





Fig. 7. Potential model of association between lifestyle factors (physical activity and sleep) and inflammatory
biomarkers. Tot PA = total minutes/week of physical activity (all intensities), Mod PA = minutes/week of moderate
intensity physical activity, Hi PA = minutes/week of high intensity physical activity, Mod/Hi PA = minutes/week of
moderate and high intensity physical activity combined, HBI = Healthy Behavior Index. Levels of significance: * P
<0.05, ** P <0.01.

4. Discussion

This was an exploratory study to describe and examine lifestyle factors that associate
with CVD risk factors and inflammation. In the present sample, high intensity physical activity
and sleep quality were not significantly correlated with CRP. Leptin was negatively correlated
with total physical activity and high intensity physical activity. Insulin was negatively correlated
with HBI score and total physical activity. Sleep quality and sleep duration did not significantly
correlate with any of the CVD risk factors or inflammatory biomarkers.

The fact that our study found no associations between CRP and any intensity of physical
activity is contrary to some previous studies (Hamer et al, 2012; Kadoglou et al., 2007).
However, it is important to note that the participants in those studies had a mean age of about 49
years and 61 years, respectively, much older than the mean age of 20 years in our sample. The
young age in the present study may explain the lack of associations found with CRP, since
inflammation tends to associate with age-related conditions (Franceschi et al., 2007). It is
possible that inflammation increases as damage accumulates over time as a result of poor
lifestyle behaviors. Additionally, Kadoglou et al., 2007’s study had all overweight participants
with type 2 diabetes mellitus completing an aerobic exercise intervention of 150 minutes each
week at moderate and high intensity. Only 27% of the participants in the present study were
overweight, and physical activity was not distinguished by aerobic and anaerobic, although 74%
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of the participants were getting at least 150 minutes each week of moderate or high intensity
physical activity. It is possible that aerobic physical activity elicits a greater improvement in
inflammation. It is also possible that the inflammatory response to lifestyle behaviors differs in
individuals with certain disease states compared to healthy individuals.

This study also found no associations between CRP and sleep quality, contrary to some
previous studies (Okun et al., 2009; Prather et al., 2013; Wilson et al., 2015). The latter two
studies had participants with inflammatory conditions or cardiovascular complications and did
not use the PSQI global score to assess sleep quality. Prather et al., 2013 used only the PSQI
subjective sleep quality component, but our study found discrepancies between subjective sleep
quality and actual sleep quality as defined by the PSQI global score (see Fig. 5), so it is difficult
to compare those results with those in the present study. The study by Okun et al, 2009 had
healthy participants with a mean age of 28 years and used the PSQI global score to assess sleep
quality, but all participants were female, so it is also difficult to compare directly to our study in
which 36% of the participants were males.

Although high intensity physical activity and sleep quality were not significantly related
to CRP in this study, these two lifestyle factors were significantly related to other biomarkers and
characteristics associated with increased CRP, such as elevated blood pressure, high BMI, low
HDL-cholesterol, and high triglycerides (Fontes et al., 2013; Pearson et al., 2003; Sesso, Wang,
Buring, Ridker, & Gaziano, 2007; Steptoe, Hamer, & Chida, 2007; Suarez, 2004). It is possible
that high intensity physical activity and sleep quality indirectly affect inflammation via
mechanisms not reflected by increases in CRP. Further studies should be performed to establish
this potential indirect relationship. In the present study, physical activity was correlated with
leptin and insulin but not CRP, although leptin has been shown to produce CRP in coronary
arteries (De Rosa et al., 2009), and insulin has also been shown to stimulate the inflammatory
response (Brundage et al., 2008). It is possible that lifestyle behaviors affect leptin and insulin at
a relatively faster rate than CRP. It may take more time to induce changes in CRP.

