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Introduction

                Dehydration is a potential and significant problem in 
many work environments. Any level of physical activity leads 
to the loss of body fluids in all environments and can be cumu-
lative if not replaced, resulting in a dehydrated state[1,2]. In hot 
environments with an intense work load, even small amounts 
of dehydration, 2 - 3% body mass loss (BML), can lead to a 
decrease in physical work capacity and cognitive function, even 
though there may be no apparent physical signs or symptoms 
of dehydration[3,4]. Greenleaf reported the beginning of impaired 
exercise thermoregulation at about 1% BML[5]. Greater hydra-
tion deficits may lead to increased risk of heat illnesses, further 
decreases in physical work capacity and measurable decreases 
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Abstract
Purpose: Firstly, to investigate how changes in whole saliva osmolality (Sosm) com-
pares with changes in plasma osmolality (Posm) during mild dehydration as measured 
by BML; secondly, to determine whether there are differences between male and fe-
male responses and finally, to assess whether Sosm and Posm return to pre-exercise 
levels following ad libitum re-hydration. 
Materials and Methods: Thirty-nine healthy volunteers (29 males and 10 females) 
were dehydrated, resulting in 1.10 - 3.06% body mass loss (BML), by walking on a 
treadmill for 60 minutes at 40°C and 20% relative humidity. Post-exercise participants 
were given water ad libitum to drink and post-rehydration samples were collected 30 
minutes after the onset of water consumption. Blood and unstimulated whole saliva 
were collected and analyzed for osmolality pre-exercise, post-exercise and post-rehy-
dration. All data were evaluated for differences between male and female responses.
Results: Saliva osmolalities increased from pre- (73.29 ± 15.42) to post-exercise 
(102.10 ± 25.28) and by a greater percentage than Posm. Generally, Sosm and Posm 
returned to pre-exercise levels following rehydration. With dehydration, shifts in Posm 
and Sosm were in the same direction for males and females but females showed more 
variability in the response.
Conclusion: Although neither Posm nor Sosm correlated closely with BML associated 
with mild dehydration, Sosm demonstrated sufficient measurable differences, especial-
ly in males, and shows potential as a dehydration screening biomarker.
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in mental capabilities[1,2]. Extreme dehydration poses a poten-
tial life threatening condition[1,6,7]. Frequently during physical 
activity, a level of dehydration exists prior to a person suffering 
from severe thirst, and often, insufficient replacement fluids are 
imbibed to counteract the loss of body fluids[8]. It would be ad-
vantageous to be able to detect mild dehydration so preventive 
steps could be taken to obviate subsequent negative sequelae 
from unresolved dehydration.  
	 Conversely, unrestricted fluid intake to prevent de-
hydration has potentially adverse ramifications such as hypo-
natremia, which may lead to severe complications, including 
death[9,10]. Therefore, a non-invasive method to determine mild 
dehydration would allow early intervention or prevention prior 
to debilitating levels of fluid loss and subsequently prevent over 
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hydration. 
	 Currently, measurement of the hydration status involves 
either invasive (blood/plasma, total body water), inconvenient 
(urine, body mass) or complex and often unreliable (bioelectri-
cal impedance analysis)[11-15] techniques which are unsuitable for 
frequent monitoring during continuous physical activity. Plasma 
osmolality (Posm), urine osmolality and urine specific gravity 
are the most frequently used biological markers for measuring 
hydration. Recently, Walsh introduced the concept of using sali-
va to determine overall hydration status[16,17]. 
	 Whole saliva is an important physiologic fluid that 
