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Disclaimer
UNCLASSIFIED – Approved for public release; distribution unlimited.

The views expressed in this presentation are those of the author(s) and do not 
necessarily reflect the official policy of the Department of Defense, Defense 
Health Agency, or the U.S. Government.

The mention of any non-federal entity and/or its products is for informational 
purposes only, and is not to be construed or interpreted, in any manner, as 
federal endorsement of that non-federal entity or its products.
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 Background on body composition and physical fitness in the U.S. Military:
 Why are these factors important to the Military/Army?
 How does the Army assess these two factors?

 Describe trends in body composition and physical fitness (or performance) in 
the Military.
 How do these two factors interact with each other?

 Describe major injury types (acute/overuse musculoskeletal injuries) observed 
in the Army.

 Learn about how body composition and fitness influence injury risk:
 Independent relationships
 Interactions between these two factors

Talk Overview
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Department of Defense Instruction (DoDI) 1308.03
4UNCLASSIFIED – Approved for public release; distribution unlimited.
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DoDI 1308.03 Main Points
5

 Establishes policy, assigns responsibilities, and prescribes procedures 
governing Service physical fitness/body composition standards for the Military 
Services. 

 The Military Services will design, implement, supervise, and tailor physical 
fitness/body composition programs to suit the particular needs and mission of 
their respective Military Service, consistent with established scientific 
principles of physical training. 

 When using weight-for-height screening tables:
 Allowable body mass index (BMI) equivalents: Men: 19 – 27.5 kg/m2; Women: 19 – 26 

kg/m2

 When using body fat calculations:
 Allowable body fat: Men: 18 – 26%; Women: 26 – 36%

UNCLASSIFIED – Approved for public release; distribution unlimited.
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• Body composition may be evaluated using either body fat calculations, waist-to-height 
ratio, abdominal circumference, height-weight screening, or any combination 
thereof. 

• Service determination of body composition relying on abdominal or waist 
circumference will use evidence-based reference indexes corrected for height that 
are not biased against short or tall Service members.

• Scientific data may be used to further adjust body fat standards within the DoD 
acceptable range, develop screening procedures, or to prescribe procedures 
compensating for high levels of fitness.

• The Military Services will submit an annual Service physical fitness, body composition 
Program report to the ASD(HA) and the ASD(M&RA), no later than June 1 of each year. 
 Takes into account physical fitness, body composition, and injuries

Major Updates for DoDI 1308.03
6UNCLASSIFIED – Approved for public release; distribution unlimited.

Presenter Notes
Presentation Notes
Highlighted points later in the presentation

ASD(HA)=Assistant Secretary of Defense for Health Affairs
ASD(M&RA)=Assistant Secretary of Defense for Manpower and Reserve Affairs
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DoDI Annual Report Template: Capture PF, BC, and Injuries
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• MSK injuries will be identified using current International 
Classification of Diseases taxonomically-defined injury 
diagnoses categories that separate acute traumatic 
injuries and cumulative microtraumatic (overuse) injuries. 

Injury Definition Added to Help Guide DoDI Reporting
8UNCLASSIFIED – Approved for public release; distribution unlimited.
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Taxonomy of U.S. Army Soldier Incident Injuries (2021)

*MSK = damage to tissue(s) of the 
musculoskeletal system (i.e., bone, cartilage, 
muscle, tendon, fascia, joint, ligament, bursa, or 
synovium); Data source: Military Health System 
Data Repository (MDR); injuries defined using 
the DCPH-A Taxonomy of Injuries
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Annual Injury Surveillance Report 2021 Summary, TIP NO. 12-123-0123.
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Presenter Notes
Presentation Notes
An effort that Inj Prev Program took up in the last few years has been to consistently define “What is an injury?”

By taking all injuries and classifying them each into a specific bin, we see that the overwhelming majority are mechanical (dealing with an exchange of energy to the body such that exceeds the tissue’s tolerance)  96% mech energy inj

Cumulative microtrauma (“overuse” type injuries account for 76%, and 70% are MSK overuse)
Therefore, if you only focus on the acute types of injuries, you’re missing out on a large number of injuries that lead to medical non-readiness

Important to note that these Army injuries within the taxonomy mirror All-Services data as well
Data source (approved for public release): Annual Injury Surveillance Report 2021 Summary; TIP NO. 12-123-0123
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Military Body Composition
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Body Composition Modeling and Assessment Methods

• Simplest two-compartment model:
 Fat-free mass
 Fat mass

• Most common assessment methods:
 BMI (adiposity estimation only: normal weight/overweight/obese)
 Tape testing/circumference measurements (e.g., abdominal 

circumference, waist:hip ratio, etc.)
 Skinfolds
 Bioelectrical impedance analysis (BIA)
 Air displacement plethysmography (BodPod)
 Underwater weighing/hydrodensitometry
 Dual-energy x-ray absorptiometry (DEXA) (Gold standard)

11

Simple/inexpensive

Complex/expensive
(most accurate)

UNCLASSIFIED – Approved for public release; distribution unlimited.

