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Abstract
Introduction: Non-Freezing Cold Injury (NFCI) is characterised by local neuropathy and occurs predominantly in the feet of military personnel and mountaineers following prolonged exposure to cold wet conditions. Previous research has demonstrated that being of Afro-Caribbean (AC) descent, a lower military rank or an infantry soldier increases risk. However, no such research has been conducted on British Army recruits. Purpose: To determine the risk factors for NFCI during British Army infantry recruit training. Methods: Data were collected from all male infantry recruits reporting (REP, n=167) and subsequently being medically discharged (MD, n=67) with NFCI whilst undertaking a 24-week initial infantry training course in Northern England. The following data variables were collected for all Cases and representative Controls (n=5133) over a 4 year period commencing 1 April 2003: height; weight; fat mass; ethnicity; general trainability index (GTI); 1.5 mile run time and; education level. Data were analysed using Binary Logistic Regression and significant risk factors are presented as relative risk (RR) with 95% confidence intervals (CI). Results: The incidence of REP increased from 9 to 30 per 1000 recruits, from year 1 to 4, with the majority of cases (90%) being reported during field-based training. Independent factor analysis demonstrated that AC were 13.2 (95% CI 9.5-18.4, P<0.01) times more likely to REP and 27.3 (95% CI 16.3-45.9, P<0.01) times more likely to MD, compared to Caucasians. Interestingly, both educational level (P<0.01) and GTI score (P<0.01) were independent risk factors for REP and MD, those with lower levels and scores being at greatest risk. Ethnicity, education level and GTI were entered into a multivariate model (Table 1).
Table 1: Multivariate model to predict NFCI REP and MD.
	
	REP
	MD

	
	RR
	95% CI
	Sig
	RR
	95% CI
	Sig

	Ethnicity
	7.7
	5.3-11.4
	P<0.01
	17.7
	9.8-32.1
	P<0.01

	Education
	2.7
	1.0-3.6
	P<0.01
	2.3
	1.3-4.3
	P<0.01

	GTI
	1.02
	1.00-1.03
	P<0.05
	
	
	


Conclusions: These data demonstrate that AC are 13.2 times more likely to have a reported NFCI and 27.3 times more likely to be MD compared to Caucasians, during initial infantry recruit training. Educational attainment appears to account for some of the variance in the relationship between ethnicity and NFCI, with 70% of Caucasians at GCSE level or above, compared to only 36% of AC.
1.0 Introduction
The British Army spends a considerable amount of time, money and manpower each year recruiting new applicants and nurturing them through initial training and out into the field army. The Army Recruiting and Training Division (ARTD) are responsible for recruiting new personnel and developing them through a process of training in preparation for the field army and ultimately deployment to operational theatres. The ARTD mission is ‘to deliver the required number of appropriately trained and motivated officers and soldiers in order to meet the operational requirements of the army and defence.'
Of the 15000 individuals that successfully pass the selection tests per year only around 65% will complete initial training. There are unavoidable losses during initial training due to voluntary discharge or unsuitability to Army life however approximately 1000 recruits are medically discharged (MD) each year. Injury incidence during training is often high, affecting between 8 to 50% of the trainee population (Cowan et al., 1996; Etherington and Owen, 2002; Greeves, 2002; Jones et al., 1993, 1992; Knapik et al., 1993; Kowal, 1980). It is accepted that the risk of injury during initial training is inherent in all courses due to the arduous nature of training to fully prepare recruits for the demands of operational tasks that they will be expected to perform when in the field army.

Non-freezing cold injury (NFCI) is one condition that regularly leads to the MD of Army trainees. This is characterised by local neuropathy in peripheral tissues and occurs predominantly in military personnel and mountaineers following prolonged exposure to cold wet conditions of 0 – 15oC. Unlike frostbite, freezing of tissue fluid does not occur in NFCI, but a residual pathophysiological dysfunction results in neurovascular tissue creating a condition known clinically as “cold sensitivity”. This is characterised by protracted cold vasoconstriction following a cold stimulus, often at a level of cooling that does not produce a lasting vasoconstriction in normal controls (Francis & Golden, 1985).