contains locally produced proteins as well as other molecules 
from the systemic circulation and flows continuously during 
mild dehydration, making it an easily accessed biological mark-
er[18-21]. The complexity of salivary gland innervations; having 
both parasympathetic and sympathetic nervous system compo-
nents; the response to hormone levels; the response of salivary 
glands to gustatory, emotional, physiologic and physical stimuli 
and the large degree of both intra and inter variability of both 
salivary flow rate and composition have often made the use of 
saliva as a biomarker either very difficult or yielded disappoint-
ing results[22]. To be a useful biomarker for hydration, Sosm must 
correlate with Posm which is a widely-accepted criterion hydra-
tion index[16]. In addition, Sosm must be able to identify BML’s 
equivalent to 2 - 3% body mass since fluid losses in this range 
have been associated with reduced heat dissipation, cardiovas-
cular function, and exercise performance[16,23]. Studies using a 
combination of exercise and fluid restriction[24] and exercise in 
a hot environment[25] show reductions in saliva flow rate were 
mostly prevented if sufficient water or sports drinks were con-
sumed to offset the water lost. The induced outcome of salivary 
flow rates and composition in response to changing hydration 
levels suggests that the neuroendocrine role is minor compared 
to the hypertonic-hypovolemic responses of the blood[26,27] and 
saliva[16,17]. 
	 Walsh et al. recently published two separate stud-
ies[16,17]. Both studies looked at, among other parameters, Sosm 
in pre-hydrated participants during mild to moderate (≤ 3% 
BML) dehydration. The first study shows correlation between 
Sosm and percent BML. Even with a small sample size of 12 
males, Walsh could state “it is possible to tentatively determine 
a range for saliva total protein concentration and osmolality to 
identify a state of euhydration”[17]. For Sosm, this range was 41 
- 61 mOsm/kg. This study demonstrated a statistically signifi-
cant difference in Sosm between baseline and 1.1%, 2.0% and 
2.9% BML. A second study by Walsh shows that saliva osmo-
lality correlates with Uosm and Posm. This study included 15 
male volunteers who exercised until a progressive BML of 3.0% 
was achieved. Post hoc analysis in this study showed that Posm 
was statistically significantly greater than pre-exercise at 2.1% 
BML and at 3.0% BML Posm but not at 1.1% BML. Sosm was 
50 mOsmol/kg ± 11 at pre-exercise in pre-hydrated participants. 
This value increased progressively as dehydration was induced. 
Post hoc analysis revealed that Sosm was greater than pre-exer-
cise at both the 2.1% BML and 3.0% BML but not at the 1.1% 
BML level. Walsh concluded from this study that a universal 
euhydration range may not exist and salivary parameters to mea-
sure euhydration needs to be determined on an individual ba-
sis[16]. 
	 To our knowledge, Sosm responses to dehydration 
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have never been measured in menstruating females to determine 
whether they differ from males. There are conflicting reports as 
to what occurs with thermoregulation and hemodynamics in fe-
males when engaged in exercise in hot environments, regardless 
of their phase of menstrual cycle[28,29]. It has been documented 
however, saliva concentrations of progesterone vary between 
the follicular and luteal phases[19] suggesting menstrual cycle 
may have an effect of Sosm. To control for menstrual effects on 
Posm and Sosm following dehydration, all females in this study 
were in the follicular phase of their menstrual cycle. 
	 The objectives of this study were to: 1) investigate how 
changes in Sosm compares with changes in Posm during mild 
dehydration as measured by BML, 2) determine whether there 
are differences in the response of Posm and Sosm between males 
and females during mild dehydration and 3) assess if Sosm and 
Posm return to pre-exercise levels following 30 minutes of ad 
libitum re-hydration.  

