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Abstract 
Background: Falls are highly prevalent in elderly people and are responsible for health 

challenges and injury, ranging in severity and type. Many factors, including changes in public 

policy or behaviour, might influence fall and fracture rates in older populations. Data 

available from Accident Compensation Corporation (ACC) of New Zealand could be used to 

observe trends in fall and fracture rates and evaluated in relation to any known changes in 

these factors. A longitudinal examination of falls and fracture incidence in older individuals 

might thereby further guide the planning of health services in New Zealand. 

Objectives: Determine, using New Zealand-wide and regionally-specific ACC data, whether 

or not there are any demographic changes in numbers of falls or fall-related fracture claims 

or rates, adjusted for population or for total number of claims, by gender, ethnicity (Māori 

versus non-Māori), or 5-year age groups over 65 years. Additionally, to assess agreement 

rates of ACC falls coding and falls identified from a sample of available accident descriptions. 

Methods: The number of ACC claims relating to falls and fall-related fractures in persons 

aged 65 years and over for National and Bay of Plenty (BOP) and Lakes District specific 

populations were determined for the period 1997 – 2013. Age group, ethnicity and 

temporal trends in numbers and rates of claims were plotted. The poor quality of accessible 

data for years preceding 2007 restricted analysis. Outcomes were established for each 

ethnicity x gender x age-group category from 2007 – 2013. 

Results: Population corrected results showed very little change in fall and fall-related 

fracture rates during the investigated period in most age groups. The most prominent 

changes occurred in those aged >80 years. Reductions of 11% and 25% in those aged over 

80 years, compared to under, were demonstrated for fall-related fractures for both National 

and regional populations respectively. In those over 80 years, temporal changes between 

2007 – 2013, in both fall and fall-related fracture rates were greatest when adjusted for 

both population and total number of claims, with a 37% decrease in falls and 71% decrease 

in fall-related fracture observed. Overall, temporal decreases were shown to be most 

prominent for Māori individuals. Non-Māori consistently experienced greater fall (74% and 

78% higher in National and regional populations) and fall-related fracture (82% and 56%) 

claim rates compared to Māori when adjusted for population only. 

Conclusions: Based on minimal changes seen in ACC claim rates since 2007, recent 

interventions or changes in the use of vitamin D may have had relatively little influence on 

falls and fall-related fractures. Slight temporal reductions in fracture rates in the advanced 

elderly (80 years and over) may have occurred as the result of improvements in bone 

strength during the investigated period. Non-Māori, compared to Māori, individuals appear 

to have a greater risk of falling and sustaining a fracture from falling. Limitations associated 

with historical and present ACC claim data include missing accident descriptions, 

unidentified falls, and errors and inconsistencies in falls coding. Research of a similar nature 

in the future should make use of the increasingly robust ACC data set over a longer period. 
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Chapter 1 - Introduction 
Rationale 
Developed by the Prevention of Falls Network Europe (ProFaNE) and employed by the New 

Zealand National Strategy for Preventing Injury from Falls 2005-2015, a fall is defined as, “an 

unexpected event in which the person comes to rest on the ground, floor or lower level.” 

(Accident Compensation Corporation, 2005). Falls are of high prevalence and are 

responsible for significant health challenges including the leading cause of hospitalisations 

as the result of injury and one of the top three causes of injury-related death in New 

Zealand (Accident Compensation Corporation, 2005). Although not an inescapable 

consequence of aging, an individual’s risk of falling increases exponentially with age 

(Campbell, 2012). Advanced age is also a strong risk factor for fractures (Court-Brown & 

Caesar, 2006), which often result from falls (Sambrook et al., 2007). As falls result from 

complex interactions involving a number of intrinsic and extrinsic risk factors specific to 

each individual (O’Loughlin et al., 1993), falls and their related consequences are highly 

variable, differing in injury severity and type.  

The New Zealand Accident Compensation Corporation (ACC) is a compulsory accident 

insurance provider scheme that operates in New Zealand for all work and non-work related 

injuries. Founded as the Accident Compensation Commission in 1974, ACC is principally 

governed under the Accident Compensation Act 2001 as a Crown-run entity. It is a no-fault, 

personal injury cover for all New Zealand residents and visitors. Applications for accident 

compensation are lodged through healthcare professionals who fill out an ACC claim form 

with the help of the injured individual. The lodged claim is sent to ACC for processing where 

it is either accepted or declined by ACC. 

Each claim has a number of distinguishing features that are recorded and kept for future 

reference once accepted by ACC. These include: the patient’s gender, ethnicity and age, 

date of the original event, accident location, accident description, original injury diagnosis, 

and description of how the injury occurred as represented by assigned read codes. Read 

codes are a hierarchical coding system for injury types. The read code that best corresponds 

with the patient’s injury diagnosis is determined by the practicing healthcare professional. 

More recent versions of claim forms may also include a cause variable field that is also 

recorded at this time (The Accident Compensation Corporation, 2005). More recently, ACC 

claims have been categorised according to whether or not they result from a fall and 

whether or not a fracture is sustained. Fall and fracture indicators associated with each 

claim can also be requested from ACC.  

The methodical recording of accepted ACC claims generates robust New Zealand National 

injury data. Such data can be used to compare injury rates resulting from different situations 

or activities and to retrospectively analyse changes over time. Both nationwide and regional 

data are available. 

Many factors might influence fall and fracture rates in older populations, including changes 

in public policy or behaviour such as health and vision screening, physical activity 
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interventions and vitamin D prescription and use. Observed trends in population falls and 

fracture rates can be evaluated in relation to any known changes in these factors. 

Research interest in vitamin D, including falls and skeletal risks from low vitamin D status, 

has vastly increased in the last decade and a half, with Pubmed-accessed Medline cites for 

“vitamin D” as a search term in all fields increasing approximately four fold from the mid-

1990s to present (Figure 1). Recently, longitudinal vitamin D status has been determined for 

individuals in their 80s living in the BOP and Lakes Districts of New Zealand (C.J. Bacon et al., 

2015). These data suggest that vitamin D status may be 10 – 20 nmol/L higher than that 

identified for people 65 years and over in a National survey undertaken in the late 1990s 

(JEP Rockell, Skeaff, Williams, & Green, 2006). Changes in falls or fracture prevalence since 

the mid-1990s in the same region as these recently available data may be of interest. 
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Figure 1: Number of Medline cites relating to vitamin D. Accessed via National Library of Medicine PubMed website 

searching for "Vitamin D" as a term in all fields by year of publication. 

Inspired by the indicated rise in research interest in vitamin D and suggested increases in 

the vitamin D status of the older population, data from the Ministry of Health was sourced 

to determine any potential change that may have occurred in the number of calciferol 

prescriptions collected by New Zealand elderly from 2006 to 2015. This small enquiry shows 

a consistent trend of increasing number of calciferol prescriptions over the investigated 

period with prescription numbers increasing by at least 100% in all age groups during this 

time period (Figure 2). 
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New Zealand Calciferol Prescriptions 
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Figure 2: Total number of calciferol prescriptions collected in New Zealand (NZ) from 2006. Data points are for NZ Ministry 

of Health (MoH) financial year July – June. Source: MoH Pharmhouse extracted 08/04/2016. The age is reliant on the NHI 

number being reported on the dispensings. About 1% of dispensings for this medicine in the time period do not have an 

NHI reported and have not been included in this table. Data obtained from Statistics NZ from Census data interpolated to 

estimate annual population numbers. 

  

A longitudinal examination of falls and fracture incidence in older individuals may help 

provide insight into any observable effects of these changing trends and further guide the 

planning of health services in New Zealand. Population projections could be used to predict 

future fall-related costs. The need for such an investigation is highlighted under Objective 3 

of the New Zealand National Strategy for Preventing Injury from Falls 2005-2015, stating the 

intention to develop and implement programmes and interventions that focus on the 

prevention of injury from falls, based on best practice (Accident Compensation Corporation, 

2005). 

 

Study Aim 
This project encompasses the potential to establish trends in changing falls and fall-related 

fracture rates and identify potential priority population groups most in need of falls 

prevention in those over 65 years, by considering changes over time, and between ages and 

different cohorts. Unfortunately, distinguishing between the effects of age, passage of time, 

and cohort is difficult in longitudinal data as they are mathematically related to one 

another. Nonetheless, with the constantly dynamic influence of society, it is reasonable to 

assume that factors that affect falls and fall-related consequences in the elderly population 

may have changed over time.  



11 
 

Therefore, the aims of this thesis are to determine, using New Zealand-wide and regionally-

specific ACC data, whether or not there are any demographic changes in falls or fall-related 

fracture rates. Specifically, these changes will be viewed over time by gender and ethnicity 

(Māori versus non-Māori), between 5-year age-groups over 65 years, and for different age 

cohorts, if data allow that. A secondary investigation aimed at establishing the reliability of 

coding falls from accident description data compares falls coded from a sample of available 

accident descriptions for agreement with ACC falls coding. 

 

Proposed Objectives 
Objective 1: Determine number of ACC claims from 1997 to 2013 relating to falls in persons 

aged 65 years and over for National population and those specific to BOP and Lakes DHBs. 

Objective 2: Determine number of ACC claims from 1997 to 2013 relating to fall-related 

fractures in persons aged 65 years and over for National population and those specific to 

BOP and Lakes DHBs. 

Objective 3: For each ethnicity x gender category, establish age-group and temporal trends 

in total number of ACC claims made, population-corrected rates, rates corrected for 

population size and total number of claims.  From these data, interpret in terms of their 

likely implication for changing fall and fall-related fracture rates in New Zealand.  

Objective 4: For a sample of all ACC claims between 1997 and 2013 in persons aged 65 years 

and over indicated as arising from a fall, determine the level of agreement of fall 

identification from accident descriptors. 
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Chapter 2 - Literature Review 
Falls 
Falls are responsible for between 20 – 30% of mild to severe injuries and the cause of 10 – 

15% of all emergency department visits (World Health Organization & Ageing Life Course 

Unit, 2008). Elderly people (over 65 years of age) are at particular risk of fall-related 

hospitalisation with over 50% of injury-related hospitalisations occurring within this age 

group (World Health Organization & Ageing Life Course Unit, 2008).  

The world population is currently aging with the median age rising from 26.6 years in 2000 

to a projected 31.1 in 2050 and 32.9 in the year 2100 after adjustment for increased 

population longevity (Lutz, Sanderson, & Scherbov, 2008). This population ageing is the 

consequence of an ongoing transition from the relatively high mortality and fertility rate 

seen in the past and in underdeveloped regions, to the consistently declining mortality and 

fertility rates of current times (Statistics New Zealand, 2006). Until now, worldwide 

population ageing influenced those under 65 years the most. However, as the mentioned 

transition continues, it is expected that future changes will have the greatest effect on the 

size of the population in the over 65-years age bracket (Statistics New Zealand, 2006). 

In New Zealand, the most prominent population increases in the number of over 65 year 

olds is projected to occur between 2020 and 2030. The over 65-year cohort is projected to 

make up over 25% of New Zealand’s total population by the end of the year 2030, increased 

from 12% in 2005 (Statistics New Zealand, 2006). Given the high frequency of falls within 

this age group, further aging of the population is highly likely to result in further fall-related 

consequence and significant growth in demand for related healthcare services.  

In a systematic review of costs associated with falls in the elderly,  Heinrich, Rapp, Rissmann, 

Becker, and König (2010) concluded that the cost of healthcare related to falls and more 

specifically to fall-related fracture injury was a relevant economic burden to society, more 

so for females and those of higher age. In his report on falls in New Zealand, Campbell 

(2012) declares that in 2010, the total cost of treatment and rehabilitation for falls injuries 

alone cost the NZ healthcare system NZ$1,855.8 million. This included direct costs, loss of 

economic contribution and represented costs across all age groups. The primary cost in 

relation to falls injuries in NZ is associated with hospital admissions, contributing to 

approximately 49% of the total. It was also estimated that in the year 2010, the cost of a fall 

with minor injuries equated to NZ$600, a fall resulting in a hip fracture with 3 weeks 

hospitalisation cost NZ$47,000 and a hip fracture with added complications and the 

requirement of discharge to a care facility to cost NZ$135,000 (A John Campbell, 2012). 

 

Risk Factors 
Risk factors for falling are diverse and include, but are not limited to, advanced age (A. J. 

Campbell, Borrie, et al., 1990; Pluijm et al., 2006; Rubenstein, 2006; Steinman, Pynoos, & 

Nguyen, 2009), gender (V. C. Chang & Do, 2015b), medication effects (Hartikainen, 

Lonnroos, & Louhivuori, 2007), lack of exercise (Skelton, 2001), functional decline (Berg & 
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Cassells, 1990; Deandrea et al., 2010; Rubenstein, 2006), previous falls (O'Loughlin, 

Robitaille, Boivin, & Suissa, 1993), as well as factors relating to cognitive impairments (Muir, 

Gopaul, & Montero Odasso, 2012) and fear of falling (Zijlstra et al., 2007). Social behaviours 

including smoking and alcohol consumption have also been associated with higher falls 

incidence in advanced elderly (V. C. Chang & Do, 2015a). In addition, falls risk increases with 

the number of risk factors present (Tinetti et al., 1994). Aging increases vulnerability to 

many of these fall-associated risk factors, and explains the increased falls prevalence in this 

age group.  

According to the World Health Organisation (WHO), the main risk factors for falls in the 

elderly can be broken down into four separate dimensions. These include Biological, 

Behavioural, Environmental and Socio-economic risk factors (World Health Organization & 

Ageing Life Course Unit, 2008). Biological risk factors relate to demographic characteristics 

pertaining directly to the human body. Characteristics such as age, gender, ethnicity as well 

as genetic susceptibility to chronic illness and cognitive impairments are included, the 

majority of which are non-modifiable (World Health Organization & Ageing Life Course Unit, 

2008).  

Behavioural risk factors exhibit a greater potential to be modified. As they are often based 

around an individual’s physical health status and lifestyle factors, their potential to be 

modified can be influenced by simple behavioural change. For reasons relating to this, this 

category appears to encompass the risk factors primarily targeted by falls interventions 

(Kannus, Sievanen, Palvanen, Jarvinen, & Parkkari, 2005). A number of risks associated with 

the environment are potentially modifiable however, these are much harder and more 

financially costly for an individual to change. Potential limitations in socioeconomic status 

including a low income, poor education and limited access to healthcare and social services 

can negatively influence the mentioned risk factors, exemplifying the inter-relationship that 

exists between the different categories (World Health Organization & Ageing Life Course 

Unit, 2008). Risk factors are often more simply classified as being either intrinsic or extrinsic 

in nature.  