Presenter Notes
Presentation Notes
Common assessment methods:
For the most part, as you follow the list down, methods get more expensive and more complex/sophisticated (but accuracy improves).
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BMI (kg/m2)
Low High

UW Normal OW Obese

BMI Categories and Health Risk

BMI range 
(kg/m2)

Weight 
Classification

< 18.5 Underweight

18.5–24.9 Normal weight

25.0–29.9 Overweight

≥ 30.0 Obese

Figure adapted from: Aune, D., et al., BMJ, 353 (2156): 1-17, 2016

Based on Wt-for-Ht
Army range: 19-28

All cause mortality (RR) among those 
who never smoked
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Presenter Notes
Presentation Notes
So, what does BMI (or Wt-for-Ht for that matter) tell us about Soldier health risks?

BMI ranges and classifications traditionally are titled Underweight through Obese classifications (once above 30, varying gradations of ‘Obesity’)

To the right, using BMI values, we see a typical J-shaped curve observed when describing all-cause mortality and BMI (Non-linear relationship)

Remember that within the Army, allowable ranges based on Wt-for-Ht tables range bt 19-28; Therefore, while we tend to have a narrower spectrum of allowable BMIs and would mostly be considered to be within the risk curve’s valley, it would not be out of the question to see BMIs approaching 35 kg/m2, and have an accordingly higher relative risk of mortality. We could realistically see BMI above the limits as one could have a BMI above 30 but still be within BF standards
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Military Trends in Overweight and Obesity Prevalence Against General U.S. 
Population (2010)

Active Duty Non-Active Duty NHANES 95% CI’s Eilerman et al. 2014. Mil Med 179(5):462

Higher 
Overweight 

prevalence in AD 
Men and Women 

vs. U.S. pop.

Lower Obesity 
prevalence in AD 
Men and Women 

vs. U.S. pop.
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Presenter Notes
Presentation Notes
Now, how does the military compare to the general population?? Here we can see the AD (and non-AD) compared to US pop (using NHANES data from 2010).

Men are on the left (Panels A, C); Women are on the right (Panels B, D); 

We might tend to think of military members being very lean, fit individuals (think back to Military appearance figure I showed a few slides back). So, it may be somewhat counterintuitive when we see these top figures here - When compared to the general US pop., both men and women AD Soldiers demonstrate a higher prevalence of overweight categorization (BMI ≥ 25). They are outside of the 95% CI for NHANES data. Remember that overweight is only classified (in this and many other cases) by BMI (wt for ht) at 25 kg/m2. You will capture most who would expected to be overfat, but you also would expect some muscular individuals to be in here as well.

However, and more importantly, the prevalence of obesity (BMI ≥ 30) is actually lower in the AD military members vs. their general U.S. pop. counterparts. As you can see, the AD individuals are below the 95% CI NHANES data.
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Body Composition Standards Vary Among Service Branches

Friedl K. 2012. J Strength Cond Res 26(7):S87–S100.

More
Strict

More
Liberal
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Presenter Notes
Presentation Notes
Keeping in mind the individual branch controls over their own standards (within their “…Service-specific mission”), lets look at how these are set.

As presented by Dr. Karl Friedl (COL (ret.)) in a 2012 JSCR article on Body comp in the military – a very interesting read if you have the time to check it out – there is a sliding spectrum of reasons for what the military (and specific branch) may be looking for exactly – varying from more strict on the left (appearance) to more liberal on the right.

If we go by those standards  USMC: most strict. As we shift to the right, using combat readiness as the reasoning, we can see the standards loosen up just a bit. As we continue along the spectrum to the far right, we now have the most liberal allowable standards based on health concerns. The latter (right side of the figure) closely resembles Army standards (most liberal).
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Army Body Composition Program (ABCP): AR 600-9

Meets weight-for-height 
(Body Mass Index (BMI)) 

equivalent standard 
no further action

Meets body fat 
standards, 

no further action

Exceeds body fat standards: 
Soldier flagged and enrolled in 

the unit ABCP

Exceeds weight-for-height standard:
body fat percent determined using 

circumference-based tape test
Men: neck and abdomen

Women: neck, waist, and hips

Soldier’s height and weight 
measured every 6 months

Department of the Army. 2019. Regulation 600-9.

