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There was no significant difference in mortality risk 
between males and females in our MS population. Both sexes 
had approximately twice the risk of dying compared with the 
average New Zealander and the difference in survival age was 
similar to the 3.5 year sex difference in the general NZ popula-
tion.22 By contrast, many studies have found a higher mortality 
risk for females with MS, despite their longer population life 
expectancy.5 The reasons for this are unclear but higher rates 

of cardiovascular disease have been found in females with 
MS compared with males with MS, and excess mortality due 
to circulatory disease in females with MS compared with the 
general population.6 23

Both progressive and relapsing-onset groups had approxi-
mately twice the mortality risk of the NZ population, however, 
there was a much larger survival gap seen for progressive-onset 
disease. When we examined the subgroups of sex and disease 
type, we found that males with progressive-onset disease had 
the largest disparity in median survival age, living 11.6 years less 
than NZ men without MS. This is different from other studies 

Figure 1  Kaplan-Meier survival curve comparing survival age of multiple 
sclerosis (MS) cohort to New Zealand (NZ) population.

Figure 2  Kaplan-Meier survival curves comparing survival age of 
multiple sclerosis (MS) cohort subgroups to New Zealand (NZ) population.

Figure 3  Kaplan-Meier survival curves comparing survival age of 
multiple sclerosis (MS) cohort subgroups of sex and disease type to New 
Zealand (NZ) population.

Figure 4  Kaplan-Meier survival curve comparing survival age of multiple 
sclerosis (MS) cohort stratified by age of symptom onset to New Zealand 
population.
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where a survival disadvantage for women with progressive-onset 
MS has been identified.3 Investigation of the causes of death in 
these subgroups may provide insight into factors contributing to 
the poor survival of NZ males with progressive-onset disease.

A younger age of onset of MS has frequently been associated 
with a higher mortality risk.3 4 6 10 We found a similar effect, 
with the highest mortality risk and greatest difference in median 
survival compared with the general population seen in those 
with an age of onset between 21 and 30 years. A similar pattern 
was seen with age of diagnosis, with those diagnosed between 
21 and 30 years having an even higher mortality risk compared 
with the general population. One factor that could contribute to 
higher SMRs in people with younger onset MS is that there are 
fewer competing causes of death at younger ages. The stronger 
effect of age of diagnosis on mortality risk may be confounded 
by greater severity of disease leading to a younger age of diag-
nosis. Longer disease exposure over a lifetime also negatively 
affects survival. Whether this relates to the disease itself, compli-
cations or associated risk factors such as cardiovascular disease, 
is still unknown. It will be important to monitor this effect in 
the future as to whether increasing exposure to high-efficacy 
disease-modifying treatments (DMT) has an impact on survival.

This study is different to others recently published, in that a 
prevalence cohort was used. Prevalence cohorts can lead to left-
truncated survival data and survivorship bias.24 Those born in 
earlier decades with more severe MS or associated comorbidities 
may have died before the start of the study period in 2006. To 
investigate the potential of survivorship bias, we ran the analyses 
again after excluding those with an onset of symptoms before 
1990. Removing the earlier cases resulted in a reduction in 
survival age by 1 year in the MS group and a small increase in the 
mortality risk from 1.9 (1.8, 2.1) to 2.1 (1.9, 2.4). This suggests 
that ascertainment bias is having a small effect on our overall 
mortality outcomes in that only cases from earlier decades who 
survived until 2006 were able to be included. This means that 
the survival age of New Zealanders with MS is likely to be lower 
than calculated from this cohort. That is, the gap in survival 
between PwMS and the general population may be larger than 
what we have estimated.

Recently published longitudinal MS studies have reported a 
decline in excess death rates in MS over time.2 6 10 11 This was 
also seen in our cohort, with those diagnosed most recently 
having approximately half the EDR of those diagnosed over 30 
years ago. Our MS cohort had less exposure to DMT than their 
contemporaries in countries with similarly advanced health-
care systems.25 Beta-interferon first became available in NZ in 
2000.26 By 2006, a total of 551 New Zealanders with MS had 
been approved for treatment with beta-interferon 1a or 1b, or 
glatiramer acetate (19% of the prevalence cohort).27 High effi-
cacy DMTs only became available in 2015.27 This study provides 
baseline data to compare the effect of high efficacy DMTs on 
mortality rates in future.

The strengths of this study are that it was a nationwide cohort 
with referrals from multiple sources, leading to an ascertainment 
rate of 97% of all PwMS in NZ in 2006.13 Fifteen years later, 
we had an exceptionally high retention rate with 99% of the 
original dataset included in this mortality analysis. In addition, 
when designing the mortality analysis, we recognised that rela-
tive survival and life expectancy vary greatly depending on the 
conditional age used to compare the MS cohort and the general 
population. While other studies have compared survival from 
birth or disease onset, we sampled synthetic controls from the 
population conditional on having reached the much later age-at-
study-entry. This took into account the age that each person with 

MS had lived until 2006. In some previous papers, the popula-
tion curve shows early divergence from the MS sample due to 
expected child mortality and other early causes of death in the 
general population.4 Not equating the population group for the 
conditional age at census will tend to reduce apparent differ-
ences, as the MS group by definition had survived these earlier 
periods, simply by virtue of being alive at the study census date.

The majority of our participants who reported their ethnicity 
identified as being NZ European (91%). The prevalence of MS 
in the Māori population is known to be much lower than in NZ 
Europeans (15.9 vs 103.4 per 100 000.)13 The life expectancy for 
Māori in the general population is approximately 7 years shorter 
than for non-Māori New Zealanders and the difference is likely 
to be even greater for the small number of Māori affected by 
MS.28 A longitudinal cohort collecting a larger number of cases 
is likely needed to accurately investigate the survival of Māori 
with MS.

We have shown that New Zealanders with MS have a similar 
reduction in survival to that seen in populations in Europe and 
Canada. NZ males with progressive-onset MS and those with 
an age of onset in their 20s had the largest gaps in survival 
compared with the general NZ population. Although over 50% 
of MS deaths are thought to be secondary to the disease, PwMS 
have higher rates compared to the general population of almost 
all major causes of death except cancer.2 5 Further investigation 
into the causes of death and associated comorbidities of PwMS 
may offer insight into why this gap in survival remains.
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Supplemental Table 1: Cox proportional hazards models testing differential impact of sex and 

disease course on multiple sclerosis mortality 

Characteristic HR
1
 95% CI

1
 p-value 

Sample    

NZ population — —  

MS cohort 2.08 1.82, 2.39 <0.001 

Disease course    

Relapsing onset — —  

Progressive onset 0.85 0.68, 1.07 0.2 

Sample × Disease course    

MS cohort × Progressive onset 1.52 1.16, 1.99 0.002 

1
HR = Hazard Ratio, CI = Confidence Interval 

 

Characteristic HR
1
 95% CI

1
 p-value 

Sample    

NZ population — —  

MS cohort 2.12 1.81, 2.49 <0.001 

Sex    

Female — —  

Male 1.55 1.20, 2.01 <0.001 

Disease course    

Relapsing onset — —  

Progressive onset 0.82 0.62, 1.09 0.2 

Sample × sex    

MS cohort × Male 0.93 0.68, 1.29 0.7 

Sample × Disease course    

MS cohort × Progressive onset 1.39 0.99, 1.95 0.059 

Sex × Disease course    

Male × Progressive onset 0.89 0.56, 1.43 0.6 

Sample × sex × Disease course    

MS cohort × Male × Progressive onset 1.35 0.76, 2.39 0.3 

1
HR = Hazard Ratio, CI = Confidence Interval 
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