Materials and Methods

Participants
	 Thirty-nine healthy Active Duty US Army and US 
Navy personnel, 29 males and 10 females, with a mean age 
30.38 years ± 5.95 participated in the study. All volunteers 
were free of systemic and oral disease. Participants completed a 
health risk assessment questionnaire and physical examination 
prior to initiating the protocol. All females were menstruating 
but were not required to be on birth control pills to participate; 
4 volunteers reported taking them. All females were required to 
have a negative pregnancy test and completed the study within 
10 days from the onset of menses to insure they were in the fol-
licular phase of their menstrual cycle. All participants signed an 
informed consent to participate prior to the study and the study 
was approved by the Walter Reed Army Institute of Research 
(WRAIR) Human Use Review Committee and National Naval 
Medical Center Institutional Review Board. 

Baseline Measurements
	 All participants had their nude weight (± 50 grams) 
(Seca, model 767, Germany) and Sosm measured (Model 210, 
Fiske, Norwood, MA) for 5 consecutive days between 05:30 
AM and 07:00 AM and prior to any physical activity. Upon ar-
rival for the exercise portion of the study at 06:30 AM, a sixth 
baseline measurement of Sosm and nude weight was obtained. 

Experimental procedure
	 Participants were instructed to follow their normal rou-
tine and not to engage in any physical exercise prior to their 
arrival for the study. Study participants were considered to be 
euhydrated if their weight was within one SD of their baseline 
mean body weight. 
	 Once participants were medically cleared to participate 
in the study and dressed in shorts, T-shirts (with sports bra for fe-
males) and running shoes, they were given a light carbohydrate 
meal consisting of 8 oz. of orange juice and a bagel. Prior to the 
collection of samples and weighing at each of 3 time points, the 
participants sat undisturbed upright for 30 minutes to allow for 
thermal and postural equilibration. Pre-exercise blood and sali-
va samples and nude weights were collected. The participants 
entered an environment chamber maintained at 40°C and 20% 
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relative humidity to conduct the exercise regime. To ensure safe-
ty, all participants were monitored every 5 minutes for core tem-
perature using a telemetry temperature pill (Mini Mitter, Bend, 
Oregon), heart rate using an automatic heart rate monitor (Polar 
S210, Kempele, Finland) and blood pressure (SunTech Medi-
cal, Tango Plus, Morrisville, NC). The participants were placed 
on a treadmill (True S.O.F.T., model ZTX 850P, True Fitness 
Technology, O’Fallon, MO) and walked at 3.5 mph at a 6-degree 
incline for 60 minutes. 
	 Following completion of exercise, all participants sat 
for 30 minutes in a temperate environment prior to collection of 
blood and saliva samples and nude weights. The post-rehydra-
tion samples were collected following an additional 30 minutes 
of sitting while drinking water ad libitum. 

Sample collection and analysis
	 For collection of unstimulated whole saliva, the partici-
pants were seated, head slightly down, asked to swallow to com-
pletely clear their mouths and subsequently asked not to swallow 
or move their tongue or lips during the collection period. Saliva 
was allowed to accumulate in their mouth for 2 minutes, and 
asked to spit the accumulated saliva into a 15 ml polypropylene 
test tube. Blood was collected through a heparin lock catheter. 
The initial 1 - 2 ml of drawn blood was discarded. Body mass (± 
50 grams) was measured on a digital platform scale. 
	 Blood samples were centrifuged at 1500 x g for 10 min-
utes to separate the plasma. Osmolalities of plasma and saliva 
were determined via freezing point depression with an osmom-
eter immediately following collection and preparation. Three 
replicates were accomplished for each sample. 

Statistical analysis
	 All dependent measures were assessed for normality 
using Kolmogorov-Smirnov, and Shapiro-Wilk procedures[30,31] 
and indicated that the baseline measures did not significantly 
depart from normality. However, there appeared to be some de-
partures from normality for some non-baseline measures. Since 
the parametric tests used in subsequent analyses are robust to 
moderate violations, for comparison purposes we have used 
parametric procedures with all the dependent measures in this 
study.
	 Mean gender and time differences were assessed using 
a two-way repeated measures ANOVA with gender and 3 time 
points (pre-exercise, post-exercise, and rehydration) with Green-
house-Geisser and the Huynh-Feldt sphericity corrections[32]. 
Significant F-ratios were followed with 1-tailed repeated-mea-
sures t-tests at the alpha 0.05 level with Bonferroni correction. 
Means are reported with standard deviations (SD).  Effect size 
(ES) was calculated per Cohen[33]  for repeated-measures data. 
The effect size was calculated using the pooled standard devia-
tions[33]. That is, the pooled standard deviation is the square root 
of the average of the squared standard deviations. Cohen sep-
arated ES into 3 categories: 0.2 - small, 0.5 -medium and 0.8 
- large. These categories are based on the amount of overlap be-
tween the distributions of response variable measurements. The 
more the overlap between the two treatment group distributions 
the more difficult it is to discern differences. 
	 Bivariate linear regressions were calculated for chang-
es in Posm and Sosm (Post-exercise – Pre-exercise) relative to 
BML (dependent variable) with the coefficient of determination 

(r2) reported. 

Results

Baselines
	 All 39 participants were within one SD of their mean 
baseline body weight at the beginning of exercise. Female base-
line weights averaged 63.77 kg ± 7.81 with a range of 44.13-
78.63 kg. Male baseline weights averaged 86.40 kg ± 12.65 
with a range of 58.33 - 115.21 kg. The female and male base-
line weights were statistically different for gender (p < 0.001). 
Baseline Sosm for females averaged 72.28 mOsmol/kg ± 13.39 
with a range of 52.00 - 94.28 mOsmol/kg and for males 81.71 
mOsmol/kg ± 17.20 with a range of 60.27 - 115.00 mOsmol/kg. 
These were statistically significantly different for gender (p < 
0.002). Combining all participants, the average Sosm was 79.25 
mOsmol/kg ± 20.54.

