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ABSTRACT

External stressors such as alcohol, caffeine, and vigorous exercise are known to alter cellular homeostasis,
affecting the autonomic nervous system (ANS) and overall physiological function. However, little direct evidence
exists quantifying the impact of these external stressors on physiological testing. We assessed the impact of the
above-listed stressors on spontaneous baroreflex sensitivity (BRS), heart rate variability (HRV), heart rate
asymmetry (HRA), and systolic blood pressure variability (BPV). Seventeen male university varsity American-
style football athletes completed two identical assessments on separate days, once presenting with one or
more stressors (recent intake of caffeine, alcohol, or exercise participation; contraindicated assessment) and
another with no stressors present (repeat assessment). Both assessments were conducted within one week and at
the same time of day. The testing protocol consisted of 5-min of rest followed by 5-min of a squat-stand maneuver
(0.05 Hz). Continuous beat-to-beat blood pressure and electrocardiogram measurements were collected and
allowed for calculations of BRS, HRV, HRA, and BPV. Significant decreases (p < 0.05) in HRV and HRA metrics
(SDNN, SD2, SDNNd, SDNNa, SD2a, SD2d), HRV total power, and BRS-up sequence were found during the
contraindicated assessment in comparison to the repeat assessment. When assessing those with exercise as their
only stressor, high-frequency HRV and BRS-pooled were significantly decreased and increased, respectively,
during the contraindicated assessment. Pre-season physiological baseline testing in sport is becoming increas-
ingly prevalent and thus must consider external stressors to ascertain accurate and reliable data. This data
confirms the need for stringent and standardized guidelines for pre-participation baseline physiological testing.

1. Introduction

athlete’s own unique physiology if they suffer an injury. Multiple
post-injury follow-up assessments are often required for athletes who

Prior to a competitive athletic season, athletes may undergo physi-
ological testing to establish a baseline level of function and identify any
concerning deficits or underlying conditions. Typical components of
pre-participation testing include assessing musculoskeletal function and
balance, cardiovascular screening, and baseline concussion testing
(Cottle et al., 2017; Dai et al., 2019; Echemendia et al., 2017; Longo
et al., 2018; Neary et al., 2011), which includes the common use of the
Sport Concussion Assessment Tool 5th Edition (SCAT5) (Echemendia
et al., 2017). These data provide valuable information to both athletes
and training staff to understand the athlete’s physical status and any
potential limitations in physiological function. In addition, such infor-
mation allows professionals to compare data that is relative to an

suffer musculoskeletal injuries or concussions before they are allowed to
return-to-play (Neary et al., 2019; Sharma et al., 2020). These follow-up
assessments include symptom reporting, physiological measurements,
and neurocognitive assessments (Cottle et al., 2017; Ellis et al., 2019) to
assist in the decision-making to return players to competition (McCrory
et al., 2017). Therefore, to accurately assess physiological parameters,
well-defined standardized conditions must be introduced to limit
ambiguous results (Neary et al., 2019; Ziemssen and Siepmann, 2019).
However, there is a lack of direct evidence regarding the impact of
external stressors on physiological testing to inform the development of
standardized pre-participation guidelines.

Some external stressors that are known to alter cellular homeostasis
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and metabolism include alcohol (Husain et al., 2014; Marchi et al.,
2014), caffeine (Nehlig et al., 1992), and exercise (Hawley et al., 2014).
These stressors can influence cardiovascular function and the autonomic
nervous system (ANS) as these systems respond to internal and external
stressors to maintain homeostasis (Kim et al., 2018; Ziemssen and
Siepmann, 2019). As a result, these external stressors can be con-
founding variables, limiting the interpretability of results from physio-
logical testing (Kim et al., 2018). By having stressor-related, ambiguous
baseline data, the comparison of baseline data to any subsequent
follow-up assessments loses utility. Alcohol, caffeine, and exercise in-
crease activity in the sympathetic branch of the ANS, although through
different mechanisms (Bunsawat et al., 2015; Hawley et al., 2014;
Husain et al., 2014; Marchi et al., 2014; Mastorakos et al., 2005; Nehlig
et al., 1992). Thus, the use of parameters such as heart rate variability
(HRV), heart rate asymmetry (HRA), spontaneous baroreflex sensitivity
(BRS), and systolic blood pressure variability (BPV), which assess
cardiovascular-autonomic nervous system (CV-ANS) function must be
measured with strict pre-participation guidelines in place to ensure true
physiological baseline values are obtained during testing.

