
quantified using high quality published evidence and monetised using the value of 
quality-adjusted life years in the Treasury CBAx model. 

Our results are presented as the discounted 5-year cost of an annual cohort of strokes 
in New Zealand. That is, based on the 2014 number of hospitalised strokes, we identify 
the costs over five years. This is different from the annual cost of stroke to New 
Zealand, which is likely to be higher. In addition, we estimate the expected cost of a 
stroke, based on probabilities of incurring the various costs included in the model. 

What we found 

Based on our most conservative assumptions and lowest cost results across all cost 
components, we estimate that a very conservative value for the total discounted five-
year cost associated with the 9,583 hospitalised strokes in 2014, is over $880 million.  
That is, assuming a similar number of strokes every year, each annual cohort will be 
associated with over $880 million in costs over the following five years. 

If the cost of premature death and quality of life are omitted, the total discounted five-
year cost of an annual cohort of hospitalised strokes is still over half a billion dollars. 

Five-year discounted cost of an annual cohort of strokes in NZ 

(Based on 9583 hospitalised strokes in 2014) 

 
Total Rank 

Loss of quality of life $296,589,553  1 

Hospitalisation* $265,765,339  2 

Lost income $86,846,000  3 

Premature death $71,889,055  4 

Residential care $42,048,128  5 

Informal caregiver burden $41,700,000  6 

Medication $20,511,025  7 

Community services $19,299,101  8 

Institutional care $9,403,000  9 

Rehabilitation $8,075,510  10 

GP services $5,812,205  11 

Loss of informal caregiver $4,400,000  12 

Ambulance $4,285,736  13 

ED visits $3,900,281  14 

TOTAL $880,524,932  

TOTAL w/o quality of life and premature death $512,046,325  

*Because annual costs of hospitalisation are based on actual annual hospitalisation (2014), this cost 
includes initial stroke and recurrent stroke hospitalisation 

Source: NZIER 
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On average, each stroke is associated with an expected cost of $60,000 to $99,000 
over five years. 

Our caveats 

We sought to capture the full cost impact of stroke in a way that is consistent with the 
Treasury CBAx approach, which encourages monetisation of non-market values and 
provides a value for quality-adjusted life years. We recognise, however, that our 
valuation of life years lost prematurely and of lost quality of life may be controversial. 
For this reason, we present results with and without these dimensions. 

Without analysis of individual-level, linked data, accuracy and a high degree of 
granularity are not possible. Our cost model is based on a number of simple 
assumptions to make a complex picture manageable enough to generate broad 
estimates. These estimates should not be taken as conclusive, but rather indicative of 
rough magnitudes in costs and of areas where more in-depth research is warranted. 
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1. The burden of stroke in New 
Zealand  

The burden of stroke is an important concept to understand because it had a direct 
bearing on the level of effort warranted to address the problem.  

Research, funding for which is often motivated by a sense of “the size of the prize”, 
may identify opportunities and interventions to reduce the burden of stroke. Evidence 
suggests that optimal management of stroke can significantly improve both short-term 
and long-term outcomes. 

Strokes are largely preventable, and some progress has been made in reducing key risk 
factors (such as smoking). Some reduction in the impact of stroke has been achieved 
in New Zealand in recent years (see section 2.3.1) due mainly to a reduction in 
mortality from stroke and only in small part to a reduction in the incidence of stroke.  

With more and more people surviving strokes however, the prevalence of stroke-
related disability is expected to increase (Tobias et al. 2007). In turn, this will increase 
the demand for stroke rehabilitation services as well as the potential total savings 
associated with optimising stroke rehabilitation as well as secondary stroke 
prevention. This trend is likely to be reinforced by population ageing. 

1.1. Background 
Stroke is a cerebrovascular condition which increases in incidence as people age. It can 
cause significant disability and premature death. It occurs when the blood supply to 
the brain is cut off, often as a result of a blood clot or a bleed. Mortality rates are high, 
particularly in haemorrhagic stroke, which is more likely in younger people. 
Rehabilitation after stroke can be short-term or long-term, and disability can gradually 
improve or be permanent.  

Risk factors associated cerebrovascular disease include:  

• High blood cholesterol level 

• High blood pressure 

• Smoking 

• Diabetes 

• A family history of atherosclerotic disease 

• Ageing, which increases risk of atherosclerosis.  

There are 3 major types of stroke. These are: 

• Transient ischaemic attack (TIA) 

• Ischaemic stroke 

• Intracerebral haemorrhage 

• Subarachnoid haemorrhage. 

Transient ischaemic attacks often go unrecognised and are least likely to result in 
treatment or hospitalisation, or ongoing effects, although these often precede another 
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more significant stroke, leading to calls for increased public awareness and better 
education for the primary health sector and care workers to improve recognition of 
and response to TIAs. 

The other three types are more likely to result in hospitalisation, treatment and 
ongoing impairment or death. As a result, there is also better data available to describe 
these types of stroke. 

In practice, the heterogeneity of stroke patients means that some patients will 
experience little health loss while others experience long term reduction in quality of 
life and others’ lives are ended prematurely.  

According to the UK Stroke Association, 1 in 8 strokes are fatal within the first 30 days 
and 1 in 4 strokes are fatal within a year. 

A fatal stroke results in a number of life years lost, based on the life expectancy that 
the stroke victim had at the age they were when the fatal stroke occurred. But non-
fatal strokes are also known to shorten lives, reducing life expectancy for survivors. 

Survival of stroke victims relative to matched controls was mapped out by and the 
resulting survival curves are shown in Figure 1 and Figure 2 below. 

Figure 1 Survival of haemorrhagic stroke victims compared with 
mathched controls 

(probability of survival at 0-12 years post-stroke) 

 

Source: Jennum et al., 2015 
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Figure 2 Survival of ischaemic stroke victims versus matched 
controls 

(probability of survival at 0-12 years post-stroke) 

 

Source: Jennum et al., 2015 

In managing patients who survive the immediate effects of stroke, a rehabilitation 
service associated with the hospital will assess patients as belonging to one of several 
categories (McNaughton et al., 2005), typically including: 

• Likely to die in hospital. These will be managed in a general medical ward 

• Needing long-term institutional care and unlikely to benefit from short-
term inpatient rehabilitation. These are generally discharged to institutional 
care 

• May benefit from short-term inpatient rehabilitation. These are generally 
transferred to inpatient rehabilitation services. 

Survival, the ability to maintain employment or to return to employment after 
rehabilitation, the ability to continue living independently and avoid long term 
residential care, avoiding further strokes and maximising quality of life are the major 
objectives of stroke prevention, treatment and rehabilitation as well as secondary 
stroke prevention. 

Disability post-stroke is an important dimension for both employment and quality of 
life. 

Luengo-Fernandez et al. (2013) followed surviving stroke patients in the Oxford 
Vascular Study for 5 years post-event and identified the presence of new disability at 
1 month, 6 months, 1 year, 2 years and 5 years. The study showed that there was a 
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marked increase in the prevalence of disability in stroke patients at one month 
compared with their pre-stroke disability (43 percent disabled compared with 21 
percent disabled, for a new disability impact on 32 percent of stroke patients). Changes 
in the prevalence of new disability shows that stroke victims do improve in terms of 
functional impairment over the first year post-stroke. However, disability that was not 
pre-existing remains common and even increases somewhat up to 5 years post-stroke. 

Figure 3 New disability in stroke survivors 

 

Source: Based on Luengo-Fernandez et al., 2013 

Ganesh et al. (2017) examined outcomes in stroke trials based on a 3-month modified 
Rankin scale (mRS) as well as death and disability at 1 and 5 years post-stroke. The 
results suggest that, although later recovery does occur in some stroke victims, 
extending follow-up to only 1 year is mostly sufficient to identify long term stroke-
related disability. This result suggests that the increase in new disability shown in 
Figure 3 above after 1 year may not be stroke-related. 

1.2. Health loss in New Zealand 
As shown in Table 1 below, cerebrovascular disease causes significantly more deaths 
amongst Māori than non-Māori, with Māori people of working age being 4 to 12 times 
more likely to die of cerebrovascular disease than non-Māori people of the same age 
and sex. 
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Table 1 Percentage distribution of deaths from cerebrovascular 
disease in New Zealand 

By age group, sex, and ethnicity, 2006 

 Māori Non-Māori 

 Total Male Female Total Male Female 

<25 0.0 0.0 0.0 0.0 0.0 0.1 

25-44 11.1 7.4 13.6 1.3 1.7 1.1 

45-64 24.4 31.5 19.8 5.2 7.1 4.1 

65+ 64.4 61.1 66.7 93.4 91.2 94.7 

Source: Ministry of Health, 2009 

Overall, stroke is the third highest cause of death, accounting for 8.2 percent of all 
deaths in New Zealand and 4.2 percent of all premature deaths -defined as deaths 
before age 75. Based on life expectancy at the mid-point of each age group (averaged 
over males and females) published in the Statistics New Zealand Complete Period Life 
Tables 2012-14, premature deaths due to stroke result in an average of 22.37 years of 
life lost and a total of 10,736 years of life lost over all premature stroke deaths in New 
Zealand in 2014 (see Table 2 below). 

 



 

NZIER report -The social and economic costs of stroke in New Zealand 6 

Table 2 Stroke deaths versus deaths from all causes, by age group 

New Zealand, 2014 

Age Total 

deaths 

from all 

causes 

Total stroke 

deaths 

Stroke 

deaths as 

% of total 

Approximate 

average years 

of life lost per 

death 

Approximate 

total years of 

life lost 

prematurely 

0 331 0 0 81.33 0 

1 27 0 0 80.70 0 

2 8 0 0 79.73 0 

3 10 0 0 78.75 0 

4 10 0 0 77.76 0 

5-9 37 0 0 73.80 0 

10-14 27 0 0 69.84 0 

15-19 126 0 0 64.92 0 

20-24 162 1 0.6% 60.10 60.10 

25-29 153 0 0.0% 55.26 0.00 

30-34 170 1 0.6% 50.40 50.40 

35-39 233 5 2.1% 45.58 227.89 

40-44 393 20 5.1% 40.79 815.87 

45-49 588 25 4.3% 36.08 901.94 

50-54 987 50 5.1% 31.47 1573.42 

55-59 1,265 56 4.4% 26.98 1511.00 

60-64 1,688 63 3.7% 22.63 1425.61 

65-69 ,2321 101 4.4% 18.46 1864.51 

70-74 2,860 158 5.5% 14.59 2305.61 

Total 
Premature 

11,396 480 4.2% 22.37 

 

10,736 

 

75-79 3,600 306 8.5%   

80-84 4,861 469 9.6%   

85+ 11,307 1,314 11.6%   

TOTAL 31164 2569 8.2%   

Source: Ministry of Health, 2014 

In addition to the burden of mortality, many stroke survivors suffer from continuing 
physical and emotional issues including motor deficit, vision problems, speech 
impediments, lack of confidence and depression.  

Figure 4 below shows how important cerebrovascular disease is in comparison to other 
causes of mortality. 
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Figure 4 Cerebrovascular disease amongst other causes of mortality 

 

Source: https://www.health.govt.nz/system/files/documents/publications/mortality-

demographic-data06.pdf 

1.3. Trends 
There are several important trends that inform our expectations of the future burden 
of stroke on New Zealand, including trends in: 

• Health loss 

• Risk factors 

• Stroke recognition 

• Incidence and prevalence 

• Types of stroke 

• Survival. 

1.3.1. Trends in health loss 

Despite mixed progress on stroke risk factors, there has been a significant reduction in 
age-adjusted health loss rates attributed to stroke over time. The improvement in 28-
day case fatality rates overall (shown in Table 4) is equivalent to a 43.2 percent 
reduction in fatalities between 1981-82 and 2011-12 and a 9.2 percent reduction in 
fatalities between 2002-03 and 2011-12. 

Between 1990 and 2013, stroke fell from 7th to 8th most important cause of health loss 
for men, from 3.5 percent to 2.7 percent of disability-adjusted life years (DALYs) lost; 
and, from 3rd most important to 8th most important cause of health loss for women, 
from 4.7 to 3.4 percent of DALYs lost (see Figure 5 below). 
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Figure 5 Contribution of ‘top 20’ leading major specific conditions to 
health loss (% total DALYs), whole of population, by gender, 1990 
and 2013 

 

 

Source: Ministry of Health, 2016 

Between 1990 and 2015 (projected from 2013 data – Ministry of Health 2016a), health 
loss from stroke is estimated to have reduced from 4.7 percent to 3.6 percent of total 
health loss. This improvement is equivalent to a 23 percent reduction in the burden of 
stroke over 25 years. 

1.3.2. Trends in risk factors 

Ceteris paribus, the incidence of stroke and its burden would be expected to reflect 
the population prevalence of the major risk factors for stroke: Smoking, high blood 
pressure, myocardial infarction (a sub-group of ischaemic heart disease) and diabetes 
mellitus. Smoking rates in New Zealand have declined (see Figure 6 below) and this 
might have contributed to reduced risk of stroke, however other risk factors have 
increased in prevalence, including high blood pressure (see Figure 7), ischaemic heart 
disease.  
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Figure 6 New Zealand current smokers aged 15+, 2006/07 to 
2016/17* 

 

Source: NZIER, based on data from the New Zealand Health Survey 2016-17 annual data 

explorer.  *The New Zealand Health Survey did not collect data about smoking between 

2006/07 and 2011/12 

Figure 7 below shows a gradual increase in the prevalence of high blood pressure in 
New Zealand, from 13.8 percent in 2006/07 to 16.6 percent in 2016/17. 

Figure 7 Prevalence of high blood pressure in New Zealand, 2006/07 
to 2016/17* 

 

Source: NZIER, based on data from the New Zealand Health Survey 2016-17 annual data 

explorer.  *The New Zealand Health Survey did not collect data about high blood pressure 

between 2006/07 and 2011/12 
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Figure 8 below shows a possible declining trend in the prevalence on ischaemic heart 
disease in New Zealand, although recorded prevalence rates have been somewhat 
volatile. 

Figure 8 Prevalence of ischaemic heart disease in New Zealand, 
2006/07 to 2016/17* 

 

Source: NZIER, based on data from the New Zealand Health Survey 2016-17 annual data 

explorer.  *The New Zealand Health Survey did not collect data about ischaemic heart disease 

diagnosis between 2006/07 and 2011/12 

1.3.3. Trends in incidence and prevalence 

Despite increases in most risk factors, both the incidence and prevalence of stroke are 
slowly falling.  