 

Environmental Risk Factors 

Situational and environmental factors are the predominant determinant of falls in healthy 

individuals. This is because falls experienced by healthier individuals are more likely to be 

triggered by participation in high risk physical activity and/or deliberate exposure to 

environmental hazards (Berg & Cassells, 1990). This greater exposure means those aged 

under 65 years also express a relatively high falls incidence, but, without accumulated aging 

effects, their fall-related consequence is much less. As pointed out by Rubenstein (2006), 

falls incidence in the elderly is an important factor in morbidity, although the related causes 

are broader than those immediately apparent. It is the coincidence of a potentially higher 

susceptibility to environmental hazards and accident-prone situations due to accumulated 

aging effects and the higher potential for skeletal disease processes in the elderly 
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population (aged 65 years and over) that appear to be the primary cause of such 

morbidities.  

Between one half and two thirds of falls in the elderly occur within immediate home 

surroundings (Krishnaswamy & Usha, 2003). Examples of potential household hazards 

include poor building design, slippery floors, inadequate lighting, loose rugs, unstable 

furniture and lack of supportive railings, functional supports (Lord, Menz, & Sherrington, 

2006) and the inappropriate use of wheelchairs and walking aids (Roman de Mettelinge & 

Cambier, 2015). Limitations in socioeconomic status such as inadequate housing, low 

income / education and limited access to healthcare and social services, as pointed out by 

the World Health Organization and Ageing Life Course Unit (2008), may influence the 

existence of said hazards. 

 

Demographic Risk Factors 

Age 

As briefly established, an individual’s risk of falling increases with the progression of age. 

From the perspective of individual risk, approximately 30% of those aged 65 years and over 

experience at least one fall per year, increasing to 50% for those aged 80 years and above 

(National Institute for Health and Care Excellence, 2013). This trend has been shown to 

continue into advanced age with those 85 years and over exhibiting 35% greater risk of 

falling compared to those between 65 and 85 years (Grundstrom, Guse, & Layde, 2012). 

However, Grundstrom and associates (2012) hypothesise that the increased risk seen in the 

advanced elderly may be due to the accumulation of other risk factors as people age, rather 

than intrinsic to aging itself, supporting earlier conclusions drawn by Rubenstein (2006) and 

M. E. Tinetti et al. (1994). 

Gender 

Many studies show that elderly women are more likely to fall and sustain non-fatal fall-

related injury compared to men (A. J. Campbell, Spears, & Borrie, 1990; Peel, Kassulke, & 

McClure, 2002; Salvà, Bolíbar, Pera, & Arias, 2004; Stevens & Sogolow, 2005). A recent 

epidemiological study investigating gender-specific prevalence of falls and their resultant 

injuries has found that falls prevalence in elderly women (23%) is greater than men (17.3%). 

Elderly women were also shown to be over 2.5 times more likely to suffer a fall-related 

fracture, however older men exceeded elderly women in fall-related mortality prevalence 

(V. C. Chang & Do, 2015).  Chang and associates (2015) make reference to outcomes of 

Stevens and Sogolow (2005) and Duckham et al. (2013) in their speculation that the greater 

fall-related mortality rate in men is often related to the circumstances of their fall, which 

may be of higher impact. Interestingly, outcomes from the Grundstrom et al. (2012) 

investigation showed that after the age of 85 years, men develop a greater risk of falling 

compared to women. 
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Psychosocial Risk Factors 

History of Falling 

History of a previous fall  has also been shown to increase an individual’s risk of falling 

(O'Loughlin et al., 1993). Of the individuals who fall, two thirds will experience a subsequent 

fall within the following 12 months (Masud & Morris, 2001). Although technically 

modifiable, preventing a history of falling is only achieved by prevention of the first fall. The 

primary prevention of falls is therefore the modifiable factor associated with this risk that 

requires attention.  

Fear of Falling 

With or without physical injury, falls can lead to reduced confidence and contribute to a fear 

of falling. This fear may adversely affect the ability to socially interact and restrict activity 

(Howland et al., 1993), impair function, increase dependence and reduce quality of life 

(Cumming, Salkeld, Thomas, & Szonyi, 2000). Fear of falling has also been independently 

linked with higher age, female gender, fair or poor perceived general health and one or 

multiple falls (Zijlstra et al., 2007).  

 

Physical Health Status 

Frailty relates to multiple pathological alterations leading to a decreased ability to respond 

to external stressors. The prevalence of frailty is considered to increase with age and 

escalate an individual’s vulnerability to adverse health outcomes, influencing physical health 

status (Fried et al., 2001). The relationship between frailty and chronic disease appears not 

to be fully understood, however there is strong evidence to suggest that chronic disease / 

illness advances frailty by exhausting organ system reserves in response to an increased 

demand for available resources (Bergman et al., 2007). The increased prevalence of frailty in 

those with a greater number of diseases as demonstrated by Fried et al. (2001) supports 

this.  

Chronic Illness / Disease and Cognitive Impairments 

The incidence of falling has been linked to the burden of chronic illness /disease in the 

elderly, with falls risk having a 32.3% association with the burden of at least one chronic 

disease / illness (Lawlor, Patel, & Ebrahim, 2003). These impairments, as well as those 

related to cognitive function, are related to falls incidence via their effect on biological 

systems involved in balancing performance and mobility (Enderlin et al., 2015). Covering a 

broad spectrum, examples of cognitive impairments and chronic illness associated with falls 

risk are dementia, delirium, medication effects, visual impairments, fainting, acute medical 

illness and progressive disorders such as Parkinson’s, arthritis and cardiovascular disease 

(Berg & Cassells, 1990; Deandrea et al., 2010; Hartikainen et al., 2007; Rubenstein, 2006). 
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Lifestyle Risk Factors 

Physical Activity 

The relationship between physical activity and falls risk is complex as falls risk appears to be 

greater within the peripheral extremes of physical activity levels. Those who fall appear to 

exhibit more sedentary type behaviours and participate in less physical activity compared to 

non-fallers (A. J. Campbell, Borrie, et al., 1990; O'Loughlin et al., 1993; Skelton, 2001). 

Common risk factors associated with functional decline, which can be associated with a lack 

of physical activity, and that have a convincing evidential relationship with falls in the elderly 

include: mobility impairments, reduced hip, knee or ankle strength, gait abnormalities, 

reduced walking speeds, impaired dynamic balance, muscle weakness and unreliable 

postural reflexes and stability (Berg & Cassells, 1990; Deandrea et al., 2010; Rubenstein, 

2006; Salzman, 2010). However, frequent participation in high risk activity can also result in 

greater falls incidence, particularly in the more advanced elderly (A John Campbell, 2012). 

Therefore, it appears physical activity in moderation is the most appropriate in reducing the 

risk of falling.  

After the age of 30 years, a speculated 10% reduction in strength and endurance and 30% 

reduction in muscle power occurs per decade as a result of age-related decrease in physical 

activity (Skelton, 2001). Sufficient declines in physical activity capabilities hinder an 

individual’s ability to self-prevent falls occurrence. The timeframe in which this takes place 

can be influenced by the stage sedentary behaviours become prominent in an individual’s 

life.  Disparity in levels of physical activity (or relative inactivity) may be a potential cause for 

the greater falls-related incidence risk noted in elderly men versus women (American 

Geriatrics Society, 2001).  

Nutritional Inadequacies 

Inadequacies in nutrition additionally play a role in elderly falls risk.  Low body mass index 

(BMI) has been linked to increased falls risk due to its association with malnutrition (Mary E 

Tinetti, Doucette, Claus, & Marottoli, 1995). Conversely, increased body mass has also been 

identified as a behavioural factor associated with a greater accident risk in the advanced 

elderly (Grundstrom et al., 2012) demonstrating that it is perhaps also those within the 

upper and lower extremes of BMI measurements that are at the greatest risk of falling.  

Diabetes and its relation to falls risk is also a growing area of interest (Crews, Yalla, 

Fleischer, & Wu, 2013; Oliveira, Fachin, Tozatti, Ferreira, & Marinheiro, 2012; Schwartz et 

al., 2002). Falls risks associated with diabetes include episodes of hypoglycaemia due to 

medication (mostly insulin), episodes of nocturia (uncompensated diabetes), poor vision 

due to retinopathy or cataracts, balance issues due to neuropathy, foot ulcers, or 

amputations of diabetic foot, orthostatic hypotension, and impaired joint mobility due to 

arthropathy (S. A. Brown & Sharpless, 2004). The relationship between hypoglycaemia and 

frailty has been speculated as being reciprocal in nature, with one of the many influences of 

this relationship being nutritional inadequacy (Abdelhafiz, Rodríguez-Mañas, Morley, & 

Sinclair, 2015).   



17 
 

An additional nutritional inadequacy is that of vitamin D. Vitamin D deficiency is a common 

occurrence in elderly individuals and has been shown to have a positive association with 

falls risk (H. Bischoff-Ferrari et al., 2009; H. Bischoff-Ferrari et al., 2004). This may be due to 

its positive effects on musculoskeletal function (H. Bischoff-Ferrari et al., 2003; Bischoff et 

al., 1999) or on skeletal health (Holick, 2007).      

 

Fractures  
Problems associated with falls in older individuals stem beyond simply a higher incidence 

rate. As previously reported, younger sub-groups may have a higher collective falls 

incidence with less fall-related consequence. The key determining factor for the 

disproportionally greater fall–related consequence seen in the elderly population seems to 

be the combination of high falls incidence and high susceptibility to injury due to increased 

clinical disease risk and age-related physiological changes that exist in this group 

(Rubenstein, 2006).  

Fractures associated with falls play a significant contributing role in the morbidity (Sattin, 

1992) and mortality (Keene, Parker, & Pryor, 1993) of the older population, and are the 

most costly outcome of a fall in terms of direct financial treatment cost and indirect 

financial and personal consequence (National Health Service, 2012). Fractures may be 

considered the worst fall-related consequence for elderly as they are the reported outcome 

of 4% of the 11% of all fall-related injuries (Rubenstein, 2006). Given their close relationship, 

risk factors associated with falls are also risk factors for fall-related fracture.  

 

Types of Fracture 
Fractures can occur by way of traumatic injury or as an outcome of a disease process (also 

known as pathological fractures) such as osteocarcinoma, osteoporosis, or a combination of 

the two. Both low trauma fractures and pathological vertebral fractures are potential 

outcomes of osteoporosis.    

Fragility / Osteoporotic Fractures  

An important factor that increases vulnerability to fractures arising from falls in older 

individuals is their reduced bone density and strength (Heersche, Bellows, & Ishida, 1998). 

Fragility fractures, those associated with low levels of trauma, are the most frequent in 

individuals of advanced age, commonly affecting the pelvis, wrist, upper arm and the hip 

and are often the result of decreases in bone mass (Johnell & Kanis, 2005). As well as being 

most frequently reported in elderly, fragility fractures are also the most common type of 

fractures investigated and reported within the elderly population. Women and men have 

been shown to exhibit a 40 – 50% and 13 – 22% lifetime risk of suffering any osteoporotic 

fracture respectively (Johnell & Kanis, 2005). 

 



18 
 

Prevalent Fractures  

Because some osteoporotic fractures, notably those in the vertebral spine, may develop in 

the absence of a clear incident, research approaches have been developed to assess their 

prevalence. Prevalent vertebral fractures, for which there does not seem to be a consistent 

definition, appear to be best identified radiologically, using several approaches to define 

morphometric thresholds compared to mean normative population vertebral 

measurements (Szulc et al., 2000). Whilst incident osteoporotic fractures depict the 

outcome of an underlying abnormality, prevalent vertebral fractures often uncover the 

primary osteoporosis disease process, that can then be used to inform an individual’s 

diagnosis, prognosis, and treatment need or measure treatment response (Northern 

California Institute for Bone Health). 

 

Measurement of Incident Fractures 
There are number of different ways to measure low-trauma incident fractures including self-

reported fractures, hospital discharge records and those recorded by health insurance 

initiatives. The accuracy of self-reported fracture ascertainment appears to be fairly high, 

more so for major fractures such as those occurring at the hip verses those less severe in 

other locations (Honkanen, Honkanen, Heikkinen, Kröger, & Saarikoski, 1999; Hundrup, 

Høidrup, Obel, & Rasmussen, 2004; Ismail et al., 2000; Ivers, Cumming, Mitchell, & Peduto, 

2002). An additional way of measuring fractures involves calculating International 

Classification of Disease (ICD) codes relating to fracture which are used in hospitals to 

internationally monitor the incidence and prevalence of diseases and other health problems 

(World Health Organization, 2016). 

Although the New Zealand National Health Service is able to release patient ICD codes by 

NHI number (a unique identifier that is assigned to every person who uses health and 

disability support services in New Zealand (Ministry of Health, 2012)), some fractures are 

not treated in hospitals but can be treated privately or not treated at all. This means that if 

investigated alone, measuring fractures linked to NHI numbers alone may represent a 

biased population of all fractures. Alternatively, in New Zealand, there is the opportunity to 

isolate and measure accident related fractures via data recorded as a result of claims made 

through National accident insurance provider, ACC. Given the associated financial 

motivation, data extracted from ACC might therefore provide a less biased representation of 

total NZ low-trauma incidence fracture.   

 

Determinants of Fracture 
Like for falls, the determinants of fracture are wide-ranging. Often in research, bone mineral 

density (BMD) is used as an index for investigating skeletal health outcomes. Reasons for 

this are most likely related to the greater investigation efficiency and minimised costs 

compared to assessing for differences in fracture incidence. Although it requires visits to 

scanning facilities, measurement of BMD can take place directly before and after an 
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intervention, meaning research can be completed within a shorter time period. However, as 

BMD is not the only determinant of fracture, downfalls of using it as a proxy for more 

clinically-relevant fracture outcomes, without controlling for the many other potential 

determinants of fracture, need to be considered when comparing outcomes from various 

investigations.  

Bone mass is stable when bone resorption equals bone deposition (Raisz, 2005). Disease, 

age and reduced physical activity are often responsible for the disruption of this equilibrium 

leading to architectural adaptations that are detrimental to the functional integrity of bone 

tissue, contributing to the progression of conditions such as osteopenia, osteoporosis and 

osteomalacia (DeLuca, 2004). In the past, osteoporosis has been categorised into 2 common 

forms; age-related (senile) osteoporosis, or post-menopausal osteoporosis (Stevenson & 

Whitehead, 1982). Senile osteoporosis was considered to be the consequence of calcium 

deficiency and, post-menopausal the result of oestrogen insufficiency. Although these 

pathological mechanisms are still somewhat supported, osteoporosis is now thought to 

represent a continuum of multiple interacting pathogenic mechanisms causing loss of bone 

mass and micro-architectural deterioration of skeletal structure (Raisz, 2005).  