Euhydration determination
	 Pre-exercise Posm in females averaged 289.63 mOs-
mol/kg ± 3.93; males averaged 292.97 mOsmol/kg ± 3.35 and 
combined averaged 292.12 mOsmol/kg ± 3.75. Using the eu-
hydrated value for Posm as 288 mOsmol/kg ± 4 (26), 19 out 
of 29 male participants and 1 out of 10 female participants 
were hypohydrated at the start of exercise. Pre-exercise Sosm 
in females averaged 66.00 mOsmol/kg ± 17.55; males averaged 
75.81 mOsmol/kg ± 14.08 and combined averaged 73.29 mOs-
mol/kg ± 15.42. Using pre-exercise Posm to stratify euhydrated 
and hypohydrated males (Posm > 292 mOsmol/kg), there was no 
statistically significant differences found in %BML (p = 0.212), 
delta Posm (p = 0.867) and delta Sosm (p = 0.672). Thus, all 
male participants were grouped together for analyses. The aver-
age Sosm for euhydrated males was 72.87 mOsmol/kg ± 12.85 
and for hypohydrated males it was 77.35 mOsmol/kg ± 14.79.

Post-exercise BML
	 Following exercise all participants exhibited BML. 
Females lost an average of 1.71% ± 0.22 with a range of 1.33-
1.99% and males 1.60% ± 0.40 with a range of 1.10 - 3.06%. 
When combined, all participants had a mean BML of 1.63% ± 
0.26. 

Post-exercise Posm
	 Posm increased for all females and 23 out of 29 males. 
Posm increased by 1.4% in females, 0.6% in males and 0.81% 
for all participants. The r2 = 0.01 (or r = 0.1) was not significant 
and would require well over 100 subjects to become significant. 
There was a gender by time interaction (p = 0.047), but no over-
all gender main effect (p = 0.918). There was an overall time 
main effect with significant differences at all three time points 
(p < 0.000). Males showed statistically significant differences 
among all three time points (p < 0.004). Females showed a sig-
nificant difference between pre- and post-exercise (p = 0.006) 
and between post-exercise and rehydration (p = 0.001), but not 
between pre-exercise and rehydration (p = 0.130). 

Post-exercise Sosm
Sosm increased in all 39 participants by an average of 56.8% in 
females, 34.1 % in males and 39.3% in all participants.  The r2 = 
0.16 (or r = 0.4) is statistically significant for n = 39 (p = 0.032, 
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2-tailed test). There was a gender by time interaction (p = 0.032), 
but no overall gender main effect (p = 0.259). There was an over-
all time main effect with significant differences at all three time 
points (p < 0.000).  Both males and females showed statistically 
significant differences between pre-exercise, post-exercise and 
rehydration. 

Post-rehydration weight changes
	 Following rehydration, all participants exhibited a gain 
in weight. Females gained an average of 1.42% ± 0.28 and males 
1.20% ± 0.50. When combined, all participants had a mean 
weight gain of 1.24% ± 0.47.

Post-rehydration Posm and Sosm
	 Following rehydration 9 of 10 females and 28 of 29 
males Posm decreased when compared to post-exercise by an 
average of 0.60% and 1.40% mOsmol/kg respectively. Posm de-
creased following rehydration when compared to pre-exercise 
in 8 of 10 females and 28 of 29 males by an average of 1.00% 
and 2.00% mOsmol/kg respectively. Following rehydration all 
female and male Sosm decreased from post-exercise by an av-
erage of 44.45% and 40.27% mOsmol/kg respectively. When 
comparing rehydration to pre-exercise, 7 of 10 females and 27 
of 29 males had lowered Sosm by an average of 12.00% and 
19.8% mOsmol/kg respectively.

