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Abstract
Objective To investigate cognitive function and other risk factors for mild traumatic brain injury in young men.
Design Nationwide prospective cohort study.
Setting Sweden.
Participants 305 885 men conscripted for military service from 1989 to 1994.
Main outcome measure mild traumatic brain injuries in relation to cognitive function and other potential risk factors assessed at conscription and follow-up.
Results Men with one mild traumatic brain injury within two years before (n=1988) or after cognitive testing (n=2214) had about 5.5% lower overall cognitive function scores than did men with no mild traumatic brain injury during follow up (P<0.001 for both). Moreover, men with at least two mild traumatic brain injuries after cognitive testing (n=795) had 15% lower overall cognitive function scores compared with those with no such injury (P<0.001). Independent strong risk factors (P<1×10−10) for at least one mild traumatic brain injury after cognitive testing (n=12 494 events) included low overall cognitive function, a previous mild traumatic brain injury, hospital admission for intoxications, and low education and socioeconomic status. In a sub-cohort of twin pairs in which one twin had a mild traumatic brain injury before cognitive testing (n=63), both twins had lower logical performance and technical performance compared with men in the total cohort with no mild traumatic brain injury (P<0.05 for all).
Conclusion Low cognitive function, intoxications, and factors related to low socioeconomic status were strong independent risk factors for mild traumatic brain injuries in men. The low cognitive function in twin pairs discordant for mild traumatic brain injury suggests a genetic component to the low cognitive function associated with such injuries. The study included only men, so inferences to women should be made with caution.

Introduction
Traumatic brain injury requiring medical attention or resulting in either hospital admission or death has been estimated to affect be more than 10 million people annually worldwide.1 2 Traumatic brain injury is usually characterised as mild, moderate, or severe and is heterogeneous in terms of pathology, severity, diagnostic procedures, treatment, and prognosis. Mild traumatic brain injury is the most common head injury, accounting for approximately 70-90% of all traumatic brain injuries. Mild traumatic brain injury and concussion are often used interchangeably, although the second term is not well defined in either clinical or research contexts. The annual incidence of mild traumatic brain injury treated in hospital in the general population has been estimated to be 100-300 per 100 000, and epidemiological data have shown that the incidence is highest among young males.3 4
The literature suggests that mild traumatic brain injuries cause neuropathological changes in brain tissues and have important long term consequences with respect to cognitive function.4 5 6 Cognitive deficits have been described in several areas, including attention, working memory, episodic memory, verbal learning, and processing speed.5 6 7 8 9 10 Such long lasting neuropsychological impairments may occur in 15-25% of people who have a mild traumatic brain injury.5 11 12 Diffusion tensor imaging has shown long lasting signs of abnormalities in the brain more than six months after a blast related mild traumatic brain injury in about 25% of people investigated.13
Nevertheless, the long term cognitive deficits described are based on retrospective data, and little is known about cognitive function before a mild traumatic brain injury in population based cohorts. In a recent study, we found a 7% lower cognitive function in men who later sustained a traumatic subdural hematoma, suggesting that a low cognitive function may be a risk factor for severe traumatic head injuries.14 Whether low cognitive function is also a risk factor for the less severe but much more common mild traumatic brain injury is not known. Furthermore, prospective risk factors for mild traumatic brain injuries identified in population based cohorts are lacking.
The aim of this study was to examine cognitive function and other risk factors for mild traumatic brain injuries in a nationwide cohort of Swedish men. We also studied the relation between cognitive function and mild traumatic brain injury in a sub-cohort of twin pairs in which one twin in each pair had sustained a mild traumatic brain injury.

Methods
Study population
Our cohort comprised all Swedish men conscripted for mandatory military service between 1989 and 1994 (n=312 908). Of these men, we excluded 7018 (2.2%) owing to young age (<16.5 years at baseline) or with missing age data, extreme body weight (<40 or >170 kg) or height (<140 or >215 cm), or missing weight or height data. We also excluded five men who had been conscripted twice. We thus included 305 885 (97.8%) men in these analyses. The background of the Swedish military service conscription register has been described in detail elsewhere.15 Until recently, exemptions were granted only for incarcerated men and those with severe chronic medical conditions or disabilities documented by a medical certificate. Accordingly, only about 3% of all Swedish men were exempted from conscription during the time period considered in this study.