As well as the previously recorded link between increased falls risk with fracture, additional 

determinants of fracture (some of which are risks via lowered bone density levels) include; 

age and genetic predisposition (Pocock et al., 1987, Thijssen, 2006), low body weight / BMI 

(Galvard, Elmstahl, Elmstahl, Samuelsson, & Robertsson, 1996; Joakimsen, Fonnebo, 

Magnus, Tollan, & Sogaard, 1998; Johansson et al., 2014; Roy et al., 2003), history of 

previous fracture (J. A. Kanis et al., 2004), smoking (John A Kanis et al., 2005), diabetes 

(Shah, Shah, & Snell-Bergeon, 2015), reduced activity and sedentary living (Albrand, Munoz, 

Sornay-Rendu, DuBoeuf, & Delmas, 2003; Nguyen, Sambrook, & Eisman, 1998), long-term 

use of corticosteroids (Adachi & Bensen, 1994; I. R. Reid, 1997) and inadequacies in calcium 

(Heaney, 2000)and vitamin D levels (H. A. Bischoff-Ferrari et al., 2005; MC Chapuy et al., 

1992) have also been reported.  

Age and Gender 

Fracture incidence by age and gender depicted by Court-Brown and Caesar (2006) shows 

fracture incidence in women increases at a much greater rate post 50 years of age (onset of 

menopause) when compared to early life and continues to rise until it peaks between 90 

and 99 years (49.7/1000/year). Male incidence rates for fracture were around half that for 

females and did not increase with advancing age at the same rate, but were also shown to 

peak between 90 and 99 years of age at 23.2/1000/year. These findings are similar to an 

earlier study investigating the epidemiology of fractures in which females over 60 years 

were 2.3% more likely than men to sustain a fracture, with peaks in incidence occurring in 

advanced aged elderly of both genders, and female incidence beginning to rise much earlier 

than for men (Singer, McLauchlan, Robinson, & Christie, 1998). Based on results from their 

investigation, Court-Brown and Caesar (2006) speculate that the epidemiology of fractures 

is in a state of change. This is based on findings that suggest that the number of 

osteoporotic fractures, and the range of locations where the fractures are occurring is 

increasing in response to the aging population. 
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Body Mass Index 

Existing research recognises low body weight, or a low body mass index (BMI) as a risk 

factor for future fracture (Galvard et al., 1996; Joakimsen et al., 1998; Johansson et al., 

2014; Roy et al., 2003). In an attempt to quantify this effect and explore its association with 

age, gender and BMD, De Laet et al. (2005) carried out a meta-analysis comprising world-

wide data. Low BMI conferred a risk of substantial importance for all fracture types (risk 

ratio per unit increase in BMI = 0.98 (any fracture), 0.97 (osteoporotic fracture), 0.93 (hip 

fracture) independent of age and sex but dependant on BMD). This pattern was most 

prominent for hip fractures. Individuals with a BMI of 20kg/m2 seen to be almost double 

those above the median value versus the 17% reduction from median noted in those with a 

BMI of 30kg/m2. This relationship may be due to resultant protection from extra tissue 

surrounding bone, structural weakness of smaller bones, greater control of body with 

greater level of musculature, and/or greater bone strength in response to adaptation to 

greater loading forces.  

Past Incidence of Fracture 

Similar to falls, the incidence of a previous fracture increases future fracture risk. Studies 

that have primary fracture as an outcome can be distinguished to some extent from those 

intervening in an at-risk group who have already sustained a fracture. An investigation 

exploring two longitudinal studies looking at the contribution of hip fracture to subsequent 

fracture risk found that a hip fracture leads to nearly a 2.5 greater risk of subsequent 

fracture in both sexes (Colón-Emeric et al., 2003). In their meta-analysis, (J. A. Kanis et al. 

(2004)) also found significant increases in risk of all fractures, primary and secondary 

(RR=1.86), associated with previous fracture incidence with no significant discrepancy 

identified between men and women. These findings are supported for hip (Tromp, Ooms, 

Popp-Snijders, Roos, & Lips, 2000) and other fracture types (Gehlbach et al., 2012).  

Smoking 

In recent years, there has been an increasing interest in the association between smoking 

and future fracture risk. Mechanisms behind the adverse effects of smoking on fracture risk 

remain relatively unknown but have been hypothesised as being the result of adverse 

effects on skeletal remodelling (Walker, Preston, Magnay, Thomas, & El Haj, 2001) and/or 

mediated by male and female sex hormones (Tanko & Christiansen, 2004),  diminished 

calcium absorption (Krall & Dawson-Hughes, 1999) and parathyroid hormone serum 

concentrations (Landin-Wilhelmsen et al., 1995).  

In their meta-analysis,  Kanis et al. (2005) endeavoured to quantify fracture risk associated 

with smoking on an international scale, exploring its relationship with age, sex and BMD. 

The study concluded that risk ratios for smokers compared to non-smokers were 

significantly higher in men compared to women for all fractures (RR: 126-127 versus 107-

130 CI = 95%) and osteoporotic fractures (RR: 127-183 versus 106-135 CI = 95%), but not for 

hip fracture (RR: 134-249 versus 146-234 CI 95%). Smoking risk rates were shown to 

increase with age for osteoporotic fractures (RR = 0.91 at 60 years / 1.28 at 85 years CI = 

95%) but surprisingly to decrease with age for hip fractures (RR = 1.68 at 60 years / 1.57 at 
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85 years CI = 95%). Fracture risk relating to smoking history was determined to be 

substantially greater than that explained by measurement of BMD.  

Factors potentially influencing outcomes related to an increased fracture risk with smoking 

independently of BMD may be related to body mass index (BMI). Øyen et al. (2014) recently 

established that the harmful effect of smoking on fracture risk is stronger in lean smokers 

compared to those with a high fat mass. Previously mentioned reports of smoking’s 

negative influence on skeletal remodelling may also lead to changes in bone shape, such as 

diameter, causing them to become structurally weaker without affecting bone mineral 

density. Additionally, as smokers are often required to find suitable places to smoke due to 

both legal and socially derived limitations that exist, it may be that those who do smoke are 

more at risk of accidents, such as falls that may lead to increased fracture incidence.  

A more recent study carried out by  Grundstorm et al. (2012) showed that smoking adults 

over 75 years were conversely much less likely to suffer from fall-related injury than in those 

75 and under. The increased fracture risk with smoking was even less for those aged over 85 

years however, low numbers of smokers in this age group caused authors to speculate they 

may represent an atypical population. 

Diabetes 

Increased BMD is most often associated with a decreased fracture risk however, though 

existing research recognises that diabetes may lead to a reduced bone strength due to a 

reduction in tissue quality (Janghorbani, Van Dam, Willett, & Hu, 2007; Vestergaard, 

2007).Diabetes may also play a role in dysregulation of bone tissue, although this 

relationship has been extensively investigated, it remains contentious. Diabetic osteopathy 

is a significant co-morbidity that has been related to both Type I (Nyman et al., 2011) and 

Type II diabetes (Thrailkill, Lumpkin, Bunn, Kemp, & Fowlkes, 2005). Type I diabetes 

sufferers have been reported to experience impaired bone formation following absolute 

insulin and insulin-like growth factor deficiency leading to reduced totals of peak bone mass. 

Contrarily, obesity, increased bone loading, insulin resistance and resultant 

hyperinsulinemia resulting from Type II diabetes may lead to an increased bone mineral 

density (Jackuliak & Payer, 2014).  

Calcium 

The body’s capacity to maintain calcium levels to a point where they sufficiently exceed its 

daily calcium losses decreases with age (McKane et al., 1996), causing mobilisation of 

calcium stores within bone and consequently affecting bone mineral density (Melmed, 

Polonsky, Larsen, & Kronenberg, 2015). Research suggests that high calcium intakes can 

effectively prevent fracture (Bendich, Leader, & Muhuri, 1999; Heaney, 2000; Ross et al., 

2011) however, more recent meta-analyses demonstrate evidence contradicting this 

relationship, with no association between calcium and fracture prevention or sufficient 

changes in BMD to prevent fracture being detected (Bolland et al., 2015; Tai, Leung, Grey, 

Reid, & Bolland, 2015) 
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Vitamin D 

Vitamin D is produced in the skin in response to direct exposure to ultraviolet B radiation, 

from sunlight or other sources (Holick, 2007). Vitamin D, in conjunction with many other 

hormones and chemical messengers plays a role in the regulation of calcium homeostasis 

and bone mineral density (Jennifer Rockell, Skeaff, Logan, & Green, 2008). Vitamin D 

deficiency has been linked to a number of prevailing medical concerns, the most 

acknowledged being its potential association with falls and related fracture predisposition 

due to its relation to bone health and muscle function (I. Reid, 2014). The classical 

physiological roles of vitamin D include increasing extracellular calcium concentration by 

promoting calcium (and phosphate) absorption in the small intestine, and limiting the rate 

of bone resorption by down-regulating parathyroid hormone (PTH) synthesis and secretion 

(Galea & Blundell, 2011). Consequently, the maintenance of sufficient vitamin D levels 

should lead to lower circulating levels of PTH, resulting in less bone resorption and 

increased bone density and strength (Raisz, 2005).   

The active metabolites of vitamin D, notably 25(OH)D (calcidiol) produced in the liver and 

renally-synthesised 1,25(OH)2D (calcitriol), exert their function by binding to specific vitamin 

D receptors (Norman, 1998).  A number of tissues have been shown to possess vitamin D 

receptors, including those within the musculoskeletal system, and are therefore potentially 

relatable to falls and/or fracture outcomes. Insufficient concentrations of vitamin D result in 

the stimulation of intestinal absorptive cells which functions to restore sufficient serum 

calcium concentration. If serum levels fail to increase, the parathyroid gland continuously 

secretes PTH, often resulting in secondary hyperparathyroidism (DeLuca, 2004). This 

increases the stimulation of calcitriol production (from calcidiol) at the kidneys which assists 

PTH in the breakdown of existing bone matter and restores and maintains blood calcium 

and phosphate levels (Raisz, 2005). Therefore, both vitamin D insufficiency, due to 

upregulation of calcitriol, and secondary hyperparathyroidism contribute to accelerated 

bone loss and increased fragility i.e. osteopenia and osteoporosis, leading to increased 

fracture risk.    

The threshold of 25-hydroxyvitamin D that defines vitamin D insufficiency varies between 

past studies, ranging from 10 – 50 nmol/L (M. C. Chapuy et al., 1997). More recently, 

researchers in the field suggested the need for higher minimum reference levels of vitamin 

D.  Bischoff-Ferrari (2007) indicates from the wide range of suggested minimum reference 

vitamin D levels, that a target level of 75 nmol/L would result in several health benefits with 

significant public health potential. Evidence from prospective studies of the effect of 

supplementation on PTH, however, suggest target levels of around 50 nmol/L (C. Bacon, 

Gamble, Horne, Scott, & Reid, 2009; Lips et al., 2001; Malabanan, Veronikis, & Holick, 1998). 

Vitamin D insufficiency is determined by measuring serum 25-hydroxyvitamin D 

concentrations.  This method is considered to be the most reliable as it reflects levels of 

vitamin D synthesised in the epidermis and those absorbed from the diet (Rockell et al., 

2008). The current means of defining vitamin D insufficiency is based on a number of 
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different factors. These include the link between circulating 25-hydroxyvitamin D and 

maximising calcium absorption, minimising the loss of bone density and reducing falls and 

fracture rates in the elderly. For the most part, verification of these links is focused around 

the indirect, inverse relationship of 25-hydroxyvitamin D and PTH ( Rockell et al., 2008). The 

cross-sectional relationship between vitamin D and clinical outcomes has been an additional 

method of determining an insufficiency threshold level (H. A. Bischoff-Ferrari, Giovannucci, 

Willett, Dietrich, & Dawson-Hughes, 2006). 

Older individuals are particularly prone to vitamin D insufficiency as a result of multiple risk 

factors. These include reduced dietary intake, impaired intestinal absorption, reduced skin 

thickness, limited exposure to sunlight due to outdoor avoidance and increased clothing 

cover and impaired hydroxylation at the liver and kidneys (Janssen, Samson, & Verhaar, 

2002). Melanin, in darker skin pigmentation, prevents ultraviolet radiation from reaching 

vitamin D synthesis sites in the deeper epidermis and diminishes vitamin D production 

(Matsuoka, Wortsman, Haddad, Kolm, & Hollis, 1991). 

The extent to which vitamin D insufficiency affects New Zealand Māori is unknown, however 

local research suggests lower levels of vitamin D in Māori and Pacific peoples compared to 

those of European decent (J. E. Rockell et al., 2005). A recently published study by C.J. Bacon 

et al. (2015) shows that vitamin D levels are 10 – 12 nmol/L lower in older Māori compared 

to non-Māori in the central North Island, with one third of this difference shown to be the 

result of the lower prevalence of vitamin D supplementation amongst Māori. 

 

Preventative Strategies for Falls and Fall-related Fracture 
Outcomes of available research have shown that falls incidence can be positively influenced 

through various falls prevention programmes (Campbell, 2012; J. T. Chang et al., 2004; 

Gillespie et al., 2012; Hill-Westmoreland, Soeken, & Spellbring, 2002). Preventative 

strategies are essential in assisting the decline of falls occurrence in an attempt to reduce 

their resultant influence on both individual and public health. Although falls may not be 

easily prevented, related literature mentioned above identifies the presence of many 

treatable or at least manageable conditions and adaptable influences contributing to the 

often multifactorial outcome that is a fall.  

Recognising and effectively modifying underlying risk factors may prevent, or at least reduce 

the severity of fall-related injury. Government strategies, current and past, have been 

introduced in an attempt to prevent frailty, promote bone health and reduce accidents in 

light of the considerable cost and disability associated with falls and falls-related injury 

(Accident Compensation Corporation, 2005). These intervention methods have been 

approached primarily by way of encouraging physical activity, promoting healthy living and 

reducing unnecessary environmental hazards. The different environments in which the 

effect of intervention methods has been investigated appear to be populated by 

community-dwelling individuals and those based in aged care facilities (AGS/BGS/AAOS, 

2001). 
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Compared to preventions for other major injury types, including road, assault, workplace, 

suicide and drowning, falls prevention in New Zealand has been reported as being under-

resourced. This outcome is based on the estimated social and economic burden that result 

from falls and fall-related injuries. In the year 2008 – 2009, recorded costs for falls 

prevention totalled 9 million dollars, 1% of New Zealand’s total estimated expenditure in 

which ACC (96%) and the Ministry of Health (4%) contributed (New Zealand Injury 

Prevention Strategy Secretariat, 2010).     

Multi-Factorial Fall Risk Assessment and Intervention 

Investigation into the potential causing symptoms surrounding a fall is crucial as information 

gained can be used to concentrate differential diagnoses in order to prevent the widely 

recognised increased risk of subsequent falls previously reported (AGS/BGS/AAOS, 2001). 

Multi-factorial falls risk and intervention as the name suggests uses outcomes of risk 

assessments to help determine the most appropriate intervention methods for each 

individual (Caring Choices, 2006). In their guidelines for the prevention of falls, 

AGS/BGS/AAOS (2001) suggest that multi-factorial interventions for community-dwelling 

elderly should include: gait training, advice pertaining to the appropriate use of assistive 

devices, review and appropriate modification of medications, multicomponent exercise 

programs (with balance training outlined as a necessity), modification of environmental 

hazards and treatment of cardiovascular disorders. In addition to educating staff in fall 

prevention, the first three mentioned intervention methods should also be instigated in 

those elderly residing in long-term assisted-care facilities.  