15

**Currently considering 
updated assessment 
possibilities with fewer 
circ. measurements

UNCLASSIFIED – Approved for public release; distribution unlimited.

Presenter Notes
Presentation Notes
Army Regulation (AR) 600-9 defines the Army Body Composition Program. 
Starts with BMI (really weight for height allowance) every 6 months, which partially aligns with APFT measurements
Not meeting weight for height (essentially the BMI with adj for age) -> tape test to assess body fat
Not meeting body fat standards (adjusted for age groups and sex) -> flagged and enrolled in ABCP (after certain amount of time not further meeting standards, separation would result)
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Correlation Between BMI and %Body Fat (DEXA)
16

r=0.86
R2=0.74

Grier T et al. 2015. Prev Med Rep 2:483–487.

UNCLASSIFIED – Approved for public release; distribution unlimited.

Presenter Notes
Presentation Notes
The correlation between BMI and % body fat as determined by DEXA was 0.86 (essentially BMI explains about 74% of the variance in body fat in Soldiers).
N= 110 Male Infantry Soldiers

Here we see the correlation of BMI on the horizontal axis with % body fat measured by DEXA, considered the gold standard, on the vertical axis among 110 infantry solders. What we see is the data prints are fairly tightly bunched around the regression line, and the correlation is r=0.86.
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Relationships Between BMI and Body Composition

*Lean body mass, fat mass, and % body fat assessed by DEXA

BMI  
(kg/m2) n Lean Body 

Mass (kg)*

Difference 
calculated from 

total body weight

Fat Mass 
(kg)*

Difference 
calculated from 

total body weight

Body Fat 
(%)*

< 25 49 58.1 ± 6.2 ---- 9.1 ± 3.3 ---- 12.7 ± 4.1 %

25 – 27.49 23 63.6 ± 4.7 +5.5 kg (7%) 14.1 ± 3.7 +5 kg (6%) 17.2 ± 3.9 %

27.5 – 29.9 15 65.6 ± 4.5 +7.5 kg (9%) 19.1 ± 3.0 +10 kg (12%) 21.6 ± 3.4 %

30+ 23 70.2 ± 5.6 +12.1 kg (13%) 26.1 ± 3.9 +17 kg (18%) 25.2 ± 3.5 %

As BMI increased (particularly ≥ 27.5 kg/m2), Soldiers exhibited 
greater increases in body fat mass than lean body mass.

Grier T et al. 2015. Prev Med Rep 2:483–487.
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Presenter Notes
Presentation Notes
In this slide we see data on BMI on the left and several parameters of body composition (lean body mass, fat mass) measured via DEXA.  In 110 Infantry Soldiers  we see as BMI on the left goes up from <25 and to 25 to 27.5, to 27.5 to 30 and to 30 and above, that in the first (middle) yellow column lean mass goes up as a percent of total body weight, 7%, 9% and 13%, while fat mass goes up even more: 6%, 12%, and 18%.

So, while lean mass increases with every BMI bracket increase (which is a common phenomenon), there is a disproportionate gain in fat mass. This is more evident as BMI exceeds 27.5 kg/m2.
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Waist Circ. (cm) Body fat (%) BMI (kg/m2)

Height Group Stratification Men Women Men Women Men Woman
Group 1
Men: 162.6 – 167.6 cm (n=95)
Women: 149.9 – 154.9 cm (n=22)

84.3 ± 8.4a 78.5 ± 8.4 a 21.0 ± 4.3 33.2 ± 4.9 26.8 ± 3.6 25.9 ± 3.5

Group 2
Men: 170.2 – 175.3 cm (n=280)
Women: 157.5 – 162.6 cm (n=71)

87.4 ± 8.9 b 80.0 ± 8.4 a 20.8 ± 4.6 32.5 ± 4.8 26.8 ± 3.6 25.3 ± 3.4

Group 3 
Men: 177.8 – 182.9 cm (n=270)
Women: 165.1 – 170.2 cm (n=55)

88.9 ± 8.9b,c 81.4 ± 9.6 a,c 20.6 ± 4.5 32.6 ± 5.5 26.6 ± 3.7 25.4 ± 4.1

Group 4
Men: 185.4 – 190.5 cm (n=99)
Women: 172.7 – 180.3 cm (n=17)

92.7 ± 9.6 d 86.1 ± 9.0 b,c 20.8 ± 4.5 33.5 ± 4.6 26.9 ± 3.8 25.9 ± 3.7

ANOVA p-value 0.001* 0.043* 0.716 0.858 0.747 0.883

Waist Circumference Without Height Adjustment Problems

Unclassified data observations from paper in prep

Waist circ. increased 
with increasing height, 
without corresponding 
changes in body fat (%) 

or BMI.