Baseline examination and exclusion criteria
All conscripts took part in a two day, standardised intelligence and physical examination at six regional conscription centres in Sweden before assignment in the Swedish Armed Forces. Each conscript had a medical examination conducted by a physician, and any identified disorder was classified according to the Swedish version of the ICD-8 (international classification of diseases, 8th revision). Weight, height, hearing, and vision were measured by using standardised methods. Physical fitness was assessed by using an electrically braked bicycle ergometry test as described in detail before.14 16 We collected information about total income, disability pension, and highest achieved education 14 years after the conscription tests—that is, at a mean age of 32 years—from the Statistics Sweden database. We classified education into four groups: elementary school only, two years of secondary school (aiming at professional work), three years of secondary school (often theoretical aiming at university studies), and education at university level. Information about full siblings also came from the Statistics Sweden database. We defined twins as two full siblings born the same day. We could not determine whether these twins were monozygotic or dizygotic. 

Cognitive function tests
The tests of cognitive function used during conscription have been described in detail previously.17 18 19 Briefly, the word recollection test assessed knowledge of synonyms (that is, the ability to determine which of four alternatives was the synonym of a given word), the visuospatial geometric perception test assessed the ability to correctly identify a three dimensional object from a series of two dimensional drawings, the logical/inductive performance test assessed the capacity to understand written instructions and apply them to a problem solving task, and the theoretical/technical test assessed mathematical/physics problem solving. The maximum score for the first three tests was 40 points, and that for the theoretical/technical test was 52 points. During the years of conscription (1989-94), cognitive test scores were missing for 32 747, 30 998, 30 474, and 40 160 men for the word recollection, visuospatial, logical, and technical tests. Men with missing values were 1 month older at baseline and had a 0.3% higher risk of a mild traumatic brain injury during follow-up than the rest of the cohort. We converted the test results to normal scores for each year and then expressed them as a score of 0-40 points. The scores of all four tests were significantly correlated (r=0.49-0.88; P<0.001 for all pairwise correlations), and we created a measure of overall cognitive function by summing the z normalised scores of all tests. We then expressed the overall cognitive function score as a score of 0-40 points. As for previous estimates of general intelligence,20 this score was associated with educational achievements (r=0.55) and total income (r=0.23) in this study.

Follow-up data collection
Information on diagnoses of mild traumatic brain injuries between 1 January 1987 and 31 December 2010 came from the national hospital discharge register: code 850.x (ICD-9; 1987-97) and code S06.0x (ICD-10; 1998-2010). This registry records the underlying cause of an injury but not the severity of the injury. For this study we used all diagnoses of mild traumatic brain injury in further analysis. We assessed information on intoxications (from alcohol or drugs) by using the ICD-9 codes 303.x and 304.x and the ICD-10 codes F10.x, F11.x, and F12.x. The hospital discharge register covers all public inpatient care in Sweden from 1987 and all outpatient care in Sweden from 2001 by using the ICD-9 and ICD-10 codes. Each study participant is identified through his individual unique national registration number, which includes the date of birth. Using this registration number, we achieved follow-up by record linkage to the hospital discharge register. In validation studies, the different diagnoses in the hospital discharge register have a positive predictive value ranging from 85% to 97%.21 If the interval between two diagnosed mild traumatic brain injuries was more than 179 days, we considered the second injury to be a new mild traumatic brain injury.
We obtained information on deaths occurring during the study period through record linkage with the national cause of death register, administered by the Center for Epidemiology at the National Board of Health and Welfare in Sweden. Information about emigration came from the Statistics Sweden database. 

