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Abstract

Excess winter mortality (EWM) has been used as a measure of how well populations and policy moderate the health effects of cold
weather. We aimed to investigate long-term changes in the EWM of Aotearoa New Zealand (NZ), and potential drivers of change,
and to test for structural breaks in trends. We calculated NZ EWM indices from 1876 (4,698 deaths) to 2020 (33,310 deaths), total and
by age-group and sex, comparing deaths from June to September (the coldest months) to deaths from February to May and October
to January. The mean age and sex-standardised EWM Index (EWMI) for the full study period, excluding 1918, was 1.22. However,
mean EWMI increased from 1.20 for 1886 to 1917, to 1.34 for the 1920s, then reduced over time to 1.14 in the 2010s, with excess
winter deaths averaging 4.5% of annual deaths (1,450 deaths per year) in the 2010s, compared to 7.9% in the 1920s. Children under
5 years transitioned from a summer to winter excess between 1886 and 1911. Otherwise, the EWMI age-distribution was J-shaped
in all time periods. Structural break testing showed the 1918 influenza pandemic strain had a significant impact on trends in winter
and non-winter mortality and winter excess for subsequent decades. It was not possible to attribute the post-1918 reduction in EWM
to any single factor among improved living standards, reduced severe respiratory infections, or climate change.

Keywords Excess winter mortality - Trends - Seasonality - New Zealand - Living standards - 1918 pandemic influenza -
Avoidable mortality

Background

Excess winter mortality (EWM) describes the phenom-
enon of higher mortality rates in winter than in summer
or outside winter. EWM is observed worldwide and tends
to be highest in temperate climates. It is often used as a
crude indicator of people’s vulnerability to cold, or alter-
natively as a measure of how well a society tempers the
effects of cold, in particular through the quality of housing.

However, there is still debate about how much of EWM is
cold-related and how much is due to other seasonal factors
(Staddon et al. 2014).

EWM is most commonly measured by comparing the
mortality rate for the four coldest months to the mortality
rate over the combined previous and subsequent 4-month
periods. This ratio is the EWM Index (EWMI) (Curwen
1991), also known as Curwen’s Index. In the Southern
Hemisphere, raw EWMI is measured as:

(Deaths June to September) + 122

(Deaths February to May + Deaths October to January) + 243 [244 in leap years]

There are justified criticisms of EWM as a measure
of temperature-related mortality (Hajat and Gasparrini
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2016). Where possible, the cold temperature-mortality
relationship is better measured using time-series models
(Gasparrini et al. 2015). Such models remove seasonal
trends from data and so do not capture all winter deaths.
However, they are more sophisticated than EWM ratios,
as they allow greater control for correlated exposures
such as air quality or humidity; do not rely on arbitrary
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dates to distinguish winter from non-winter; and separate
the effects of summer from the effects of winter (Hajat
and Gasparrini 2016). Nevertheless, EWM remains a use-
ful if crude measure, being straightforward to calculate,
unaffected by the availability or quality of temperature
data, and simple both to convey and to understand. It has
also been suggested as useful for comparing severity of
historical influenza epidemics (Jones and Ponomarenko
2022).

EWMI magnitude is highly age-stratified, with
the highest levels appearing in the very young and
the elderly. Differences by sex vary by study: women
are usually (Wilkinson et al. 2004; Telfar Barnard
2010; Maheswaran et al. 2004; Davie et al. 2007), but
not always (Hales et al. 2012), found to have higher
EWMIs than men. Seasonal and pandemic influenza
is a large contributor to the EWM burden, contributing
not only through respiratory deaths, but also through
cardiovascular disease mortality (Jackson et al. 2014;
Tillett et al. 1983). Dementia and Alzheimer’s disease
have also been identified as contributing to the EWM
burden (Excess winter mortality in England and Wales
2020).

Although seasonality in illness has been recognised
since at least Hippocrates (Hippocrates 400 B.C.E.),
there are few longitudinal studies of more than 30
years of either EWM or the temperature-mortality
curve. Those few studies find people’s risk of death
from the cold has decreased over time and ascribe this
decrease to improvements in social, environmental,
behavioural and/or health-care factors (Carson et al.
2006; Chau and Woo 2015; Ekamper et al. 2009; Jones
and Ponomarenko 2022; Lerchl 1998; Marcuzzi and
Tasso 1992; McDowall 1981), or population aging
(de Schrijver et al. 2022), with Hare et al. observing
that the effect of any individual factor may not remain
constant (1981).