18

A waist circumference standard, uncorrected for height, is biased against taller individuals 
and should not be used as a body composition standard.

UNCLASSIFIED – Approved for public release; distribution unlimited.

Presenter Notes
Presentation Notes
What happens to WC, %BF, or BMI with increases in height?

WC increased 2.54 cm for each 10.6 cm (men) and 12.7 cm (women) increase in height (p<0.05), without corresponding changes in Body fat (%) or BMI. 
Approx. 1” waist circ. Increase for every 4” and 5” increase in height.

One should not use waist circumference, uncorrected for height, as a body composition standard.
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Military Physical Fitness
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 Established since early 1980s 

 3-event test administered every 6 months that assessed health-
based fitness attributes:

 Muscular Endurance
 Push-ups in 2 minutes
 Sit-ups in 2 minutes

 Cardiorespiratory Endurance
 Timed 2-Mile Run

 Raw performance for each event (repetitions, time) converted into 
a sex- and age-adjusted (5-yr age groups) score
 Passing: at least 60 points on each event, 180 total points

 Disadvantages:
 Not specifically tied to combat-related fitness attributes
 No basis for discriminating occupational fitness

Army Physical Fitness Test (APFT)

DVIDS: 170506-A-ZU930-006A

DVIDS: 4472595

DVIDS: 5383058
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Presenter Notes
Presentation Notes
Disadvantages:
Doesn’t necessarily predict combat-related fitness attributes
No basis for discriminating occupationally-relevant fitness requirements
Existing standards may not be legally defensible with regard to specific criteria for entry (based on MOS physical demands)

All pictures previously used and cleared for public release (DVIDS numbers provided)
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Interactions Between Body Composition and Physical Fitness

 Trade-offs exist between body composition and different domains 
of physical fitness or performance:

 Moving one’s own body mass through space
 Advantage to have lighter body mass, lower BMI/body fat
 Ex: Distance runs, sprints, agility drills, etc.

 Moving an external mass through space
 Advantage to have heavier body mass, higher BMI/body fat
 Ex: Deadlifts, bench press, medicine ball power throw, etc.

21
UNCLASSIFIED – Approved for public release; distribution unlimited.

Presenter Notes
Presentation Notes
Easy way to think about this tradeoff comes down to two primary movements: 
Moving one’s own body mass through space
Moving an external mass through space
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Average APFT Points by Passing vs. Failing ABCP Screening Standards

Pass ABCP 
Screening Standards

Men (n=183); Women (n=30)

Fail ABCP 
Screening Standards

Men (n=92); Women (n=16) p-value
APFT Push-ups 

Men 89.5 ± 11.5 88.0 ± 11.1 0.30
Women 93.6 ± 9.4 85.4 ± 14.1 * 0.049

APFT Sit-ups 
Men 85.9 ± 12.1 85.2 ± 12.7 0.67

Women 85.9 ± 13.3 73.8 ± 9.8 * <0.01
APFT Two-mile Run

Men 84.4 ± 12.5 78.2 ± 16.2 * <0.01
Women 90.5 ± 9.8 80.4 ± 15.1 * 0.03

APFT Total Points
Men 259.8 ± 27.8 251.4 ± 30.8 * 0.03

Women 270.0 ± 24.0 239.6 ± 31.4 * <0.01
Data are sex- and age- adjusted APFT points (mean ± SD); *P ≤ 0.05 vs. Pass ABCP Screening Standards Group

 Failing ABCP screening standards did not largely impact Soldiers’ ability to pass the APFT.
• ~6% would fail the APFT if they failed ABCP screening standards; data not shown.