Statistical analyses
We investigated baseline differences among men with no mild traumatic brain injury, men with a mild traumatic brain injury before cognitive testing, and men who sustained one or more mild traumatic brain injuries after cognitive testing by using analysis of variance with Bonferroni’s post hoc correction of P values. We used the χ2 test to investigate differences in highest achieved education among the four groups and Pearson’s correlations coefficient to investigate bivariate associations. We investigated differences between twin pairs by using a paired samples t test. We used logistic regression to test associations between the baseline cognitive function and previous mild traumatic brain injury and Cox proportional hazard models to test associations between baseline cognitive function and later risk of mild traumatic brain injury. For analyses of previous mild traumatic brain injuries, we excluded all men with a mild traumatic brain injury after cognitive testing. Similarly, we excluded all men with a mild traumatic brain injury before cognitive testing when studying mild traumatic brain injuries during follow-up. All models were adjusted for age, weight, height, vision, hearing, physical fitness, place and year of conscription, and all diagnoses at baseline as listed in table 1⇓. The study endpoint for all Cox regression models was the date of a registered mild traumatic brain injury, date of death, date of emigration, or the end of the study period (31 December 2010), whichever came first. We checked the proportional hazard assumption graphically by using Kaplan-Meier curves. Using logistic regression, we further tested independent risk factors for a mild traumatic brain injury after cognitive testing by also including men with mild traumatic brain injuries before baseline, intoxications diagnosed at hospital admissions after baseline but no later than at time of mild traumatic brain injury, socioeconomic factors, and highest achieved education. We used SPSS software (version 18 for PC) for all statistical analyses. All statistical tests were two sided, and we considered a P value less than 0.05 to be statistically significant.
Table 1  Characteristics at baseline of 305 885 men based on mild traumatic brain injury status during follow-up. Values are numbers (percentages) unless stated otherwise
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Results
Baseline characteristics
Our study population included 305 885 men with a mean age of 18.3 (SD 0.8) years at baseline (that is, when the cognitive tests were performed). The cohort included 4713 men who had sustained one mild traumatic brain injury before the tests of cognitive function. In the rest of the cohort, 11 217 men sustained one mild traumatic brain injury and 795 men sustained at least two such injuries after cognitive testing, during a median follow-up period of 19 (range 0-22) years. The mean hospital stay for those with one mild traumatic brain injury was 1.2 days, and 94% had a hospital stay of at most two days.
Table 1⇑ shows the baseline characteristics according to mild traumatic brain injury status. Compared with men who sustaining no mild traumatic brain injury, the baseline overall cognitive function of men who sustained a mild traumatic brain injury before or after cognitive testing was significantly lower (P<0.001 for both) (fig 1⇓). Furthermore, overall cognitive function was 15.1% lower (P<0.001) for men who sustained at least two mild traumatic brain injuries after cognitive testing. Length of education was inversely associated with number of mild traumatic brain injuries (P<0.001 for trend), and total income was lower and early disability pension more common especially in men with a mild traumatic brain injury after cognitive testing. Hospital admission for acute intoxications during follow-up was significantly more common in those with one and especially multiple mild traumatic brain injuries during follow-up (P<0.001 for all comparisons). The most common causes of mild traumatic brain injury were falling (n=5754), trauma during transportation (n=5739), and assault (n=2433).


Fig 1 Cognitive function at conscription for total cohort based on mild traumatic brain injury status at follow-up. Means and standard error of means are shown for men with mild traumatic brain injuries before and after cognitive testing at conscription and for those with no such injuries. *Significantly lower (P<0.01) for specific test compared with men with one mild traumatic brain injury before cognitive testing (n=4713). †Significantly different (P<0.01) for specific cognitive test compared with all other groups


	Download figure
	Open in new tab
	Download powerpoint






Cognitive function in men with a mild traumatic brain injury within two years of cognitive testing
Men who had mild traumatic brain injuries within two years before cognitive testing (n=1988) had 5.6% lower overall cognitive function compared with men with no such injury during follow-up. After excluding all men with a mild traumatic brain injury before cognitive testing (n=4713), 2214 men with a mild traumatic brain injury within two years after cognitive testing had on average 5.3% lower overall cognitive function compared with those with no such injuries during the follow-up period (fig 1⇑). To investigate any short term differences in cognitive function, we evaluated men with a mild traumatic brain injury within three months before cognitive testing. These men had similar cognitive function scores to men with a mild traumatic brain injury within two years after the cognitive tests (fig 1⇑).
The number of men with mild traumatic brain injuries before or after the cognitive tests increased monotonically with decreasing tenths of overall cognitive function (P<0.001 for trend for all; data not shown). Being in the lowest compared with the highest tenth of overall cognitive function was associated with an increased risk of having sustained one mild traumatic brain injury within two years before the cognitive tests (odds ratio 2.08, 95% confidence interval 1.63 to 2.64), after adjustment for confounders (fig 2⇓, top panel). Being in the lowest compared with the highest tenth of overall cognitive function was also associated with an increased risk of sustaining one mild traumatic brain injury within two years after the cognitive tests (hazard ratio 2.20, 1.76 to 2.76) (fig 2⇓, middle panel). Finally, being in the lowest compared with the highest tenth of overall cognitive function increased the risk of sustaining at least two mild traumatic brain injuries after cognitive testing (hazard ratio 8.45, 5.22 to 13.67) (fig 2⇓, bottom panel).