The incidence of stroke is a measure of the proportion of the population that 
experiences a stroke in any given year. The Auckland Regional Community Stroke 
(ARCOS) studies demonstrated that both the crude incidence and age-standardised 
incidence of stroke fell significantly between 1981/82 and 2011/12 (see Figure 9 
below). Although the crude incidence of stroke fell by only 15 percent, the reduction 
in the age-standardised rate was 24 percent, indicating unsurprisingly that population 
ageing has hampered progress in reducing stroke incidence. 
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Figure 9 Incidence of stroke in New Zealand, 1981/82 to 2011/12 

Based on the ARCOS (Auckland) studies 

 

Source: NZIER, based on data from Feigin et al., 2015 

The New Zealand Health Survey indicates that the prevalence of stroke has also been 
falling. The prevalence of stroke is a measure of the proportion of the population that 
has ever had a stroke at any time. 

Figure 10 Prevalence of stroke in New Zealand, 2006/07 to 2016/17 

Population aged 15+ 

 

Source: NZIER, based on data from the New Zealand Health Survey 2016-17 annual data 

explorer.  *The New Zealand Health Survey did not collect data about stroke diagnosis 

between 2006/07 and 2011/12 
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1.3.4. Trends in types of stroke 

The Auckland Regional Community Stroke (ARCOS) studies began collecting data 
separately on the three major types of stroke in 2002-03, at which time ischaemic 
stroke represented at least 71.2 percent of all hospitalised strokes, followed by 
primary intracerebral haemorrhage at 12.2 percent and subarachnoid haemorrhage at 
5 percent. The change in the proportion of ischaemic stroke from 71.2 percent in 2002-
03 to 80.8 percent in 2011-2012, while little change occurred in the proportions of 
other strokes and undetermined stroke types fell dramatically, suggests that the vast 
majority of undetermined strokes were actually ischaemic strokes. 

Table 3 Pathological type of stroke in New Zealand, 1981/82 to 
2011/12 

Based on the ARCOS (Auckland) studies 

 1981-82 1991-92 2002-03 2011-12 

Ischaemic stroke N/A N/A 71.2 80.8 

Primary 
intracerebral 
haemorrhage 

N/A N/A 12.2 13.1 

Subarachnoid 
haemorrhage 

6.6 4.3 5.0 4.2 

Undetermined N/A N/A 11.7 1.9 

Source: Feigin et al., 2015 

 

1.3.5. Trends in survival 

Population-based data from the four ARCOS studies between 1981 and 2012 
demonstrated that crude and aged-standardised one-year mortality rate (number of 
deaths occurring within one year of a stroke per 100,000 population) decreased by 52 
and 62 percent respectively between 1981/82 and 2011/12 (Feigin et al., 2015). This is 
shown in Figure 11. 
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Figure 11 One-year stroke mortality rates in New Zealand, 1981/82 
to 2011/12 

Based on the ARCOS (Auckland) studies 

 

Source: NZIER, based on data from Feigin et al., 2015 

However, these studies also found that while NZ/Europeans experienced a 64 percent 
reduction in age-standardised mortality from 1981/82 to 2011/12, Māori age-
standardised mortality fell by only 44 percent and Pacific age-standardised mortality 
actually rose slightly. 
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Figure 12 One-year age-standardised stroke mortality rates in New 
Zealand, by ethnicity, 1981/82 to 2011/12 

Based on the ARCOS (Auckland) studies 

 

Source: NZIER based on data from Feigin et al., 2015 

These differences in mortality are significant when considered alongside the evidence 
that Māori and Pacific people experience strokes from a significantly younger age (a 
mean age of 60 and 62 respectively) compared with New Zealand Europeans (mean 
age 75) (Ministry of Health 2016b). This difference is greater than the difference in life 
expectancy between Māori and NZ/European. As a result, an average Māori or Pacific 
life lost to stroke results in more years of life lost than an average NZ/European life 
lost to stroke and a disabling stroke can potentially result in more years of disability in 
these populations (see Figure 13 below). 
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Figure 13 Life expectancy at average age of stroke in New Zealand 

By ethnicity 

 

Source: NZIER, based on Statistics New Zealand Period Life Tables 2012-14 and Ministry of 

Health, 2016b 

Feigin et al. (2015) combined the four ARCOS studies from 1981-82, 1991-92, 2002-03 
and 2011-12 to identify 30-year trends in stroke incidence, case fatality and mortality 
for New Zealand’s four major ethnic groups. The results of this study suggest that 28-
day case fatality has fallen from 33.1 percent in 1982-83 to 18.8 percent in 2011-12, 
with the biggest reductions being in the Māori, Pacific and Asian/other ethnicities. In 
2011-12, NZ/European stroke victims had the lowest probability of survival at 28 days. 
These trends are shown in Table 4 below. 

Table 4 Thirty year trends in 28-day case fatality by ethnicity  

Based on the ARCOS (Auckland) studies 

 1981-82 1991-92 2002-03 2011-12 

NZ/European 32.7 23.6 21.2 19.5 

Māori 30.0 24.4 23.5 16.7 

Pacific 43.8 28.8 19.8 15.9 

Asian/other 50.0 19.4 14.8 18.7 

Overall 33.1 23.9 20.7 18.8 

Source: Feigin et al., 2015 
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1.4. How do we compare internationally? 
There has been a significant decrease in mortality from stroke over time in developed 
countries. This trend started in the early 1900s and has accelerated during the past 30 
years (Wolfe, 2000).  

OECD data, however, places New Zealand at above the OECD average for 
cerebrovascular disease mortality and suggests that the reduction in mortality 
achieved since 1990 has also been below the OECD average (see Figure 14 below). 

Figure 14 Cerebrovascular disease mortality, 2013, and change from 
1990 to 2013 (or nearest year) 

 

Source: OECD Health Statistics, 2015 

Australia, which has a lower than average mortality rate and has experienced a slightly 
higher than average reduction in mortality according to the OECD figures, has 
experienced a significant change in the fatal and non-fatal burden of stroke since 2003 
with a 28 percent drop overall between 2003 and 2011, most of this being due to a 
large drop in the fatal burden of stroke (mortality fell by 29 percent). These changes 
would appear to surpass what New Zealand has achieved over the same time period 
and are shown in Figure 15 below. 
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Figure 15 Changes in fatal and non-fatal burden (age standardised 
rates) 2003-2011, Australia 

 

Source: AIHW, 2011  

1.4.1. Explaining New Zealand’s relatively poor 
outcomes 

New Zealand is not alone in experiencing increases in prevalence of some risk factors 
for stroke. For example, the UK has seen a similar increase in the prevalence of high 
blood pressure in recent years (see Figure 16 below). However, the UK prevalence of 
high blood pressure may be lower than New Zealand’s if the two sources quoted in this 
report are accurate. 
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Figure 16 Prevalence of high blood pressure in the UK 

 

Source: Stroke Association UK, 2017 

But beyond risk factors, there is evidence that high-volume hospitals may produce 
better patient outcomes (Bray, 2013). Two national clinical audits in England (the 
Stroke Improvement National Audit Program and the 2012 Sentinel Stroke Audit) 
revealed that hospitals with higher volumes of thrombolysis procedures also achieved 
shorter delays in administering thrombolysis to patients after arrival in hospital. 

The UK Stroke Association found that 22 percent of stroke patients in England, Wales 
and Northern Ireland are being admitted to general medicine and diagnostic wards 
instead of specialist stroke wards, suggesting that admission to specialist stroke wards 
occurs in 78 percent – significantly more than in NZ where the rate is a little more than 
half (Stroke Association UK, 2017). 

The province of Ontario, Canada’s largest province by population (population 
approximately 14 million), was the first large jurisdiction in Canada, and in North 
America, to implement an integrated regional system of stroke care delivery. A system 
of coordinated stroke care, known as the Ontario Stroke System, was launched in 2000 
and fully implemented in 2005, resulting in a major transformation in the delivery of 
stroke care across the province. 

In Ontario, the proportion of patients who received care at an acute stroke centre in 
2010 was 46.5 percent (Kapral et al., 2013). This is no higher than New Zealand’s 
current rate of 51 percent (Feigin et al., 2015). However, New Zealand’s current rate 
has been achieved relatively recently: The 2009 Acute Stroke Services Audit noted that 
only 28 percent of New Zealand stroke victims received care through a stroke unit, 
compared with 49 percent of Australian stroke victims at the time. 

The 2009 National Acute Stroke Services Audit highlighted a range of priority areas 
where stroke care in New Zealand should be improved. Table 5 below shows how these 
measures place New Zealand clearly below Australia in acute stroke care. New Zealand 
outstrips Australia in use of a stroke register and staff access to stroke education. 
Thrombolysis is more likely to be available in New Zealand stroke units (67 percent 
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versus 28 percent) but far less likely to be available on a 24-hour basis (43 percent 
versus 77 percent).  

Table 5 Comparison of New Zealand and Australia on priorities for 
acute stroke services 

 

Source: National Acute Stroke Services Audit, 2009 
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2. Quantifying the social and 
economic costs of stroke 

This report describes the result of analysis based on a simple model that allows the 
major costs of stroke to be understood in the New Zealand context, making the best 
use of available New Zealand evidence supplemented as required by evidence from 
overseas studies.  

Our results are then compared with previously published estimates to test our 
hypothesis that the actual social and economic costs of stroke may in fact be 
significantly larger. 

2.1. The challenges  
Stroke has wide reaching social and economic implications. However, while there is a 
high degree of confidence in the existence of causal links between stroke and stroke 
outcomes, most stroke research does not attempt to quantify attribution. This is 
because strokes occur in many people with pre-existing conditions (Te Ao et al., 2012) 
found an 82 percent rate of comorbidities in stroke victims), some stroke victims have 
had previous strokes (Te Ao et al. (2012) found 10 percent) and, where older stroke 
victims are concerned, there is a pre-existing risk of admission to institutional care 
which may not be known.  

Furthermore, many costs, such as productivity costs and long term institutional care 
costs, occur within sub-populations of stroke victims and there is often little or no data 
pertaining to these subpopulations that allows for a detailed and accurate 
identification of their costs. 

Further complications to the use of evidence arise because acute treatment of stroke, 
approaches to rehabilitation, and the availability of support services to enable 
independent living have all rapidly evolved in New Zealand in recent years, making 
much of the available evidence on outcomes outdated. 

With a lack of a perfect way of quantifying the social and economic costs of stroke, the 
choice is between many alternative ‘second best’ approaches. All of these will produce 
imperfect results due to the lack of a single, consistent source of data that addresses 
all relevant dimensions of cost. Consequently, results can only be taken as indicative 
of broad magnitudes. The results presented in this report are no exception. 

2.2. Our approach 
This study focusses on the major social and economic costs of stroke and estimates 
these based on a simplified epidemiologic model to make the best use of recent New 
Zealand evidence. The underlying model is deliberately simple: A more complex model 
would have to rely on more assumptions to fill evidence gaps and there would still be 
a high degree of uncertainty around cost estimates. For the most part, our model is 
based on New Zealand data. Where needed, published studies from other jurisdictions 
have provided values that allow additional dimensions of social and economic costs to 
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be included, in preference to excluding major cost components due to a lack of New 
Zealand data. 

In our cost model, the social and economic burden of stroke is assumed to be primarily 
a function of: 

• Initial response and hospitalisation 

• Rehabilitation and ongoing support (including long term residential care) 

• Employment effects and income support 

• Burden on informal caregivers 

• Quality of life and mortality. 

Many of these impacts can be valued using existing values in the Treasury CBAx model.2 
Others require specific values to be extracted from published studies. 

For employment-related effects, stroke victims of working age are considered 
separately from stroke victims aged 65 and older.  

Amongst the thousands of hospitalised stroke events in New Zealand each year, some 
are second, third or subsequent strokes. The risk of recurrent stroke is particularly high 
in the first few months after a stroke. Based on the findings of Gloede et al. (2014), 
that the average direct first year costs of stroke are very similar for first stroke and 
recurrent stroke (AUD 30,110 and AUD 32,354, respectively), we make no distinction 
between the two. The mean duration of hospitalisation based on all inpatient 
admissions, however, does reflect the balance of first and recurrent strokes and any 
cost difference between them. 

2.3. Scope, perspective and time horizon 
According to the Ministry of Health (2016), 24 to 28 percent of people with non-fatal 
stroke events are not admitted to a public hospital. Those least likely to be admitted 
include frail older people who choose to remain at home, people experiencing a minor 
stroke or transient ischaemic attack with no ongoing effects, and older people in rest 
homes or private hospitals. A lack of available public hospital beds may also be a 
possible reason for Emergency Department (ED) visits that do not result in inpatient 
admission. We do not include these events in this study because: 

• TIAs have little impact by themselves, especially where medical attention is 
not sought, and the strokes that follow TIAs are mostly captured in this 
study 

• There is a lack of evidence as to the effects of a non-hospitalised stroke 
event on the population most likely to have to this experience (e.g. frail 
elderly and people living in residential homes) 

• There is a lack of evidence as to the impact of hospital bed availability on 
admissions for stroke in New Zealand. 

Consequently, strokes included in the cost model are those which result in an inpatient 
admission.  

                                                                 
2  The Treasury CBAx model is a cost-benefit analysis tool for public sector interventions. It includes a database of common 

values, including some health care costs, and provides a tool for inflating previous years costs to current values and can be 
used to discount future years cost flows. 
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The perspective of the cost model is societal. We do not distinguish fiscal costs from 
private costs. In some cases, such as health system costs, it is possible to identify costs 
as purely fiscal. Caregiver burden is purely private. Employment effects are a mixture 
of fiscal and private as these consist of a mixture of lost employment income, lost 
income tax revenue, and income support payments. 

Our model includes only costs incurred in the first five years after a stroke. In some 
cases, where data is particularly poor, we include less than five years because going 
further would require heavy use of assumptions. A five-year time horizon is reasonable 
given evidence of how stroke costs tend to be heavier in the short term: Gloede et al 
(2014) estimated the direct health system costs at 10 years post-stroke based on data 
from the North East Melbourne Stroke Incidence Study (NEMESIS). For ischemic 
stroke, the overall average annual direct costs at 10 years estimated at USD 5,207 were 
not significantly different than costs estimated at 3 and 5 years, suggesting that for 
patients who survive 5 years post-stroke, there is very little additional stroke-related 
cost. 

2.4. Discount rate 
Consistent with the Treasury CBAx approach, we discount all future costs at a rate of 
6 percent per annum. 

2.5. Excluded costs 
The potentially relevant cost factors that are excluded from the model are costs 
associated with: 

• Stroke prevention in at-risk individuals who have never been hospitalised as 
a result of stroke  

• A non-hospitalised stroke or TIA event 

• Stroke education and awareness 

• Stroke in people aged under 18 years. 