Aotearoa New Zealand (NZ) is a high-income country
where EWM has been well-described for the period 1980
to 2000 (Davie et al. 2007), but longer-term historical
trends have not been examined. In this study, we aimed
to examine changes in EWM and the seasonal distribution
of mortality in NZ over the 145-year period from 1876 to
2020, and consider potential contributions to those changes
over time.

O e e e O e . —

Methods

We obtained mortality data from 1 January 1876 to 31
January 2021 inclusive, from the NZ Department of Inter-
nal Affairs (1 January 1876 to 31 December 1999) and
the Ministry of Health (1 January 2000 to 31 January
2021). Age- and sex-stratified population data from 1886
to 2021 were established by combining data from a range
of Statistics NZ sources: NZ yearbooks, both physical and
online, and population estimates and Census counts from
Statistics NZ (nz.stat 2021), and then using linear inter-
polation by 5-year age group and sex to estimate data for
the remaining years. Available population data were not
disaggregated by age and sex before 1886, and we did not
consider it safe to extrapolate these earlier years as the
population was changing rapidly in this colonial period.
Population data sources by year are shown in Fig. 1.

Mortality data were manually cleaned to remove deaths
that had occurred overseas. For pre-2000 data, this clean-
ing involved text matches, text searches and sorting by
location of death to identify overseas locations. For post-
2000 data, overseas deaths had a “9999” place of death
location code.

We first counted total deaths and absolute EWM (win-
ter deaths — (non-winter deaths X winter days/non-winter
days)) per year from 1876 to 2020. We then calculated
5-year age group—specific EWMIs for 36-year peri-
ods starting February 1876 to January 1912 and end-
ing with February 1984 to January 2020. For November
and December 1918 in the 1912 to 1947 period, we used
dummy variables repeating November and December 1917
deaths, to remove the substantial mortality effect of the
1918 influenza pandemic in NZ. We also calculated 5-year
age group- and sex-specific EWMIs for the two halves
of the study period, February 1876 to January 1948 and
February 1948 to January 2020, and used robust Poisson
regression to estimate relative rate ratios of female to male
EWMIs by 5-year age group for each half of the study
period.

Next, for the period 1886 to 2020, we calculated total
mortality rates, age- and sex-standardised to Census year
2018, for 4:8 month winter (June to September) and non-
winter (February to May, October to January) periods, and
the age-standardised EWMI for these years, total and by
5-year age groups to 80 years and over.

ORI

1886 1891 1896 1901 1906 1911 1916 1921 1926 1931 1936 1941 1946 1951 1956 1961 1966 1971 1976 1981 1986 1991 1996 2001 2006 2011 2016 2021

@ Census O Statistics NZ estimate = Interpolated

Fig. 1 Population data sources by year 1886 to 2021. Census years
are five yearly from 1886 to 1892 to 1916, then 1926, 1936, 1945,and
1951, then five yearly from 1961 to 1986. Statistics NZ estimates
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While we included 2020 for completeness in year-on-
year graphs, 2020 was excluded from group and time-trend
analyses, to prevent any skew from the heavily suppressive
effect of Covid-19 pandemic control measures on winter ill-
ness mortality rates (NZ experienced negative total excess
mortality in the 2020 and 2021 years (Knutson et al. 2023;
Ledesma et al. 2023)). We did not exclude the years affected
by poliomyelitis epidemic control measures in the summers
of 1924-1925, 1936-1937 or 1947-1948 (Ross 1994), as
there was no visible effect of these measures on total mortal-
ity or EWMs for those years, compared to years either side.

After removing time-trends by subtracting 10-year rolling
averages, we used r-tests to test for differences in variance
between winter and non-winter mortality rates over the full
time period, and before and after 1947.

Structural breaks

We used Ditzen et al’s “xtbreak” command (Ditzen et al.
2021), with 5% trimming, to test for multiple (up to 14)
possible break points, and for a structural break in 1997 (the
introduction of free influenza vaccination for people aged
65 years and over). Structural break testing was carried out
with data for all ages and with data for people aged 65 years
and over.