Comparisons
	 BML vs. Sosm and Posm: Coefficients of determina-
tion among BML and change in Posm and change in Sosm ac-
counted for 0% and 7% of the percent BML, respectively, for all 
subjects combined; neither reached statistical significance. Male 
Sosm (r2 = 0.16; p < 0.05) was a better predictor than Posm (r2 = 
0.01; p > 0.05). Females were the opposite, Posm (r2 = 0.08) was 
a better predictor than Sosm (r2 = 0.00); however, for females 
neither relationship was statistically significant and likely due to 
the small sample size.
	 Sosm vs. Posm: The correlation between change in 
Sosm and change in Posm (pre-exercise to post-exercise) for all 
participants was significant (p = 0.005) with change in Sosm 
accounting for 17% of the change in Posm (Figure 1). This cor-
relation in males was significant (p = 0.003), with the change 
in Sosm accounting for 29% of the variation in change in Posm 
(Figure 2), however in females the correlation was not signif-
icant (p = 0.461) (Figure 3). The female subgroup had fewer 
significant correlations, as would be expected from a smaller 
sample size.

Figure 1: Change in Sosm vs. Change in Posu (combined).

Figure 2: Change in Sosm vs. Change in Posm (males).

Figure 3: Change in Sosm vs. Change in Posm (Females).

Discussion

	 This study found that using mean body weight to es-
tablish euhydration in free living participants, especially males, 
was not predictable and corresponds with a previous study[34]. 
Although all participants were within one SD of their mean body 
weight calculated during the previous 5 days, 51% of the partic-
ipants had pre-exercise Posm values indicating they were hy-
pohydrated. Males were more frequently hypohydrated than fe-
males, 65% and 10% respectively. Considering that participants 
were Soldiers and Sailors with a high degree of physical activity, 
it is not surprising to find many participants were hypohydrated. 
The causes for the discrepancy between males and females who 
were hypohydrated at pre-exercise was beyond the scope of this 
study and so it was not investigated.
	 A primary objective of this study was to determine how 
changes in Sosm compared with changes in Posm during mild 
dehydration. There was a statistically significant difference be-
tween pre-exercise and post-exercise Posm and Sosm values. 
Sosm increased in 100% of participants during dehydration 
whereas Posm decreased in 6 out of 39 participants. The relative 
increase in Sosm (39.3%) was higher than Posm (0.8%), howev-
er, Sosm was accompanied by larger variability. 
	 While the ES depends on many factors, its use as a 
comparative index is critical in relating research results to other 
studies. Thomas et al[35] provide a useful perspective, pointing 
out that a convention for interpreting ES as “small” (0.20), “me-
dium” (0.50), and “large” (0.80) has been proposed by Cohen[33]. 
In another study by Thomas et al., it was shown that many stud-
ies in exercise literature (27% in their sample) had low power 
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with an average ES of 0.24 and little chance of reliably detecting 
differences[36]. In physiology, ES ranges from 0.34 to 0.91[35]. 
By comparison, all ES’s in the current study were consider-
ably higher, ranging from 1.02 to 2.41 (Tables 1-3). The ES for 
change in Sosm (males), representing a BML of 1.6% was 2.61 
(Table 2) and is consistent with ES’s extrapolated from Walsh et 
al. (3.43 and 2.23)[16,17]. 

Table 1: Means, % Change and effect sizes(ES), (combined).
Comparison Mean ± SD % Change ES (Cohen’s d)
PostExPosm 294.49 ± 4.49 0.81 1.26
PostExSosm 102.10 ± 25.28 39.31 2.41
PostRehPosm 287.08 ± 5.19 -1.72 2.29
PostRehSosm 60.35 ± 13.05 -17.66 1.42
PostEXBML 1.31 ± 0.32 -1.63

Comparisons are to the pre-exercise or baseline values.		
	
Table 2: Means, % Change and effect size (ES), (males).
Comparison Mean ± SD % Change ES (Cohen’s d)
PostExPosm 294.17 ± 4.15 0.60 1.04
PostExSosm 97.05 ± 21.60 34.20 2.61
PostRehPosm 286.42 ± 4.81 -2.00 3.08
PostRehSosm 57.97 ± 11.7 -19.8 1.48
Post ExBML 1.37 ± 0.31 -1.60

Comparisons are to the pre-exercise or baseline values.		
	
Table 3: Means, % Change and effect size (ES), (females).
Comparison Mean ± SD % Change ES (Cohen’s d)
PostExPosm 294.73 ± 5.32 1.40 2.25
PostExSosm 114.33 ± 31.83 58.40 2.73
PostRehPosm 287.87 ± 5.47 -1.00 1.16
PostRehSosm 63.51 ± 11.98 -12.00 2.30
PostExBML 1.08 ± 0.28 -1.71

Comparisons are to the pre-exercise or baseline values.		