Although stroke prevention would be unnecessary if there were no strokes, we do not 
include primary stroke prevention activity as a cost of stroke, considering this instead 
as a cost associated with risk of stroke. For example, many people incur health care 
costs from pharmaceutical consumption and primary care checks aimed at preventing 
stroke, but we consider these to be associated with risk factors such as high blood 
pressure. Because high blood pressure is also a risk factor for other health outcomes, 
the cost of assessing, monitoring and treating it should be attributed more widely than 
just to stroke. 

Costs specific to stroke victims aged under 18 years are also excluded. This is due to a 
lack of evidence on outcomes (most studies focus on adults aged 18 and over), as well 
as the very different effects that a stroke in the very young might have (on educational 
outcomes for example). Also, because stroke in the very young is likely to have 
different causes (not so much high blood pressure, for example, but pregnancy 
complications and medical conditions), the implications for prevention and cost 
savings are likely to be quite different. 
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2.6. Our sources of data and evidence 
Table 6 below summarises the types and sources of evidence used to estimate the 
social and economic costs of stroke. 

Table 6 Parameters for social and economic cost of stroke 

Parameters Probability/value Source Context 

Pre-stroke variables 

Average age 
of working 
age stroke 
victim  

49 Dixon, 2015 New Zealand study 

55 McAllister et 
al., 2013 

New Zealand study 

Living in own 
home 

90% National 
Acute Stroke 
Services 
Audit, 2009 

New Zealand data 

Living in 
residential 
care 

11% - 13% Te Ao et al., 
2012 

New Zealand study 

In paid 
employment 

75.2% (of 18-64yr 
olds) 

McAllister et 
al., 2013 

New Zealand study  

Quality of life 
pre-stroke 

0.850 (EQ-5D) Luengo-
Fernandez et 
al., 2013 

UK study 

Aged 18-54 15.3% Chrichton et 
al., 2012 

UK. South London Stroke Register (SLSR) 

Aged 55-64 15.9% Chrichton et 
al., 2012 

UK. South London Stroke Register (SLSR) 

Aged 65+ 68.8% Chrichton et 
al., 2012 

UK. South London Stroke Register (SLSR) 

Mean age of 
stroke victim 

71.6 years Feigin et al., 
2015 

 

Quality of life 
pre-stroke  

0.850 (EQ-5D) Luengo-
Fernandez et 
al., 2013 

UK study  

Stroke care 

Admission to 
stroke unit 

51.3% Feigin et al., 
2015 

New Zealand study (ARCOS) 

Hospital 
admissions 
for stroke 
per year 

9583 Ministry of 
Health  

NMDS data (NZ inpatient data – 
hospitalisations for cerebrovascular disease in 
2014-15) 

Average 
length of 
inpatient 
stay (days) 

22.9 (stroke unit) – 
25.9 (general ward), 
including 
rehabilitation 

Te Ao et al., 
2012 

New Zealand study 

22.5  Ministry of 
Health 

NMDS data (NZ inpatient data – 
hospitalisations for cerebrovascular disease in 
2014-15) 

Stroke deaths 
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Deaths in age 
<65 group 

10% of all stroke 
deaths 

Tobias, 2007 New Zealand 

Death by 28 
days  

19% Feigin et al., 
2010 

Auckland (ARCOS?) Follow-up study, all stroke 
types. 

Death by 6 
months 

21% (of those 
treated in stroke 
unit)- 30% (of those 
treated in a general 
ward) (cumulative) 

Te Ao et al., 
2011 

Auckland Study. Comparison of outcomes for 
stroke patients admitted to stroke units  

Death by 1 
year 

26% (of those 
treated in stroke 
unit)-  33% (of those 
treated in a general 
ward) (cumulative) 

Te Ao et al., 
2011 

Auckland Study. Comparison of outcomes for 
stroke patients admitted to stroke units 

Death by 5 
years 

49.4% (cumulative) Feigin et al.,  New Zealand study 

Stroke outcomes 

New 
admission to 
residential 
care 

5% - 7% of strokes 
(Based on 16% - 
20% at six months 
post stroke and 11-
13 % in residential 
care pre-stroke)  

Te Ao et al., 
2012 

New Zealand study 

 20% of new stroke 
patients discharged 
to residential care 
for 65+ 

McNaughton 
et al., 2014 

 

 2% discharged to 
residential care for 
age under 65 

Krueger et 
al., 2012 

Canadian study 

Quality of life 
after stroke 

0.44 (general 
ward)– 0.53 (stroke 
unit) 

Te Ao et al., 
2012 

12 months after event 

Recurrent 
stroke 

   

Within 30 
days 

3.1% UK Stroke 
Association, 
from Mohan 
et al., 2011 

UK data 

Within 12 
months 

11.1% (cumulative) UK Stroke 
Association, 
from Mohan 
et al., 2011 

UK data 

In 
subsequent 
years 

5% each year BpacNZ 

(Better 
Practice 
Advisory 
Council New 
Zealand) 

New Zealand source 

Source: NZIER 

2.7. Interpreting our results 
Because our analysis is based on the number of stroke hospitalisations in a single year 
and the flow of costs stemming from those strokes over the following five years, the 
total costs presented represent the 5-year discounted cost of an annual cohort of 
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strokes. In other words, we present the long-term cost implications of a year-worth of 
strokes. Because in any given year, there are people suffering strokes as well as people 
consuming services and experiencing costs associated with strokes that have 
happened many years prior, the annual cost of stroke to New Zealand is likely to be 
significantly higher. 

We also present the expected cost of a stroke in New Zealand. This can also be 
interpreted as the average 5-year discounted cost of a stroke. This presentation of cost 
estimate is useful for considering interventions that may reduce stroke incidence. For 
every stroke avoided, this would be the average amount saved. 
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3. Underlying epidemiological 
model 

The costs of stroke are a function of the epidemiology of stroke. Long term mortality, 
recurrent stroke, and disability are determinants of the long-term costs of individuals 
and of the burden of stroke to New Zealand. 

If an individual dies within a month, a year, two years, etc., he or she will not incur 
costs beyond that point, whereas others in the cohort may go on to incur substantial 
long term costs. To estimate long-term costs, therefore, it is necessary to model long-
term mortality.  

The mortality figures presented in Table 6 above provide a range of estimates. The two 
New Zealand sources (Te Ao et al., 2012 and Feigin et al., 2015) suggest different 
estimates, owing to different study populations and one study (Te Ao et al., 2012) 
separating those treated in an acute stroke unit from those treated in a general ward. 
Furthermore, the New Zealand estimates do not provide a mortality rate for each year, 
which would be directly applicable to a cost model with annual discounting. 

To overcome the lack of data to fit a cost model, we fitted a trendline to the published 
New Zealand mortality estimates (from both Feigin et al. and Te Ao et al.). That 
trendline is shown in Figure 17 below. To provide some context for the New Zealand 
trendline, we also fitted a trendline to the UK mortality estimates from the Oxford 
Vascular Study (Luengo-Fernandez et al., 2013). The two trendlines are remarkably 
similar, with the New Zealand one indicating higher mortality at every stage. 

Figure 17 Stroke mortality over 5 years 

Trendlines fitted to published evidence from New Zealand and the UK 

 

Source: NZIER, based on Feigin et al., 2015 Te Ao et al., 2012 and Luengo-Fernancdez et al., 

2013 
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The cumulative mortality rates from the New Zealand trendline shown in Table 7 below 
were used to generate long term cost estimates. These are shown in Table below along 
with the number of hospitalised stroke patients who have died or are surviving at each 
stage, based on the 9,583 hospitalised strokes in 2014 and approximately 8,626 
individuals. 

Table 7 Mortality effects on an annual cohort of hospitalised stroke 
patients 

Time period Cumulative 

mortality 

Deceased patients Live patients 

28 days 19% 1639 6987 

6 months 25.50% 2200 6426 

1 year 29.50% 2545 6081 

2 years 38.90% 3355 5270 

3 years 45.10% 3890 4735 

4 years 48.70% 4201 4425 

5 years 49.40% 4261 4365 

Source: NZIER 

We also model Quality Adjusted Life Years (QALYs) lost due to stroke relative to a 
counterfactual informed by published studies providing estimates of quality of life loss 
over five years. Figure 18 below shows: 

• How quality of life might have been expected to decline if a stroke had not 
occurred but progressively failing health nevertheless had a significant 
effect over five years (green line) 

• What expected quality of life (adjusted for mortality) is over five years for a 
person who has a stroke and is treated in an acute stroke unit (blue line) 
(based on Te Ao et al., 2012).  
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Figure 18 QALYs lost over 5 years after treatment in an acute stroke 
unit 

 

Source: NZIER 

Figure 19 below, on the other hand shows how treatment in a general ward (based on 
Te Ao et al., 2012) is associated with a more significant initial drop in quality of life.  

There was insufficient data available to model ongoing differences between those 
treated in a stroke unit and those treated in a general ward. Our analysis, however, is 
based on averages, so, given that 51 percent of New Zealand stroke victims are treated 
in an acute stroke unit, our model was based on the average of the blue lines in these 
two figures.  

Figure 19 QALYs lost over 5 years after treatment in a general ward 

 

Source: NZIER 
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The mortality and quality of life models described above underlie our costing of each 
dimension of stroke over five years. 
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4. Cost of initial response and 
hospitalisation 

The immediate and short-term costs of a stroke include the initial response 
(ambulance call-out and ED visit) as well as the initial episode of hospitalisation that 
follows.  

4.1. Initial response  
Although a significant proportion of stroke victims may not seek medical care 
immediately or even at all, the majority of hospitalisations for stroke are likely to have 
been preceded by an ED visit and even before that, an ambulance call-out. 

4.1.1. Ambulance call-outs 

No New Zealand data was available on the proportion of stroke hospitalisations that 
are preceded by ED visits and ambulance call-outs. However, the FAST stroke campaign 
in 2017 which raised awareness of the symptoms of stroke and encouraged bystanders 
to call 111, led to 52 St. John Ambulance call-outs per week that were confirmed as 
stroke (27 percent of suspected stroke incidents). Over the same period, Wellington 
Free Ambulance received 171 stroke-related calls per week. If 27 percent of these were 
also confirmed as stroke, that would be over 46 call-outs by Wellington Free 
Ambulance, per week confirmed as stroke. In total, call-outs for stroke under this 
assumption would be 98 per week. 

In total, these figures indicate that ambulance call-outs for confirmed stroke incidents 
would have amounted to 5,096 ambulance call-outs, or 53 percent of all stroke 
hospitalisations. 

The Treasury CBAx model provides a value for ambulance call-outs, being $841 per 
call-out (2018 dollars). Consequently, the total cost of ambulance call-outs per year is 
approximately $4,285,736. This translates into an expected ambulance cost of $447 
per stroke, based on 9583 strokes per year. 

4.1.2. ED visits 

In the absence of evidence and given that stroke is a medical emergency, particularly 
in those who are admitted to hospital, we assume that all hospitalisations for stroke 
are preceded by an ED visit. It is possible that even this underestimates the number of 
ED visits that are stroke-related as it is likely that many minor strokes and TIAs result 
in ED visits with no subsequent hospitalisation. 

The Treasury CBAx Impact Values database provides a value for ED visits, being $407 
(2018 dollars). Consequently, the total cost of ED visits per year is approximately 
$3,900,281. This translates into an expected ED visit cost of $407 per stroke, based on 
9583 strokes per year. 
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4.2. First year inpatient cost 
According to Ministry of Health data showing publicly funded hospital discharges in 
2014/15, there were 9583 inpatient discharges for cerebrovascular events and the 
mean length of stay was 22.5 days. 

The length of stay derived from New Zealand inpatient data is broadly consistent with 
Canadian and UK data, which suggest an average length of stay of 20 days (Krueger et 
al., 2012) for Canada and 19.5 days for the UK in 2010, down from 23.7 days in 2008 
(Royal College of Physicians National Sentinel Stroke Clinical Audit, 2010).  

The CBAx impacts database contains a value for an average inpatient admission, which 
is the WIES value for 2015: $4,752. However, an inpatient stay for stroke is typically 
over three times the length of an average inpatient stay (see Table 8 below). 

Table 8 Mean length of stay  

Cerebrovascular disease compared with all causes 

 Mean length of stay 

Cerebrovascular disease  

Total 22.5 

Male  15.2 

Female 30.4 

All causes  

Total 6.9 

Male 6.7 

Female 7.1 

Source: NMDS, Publicly funded hospital discharges in 2014/15 for total population 

    

Rather than basing estimated hospital costs on the CBAx value, therefore, we estimate 
the inpatient hospital stay for stroke victims based on Pharmac’s cost manual 
(Pharmac, 2015), which provides specific costs that are likely to be more relevant to 
this context. We also make the following assumptions regarding the nature of the 22.5 
day stay in hospital: 

• 2 days in an intensive care unit (based on the Pharmac cost estimate for 
intensive care at $5,000 per day) 

• 10.25 days in a medical ward (based on the Pharmac cost estimate for a 
medical ward at $1,000 per day) 

• 10.25 days in inpatient rehabilitation (based on the Pharmac cost estimate 
for hospital day stay ward, at $730 per day). 

Costs therefore add up as follows: 

• $10,000 for intensive care  

• $10,250 for inpatient medical ward 



 

NZIER report -The social and economic costs of stroke in New Zealand 32 

• $7,483 for inpatient rehabilitation. 

These costs total $27,733 per stroke and imply an annual cost per year of 
$265,765,339. 

4.3. Total initial response and first year 
inpatient costs 

Based on 9583 hospitalised strokes per year, the costs associated with ambulance call-
outs, ED visits and initial hospitalisation are presented in Table 9 below. 

Table 9 Total cost of initial response and 1st year inpatient cost 

 Total Per stroke 

Ambulance call outs $4,285,736  $447  

ED visits $3,900,281  $407  

Inpatient stay $265,765,339  $27,733  

Total $273,951,356  $28,587  

Source: NZIER 

Because these costs are calculated based on the mean inpatient stay for all strokes in 
a year, they also reflect costs associated with recurrent strokes. 