Spatial trends

Place of death was included in available data for some deaths
from 1876 to 2014, as a free-text field from 1876 to 1987
and a “domicile code” from 1988 to 2014. Where the free-
text field could be matched to a unique suburb or city, we
assigned them to a Territorial Authority area. Domicile

Fig.2 Number of deaths in 40,000
New Zealand per year from
1876 to 2020. Figure shows

the number of deaths rising
from just under 5000 in 1876 to
35,000 in 2020. Numbers vary
from year to year, but the rise

is generally steady except for a
marked spike of 18,397 in 1918,
compared to around 11,000

in 1917 and 1920. Numbers
increased little between 1920
and 1935 but rose more steeply
from 1935 to 1942

35,000

30,000

25,000

20,000

15,000

Number of deaths

codes were also matched to Territorial Authority areas using
Ministry of Health matching files. Deaths were then assigned
to either North Island or South Island. Age-disaggregated
population data by region or island were not available for
earlier decades; however, we calculated annual EWMIs for
North and South Islands, adjusted to each island’s age dis-
tribution of deaths in 2010, to assess how population drift
might have impacted total EWMIs over time.

All statistical analysis was carried out in Stata/MP 17.0.

The University of Otago Ethics Committee granted ethics
approval for this research (HD19/073).

Results

Total deaths per year increased linearly by 211.0 deaths per
year, from 4,698 in 1876 to 34,752 in 2019 (Fig. 2). Deaths
per year flattened after the 1918 influenza pandemic, but also
rose less steeply between the 1980s and the 2000s.

While total deaths increased with the population, mor-
tality rates declined in both winter and non-winter periods
(Fig. 3). Year-to-year variation in mortality rates became
less volatile over time but retained more volatility in winter
than in non-winter, confirmed by #-testing (p < 0.05)

Unadjusted EWMISs for the period 1876 to 2019 showed
a steady increase over the period 1876 to 1918, then a step-
change upwards following the 1918 influenza pandemic
(Fig. 4). Raw excess winter deaths peaked at 7.9% of total
deaths in the 1920s and 7.4% in the 1950s, and then declined
to 4.5% of total deaths in the 2010s (Table 1). The 2020
EWMI of 1.02 was the lowest since 1891. Age- and sex-
standardised EWMIs averaged 1.22 from 1886 to 2019.
EWMIs from 1886 to 1918 (average: 1.20) were volatile

1918
influenza
pandemic

10,000
5,000

0

1876 1886 1896 1906 1916 1926 1936 1946 1956 1966 1976 1986 1996 2006 2016

Year
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Table 1 Mean excess winter mortality indices and absolute winter mortality excess and absolute excess as a percentage of total deaths, by dec-

ade, and potentially relevant historic events, 1880s to 2010s

Decade

Mean EWMI
(age- and sex-
standardised)

Mean absolute % of total deaths
EwM?

Notable events in New Zealand society

1880s

1890s
1900s
1910s

1920s

1930s

1940s

1950s

1960s

1970s
1980s

1990s

2000s

2010s

1.19
1.20
1.20

1.34

1.25

1.23

1.29

1.25

1.22
1.20

1.21

1.16

1.14

2020 only 1.02

- 30

150
261
426

923

762

1059

1439

1576

1478
1527

1687

1423

1450

225

-0.1

23
3.2
4.2

7.9

6.1

6.1

7.4

7.0

59
5.7

6.2

4.9

4.5

0.7

First successful shipment of frozen meat to Britain in 1882 reflects a surge in
economic growth for NZ. Long economic depression from the late 1870s
through to the early 1890s. Sanitation in NZ towns and cities was poor,
resulting in elevated infectious disease mortality, particularly enteric infec-
tions which are associated with summer.

Coldest decade in this 145-year period.
NZ population reached 1 million in 1908.

First World War (WW1) spanned 1914 to 1918 with high male mortality —
albeit adjusted for in the NZ mortality data by excluding deaths overseas.
The 1918 pandemic influenza strain may have continued to cause increased
influenza deaths in several subsequent years

Increasing urbanisation and home ownership.
Public health and social measures (PHSM) for polio prevention used in the
non-winter period of 1924-1925.

The “Great Depression” starts following the 1929 Wall Street Stock Market
Crash. NZ formed a coalition government to combat the depression in 1931.
Social welfare initiatives were introduced.

PHSM for polio prevention (non-winter 1936—-1937) (Ross 1994).

Second World War (WW2) spanned 1939 to 1945 with high male mortality
— albeit adjusted for in the NZ mortality data.

PHSM for polio prevention (non-winter 1947-1948).