Fig 2 Associations between different estimates of cognitive function and mild traumatic brain injuries. Risk ratios were calculated for each tenth of different measures of cognitive function for men who sustained one mild traumatic brain injury before cognitive testing (top panel), one such injury after cognitive testing (middle panel), or multiple injuries after cognitive testing (bottom panel). The highest tenth of cognitive function was used as a reference for all risk ratio estimations. Associations were adjusted for age, weight, height, vision, hearing, physical fitness, place and year of conscription, and all diagnoses at baseline as listed in table 1⇑. 95% confidence intervals are shown for overall cognitive function
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Cognitive function in twins discordant for mild traumatic brain injuries
The total cohort included 2287 identified twin pairs. In 63 of these twin pairs, only one twin had a mild traumatic brain injury before cognitive testing. Within these twin pairs, we found no significant difference in any of the measures of cognitive function between the twin who had sustained a mild traumatic brain injury and the other twin (table 2⇓). Both twins had lower logical performance and technical performance at baseline compared with men who did not sustain a mild traumatic brain injury (P<0.05) (table 2⇓).
Table 2  Cognitive performance and education in twin pairs where only one twin (n=63) had mild traumatic brain injury before cognitive testing, with men in total cohort with no mild traumatic brain injury shown for comparison
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Cognitive function and other risk factors for mild traumatic brain injury after cognitive testing
Figure 3⇓ shows the cumulative number of mild traumatic brain injuries after cognitive testing for tenths of overall cognitive function. The 600th mild traumatic brain injury was sustained at an age of 23 years of age in the lowest tenth of overall cognitive function compared with 35 years in the highest tenth. We sought to identify independent risk factors for at least one mild traumatic brain injury (n=12 494 events) after the cognitive function tests. We included all variables in table 1⇑ as well as a mild traumatic brain injury before the cognitive function tests in the same logistic regression model. Independent strong risk factors (P<10−10 for all) included low overall cognitive function (odds ratio 1.14, 1.11 to 1.17 per standard deviation decrease), low total income (1.14, 1.11 to 1.17 per SD decrease), high physical fitness (1.15, 1.12 to 1.17 per SD increase), hospital admission for an intoxication (2.41, 2.22 to 2.61), a previous mild traumatic brain injury (2.08, 1.86 to 2.33), low education (1.76, 1.62 to 1.91, comparing university with elementary school), and early disability pension (1.52, 1.34 to 1.73). Other significant risk factors included poor vision, young age, and low weight (P<0.05 for all).