Te Ao et al. (2012) calculated the cost of care in the first year, including hospitalisation, 
rehabilitation, home support services, and residential care. In the first year, the cost of 
hospitalisation was the most significant cost, with total first year care costs amounting 
to $20,849 (2008 dollars) for those treated in a general ward and $24,275 (2008 
dollars) for those treated in acute stroke units. Inflating these estimates to 2018 using 
the Treasury CBAx tool generates costs of $31,177 and $36,300.  
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5. Cost of ongoing health care  
Once a stroke hospitalisation has occurred, patients are known to be at high risk of 
further strokes. Concern about recurrent stroke is not only motivated by a desire to 
avoid the costs of hospitalisation and a repeat of other social and economic costs, but 
by the belief that recurrent stroke leads to greater disability, a higher risk of 
institutionalisation, an increased risk of dementia and a higher risk of death than the 
initial stroke (Barker-Collo et al., 2015). Secondary prevention costs will reflect not only 
those that address the morbidity caused by the stroke that has occurred but also those 
that address the increased risk of re-hospitalisation and recurrent stroke. Such costs 
will mainly include medication and general practitioner services. 

In addition, because strokes carry a risk of subsequent stroke, every stroke has an 
expected cost of future hospitalisation. 

5.1. Secondary stroke prevention 
Costs associated with secondary prevention subsequent to a stroke were estimated in 
the NEMESIS study (Gloede et al., 2014). Table 10 below presents the costs we used to 
estimate secondary prevention costs in New Zealand. These are based on the findings 
of Gloede et al (2014), adjusted for the proportions of ischaemic and haemorrhagic 
stroke, converted to New Zealand dollars and inflated to 2018 dollars. Costs reported 
in Gloede et al (2014) are based on 3-5 years post-stroke and 10 years post-stroke. For 
our 5-year time horizon, we assume the 3-5 year costs apply to the entire 5 years. 

Total costs are calculated based on the number of survivors expected in each year and 
discounted. 

Results show that the total cost of secondary prevention for an annual stroke cohort 
is over $26 million and the expected ongoing cost associated with a stroke is $2,747. 

Table 10 Secondary prevention costs after a stroke 

 Cost per 

person per 

year 

Total cost over 5 

years per person 

(discounted) 

Total 

discounted 

cost 

Expected cost 

per stroke 

Medication cost $914 $4,081 $20,511,025 $2,140 

General 
practitioner care 
cost 

$259 $1,156 $5,812,205 $607 

Total secondary 
prevention costs 

$1,173 $5,238 $26,323,230 $2,747 

Source: NZIER 

5.2. Recurrent stroke 
According to Krishnamurthi et al. (2016), studies have identified that between 6 and 
25 percent of stroke survivors will experience another stroke. By 5‐years post‐stroke, 
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the cumulative risk of recurrent stroke has been estimated at between 30 and 40 
percent.   

According to the Better Practice Advisory Council of New Zealand (BpacNZ, 2010), 10 
percent of stroke survivors have another stroke within a week, 14 percent within a 
month and 18 percent within three months. After this initial period, the risk falls to 
approximately 5 percent per year. Other sources estimate lower risks of recurrent 
stroke. 

Our model is unable to distinguish between initial stroke and recurrent stroke for 
strokes that happen in the same year. For this reason, the hospitalisation cost of 
recurrent strokes that occur within the same year are already counted under initial 
hospitalisation costs. 

Our estimates of recurrent stroke cost in subsequent years are based on the BpacNZ 
estimates of 5 percent risk in subsequent years. 

Each recurrent risk is assumed to incur the same initial response and hospitalisation 
cost as was estimated in Section 2: $28,587. Future costs are discounted at the 
Treasury CBAx model default rate of 6 percent per annum. Table 11 below shows the 
expected cost of recurrent stroke in subsequent years. 

Table 11 Expected cost of recurrent stroke in subsequent years 

Time after stroke (months) Risk of 

recurrent 

stroke (%) 

Expected cost 

of recurrent 

stroke 

Discounted 

expected cost 

24 5.0 $1,429 $1,272 

36 5.0 $1,429 $1,200 

48 5.0 $1,429 $1,132 

60 5.0 $1,429 $1,068 

Total expected per stroke  $5,716 $4,672 

Total  

(based on 9583 strokes in year 1) 

 $54,776,428 $44,771,776 

Source: NZIER 

Based on this estimation, the total 5-year cost of future recurrent strokes subsequent 
to one annual cohort of hospitalised strokes is $44,771,776. 

A single stroke is associated with a 5-year expected cost of recurrent stroke is $4,672. 
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6. Cost of residential care for 
older stroke victims 

Around 20 percent of all new stroke patients are discharged from hospital to 
institutional care (McNaughton et al., 2014). This is broadly consistent with the results 
of the Framingham study (UK) which indicated that 26 percent of older stroke victims 
were admitted to long term residential care as a result of stroke-related impairments.  

A baseline estimate of the pre-stroke use of long term residential care in New Zealand 
is available from the National Acute Stroke Services Audit (2009) which found that 90 
percent of stroke victims were living in their own homes prior to the stroke. 

Based on this evidence, and the more conservative estimate of 20 percent of patients 
in total being discharged to institutional care (McNaughton et al., 2014), we estimate 
that 10 percent of older stroke victims will become new users of long term residential 
care as a result of the outcome of stroke.  

This is likely to be a conservative estimate of the impact of stroke on residential care 
admissions because amongst those who are discharged home, many will subsequently 
be admitted to residential care when it becomes apparent that their stroke-related 
disability makes living independently impossible. The ARCOS study found that 6 to 9 
percent of those discharged home are in residential care 12 months later (Te Ao et al., 
2012). 

To estimate residential care costs associated with stroke, our model assumes that: 

• 68.8 percent of strokes occur in people aged 65 or older (Chrichton et al., 
2012) 

• 33 percent of stroke victims aged 65+ (the top end of the range suggested by 
Te Ao et al.) admitted to residential care will not survive beyond 12 months, 
with half dying in the first six months 

• 33 percent of survivors die in each subsequent year of residential care, half in 
the first 6 months and the remaining half in the second six-month period 

• When residents die in care, their care cost is rounded up to the nearest six-
month period. That is, a resident who dies 3 months into the year incurs 6 
months of costs in that year. This is to reflect that although the average 
duration of residential care may be less than 12 months for these individuals, 
the intensity of care in the last months before death is likely to be higher.  

The Treasury's CBAx impact values database indicates that the 2018 cost of residential 
care is $54,349. Two years of residential care would have a present value of $107,115.  

Two scenarios are modelled. Both selected as conservative representations of the 
likely impact of stroke on residential care. The first scenario is the most conservative, 
implicitly assuming that only admissions directly from hospital are stroke-related. This 
is the most conservative assumption of causality and is almost certainly unrealistic but 
provides an absolute minimum estimate. The results of this scenario are shown in 
Table 12. 
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The second scenario adds the finding that by 12 months after the event, another 6 to 
9 percent of survivors (assumed 7.5 percent) are newly admitted to residential care 
despite having been discharged home. This scenario, while still conservative in not 
allowing for later admissions to be causes by an earlier stroke, is likely to be a better 
representation of reality, supported by New Zealand evidence.  

To avoid over-estimating costs, we assume that the new admissions to residential care 
over the first year arrive at the 12-month point. We further assume that the newly 
admitted residents face the same mortality rate as previous admissions to represent 
the ARCOS finding of additional admissions soon after being discharged home. The 
results of this scenario are shown in Table 13. 

Table 12 Scenario 1 cost of residential care for stroke survivors  

Allowing for admissions directly from hospital only 

 Stroke 

survivors in 

residential care 

Cost of 

residential care 

Undiscounted 

total cost per 

year 

Discounted 

total cost per 

year 

Post stroke 446 - - - 

6 months 372 $10,119,243 - - 

1 year 299 $8,119,632 $18,238,876 $17,206,486 

18 months 249 $6,779,893 - - 

2 years 200 $5,440,154 $12,220,047 $10,875,798 

30 months 167 $4,542,528 - - 

3 years 134 $3,644,903 $8,187,431 $6,874,325 

42 months 112 $3,043,494 - - 

4 years 90 $2,442,085 $5,485,579 $4,345,092 

54 months 75 $2,039,141 - - 

5 years 60 $1,636,197 $3,675,338 $2,746,426 

TOTAL - - - $42,048,128 

Source: NZIER 
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Table 13 Scenario 2 cost of residential care for stroke survivors 

Allowing for additional admissions by 12 months  

  Stroke 

survivors in 

residential care  

 Cost of 

residential care  

Undiscounted 

total cost per 

year 

 Discounted 

total cost per 

year 

Post stroke 446 - - - 

6 months 372 $10,119,243 - - 

1 year 299 $8,119,632 $18,238,876 $17,206,486 

18 months 584 $15,869,034 - - 

2 years 424 $11,529,878 $27,398,911 $24,384,934 

30 months 354 $9,627,448 - - 

3 years 284 $7,725,018 $17,352,466 $14,569,465 

42 months 237 $6,450,390 - - 

4 years 190 $5,175,762 $11,626,152 $9,209,002 

54 months 159 $4,321,761 - - 

5 years 128 $3,467,761 $7,789,522 $5,820,784 

TOTAL - - - $71,190,671 

Source: NZIER 

The results of this analysis indicate that the discounted cost of residential care over 
the 5 years that follow a stroke are likely to be at least $42 million to $71 million. 

The discounted expected residential care cost of a stroke is therefore between $4,388 
and $7,429 over 5 years. 
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7. Cost of long-term residential 
care for younger stroke 
victims 

According to Lakhan et al. (2009), 15 to 30 percent of all stroke survivors are 
permanently disabled. A very small percentage of stroke victims who are younger than 
65 will be severely and permanently disabled by stroke. No report was identified that 
would allow the number of cases of severe and permanent disability in this population 
to be quantified. This is major evidence gap pertaining to an extreme outcome with 
high personal and fiscal costs. 

Some individuals will severe and permanent disability will be discharged to a 
residential facility where round-the-clock care is available and rehabilitation efforts 
focus on restoring and maintaining as much function as possible to ensure the best 
possible quality of life within this setting. Some of these patients may eventually regain 
some function and return to living in the community but residential care is often a 
long-term situation.  

In addition to being unable to quantify this group, there is very little evidence available 
pertaining to the long-term outcomes of this small percentage of patients as research 
tends to focus on mildly to moderately impaired survivors with a better prognosis of 
improved function and with the ability to respond to interviews and questionnaires for 
long-term follow-up. 

To estimate costs associated with the long-term residential care of people under age 
65 who experience severe disability, we make an assumption that approximately two 
percent of stroke patients aged under 65 are discharged to a residential facility. This is 
a conservative estimate when compared with the percentage of moderate to severe 
traumatic brain injury patients discharged to institutional care (12 percent according 
to Eum et al., 2015). The population with TBIs is significantly younger, with the study 
population (n=7,219) having a mean age of 42 overall and 53.5 for those who were 
institutionalised. However, the same study also found that half of those 
institutionalised return to private residences after varying periods of time. Our 
assumption is that two percent remain for 5 years on average in institutional care. 

In the absence of long term outcomes data specific to this group, we make a number 
of conservative assumptions: 

• Patients aged under 65 have the same probability of death before discharge 
from hospital as older patients 

• Two percent of patients aged under 65 (instead of two percent of all 
patients) are discharged to long-term residential care for people under 65 

• Half of those discharged to residential care for under 65s survive only one 
year, and an additional ten percent (of the cohort) die by the end of each 
subsequent year, leaving only 11 of the original 58 patients alive in year 5 
(less than 20 percent probability of five-year survival, compared with a 50.6 
percent probability of 5-year survival in the general stroke population). 
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The Ministry of Health funds the long-term residential care of people severely disabled 
by stroke, paying a rate of $200 per day, or $73,000 per year per patient. 

Table 14 below shows how costs of long-term residential care are estimated based on 
the above parameters which result in 58 patients newly discharged to residential care 
every year as a result of a stroke. 

Table 14 Long term residential care cost estimation 

 Number % of stroke 

hospitalisations 

Cost (discounted cost)  

(000s) 

   Year 1 Year 2 Year 3 Year 4 Year 5 

Patients 
under 65 
discharged 
to long term 
residential 
care  

(discounted) 

58 0.6% 

(2% of total 
discharges of 
under 65s) 

$4234 

Based 
on 58 
patients 

$2117 

($1997) 

Based 
on 29 
patients 

$1679 

($1494) 

Based 
on 23 
patients 

$1241 

($1042) 

Based 
on 17 
patients 

$803 

($636) 

Based 
on 11 
patients 

Total cost   $10,074,000 

Discounted 
total cost 

  
$9,403,000 

Expected 
cost per 
stroke  

  
$1,051 

Discounted 
expected 
cost per 
stroke 

  

$981 

Source: NZIER 

The expected discounted cost of long term residential care for under 65s is $981 per 
stroke victim. This demonstrates that although very few working age stroke victims 
become long term users of residential care, even based on conservative assumptions, 
at $73,000 per year for those who do require this level of care, it still represents a 
significant cost of stroke. 

In total the discounted expected cost per year associated with long-term institutional 
care for stroke victims aged under 65 is $9,403,000. 
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8. Cost of community services 
According to McNaughton (2014), 30 percent of New Zealand stroke patients are 
discharged home but are dependent on others for activities of daily living. Many of 
these will require community services to support their continued independent living 
in the short term at least. 

No estimates of the costs of community services used by stroke survivors in New 
Zealand were found. However, Te Ao et al., 2012 provide an estimate of the cost of 
community services for people with traumatic brain injury, which has a similar profile 
of impacts on physical, cognitive, neurological and behavioural function. In that study, 
the cost of community services for one year was $31,735 on average across those who 
used them. 

In the Te Ao et al. study, community services were used by 3 percent of the study 
population. However, TBI sufferers tend to be younger and are more likely to have an 
informal caregiver who can provide adequate care. The Te Ao et al. study also included 
a large proportion of mild TBI, whereas our study focusses on hospitalised strokes and 
therefore excludes many mild strokes. For these reasons, we assume a higher rate of 
use (10 percent) and assume that community services are only required for the first 
year after a stroke. 

Results indicate that the total cost of community services per year is $19,299,101 and 
the expected cost per stroke is $2,014. 

Table 15 Cost of community services 

 Annual cost 

per user of 

community 

services 

Number of 

users 

Total cost Expected cost 

per stroke 

Community 
services 

$31,735  608 $19,299,101  $2,014 

Source: NZIER  
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9. Cost of rehabilitation 
Rehabilitation in the community is a fact of life for many stroke survivors in the first 
year after a stroke. 

No estimates of the costs of community rehabilitation services used by stroke survivors 
in New Zealand were found. However, Te Ao et al. (2012) provide an estimate of the 
cost of Allied health care services for people with traumatic brain injury, which has a 
similar profile of impacts on physical, cognitive, neurological and behavioural function. 
In that study, the cost of allied health care services for one year was $6,289 on average 
across those who used them. 