22

ABCP = Army Body 
Composition 
Program

Pierce J et al. 2017. JSAMS 20(Suppl 4):S79–S84. 
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Presenter Notes
Presentation Notes
Instead of tertiles of body comp (e.g., BMI), let’s use a very practical example: pass or fail ABCP screening standards and its potential impact on APFT scores.
Men failed ABCP screen: 92/275 (33%), Women failed ABCP screen: 16/46 (35%)

Women’s APFT performance appears more dependent on passing/failing ABCP Screening Standards (Weight-for-Height):
Decreased PU# (women only); ~9% decr
Decreased SU# (women only); ~14% decr
Increased APFT 2-MR time (men and women); 7% decr (men), 11% decr (women)
Decreased overall APFT score (both men and women); ~3% decr and 11% decr (via increased time/worse performance), respectively

Despite significantly reduced overall APFT scores, this wouldn’t necessarily imply that these same Soldiers would fail the APFT. In fact, of the Soldiers who failed ABCP screening standards, only about 6% of those Soldiers would fail the APFT (6 men, 1 woman). This was mostly due to failing the 2MR event.
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Aerobic Performance (2-mile Run Time) by BMI Tertiles
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BMI Men Women
T1 (Lowest) 18.6 – 23.8 16.9 – 22.1
T2 23.9 – 26.5 22.1 – 25.4
T3 (highest) 26.6 – 34.9 25.6 – 28.6

Data are mean ± SD; *P≤0.05 vs. tertile 1 (T1) (<33%)

*

**

Pierce J et al. 2017. JSAMS 20(Suppl 4):S79–S84. 

Higher BMIs associated with slower run times (lower aerobic fitness)
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Presenter Notes
Presentation Notes
In this and the next few slides, I will use the same orientation with BMI tertiles on the x-axis with low BMI on the left, and high BMI on the right. Men are the solid bars, and women are the hatched bars.

We see in this slide that as BMI goes up (tertiles from Low to High), 2-mile run times get significantly slower (increased time to complete 2MR) for men, going up from 13.9 to 15 min (1.08-fold difference; ~8%). 

For women they go up from 15.9 to 17.4 min on AVG (1.25 fold difference; ~25%).

These data match numerous similar reports in the literature of decrements in aerobic performance with increasing BMI (body comp strata).

Men: 8% slower
Women: 25% slower





Improving Health and Building Readiness. Anytime, Anywhere — Always

Muscular Strength (Lower-body) by BMI Tertiles
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BMI Men Women
T1 (Lowest) 18.6 – 23.8 16.9 – 22.1
T2 23.9 – 26.5 22.1 – 25.4
T3 (highest) 26.6 – 34.9 25.6 – 28.6

BMI

Low High

*

**

*

Pierce J et al. 2017. JSAMS 20(Suppl 4):S79–S84. 

Higher BMIs associated with higher (lower-body) muscular strength
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Presenter Notes
Presentation Notes
For lower body strength measured by a dead lift 1 rep max in lbs, we see similar significant increased strength as BMI goes up for men and women. Men going up from an AVG 243 to 271 lbs (12 % incr) and women from 145 to 176 lbs on AVG (22 % incr). 

Men: 12% Incr
Women: 22% Incr
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Muscular Strength (Upper-body) by BMI Tertiles
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BMI Men Women
T1 (Lowest) 18.6 – 23.8 16.9 – 22.1
T2 23.9 – 26.5 22.1 – 25.4
T3 (highest) 26.6 – 34.9 25.6 – 28.6

Data are mean ± SD; *P≤0.05 vs. tertile 1 (T1) (<33%)

BMI

Low High

*

*

*

Higher BMIs associated with higher (upper-body) 
muscular strength
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Pierce J et al. 2017. JSAMS 20(Suppl 4):S79–S84. 

Presenter Notes
Presentation Notes
Here we see BMI vs Upper Body Strength measured by Bench Press 1 repetition max lift in pounds  on the vertical axis. We see as BMI tertiles go up from low on the left to high on the right, upper body strength went up significantly from 176 to 225 lbs (28 % incr) for men and for women up from 83 to 101 lbs (22 % incr). 

Men: 28% Incr
Women: 22% Incr
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Muscular Power (Sled Drag) by BMI Tertiles
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BMI Men Women
T1 (Lowest) 18.6 – 23.8 16.9 – 22.1
T2 23.9 – 26.5 22.1 – 25.4
T3 (highest) 26.6 – 34.9 25.6 – 28.6

Data are mean ± SD; *P≤0.05 vs. tertile 1 (T1) (<33%)

BMI

Low High

**

Higher BMIs associated with faster sled drag times 
(higher muscular power) – men only
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Pierce J et al. 2017. JSAMS 20(Suppl 4):S79–S84. 

