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1. Introduction
Globally, drowning has been estimated to be the second leading cause of injury death after road traffic injuries. However, 97% of all deaths from drowning now occur in low and middle-income countries, with huge reductions in the rates of drowning in high-income countries over the last 100 years.  
In New Zealand, drowning records are available for 1980-2006 from DrownBase, a database of Water Safety New Zealand. The highest annual number of drownings recorded in this period was 214 in 1985. These figures include intentional as well as unintentional drownings; the number of intentional drownings has remained fairly constant at 10-20 per year since 1988 while the number of unintentional drownings has diminished
. Approximately 95% of intentional drownings are suicide.
Figure 1:
New Zealand Average Drowning Toll 1980-2006








Source: Water Safety New Zealand

For the period 1980-2006, 59% of drownings occurred in situations where there was no intention to enter the water, and 78% involved male victims
. One third of drownings occurred in rivers and streams. The highest rates of drowning deaths were in adult men. Maori are over-represented in drowning deaths (21% of all drownings in the past 5 years) but the Maori rate has been declining at approximately the same rate as non-Maori.
In 2006, the number of drowning deaths was 87, the first time it had fallen under 100.
2. Recent international comparisons
Figure 2 shows rates of deaths from drowning in a selection of countries, adjusted for differences in the age structure of the populations. These estimates are based on combined data for 2000-2002 and come from national mortality data systems
.
Figure 2:
Deaths from drowning per 100,000 population, age-standardised rates (2000-2002 aggregated data)
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3. Data and definition problems
It is now widely accepted that deaths from drowning have been substantially under-reported due to systematic problems with the coding of drowning in the classification systems used in government data collections (ICD-9 and ICD-10)
. As well as this, the introduction of a new definition of drowning
 and subsequent moves towards better enumeration of drowning deaths has created problems with comparability of data from different countries. As with international comparisons of other injury data, the methods of age-standardisation and lack of precision due to small numbers of events may also need to be considered when interpreting the result of comparisons.
3.1
Misclassification of cause of death
The definition of drowning adopted by the World Congress on Drowning in 2002 is “respiratory impairment from submersion/immersion in liquid” without reference to circumstances or intent. However, the drowning data that are routinely reported by developed countries have been based on the ICD-9 or ICD-10 external cause codes for unintentional drowning only. Therefore there are many drowning deaths that are not included. A recent study of Australian and US data
 found the undercounting amounted to 39% of drowning deaths in Australia and 36% in the US. The most significant groups of deaths omitted from the routine drowning count were those with external cause codes of intentional self-harm or water transport-related deaths. In addition, the extent to which drowning deaths are classified as “undetermined intent” varies greatly between countries. In data from the late 1990s, 36% of all drowning deaths in England and Wales were coded as of undetermined intent, while only 5% in the US and NZ were coded as undetermined. If not coded as “unintentional” these deaths have not been counted as drowning, and so the drowning rates in England and Wales appear artificially low.
As injuries may have multiple causes, they are often not adequately described by a single code for “underlying cause of death”. The extent to which drowning deaths are classified by other underlying causes of death contributes to under-counting, and when this source of error differs between countries it also erodes comparability. There is a diagnosis code (rather than external cause code) for drowning in the ICD-10 system which can be used to identify drownings in situations where an external cause code other than drowning has been used, such as drowning deaths resulting from land transport crashes. However, these cases are excluded from routine data on drowning identified just by external cause codes. 
The impact of these issues on comparisons can be considerable. Using multiple cause of death codes and searching of free text fields from data from the early 1990s
, it has been demonstrated that motor vehicle traffic deaths comprised 11.4% of drowning deaths in New Zealand but only 0.9% in Denmark. Drowning deaths may also be coded as other injuries, such as falls. Medical conditions were given as the underlying cause of death for 1.9% of drownings in the US, 2.4% in Canada, 5.5% in England and Wales and 4.9% in New Zealand, and WHO coding rules specify that drownings related to epilepsy should be coded as epilepsy rather than injury. All of these are omitted from the routine drowning data when a single underlying cause of death is used to classify them. Complete enumeration of drowning deaths would require the use of multiple cause-of-death data .
3.2       Changes in definition and classification 
In the period from 1977 to 1992 there was little change in the number of drowning deaths in New Zealand that were coded with non-drowning codes, although as the drowning deaths decreased they became a larger proportion of the total
. However, internationally there have been changes since this time. The definition of drowning agreed upon after the World Congress on Drowning in 2002 was new, and previous categories of drowning such as “dry” and “wet” drowning, and “near drowning” were rendered obsolete. The new definition defines drowning to be “the process of respiratory impairment from submersion/immersion in liquid”. Outcomes are classified as death, morbidity or no morbidity.” As the new definition is adopted and national record systems are adjusted at varying rates across the world to meet it, data from different jurisdictions will not be comparable. In particular, as the moves to deal with ICD-10 coding issues and incomplete enumeration make progress
 there will data from different countries using different combinations of codes to enumerate drownings. For example, Australian drowning data from 2004 will be based on a wider group of codes than previously but they will be different from those used by CDC in the US, and those to be adopted by WHO
.
3.2
Age-standardisation and lack of precision due to small numbers

Comparisons between countries always require data to be age-standardised, and comparisons should not be made using data that has been age-standardised using different standard populations. 