In the Te Ao et al. study, allied health care services were used by 18 percent of the 
study population. We use the same rate for survivors in the first year after a stroke and 
conservatively assume that there are no costs associated with rehabilitation in 
subsequent years. 

Results indicate that the total cost of community services per year is $8,075,510 and 
the expected cost per stroke is $843. 

Table 16 Cost of community services 

 Annual cost 

per user 

Number of 

users 

Total cost Expected cost 

per stroke 

Community 
services 

$6,289  254 $8,075,510  $843 

Source: NZIER 
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10. Lost productivity  
One major concern for stroke victims of working age is the ability to maintain 
employment during rehabilitation or to return to work after a period of rehabilitation. 
For those who delay returning to work, or never return to work, there are two major 
social and economic costs: 

• Lost productivity due to reduced employment, and 

• Increased costs of income support payments. 

Cost studies vary with regards to the inclusion of income support payments with some 
regarding these as a cost to society while others view them as a transfer payment 
where the benefits to the recipients are assumed to offset the costs to payers. The 
Treasury Guide to Social Cost Benefit Analysis recommends that transfer payments 
should be included as a cost when they have incentive effects such as inducing 
individuals to work less. In the case of income support post-stroke, we assume that 
individuals who work less are unable to work more rather than responding to 
incentives. As a result, the cost of income support payments is not included as a social 
or economic cost of stroke. 

Our model estimates lost productivity as a result of stroke using evidence from two 
New Zealand studies: 

• Dixon (2015). This study used the Integrated Data Infrastructure (IDI) to link 
New Zealand health data to income and employment data and income 
support payment data for people aged 20 to 59 who were diagnosed (or 
experienced a first event) of any of eight selected health conditions 
between January 2008 and December 2009 and survived at least four years 
post-diagnosis   

• McAllister et al. (2013). This study compared income support for stroke 
victims and injury victims aged 18 to 64 in New Zealand. Details on pre- and 
post-stroke work status and income are provided along with a description 
of the income support that stroke victims are eligible for.  

10.1. Estimation of productivity losses 
The Dixon study (2015) revealed that stroke had an immediate and significant impact 
on employment, reducing employment from an approximate average employment 
rate of around 85 percent in the counterfactual to an average employment rate of 65 
percent four years post-stroke. This is shown in Figure 20 below. 



 

NZIER report -The social and economic costs of stroke in New Zealand 43 

Figure 20 Employment effect of stroke 

Percent employed before and up to 4 years after stroke 

 

Source: Dixon, 2015 

The Dixon study shows that the effect of a stroke on employment is sustained over the 
four years after the event. 

Another New Zealand study, (McAllister et al., 2013), which included a broader cohort 
of stroke sufferers found that 75.2 percent had been in paid work prior to the stroke 
and this fell to 48.8 percent 12 months after the stroke. 

Although the studies appear to disagree, they are in fact reasonably consistent. The 
designs of the two studies are quite different in ways that potentially explain the 
difference in employment estimates: 

• The Dixon study excluded stroke victims who did not survive at least four 
years post stroke whereas McAllister et al. did include stroke sufferers who 
died but only followed up for 12 months follow-up  

• The Dixon Study used a population of working age stroke victims all of 
whom were in full-time employment prior to the stroke and created a 
matched control population to be used as a time-compatible 
counterfactual, while McAllister et al. compared pre- and post-stroke 
employment in the same group 

• The mean age in the Dixon study was 49.1 years while the mean age in the 
McAllister study was 55 years, the latter likely being more inclined to 
reduce employment subsequent to a stroke. 

The Dixon study found that on average over the stroke group, monthly income was 
reduced by 26.1 percent between 7 and 12 months post-stroke and recovered very 
little over the longer term, remaining 25.2 percent lower at 37 to 48 months post-
stroke, compared with the control group (see Figure 21 below). This included income 
support payments as well as employment income, with 16.8 percent receiving income 
support at 7-12 months than 11.2 percent receiving income support at 37 to 48 
months. Because the pre-stroke to post-stroke income effect is reduced by the 
presence of income support payments, the net effect on income as reported by the 
Dixon study represents a conservative estimate of the likely effect on productivity. 
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Figure 21 Effect of stroke on gross personal income 

Monthly personal income before and up to 4 years after stroke 

 

Source: Dixon, 2015 

The economic cost of long run productivity losses associated with stroke in our model, 
is estimated using the human capital approach, which estimates production losses 
based on the remaining expected lifetime earnings of individuals who experience 
stroke. This approach is consistent with other reports on costs of health conditions. 
However, because other costs are estimated for only 5 years and there is insufficient 
evidence to support cost estimates over the longer term, we effectively assume that 
the average working age stroke victim has 5 years remaining in his/her working life. 
This is conservative given the average ages in the Dixon and McAllister studies. 

The mean monthly pre-stroke earnings of stroke victims in the Dixon study amounted 
to approximately $5721 (2018 dollars3). The 26.1 percent reduction found in the Dixon 
study implies mean monthly income would fall to $4228, for a loss of $1493 per stroke 
victim per month over the first year.4 Because the Dixon study followed stroke patients 
for four years, the results reflect the effects of readmissions and recurrent strokes over 
that period.  

To calculate the total value of these losses, we assume: 

• 25 percent of all hospitalised strokes occur in people of working age (just 
under 2400 strokes per year) (Stroke Foundation of New Zealand – Facts 
and Fallacies),5 and 25 percent of all hospitalised stroke patients are of 
working age 

• 75.2 percent of working age stroke were in paid employment prior to their 
stroke (McAllister et al., 2013) 

• Cumulative mortality in this group is assumed to follow the same pattern as 
described earlier (a conservative assumption, given that Ministry of Health 
data (Ministry of Health, 2013) suggest that at least first year mortality was 
lower at 25 percent for working age individuals in 2006, compared with 

                                                                 
3  Inflated from 2013 estimates using the Treasury CBAx tool. 

4  We assume the same loss of income for months 1 to 6 as for months 7 to 12. 

5  Krueger et al., 2012 (Canada) report that 33 percent of hospitalised strokes occurred in people aged 0 to 69, which is 
broadly consistent with our estimate for working age individuals. 
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29.5 percent for the whole stroke population, which would leave more 
individuals to experience reduced income) 

• A 26.1 percent reduction in monthly earnings ($1,493) in the first year post-
stroke (Dixon, 2015) 

• A 25.2 percent reduction in monthly earnings ($1,442) for an additional 4 
years (based on Dixon, 2015 finding for 37-48 months post stroke). 

Our model does not include income losses in the year of death (based on an 
assumption of ill health preceding death) or thereafter. 

These income losses sum up as shown in Table 17 below. 

Table 17 Lost income associated with a single cohort of working age 
stroke victims 

  Year 1 Year 2 Year 3 Year 4 Year 5 Total  

Previously employed stroke 
survivors  

1314 1176 1065 999 963   

Average income loss per 
employed person 
(undiscounted) 

$17,916  $17,304  $17,304  $17,304  $17,304  $87,132  

Average income loss per 
employed person 
(discounted) 

$17,916  $16,325  $15,400  $14,529  $13,706  $77,876  

Total income loss 
(undiscounted) (000s) 

$23,534  $20,343  $18,431  $17,288  $16,666  $96,263  

Total income loss 
(discounted) (000s) 

$23,534  $19,192 $16,404  $14,516 $13,201  $86,846 

Expected income loss per 
stroke (undiscounted)  

$2,456  $2,123  $1,923  $1,804  $1,739  $10,045 

Expected income loss per 
stroke (discounted)  

$2,456  $2,003  $1,712  $1,515  $1,378  $9,062  

Source: NZIER 

Based on this estimation, the discounted expected value of lost productivity over five 
years following a stroke is $9,062. Over all hospitalised strokes in a year, this equates 
to over $86 million after discounting. 

There is a major limitation to the Dixon study which is likely to have led to 
underestimation of the productivity losses associated with stroke: The age group 
restriction. Specifically: 

• People aged over 59 years were excluded from the study. Because many 
people work well beyond age 59, and stroke increases in prevalence in the 
older age groups, the exclusion of people aged 60 to 65 and even those up 
to 70 years is likely to result in underestimation of the true employment 
effects of stroke  
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• People who experienced a first stroke before the age of 20 were excluded 
from the study. Although this is a relatively rare event, survivors of strokes 
that occur before age 20 may nevertheless suffer from long term 
impairments that compromise their educational outcomes and productive 
lives. Even a small reduction in income can add up to a lot over an entire 
working life. 

These limitations to the underlying evidence, as well as our conservative assumptions, 
indicate that the true productivity costs of stroke are likely to be higher than our 
estimates suggest. 
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11. Informal caregiving 
Informal care is a frequent part of stroke recovery or living with the effects of stroke 
for many stroke survivors. It is likely that as fewer people with disabilities are cared for 
in institutions than was the case in previous decades, the burden on informal 
caregivers has increased, especially in the short term, before formal services are 
established and the service user has adjusted to his or her new life.  

Caregiver strain has been well-documented, including in the case of providing care to 
stroke survivors (e.g. Bugge et al., 1999). So, despite the challenges of valuing informal 
care, we sought to include this dimension of cost in the model.  

Although we generally think of stroke survivors as recipients of informal care, it is also 
important to consider that before a stroke, many stroke victims may have been in an 
informal caregiver role themselves, including caring for children in the case of younger 
victims, caring for elderly parents, or caring for a spouse or partner. Our model also 
attempts to capture some of this lost caregiver value using similar evidence and 
assumptions. 

11.1. Value of informal care 
In the absence of a known hourly rate for informal care, we assume a value that is 
consistent with a major report on the value of informal care in New Zealand 
(Grimmond, 2014). 

According to Grimmond (2014), the value of informal caregiving is 5 percent of GDP. 
We assume this ratio to remain constant over time. New Zealand’s GDP in 2017 was 
$270.6 billion (Infoshare), which then corresponds to an informal caregiving value of 
$13.5 billion in 2017.Assuming the number of informal caregivers is a function of 
population growth, based on 431,649 informal caregivers in the 2013 Census, there 
would be roughly 590,000 informal caregivers in New Zealand in 2018. Additionally, 
informal caregivers in New Zealand provide on average 30 hours or more per week of 
care (Grimmond, 2014), which implies an average value of informal caregiving of 
$15.60 per hour in 2018. 

11.2. Stroke victims as recipients of informal 
care 

According to McNaughton et al. (2014), 30 percent of stroke patients are discharged 
home but are dependent on others for daily living. Our model assumes that these 
stroke survivors will receive informal care at home, with or without, additional care 
services, but we assume this for only one year, due to a lack of evidence as to how 
informal caregiver needs evolve over time.  

We also assume that stroke victims who die within 28 days of a stroke are never 
discharged and thus, receive no informal care. Consequently, stroke victims who die 
within six months of having a stroke receive five months of informal caregiving at most, 
and the remaining survivors receive a maximum of 11 months of informal caregiving. 
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Using the above assumptions, combined with mortality rates given in Table 7, and an 
estimated 8,626 stroke victims per year in New Zealand, we create a range of values 
of informal caregiving for stroke victims using two scenarios to address the unknown 
timing of deaths in the first year after stroke, which impacts on the amount of informal 
caregiving. These two scenarios represent the lower and upper bounds of the value of 
informal caregiving respectively, for the assumed proportion who are dependent on 
it. 

• In the first scenario, patients die at the beginning of the periods zero to one 
month, one month to six months, and six months to 12 months after a 
stroke 

• In the second scenario, patients die at the end of the periods zero to one 
month, one month to six months, and six months to 12 months after a 
stroke. 

Table 18 and Table 19 below show the value of informal care for stroke patients in New 
Zealand who die at the beginning and end of periods, respectively. Due to uncertainty 
in the hourly rate of informal caregiving, we present the value of informal caregiving 
using the above estimated hourly rate of $15.60 and the average New Zealand hourly 
rate of $32.02 ($30.21 in 2017 (Statistics New Zealand, 2017) inflated by The Treasury 
CBAx discount rate of 6 percent) in 2018. 

Table 18 Scenario 1 - Value of informal care for stroke survivors 

(Deaths occur at beginning of period) 

Months of 

informal 

caregiving  

Stroke survivors 

receiving 

informal 

caregiving 

Value of informal 

caregiving @ 

$15.60/hr 

Value of informal 

caregiving @ 

$32.02/hr 

5 103 $1,044,625 $2,143,677 

11 1,824 $40,697,773 $83,515,972 

Total 1,927 $41,742,398 $85,659,648 

Source: NZIER 

Table 19 Scenario 2 - Value of informal care for stroke survivors 

(Deaths occur at end of period) 

Months of 

informal 

caregiving  

Stroke survivors 

receiving 

informal 

caregiving 

Value of informal 

caregiving @ 

$15.60/hr 

Value of informal 

caregiving @ 

$32.02/hr 

5 168 $1,705,954 $3,500,790 

11 1,927 $43,016,274 $88,273,772 

Total 2,095 $44,722,228 $91,774,563 

Source: NZIER 
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The value of informal caregiving for stroke victims in New Zealand over a period of one 
year is estimated to range from $41.7 million to $91.8 million. Using this range and an 
estimated 9,583 hospitalised strokes, our estimates for the expected informal 
caregiver cost per stroke and total cost of informal caregiving related to stroke are 
presented in Table 20 below. 

Table 20 Total and expected cost per stroke of informal caregiving  

Measure Low estimate 

@15.60/hr 

High estimate 

@15.60/hr 

Low estimate 

@32.02/hr 

High estimate 

@32.02/hr 

Value of 
informal 
caregiving 

$41,742,398 $44,722,228 $85,659,648 $91,774,563 

Average cost 
of informal 
caregiving 

$21,670 $21,340 $44,450 $43,780 

Expected cost 
of informal 
caregiving per 
stroke 

$4,360 $4,670 $8,940 $9,580 

Source: NZIER 

The average cost of informal caregiving in cases where informal caregiving is required 
is estimated to be between $21,340 and $44,450. The expected contribution of 
informal caregiving to the cost of stroke is estimated at between $4,360 and $9,580 
per stroke. 

11.3. Stroke victims’ informal caregiving roles 
Some stroke victims have informal caregiver responsibilities themselves before they 
experience a stroke. One study found that 2.1 percent of stroke victims had been 
acting as informal caregiver to a family member prior to their stroke (Crichton et al., 
2012).  

Using the estimated 8,626 stroke victims each year, 181 of these would have been in 
an informal caregiver role. We assume that the first year post-stroke, survivors do not 
act as informal caregivers. This means the loss in value from these stroke victims being 
unable to act as informal caregivers over a period of one year is between $4.4 million 
(based on valuing their time at $15.60 per hour, consistent with Grimmond, 2014) and 
$9.0 million (based on valuing their time at the average hourly rate of $32.02) in 2018.  
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12. Mortality and quality of life  
In addition to health system costs and productivity losses, stroke is responsible for 
mortality and a loss of quality of life, both short and long term.  