Historically, NFCI has been a significant cause of morbidity resulting in the loss of critical front-line troops, which has altered the outcome of battles, in both cold and temperate climates (Francis, 1984). Even during training in the cold wet conditions normally encountered in the UK causes many cases of NFCI occur annually. In recent years MD rates due to NFCI have caused considerable concern within the military medical community. The incidence of MD due to NFCI cases in British Army recruits rose from 2.5 per 1000 in the financial year (FY) 06 - 07 to 4.2 per 1000 in FY 07 – 08 (ARTD Unpublished data, 2009).
Previous research in the US military has investigated differences in the incidence of NFCI between ethnic groups, which observed African American males and females were 2 – 4 times more likely to suffer a cold weather injury than their Caucasian counterparts (DeGroot et al, 2003). This epidemiological study also showed a lower military rank and infantry soldiers were at an increased risk of NFCI. Furthermore, laboratory based work has reported ethnic differences between cutaneous and core temperature responses to acute cold exposure between African Americans and Caucasians (Farnell et al., 2008). To date no such research has been conducted on British Army recruits.
Non freezing cold injury occurs mainly in the feet and hands of military personnel. Recent advances in the thermal properties of clothing, including hand and footwear has done little to reduce the incidence in British Army personnel and despite policy changes on the issue of boots and gloves with enhanced thermal properties to all new British Army infantry recruits, the incidence of NFCI has continued to rise. The physiology of the foot is such that its thermal state depends almost entirely on local blood supply. Heat generated within the foot is negligible due to the structure of the foot being primarily bone and ligament / tendon with a large surface area to mass ratio and a very small amount of subcutaneous fat to provide insulation (Francis and Golden 1985). This is especially important to consider once the foot is wet or immersed in water as it results in rapid cooling. This is a common problem in the military as the feet are often wet for prolonged periods due to river crossings / inclement weather and measures to address this may not always take priority during field exercises and operations. These cold insults are hard to offset as the physiological adaptations to cold acclimatization are very modest and depend largely on the severity and duration of exposure (Castellani et al., 2006). 

2.0 rationale

Medical discharges and personnel downgraded due to NFCI are costly to the UK Ministry of Defence both financially and working days lost in training, which could compromise the operational effectiveness of the British Army. As such the purpose of this study was to determine the risk factors for NFCI during British Army infantry recruit training at the Infantry Training Centre Catterick, located in northern England where the majority of NFCI cases occur. Medical discharges and personnel downgraded due to NFCI are costly to ARTD and more widely the Ministry of Defence both financially in terms of working days lost and wasted training time but also in manpower losses which could potentially influence the operational potential of the British Army. 

3.0 method
The annual incidence of NFCI were collected over a 4 year period for all male British Army recruits reporting (REP, n=167) and subsequently being medically discharged (MD, n=67) with NFCI during a 24-week infantry training course at the Infantry Training Centre Catterick (ITC(C)), which is located in Northern England. Data were extracted from a medical-in-confidence database managed and maintained by HQ ARTD Occupational medicine cell. Representative control group data were obtained from a personnel management database and consisted of uninjured recruits undertaking training at ITC(C) during the same period. Data were cleaned, merged and anonymised. Permission to use the data was given by the data controller Head of Occupational Medicine. 

The data variables were collected for all CASES (REP and MD) and representative Controls (CON, n=5133) over 4 FY03/04 – FY06/07. All medical discharges are ratified by the Head of Occupational Medicine and therefore the data is considered accurate and reliable. Variables assessed include: height; body mass; fat mass; 1.5 mile run time; ethnicity; general trainability index (GTI, a measure generated from a Psychometric battery of tests including: reasoning; letter checking; number distance; odd one out; and symbol rotation); and; educational attainment (i.e. Basic level, GNVQ or GCSE standard).
Data are expressed as mean ± SD and were analysed using Logistic Regression techniques. Significant risk factors are presented as relative risk (RR) with 95% confidence intervals (CI). Statistical significance was set a-priori at p<0.05. Whilst every attempt was made to avoid bias within the data there was an unavoidable element of systematic bias due to the fact that a number of recruits who were MD in one FY could have entered training in the previous FY. This bias is predominantly systematic and thus will balance across TY’s, as such all values are presented as best available estimates.
4.0 results

There were no differences in height and body mass between CON and CASES (p>0.05). There was a difference between CON (609 + 53 s) and CASES (625 + 61 s) in 1.5 mile run time (p<0.05), which did not contribute to the predictive models. The incidence of REP increased from 9 to 30 per 1000 recruits, from year FY03/04 to FY06/07 (Figure 1). The majority of REPs (90%) reported in the feet of recruits during field-based training. 
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Figure 1. Incidence of NFCI (REP and MD) from FY03/04 to FY06/07.  † symbol denotes that values were significantly different from FY03/04.
Independent factor analysis demonstrated that AC were 13.2 times (95% CI 9.5-18.4, P<0.01) more likely to REP and 27.3 times (95% CI 16.3-45.9, P<0.01) more likely to MD, compared to Caucasians. Both educational level (P<0.01) and GTI score (P<0.01) were independent risk factors for REP and MD, hence those with lower levels and scores being at greatest risk. Ethnicity, education level and GTI were entered into a multivariate model (Table 1).
Table 1. Multivariate model to predict NFCI REP and MD.