	 The ES for change in Posm, 1.26 for all participants, 
1.04 for males, and 2.25 for females were also large. The ES for 
females, 2.25, means there is only about a 15% overlap between 
the pre-exercise and post-exercise distributions.
 	 The ES for change in Sosm; 2.41 for all participants, 
2.61 for males, and 2.73 for females are large. The ES of 2.41 
for all participants means there is less than 13% overlap for the 
pre-exercise and post-exercise Sosm distributions. The large ES 
demonstrated by Sosm suggests it may be a useful biomarker to 
screen for dehydration once a euhydration range is established. 
Ely et al[37]  showed that salivary osmolality and plasma osmo-
lality were consistent with changes in body mass or total body 
weight during a hypohydration exercise. However, following 
hypohydration and an oral rinse with water, Sosm was easily 
confounded and appeared to return to a euhydrated level. Fifteen 
minutes following the oral rinse, Sosm returned to an elevated 
level indicating a true state. Despite returning to a true state after 
a short interval, it was concluded that Sosm is of limited value 
for determining hydration status when fluids are consumed reg-
ularly. Although a mouth rinse was not used in this study, current 
results correspond with Ely et al. It was found that for the Sosm 

relationship, the r2 = 0.16 (or r = 0.4) is statistically significant 
for n = 39 (p = 0.032 2-tailed test).  However, for the Posm rela-
tionship, the r2 = 0.01 (or r = 0.1) was not. This lends credence 
to the conclusion that Sosm is a potential and valid predictor of 
dehydration among males.
	 A limitation in the current study is that BML was limit-
ed resulting in a restriction of the range for optimized correlation 
assessments. Sequent research should extend the range of dehy-
dration to adequately replicate the findings of Walsh et al[16,17] for 
males and extend them to females. 
	 The second objective of this study was to determine 
whether there are differences in the response of Posm and Sosm 
between males and females during mild dehydration. During 
the follicular phase of the menstrual cycle (the first 10 days fol-
lowing the onset of menses), there were noticeable differences. 
Using body weight measurements to establish euhydration; val-
ues for Sosm and Posm showed females were consistently better 
hydrated than males during baseline and pre-exercise measure-
ments. Females exhibited greater increases in both Sosm and 
Posm following exercise indicating they became more dehydrat-
ed following the same exercise regime as males.  
	  When the change in Posm was compared to the change 
in Sosm, the relationship is more pronounced in males than in 
females (Figures 1- 3). Generally, as Posm increases during de-
hydration, Sosm increases as well (Figure 1). In participants in 
which Posm decreased during dehydration, Sosm continued to 
trend upward. Blood has the capacity to tap extracellular sources 
of body water during the initial stages of dehydration in order 
to maintain its osmolality. One of these sources is the salivary 
glands, and during times of hypertonic-hypovolemia, shifts in 
sodium gradients in the salivary glands results in concentration 
of saliva and an increase in osmolality. This capacity varied be-
tween individuals. This study did not answer why there was a 
negative slope in females (Figure 3). 
	 Overall, females were better hydrated prior to exercise 
but became more dehydrated as demonstrated by BML, Posm 
and Sosm measures. This suggests that monitoring hydration 
status, during the early stage of dehydration, may be more im-
portant in females than males. 
	 The final objective was to determine whether Sosm re-
sponded to water intake as well as Posm. All participants exhib-
ited a lower Posm and Sosm following rehydration when com-
pared to post-exercise. Only 2 females and 2 males had Posm 
that remained above 292 mOsmol/kg.  Both Sosm and Posm 
reflected a reversal of dehydration within 30 minutes of water 
consumption.

Conclusion

	 In conclusion, at the levels of dehydration achieved in 
this study, neither Posm nor Sosm demonstrated a large correla-
tion to BML. Sosm correlated better than Posm but had greater 
variability. The ES of Sosm indicates further research using sali-
va as a hydration biomarker is warranted. 

Disclaimer
	 The opinions or assertions contained herein are the pri-
vate views of the authors, and are not to be construed as official, 
or as reflecting true views of the Department of the Army or the 
Department of Defense.
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