Although other studies sometimes convert the burden of disease as measured in DALYs 
into a dollar figure using the value of a ‘statistical’ life (VSL), the New Zealand Treasury 
discourage this approach. In particular the values may be considered too high for an 
older population. 

Instead, we opt for an alternative approach to putting a value on years of life lost and 
quality of life lost: We quantify the losses in terms of quality-adjusted life years (QALYs) 
and value these in monetary terms using the current monetary value of a QALY in the 
Treasury CBAx impacts database, which is $59,722 (2018 dollars).   

12.1. Mortality 
A fatal stroke results in a number of life years lost. Without putting a value on years of 
life lost, the effect of a death in this type of analysis has the perverse result of making 
costs appear lower because those individuals are no longer alive to experience lower 
employment income and incur continuing health care costs. For this reason, we 
attempt to capture a conservative yet meaningful mortality cost. This involved 
focussing exclusively on premature mortality. 

Premature mortality is defined as mortality that occurs before age 75. This concept 
provides a useful way to think about the impact of stroke deaths. Since every individual 
must eventually die, it is unclear how stroke death at age 90 should be treated in 
thinking about social and economic costs. By focussing exclusively on those who die 
before age 75, we provide a conservative estimate of the value of years of life lost. 

Combining the Ministry of Health total stroke deaths by age group in 2014 (shown 
Table 21 ), and the Statistics New Zealand Complete Period Life Tables 2012-14, we 
find that premature deaths due to stroke result in an average of up to 22.37 years of 
life lost and a total of up to 10,736 years of life lost over all premature stroke deaths 
that occurred in New Zealand in 2014. This represents 43 percent of total years of life 
lost to stroke in 2014 (25,024) (see Table 21 and Figure 22 below). Note that these 
figures are based on comparing stroke death victims to the general population, not to 
matched controls. 
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Table 21 Years of life lost to stroke deaths 

New Zealand, 2014  

Total 

deaths 

from all 

causes 

Total stroke 

deaths 

Stroke 

deaths as 

% of total 

Approximate 

average years 

of life lost per 

death 

Approximate 

total years of 

life lost 

0 331 0 0 81.33 0 

1 27 0 0 80.70 0 

2 8 0 0 79.73 0 

3 10 0 0 78.75 0 

4 10 0 0 77.76 0 

5-9 37 0 0 73.80 0 

10-14 27 0 0 69.84 0 

15-19 126 0 0 64.92 0 

20-24 162 1 0.6% 60.10 60.10 

25-29 153 0 0.0% 55.26 0.00 

30-34 170 1 0.6% 50.40 50.40 

35-39 233 5 2.1% 45.58 227.89 

40-44 393 20 5.1% 40.79 815.87 

45-49 588 25 4.3% 36.08 901.94 

50-54 987 50 5.1% 31.47 1573.42 

55-59 1,265 56 4.4% 26.98 1511.00 

60-64 1,688 63 3.7% 22.63 1425.61 

65-69 2,321 101 4.4% 18.46 1864.51 

70-74 2,860 158 5.5% 14.59 2305.61 

Total 
Premature 11,396 480 4.2% 22.37 10,736 

75-79 3,600 306 8.5% 11.04 3377.40 

80-84 4,861 469 9.6% 7.95 3727.76 

85+ 11,307 1,314 11.6% 5.47 7182.26 

TOTAL 31164 2569 8.2% 9.74 25,024 

Source: NZIER, based on data from Ministry of Health (2014) and Statistics New Zealand 

(2015) 
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Figure 22 Years of life lost prematurely to stroke 

Proportion of total years of life lost to stroke, prematurely and non-prematurely (age 75+) 

 

Source: NZIER, based on MoH and Statistics New Zealand data 

Although this data suggests that premature deaths result in 22.37 years of life lost on 
average, we conservatively value only the first five of these years. This is due to the 
likelihood that many stroke victims may have died prematurely of other causes due to 
underlying risk factors and is consistent with our estimation of other social and 
economic costs up to 5 years, a limit imposed by a lack of longer term evidence. 

The cost of premature mortality can be quantified and valued in terms of QALYs. Each 
year of life lost in full health would have a value equal to one QALY. However, many 
stroke victims are not in perfect health, so each additional year of life that would be 
expected if a fatal stroke is avoided will be worth somewhat less than that. 

Luengo-Fernandez et al. (2013) elicited QALY values for TIA victims and matched 
controls (based on age, sex, education, marital status, history of diabetes, 
angina/myocardial infarction, stroke, hypertension, and disability). The matched 
controls had a QALY value of 0.850. Because the average age of matched controls in 
the study was 75, this QALY value is a conservative estimate of the quality of life of 
stroke victims who die prematurely. 

Based on a pre-stroke quality of life worth 0.850 QALYs and an assumed survival of 5 
years in the absence of stroke, we assume that the first year of life lost prematurely is 
worth 0.850 QALYs.  

Quality of life in subsequent years when a premature death is avoided is not known. 
However, ageing and deteriorating health due to comorbidities would result in a 
reduction in quality of life over time.  

Because it is not known how quality of life would decline over time, we estimate the 
QALY cost of premature death based on three profiles of declining quality of life as the 
counterfactual. These are shown in Figure 23. We then value these years of life using 
the current monetary value of a QALY in the Treasury CBAx impact values database, 
which is $59,722 (2018 dollars), and discount future years by 6 percent per annum, 
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consistent with the Treasury CBAx tool discount rate.  Results are presented in Table 
22, Table 23 and Table 24 below. 

Figure 23 Scenarios for declining quality of life in a premature death 
counterfactual 

 

Source: NZIER 

Table 22 Average value of life years lost due to a premature stroke 
death 

Mid-estimate from medium decline in QoL 

Year 
post-
stroke 

QALY value 
of years lost 
prematurely 
to stroke 

QALY value of 
year saved due 
to avoided 
stroke 

Undiscounted 
cumulative value of 
life years lost due to 
a stroke 

Discounted 
value of life 
years lost due to 
a stroke 

Discounted 
cumulative 
value of years 
lost due to a 
stroke 

1 0.8 $47,778  $47,778  $47,778  $47,778  

2 0.75 $44,792  $92,569  $42,256  $90,034  

3 0.7 $41,805  $134,375  $37,207  $127,240  

4 0.65 $38,819  $173,194  $32,593  $159,834  

5 0.6 $35,833  $209,027  $28,383  $188,217  

Source: NZIER 

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

Pre-Stroke 1 2 3 4 5

Medium decline in QoL Slow decline in QoL

Rapid decline in QoL Pre-stroke baseline



 

NZIER report -The social and economic costs of stroke in New Zealand 54 

Table 23 Average value of life years lost due to a premature stroke 
death 

Low estimate from rapid decline in QoL 

Year 

post-

stroke 

QALY value 

of years lost 

prematurely 

to stroke 

QALY 

value of 

year 

saved due 

to avoided 

stroke 

Undiscounted 

cumulative 

value of life 

years lost due 

to a stroke 

Discounted 

value of life 

year lost due 

to a stroke 

Discounted 

cumulative 

value of years 

lost due to a 

stroke 

1 0.75 $44,792 $44,792 $44,792 $44,792 

2 0.65 $38,819 $83,611 $36,622 $81,413 

3 0.55 $32,847 $116,458 $29,234 $110,647 

4 0.45 $26,875 $143,333 $22,565 $133,212 

5 0.35 $20,903 $164,236 $16,557 $149,769 

Source: NZIER 

Table 24 Average value of life years lost due to a premature stroke 
death 

High estimate from slow decline in QoL 

Year 

post-

stroke 

QALY value 

of years lost 

prematurely 

to stroke 

QALY 

value of 

year 

saved due 

to avoided 

stroke 

Undiscounted 

cumulative 

value of life 

years lost due 

to a stroke 

Discounted 

value of life 

year lost due 

to a stroke 

Discounted 

cumulative 

value of years 

lost due to a 

stroke 

1 0.84 $50,166  $50,166  $50,166  $50,166  

2 0.83 $49,569  $99,736  $46,763  $96,930  

3 0.82 $48,972  $148,708  $43,585  $140,515  

4 0.81 $48,375  $197,083  $40,616  $181,131  

5 0.8 $47,778  $244,860  $37,844  $218,976  

Source: NZIER 

Based on the range of scenarios for the counterfactual, the cost of a premature stroke 
death using QALYs to value 5 years of life lost prematurely is between $149,769 and 
$218,976.  For 480 premature stroke deaths per year (based on 2014 data, shown in 
Table 14), the total value of 5 years of life lost prematurely due to stroke is between 
$72 million and $105 million.  

The expected premature death cost per stroke is between $7,502 and $10,968. 

The ranges of estimates are summarised in Table 25 below. 
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Table 25 Range of estimates for QALY cost of premature death 

 Low estimate Mid estimate High estimate 

QALY cost per 
premature death 

$149,769 $188,217  $218,976  

Total annual cost 
(based on 480 
premature deaths) 

$71,889,055 $90,344,195  $105,108,307  

Expected cost per 
stroke 

$7,502 $9,428 $10,968 

Source: NZIER 

12.2. Quality of life for survivors 
To estimate the cost of quality of life effects on survivors, we use three key studies 
providing utilities based on EQ-5D: 

• Luengo-Fernandez et al. (2013), based on the UK’s Oxford Vascular Study, 
estimate that quality of life pre-stroke in the relevant population is 0.850 on 
average.  

• Te Ao et al. (2012), based on New Zealand data, estimate that post-stroke 
quality of life values range from 0.44 to 0.53 twelve months after the event. 
The lower value associated with treatment in a general medical ward and 
the higher value associated with treatment in an acute stroke unit. The 
values are explained by the authors as being different mainly due to 
differences in the rate of discharge to residential care, which is associated 
with a significantly lower quality of life than discharge to the patient’s own 
home. 

• Cadilhac et al. (2010), based on the North-East Melbourne Stroke Incidence 
Study (NEMESIS), estimate that stroke is associated with a loss of 0.1886 in 
the value of quality of life at 12 months after the event and 0.2533 at 5 
years after the event. They also estimate that utilities in a stroke-free 
population typically decline by only 0.01 to 0.04 over five years. 

Based on approximately half of New Zealand stroke sufferers being treated in an acute 
stroke unit, and the Te Ao et al. estimates described above, the expected loss of quality 
of life for survivors amounts to 0.365 QALYs immediately following a stroke. Because 
the quality of life values from Te Ao et al. are based on 12 months after a stroke, the 
loss of quality of life over the first year is likely to be conservatively estimated. The 
value of this loss of quality of life is $21,799 per stroke survivor.  

Based on 9583 hospitalised strokes per year and 11.1 percent of patients having 
recurrent stroke within a year, if we assume only one recurrent stroke within the year, 
the number of stroke patients hospitalised is 8519. Of these, 29.5 percent die within 
the year, so we assume the QALY loss estimated above applies only to the remaining 
70.5 percent, or 6,006 individuals. The value of quality of life lost to these 6,006 
remaining individuals is approximately $130,924,794. See Table 26 below. 
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Table 26 Value of quality of life lost by stroke survivors 

In the first 12 months after a stroke – High estimate 

Based on Luengo-Fernandez et al., 2013 and Te Ao et al., 2012 

 Pre-stroke 12 months 

post-stroke  

Loss of QoL 

Quality of life 0.850* 0.485** 0.365 

Monetary value per person  50,764 28,965 21,799 

Survivors (#) 8,519 6,006  

Total monetary value of quality of life $432,458,516 $173,963,790 $130,924,794 

Strokes (#) 9583   

QoL cost per stroke   $13,662 

*Luengo-Fernandez et al., 2013 
**Te Ao et al., 2012 

Source: NZIER 

Based on a total quality of life cost of $130,924,794 and 9583 strokes per year in 8,519 
individuals, the expected quality of life cost of a stroke in the first 12 months after a 
stroke is $13,662. These estimates do not include the quality of life lost by those who 
die within the first 12 months. 

The quality of life values estimated by Te Ao et al. (2012), while based on New Zealand 
subjects, are significantly lower than those estimated by Cadilhac et al. (2010), based 
on the North-East Melbourne Stroke Incidence Study. The latter found a reduction in 
quality of life of 0.1886 at 12 months after a stroke. This would imply a post-stroke 
quality of life of 0.6634. Table 27 below estimates the value of lost quality of life based 
on this alternative value. 

Table 27 Value of quality of life lost by stroke survivors 

In the first 12 months after a stroke – Low estimate 

Based on Luengo-Fernandez et al., 2013 and Cadilhac et al., 2010 

  Pre-stroke 
12 months 

post-stroke  
Loss of QoL 

Quality of life 0.85 0.6634 0.1886 

Monetary value per person  50,764 39,620 11,264 

Survivors (#) 8,626 6,081   

Total monetary value of quality of life $437,865,470  $240,927,490  $68,494,008  

Strokes (#) 9583     

QoL cost per stroke     $7,147.45  

*Luengo-Fernandez et al., 2013 
**Te Ao et al., 2012 

Source: NZIER 

The quality of life values estimated by Te Ao et al. (2012) used above are based on the 
rates of admission to residential care subsequent to a stroke. Because the vast majority 
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of these are long-term or permanent, it is reasonable to assume that quality of life will 
not improve substantially. However, because many of those admitted to residential 
care will die within a year or two, average quality of life for stroke survivors may well 
increase over the longer term.  

What actually happens to quality of life over the following years is unknown and could 
not be reasonably estimated for this report. However, even if those with the worst 
quality of life die earlier, increasing the average quality of life of survivors as time goes 
by, the average quality of life of survivors is unlikely ever to reach the pre-stroke value.  

If we assume quality of life of survivors in years 2 to 5 is actually halfway between the 
pre-stroke value and the Te Ao estimated value at 12 months post-stroke, or 0.668, 
the quality of life lost in the second and subsequent years is 0.182. 

The assumption made above is consistent with evidence from a UK study (Ara & 
Brazier, 2010) which estimated that quality of life for a 67-year old with a history of 
stroke is 0.668. Our estimate of quality of life lost in the second and subsequent years 
is also consistent with the findings of the North East Melbourne Stroke Incidence year. 
This is therefore, likely to be a reasonable assumption for second and subsequent 
years’ quality of life. 