HRV refers to the variations in the time interval between successive
R-waves of QRS complexes in the cardiac cycle (Piskorski and Guzik,
2011). HRV is used to assess the ANS, providing information on the
relative contributions of the sympathetic and parasympathetic branches
(Piskorski and Guzik, 2011; Rajendra Acharya et al., 2006). HRV can be
analyzed using several techniques, including time-domain, frequency--
domain, and non-linear methods (Shaffer et al., 2014; Tarvainen et al.,
2014). HRA is a physiological parameter that assesses the contribution
of accelerations (shortening) and decelerations (lengthening) to the
variability in R-R interval duration, commonly represented by a
Poincaré plot (Piskorski and Guzik, 2011). Since HRA is a component of
HRV and has been demonstrated to correlate with ANS activity, it is
thought that HRA may be a valuable parameter for analyzing CV-ANS
function (Karmakar et al., 2012; Piskorski and Guzik, 2011; Porta
et al., 2008).

The arterial baroreflex is a key mechanism partially responsible for
regulating CV-ANS function (Chapleau et al., 2001). The baroreflex
regulates blood pressure through a negative feedback mechanism initi-
ated by alterations in blood pressure sensed by the baroreceptors in the
carotid sinus and aortic arch (Chapleau et al., 2001). BRS is a surrogate
measure of this process (Chapleau et al., 2001; La Fountaine et al.,
2019). BPV is another physiological metric that provides valuable in-
formation concerning cardiovascular regulation and the relative con-
tributions of the parasympathetic and sympathetic branches of the ANS
(Laitinen et al., 1999; Pagani et al., 1997; Singh et al., 2022). BPV
represents the asymmetry due to short-term fluctuations in blood pres-
sure (Guzik et al., 2010).

This study aimed to examine the impact of external stressors on BRS,
HRV, HRA and BPV. This study was conducted using a retrospective
observational approach with data obtained from a subset of athletes who
presented to complete their pre-season physiological baseline testing
with the presence of one or more external stressors (contraindicated)
and then completed a subsequent assessment one week later without any
external stressors (repeat). Alcohol, caffeine, and exercise were the
external stressors examined in this analysis. We hypothesized that the
presence of external stressors would depress these CV-ANS parameters,
limiting the utility of these parameters as baseline physiological values
for comparison to subsequent follow-up assessments.

2. Methods
2.1. Participants

All varsity athletes at the University of Regina undergo pre-season
baseline physiological assessments. Prior to testing, all athletes are

instructed to refrain from alcohol, caffeine, and exercise. Seventy-nine
university varsity male, American style football athletes completed
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baseline physiological assessments. Out of this group, a subset of 17
athletes completed their initial assessment with the presence of one or
more external stressors (the contraindicated assessment; alcohol con-
sumption within 24 h, caffeine consumption within 9 h, and exercise
within 6 h). After completing their contraindicated assessment, with one
or more external stressors present, these athletes were then asked to
return within 1 week at the same time of day to repeat the assessment
without any external stressors present (the repeat assessment). Further
information regarding how the data was obtained is available in Fig. 1.

2.2. Data Collection

Ethics approval was provided by the University of Regina Research
Ethics Board (REB#55R-1213). All participants provided their written
informed consent after reviewing information about the research. Using
finger photoplethysmography, continuous beat-to-beat blood pressure
data was collected with a Finometer Pro (Finapres Medical Systems BV,
Enschede, Netherlands). The finger cuff was affixed to the left middle
finger, with the height correction unit attached to the participant’s shirt
at heart level. HRV was assessed using a 3-lead electrocardiogram (ECG)
(Finapres Medical Systems, the Netherlands). Raw data signals were
simultaneously collected and displayed using PowerLab and LabChart
software (AD Instruments, Colorado, USA). Participants completed a 5-
min seated rest to establish baseline physiology followed by 5-min of a
paced squat-stand maneuver consisting of repeated 10-s squat holds
followed by 10-s of standing rest (0.05 Hz) (Neary et al., 2019; Smirl
et al., 2015).