Presenter Notes
Presentation Notes
Only difference in men with increasing BMI (12.4% decrease in time; improved Sled Drag performance)

Men: 12.4% decr
Women: (even though N/S) 19.2% decr
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Muscular Power (Sled Push) by BMI Tertiles
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BMI Men Women
T1 (Lowest) 18.6 – 23.8 16.9 – 22.1
T2 23.9 – 26.5 22.1 – 25.4
T3 (highest) 26.6 – 34.9 25.6 – 28.6

BMI

Low High

Data are mean ± SD; *P≤0.05 vs. tertile 1 (T1) (<33%)

*

*

Higher BMIs associated with faster sled push times 
(higher muscular power)
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Pierce J et al. 2017. JSAMS 20(Suppl 4):S79–S84.

Presenter Notes
Presentation Notes
Sled push time was affected in both men and women with increasing BMI, where increased BMI was associated with improved SP performance (decreased time).

Men: 11.5% decr
Women: 17% decr
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Body Composition and Physical Fitness
Influences on Injuries
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Taxonomy of U.S. Army Soldier Incident Injuries (2021)

*MSK = damage to tissue(s) of the musculoskeletal 
system (i.e., bone, cartilage, muscle, tendon, fascia, 
joint, ligament, bursa, or synovium); Data source: 
Military Health System Data Repository (MDR); injuries 
defined using the DCPH-A Taxonomy of Injuries

29

Annual Injury Surveillance Report 2021 Summary; TIP No. 12-123-0123.

UNCLASSIFIED – Approved for public release; distribution unlimited.

Presenter Notes
Presentation Notes
Revisiting this slide from earlier to remind everyone how we define injuries and focusing specifically on the MSKIs


By taking all injuries and classifying them each into a specific bin, we see that the overwhelming majority are mechanical (dealing with an exchange of energy to the body such that exceeds the tissue’s tolerance)  96% mech energy inj

Cumulative microtrauma (“overuse” type injuries account for 76%, and 70% are MSK overuse)
Therefore, if you only focus on the acute types of injuries, you’re missing out on a large number of injuries that lead to medical non-readiness.

Important to note that these Army injuries within the taxonomy mirror All-Services data as well.
Data source (approved for public release): Annual Injury Surveillance Report 2021 Summary; TIP No. 12-123-0123
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BMI (Body Composition surrogate) vs. Injury Incidence in Trainees

Unpublished data, UnclassifiedHighLow

BMI demonstrates slightly bimodal relationship 
with injury incidence (lowest risk in middle tiers)
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BMI Men Women
Q1 (Lowest) <21.6 < 20.8
Q2 21.6–23.6 20.8 – 22.4
Q3 23.7–25.7 22.5 – 24.1
Q4 25.8–28.1 24.2 – 25.5
Q5 (Highest) 28.2+ 25.6+
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Presenter Notes
Presentation Notes
Data are from the U.S. Army Training Injury and Fitness Database.
N(men)=136,797; N(women)=34,931; Time Period: FY10-13
Cohort: All recruits in Basic Training from FY10-13 who had a complete 3-event initial fitness test score and complete height and weight record
Injury: At least one medical encounter during basic training which resulted in an ICD-9 code defined by the Comprehensive Injury Index (CII)

So, what do we observe with BMI and injury risk in Soldiers?

In this slide we see the incidence of injuries in IET on the vertical axis vs. BMI quintiles (5th) on the horizontal axis going from the lowest 20% on the L to the highest on the R. The curves are slightly bimodal with the lowest and highest quintiles at slightly higher risk for about n 137,000 men, the dark bar, and 35,000 women yellow. In other words, this mimics the health risk curve we saw earlier (elevated risks at the extremes).
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Muscular Strength and Power vs. Injury in Trainees (Men)

†0.08 T1 vs. T3; *P≤0.05 vs. T3

Measures of muscular strength and power appear to be poor 
predictors of injury risk (time-loss injury)
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Data from Knapik J et al. 2001. Med Sci Sports Exerc 33(6):946–954.
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Presenter Notes
Presentation Notes
With regard to physical fitness parameters and injury risk: A study from Dr. Joe Knapik in 2001 demonstrated that among several tests of muscular strength and power (which are listed across the bottom and cover both dynamic/static strength and muscular power), there were no significant elevated risks between the lowest to highest performers on these tests.