Steepest rise in temperatures occurred between 1940 and 1960 (Mullan et al.
2010).

An influenza pandemic in 1957 increased mortality (Wilson et al. 2012).

An influenza pandemic in 1968 increased mortality.
Maori deaths combined with total deaths rather than collected separately after
31 December 1961 (The New Zealand official yearbook 1962 ).

First Building Code for insulation in housing introduced in 1978.

Economic reforms cause shocks to the economy and increase unemployment
levels. Increases in Maori life expectancy stall (Woodward and Blakely
2015).

Economic reforms continue — causing difficulties for some sectors of society.
In 1996. there was a relatively severe influenza A(H3N2) epidemic.

Influenza vaccine added to the immunisation schedule for adults aged 65
years and older (1997) and extended to those aged under 65 years with cer-
tain medical conditions (1999) with impact potentially seen in subsequent
decades.

More than half of NZ’s 1.6 m homes estimated to have no or substandard
insulation.

The warmest decade in this 145-year period.

Government subsidy scheme retrofitted insulation in ~ 345,000 homes, but
roughly a quarter of homes remained un- or under-insulated by Building
Code standards at end of decade (Annual Report 2017/2018; Annual Report
18/19, 2019; Annual Report: 1 July 2019-30 June 2020, 2020).

Covid-19 (SARS-CoV-2) pandemic control measures result in a near total
elimination of circulating influenza, RSV and other serious respiratory
infections in 2020 (Huang et al. 2021) and an associated reduction in mor-
tality rates and the EWMI.

2 Absolute EWM = number of excess deaths
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I Structural break point
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Fig.3 New Zealand winter and non-winter mortality rates 1886 to
2020, standardised by 5-year age-groups and sex. Figure shows a
decline in mortality rates for both winter and non-winter. The winter
line runs from around 25 deaths per 1000 people per year in 1886 to
7.25 in 2019, with a break point in 1918. The linear trend after 1918
is steeper than before 1918. For non-winter, rates drop from 21 deaths

Fig.4 New Zealand unadjusted 15
EWMISs for 1876 to 2020 (not
showing the 1918 pandemic-
related EWMI of 0.60). Figure
shows high year to year variabil-
ity in EWMIs. Overall EWMIs 1.3
rise from around 0.9 to around
1.15 between 1876 and 1918,
then increase to about 1.28 in
the early 1920s, dropping back
below 1.2 in the mid-1940s, ris- 1.1
ing again in the 1950s, and then
declining over the remaining
years. The highest point is 1.42
in 1923. 2020 is markedly lower
than the previous trend 0.9

1.4

1.2

EWMI

0.8

Year

per 1000 people per year in 1886 to about 6 in 2020, with a spike of
29.4 in 1918, and break points at 1938, 1945, 1966 and 1988. The lin-
ear trends within break sections are roughly similar in angle, but with
a higher constant between 1938 and 1945, and 1966 and 1988, than in
the other three periods

1876 1886 1896 1906 1916 1926 1936 1946 1956 1966 1976 1986 1996 2006 2016

but with no meaningful gradient, then followed a similar
path to unadjusted EWMIs, with a similarly gradual but not
necessarily smooth or linear decrease in EWMISs after 1918,
from an average of 1.34 in the 1920s to 1.14 in the 2010s
(Fig. 5).

In the 1876 to 1911 period, children aged under 5 years
had a non-winter excess (EWMI: 0.88). Otherwise, EWM
showed a J-shape across age groups, with lowest EWMIs

Year (February - January)

in the 10- to 14- or 15- to 19-year age groups, and EWMIs
increasing with subsequent age groups. All age groups from
30 to 34 years upwards showed a winter excess in all time
periods (Fig. 6).

The gradient of increase in EWMI with increasing age
was particularly steep in the 1948 to 1983 period, but was
otherwise relatively similar, though starting from different
low points.