2.3. Data analysis

After inspection for any artifacts, all data files containing the blood
pressure waveform were imported into the Ensemble-R software (Elu-
cimed Ltd., Wellington, NZ) to assess BRS and BPV. BRS was evaluated
by partitioning the BRS-up and BRS-down sequences and quantifying
the pooled BRS. BPV was assessed using spectral analysis and catego-
rized into high (HF-BPV) and low (LF-BPV) frequency power compo-
nents along with total power (TP-BPV). The BRS and BPV analyses were
conducted during the repeated squat-stand maneuver. The ECG signal
was inspected for ectopic beats. The R-R intervals were analyzed, and
power spectral density was estimated using the Lomb method (Laguna
et al., 1998). HRV was then assessed through spectral analysis (LF, HF,
LF/HF ratio, and total power), time-domain methods (SDNN), and sta-
tistics derived from Poincaré plots (SD1 and SD2). For both HRV and
BPV, LF power was measured at 0.04-0.15 Hz, while HF power was
measured at 0.15-0.40 Hz. Finally, HRA was analyzed by separating
information on a Poincaré plot into the accelerations or decelerations of
HR, allowing for the calculation of geometric HRV parameters,
including SD1a, SD1d, SD2a, SD2d, SDNNa, and SDNNd (Piskorski and
Guzik, 2011). The R-R intervals were analyzed using an independent,
in-house software to separate the decelerating and accelerating char-
acteristics (Piskorski and Guzik, 2011). HRV and HRA were assessed
during the 5-min of seated rest.

2.4. Statistical analysis

A paired sample t-test (p < 0.05) was used to compare BRS, BPV,
HRA and HRV in the group with one or more external stressors (con-
traindicated) to the same individuals one week later without the pres-
ence of any external stressors (repeat) (Tables 2 and 3). Furthermore,
prior exercise was the most prevalent external stressor in this data set
(70.6%; n = 12). As such, to understand the influence of exercise alone
on BRS, BPV, HRA and HRYV, a paired sample t-test (p < 0.05) was
applied to those with prior exercise as their only external stressor (ex-
ercise only) compared to the same participants one-week later without
any external stressors (repeat) (Tables 4 and 5). In addition, for all an-
alyses, absolute effect sizes are reported using Cohen’s D (Cohen, 1988).
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79 university football athletes completed
baseline physiological assessments

55 completed baseline assessments

A 4

without external stressors

24 with contraindicated assessments
(presence of one or more external stressor)

7 removed due to HR issues I< /

10 removed due to BP/HR issues

N

17 included in the contraindicated
resting HRV/HRA analysis

14 included in the contraindicated
squat-stand BRS/BPV analysis

7 removed due to presence of
alcohol or caffeine

A 4

7 removed due to presence of
alcohol or caffeine

A4

A 4

10 included in the exercise only
resting HRV/HRA analysis

7 included in the exercise only
squat-stand BRS/BPV analysis

Fig. 1. Flowchart depicting how the data was collected and stratified for the different analyses.
Contraindicated = the presence of one or more external stressor (caffeine, alcohol, exercise); HR = heart rate; BP = blood pressure; HRV = heart rate variability;
HRA = heart rate asymmetry; BRS = spontaneous baroreflex sensitivity; BPV = systolic blood pressure variability.

Table 1
Participant characteristics and the proportion of the sample with each external
stressor.

Participants (n = 17)

Age (mean + SD)

BMI (mean + SD)

Alcohol within 24 h (%)

Caffeine within 9 h (%)

Exercise within 6 h (%)

SCAT5 Symptom Sum (Contraindicated) (mean + SD)
SCATS5 Symptom Sum (Repeat) (mean + SD)

20.2 +1.7
29.9 + 5.6
23.5% (n = 4)
47.1% (n = 8)
70.6% (n = 12)
1+1

1+1

BMI = body mass index; SCAT=Sport Concussion Assessment Tool 5th Edition.
3. Results