Although some literature show them to be the most effective strategy (J. T. Chang et al., 

2004; RAND Corporation, 2003), multi-factorial intervention programmes, that focus on 

individual needs, require greater resource input compared to group-based interventions, 

meaning their associated costs inherently increase.  

An example of a New Zealand multi-factorial falls intervention programme previously 

funded by ACC was the Otago Exercise Programme (OEP). In their report on the optimisation 

of ACC's fall prevention programmes for older people, M Clare  Robertson and Campbell 

(2008) identified the OEP as an effective falls prevention strategy (relative risk = 0.66 

95%CI=0.52 to 0.83) for community dwelling people aged >85 years and for those >75 who 

had suffered a previous fall. The OEP was also shown to successfully reduce costs associated 

with falls in this age group. After supporting the successful, internationally recognised 

programme developed by Thomas, Mackintosh, and Halbert (2010) since 2007, ACC cut 

funding for the OEP in 2009. This was reasoned to be due to its high programme costs and 

consequent poor investment return, instigating controversy among researchers close to the 

niche of falls prevention (Cassie, 2010).  

Exercise Programmes 

Multi-component group (-29%) and home-based (-32%) exercise prevention have been 

shown to reduce falls risk in community dwelling elderly (Gillespie et al., 2012). Schemes 

targeting at least two of the following components: strength, balance, flexibility or 

endurance appear to be the most effective in reducing the rate of falls (Gillespie et al., 
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2009). With a reduction in falls of 29%, Tai Chi and its ability to affect balance appears to be 

the most effective and applicable single intervention in reducing falls risk (Gillespie et al., 

2012). As a result, the recommendation of 16 weekly Tai Chi classes for those aged 60 years 

and over was included in the M Clare  Robertson and Campbell (2008) New Zealand report.  

The effectiveness of exercise appears to decrease with increases in required care and 

disability, as patients residing in facilities above the level of rest home demonstrate a 

greater risk of falling in response to exercise as opposed to less (A John Campbell, 2012). 

This may be the result of consequences of behavioural falls risks outweighing the benefits of 

the exercise intervention itself. Research relating to the role of exercise in reducing fracture 

is limited compared to falls with Gillespie et al. (2012) reporting, in a meta-analysis of falls 

prevention studies in elderly, that only 6 of the 50 available studies investigating said 

relationship at that time reported positive outcomes.  

Environmental Inspection and Improvement Programmes 

Interventions that have been shown to improve extrinsic fracture risk are those 

implemented with the intention to minimise trauma resulting from fall by way of modifying 

environmental risks. These appear to be most applicable to those in required care (M. Clare 

Robertson, Campbell, & Herbison, 2005). Given the high incidence and trauma associated 

with hip fracture (Haentjens et al., 2010), hip protectors have been introduced as a potential 

means to minimise fracture-related trauma. Low compliance and often poor placement of 

the protectors is said to limit their applicability, however M. Clare Robertson et al. (2005) 

recommend their use as a viable prevention on an individual basis and as a potential 

component of a multi-factorial treatment approach. 

In an attempt to minimise problems associated with compliance and incorrect placement of 

hip protectors (Chan et al., 2000), as well as providing a more long-term and cost-effective 

solution (P. Brown, Njogu, Kerse, & Willingale, 2008), the introduction of floor covering 

safety matting in care-facilities has been proposed (M Clare  Robertson & Campbell, 2008). 

These have been designed to absorb kinetic energy in order to reduce resultant impact and 

trauma of falls in those who hold the greatest risk. 

Vitamin D with or without Calcium Supplementation 

Vitamin D supplementation has been identified and implemented for elderly people living in 

residential care facilities as one of several approaches to address the increasing number of 

falls and falls-related consequences requiring medical attention (Accident Compensation 

Corporation, 2012). Although vitamin D supplementation has been utilised within certain 

realms of the healthcare system as a prevention strategy for falls and fall-related injury, it 

appears that it has not been recognised to the same degree as addressing sedentary 

behaviours. Outcomes of research relating to the effect of vitamin D supplementation on 

fracture risk is contentious and appears to vary according to intervention dose (H. Bischoff-

Ferrari et al., 2005), target population (Avenell, Gillespie, Gillespie, & O'Connell, 2005), 

vitamin D baseline concentration (C. J Bacon, 2013) and whether or not vitamin D is used in 

combination with calcium supplementation (Steven Boonen et al., 2007).  
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Similar outcomes regarding reduced fracture rates in response to vitamin D 

supplementation with or without calcium are demonstrated in a plethora of research (H. 

Bischoff-Ferrari et al., 2003; Marie Chapuy et al., 1993; Marie Chapuy et al., 2002; Dawson-

Hughes, Harris, Krall, & Dallal, 1997; Flicker et al., 2005; Heikinheimo et al., 1992; Pfeifer et 

al., 2000; Trivedi, Doll, & Khaw, 2003). However, contradictory results showing no effect of 

vitamin D supplementation on fracture prevention have also been demonstrated (Grant et 

al., 2005; Jackson  et al., 2006; Porthouse et al., 2005; Zheng, Cui, Hong, & Yao, 2015). 

Intervention Dose 

One of the consistencies shared between studies identifying reduced fracture incidence in 

response to vitamin D supplementation versus those that don’t appears to be related to a 

greater intervention dose (H. Bischoff-Ferrari et al., 2005; Kalyani et al., 2010). Investigating 

the effects of a sizeable daily oral dose of vitamin D3 (800 IU) and 1.2g of elemental calcium, 

a seminal study following 3270 elderly, ambulatory women aged between 69 – 105 years 

revealed 32% fewer non-vertebral fractures (P = 0.015) and 43% fewer hip fractures (P = 

0.043) in their intervention group compared to placebo (Marie Chapuy et al., 1993). Vitamin 

D3 supplementation with calcium reduced age-related fracture risk after 18 months for all 

non-vertebral fractures (P = 0.007) and femoral neck fractures specifically (P = 0.005).  

Smaller daily doses of 400 – 600 IU of vitamin D appear to be insufficient in increasing 25-

hydroxyvitamin concentrations to the point where PTH secretion is diminished and have not 

shown to reduce non-vertebral fracture risk (Komulainen et al., 1998; Paul Lips, Graafmans, 

Ooms, Bezemer, & Bouter, 1996; Meyer et al., 2002). Participants within the Meyer 2002 

trial received 400 IU of vitamin D supplement or an equivalent placebo. One third of the 

participants had serum 25-hydoxyvitamin D concentrations <30 nmol/L and 15% had levels 

<20 nmol/L at baseline.  Following the first year of treatment, 25-hydoxyvitamin D 

concentrations of the intervention group increased by 22 nmol/L (95% CI, 9.0 – 35.7) in 

relation to the control group. No corresponding reduction of statistical significance was 

observed between the two groups with reference to serum concentrations of PTH. Given 

that a reduction in PTH secretion and activity appears to be strongly related to a decrease in 

the incidence of non-vertebral fractures (Marie Chapuy et al., 1993; Marie Chapuy et al., 

2002; Dawson-Hughes et al., 1997), the fact that there was no significant difference seen in 

relation to the incidence of all non-vertebral fractures or hip fractures independently may 

further strengthen the potential relationship between PTH and bone density. 

Target population 

Vitamin D supplementation has been shown to be most effective in frail elderly living in 

long-term residential care facilities compared to those dwelling within the community 

(Avenell et al., 2005; M. Clare Robertson et al., 2005). This revelation appears to be highly 

influenced by two studies, with strongly positive findings, carried out by the same group of 

researchers 10 years apart in very frail elderly (MC Chapuy et al., 1992; Marie Chapuy et al., 

2002). Common characteristics of these studies which may have influenced the 

effectiveness of vitamin D in reducing fracture risk in this group is the lower vitamin D 

statues observed at baseline. 
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Baseline and Final Vitamin D Status 

In addition to the effect of vitamin D dose on skeletal outcomes, differences in baseline (or 

post-supplementation) vitamin D status (concentration of 25-hydroxyvitamin D) may also 

contribute to discrepancies seen in vitamin D’s effect on fracture incidence. Studies that 

recruited from a particularly frail population or that were undertaken at a time before the 

widespread use of vitamin D supplements often tend to show larger effects on skeletal 

outcomes: fracture incidence, BMD or PTH levels, than more recent studies in less frail 

groups. For example, French elderly women aged over 69 years who participated in Chapuy 

et al.’s relatively early 1992 trial, and received 800 IU vitamin D plus 1.2 g calcium daily or 

placebo, included frail individuals, some of whom  would have had marked vitamin D 

insufficiency or deficiency (mean ± SD ≈ 40 ± 27.5 nmol/L). These authors noted 41% 

reductions in hip fracture and 30% reductions in non-vertebral fractures compared to the 

placebo group. This was alongside 44% drops in PTH concentrations, and beneficial changes 

in bone mineral density measurements compared to placebo that attained statistical 

significance at 3 of 4 bone sites for a sample size less than 30 per group. A later study by the 

same group and delivering the same dose of vitamin D to a similar cohort of 610 ambulatory 

women with a mean age of 85 years, recruited people with even more marked levels of 

insufficiency (mean ± SD ≈ 22 – 22.5 ± 13 – 15 nmol/L) (Chapuy et al., 2002) . The authors 

again noted substantial (35 – 40%) reductions in serum PTH concentrations, compared to 

small increases in PTH in the placebo group, over the study’s duration. 

In contrast to these studies with low starting levels of circulating 25-hydroxvitamin D, a year 

2000 US study recruiting men and women over 60 years observed higher starting levels of 

the vitamin D metabolite (mean ± SD ≈ 60 ± 25 – 30 nmol/L) (Peacock et al., 2000). In this 

study, the reductions in PTH were much smaller, around 10%, compared to increases in the 

placebo group and there was no difference in fracture rate. 

Another study by Lips et al. (1999) in which initial vitamin D status was a little higher (mean 

[interquartile range] = 26 ± 27.5 nmol/L) did not show statistically significant effects on 

fracture of 400 IU vitamin D given without calcium (PTAM Lips, Chapuy, Dawson-Hughes, 

Pols, & Holick, 1999). The lack of effect compared to the Chapuy et al. studies, might have 

resulted from a combination of higher baseline vitamin D status, the lower dose of vitamin 

D or lack of additional calcium supplied.  

 In their meta-analysis, H. A. Bischoff-Ferrari et al. (2005) noted that the dose supplied in 

studies explained differences in the effect of vitamin D on hip fractures. In another report, 

Bischoff-Ferrari et al. (2006) speculate that fracture prevention in the high dose studies is 

most prevalent when mean 25-hydroxyvitamin D concentration =     100 nmol/L post-

supplementation (H. A. Bischoff-Ferrari et al., 2006). Trials demonstrating lower mean 25-

hydroxyvitamin concentrations at baseline failed to realise this average even with the higher 

daily supplement of vitamin D. Therefore, 700 – 800IU of vitamin D may not be sufficient in 

achieving the optimum serum vitamin D concentration for fracture prevention in those at 

the lower spectrum of baseline vitamin D levels meaning higher supplementation doses 

could potentially result in a greater effect on fracture prevention for such populations. 
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Coupled Calcium Supplementation 

Data from pre-existing studies suggest that a combination of calcium and vitamin D is more 

effective in reducing fractures than vitamin D on its own (S Boonen et al., 2007; Murad et 

al., 2011). However, as previously reported, a recent systematic review has since concluded 

that solely increasing calcium intake via diet or direct supplementation leads only to 

minimal increases in BMD that are unlikely to result in decreased fracture risk and incidence 

(Bolland et al., 2015; Tai et al., 2015). This may therefore indicate the importance of calcium 

being related only to facilitating the action of vitamin D, an important factor as calcium 

intake is necessary to allow vitamin D to implement its main action of increasing calcium 

absorption in the gut (P. Lips, 2012). Exactly how much calcium is necessary or optimal in 

assisting vitamin D in its role appears to be a question that remains and is perhaps an area 

requiring further research.  

 

Falls and Fracture in New Zealand  
The majority of prevention strategies for fall and fall-related consequence in NZ elderly up 

until this point appear to be based on strength and balance programmes with the primary 

aim of decreasing falls incidence, and from that fracture consequences (M Clare  Robertson 

& Campbell, 2008)This may draw from the conclusions of reported research where evidence 

exists to suggest that multiple-component group exercise can have significant beneficial 

effects in reducing falls and risk of falling in the elderly while being cost effective. 

Programmes including modified Tai Chi, Langi Mai, Stay On Your Feet, SAYGo and aqua 

aerobics appear to be at the forefront of such funded interventions (Accident Compensation 

Corporation). The introduction and withdrawal of such strategies as the OEP could have led 

to changes in falls and fall-related fracture rates which might be evident from the 

population-adjusted rate of claims made to the NZ ACC for falls and fractures. 

In recognition of the worldwide health implications related to femoral neck fractures in the 

elderly of New Zealand, Langley, Samaranayaka, Davie, and Campbell, (2011) sought to 

detangle age, period and cohort effects on the incidence of such fractures in an attempt to 

guide the planning of correlating future health services. The authors completed this analysis 

using an analytical approach called the Intrinsic Estimator Model (IEM) to separate age, 

period and cohort effects. The IEM is an age-period-cohort (APC) model that was chosen by 

the authors based on a methodological comparison of such models carried out by (Yang, Fu, 

& Land, 2004).  

Outcomes of this study showed steady increases in fracture incidence with age until very 

advanced age (85+), with incidence decreasing to a certain extent beyond this point (Langley 

et al., 2011). From this information, it could be argued that the predicted increase of 

advanced elderly in the population may have a less than expected effect on future fracture 

incidence. However, perhaps the reduction in fractures is the outcome of greater morbidity 

in this cohort during the period of time studied. Increased longevity might just shift upward 

the age at which this levelling effect in fracture incidence occurs. Investigation into whether 
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increased longevity raises the age at which the fracture-risk falls off may be of further 

benefit. 

Age-adjusted femoral neck fracture (FNF) incidence rates increased steadily for men from 

1974 – 2007. Equivalent rates in women also steadily increased up until 1987 from 1974, 

then proceeded to decline by the study’s end.  Incidence rates were substantially higher in 

women compared to men (age-adjusted rate =2.5x higher in women than men in 2007) 

however, men demonstrated a period increase (1.6) and women a decrease (0.86) in 

fracture incidence. A decline in femoral neck fracture incidence in successive cohorts 

compared at the same age was also determined for both genders. This was hypothesised to 

be the result of enhanced health and improvements in measures of physical strength and 

mental status in later birth cohorts compared to those preceding. Unfortunately, this 

relative rate of decline has plateaued since the early 1990’s.  