However, only measure of musc str or power to come close to being significant was Upper body static strength (p=0.08) in men. Now, compare this to aerobic capacity (relative VO2 peak/max adjusted for body mass; ml/kg/min) which was significant predictor of injury risk. In this case, the lowest tertile of VO2 max was 1.9x as likely to experience a time-loss injury.
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Muscular Strength and Power vs. Injury in Trainees (Women)

Data from Knapik J et al. 2001. Med Sci Sports Exerc 33(6):946–954.*P≤0.05 vs. T3
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poor predictors of injury risk (time-loss injury)

Women in BCT (n=168)
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Presenter Notes
Presentation Notes
In the same study, but now just examining female recruits in BCT: Nothing close to being significant in women with regard to strength or power in women

However, once again, just like in men, when we look at aerobic capacity (relative VO2 adjusted for body mass) it too was a significant predictor of time-loss injury during BCT. However, the one thing to keep in mind is that this peak VO2 measurement took place on a treadmill, which is not a very convenient test to conduct in large populations.
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2-Mile Run Time and Injury Incidence for Men and Women
Runtime Men Women

Q1 (Fastest) < 14.23 < 17.12
Q2 14.23 - 15.24 17.12 - 18.49
Q3 15.25 - 16.16 18.50 - 19.79
Q4 16.17 - 17.51 19.80 - 21.44
Q5 (Slowest) 17.52+ 21.45+

Unpublished data, Unclassified

Aerobic fitness (e.g., APFT 2-MR) is one of the most consistent 
predictors of injuries encountered in the military.
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Presenter Notes
Presentation Notes
Data are from the U.S. Army Training Injury and Fitness Database.
N(men)=136,797, N(women)=34,931, Time Period: FY10-13
Cohort: All recruits in Basic Training from FY10–13 who had a complete 3-event initial fitness test score and complete height and weight record
Injury: At least one medical encounter during basic training which resulted in an ICD-9 code defined by the Comprehensive Injury Index (CII)

So, what tests do we have at our disposal to assess aerobic fitness in large populations? Well, as most everyone in attendance would be familiar with the APFT 2MR, this test is highly related to aerobic fitness, and it consistently demonstrates an inverse relationship to injury prediction. In other words, we regularly observe that as 2MR time increases (that is, the Soldier would be characterized as having a decreased 2MR performance and an accordingly lower aerobic fitness), Soldiers are at an increased risk for injury.

These data: stratified by quintiles of 2MR time (fastest runners to left, slowest runners to the right), we can see that injury risk (% injured) increases as we move to the right.

Men (Q5/Q1): 65.5 / 42.3 = 1.55
Women (Q5/Q1): 34.2 / 20.4 = 1.68
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Interaction Between Fitness and BMI 
on Injury Risk
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Injury Incidence Stratified by 2-Mile Runtime and BMI for Men in BCT 
(FY 2010–13)

Unpublished data, Unclassified

Include overweight (>25): 
Q3 23.7–25.7
Q4 25.8–28.1
Q5 28.2+

Trend exists for aerobic fitness to be 
associated with injuries, but across fitness 
levels, the second highest quintile** of BMI 
is at the lowest risk of injury.

Men; n=136,797
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Presenter Notes
Presentation Notes
This is where the data get very interesting: when we stratify run time quintiles onto BMI quintiles. These are the same groups of BCT recruits as in the previous slide.

Data is from the U.S. Army Training Injury and Fitness Database
N(men)=136,797, Time Period: FY10–13
Cohort: All recruits in Basic Training from FY10–13 who had a complete 3 event initial fitness test score and complete height and weight record
Injury: At least one medical encounter during basic training which resulted in an ICD-9 code defined by the Comprehensive Injury Index (CII)
Male BMI quintiles: Q1 (lowest) <21.6, Q2 21.6–23.6, Q3 23.7–25.7, Q4 25.8–28.1, Q5 (Highest) >28.2.

This slide for 137,000 male trainees shows injury risk stratified on 2-mile run time quintiles and quintiles of BMI. We have the same 2MR performance on the x-axis (fastest runners on left), plotted alongside BMI on the z-axis (lowest BMI in the back, highest BMI towards the front). Across fitness levels, it is the second highest quintile of BMI that is at lowest risk of injury (24.7%), this quintile of BMI is overweight. Keep in mind that Q3–Q5 include “overweight individuals.”
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Injury Incidence Stratified by 2-Mile Runtime and BMI for Women 
in BCT (FY 2010–13)

Unpublished data, Unclassified

Include overweight (>25): 
Q4 24.2–25.5
Q5 25.6+

Data suggest that women with higher 
BMIs but who are aerobically fit (fastest, 
but heaviest) demonstrate a lower MSK 
injury risk.