@ Springer



94

International Journal of Biometeorology (2024) 68:89-100

@ Springer

Table 2 Female EWMI to male EWMI relative rate ratios (RRR) by 5-year age group for periods 1876 to 1945 and 1946 to 2020

Age group

04

RRR

10-14 15-19 2024  25-29 30-34 3539 4044 4549 50-54 5559 60-64 65-69  70-74  75-79 80+

-9

Period

0.98 1.09 1.16*%*  1.07* 1.08* 1.12%* 1.14%%  1.07* 1.09* 0.95 1.03 0.97 0.99 1.01 1.02 1.01 0.99

1876 to

1945
1946 to

1.22#%  1.09 1.03 1.14%*  1.10%* 1.13**  1.01 0.99 1.03 1.01 1.01 1.03* 0.99 1.01 0.99 0.99

1.02

2020

Figures in bold are statistically significant
*p < 0.05; **p < 0.001

Changes in EWMI between the first and second half of
the study period were similar for males and females (Fig. 7).
In the first half of the study period, females had significantly
higher EWMIs than males in all age groups between 5 and
44 years, but male and female EWMIs were not meaning-
fully different under 5 years old, or for age groups 45 years
and older. In the second half of the study period, female
EWMIs were significantly higher than males in 5 to 9 year
olds, and 20 to 29 year olds, but not otherwise meaningfully
different. Relative rate ratios of female to male EWMIs by
age group for each half of the study period are shown in
Table 2.

Structural breaks

Testing found just a single structural break in EWMIs, in
1918 for all ages, and for ages 65 years and over. Testing
did not reject the possibility of a break in 1997 for either
age bracket; however, only when 10 breaks were estimated
did 1996 appear as a potential break date for all ages, and
only when eight breaks were estimated did 1997 appear as
a potential break date for ages 65 years and over (Table 3).

For winter mortality rates, 1918 was again the single
structural break year identified for all ages, but for ages
65 years and over, the test estimated breaks in 1900, 1917,
1960 and 1989. Again, while a 1997 structural break was
not rejected as a hypothesis for either age bracket, 10 breaks
were needed before a 1997 structural break point was
included in estimates for all ages. For ages 65 years and over,
estimates for three structural breaks included 1996 (with
1917 and 1980), but the four breaks had higher test statistics,
and 17 breaks were needed before even 1999 was included.

For non-winter mortality rates, structural breaks were
estimated in 1938, 1945, 1965 and 1988 for all ages and in
1896, 1913, 1933 and 1989 for ages 65 years and over. The
hypothesis of a 1997 structural break point was not rejected,
but 1999 was the closest break point estimated for all ages,
included with seven breaks. For ages 65 years and over, nine
breaks were needed before 1999 was included.

Spatial trends

Match rates to Territorial Authority areas increased sub-
stantially over time, from 76% in the 1870s to 96% in the
2010s. Of those deaths that could be matched, the pro-
portion of deaths in the North Island increased from 44%
in the 1870s to 64% in the 1950s, up to 73% in the 2010s.
Meanwhile, EWMIs in the North Island transitioned from
91% of South Island EWMISs in the 1870s and 1880s to
97% in the 1950s, to 103% in the 2000s and 2010s. Age-
adjusted EWMIs by year for North and South Islands are
shown in Fig. 8.
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Fig.5 New Zealand annual
EWMIs 1886 to 2020, standard-

ised by 5-year age groups and Lo
sex (not showing the standard-
ised 1918 pandemic-related .

EWMI of 0.82), with 10-year
rolling average. Figure shows

a similar pattern to Figure 4,
except EWMIs no longer appear
to increase between 1886 and
1918, varying around 1.2, then
increasing to above 1.3 in the
early 1920s. 2020 is now the
lowest point on the chart

1.0

e EWMI == 10-year rolling average

Discussion

This study describes NZ’s EWM for the 145 years from
1886 to 2020, identifying important shifts in the seasonal-
ity of NZ’s deaths. Until the end of the First World War
(WW1), EWMIs were volatile, but with no gradient over
time. After the 1918 influenza pandemic, however, there
was a sharp rise in EWM, and then a gradual decline over
the rest of the study period, interrupted by an increase
leading up to the 1957 influenza (H2N2) pandemic, and
an additional peak with NZ’s 1996 influenza A(H3N2)
epidemic. Population drift from north to south explains
only a small proportion of the post-1918 decline in EWM.
While young children had a summer excess in mortality

T T T T T T T T

1886 1896 1906 1916 1926 1936 1946 1956 1966 1976 1986 1996 2006 2016

Year

in the early quarter of the study period, this excess tran-
sitioned to winter before WW1. Otherwise, the overall
J-shaped age distribution was retained across the study
period. Similarly, there was little change over time in sex
differences: female EWMIs were generally higher than for
male at younger ages, but converged in older adults.
While we can observe these distributions, attributing
causation is more difficult. The study period 1876 to 2019
saw broad changes in NZ’s economic, social and health
standards. Through the late nineteenth century and first half
of the twentieth century, NZ living standards were among
the highest in the world (Woodward and Blakely 2015).
While NZ’s increase in living standards over the latter half
of the twentieth century was not as great as in other high-
income countries (Singleton 2008), it was still an increase. NZ

Fig.6 New Zealand EWMIs by ee0e01876-1911 = = 1912-1947 1948 - 1983 1984 - 2019 EWMI=1
5-year age groups, in 36-year 15

periods from 1876 to 2019.