As with other causes of injury death, annual numbers of drowning deaths are relatively small in developed countries. Stable estimates may require the use of aggregated data over several years and small differences in age-standardised rates should be interpreted conservatively since measures of precision of the estimates are not usually given.
4. Differences in exposure and other determinants
The determinants of drowning are heterogeneous and vary by time and place and age of the victim. Obviously exposure to liquid, usually a body of water, is a prerequisite and opportunities for exposure vary by age, geography, rurality, occupation, climate, affluence, cultural practices other variables. 
Amongst children in high-income countries the highest rates of drowning are in the very young and the context of drowning is usually bath-tubs (infants) and swimming pools (toddlers). Drowning is associated with lack of, or lapses in, supervision.  Exposure to swimming pools is greater in warmer climates such as Australia and the US than colder countries such as Canada, and toddler drownings are correspondingly higher in these countries. Farms account for some exposure of children to unprotected expanses of water.
Amongst adolescents and adults drowning usually occurs in natural bodies of water. Apart from differences in geography, exposure will be affected by levels of activity associated with water, particularly occupations such as fishing, and water-based recreation. In New Zealand and Canada, rates of drowning in adult males are higher than in toddlers, who have the highest rates in most other countries including Australia.

It is unknown how much of the difference in international and regional comparisons of drowning rates are due to these differences in exposure.
Drowning rates are higher in men than women, and in the United States, Canada, Australia and New Zealand they are higher in indigenous populations than in the general population. It is not clear whether these differences are due to increased exposure or more high risk behaviour or both.
Other risk factors for drowning that have been identified include:

· Temperature of water and climate. In the US and Australia the rate of submersion resulting in hospitalisation is approximately double the drowning death rate. However, in Canada it is about half, with higher case fatality resulting from colder water and worse weather conditions. 
· Alcohol consumption. In New Zealand 28% of young adult drowning deaths (15-24 years) between 1980 and 2002 were considered to be alcohol-related
. Amongst adults (15-64) in the Auckland region between 1980 and 1997 40% of all drowning victims had a positive blood alcohol reading and 31% were over the legal driving limit for alcohol (80mg%)
.  A case-control study of recreational boating fatalities in the US
 found that alcohol increased the risk of ending up in the water and reduced the risk of surviving the immersion. The risk of dying was elevated even with a blood alcohol concentration of 10mg% compared with zero, and increased with increasing blood alcohol level to fifty times the baseline risk with a blood alcohol of 250mg%.  These findings are roughly comparable with alcohol involvement in road traffic fatalities. Alcohol is also considered to be a factor in poor supervision of children who drown.
· Epilepsy

· Suicidal intent
· Risk factors for car crashes and falls

5. Differences in extent of intervention
Interventions to prevent drowning deaths comprise removal of hazards, creation of barriers, protection of those at risk, and resuscitation. Specific measures used depend on the characteristics of the victim, such as age, and the circumstances of the drowning risk, which may vary by region or country.
Commonly employed strategies are water safety education (for children, parents, adults, employees), promotion of life jacket use and carrying of safety equipment on boats, learn to swim programmes, surf lifesavers on beaches, lifeguards at pools and other pool safety regulations, fencing of home pools and other water hazards, and widespread teaching of resuscitation techniques. These strategies attempt to both reduce the number of submersion incidence and reduce case-fatality rates.
There is little epidemiological evidence for the effectiveness of most of these approaches. However, fencing of private swimming pools has been the subject of several studies and a systematic review
 which concluded that it significantly reduced the risk of drowning in children and that isolation fencing (just the pool) was superior to perimeter fencing (the whole property).
A clear protective effect of learning to swim on the risk of drowning has not been demonstrated. Research has been sparse and equivocal and the protective effect, if any, may be age-related. It seems obvious that, for an individual, swimming ability would be protective in a drowning situation. However, it is likely that the ability to swim also reduces one’s natural fear of the water, reduces the likelihood of adequate supervision and affects the choice of activities undertaken. At a population level, especially amongst young children, it is possible that learning to swim may lead to an increase in drowning risk through increased exposure to water without adequate safeguards
.

Reduction in the use of alcohol in and around the water by regulation or by rendering it socially unacceptable is a general countermeasure that is likely to be effective but has not been vigorously pursued.
We found no research that compared the extent of adoption of countermeasures for drowning in different countries.

6. Conclusion

The mortality rate from drowning in New Zealand appears high compared with other similar countries, but the comparisons are likely to be unreliable. Undercounting of drowning deaths resulting from issues with coding is widespread and is likely to vary markedly between countries. Also, there has been a >25% reduction in mortality in NZ between 2000-02 and 2006. This brings NZ rates down to those of USA and Australia in 2000-02.
New Zealand has a higher rate of male adult drowning deaths compared with toddler deaths than many other countries, including Australia. This may relate to higher exposure to risk for men in New Zealand through geography, occupation, and recreation, and lower risk to toddlers through fewer home swimming pools.
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