Predicted changes over time, adjusted for increased population size, predicts a 95% increase 

in femoral neck fracture incidence for women and a 205% increase for men if the current 

fracture rate continued until the year 2025. More favourable outcomes have been predicted 

based on the rate of period effects levelling off. The authors hypothesise that the cohort 

effect of reduced fracture rates, at slightly younger ages, may reflect the survival of a fitter 

population, while the period effect of increasing fracture rates may reflect survival of the 

most frail, perhaps prolonged with advances in pharmaceutical care.           

The previously mentioned more recent New Zealand study has shown higher 25-
hydroxyvitamin D serum concentrations of both Māori (aged 80 – 90 years) and non-Māori 
(aged 85) elderly residing within a central North Island region compared to National surveys 
completed in the late 1990s (Bacon et al., 2015). A possible influence contributing to this 
increase is the augmented availability of vitamin D supplements over the last decade. 
Calciferol prescriptions show trends of steady progression for New Zealand elderly over the 
past decade (Figure 2). The LiLACS NZ study aimed to establish predictors of successful 
advanced ageing and understand the relative importance of health, frailty, cultural, social & 
economic factors to successful ageing for Māori and non-Māori in New Zealand (Hayman et 
al., 2012). Data from this cohort suggested that vitamin D levels in both Māori and non-
Māori elderly may have increased over the past 10 years. 
 
Considering all falls and most fractures result from accidents, using information collected 

and recorded by New Zealand’s ACC service appears to be the ideal way to obtain fall and 

fall-related fracture data in New Zealand. Given the potential relatability to the Langley et 

al. (2011) study, age standardised incidence rates, cohort and period effects for falls and 

fractures related to falls in New Zealand elderly for the period 1997 – 2013 could be 

determined using the Intrinsic Estimator Model (IEM) in a retrospective analysis of ACC 

claims. The number and population-adjusted rates of falls and fall-related fractures could be 

included as response variables, population over the age of 65 years as the exposure variable 

and age group, period and cohort as predictor variables. Potentially, analysis of differences 

between age-groups, genders, Māori vs. Non-Māori, and exploration of the range within 

different tiers of socio-economic status could be undertaken independently, or included 

within models.  
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Chapter 3 - Research Methodology 
Study Viability 
In order to determine the viability of this study, investigations were first made to establish 

how each of the proposed research objectives could be realised from available data. The 

first step was to determine the ideal data requirements for addressing the aims. These are 

summarised in Table 1. 

Table 1 - Data Required to Meet Study Objectives 

Aim Data Required Data Source 

Determine total number of 
ACC claims relating to falls in 
persons aged ≥65 from 
1997-2013 for National and 
BOP / Lakes DHB specific 
populations  

All ACC claims with a positive 
fall indicator for related 
individuals specific to age, 
gender and ethnicity (Māori 
/ Non-Māori) 

ACC New Zealand 

Determine total number of 
ACC claims relating to fall-
related fracture in persons 
aged ≥65 from 1997-2013 
for National and BOP / Lakes 
DHB specific populations 

All ACC claims with a positive 
fall and fracture indicator for 
related individuals specific to 
age, gender and ethnicity 
(Māori / Non-Māori) 

ACC New Zealand 

Determine the total 
population of persons aged 
≥65 from 1997-2013 for 
National and BOP / Lakes 
DHB specific populations to 
allow corrections for falls 
and fall-related fracture 
rates per 1000 people  

1996, 2001, 2006 and 2013 
census data specific to 
gender, ethnicity (Māori / 
Non-Māori) and 
geographical location for 
related individuals 

Statistics New Zealand 

Determine changes in 
number of total ACC claims 
in persons aged ≥65 from 
1997-2013 for National and 
BOP / Lakes DHB specific 
populations to allow for 
corrections per number of 
total claims 

Total number of ACC claims 
for each year between 1997-
2013 specific to gender, 
ethnicity (Māori / Non-
Māori) and geographical 
location for related 
individuals 

ACC New Zealand 

Determine coding 
agreement for fall 
identification in claims from 
persons aged ≥65 from 
1997–2013 for National and 
BOP / Lakes DHB specific 
populations 

Accident description data for 
all falls claims  

ACC New Zealand 
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Data Acquisition  
ACC data for fall and fall-related fracture were initially sourced from the ACC online statistics 

tool.  After some investigation, it was realised that whilst injury definition, geographical 

location, time periods, and ethnicity data were available, it was impossible to isolate 

subgroups of these categories. For example, numbers of falls claims for Māori or non-Māori 

men or women within each age category could not be separately identified. Census data 

were also originally sourced from the Statistics New Zealand online research tool. Once 

again, data accessibility issues became apparent as only data from the 2006 and 2013 

censuses were publicly available.  Therefore, data required from the 1996 and 2001 census 

investigations needed to be requested independently to meet the project’s criteria.  

As a result, a direct approach detailing the study aims and data required was made to both 

ACC and Statistics New Zealand. Fortunately, contacts for both organisations were able to 

be established, assisting the data-obtaining process for this investigation. Initial contact to 

ACC entailed requesting separate serial falls and fracture data, ideally from 1997 – 2013, in 

Māori and non-Māori people 65 years of age and over using the ACC database.  The ability 

to identify the age at the time of the accident and determine regionality were stipulated as 

data requirements.  

Preliminary information received from ACC included serial falls and fracture data by year, 

separately tabulated for age (yearly from 65 – 105 years), sex (all male and all female) and 

ethnicity (all Māori and non-Māori) on a National basis and for Bay of Plenty and Lakes 

District Health Boards (DHBs). Data could only be provided from the year 2007 due to 

changes in ACC data processing practices.  Arranged as such, these data failed to provide the 

level of specificity to allow for the age-standardised incidence rates between cohorts or over 

time for the stipulated demographic groups, both ethnicities for men and women across all 

age-groups. However, the possibility to isolate the regions specific to the research was now 

confirmed.  As a result of the data not being sufficient to meet requirements, further 

contact was made with ACC requesting data formatted in a way that would allow 

examination of claims for each age, gender by ethnicity demographic group separately. 

Feedback from ACC following the request for such information highlighted a number of 

limitations that needed to be considered and overcome.  

 

Data Limitations 
Data Availability: 

Obtaining aggregated data from ACC prior to the year 2007 proved to be difficult due to 

changes in data processing practices and the way in which ACC’s read codes were applied. In 

order to obtain such information, ACC would provide original raw accident description data 

in the form of free text.  Given the importance of the historical data in realising study aims, 

ideas surrounding the best way to gather and receive said data had to be established.  
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Ethical and Privacy Considerations and Procedures: 

With data provided at an aggregate level, it was initially advised that specific ACC ethics 

approval would be unnecessary for claims 2007 onward. However, ethical approval from 

Unitec Institute of Technology was required.  

Consultation between the researchers and ACC took place to reinforce the ethical 

boundaries of previously collected information and determine the most appropriate data 

format. Upon receipt of the first batch of data, it was ascertained that ACC mask 

information of less than four claims in order to prevent identification of individuals and in 

line with their privacy policy. Due to low numbers in some categories, when sorted in single-

year age brackets, this was the case with the required data. Given that New Zealand Census 

population data is presented in 5-year age brackets, and the fact that this was the intended 

reporting format, it was requested that ages be concatenated in 5-year brackets instead (65-

69; 70-74; 75-79 etc.). Grouping ages into 5-year categories elevated the numbers of claims 

in low frequency categories and allowed the researches to overcome this limitation without 

compromising the data pool. 

Ethics approval to obtain the free text un-coded data format for the requested period was 

required from the ACC ethics committee. This proved to be a lengthy process which 

involved justifying the benefit of the project to ACC. A non-disclosure/confidentiality 

agreement was additionally implemented between ACC and Unitec Institute of Technology.  

Māori Cultural and Social Sensitivities: 

As part of the ethics application, potential impacts on Māori cultural and social sensitivities 

were considered. The idea for this study came from data obtained as part of a recent cohort 

study in elderly undertaken in the Bay of Plenty and Lakes District Health Boards in an area 

covered by Toi Te Ora and by Bay of Plenty Regional Council. Many of these considerations 

were acknowledged in detail during the planning and development of that study: Te 

Puāwaitanga O Ngā Tapuwae Kia Ora Tonu, Life and Living in Advanced Age: A Cohort Study 

in New Zealand (LiLACS NZ) (Hayman et al., 2012). LiLACS principal investigators were made 

aware of and supported this small related analysis that did not directly involve data from 

LiLACS participants. It was agreed that any knowledge arising from it pertinent to Māori 

would be communicated back to participants in LiLACS. 

Falls and Fracture / Dislocation Indicators 

Injury specificity was an important component of the study that required consideration. This 

included checking ACC documentation for the definition of falls and fractures that were 

applied in the coding of claims with fall or fracture indicators. After some investigation, it 

became apparent that ACC fracture and dislocation claims are recorded collectively under 

the definition of fractures. This meant the fall-related fracture data included both fracture 

and dislocation injuries by default. Being able to separate fracture from dislocation was a 

key requirement for this investigation. In order to ensure the data obtained pertained solely 

to fractures, ACC read codes (Appendix 1) were explored, and 1,163 fracture codes 

identified from all 33,881 read codes. Fracture data requested from ACC were claims filed 
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using at least one of these 1,163 read codes. Due to limitations in ACC’s recording protocols, 

fracture data with dislocations removed were only available from 2007 onward. 

ACC also advised that their coding of falls and fall-related fractures was incomplete prior to 

2007 and that changes in coding methods had been made at this time to improve the 

associated problems. Following enquiry to ACC, it became apparent that the cause of injury 

category is normally determined and specified by the patient’s treatment provider during 

consultation. In some circumstances, e.g. when a paper-based claim, which does not contain 

the injury cause category field, is lodged, this information is unavailable but may be able to 

be determined from the accident description and is then entered at the ACC registration 

centre. A Falls indicator is then determined automatically when the specified injury cause 

category is either: Slipping, Skidding on Foot, Tripping, Stumbling, Loss of 

Consciousness/Sleep, Something Giving Way Underfoot, Misjudgement of Support or Loss of 

Balance/Personal Control.  

Data throughout the whole period (1997 – 2013) were provided, showing total numbers of 

claims, of claims in which accident descriptors were available, and of claims coded as falls or 

fall-related fractures, that is those having a positive fall or fall-related fracture indicator. A 

fall-related fracture claim for the purposes of this thesis has a positive fall indicator and an 

associated read code denoting a fracture diagnosis (fractures and dislocations). 

 

Data Formatting  
With anticipated limitations understood, multiple template tables were created (Appendix 

2), which were sent to ACC to be populated, along with a summary of the required data and 

a list of desired outcomes. These tables were formatted taking into account feedback about 

the available data received from ACC. This was perceived to be the most efficient and 

reliable method of accessing the data required. A request for the same tables to be 

populated with the total number of ACC claims (irrespective of the read code(s) indicated) 

was also made at this time so that fall and fall-related fracture rates could also be expressed 

as a proportion of all ACC claims.  

Contact and subsequent interaction with Statistics NZ was made via the enquiry address on 

their website. Complete population data for the age-gender-ethnicity groups required were 

immediately available, whereas 1996 and 2001 Census data were only available on request. 

All census data were received directly in a format in which the required data could be 

extracted.     

 

Final Data Extraction 
After repeated correspondence between ACC and the researchers for a number of months, 

it was finally determined that ACC would send raw, un-tabulated data for the whole period 

(1997 – 2013) for all claims from people aged 65 years and older associated with a positive 

fall indicator. In this way, the total numbers of fall or fall-related fracture-indicated claims 

for the earlier years (1997 – 2007) could be counted, and the reliability of coding falls for a 
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sample of positively-indicated falls could be established, by determining the agreement rate 

between ACC-indicators and recoding undertaken from accident descriptors. 

Data received from ACC were expressed on an Excel spreadsheet containing more than 

1,200,000 claims that contained the following fields: accident description (if available), 

injury cause category, age (concatenated into 5-year age bracket), read code indicator, 

fracture / dislocation indicator and event identification number. Numbers of claims were 

counted for categories of gender by ethnicity (Māori / Non-Māori), for each year of claim, 

and according to each concatenated 5-year age bracket. Counts, including totals, were 

manually recorded in the data tables originally sent to ACC for population.  

Fall-related fractures in the earlier years (1997 – 2006) included both fractures and 

dislocations which could not be separated out by Read Code as they could be for the later 

years (2007 – 2013). For these later years, the request to ACC was for numbers of claims for 

only fall-related fractures (not dislocations) for both the National and regional locations. 

These data were populated in the format of the formerly requested tables by ACC (Appendix 

2). It was anticipated that claim ratios of fractures versus fractures + dislocations for fall-

related fracture data between 2007 and 2013 could be determined and used to estimate 

fracture only rates for fall-related fractures from 1997 – 2006.  

 

Data Analysis 
Census data were used to adjust number of ACC claims in each demographic group by 

population size. The number of non-Māori individuals were calculated by subtracting the 

number of Māori from the total population as directed by Statistics NZ.  Estimates of 

population for each age/gender/ethnicity group were interpolated between Census years 

for the investigated period to correspond with the demographic groupings of falls and fall-

related fracture data from ACC. This was carried out for both National and BOP and Lakes 

DHB specific data sets (Appendix 3).  

Once total number of ACC claims for each demographic grouping were ascertained, two 

adjustments were made. The first involved dividing number of claims by Census-derived 

population data to determine the number of claims per 1000 people for the period 1997 – 

2013.  This adjustment was completed for all claims with a fall indicator (falls claims), and all 

fall-related fracture claims separately.  

The second adjustment was made by dividing population-adjusted claims by the total 

number of ACC claims in the demographic groupings. This adjustment was undertaken as a 

means to control for the potential change in the overall number claims made per 1000 

people characterised by age, gender, ethnicity and geographical location.   

 
 

Error / Inter-Coder Reliability Check 
In a sample of all fall-indicated ACC claims for those over 65 years, accident description data 

were used to check if the World Health Organization and Ageing Life Course Unit (2008) 
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definition for a fall, involving the unexpected landing on the ground floor or lower level 

could be met. This check was performed to assess the reproducibility of ACC-indicated falls 

when recoded directly from accident description data. This analysis was only able to be 

performed for claims already classed as falls by ACC, and not for all claims, irrespective of 

their original fall-indicator status, since access to all claims made was limited. The total 

population of fall-indicated ACC claims included 310,600 claims from 1997 – 2006 and 

763,173 from 2008 – 2013: a total of 1,073,773 claims. 

Sample size calculation was based on the formula for calculating margin of error for a 

sample proportion as follows (Welkowitz, Ewen, & Cohen, 2002). 

E = z * √ [p(1-p) / n] 

where E = margin of error 

  z = z score = 1.96 for 95% confidence level 

p = estimated proportion of errors = 0.05 (5%) 

 

The formula can be rearranged to determine sample size 

n =  z2 (p * (1-p)) / E2 

or 

n =  (z/E)2 * p * (1-p) 

where E = desired margin of error = 0.02 (2 percentage points) 

Using this formula, it was determined that a minimum of 864 sampled claims would be 

required to attain a margin of error of 2 percentage points, assuming an estimated 

proportion of errors of 5% and a 95% confidence level. A random sequence was generated 

using www.random.org, for a series of 864 integers equating to row number of the claims 

spreadsheet, from a total of 1,073,773. 
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Chapter 4 - Results 
Ethical Approval 
The study was approved by Unitec Research Ethics Committee (identification number: 2015-

1010) (Appendix 4). The request for data was also later approved by ACC Ethics (Appendix 

5). 