Women; n=34,931

Q5 (Highest)

Q4

Q3
Q2

Q1 (Lowest)

0%

10%

20%

30%

40%

50%

60%

70%

Q1
(Fastest) Q2

Q3
Q4

Q5
(Slowest)

40.6%

63.9%

68.4%

B
M

I

In
ju

ry
 In

ci
de

nc
e

2-Mile Run Time Quintiles

**

**

36
UNCLASSIFIED – Approved for public release; distribution unlimited.

Presenter Notes
Presentation Notes
Data is from the U.S. Army Training Injury and Fitness Database
N(women)=34,931, Time Period: FY10-13
Cohort: All recruits in Basic Training from FY10-13 who had a complete 3 event initial fitness test score and complete height and weight record
Injury: At least one medical encounter during basic training which resulted in an ICD-9 code defined by the Comprehensive Injury Index (CII)
Female BMI quintiles: Q1 (lowest) < 20.8, Q2 20.8 - 22.4, Q3 22.5 - 24.1, Q4 24.2 - 25.5, Q5 (Highest) >25.6.

The next graph shows something a little counter intuitive.

Right away, notice that women are injured more than men. What we see in this graph is Injury risk (% for the 35,000 female trainees) on the vertical axis vs run-time from the fastest quintile of run-times on the Left to the slowest on the Right. The X Axis stratified on BMI with the lowest quintile at on the Z axis at the back and the highest BMI quintile at the front. What is notable in this chart is that the highest injury risk group is the back right (the leanest, least aerobically fit women) and the lowest risk is the fastest women with the highest BMI. Across all levels of fitness, the women in the highest or second highest BMIs are at lowest risk of injury (51.1%). Keep in mind that Q4-Q5 include ‘overweight individuals’
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Future Directions and Conclusions
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 Updated measures for Army Physical 
Fitness/Performance (Official test of 
record as of 2022)

 Broader array* of physical fitness 
parameters than APFT
 Muscular strength*
 Muscular power*
 Muscular endurance
 Speed/agility*
 Anaerobic fitness/endurance*
 Aerobic fitness/endurance

 Advantages (unlike APFT):
 Tied to combat-related fitness attributes
 Basis for discriminating occupational 

fitness

Army Combat Fitness Test (ACFT)
38

https://www.army.mil/acft/
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Planned ACFT Analysis: Way Ahead

 Given that ACFT evaluation assesses different parameters, will 
different physical performance injury risk factors emerge?

 Specific questions:
 Does ACFT event raw performance or sex- and age-adjusted 

performance better predict future injuries?
 Does ACFT event performance predict future acute or overuse injuries?
 What are the impacts of body composition on ACFT performance, and 

how does the interaction between these two factors influence injury 
risk?
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Key Lessons/Takeaways (1 of 2)
 What does body composition tell us about an individual?

 Bimodal greater health risks at low and high BMIs
 BMI related to body fat with disproportionate increase in fat mass: >27.5 kg/m2

 Physical performance trade-offs with higher BMIs (and more body fat)
 Decreased aerobic capacity
 Greater muscular strength and power

 Body composition and fitness influence injury risk/occurrence 
independently and in concert together
 Low and high ends of BMI spectrum: slight bimodal relationship with injuries
 Faster run times/higher aerobic fitness in particular: fewer injuries
 Aerobically fit Soldiers with high BMIs demonstrate lower injury incidence

 Specifically in women, possibly through enhanced musculoskeletal resiliency
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Presenter Notes
Presentation Notes
With regard to physical performance parameters, we may want to consider the trade-offs that exist with different performance attributes (in some instances, we may want a higher aerobic capacity, while in others we may want higher muscular strength and power). What is needed is objective needs of physical attributes which may help drive certain allowances in the right context. Perhaps consider this in different MOS assignments requiring different physical demands.

With respect to injury reductions observed with increasing BMIs (even within the lowest performers such as the slowest runners), the real question at hand becomes what mechanisms underlie these observations? How do we exploit and use these relationships to our advantage?
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What do we do with this information/where next?
 Setting standards for body composition and fitness:

 Needs to balance physical performance, health, and readiness requirements

 Needs to consider practicality, validity, reliability, and defensibility

 Less emphasis should be placed on excluding individuals based on body 
composition alone, especially where tradeoffs may exist:
 Individuals with higher BMIs demonstrate enhanced physical performance on 

tests/tasks assessing muscular strength, power, etc.

 Individuals with higher BMIs that also demonstrate higher levels of aerobic 
fitness seem to be partially protected from injuries.

Key Lessons/Takeaways (2 of 2)
41

Presenter Notes
Presentation Notes
Need careful research to determine best ways to measure body composition and what cut points to use. 
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Any Questions?
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