In addition, what matters most for cost estimation is not the starting point or end point 
of quality of life, but the loss of quality of life. In total, over five years, our model 
assumes that stroke results in a loss of 1.613 QALYs per stroke victim. This is a much 
smaller impact than what was reported in the North East Melbourne Stroke Incidence 
Study, which found that the mean QALY loss after stroke amounted to 5 to 6 QALYs 
over five years. 

Table 28 below shows how our estimates add up. 
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Table 28 Estimated value of quality of life lost by stroke survivors 

Based on the second to fifth years after a stroke 

  Pre-stroke 

12-24 

months 

post-stroke  

24-36 

months 

post-stroke 

36-48 months 

post stroke 

48-60 

months 

post-stroke 

Quality of 
life 

0.85 0.668 0.668 0.668 0.668 

Monetary 
value per 
person  

$50,764  
$39,894  $39,894  $39,894  $39,894  

                                                                                                                                        

discounted   $37,636 $33,496 $31,600 $29,811 

Loss of 
QoL 

  0.182 0.182 0.182 0.182 

Value of 
lost QoL 
per person 

  $10,869  $10,869  $10,869  $10,869  

discounted   $9,673  $9,126  $8,609  $8,122  

Survivors 
(#) 

8,519 5,205 4,677 4,370 4,311 

Total lost 
QoL of 
survivors 

     

Total lost 
QoL value 

  $56,573,145  $50,834,313 $47,497,530 $46,856,259 

discounted   $50,349,898  $42,681,469  $37,622,493  $35,013,722  

Strokes (#) 9583         

QoL cost 
per stroke 

  $5,903.49  $5,304.63 $4,956.44 $4,889.52 

discounted   $5,254.09  $4,453.87  $3,925.96  $3,653.73  

Source: NZIER 

As shown in Table above, the assumption that remaining survivors experience a quality 
of life halfway between the pre-stroke level and the 12-month level leads to a loss of 
quality of life worth an additional $172,999,996 in present value terms, or $18,052 per 
stroke. 

The results for year 1 post-stroke and subsequent years post stroke are combined in 
Table 29 below. Nearly $300 million in lost quality of life is estimated for the five years 
that follow a year in which 8,519 individuals experience a stroke. Based on a total of 
9583 strokes in the same year, the expected present value quality of life cost of each 
stroke is $30,950. 
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Table 29 Quality of life cost of stroke over five years 

 
Total  Per stroke 

Year 1 $130,921,971 $13,662 

Year 2 $50,349,898 $5,254 

Year 3 $42,681,469 $4,454 

Year 4 $37,622,493 $3,926 

Year 5 $35,013,722 $3,654 

Total $296,589,553 $30,950 

Source: NZIER 
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13. Total cost of stroke in New 
Zealand 

Based on our most conservative assumptions and lowest cost results across all cost 
components, we estimate that a very conservative value for the total discounted five-
year cost associated with the 9,583 hospitalised strokes in 2014, is over $920 million.  
That is, assuming a similar number of strokes every year, each annual cohort will be 
associated with over $920 million in costs over the following five years. 

If the cost of premature death and quality of life are omitted, the total discounted five-
year cost is still over half a billion dollars. 

Table 30 Total discounted costs of one year of strokes in New 
Zealand 

(Based on 9583 hospitalised strokes in 2014) 

 Section of 

report 

Total 

Ambulance call outs 4.1.1 $4,285,736 

ED visits 4.1.2 $3,900,281 

1st year inpatient cost 4.2 $265,765,339 

Medication cost 5.1 $20,511,025 

General practitioner care cost 5.1 $5,812,205 

Recurrent stroke 5.2 $44,771,776 

Residential care (65+) 6 $42,048,128 

Residential care (<65) 7 $9,403,000 

Community services 8 $19,299,101 

Rehabilitation 9 $8,075,510 

Lost productivity 10 $86,846,000 

Informal caregiving 11 $41,742,398 

SUB TOTAL  $552,460,499 

Premature death 12.1 $71,889,055 

Quality of life 12.2 $296,589,553 

TOTAL  $920,939,106 

*Because annual costs of hospitalisation are based on actual annual hospitalisation (2014), this cost 
includes initial stroke and recurrent stroke hospitalisation 

Source: NZIER 

As shown below, the cost of hospitalisation dominates other costs of stroke. However, 
loss of quality of life and informal caregiver burden, followed by lost income and 
community services, all of which were conservatively estimated, represent significant 
costs associated with stroke. 
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Figure 24 below shows that loss of quality of life in survivors and hospitalisation costs 
(which include the complete initial inpatient stay and hospitalisation for recurrent 
stroke) are the most significant costs. Lost income and the cost of premature death 
are also significant drivers. 

Figure 24 Costs of one year of strokes in New Zealand 

Based on 9583 strokes in 2014 

 

Source: NZIER 

Every time a stroke occurs, the discounted expected cost over 5 years is at least 
$96,000. If the cost of premature death and quality of life are omitted, the discounted 
expected cost over 5 years is nearly $58,000 (see Table 31 below). 
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Table 31 Expected 5-year cost of a stroke in New Zealand 

 Per stroke 

Ambulance call outs $447 

ED visits $407 

1st year inpatient cost $27,733 

Medication cost $2,140 

General practitioner care cost $607 

Recurrent stroke $4,672 

Residential care (65+) $4,388 

Residential care (<65) $981 

Community services $2,014 

Rehabilitation $843 

Lost productivity $9,062 

Informal caregiving $4,356 

SUB TOTAL $57,650 

Premature death $7,502 

Quality of life $30,950 

TOTAL $96,101 

Source: NZIER 
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14. Previously published 
estimates 

While the total costs of stroke estimated in this report may appear unrealistically large, 
they compare well with estimates from other jurisdictions. 

A UK systematic review (Leal and Luengo-Fernandez, 2009), of the cost of stroke to the 
health and social care system of the UK in 2006/07 estimated that cost at just over 
£2.5 billion. Of the estimated costs, inpatient costs and residential care costs 
amounted to 44 percent and 36 percent of total costs, respectively, for a total of 80 
percent of costs, with outpatient care, medication, productivity loss and informal 
caregiving making up the remaining 20 percent. However, the review also revealed 
that most studies did not report on costs beyond 12 months, which limits the 
estimation of any long-term costs to a small fraction of the total. 

Gloede et al. (2014) estimated the direct health system costs at 10 years post-stroke 
based on data from the North East Melbourne Stroke Incidence Study (NEMESIS). For 
ischemic stroke, the overall average annual direct costs at 10 years estimated at USD 
5,207 and were not significantly different than costs estimated at 3 and 5 years, 
suggesting that for patients who survive 5 years post-stroke, there is very little 
additional stroke-related cost. It also suggests that the 5-year total direct cost is 
approximately USD 26,000. Average lifetime costs per stroke were USD 68,769 for 
ischaemic stroke and USD 54,956 for intracerebral haemorrhage.  

Luengo-Fernandez et al. (2008) conducted a systematic review of studies reporting 
costs associated with stroke and ischemic stroke. When results were categorised 
according to follow-up time, they showed a clear pattern of costs increasing from 
hospital discharge to over 12 months after the event. The reported costs have been 
converted to New Zealand dollars from the US dollars reported in the study and 
inflated to 2018 using the Treasury CBAx tool (see Figure 25 below). These suggest that 
beyond 12 months costs are expected to increase to $80,000 to $100,000. 
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Figure 25 Median stroke cost estimates* by follow-up time  

From 71 published studies reporting costs of stroke or ischemic stroke 

 

*Costs included varied 

Source: Luengo-Fernandez et al., 2008 

The estimates also suggest that initial hospitalisation is a significant cost at over 
$27,000, but that additional costs associated with rehabilitation and productivity 
losses in the first 12 months after a stroke amount to approximately $25,000 (see Table 
32 below). 

Table 32 Median cost estimates* by follow-up time 

From 71 published studies reporting costs of stroke or ischemic stroke 

Follow-up duration Median Cost 

Hospital discharge          27,015  

3 to <6 months          22,011  

6 months to <12 months          45,533  

12 months          51,994  

>12 months          95,894  

Source: Luengo-Fernandez et al., 2008 
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15. Opportunities to reduce 
the burden 
Most strokes are preventable, and beyond prevention, management of a stroke can 
significantly improve outcomes. It is important to consider that although interventions 
to improve stroke outcomes may increase costs to the health system, if these 
interventions improve functional outcomes, they may nevertheless be good 
investments from a societal cost-benefit perspective due to the potential for improved 
quality of life and reduced employment impacts. 

15.1. Improving stroke management and 
rehabilitation 

Stroke management and rehabilitation can reduce the burden of stroke by minimising 
the risks of readmission and recurrence, reducing the need for residential care, and 
improving functional outcomes which can individuals to resume paid employment and 
reduce the need for financial assistance and informal care. 

Recent research has revealed that optimal stroke management and rehabilitation are 
key to delivering better outcomes. Differences in stroke rehabilitation have been 
found to explain differences in outcomes across health systems (Teasell et al., 2009). 

Possible areas for improvement of stroke management in New Zealand include: 

• Rapid assessment and treatment following TIA/non-hospitalised stroke 

• Increased use thrombolysis in ischaemic stroke 

• Increased use of organised stroke units 

• Increased rate of early home-supported discharge. 

Outcomes associated with these improvements in stroke care were estimated in a 
Canadian study (Krueger et al., 2012). The results indicated that optimal acute stroke 
care in Canada, including all of the above would produce a reduction in the number of: 

• Hospitalisations by 3.3 percent 

• Acute hospital care days by 25.9 percent 

• Residential care days by 12.8 percent 

• Deaths in hospital by 14.9 percent. 

Additional improvements could be obtained from: 

• Improved hyperacute stroke care 

• Increased intensity of rehabilitation therapy 

• Use of modern ICT to increase access to specialist skills. 

In terms of stroke sub-type, increased focus on aneurysmal sub-arachnoid 
haemorrhage (aSAH) may be warranted.  
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15.1.1. Increased use of organised stroke units 

The outcomes associated with organised stroke units have been the subject multiple 
clinical trials and meta-analyses, with the Stroke Unit Trialists’ Collaboration (SUTC) 
Cochrane reviews of stroke unit trials being particularly noteworthy. The latest SUTC 
update (2013) included 28 trials and found that stroke units are consistently associated 
with improved outcomes, with increased survival, independence and ability for stroke 
survivors to continue living in their own home (Sun et al., 2013).  

Variations in the delivery of care and associated processes have been found to explain 
a significant portion of the variation in outcomes across six European countries (Ayis 
et al., 2013). Increased organisational care (such as what is delivered through 
specialised acute stroke units) was associated with higher probabilities of survival. 

Despite the increase in hospitalisation for stroke in recent years in New Zealand, Feigin 
et al. (2015) identified underutilisation of acute stroke units (with only 51.3 percent of 
stroke patients treated in acute stroke units). 

Figure 26 Variation in use of acute stroke units across Europe 
compared with New Zealand 

 

 

Source: NZIER, based on King’s College ( ), Feigin et al., 2015 

Ethnic disparities in admission to stroke units represent a particular opportunity to 
improve outcomes, reduce long term costs and reduce ethnic disparities. Figure 27 
below shows how Māori are less likely to be admitted to acute stroke units than other 
ethnicities. This is particularly important because Māori suffer strokes at a significantly 

51% 
New Zealand, 

2015 



 

NZIER report -The social and economic costs of stroke in New Zealand 67 

younger age on average, leading to higher probabilities of income and employment 
effects as well as longer-term disability. Increasing the admission rate of Māori stroke 
sufferers to acute stroke units may improve outcomes and reduce long term costs 
associated with disability and employment significantly. 

Figure 27 Admission to acute stroke unit 

By ethnicity (In the ARCOS studies) 

 

Source: NZIER based on data from Feigin et al., 2015 

15.1.2. Increased rate of early home-supported 
discharge 

Early home-supported discharge has been associated with reduced length of stay and 
improved outcomes in stroke survivors. 

15.1.3. Improved hyperacute care 

The time immediately following a stroke is critical to stroke outcomes. Outcomes 
depend on a chain of events and circumstances including: 

• How stroke victims (and anyone witnessing a stroke) react, which depends 
on their ability to recognise the significance of the event  

• Whether emergency services (rather than GP services) are called, how fast 
this happens and how they respond (i.e. triaging stroke events as urgent or 
non-urgent) 

• The extent to which hospital processes can be triggered prior to arrival 

• How quickly patients are processed on arrival in emergency rooms and 
delays in obtaining brain imaging 

• The availability of stroke specialists and delays in obtaining appropriate 
evaluations and treatment 
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• The administration of thrombolysis for patients with ischaemic stroke, 
which is sometimes delayed due to non-availability of clinicians, or lack of 
consent). 

Table 33 Processes for rapid assessment and treatment NZ versus 
Australia 

Process Total (N=21) 

NZ Aus 

Ambulance arrangements 10% 21% 

ED protocol for rapid triage 43% 48% 

Transfer protocols 29% 51% 

Source: National Acute Stroke Services Audit, 2009 

Internationally and in New Zealand two major improvements have been sought to 
ensure better outcomes for stroke patients. These are: 

• Increased access to specialised stroke units 

• Reductions in door-to-needle time (DNT) – the time from arrival in 
emergency rooms to the administration of thrombolysis.  

Reductions in door-to-needle time 

Much of the improved outcomes associated with acute stroke units is associated with 
the ability to provide access to thrombolysis for ischaemic stroke victims. In 
recognition of the increasing evidence that thrombolysis improves outcomes 
substantially and cost-effectively, most countries have introduced thrombolysis 
targets, reporting and auditing. New Zealand is no exception. 

In recognition that thrombolysis within 4.5 hours after ischaemic stroke onset 
improves outcomes, The National Stroke Network introduced the National Stroke 
Thrombolysis Register on 1 January 2015. All stroke thrombolysis patients are entered 
into the register. National targets for thrombolysis rates and treatment delays were 
set to support clinicians to improve hospital processes and thrombolysis rates (Liu, 
2017).  The experience of other countries has been that stroke registries have 
supported quality improvement and increased timely stroke thrombolysis rates (Bray 
et al., 2013). 