In the resting R-R interval analyses, 17 participants were included
(BMI = 29.9 + 5.6; age = 20.2 + 1.7). Significant decreases (p < 0.05)
were found from the R-R interval data for SDNN, SD2, SDNNd, SDNNa,
SD2d, and SD2a for the Poincaré plot parameters in the contraindicated
group. There was a decrease (p < 0.05) in total power in the contra-
indicated group, as observed in the spectral data. All Poincaré plot and
spectral results during rest for the contraindicated analysis are presented
in Table 2. Of the 17 participants, 3 were not included in the contra-
indicated squat-stand BRS and BPV analysis due to poor blood pressure
signal quality. BRS-up sequence was decreased (p < 0.05) in the con-
traindicated group. No other significant differences were found in the
contraindicated BRS and BPV analysis. All BRS and BPV results for the
contraindicated analysis are presented in Table 3. When separating the
data by exercise as the only external stressor, the results were similar to
the contraindicated analyses, along with a significant decrease in HF
HRV (Table 4) and an increase in BRS-pooled (Table 5) during the
contraindicated assessment. Fig. 2 is a representative Poincaré plot of a
participant who exercised prior to the assessment, thus depicting the
changes in HRA and HRYV as a result of exercise.

4. Discussion

This retrospective, observational study was conducted to assess the
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Table 2

Poincaré plot and spectral analysis of R-R intervals (n = 17) during rest for the
contraindicated assessment (one or more external stressors present) vs. the
repeat assessment (no external stressors present).

Parameter Contraindicated ~ Repeat t- Cohen’s p-
statistic D value
SDNN* (ms) 53 +£18 68 + —-2.50 —-0.61 0.02
20
SD1 (ms) 30 +£18 36 + -1.53 -0.37 0.15
18
SD2* (ms) 68 + 22 88 + -2.62 —0.64 0.02
25
SDNNd* (ms) 37 £ 12 47 + —2.52 —-0.61 0.02
14
SDNNa* (ms) 38 + 14 48 + —2.46 —0.60 0.03
14
SD1d (ms) 22 +13 26 + -1.39 —0.34 0.20
13
SD1a (ms) 20 +£12 25+ -1.70 —-0.41 0.11
12
SD2d* (ms) 47 +£13 61 + —2.69 —0.65 0.01
16
SD2a* (ms) 49 +18 63 + —2.55 —-0.62 0.02
19
LF (ms?) 7+6 10+ 6 -1.72 —0.42 0.10
HF (ms?) 6+8 8+10 -1.93 —0.47 0.07
LE/HF 5+5 3+2 1.56 0.38 0.14
Total Power* 18 £13 34+ -2.62 —0.64 0.02
(msz) 27
* (p < 0.05).

SDNN = total variability; SD1 = short-term variability; SD2 = long-term vari-
ability; SDNNd = contribution of decelerations to total variability; SDNNa =
contribution of accelerations to total variability, SD1d = contribution of de-
celerations to short-term variability; SD1a = contribution of accelerations to
short-term variability; SD2d = contribution of decelerations to long-term vari-
ability; SD2a = contribution of accelerations to long-term variability; HF = high
frequency; LF = low frequency.

impact of external stressors on physiological function during baseline
testing. Although some previous research has demonstrated that
alcohol, caffeine, and exercise independently alter metabolic function
(Hawley et al., 2014; Husain et al., 2014; Marchi et al., 2014; Nehlig
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Table 3
Baroreflex sensitivity and blood pressure variability (n 14) during the
repeated squat-stand maneuver for the contraindicated assessment (one or more
external stressors present) vs. the repeat assessment (no external stressors
present).

Parameter Contraindicated ~ Repeat t- Cohen’s p-
statistic D value
BRS-down 5+2 6+3 0.60 0.16 0.60
(msec/
mmHg)
BRS-up* (msec/ 8 +4 11+5 2.97 0.79 0.01
mmHg)
BRS-pooled 6+3 8+3 1.67 0.45 0.12
(msec/
mmHg)
HF-BPV 44 + 18 40 £ 15 -0.72 -0.19 0.49
(mmHg?)
LF-BPV 1259 + 485 1361 + 0.59 0.16 0.56
(mmHg?) 624
TP-BPV 1329 + 496 1428 + 0.55 0.15 0.59
(mmHg?) 643
*(p < 0.05).

HF = high frequency; LF = low frequency; TP = total power; BRS = spontaneous
baroreflex sensitivity, BPV = systolic blood pressure variability.

Table 4
Poincaré plot and spectral analysis of R-R intervals (n = 10) during rest for prior
exercise only vs. the repeat assessment (no external stressors present).