It is well known that high total cholesterol and low HDL-cholesterol are both risk factors
for the development of CVD (Emerging Risk Factors Collaboration et al., 2009); the same study
also asserted that increased CRP is associated with decreased HDL-cholesterol, and increased
total cholesterol at levels of CRP below 10mg/L (Johnsson et al., 2014). While all participants in
the present study had CRP levels below 10mg/L, no positive correlation was found between CRP
and total cholesterol.

The liking for physical activity was strongly and positively correlated with actual minutes
of physical activity. Harnessing the liking survey as opposed to reported physical activity may
simplify data collection while maintaining similar results. Similar dietary preference surveys
have been shown to be valid indicators of health behaviors regarding dietary intake (Drewnowski
& Hann, 1999; Duffy, Hayes, Sullivan, & Faghri, 2009) with reasonable correlation to reported
physical activity (Sharafi et al, 2015).

One strength of the present study is that it introduces a novel concept by examining the
interaction between high intensity exercise and sleep quality, two lifestyle factors that are not
typically joined together in analyses of health risks such as inflammation. This study also
accounted for individual dietary preference, since diet has been seen to affect inflammation
directly (Giugliano, Ceriello, & Esposito, 2006) or indirectly through protecting the anti-
inflammatory effects of cortisol (Ruijters, Haenen, Willemsen, Weseler, & Bast, 2016). Another
strength is that participants were free to go about their daily lives as they normally would; this,



THE EFFECT OF SLEEP QUALITY AND HIGH INTENSITY PHYSICAL
ACTIVITY ON INFLAMMATION AND CARDIOVASCULAR DISEASE RISK
FACTORS IN COLLEGE STUDENTS

along with minimal exclusion criteria, made our study results widely generalizable to the general
population.

The limitations of this study must also be addressed. One limitation includes the small
sample size (N=106) with unequal numbers of males and females, making it difficult to compare
results between the sexes in our study, and also to compare with prior studies. The observational
design with one-time blood samples was also a weakness that restricted the results to non-causal
associations at one point in time instead of causal, long-term effects. Another limitation of the
design was data collection via interview, which, while necessary, may have made participants
less likely to provide honest answers out of embarrassment. Additionally, the open format of
entering weekly physical activity minutes rendered the data subject to ambiguity that could have
resulted in the loss of study participants as well as over- or under-estimation of participants’
physical activity. This study also did not distinguish between modes of exercise such as
resistance and endurance training, which could have be a useful and important distinction.
Lastly, the number of individuals with poor sleep quality was relatively low, so we could not
assess the combined effect of sleep quality and physical activity on inflammation.

Future interventional and longitudinal studies should be performed in order to establish
how high intensity physical activity and sleep quality interact to affect chronic systemic
inflammation. The right lifestyle may be an effective means to prevent elevated inflammation in
young adults, or decrease previously elevated inflammation in older adults. Future studies should
have equal numbers of males and females to explore potential sex differences inflammatory
responses to lifestyle behaviors. A within-subjects design is also preferable to control for the
following confounding variables on inflammation: blood pressure, BMI, diabetes mellitus, HDL-
cholesterol, triglycerides, weight loss, the use of estrogen or progesterone hormones, smoking
status, chronic infections, or conditions such as rheumatoid arthritis characterized by chronic
inflammation (Pearson et al., 2003). A within-subjects design may also enhance clinical
applicability by resembling a personalized medicine approach. It may be of interest to measure a
wide array of both pro- and anti-inflammatory cytokines in circulation, adipose tissue, and
skeletal muscle for a more global perspective on this complex issue. Accounting for confounders
over an extended period of time may help to better understand how sleep quality and physical
activity as various intensities interact to impact chronic inflammation.