 

Establishing Number of Claims 
Upon obtaining the requested data from ACC, i.e. number of claims data according to 

gender, ethnicity and age, a number of further limitations that would jeopardise the 

proposed data analysis methods were realised. These limitations included absence of 

accident description data, and errors in assigning falls and fracture indicators, which 

resulted in some alterations to the planned data analysis. 

1. Absence of Accident Description Data  

The first limitation identified with ACC data was the significantly low percentage of claims 

(irrespective of the associated read code(s)) that included an accessible accident 

description. Analysis to determine the proportion of claims with accident description 

availability showed exceptionally low percentages of accident description availability, 

ranging from 0.1 – 0.2% from 1997 – 2000, which increased exponentially, stabilising at 

around 90% from 2007 – 2013 (Table 2). An analysis of the number of accident descriptions 

available for fall-indicated claims were also very low for early years in the investigated 

period, only achieving relatively stable numbers by the early 2000’s (Table 3).  

2. Errors and omissions in assigning fall and fracture indicators  

An additional limitation identified with returned ACC data was the apparent number of 

unidentified falls and fracture claims. This attribution arose from implausible increases in 

the number of fall- and fracture-indicated claims seen in succeeding years following very 

low numbers for early years in the investigated period. As a total of all claims, fall- and 

fracture-indicated claim percentages rose from 5.4% in 1997 to 15% in 2001 for falls, and 

from 0.4% in 1997 to 8.9% in 2001 for fractures (Table 4). As a result of what was apparently 

very low data capture for falls, our ability to accurately determine the number of fall and 

fall-related fracture indicated claims for the period 1997 – 2006 was ultimately 

compromised.  Adjusting the number of fracture-indicated falls claims for dislocation (non-

fracture) rates for 1997-2006 data, using the established ratios of read-code identified 

fracture claims to fracture-indicated claims from 2007 – 2013 data was then no longer 

viable.  

3. Fall coding agreement Analysis of the agreement between ACC identification of falls and 

investigator fall identification from accident descriptors carried out for the sample of 864 

ACC positively-indicated falls for all period years (1997 – 2013) revealed a 20% coding non-

agreement rate (agree 637, disagree 167, unidentified 61). Margin of error for this 

percentage was 2.7%. 
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Table 2 – Numbers of New Zealand Accident Compensation Corporation (ACC) Claims with 

Accident Description Data 

Year Claims with Accident 
Description 

Accident Description (% of 
Total) 

Total Claims 

1997 1 590 0.1 1 458 230 
1998 1 710 0.1 1 490 880 
1999 2 200 0.2 1 336 530 
2000 254 570 19.2 1 324 670 
2001 487 860 33.5 1 458 430 
2002 503 890 33.7 1 496 100 
2003 737 000 48.1 1 531 070 
2004 1 111 740 71.9 1 546 770 
2005 1 235 920 76.9 1 608 100 
2006 1 378 560 83.1 1 659 060 
2007 1 548 899 87.4 1 772 542 
2008 1 594 075 87.6 1 819 331 
2009 1 544 792 88.9 1 737 360 
2010 1 509 640 89.8 1 680 889 
2011 1 535 613 90.5 1 696 863 
2012 1 590 408 91.9 1 730 230 
2013 1 759 008 98.4 1 788 311 

 
Table 3 – Numbers of New Zealand Accident Compensation Corporation (ACC) Claims 
Indicated as Falls with and without Accident Description Data 
 

Year Falls with 
Accident 

Description 

Accident 
Description 
(% of Total) 

Falls without 
Accident 

Description 

Total Claims 
with Positive 
Fall Indicator 

1997 760 1.0 78 090 78 850 
1998 820 1.3 63 430 64 250 
1999 950 1.2 80 650 81 600 
2000 108 070 61.3 68 330 176 400 
2001 204 960 93.3 13 480 218 440 
2002 220 780 95.3 10 870 231 650 
2003 316 960 97.3 8 800 325 760 
2004 512 600 98.7 6 870 519 470 
2005 615 260 99.0 6 510 621 770 
2006 609 430 99.0 6 390 615 820 
2007 606 294 99.1 5 703 611 997 
2008 606 836 98.8 7 572 614 408 
2009 596 465 99.1 5 490 601 955 
2010 603 656 99.1 5 226 608 882 
2011 646 824 99.2 4 970 651 974 
2012 652 653 99.2 5 244 657 897 
2013 715 513 99.3 5 258 720 771 
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Table 4 - Numbers of New Zealand Accident Compensation Corporation (ACC) Claims 
Indicated as Falls or Fall-Related Fracture 
 

Year Indicated 
Falls Claims  

Falls 
Claims 
(% of 
Total) 

Falls Claims with 
Fracture Indicator 

Fall-related 
Fracture 
Claims 

(% of Total) 

Total 
Number of 
ACC Claims 

1997 78 850 5.4 6 050 0.4 1 458 230 
1998 64 250 4.3 99 850 6.7 1 490 880 
1999 81 600 6.1 115 910 8.7 1 336 530 
2000 176 390 13.3 127 140 9.6 1 324 670 
2001 218 450 15.0 129 220 8.9 1 458 430 
2002 231 650 15.5 126 390 8.4 1 496 100 
2003 325 760 21.3 124 430 8.1 1 531 070 
2004 519 470 33.6 122 740 7.9 1 546 770 
2005 621 770 33.7 123 380 7.7 1 608 100 
2006 615 820 37.1 124 480 7.5 1 659 060 
2007 611 997 34.5 132 017 7.4 1 772 542 
2008 614 408 33.8 133 844 7.4 1 819 331 
2009 601 955 34.6 131 718 7.6 1 737 360 
2010 608 882 36.2 131 178 7.8 1 680 889 
2011 651 794 38.4 131 265 7.7 1 696 863 
2012 657 897 38.0 131 872 7.6 1 730 230 
2013 720 771 40.3 133 054 7.4 1 788 311 

 
Summary 

Based on the poor quality of the early ACC data obtained and analysed, it was decided that 

the data set was no longer robust enough, or extending over a sufficient time period, to 

quantify the application of an Age, Period, Cohort (APC) model for this particular study. 

However, application of an APC model for an equivalent data set subsequent to 2007 when 

applicable appears to be a viable avenue for future studies.  

 

Population-Corrected Falls Claims 
Very little change occurred in the falls rate over the investigated period, for either gender or 

ethnicity, Nationally (Figure 3) or within the BOP and Lakes District region (Figure 4). Greater 

year-to-year variability was evident in Māori compared to non-Māori, especially in the older 

age groups.  

As expected, the number of falls claims increased with successive age-group for all four 

gender-by-ethnicity groupings. National population-corrected falls rates increased by 14% in 

the elderly from 2007 to 2013, being 85% higher in people ≥80 years compared to those <80 

years overall (Figure 3). This pattern of increased prevalence was also true for the BOP and 

Lakes District population (+87%; Figure 4). For those ≥80 years of age, falls rates were 
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between 74 – 78% greater in non-Māori compared to Māori for both population sets 

(Figures 3 & 4). 

Māori women ≥80 residing in the BOP and Lakes Districts showed a lower than expected 

number of population-adjusted falls claims, 33% lower than for Māori men in the region of 

the same age compared to a 1% gender difference in Māori Nationally. This regional decline 

in falls claim rate for Māori women of advanced age was particularly evident from 2010, and 

was in contrast to a sharp increase noted regionally in 2009 for Māori men ≥80 years that 

declined over subsequent years (Figure 4). 

 

2 0 0 7 2 0 0 8 2 0 0 9 2 0 1 0 2 0 1 1 2 0 1 2 2 0 1 3

0

1 0 0

2 0 0

3 0 0

4 0 0

5 0 0

M a le  / N o n -M a o r i

Y e a r

F
a

ll
 R

a
te

 /
1

0
0

0
 p

e
o

p
le

65

70

75

80

85

A

2 0 0 7 2 0 0 8 2 0 0 9 2 0 1 0 2 0 1 1 2 0 1 2 2 0 1 3

0

1 0 0

2 0 0

3 0 0

4 0 0

5 0 0

F e m a le  / N o n -M a o r i

Y e a r

F
a

ll
 R

a
te

 /
1

0
0

0
 p

e
o

p
le

65

70

75

80

85

B

2 0 0 7 2 0 0 8 2 0 0 9 2 0 1 0 2 0 1 1 2 0 1 2 2 0 1 3

0

5 0

1 0 0

1 5 0

2 0 0

2 5 0

M a le  / M a o r i

Y e a r

F
a

ll
 R

a
te

 /
1

0
0

0
 p

e
o

p
le

65

70

75

80

85

C

2 0 0 7 2 0 0 8 2 0 0 9 2 0 1 0 2 0 1 1 2 0 1 2 2 0 1 3

0

5 0

1 0 0

1 5 0

2 0 0

2 5 0

F e m a le  / M a o r i

Y e a r

F
a

ll
 R

a
te

 /
1

0
0

0
 p

e
o

p
le

65

70

75

80

85

D

 

Figure 3. Number of National fall indicated ACC claims per 1000 people for Non-Māori Males (A), Non-Māori Females (B), 
Māori Males (C) and Māori Females (D). 
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Figure 4. Number of fall indicated ACC claims per 1000 people within Bay of Plenty and Lakes District Health Board 
geographical boundaries for Non-Māori Males (A), Non-Māori Females (B), Māori Males (C) and Māori Females (D). 

 

Population-Corrected Fall-Related Fracture Claims 
A small decline in the number of fall-related fracture claims between 2007 and 2013 is 

shown both Nationally (-11%; Figure 5) and for BOP and Lakes District (-25%; Figure 6) 80 

years and over age groups when adjusted solely for population. 

National population-adjusted fall-related fracture incidence rates were 153% higher in those 

≥80 compared to those <80 years. A lesser (69%) increase between the same age groups 

was identified in the BOP and Lakes Districts. Non-Māori aged ≥80 years incurred 82% more 

fractures compared to Māori Nationally and 56% more regionally. Fracture rates amongst 

male Māori of the BOP and Lakes Districts were 80% higher than for Māori men Nationally. 

A notable increase in fracture rates in the year 2009 is demonstrated for both Māori and 

non-Māori men aged ≥85 years residing in the BOP and Lakes Districts.  Otherwise, average 

fall-related fracture claim rates for the other gender x ethnicity categories between the 

National and regional populations for those aged ≥80 years were similar. 
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Figure 5. Number of National fall-related fracture (according to specified read codes (Appendix1) indicated ACC claims per 

1000 people for Non-Māori Males (A), Non-Māori Females (B), Māori Males (C) and Māori Females (D). 
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Figure 6. Number of fall-related fracture (according to specified read codes (Appendix 1) indicated ACC claims per 1000 

people within Bay of Plenty and Lakes District Health Board geographical boundaries for Non-Māori Males (A), Non-Māori 

Females (B), Māori Males (C) and Māori Females (D). 
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Population- and Claim-Corrected Falls Claims 
Similar to trends seen in data adjusted only for population, changes in falls seen when 
number of claims were also adjusted for total number of ACC claims (Figures 7 and 8) was 
less apparent in the <80 years age group, regardless of ethnicity or gender. This additional 
adjustment for total claims showed increases in falls with successive age groups, however, 
≥80 age-groups in both National (-5 non-Māori, -1009 Māori) and BOP and Lakes District (-
286 non-Māori, -14,437 Māori) populations showed a very slight reduction in number of 
falls from 2007 to 2013 (Figures 7 and 8). Temporal decreases were most prominent for 
Māori individuals in both National and BOP and Lakes District populations.  

A suspicious 32-fold higher rate of claims in National Māori compared to non-Māori was 
observed when claims were adjusted for both population and total claims (Figures 7C and 
7D). This difference was greater in those >80 years of age, for whom Māori showed a 42-
fold higher rate of claims than non- Māori. This discrepancy lowered to a 21-fold increase 
for the same categories in BOP and Lakes District populations (Figure 8C and 8D).  
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Figure 7. Number of National fall-indicated ACC claims per 1000 people, per 1000 total ACC claims for Non-Māori Males (A), 

Non-Māori Females (B), Māori Males (C) and Māori Females (D). 
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Figure 8. Number of fall-indicated ACC claims per 1000 people, per 1000 total ACC claims within Bay of Plenty and Lakes 

District Health Board geographical boundaries for Non-Māori Males (A), Non-Māori Females (B), Māori Males (C) and 

Māori Females (D). 

 

Population and Claim Adjusted Fall-related Fracture Only Claims 
Population and claim-corrected fall-related fracture rates over the whole period again 

increased across successive age groups. Similar to trends earlier described for falls after the 

same adjustment, the number of fracture claims for ≥80 versus <80 years was 149% and 

156% greater for both regional and National populations respectively (Figures 9 and 10). 

Once more, vast discrepancies between Māori and non-Māori rates were apparent. Data 

showed that Māori men sustained over 40-fold (National) and 50-fold (regional) greater 

fracture rates than non-Māori men (Figures 9C and 10C) and Māori women over 40-fold 

(National) and over 18-fold (regional) greater fracture rates than non-Māori women (Figures 

10D and 10C).   
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Figure 9. Number of National fall-related fracture (according to specified read codes (Appendix 1) indicated ACC claims per 

1000 people, per 1000 total ACC claims for Non-Māori Males (A), Non-Māori Females (B), Māori Males (C) and Māori 
Females (D)

2 0 0 7 2 0 0 8 2 0 0 9 2 0 1 0 2 0 1 1 2 0 1 2 2 0 1 3

0

2 0

4 0

6 0

M a le  / N o n -M a o r i

Y e a r

F
r
a

c
t
u

r
e

 O
n

ly
 R

a
t
e

 /
 1

0
0

0
 P

e
o

p
le

 /
 N

. 
o

f
 C

la
im

s

65

70

75

80

85

A

2 0 0 7 2 0 0 8 2 0 0 9 2 0 1 0 2 0 1 1 2 0 1 2 2 0 1 3

0

1 0

2 0

3 0

4 0

5 0

F e m a le  / N o n -M a o r i

Y e a r

F
r
a

c
t
u

r
e

 O
n

ly
 R

a
t
e

 /
 1

0
0

0
 P

e
o

p
le

 /
 N

. 
o

f
 C

la
im

s

65

70

75

80

85

B

2 0 0 7 2 0 0 8 2 0 0 9 2 0 1 0 2 0 1 1 2 0 1 2 2 0 1 3

0

2 0 0 0

4 0 0 0

6 0 0 0

8 0 0 0

M a le  / M a o r i

Y e a r

F
r
a

c
t
u

r
e

 O
n

ly
 R

a
t
e

 /
 1

0
0

0
 P

e
o

p
le

 /
 N

. 
o

f
 C

la
im

s

65

70

75

80

85

C

2 0 0 7 2 0 0 8 2 0 0 9 2 0 1 0 2 0 1 1 2 0 1 2 2 0 1 3

0

5 0 0

1 0 0 0

1 5 0 0

F e m a le  / M a o r i

Y e a r

F
r
a

c
t
u

r
e

 O
n

ly
 R

a
t
e

 /
 1

0
0

0
 P

e
o

p
le

 /
 N

. 
o

f
 C

la
im

s

65

70

75

80

85

D

Figure 10. Number of fall-related fracture (according to specified read codes (Appendix 1) indicated ACC claims per 1000 

people, per 1000 total ACC claims within Bay of Plenty and Lakes District Health Board geographical boundaries for Non-

Māori Males (A), Non-Māori Females (B), Māori Males (C) and Māori Females (D). 
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Chapter 5 - Discussion 
Overall Findings 
This investigation aimed to establish age-group and temporal trends in total number of 

population-adjusted ACC claims made, and interpret their likely implication for changing fall 

and fall-related fracture rates in New Zealand. Population-corrected falls rates showed that 

very little overall change occurred during the investigated period. This potentially indicates 

that various interventions, past and present, that have been put in place in New Zealand 

(Robertson & Campbell, 2008) or changes in the use of vitamin D (Figure 2) have had 

relatively little influence on fall and fall-related fracture rates in New Zealand elderly.  