	
	REP
	MD

	
	RR
	95% CI
	Sig
	RR
	95% CI
	Sig

	Ethnicity
	7.7
	5.3-11.4
	P<0.01
	17.7
	9.8-32.1
	P<0.01

	Education
	2.7
	1.0-3.6
	P<0.01
	2.3
	1.3-4.3
	P<0.01

	GTI
	1.02
	1.00-1.03
	P<0.05
	
	
	


5.0 discussion
The main findings of the present study were that the rate of reported non-freezing cold injuries increased year-on-year over the previous four years. A similar, but more modest trend was also observed for medical discharges rates. Afro-Caribbean’s, a low level of education, and a low general trainability index were independent risk factors for the reporting, and medical discharge rates of non-freezing cold injuries.  A lower level of educational attainment may have partly explained ethnicity as a risk factor. Unexpectedly, aerobic fitness and body fat did not emerge as risk factors. 
The year-on-year increase observed in the REP, and to a lesser extent the MD rates of NFCI is of concern to the British Army. At the top level of command such training wastage has been cited as compromising the deployable, operational manpower of the British Army (DG Pers, 2008). The Falklands War is a prime example of the seriousness NFCI can pose on operational effectiveness. It was projected that if Argentine forces had delayed surrender by several weeks the British Army may not have succeeded due the rate of NFCI decimating British manpower (Thomas and Oakley, 2001). Furthermore, the litigation cost of NFCI MD is already in the millions of pounds (Williamson and Izard, 2007). 
In the present study the 6-fold, and 2-fold increase in the total number of REP and MD NFCI, respectively occurred despite the dissemination of clear guidelines (JSP 539), and educational material on NFCI prevention and treatment, pitched at both commanders and individuals (Defence Health Promotion, 2008). Until recently lack of awareness and knowledge, as well as misdiagnosis and mismanagement of NFCI had existed in both military and civilian medical staff (Williamson and Izard, 2007). As such a possible explanation for the temporal increase in NFCI REP and MD in the present study may simply be a function of the raised profile NFCI has had both at medical and recruit/soldier level. Furthermore, the incentive to report NFCI may be exacerbated by the attractive compensation claims that can be gained from a NFCI MD (DG Pers, 2008). This is further supported by the issue of cold weather boots to all infantry recruits, as good clothing and equipment is considered to be an effective preventative measure against cold injury (Beeley et al, 1993).  
Afro-Caribbeans were 13 times more likely to REP and 27 times more likely to MD with a NFCI than Caucasian British Army infantry recruits.  The US Army first observed such a link as far back as the Korean War (Orr and Fainer, 1952). During peacetime, African-Americans also accounted for 64% of cold injuries despite representing 28% of the US Army population (Taylor, 1992), and were four times more likely to suffer frostbite during postings to Alaska (Chandler and Ivey, 1997). A similar trend was observed in a 19-year audit of cold injuries in the US Army (DeGroot et al, 2003). Here, African-American males were hospitalised with cold injury 3.7 times more frequently than Caucasians, which was exacerbated further in those serving as infantrymen or in gun crews. As 80% of these cold injuries occurred during training exercises (and not operations) it was suggested these were preventable. As the physiological adaptations to the cold are limited, preventative strategies such as education and the issue of appropriate clothing and equipment appears to be the best method to reduce NFCI (Beeley et al, 1993). Recent educational material distributed within the British Army has committed to a prevention strategy (Defence Health Promotion, 2008), and although AC are more susceptible to cold injury (Orr and Fainer, 1952; Taylor, 1992; Chandler and Ivey, 1997; DeGroot et al, 2003), the mechanisms behind this are less well known. 
The primary site of the mechanism underpinning NFCI seems to be the neuro-endothelial-muscular components of the peripheral vasculature (Thomas and Oakley, 2001). The greater incidence of NFCI in AC reported in the present study, and previous studies (Orr and Fainer, 1952; Taylor, 1992; Chandler and Ivey, 1997; DeGroot et al, 2003) would suggest systematic differences exist in structure and/or functionality of AC in response to the cold. It has been suggested that the avoidance of cold injury in indigenous populations within the Artic circle may be a function of the maintenance of higher skin temperatures (Elsner et al, 1960), which could be a consequence of a higher metabolic rate or a diet rich in linolenic acid (Laursen, 1983). Such fundamental questions in relation to the AC responses to the cold remain unanswered. Needless to say the increased susceptibility of AC to the developing a NFCI, as well as the lower educational age in this group would indicate that education and prevention of NFCI should be emphasised in this group.
6.0 conclusions
These data demonstrate that the incidence of REP and MD due to NFCI during British Army infantry recruit training increased approximately 6 and 2-fold respectively over the last 4-years. British Army AC recruits are 13.2 times more likely to have a reported NFCI during training and 27.3 times more likely to be MD compared to Caucasians. Educational attainment appears to account for some of the variance in the relationship between Ethnicity and NFCI, with 70% of Caucasians at GCSE level or above, compared to 36% of AC. Unexpectedly, aerobic fitness and the percentage body fat did not significantly contribute to the risk of developing a NFCI. It is important that military organisations are aware of the risk factors for NFCI, however the majority of our knowledge about the condition is derived from epidemiological studies. Future research should aim to identify the precise mechanisms of this condition at a cellular level.
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