Figure shows J-shaped lines 14

for 1912 to 1947 and 1948 to ’ ,
1983, with high EWMIs in 0 to y)
4-year-olds, dropping to lowest 13 7 ..
EWMIs in 10 to 14-year-olds A0
(or 15-19-year-olds for the 1948 sV /] o e

to 1983 period), then increas- E \ ;'.. - ] :.-'

ing to highest EWMIs in 80+. 11 AN PR U T TP L

In 1876 to 1911, the lowest .-' \ p T

EWMISs are in 0 to 4-year-olds, 1 . ——

but high in 5- to 9-year-olds. N v

The line for 1984 to 2019 is 0.9 .-'

similar to the two previous

periods except that EWMISs are 0.8

higher in 5- to 9-year-olds than S R TN T SR S S S S, S - YDA DS~ SIS ST - SN VIR SR
ingO- to 4-year-01§s ¢ 9 \9:\, \‘?'\, '\99/ '\‘?q/ '199) %‘99) R <o°§9 %"9’ ‘oQSO G’b ’\Qi\ /\"’i\ &

Age group (years)
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Fig.7 New Zealand EWMIs by ———Male 1876 - 1947 —— -Male 1948-2019 = = Female 1876 - 1947
S-year age groups and sex, 1876 Female 1948 - 2019 mmmm—EWM=1
to 1847 and 1948 to 2019. Lines
are similar to Figure 6. Differ- 15
ences between males and female
EWMISs are shown in Table 2 14
1.3
- 1.2
=
2
Ll O |
1
0.9
0.8

3

VPP LYY N
BRI S EEEC SN SN G G R A A P S

LR I I N B I O

Age group (years)
Table 3 Structural breaks in linear trends for EWM, winter and non-winter mortality breaks
EWMI Winter mortality rates Non-winter mortality rates

All ages

Estimated structural breaks [break year(s)] 12[1918]  1°[1918] 4°11938, 1945, 1965, 1988]

Breaks required to include year proximal to 1997 [proximal year] 10 [1996] 10 [1997] 7 [1999]
65 years and over

Estimated structural breaks 1971918]  4°[1900, 1917, 1960, 1989] 47 [1896, 1913, 1933, 1989]

Breaks required to include year proximal to 1997 [proximal year] 8 [1997] 3[1996] 9[1999]

17 [1999]

See Online Resource 1 for statistical details a—f
F|g 8 Age_adjusted North and e North Island South Island

South Island EWMIs 1876
to 2014. Lines are similar to
description of Fig. 5, except that

EWMISs for the North Island e
are generally lower than for
the South Island until about .

the 1960s, at which point they
become more similar. At the

end of the study period, South

Island EWMIs may be becom- i
ing lower than in the North

Island. It is also worth noting

that the reduction in EWMIs 12
since 1918 appears steeper for

EWMI
b
s

the South Island than for the

North Island
0.8
O O T O N VOO T O N OOTWON OO N OO NOOSTOOON OO T N
N0 0 00 O OO OO0 d d AN AN AN OO ST T TN WM OO WONNONOWOWOO OO OO
00 00 0 0 0 0 O O O A O O AT OO OO O OO OO
XXEEEXEXEZIZIZIZIZIZIZIZIZI2I223223222323323232323233RRKK
Year