If anything, population corrected rates show that past interventions may have been 

successful in limiting period increases in fall and fall-related fracture incidence in older New 

Zealanders. Past global research suggests that falls and their related consequences are 

destined to bring great financial (Campbell, 2012; Heinrich, Rapp, Rissmann, Becker, & 

Konig, 2010) and personal  (Accident Compensation Corporation, 2005; World Health 

Organization & Ageing Life Course Unit, 2008) burden to the aging population (Lutz et al., 

2008) if their future incidence is not addressed. In their earlier New Zealand based study, 

Langley et al. (2011) predicted two possible scenarios in relation to future fracture incidence 

(specifically hip fractures) being: a continued steep increase (95% women, 205% men), or 

the more favourable outcome of a levelling off of fracture rate increases by 2025. Based on 

our findings (Figures 5, 9 and 10), it appears that fracture incidence has not continued to 

rise substantially and may be progressing towards a plateau.     

Outcomes of claims adjusted for population and total number-of-claims (Figures 7-10), 

compared to population-only (Figures 3-6), alternatively showed an overall decrease in both 

fall and fall-related fracture rates for BOP and Lakes Districts and National populations. 

Temporal decreases were shown to be most prominent for Māori individuals across the 

board. The huge discrepancies between Māori and non-Māori (30 – 50 times higher in Māori 

compared to non-Māori) are too large to be explained by differences in falls and fracture 

claims in relation to total claims, and seem unlikely to be accurate. It is more likely that a 

potential error in recording of ethnicity for total claims and/or differences in the recording 

of ethnicity between total claims and for falls claims can explain this discrepancy. 

 

Choice of ACC Data  
Although self-reporting of recent falls has been shown to be a fairly accurate way of 

recording fractures (Honkanen et al., 1999; Hundrup et al., 2004; Ismail et al., 2000; Ivers et 

al., 2002), measurement of falls using the same method does not appear to engender the 

same precision, as accuracy diminishes with long term retrospective recording (Cummings, 

Nevitt, & Kidd, 1988; Mackenzie, Byles, & D'Este, 2006). Due to these apparent limitations, 

data collected from pre-recorded medical records, in this case ACC data, were perceived to 

be more reliable and to best represent the targeted falls and low-trauma incident fractures 

given that they appear to dictate a large majority of accident-related injuries in NZ.  
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Age differences – Severity in Older Adults 
Although minimal, changes in fall and fall-related fracture rates that were identifiable from 

population-adjusted data for both adjustments (Figures 7-10) occurred only in individuals 

aged 80 years and above for both regional and National data. This is consistent with 

outcomes of similar research identifying advancing age as a risk factor for both falls 

(Campbell, Borrie, et al., 1990; Pluijm et al., 2006; Rubenstein, 2006; Steinman et al., 2009) 

and fracture (Court-Brown & Caesar, 2006).   

Provided that age is a commonly known risk factor for falls, the fact that changes were only 

seen in the advanced elderly may be because the interventions currently in place are better 

targeted to this age group or, that this age group holds the highest potential falls risk and 

are therefore most susceptible to the interventions that are in place to reduce them. 

Differences across age-groups that were also identified would support this interpretation as 

the oldest two age-groups demonstrated much higher average annual claim totals overall 

for both falls and fall-related fracture.  

 

Temporal Trends 
A slight increase in all annual falls claims in both National and regional data sets were 

identified overall when adjusted for population only (Figures 3 and 5). Conversely, 

nationwide claim rates (per 1000 people) related to fall-related fracture (Figure 5) slightly 

decreased for those aged 80 years and above, and for falls and fall-related fracture when 

both claim- and population-adjustments were made (Figures 7 and 9).  

Because of the breadth and complexity of falls risk factors, a vast array of interventions are 

indicated. Factors affecting the fall rate within a population, the number of claims lodged 

for falls, and the degree of resultant injury are inter-related but have distinct components. 

Differences in trends associated with population-adjusted rate of falls claims, and fall-

related fracture claim rates may be explained by the different relative impact of the 

changing social and physical environment on these different factors. 

Discrepancies in falls and fracture rates may exist as a result of injury severity. Obvious 

fractures are consistently quite serious and painful, encouraging individuals to pursue 

medical attention, whereas falls, depending on their severity, may not lead an individual to 

seek medical attention every time. The increased falls claim rate during the investigated 

period that was not matched by similar changes in fall-related fractures may have taken 

place due either to an increase in minor, unrecorded (unclaimed) falls with minor resultant 

injuries, or simply because of an increase in the number of said falls being claimed. If 

intervention against falls was having any effect, it could be argued that changes in this 

subset of falls would affect the absolute number of claims the most, simply because of their 

greater relative number. The possibility of an increase, rather than a decrease in these 

claims tends to support the lack of effect of widespread falls interventions.  

With key problems associated with falls in older people being the combination of high falls 

incidence and a high susceptibility for injury (Rubenstein, 2006), it could also be argued that 

the interventions currently in place are much more effective in reducing outcome severity 



47 
 

than preventing the cause. This may be because many falls seem to take place in 

unregulated environments, making them much harder to influence. If this was true, 

numbers of falls would change much less than numbers of injuries which reflect a more 

standard threshold level of stress to occur, again consistent with the pattern of data 

observed here.  

 

Discrepancies in Population- and Claim-Adjusted Data 
Outcomes of greater change seen in population/number-of-claim (Figures 7-10) versus 

population-only (Figures 3-6) adjustments were a dependable trend throughout the 

investigation. As mentioned, when adjusted for population only, the number of National 

falls per 1000 people (Figure 3) showed very little change. However, when further adjusted 

per 1000 total ACC claims (Figure 7), period reductions were seen in the majority of age 

groups regardless of gender or ethnicity. These proportions were significantly higher in 

Māori versus non-Māori. This too was true for fall-related fracture for this adjustment 

(Figure 9). It is unclear exactly why this same trend was not apparent, when claims were 

adjusted only for population.  

A possible explanation for this finding is that the proportion of total claims noted as falls has 

grown. Therefore, New Zealand elderly (particularly Māori) as a population may be using the 

services of ACC more for fall-related injuries than what they did previously. This could be the 

result of a number of influences such as increased healthcare awareness, use, and 

availability related to falls and their associated consequences. As a result, the average 

number of fall-related claims for each individual may have increased over time, influencing 

the number of falls claims represented in the annual ACC claim total. If not adjusted for 

number of total claims, there is potential for the number of claims made by each age-group 

to be misinterpreted as changes in injury rates as opposed to a developed use of ACC as a 

healthcare funder.  

 

Māori versus non-Māori 
Non-Māori men and women showed consistently higher fall and fall-related fracture claim 

rates compared to their Māori age-group counterparts when adjusted solely for population 

(Figures 3-6). This could mean that non-Māori individuals suffer a greater risk of falls and 

fall-related fracture than Māori or that falls make up a greater proportion of non-Māori 

accident claims, or both.  

A number of risk factors for falls and fracture risk identified in the literature may affect 

Māori more than non-Māori populations. Although those 65 years and over residing in New 

Zealand are the least likely to smoke of all the age groups (7.4% of men, 6% of women), 

statistics also depicted within the (New Zealand Ministry of Health, 2015) show Māori are 

overall more likely to be currently smoking than non-Māori (RR: 2.54 CI=95%). Associations 

between smoking and falls (V. C. Chang & Do, 2015b) and fracture risk (John A Kanis et al., 

2005) demonstrated in the literature may not therefore be represented in our results. Based 

on our findings, the associations found by John A Kanis et al. (2005) on the effects of 
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smoking and osteoporotic fracture risk appear to be more likely to be the outcome of an 

association with fracture risk in the elderly versus a causing factor. 

Greater National year to year variability was consistently apparent in Māori compared to 

non-Māori populations for the single population adjustment. It is speculated that this 

variation was most likely due to Māori having a considerably smaller population size, making 

the data more prone to fluctuation from random events such as accidents involving multiple 

individuals and/or regional changes in relevant interventions or health care policy and 

practice. For reasons coinciding with these, the possible effect of a large regional study on 

health care and practices particularly amongst elderly was more likely to be apparent in the 

regional versus National data investigated.   

Discrepancies in fall and fall-related fracture rates identified in those corrected for both 

population and total number of claims between Māori and non-Māori were substantial. 

Although suggested ideas outlined above may have contributed to some of the variability 

over time, the authors do not believe they sufficiently explain the magnitude of the 

discrepancy seen. The major factor contributing to the inconsistency between the 

population-only versus population-claim adjustments is speculated to be an error in the 

recording of the total number of ACC claims by ethnicity.  

Reasoning behind this stems from the minimal variance expressed between Māori and non-

Māori when adjusted solely for population numbers and the apparently low percentage of 

total claims recorded (2.9%) for the total percentage of the 65 and over New Zealand 

population that Māori contribute, 5.6% (Statistics New Zealand, 2013). If this is true and the 

total number of claims made by Māori have been under-recorded, data would incorrectly 

show that falls and fall-related fracture claims make up a greater proportion of total ACC 

claims for Māori than that is accurate. For these reasons, conclusions relating to population- 

and claim-corrected rates cannot be accurately drawn. Depending on how the speculated 

error in determining total number of ACC claims by ethnicity has been made, non-Māori 

may be equally affected.    

 

Possible Role of Vitamin D and LiLACS Influence in the BOP and Lakes 

Districts 
Fall-related fractures are the most likely outcome to be affected by vitamin D influence due 

to its potential effects on skeletal tissue (Raisz, 2005; I. Reid, 2014; Jennifer Rockell et al., 

2008). Recent longitudinal vitamin D data for individuals aged >65 suggest that vitamin D 

status may be greater than those identified in National population studies undertaken in the 

late 1990s. These increases in vitamin D status were identified as being most prominent in 

more advanced elderly when compared to those in the late 1990’s (C.J. Bacon et al., 2015).  

Interestingly, Māori women over 80 years residing in the BOP and Lakes Districts (Figure 4D) 

showed a significantly lower number of falls compared to Māori men (Figure 4D), a gender 

difference not evident in National data (Figure 3C and 3D). Discrepancies seen between BOP 

and Lakes Districts and National data indicate the possible influence of the LiLACs study. The 
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increased claim frequency in men around this time may also be the result of the LiLAC’s 

investigation, where a heightened awareness surrounding fall and fall-related fracture risk 

at study outset and during its lead-up led to more cases being identified and treated. This 

could explain the consistent decline seen in advanced elderly men in the region shown in 

successive year’s post 2009 (Figures 6C, 9C and 10C). Like with their National equivalents, 

advanced elderly in the BOP and Lakes Districts demonstrated a smaller inter-population 

discrepancy between themselves and the elderly (65 years and over) for fall-related fracture 

(Figures 9 and 10), with Māori women again demonstrating much lower rates compared to 

Māori men in the BOP and Lakes Districts. 

It could be speculated that increases in bone mineral density resulting from improved 

vitamin D status may have played a role in the slightly reduced fall-related fracture rates 

demonstrated. Perhaps the advanced elderly express a greater vitamin D deficiency and 

therefore respond best to supplementation interventions.   

 

Missing ACC Data 
A number of further complications regarding the quality and applicability of early ACC data 

to the objectives of the study were identified. These were related to insufficient accident 

description data, the likelihood of unidentified falls, and errors in assigned fall and fracture 

indicators. Ineffective coding strategies employed during less recent years of the 

investigated period have been hypothesised as a major contributor to this limitation.  

During the investigation, four potential errors in ACC’s coding of claim records had to be 

considered. These included potential errors in coded falls with an accident description, in 

coded falls without an accident description, in uncoded (unidentified) falls with an accident 

description and finally in uncoded falls without an accident description. Due to the 

impossibility of determining the number of correctly or incorrectly uncoded falls, since ACC 

only provided a list of coded falls claims, coding reliability investigations were limited to 

determining only claims incorrectly identified as falls, and not those that were not identified 

at all. A significant decrease in the size of our data sample and reduction in period span was 

the result. As we lacked data over a sufficient time period to accurately tease out the effects 

of age, period, and cohort, the potential application of an APC model for this investigation 

was hindered.  

 

Possible Errors/Inconsistency in Falls Coding  
To the authors’ best knowledge, falls claims are coded by ACC in a number of different ways. 

The way in which coding takes place is determined by the format of the ACC claim form 

used at the time of injury i.e. paper versus electronic claim forms. As part of the 

investigation, a small coding reliability investigation of fall indicated claims with available 

accident descriptions revealed a 20% coding non-agreement rate. Each investigated claim 

was determined as being based on a fall using what is believed to be the current fall 

definition recognised by ACC.  
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The majority of non-agreement appeared to come about primarily because the specified 

injury cause field linked with the associated accident description failed to accurately express 

all details of the accident. For example, an accident involving Tripping, Stumbling etc. and 

coming to rest on the ground, floor or lower level fits the WHO definition of a fall applied 

here by the investigator. However, with the ACC method of indicating falls, the above 

situation is indistinguishable from an accident involving Tripping, Stumbling etc. without 

making contact with the ground, floor or lower level, which does not fit the WHO definition 

of a fall.  

Each accident is indicated as being a fall based on the related, predetermined injury cause 

options available as previously established. If lodged electronically, the injury cause is 

directly selected by the provider. However, if lodged on paper, the injury cause is captured 

in the ACC registration centre from the accident description provided. A potential way in 

which falls coding inconsistencies come about through different methods of coding applied 

by health providers using a range of different electronic forms, or by ACC staff themselves 

determining and using accident descriptors.  