By mid-2015 the thrombolysis rate in New Zealand hospitals was 6.4 percent, having 
more than doubled relative to the 2009 rate of 3 percent in 2009, meeting the Ministry 
of Health thrombolysis target of 6 percent (Joshi et al., 2016). Fink (2017) found that a 
further increase to 8.4 percent had been achieved by mid-2016 with some of the 
largest improvements in the smaller DHBs. The thrombolysis target was increased to 8 
percent for 2017 and 10 percent for 2018. However, Fink (2017) raised concerns that 
24/7 access to acute stroke thrombolysis is not being accurately reported and is almost 
certainly inadequate in some DHBs. 
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Liu et al. (2017a) surveyed DHBs across New Zealand on thrombolysis services in 2011 
and 2016. Significant improvements were identified, with all hospitals having 
developed thrombolysis guidelines and audited thrombolysed patients in the National 
Stroke Thrombolysis Register by 2016, which represented a major improvement 
compared with 2011 when only seven (39 percent) DHBs reported regular audit. 
Increased numbers of neurologists and other clinicians rostered to provide 
thrombolysis were also observed in both larger and smaller DHBs. Nevertheless, the 
study identified that in 2016, staffing and training remained important challenges for 
smaller and geographically isolated DHBs to achieve thrombolysis targets. 

Although New Zealand thrombolysis rates have improved, rates of thrombolysis in 
some European countries had already exceeded New Zealand’s 2018 target up to a 
decade ago (see Figure 28 below). 

Figure 28 Thrombolysis rates across Europe compared with New 
Zealand rate and targets 

 

Source: NZIER based on King’s College ( ), Joshi et al., 2016, and Fink, 2017 

There is room to not only increase treatment rates, but also reduce treatment delays. 
Earlier treatment is associated with better outcomes, and every 15-minute 
acceleration in the start of treatment can result in 4 percent greater odds of walking 
independently on discharge. 

A Canadian study revealed that 35 to 49 percent of eligible patients do not receive 
thrombolysis due to a time delay of more than 4.5 hours between stroke onset and 
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arrival at hospital, highlighting what is also likely to be a critical issue for increasing 
thrombolysis rates in New Zealand as well (Ganesh, et al., 2014).  

However, it is possible that guidelines around timing require some reconsideration: A 
systematic review and meta-analysis of intravenous thrombolysis (Wardlaw et al., 
2013) showed that, although treatment within guidelines is more effective, patients 
who did not meet strict criteria for thrombolysis based on age and timing of treatment 
were as likely to obtain some benefit from thrombolysis as those who did meet the 
criteria.  

The argument is sometimes made that higher thrombolysis rates should only be 
expected where there are higher patient volumes. However, this argument is not 
supported by evidence, which suggests that although thrombolysis rates tend to be 
higher in larger centres, there is no association with patient volumes (Scherf et al., 
2016). 

Hospital pre-alerting 

In patients travelling to hospital via ambulance, the sending of a ‘pre-alert’ message 
can significantly improve the timeliness of treatment which, in turn, increases the 
probability of a patient being able to undergo thrombolysis within the critical time. 

Many jurisdictions have succeeded in reducing door-to-needle time with effective pre-
alerting. However, a cohort study of patients admitted to acute stroke units in West 
Midlands (UK) hospitals showed that, in that context, while only 29 percent of patients 
were eligible for pre-alerting according to criteria set out in the local protocols, the ED 
was pre-alerted about 53 percent which led to disagreements between EMS and ED 
staff and frustration on the part of EMS staff who were found to have inconsistent 
understanding of pre-alert protocols. To avoid undermining the credibility of pre-alerts 
and impacting patients who are genuinely eligible for thrombolysis the authors 
recommended that simplified pre-alert protocols might result in more appropriate use 
of pre-alerting. 

15.1.4. Increased intensity of rehabilitation 
therapy 

Rehabilitation therapy is long‑term support aimed at helping stroke victims regain 
independence and live with any remaining disabilities after a stroke. Rehabilitation can 
involve different specialists, including physiotherapists, speech therapists and 
occupational therapists who help patients overcome problems with: memory and 
concentration; speaking, reading and writing; emotions and feelings; sight; swallowing 
and eating; strength, balance and movement; and physical pain. Rehabilitation can 
also include encouragement and support to reduce risk factors and move towards 
independent living. 

The ways in which these services are delivered may explain why outcomes are 
different in different countries. 

McNaughton et al. (2005) compared stroke rehabilitation practice and outcomes 
between New Zealand and the United States. The study found that average length of 
stay in rehabilitation was shorter in the US than in New Zealand (18.6 days compared 
with 30 days). Within the rehabilitation stay, however, physical and occupational 
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therapy time per patient was considerably higher in the US. Therapists in the US were 
involved in more active therapies for a greater proportion of the time. Outcomes were 
also observed to be better for U.S. participants, with fewer discharged to institutional 
care (13.2 percent compared with 21.5 percent) and larger increases in functional 
independence scores. 

Another key result of the McNaughton study was that New Zealand rehabilitation 
therapists spend significantly more time on assessment and non-functional activities 
(activities not directly related to the patient’s functional enhancement, i.e. selecting a 
wheelchair, filling out forms). Professionals in the two countries also tended to focus 
on different activities: US occupational therapists spend a significant portion of time 
working with upper limbs, which in New Zealand is largely an activity performed by 
physiotherapists. 

The study noted that the New Zealand stroke patients were of older age. However, the 
US stroke patients’ measures of initial stroke severity were higher. The increased 
intensity of rehabilitative care in the US was considered to be largely responsible for 
improved outcomes in functional independence. 

This evidence is consistent with findings across numerous studies, that more intensive 
stroke rehabilitation services are associated with better outcomes, even when initial 
severity scores are higher. For example, Andrews at al. (2015) found that patients who 
received higher-intensity therapy were less likely to be readmitted to hospital within 
30 days than patients who had lower intensity therapy, even though the presence of 
more comorbidities or greater stroke severity had been the reasons for higher 
intensity therapy in the sample.  

No study was identified that determined what might be a critical threshold of 
rehabilitation intensity or identified whether a ceiling effect applies. Nevertheless, the 
evidence in favour of higher intensity rehabilitation services is strong enough for the 
National Institute for Health and Care Excellence (NICE) to recommend that adults 
having stroke rehabilitation in hospital or in the community are offered at least 45 
minutes of each relevant therapy for a minimum of 5 days a week. 

Use of modern ICT to improve access to specialist skills 

In recognition that access to specialist skills for stroke management is a barrier to 
timely and effective treatment in several central region DHBs, the Ministry of Health 
funded the Telestroke pilot. Telestroke provides 24/7 access to specialist skills for 
managing stroke by enabling neurologists to provide support to less experienced 
clinicians in different DHBs remotely via videoconferencing equipment. Over the 10-
week trial there was an increase in the treatment rate of out-of-hours thrombolysis, 
from 7 percent to 19.8 percent, and the average time from presentation to hospital 
and treatment was reduced Ministry of Health, 2016). 

15.2. Screening and follow-up 
Many health risks are subject to universal or selective screening and the risk factors 
for stroke can all be the subject of screening programmes with potential benefits not 
only in stroke prevention but in other health conditions that share the same risk 
factors.  
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One potential stroke-specific screening programme could involve screening for 
unruptured intracranial aneurysm in asymptomatic individuals or implementing 
guidelines to encourage screening for aneurysm in symptomatic individuals.  

The cost-effectiveness of screening for intracranial aneurysm is a function of screening 
costs, morbidity and mortality risks, long term costs related to ruptured aneurysms, 
and the costs and risks associated with aneurysm surgery. 

Yoshimoto and Wakai (1999) created a mathematical model of an aneurysm screening 
programme and demonstrated that such a programme has the potential to be cost-
effective, as judged against other interventions that are publicly funded on the 
grounds of cost-effectiveness. However, the Yoshimoto and Wakai model also 
demonstrates that there are two critical factors in the cost-effectiveness of screening: 

• The prevalence of subarachnoid haemorrhage from ruptured aneurysm  

• The risk of neurological impairment from aneurysm surgery. 

These two factors are noteworthy for consideration of future interventions to reduce 
the burden of stroke.  The prevalence of sub-arachnoid haemorrhage (SAH) is different 
in different sub-populations. Screening programme can be designed to target a sub-
population where the risk of SAH is greater (i.e. in those with family history or in higher 
risk age groups). Also, the risk of neurological impairment from aneurysm surgery may 
be reduced with improvements in surgical techniques or with the development and 
improvement of alternative interventions, such as endovascular techniques, which 
were not considered in the Yoshimoto and Wakai model. 

According to Zhao et al. (2017), the treatment techniques and management guidelines 
for intracranial aneurysm have been continually developing since the 1990s. There are 
now a number of surgical and endovascular techniques available but clinicians are still 
divided on how to proceed in the case of microaneurysms due the lack of knowledge 
of the rates of rupture or progression to saccular aneurysms. This lack of knowledge is 
due to a lack of data from large clinical studies, which raises the importance of 
continued stroke research. 

15.3. Stroke research 
Investment in stroke research in New Zealand in either absolute or relative terms was 
not within scope for this report. However, evidence from previously published studies 
provides some insight.  

A UK study compared funding for stroke research to funding for cancer, coronary heart 
disease, and dementia (Luengo-Fernandez et al., 2012) based on 2008 funding levels. 
It found that only 3 percent of funding to these four areas of health research was 
allocated to stroke (4 percent if only government funding is included). Levels of 
research funding were not aligned with the burden of disease, with stroke research 
attracting only 48 pounds per stroke patient, compared with 241 per person with 
cancer and 118 per person with dementia.  

According to Pendlebury (2007), studies from the UK, Europe and the United States 
are highly consistent in showing significantly lower funding for stroke research 
compared with cancer and heart disease. 
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Luengo-Fernandez et al. (2015) followed up their earlier study with an update based 
on 2012 research funding and found that funding for stroke research had increased to 
7 percent of the total for cancer, coronary heart disease, stroke and dementia (from 3 
percent in 2008). Government funding for stroke research in particular had increased 
(from 4 percent to 12 percent of total government research funding across the four 
health conditions). Summary figures for 2008 and 2012 are shown in Table 34 below. 

Table 34 UK research funding for cancer, CHD, dementia and stroke 

2012 and 2008, £ thousands (%) 

 2012  2008 

 Charity Government Total Charity Government Total 

Cancer 387,414 (76) 156,640 (45) 544,055 (64) 323,771 (76) 266,640 (66) 590,411(71) 

CHD 91,486 (18) 74,699 (21) 166,185(19) 85,031 (20) 84,229 (21) 169,260 (20) 

Dementia 16,637 (3) 73,481 (21) 90,118 (10) 13,913 (3) 36,331 (9) 50,244 (6) 

Stroke 13,323 (3) 42,641 (12) 55,964 (7) 5,833 (1) 17,522 (4) 23,355 (3) 

Total 508,859 (100) 347,462 (100) 856,321 (100) 428,548 (100) 404,723 (100) 833,270 (100) 

Source: Luengo-Fernandez et al., 2015 

Despite the encouraging increase in stroke research funding, however, the authors 
argue that stroke research remained under-funded when considered alongside the 
burden of disease. This is illustrated in Figure below, which shows that total funding 
per case and per DALY are lowest for stroke and total funding per £1000 of disease 
cost is significantly lower than for cancer and CHD and only slightly higher than for 
dementia. 

Figure 29 Total UK research funding for cancer, CHD, dementia and 
stroke in 2012 

Per case, per DALY, and per £1000 of disease cost 

 

Source: NZIER, based on Luengo-Fernandez et al., 2015 
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If stroke research is underfunded worldwide this will have an impact on screening and 
treatment in New Zealand and will hinder progress in reducing the social and economic 
burden of stroke. 

Similar analysis (Gross et al., 1999) of research funding by the US agency responsible 
for biomedical and public health research (the National Institutes of Health) also found 
that stroke research was underfunded. Attracting only 2.4 percent of total NIH funding 
(Table 35 below), stroke research was found to be underfunded relative to the burden 
of disease, illustrated by the significant distance from the 45 degree line in Figure 31, 
a distance that equates to underfunding by USD 95 million (1996). 

Table 35 NIH research funding 

Percentage by condition/disease, 1996 

Condition/disease NIH Research funding (% of 

total) 

AIDS 28.7 

Breast cancer 7.8 

Dementia 6.2 

Diabetes mellitus 6.1 

Ischemic heart disease 5.5 

Alcohol abuse 5.2 

Injuries 4.0 

Dental and oral disorders 3.8 

Cirrhosis 3.4 

Depression 2.9 

Lung cancer 2.6 

Stroke 2.4 

Schizophrenia 2.3 

Colorectal cancer 2.1 

Sexually transmitted 
diseases 

2.1 

Source: Gross et al., 1999 
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Figure 30 Under and over-funding relative to burden of disease 

NIH, 1996 

 

Source: Gross et al., 1999 
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Figure 31 Difference between actual and predicted funding* by the 
National Institutes of Health 

 

* Negative numbers indicate underfunding in relation to burden of disease 

Source: Gross et al., 1999 

15.3.1. Paediatric stroke 

Although stroke is uncommon in children and youth, its effects are worthy of separate 
consideration due to the significant impact of brain injury at an early stage in life and 
this sub-population may be worthy of increased research effort.  

There is a growing body of research showing that belief in a protective effect of high 
plasticity of the young brain is misplaced: There is now significant evidence that early 



 

NZIER report -The social and economic costs of stroke in New Zealand 77 

brain injury associated with paediatric stroke results in long-term neuropsychological 
impairment.  

Children who have experienced stroke have been found to perform significantly worse 
than the general population on a number of measures of cognitive outcome. The 
average cognitive profile of child survivors of stroke is at the low end of the population 
average range (Westmacott, 2009). Stroke-related brain injury that occurs before 5 or 
6 years of age in particular has been found to be most associated with widespread 
cognitive dysfunction across multiple domains, including overall cognitive ability, 
academic skills, verbal ability, attention, and executive function.  

Stroke is a significant cause of acquired brain injury and morbidity in children and 
youth. Despite, significant progress in recognising, managing and preventing stroke in 
children, death rates remain high. Up to 40 percent of children who have had a stroke 
will die as a result. Of child stroke survivors, 60 percent will have permanent 
neurological deficits (Stroke Association UK, 2016). 

According to the UK Stroke Association, haemorrhagic strokes account for about 55 
percent of childhood strokes.  Children with some, few or no routine vaccinations have 
a seven-fold increased risk of stroke compared to children who received all or most 
vaccinations (Fullerton, 2015). 

In 2014, a multidisciplinary panel of clinicians was convened by the International 
Paediatric Stroke Study group to identify evidence gaps and set priorities for clinical 
research into child cardiac disease and stroke (Sinclair, 2015).  

The panel noted the following significant evidence gaps: 

• Paediatric stroke incidence 

• Predictors of paediatric stroke 

• Primary and secondary paediatric stroke prevention  

• Hyperacute treatment of paediatric stroke  

• Outcomes of stroke in the paediatric population.  

The panel identified an urgent need for additional research to improve the quality of 
evidence in guideline recommendations for cardiogenic stroke in children (Sinclair, 
2015). 
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