introduced broad population vaccination programmes for a ~ immunisation schedule for older New Zealanders in 1997 and
range of diseases from the 1940s on (Immunisation Handbook  those with specific medical conditions in 1999 (Appendix 1:
2017, 2018). Of note, influenza vaccine was added to the = The history of immunisation in New Zealand 2020). NZ has
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had a social welfare system and an essentially fully publicly
funded health care system since the 1930s, and large-scale
state house construction occurred in the 1930s and 1940s,
before and after the Second World War (WW?2). However,
overall, NZ housing has generally been relatively poorly
insulated and inadequately heated by modern international
benchmarks (Hindley 2020b, a). Mandatory standards for new
builds have been improving slowly since the late 1970s, but
until 2019 — and then only in private rentals (Residential
Tenancies (Smoke Alarms and Insulation) Regulations
2016) — have not required existing housing to be retrofitted
with insulation, despite growing evidence that retrofitting
insulation in housing reduces hospitalisations and mortality
(Fyfe et al. 2020; Howden-Chapman et al. 2007). Different
government schemes to encourage improved insulation and/
or more effective heating have been intermittently available
since at least the 1970s (Thermal insulation in New Zealand
homes 2020) and have been widely available since 2007, but
even in 2015, only 33% of homes were assessed as insulated
to current basic building code standards (White and Jones
2017). Climate disruption has also increased average outdoor
temperatures in NZ over the study period, particularly
post-WW?2 (Indicators>Temperature 2020).

Statistical testing, across different testing methods, identi-
fied a structural break in EWMIs following the 1918 influ-
enza pandemic. The 1918 pandemic also potentially shifted
winter mortality rates, but did not appear to cause any sig-
nificant change in non-winter rates. Other potential change
dates identified by structural break testing do not neatly align
with any specific policy interventions. While the introduc-
tion of vaccination in 1997 may have made some differ-
ence to EWM, or to winter or non-winter mortality rates,
its impact was not substantial enough to stand out as a clear
structural break point.

It seems reasonable to attribute the pre-WW 1 shift from
a summer to winter excess for children under 5 years to
improved water and sewerage infrastructure in towns and
cities preventing summer infectious disease mortality among
infants (particularly from serious enteric diseases like
typhoid, salmonellosis and cholera). Similar observations
were made by Ekamper et al. for the Netherlands (2009), and
in the epidemiologic transition that Carson et al. observed
for London (2006).

In contrast, the post-WW1 structural break in EWMIs
has not been observed elsewhere. England and Wales saw a
gradual increase in seasonality ratios over the early twentieth
century, peaking in 1930. Jones and Ponomarenko observed
that the 1918 influenza pandemic in Denmark, the USA and
Sweden occurred at a time of high baseline EWM, rather
than introducing higher EWM (Jones and Ponomarenko
2022). Other long-term seasonality studies do not present
their findings in a comparable way.

NZ’s overall decline in EWM after WW2 is, however,
consistent with other studies’ findings of reductions in EWM
or related measures over extended periods within that time-
frame. EWM declines have been observed for England and
Wales (McDowall 1981); Hong Kong (Chau and Woo 2015)
Denmark, Sweden and the USA (Jones and Ponomarenko
2022); reductions in variation between cold and warm sea-
sons have been observed in Italy (Marcuzzi and Tasso 1992),
Germany (Lerchl 1998) and Australia (Hanigan et al. 2021),
and a decrease in the cold temperature-mortality gradient
has been observed in London (Carson et al. 2006; Carson
et al. 2004) and Switzerland (de Schrijver et al. 2022).

Among the various improvements over time to health
and living standards, excluding the clear effect of Covid-19
pandemic control measures in 2020, no single measure can
be identified as having any substantial specific impact on
NZ EWMIs. From 10-year rolling averages and structural
break testing, we can see that neither the introduction of the
social welfare system (1930s) nor state housing construc-
tion (1940s) prevented rises in EWM in the 1950s or late
1990s. Improvements in insulation requirements, in 1978,
1990, 2008 and 2017, may have contributed to reduction in
EWMI over that period, but as they have applied only to new
builds (or, from 2017, to properties with new rental agree-
ments), they have affected only a very gradually increasing
proportion of the total housing stock, meaning any effects on
EWM would also be gradual rather than showing any break
in full population effects visible or testable from the regu-
latory date. However, as national insulation levels remain
substantially below those of other countries in comparable
temperate climate zones, it is also possible that insulation
levels may not yet be sufficiently improved to bring measur-
able reductions in EWM. Alternative research methods using
individual exposure data, and a longer intervention period,
would be needed to examine whether insulation subsidy pro-
grammes or the 2018 introduction of a home-heating subsidy
(a “Winter Energy Payment”) are associated with an EWM
reduction, as observed in the UK (Iparraguirre 2014; Vig-
gers H, Ingham T, Chapman R, Crane J, Currie A, Davies C,
Keall M, Pierse N (2023) RCT: Winter heating vouchers did
not reduce COPD exacerbations, but may reduce mortality.
In review.).