Fig 3 Cumulative incidence of mild traumatic brain injuries for different tenths of overall cognitive function
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Discussion
In this study, we found similar deficits in cognitive function in men with mild traumatic brain injuries before and after cognitive testing. In addition, twin pairs discordant for a mild traumatic brain injury before cognitive testing had similar cognitive test scores, indicating a genetic component to the low cognitive function observed. Other risk factors included low education, intoxications, and a low socioeconomic status. Altogether, these results suggest that low cognitive function and factors related to a low socioeconomic status are important risk factors for mild traumatic brain injuries. These results may have implications for both the interpretation and rehabilitation of chronic symptoms following mild traumatic brain injuries, and for successful prevention of new injuries.
Clinical implications of findings
Previous studies based on retrospective data have found long term consequences of mild traumatic brain injuries on different aspects of cognitive function including attention, working memory, and processing speed.7 9 10 A meta-analysis including 312 patients suggested an approximately 5% deficit in cognitive function more than three months after mild traumatic brain injury.22 This result was confirmed in our study for all estimates of cognitive function in men with a mild traumatic brain injury before cognitive testing. Nevertheless, the 11 000 men with a mild traumatic brain injury after cognitive testing had about 6% lower overall cognitive function compared with men with no such injury during follow-up, with significantly lower scores also for the separate tests of cognitive function. Furthermore, men with at least two mild traumatic brain injuries after cognitive testing had about 15% lower cognitive function many years before the injuries were sustained. Altogether, these results suggest that a low cognitive function may be a risk factor for rather than the long term consequence of mild traumatic brain injury. This could be important to consider when evaluating cognitive function after mild traumatic brain injury, and perhaps especially after multiple such injuries. In athletes active in sports with a high risk of head injuries, the results also underscore the importance of pre-morbid cognitive testing for later comparison in those who sustain mild traumatic brain injuries.
To further evaluate the nature of the low cognitive function associated with mild traumatic brain injuries, we investigated cognitive function in twin pairs in which only one of the twins had a mild traumatic brain injury before cognitive testing. Both twins had lower logical and technical function compared with men in the total cohort with no mild traumatic brain injuries. We also found a strong association between the different cognitive tests within these twin pairs. Given that most of the variation in cognitive function is controlled by genetic factors and that twins share at least 50% of their genome,23 our data indicate that genetic factors and a similar environment explain the lower cognitive function found in these twins. In support of our results, cognitive deficits and structural abnormalities of the brain were found in both twins when only one had been exposed to combat exposure and developed a post-traumatic stress syndrome.24 25
Figure 3⇑ illustrates the importance of a low cognitive function with respect to the later risk of a mild traumatic brain injury. On average, men in the lowest 10% of overall cognitive function reached a specified number of mild traumatic brain injuries 12 years earlier than did men in the highest 10% of overall cognitive function. Given this result, evaluation of any environmental factor with the potential to increase cognitive function (such as education) would be of interest.26 27 In this study, men with a university education had about a 45% lower risk of a mild traumatic brain injury during follow-up compared with men with elementary school education only, after adjustment for cognitive function and the other identified risk factors.
Other strong independent risk factors for mild traumatic brain injuries included factors related to a low socioeconomic status, such as early disability pension and low total income, previous mild traumatic brain injuries, and intoxications. Young men with low cognitive function, education, and social status are thus at greater risk of mild traumatic brain injuries, sometimes influenced by substance abuse. A different group at high risk seems to include young men with a high physical fitness, which may reflect injuries sustained in sports such as soccer and ice hockey.
The mechanism underlying the association between low cognitive function and mild traumatic brain injuries is of interest. General intelligence includes executive control functions and perceptual speed, two factors that have also been found to be lower after a mild traumatic brain injury.7 9 10 Impaired executive control functions include deficits in planning, judgment, and problem solving.28 Thus, many factors related to cognitive function can influence the risk of falling and the ability to avoid injuries.

Strength and limitations of study
This study has several limitations that should be recognised. We evaluated only younger men, so our results may not be applicable to women or older men. We searched in national registers for men diagnosed as having mild traumatic brain injury, and we had no means of validating these diagnoses to exclude more severe traumatic brain injuries. However, 94% of men diagnosed as having mild traumatic brain injury had a hospital stay of at most two days, which may support a correct diagnosis in most cases. Furthermore, the criteria for inpatient care of a mild traumatic brain injury could have changed during follow-up, and men treated as outpatients were not captured in the registers we used until 2001. Nevertheless, misclassifications, effects of different diagnostic criteria, or effects of different criteria for inpatient care would probably reduce any differences between men diagnosed as having mild traumatic brain injury and the rest of the cohort towards zero. Strengths of the study include the large well characterised nationwide cohort studied including more than 16 000 diagnosed mild traumatic brain injuries, increasing external validity.

Conclusion
The results of this study suggest that low cognitive function is a risk factor for a later mild traumatic brain injury in the male general population. Other prospective risk factors for mild traumatic brain injuries included low education, low socioeconomic status, intoxications, and high physical fitness. Successful prevention of such injuries may include an assessment and evaluation of these risk factors.
What is already known on this topic
	Previous retrospective studies have found lower cognitive function, including attention, working memory, episodic memory, verbal learning, and processing speed, after a mild traumatic brain injury

	Low cognitive function may be a risk factor for severe traumatic head injuries, but whether it is also a risk factor for the less severe but much more common mild traumatic brain injury is not known

	Prospective risk factors for mild traumatic brain injuries identified in population based cohorts are lacking



What this study adds
	Low cognitive function was found in men who later sustained mild traumatic brain injuries 

	Low cognitive function may be a risk factor rather than the long term consequence of mild traumatic brain injuries

	Other prospective risk factors for mild traumatic brain injuries included low education, low socioeconomic status, intoxications, and high physical fitness
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