The authors speculate that insufficient detail in selectable injury cause fields means the 

providers current and past ability to specify a fall-related accident from a non-fall related 

accident is limited. The identified coding error is therefore believed to exist as all injury 

causes that have the potential to lead to a fall receive a fall indicator and are recorded as 

being fall-related whether they are or not. Although scarce, additional causes of non-

agreement were the result of simple miscoding of the injury cause.  

The authors are aware that ACC are encouraging providers to transition to using electronic 

versions of claim forms. One of the possible reasons for this is quite likely to improve coding 

errors and inconsistencies. Based on our results, this may reduce coding errors associated 

with determining injury cause from accident description information so long as the 

electronic forms are consistent, but will not address the speculated incorrect indication of 

fall related injuries that are being determined by correctly specified injury causes.    

 

Conclusions 
 

Population-corrected falls rates showed that very little overall change occurred in the 

elderly during the investigated period, indicating that current and past interventions or 

changes in the use of vitamin D may have had relatively little influence to date. However, 

slight decreases in fall-related fracture rates were shown to occur in the advanced elderly 

(≥80 years) over time. The greater decrease in fall-related fracture rates, compared to falls 

rates is unclear.  

Trends of substantial decreases in the number of ACC claims related to falls and fall-related 

fracture in New Zealand elderly occurred when adjusted for both population and total 

number of claims. However, due to suspected errors in ACC data representing the total 
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number of ACC claims, (particularly with respect to ethnicity coding), conclusions drawn 

from these outcomes need to be cautiously interpreted.  

Māori exhibit a greater year to year variability than non-Māori across the board as a 

hypothesised result of representing a smaller population, more readily subject to stochastic 

events. Non-Māori individuals may have a greater risk of falling and/or exhibit a higher fall-

related ACC claim proportion. Agreements in time frames and trends associated with slight 

reductions in fall and fall-related fracture rates in advanced Māori men and women in the 

BOP and Lakes District compared to National data suggests the LiLACs study may have 

positively influenced fall and fall-related fracture rates in the region. These may be the 

result of an increased awareness of knowledge surrounding falls and their consequences 

that comes from a large-scale community based investigation, or the effects of increased 

vitamin D status on bone density and muscle function.   

Limitations associated with historical and present ACC claim data include missing accident 

descriptions, unidentified falls, and errors and inconsistencies in falls coding. The issues 

uncovered during this investigation should be thoroughly considered in the methodological 

design of future related research. The ACC data recording/reporting process for falls 

appears to have improved substantially since 1997, and future data may be more robust. In 

order to overcome the identified limitations in fall-indication of accident claims, ACC may 

consider introducing injury cause fields detailed in a way where fall-related injuries can be 

accurately differentiated from fall-like injuries according to currently recognised falls 

definitions. The authors suggest that research of a similar nature in the future could make 

use of an increasingly robust ACC data set over a longer period, where an APC model might 

be successfully applied to differential effects due to aging, cohort or the passage of time.  
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S0… S0237 S0430 S1060 S117. S133z S223. S2356 S2516 S2z.. S3303 S352D

S00.. S0238 S0431 S1061 S1170 S134. S2230 S2357 S2517 S3... S3304 S352E

S000. S023x S0432 S107. S1171 S1340 S2231 S2358 S2518 S30.. S3305 S352F

S0000 S023z S0433 S1070 S1172 S1341 S223z S2359 S2519 S300. S3306 S352G

S0001 S024. S0434 S1071 S1173 S1342 S224. S235A S251A S3000 S3307 S352H

S0002 S0240 S0435 S108. S117z S1343 S2240 S235B S251B S3001 S3308 S352z

S0003 S0241 S0436 S109. S118. S1344 S2241 S235C S251C S3002 S3309 S353.

S0004 S024z S043z S10A. S1180 S1345 S2242 S235D S251x S3003 S330z S3530

S0005 S025. S044. S10A0 S1181 S1346 S2243 S235E S251z S3004 S331. S3531

S0006 S0250 S04z. S10A1 S1182 S1347 S2244 S235F S252. S3005 S3310 S3532

S000z S0251 S0z.. S10A2 S1183 S1348 S2245 S235z S253. S3006 S3311 S3533

S001. S025z S1... S10B. S118z S134z S2246 S236. S26.. S3007 S3312 S3534

S0010 S026. S10.. S10B0 S119. S135. S2247 S237. S260. S3008 S3313 S3535

S0011 S027. S100. S10B1 S1190 S1350 S2248 S238. S2600 S3009 S3314 S3536

S0012 S028. S1000 S10B2 S1191 S1351 S2249 S239. S2601 S300y S3315 S3537

S0013 S0280 S1001 S10B3 S1192 S1352 S224x S23A. S2602 S300z S3316 S3538

S0014 S0281 S1002 S10B4 S1193 S1353 S224z S23B. S2603 S301. S3317 S3539

S0015 S0282 S1003 S10B5 S119z S1354 S225. S23C. S2604 S3010 S3318 S353A

S0016 S0283 S1004 S10B6 S11x. S1355 S2250 S23x. S2605 S3011 S3319 S353B

S001z S02A. S1005 S10x. S11y. S1356 S2251 S23x0 S2606 S3012 S331z S353C

S002. S02B. S1006 S10y. S11z. S1357 S2252 S23x1 S2607 S3013 S332. S353D

S0020 S02C. S1007 S10z. S12.. S1358 S2253 S23x2 S2608 S3014 S3320 S353E

S0021 S02x. S1008 S11.. S120. S135y S2254 S23x3 S2609 S3015 S3321 S353F

S0022 S02x0 S1009 S110. S1200 S135z S2255 S23xz S260A S3016 S3322 S353G

S0023 S02x1 S100A S1100 S1201 S136. S2256 S23y. S260B S3017 S332z S353H

S0024 S02x2 S100B S1101 S1202 S1360 S2257 S23y0 S260C S3018 S333. S353z

S0025 S02xz S100C S1102 S1203 S1361 S2258 S23y1 S260D S3019 S3330 S354.

S0026 S02y. S100D S1103 S1204 S137. S2259 S23y2 S260E S301y S3331 S355.

S002z S02y0 S100E S1104 S1205 S1370 S225x S23y3 S260F S301z S3332 S356.

S003. S02y1 S100F S1105 S1206 S1371 S225z S23yz S260G S302. S333z S35z.

S0030 S02y2 S100G S1106 S1207 S138. S226. S23z. S260H S3020 S334. S36..

S0031 S02yz S100H S1107 S1208 S13y. S227. S24.. S260J S3021 S3340 S360.

S0032 S02z. S100J S1108 S1209 S13z. S228. S240. S260K S3022 S3341 S3600

S0033 S03.. S100K S1109 S120A S14.. S22z. S2400 S260L S3023 S335. S3601

S0034 S030. S100L S110A S120z S140. S23.. S2401 S260M S3024 S3350 S3602

S0035 S0300 S100M S110B S121. S141. S230. S2402 S260N S302z S3351 S3603

S0036 S0301 S100N S110z S1210 S14z. S2300 S2403 S260P S303. S336. S361.

S003z S0302 S100x S111. S1211 S15.. S2301 S2404 S260Q S3030 S337. S3610

S00z. S0303 S100z S1110 S1212 S150. S2302 S2405 S260R S3031 S338. S3611

S01.. S0304 S101. S1111 S1213 S1z.. S2303 S2406 S260S S3032 S339. S3612

S010. S0305 S1010 S1112 S1214 S2... S2304 S2407 S260T S3033 S3390 S3613

S0100 S0306 S1011 S1113 S1215 S20.. S2305 S2408 S260U S3034 S3391 S362.

S0101 S030z S1012 S1114 S1216 S200. S2306 S2409 S260V S303z S33x. S363.

S0102 S031. S1013 S1115 S1217 S2000 S2307 S240A S260W S304. S33x0 S36z.

S0103 S0310 S1014 S1116 S1218 S2001 S2308 S240B S260x S305. S33x1 S37..

S0104 S0311 S1015 S1117 S1219 S2002 S2309 S240C S260z S30w. S33x2 S3X..

S0105 S0312 S1016 S1118 S121z S2003 S230A S240D S261. S30x. S33xz S3x..

S0106 S0313 S1017 S1119 S122. S200z S230B S240E S2610 S30y. S33y. S3x0.

S010z S0314 S1018 S111A S123. S201. S230z S240F S2611 S30z. S33y0 S3x1.

S011. S0315 S1019 S111B S124. S2010 S231. S240y S2612 S31.. S33y1 S3x2.

S0110 S0316 S101A S111z S125. S2011 S2310 S240z S2613 S310. S33y2 S3x3.

S0111 S031z S101B S112. S1250 S2012 S2311 S241. S2614 S3100 S33yz S3x4.

S0112 S032. S101C S1120 S1251 S2013 S2312 S2410 S2615 S3101 S33z. S3xz.

S0113 S0320 S101D S1121 S1252 S201z S2313 S2411 S2616 S310z S34.. S3y..

S0114 S0321 S101E S1122 S1253 S20z. S2314 S2412 S2617 S311. S340. S3y0.

S0115 S0322 S101F S1123 S125z S21.. S2315 S2413 S2618 S3110 S341. S3y1.

S0116 S0323 S101G S1124 S126. S210. S2316 S2414 S2619 S3111 S342. S3yz.

S011z S0324 S101H S1125 S1260 S2100 S2317 S2415 S261A S311z S3420 S3z..

S012. S0325 S101J S1126 S1261 S2101 S2318 S2416 S261B S312. S3421 S3z0.

S0120 S0326 S101K S1127 S1262 S2102 S2319 S2417 S261C S3120 S343. S3z00

S0121 S032z S101L S1128 S1263 S2103 S231A S2418 S261D S3121 S3430 S3z1.

S0122 S033. S101M S1129 S126z S2104 S231B S2419 S261E S3122 S3431 S3z2.

S0123 S0330 S101N S112A S127. S2105 S231z S241A S261F S3123 S344. S3zz.

S0124 S0331 S101x S112B S1270 S2106 S232. S241B S261G S3124 S3440

S0125 S0332 S101z S112z S1271 S210z S2320 S241C S261H S3125 S3441

S0126 S0333 S102. S113. S128. S211. S2321 S241D S261J S3126 S345.

S012z S0334 S1020 S1130 S12X. S2110 S2322 S241E S261K S312x S3450

S013. S0335 S1021 S1131 S12z. S2111 S2323 S241F S261L S312z S3451

S0130 S0336 S1022 S1132 S13.. S2112 S232z S241y S261M S313. S346.

S0131 S033z S1023 S1133 S130. S2113 S233. S241z S261N S3130 S3460

S0132 S03z. S1024 S1134 S1300 S2114 S2330 S242. S261P S3131 S3461

S0133 S04.. S1025 S1135 S1301 S2115 S2331 S2420 S261Q S3132 S347.

S0134 S040. S1026 S1136 S1302 S2116 S2332 S2421 S261R S3133 S3470

S0135 S0400 S102y S1137 S1303 S211z S2333 S2422 S261S S3134 S3471

S0136 S0401 S102z S1138 S1304 S21z. S233z S2423 S261T S3135 S348.

S013z S0402 S103. S1139 S1305 S22.. S234. S24z. S261U S3136 S349.

S01z. S0403 S1030 S113A S1306 S220. S2340 S25.. S261V S313x S34x.

S02.. S0404 S1031 S113B S130y S2200 S2341 S250. S261W S313z S34y.

S020. S0405 S1032 S113z S130z S2201 S2342 S2500 S261x S314. S34z.

S021. S0406 S1033 S114. S131. S2202 S2343 S2501 S261z S315. S35..

S022. S040z S1034 S1140 S1310 S2203 S2344 S2502 S262. S31z. S350.

S0220 S041. S1035 S1141 S1311 S2204 S2345 S2503 S263. S32.. S3500

S0221 S0410 S1036 S1142 S1312 S2205 S2346 S2504 S264. S320. S3501

S0222 S0411 S104. S1143 S1313 S2206 S2347 S2505 S26z. S3200 S351.

S0223 S0412 S1040 S1144 S1314 S2207 S2348 S2506 S27.. S3201 S3510

S0224 S0413 S1041 S1145 S1315 S220z S2349 S2507 S270. S3202 S3511

S0225 S0414 S1042 S115. S1316 S221. S234A S2508 S271. S3203 S352.

S0226 S0415 S1043 S1150 S131y S2210 S234B S2509 S27z. S3204 S3520

S0227 S0416 S1044 S1151 S131z S2211 S234C S250A S28.. S321. S3521

S0228 S041z S1045 S1152 S132. S2212 S234D S250B S280. S3210 S3522

S022x S042. S1046 S1153 S1320 S2213 S234E S250C S281. S3211 S3523

S022z S0420 S105. S1154 S1321 S2214 S234F S250x S28z. S3212 S3524

S023. S0421 S1050 S1155 S1322 S2215 S234z S250z S29.. S3213 S3525

S0230 S0422 S1051 S115z S132y S2216 S235. S251. S290. S3214 S3526

S0231 S0423 S1052 S116. S132z S2217 S2350 S2510 S291. S32z. S3527

S0232 S0424 S1053 S1160 S133. S221z S2351 S2511 S292. S33.. S3528

S0233 S0425 S1054 S1161 S1330 S222. S2352 S2512 S293. S330. S3529

S0234 S0426 S1055 S1162 S1331 S2220 S2353 S2513 S294. S3300 S352A

S0235 S042z S1056 S1163 S1332 S2221 S2354 S2514 S29z. S3301 S352B

S0236 S043. S106. S116z S133y S222z S2355 S2515 S2A.. S3302 S352C
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Appendix 2 – Example of Template Tables for ACC 
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Appendix 3 – New Zealand Population Tables 
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Appendix 4 – Unitec Letter of Ethical Approval 
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Appendix 5 – ACC Letter of Ethical Approval  
 

8 June 2015  

 

 

Mr Joshuah Thomas 

Unitec Institute of Technology 

AUCKLAND        

 

Dear Mr Thomas 

ACC Research Ethics Committee Decision Notification 

Re: Changes in falls and fracture rates in New Zealand elderly: retrospective analysis, 
#283 

Thank you for your response to the Ethics Committee which was considered at their meeting 
on 3 June 2015.  

The Committee has been assured that the business would likely be interested in this 
planned research. In terms of the release of the information requested, the only concern was 
the possible identification of individuals from the ‘free text’ field which would need to be 
checked by ACC before it could be released. The Committee agreed that the data could be 
released but only to be viewed by yourself (the chief researcher) and one nominated 
research assistant 

The research proposal was approved. 

Please do not hesitate to contact me if you have any queries. 

Yours sincerely 

 

 

 

Fiona Conlon, Secretary 

PP John Kleinsman, Co-Chair 

ACC Research Ethics Committee 



Principal Supervisor: Dr Catherine Bacon  Associate Supervisor: Dr John Waugh




