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Background 
 
Much remains unknown about risk factors for mortality from pandemic 
influenza. To facilitate pandemic planning and optimal use of control 
measures (such as vaccination) further research is needed. We therefore 
conducted a case-control study using detailed New Zealand (NZ) military 
record data to identify possible risk factors for mortality from the 
1918-1919 pandemic.  
  
Methods 
 
Individual military files from World War One were examined to identify 
potential cases of death from pandemic influenza. These files were either 
located online (and freely accessible) through the Archives NZ website, 
or onsite at a NZ military base. Cases were restricted to individuals 
whose pandemic death (defined as influenza and/or secondary 
pneumonia/bronchitis) occurred during the second or third wave of the 
pandemic in the Northern Hemisphere (mainly Europe). Controls were 
restricted to individuals who were alive during the pandemic period and 
were located in the Northern Hemisphere for the entire pandemic period 
(late August 1918 to the end of March 1919).  
 
Analysis using both univariate and multivariate logistic regression was 
performed. The fully-adjusted model included anthropometric, military, 
hospital and socio-demographic measures (table 1).  
 
Results 
 
A total of 218 cases and 221 controls were selected, all of whom were 
male. The mean number of days in hospital before death was 11.4 days. 
The average age at the start of the pandemic period for cases and controls 
were 28.3 and 28.1 years of age respectively.  
 
 
 

  

  

Enlistment variables associated with a statistically increased mortality 
risk in the univariate analysis were as follows: aged 25 to 29 years 
(compared to under 25 year olds); reporting a large town as enlistment 
address (compared to a city); longer length of military service, and no 
previous hospitalisations during service (prior to pandemic) for any 
cause. 
 
In the multivariate analysis (table 1), these significant results for age 
and length of service persisted. But other significant risk factors were: 
the larger diameter of an individual’s chest (measured for health and 
uniform requirements at enlistment), and having a pre-pandemic 
hospitalisation for a chronic condition. Nevertheless, there was 
evidence that having previous hospital admissions (for any cause) 
during military service prior to the pandemic period, was significantly 
associated with a decreased risk of mortality. Socio-demographic 
variables such as occupational class and rurality were not found to be 
significant risk factors.  
 
Conclusions 
 
This study is one of the few case-control studies based on 1918-1919 
pandemic data worldwide, and amongst the most detailed as it includes 
individualised anthropometric data. One of the notable findings around 
chest size may suggest a differential immune system response to 
pandemic influenza infection in larger men. 
 
The increased risk of a pandemic death associated with longer military 
service may reflect the impact of chronic psychological and physical 
stress which may have impaired immune responses (along with 
possible roles from nutrient deficiencies and co-existing illnesses). This 
hypothesis is further supported by the increased mortality risk 
associated with pre-pandemic chronic disease admissions in the 
adjusted model. 
 
In general, these results support previous research which suggests that 
intrinsic host/personal factors were a strong predictor of mortality risk 
when individuals were exposed to the relatively high virulence of the 
1918-19 influenza pandemic.  
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Figure 1: A group of unidentified WW1 NZ soldiers. Taken in 1917, in a NZ 
military training camp prior to deployment/embarkment to Europe. From 
private collection. Of note is that this study found that large chest size, as per 
the man in the middle, was independently associated with risk of pandemic 
influenza mortality. 

Reference	    Variables	   Adjusted odds ratio 
(95% CI)	  

Age at start of pandemic period (years)	  
< 25 years	   25 to 29	  

30 to 34	  
35 to 39	  
40 +	  

1.78 (1.01-3.15)	  
1.37 (0.75-2.52)	  
1.17 (0.55-2.46)	  
0.82 (0.33-2.02)	  

Maximum chest diameter (cm)	  
Under 90	   90 to 99	  

100 +	  
2.45 (1.47-4.10)	  
2.89 (1.16-7.20)	  

Body-mass index (BMI)	  
Normal	   Underweight	  

Overweight/obese	  
0.27 (0.06-1.26)	  
0.51 (0.25-1.01)	  

Pre-pandemic hospital admissions (all causes)	  
Zero	   1 to 2	  

3 +	  
0.32 (0.19-0.54)	  
0.43 (0.18-1.03)	  

Pre-pandemic chronic condition admission	  
 No	   Yes	   2.02 (1.02-3.97)	  
Pre-pandemic respiratory admission	  
 No	   Yes	   0.74 (0.35-1.59)	  
First deployment/embarkment year	  
1918	   1914-1916	  

1917	  
3.40 (1.62-7.16)	  
1.17 (0.62-2.21)	  

Final military rank	  
Others	   Officers	   0.73 (0.42-1.27)	  
Time from enlistment until foreign service (deployment/embarkment)	  
< 4 months	   4 to 8 months	  

8 + months	  
0.55 (0.33-0.92)	  
0.51 (0.23-1.10)	  

Occupational class (pre-enlistment)	  
1 to 3	   4 to 6	  

7 to 9	  
0.84 (0.27-2.66)	  
0.77 (0.25-2.38)	  

Rurality score	  
Zero	   1 to 2 

3 to 4 
5 to 6 
7 to 8 

1.69 (0.97-2.95) 
1.72 (0.90-3.29) 
1.87 (0.95-3.67) 
1.29 (0.52-3.17) 

Table 1: Fully adjusted model using multivariate logistic regression analysis. 
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