Parameter Exercise Repeat t- Cohen’s p-
Only statistic D value
SDNN* (ms) 50 + 20 72+£20 27 —0.85 0.02
SD1 (ms) 26 +£15 36 £15 -1.9 —0.60 0.09
SD2* (ms) 65 + 26 94+26 27 —0.85 0.02
SDNNd* (ms) 35+13 50+14 27 —0.85 0.01
SDNNa* (ms) 36 + 16 51+15 2.7 —0.85 0.02
SD1d (ms) 19 +12 26+11 -1.6 —0.51 0.14
SD1a (ms) 17 £ 10 25+£10 2.2 —0.70 0.05
SD2d* (ms) 45+ 15 65+18 2.8 —0.89 0.02
SD2a* (ms) 47 + 22 68 £+ 20 —-2.6 —0.82 0.03
LF (ms®) 7+8 11+7  -1.47 -0.46 0.18
HF* (ms?) 4+4 8+8 —2.43 —0.77 0.04
LE/HF 5+4 2+2 1.52 0.48 0.16
Total Power* 16 + 11 39+£30 -251 -0.79 0.03
(ms?)
* (p < 0.05).

SDNN = total variability; SD1 = short-term variability; SD2 = long-term vari-
ability; SDNNd = contribution of decelerations to total variability; SDNNa =
contribution of accelerations to total variability, SD1d = contribution of de-
celerations to short-term variability; SD1a = contribution of accelerations to
short-term variability; SD2d = contribution of decelerations to long-term vari-
ability; SD2a = contribution of accelerations to long-term variability; HF = high
frequency; LF = low frequency.

et al., 1992), limited data is available on how these stressors can alter
ANS function as applied to physiological baseline athletic testing and
return-to-play protocols. Our results indicated that the external stressors
examined in this study significantly impact BRS, HRV, and HRA during
rest and when undergoing a repeated squat-stand maneuver. The mag-
nitudes of these changes are considered a medium effect, with the ab-
solute effect size at significant intervals being at least d = 0.60 (Cohen,
1988). These results speak to the importance of developing strict
pre-participation guidelines to control for external stressors before
conducting baseline testing of athletes prior to their competitive sport
season.

External stressors generally affect the ANS by increasing sympathetic
activity, albeit through slightly different mechanisms (Kim et al., 2018).
In general, the limbic system becomes activated, stimulating the
hypothalamic-pituitary-adrenal axis, which increases activity in the
sympathetic branch of the ANS (Chand et al., 2020). Specifically relating
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Table 5

Baroreflex sensitivity and blood pressure variability (n = 7) during the repeated
squat-stand maneuver for prior exercise only vs. the repeat assessment (no
external stressors present).

Parameter Exercise Repeat t- Cohen’s p-
Only statistic D value
BRS-down (msec/ 7+4 5+2 1.8 0.68 0.12
mmHg)
BRS-up* (msec/ 14+ 4 9+ 4 5 1.89 <0.01
mmHg)
BRS-pooled* 9+4 6+3 2.5 0.94 0.04
(msec/mmHg)
HF-BPV (mmHg?) 36 +18 39415 —0.4 —0.15 0.69
LF-BPV (mmHg?) 1154 + 1260 + —0.4 —0.15 0.69
572 569
TP-BPV (mmHg?) 1214 + 1319 + —0.4 —0.15 0.71
594 580

*(p < 0.05).
HF = high frequency; LF = low frequency; TP = total power; BRS = spontaneous
baroreflex sensitivity, BPV = systolic blood pressure variability.

to the physiological effect of the three stressors discussed, alcohol con-
sumption increases activity in the sympathetic branch of the ANS, as
demonstrated through increased blood pressure and decreased barore-
flex activity following alcohol consumption (Husain et al., 2014; Marchi
etal., 2014). Caffeine is a potent stimulator of the sympathetic branch of
the ANS, as evidenced by increased release of plasma catecholamines,
elevated BP, decreased HRV, and decreased BRS following consumption
(Bunsawat et al., 2015). Finally, exercise is well known to increase
sympathetic activity due to its ability to trigger the release of cate-
cholamines (Mastorakos et al., 2005) and can significantly affect car-
diovascular indices (Neary and Wenger, 1985).