Climate change—induced warmer winters could also
have contributed to the EWM reduction. Hanigan et al.
have observed a reduction in Australia’s summer to winter
mortality ratio between 1968 and 2018, which they attrib-
ute to summer temperatures having increased over this
period (Hanigan et al. 2021). We observe that NZ EWM has
reduced over the period during which the climate has been
warming, but recognise that correlation is not causation.
Research examining daily temperature-mortality relation-
ships for the periods and locations where such temperature
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data are available is recommended, but beyond the scope of
this study.

A further pathway that could potentially explain the
steady decline in EWM over the last century is a reduction in
the contribution of infectious respiratory diseases as a cause
of death. This hypothesis is supported by the observation
that severe infectious respiratory diseases have an associa-
tion with age that is very similar to that seen for EWM, with
a peak incidence in young children and the elderly (Baker
et al. 2012). Respiratory infections are intensely seasonal in
temperate countries such as NZ. If their mortality burden
dropped, in relative terms, from a range of measures (includ-
ing improvements in living conditions, smaller household
sizes, immunisation and better healthcare including the
introduction of antibiotics and vaccines), then we would
expect a corresponding drop in EWM. While in theory this
hypothesis, or the role of changes in non-communicable dis-
ease rates in changes in EWM, could be tested by reviewing
trends in cause of death, in practice such an analysis was
not possible, for two reasons. First, understanding and clas-
sification of disease and causes of mortality has changed
markedly over the time-period of our study, including in
more recent decades (Link et al. 2011), making trend analy-
sis unreliable. Second, even where disease understanding
has been consistent, aggregations in available official NZ
data have changed, preventing re-coding into usable data.

This last hypothesis would also have been supported if
clear reductions in EWM had appeared following the intro-
duction of influenza vaccination programmes, but no such
change in trend appears. This absence of a structural break
does not mean that influenza vaccination was ineffective, only
that it is not possible to tell whether the on-going reductions in
mortality rates and EWM since the 1990s were sustained due
to vaccination, or whether the trend downwards would have
continued regardless. Further investigation of this question is
warranted, using post-1980 cause of death data.

Study strengths and limitations

A clear strength of this study is its long 145-year time-period
for a country with relatively robust mortality statistics. Nev-
ertheless, while the mortality data were generally judged
to be of good quality, they were not faultless. High mortal-
ity rates for males aged 20 to 29 in 1941 and 1942 in par-
ticular, and also 1943 to 1945, suggest data for that period
likely include some war casualties, whether delayed deaths
in NZ from injuries sustained overseas or deaths overseas
being mis-recorded as occurring in NZ. Overseas war deaths
may have been seasonal in line with ‘spring offensives’,
but delayed deaths which occurred after return to NZ are
unlikely to have been particularly seasonally responsive and
will have flattened EWMIs in the early 1940s.

@ Springer

We considered removing sudden mass fatality events (List
of disasters in New Zealand by death toll 2022; Wilson et al.
2017), predominantly from earthquakes, volcanic disasters,
mining disasters and shipwrecks. However, doing so would
have required age and sex data for the deceased to allow for
standardisation, and these data were not widely available
for mass fatality events early in the time period of interest.
We therefore elected to leave these events in the data. While
1876 to 2020 mass fatality events were slightly more likely
to occur in the June to September ‘winter’ months (37%;
26/71 mass death events), deaths from such events were less
numerous in winter (20%; 529/2630 total deaths). Therefore,
the inclusion of sudden mass fatality events will have reduced
EWMIs in the relevant years rather than increased them.

While analysis of changes in the temperature-mortality
relationship would have been preferable to the blunt EWMI
measure, temperature data were not available for long
enough, or for enough locations, to assign temperature expo-
sure estimates to places of death across a wide timeframe.
In addition, data for place of death were of variable qual-
ity, making further location-based analysis of questionable
utility.

Conclusions

NZ EWM increased significantly after the appearance of the
1918 influenza strain, but declined relatively steadily from
the 1950s, with an average of 1450 excess winter deaths in
the 2010s, about 4.5% of all deaths, compared to 7.9% of
deaths in the 1920s. While population health measures and
living standards have improved health year-round over the
study period, the reduction in EWM is not clearly associated
with any single societal intervention.
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