We add further evidence here that physiological alterations can
occur as a result of alcohol intake, caffeine intake, or exercise partici-
pation. Specifically, we showed that the BRS-up sequence and Poincaré
plot accelerations and decelerations were altered due to these external
stressors. The Poincaré plot visually depicts R-R intervals plotted on a
cartesian plane distributed around a central line of identity (Karmakar
et al., 2012; Piskorski and Guzik, 2011). The distribution of the R-R
intervals around the line of identity allows for depictions of heart rate
accelerations and decelerations, represented by points below and above
the line of identity, respectively (Piskorski and Guzik, 2011). This
analysis clearly shows the decreased HRV seen with one or more
external stressors present and the marked effects on the acceleration and
deceleration properties of the R-R intervals on the Poincaré plots,
representative of HRA (Fig. 2) (Chand et al., 2020; Piskorski and Guzik,
2011).

Although measures of ANS function, such as HRV, exhibit a degree of
day-to-day variation, this variability is not statistically significant if
multiple recordings are collected under similar conditions (Burma et al.,
2021). For example, ANS activity fluctuates throughout the day as
rhythmic circadian changes modulate endogenous physiological mech-
anisms (Smolensky et al., 2017). Importantly, we controlled for the
potential confounding impact of circadian changes by ensuring both
assessments were completed at the same time of day for each partici-
pant. As demonstrated in Table 1, there were no differences in the
SCATS5 symptom totals between the contraindicated and repeat assess-
ments, demonstrating that the participants did not subjectively feel
different. Furthermore, external stressors, as previously discussed, can
influence ANS activity. However, during the repeat assessment, there
was strict adherence to pre-participation guidance to avoid alcohol,
caffeine, and exercise before the assessment.

Further analyses were completed on the group with exercise as their
only stressor. Indeed, exercise was the most prevalent external stressor,
present in 70.6% of the participant’s initial assessments. Caffeine and
alcohol were less prevalent in our sample, 47.1% and 23.5%, respec-
tively, and rarely the only external stressor. As such, we could not assess
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Fig. 2. Poincaré plots for exercise only and a repeat assessment for a representative participant.
Note: This figure illustrates the significant impact of exercise only on heart rate variability (HRV) and heart rate asymmetry (HRA) during rest, compared to a

repeat assessment.

the independent impact of caffeine and alcohol. Altogether, there were
10 participants with exercise as their only external stressor. The analysis
of these 10 participants demonstrated significant HRA and HRV differ-
ences. Out of these 10 participants, 3 were excluded from the analysis of
BRS and BPV due to poor BP waveforms. The BRS and BPV analysis in
this sub-group showed significant differences in BRS-up and BRS-
pooled.

As demonstrated by the results of these analyses, it is clear that prior
to physiological testing, standardized pre-participation guidelines must
be established for the utility and objectivity of the data. Only then can
the medical and training staff make accurate and objective decisions for
returning athletes to play. Thus, the importance of our research is for its
application to follow-up testing and return-to-play protocols. For
example, external stressors could impact diagnosis and treatment
related to concussion. Concussion has been demonstrated to cause im-
pairments in various measures of ANS function, such as BRS, HRV, and
BPV, resembling those seen when external stressors are present (Krzy-
zaniak and Fatehi Hassanabad, 2021; La Fountaine et al., 2019; Singh
et al., 2022). As a result, if an individual’s baseline assessment were to
be performed with an external stressor, any comparisons to follow-up
assessments would not provide accurate and comparable data.

The findings presented in this study have important implications for
establishing standardized pre-participation guidelines for baseline
physiological testing and return-to-play protocols. To the author’s
knowledge, this is the first study of its kind to quantify the confounding
impact of external stressors on BRS, HRV, HRA and BPV when compared
to follow-up testing with strict adherence to pre-participation guide-
lines. This data provides strong evidence for creating standardized pre-
participation guidelines to control for external stressors prior to physi-
ological testing. Without such guidelines, such testing will continue to
yield ambiguous results and hinder the utility of such assessments.
Further research is warranted to explore the influence of these stressors
on psychological and perceptual-cognitive function as well. Many
return-to-play protocols also rely upon these components when assess-
ing the ability to resume sport and activity after a concussion (Daniel
et al., 1999; Randolph et al., 2005).

Limitations of this study include the small sample size, varying doses
of stressors between participants, variations in when the participant
introduced the stressor, and exclusively examining male participants.
Furthermore, our results cannot be extrapolated to different populations
given the non-randomized nature and the small sample size.
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