It is important to carry out further studies in a college-aged population, not only because
the number of studies focusing on this age group is limited, but also since this age group is at risk
for above average weight gain (Hovell, Mewborn, Randle, & Fowler-Johnson, 1985). One study
with a predominantly female sample with a mean age of 20.5 years and average BMI of 23.3
kg/m* (comparable demographics to the present study) and showed how, despite the normal BMI
at baseline for the majority of the sample, poor diet led to a greater risk of weight gain after a
four-year follow-up (Forget et al., 2013). Furthermore, adherence to the 2008 Physical Activity
Guidelines for Adults is associated with lower all-cause mortality for adults and even lower
mortality for adults with comorbidities, regardless of age or obesity (Schoenborn & Stommel,
2011). Also, sleep disturbances in a college-aged population were seen to significantly impact
weight (Vargas, Flores, & Robles, 2014). The results from these studies suggest that achieving
ideal health is linked to adopting healthy lifestyles. Younger people may also have the most to
gain from preventative strategies, since establishing healthy behaviors can continue throughout
adulthood to maintain overall health.
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5. Conclusion

In conclusion, this study investigated the associations between inflammation and other
CVD risk factors with lifestyle factors such as physical activity and sleep quality. Hopefully, our
inquiry and results will stimulate further research in this area which will ultimately allow
physicians to effectively advise and treat patients of all ages with high inflammation who are at
risk for other conditions, such as obesity, cardiovascular disease, and depression (Shanahan,
Freeman, & Bauldry, 2014), and provide them with formal recommendations regarding sleep
quality and physical activity in order to elicit reductions in inflammation levels and improve
overall health. Researching the effects of high intensity physical activity and sleep quality on
inflammation may be critical in unearthing novel ways to evoke changes in the inflammatory
profile, which may in turn benefit overall population health, the ultimate goal.
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Appendix

Appendix 1: Self-Rated/Reported Exercise

Type How hard? Time Spent?
Minutes | Per day or week

1. oEasy/not sweat oDay
OModerate/sweat a little oWeek
OHard/sweat a lot

2. oEasy/not sweat oDay
OModerate/sweat a little oWeek
OHard/sweat a lot

3. oEasy/not sweat oDay
OModerate/sweat a little oWeek
OHard/sweat a lot

4, oEasy/not sweat oDay
OModerate/sweat a little oWeek
OHard/sweat a lot

5. oEasy/not sweat oDay
OModerate/sweat a little oWeek
OHard/sweat a lot

6. oEasy/not sweat oDay
OModerate/sweat a little oWeek
OHard/sweat a lot

Appendix 2: Pittsburgh Sleep Quality Index (PSQI)

Appendix. Pittsburgh Sleep Quality Index (PSQI)

Name ID# Date Age

Instructions:
The following questions relate to your usual sleep habits during the past month only. Your answers
should indicate the most accurate reply for the majority of days and nights in the past month.
Please answer all questions.

1. During the past month, when have you usually gone to bed at night?

USUALBEDTIME
2. During the past month, how long (in minutes) has it usually take you to fall asleep each night?
NUMBER OF MINUTES

3. During the past month, when have you usually gotten up in the moming?
USUAL GETTING UP TIME
4. During the past month, how many hours of actual steep did you get at night? (This may be different
than the number of hours you spend in bed.)
HOURS OF SLEEP PER NIGHT
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For each of the remaining questions, check the one best resp . Please all questions.
5. During the past month, how often have you had trouble sleeping because you...
(a) Cannot get to sleep within 30 minutes
Not during the Less than Once or Three or more
pastmonth _____ once a week twiceaweek . lmesaweek
(b) Wake up in the middle of the night or early morming

Not during the Less than Once or Three or more

past month onceaweek . twiceaweek ___  times a week
(c) Have to get up to use the bathroom

Not during the Less than Once or Three or more

past month onceaweek . lwiceaweek ____  timesaweek _____
(d) Cannot breathe comfortably

Not during the Less than Once or Three or more

past month onceaweek ___  twiceaweek _ ___  limesaweek
(e) Cough or snore loudly

Not during the Less than Once or Three or more

pastmonth _____ onceaweek ______  twiceaweek ______  times a week
(f) Feel too cold

Not during the Less than Once or Three or more

pastmonth _____ onccaweek . twice a week times a week
(g) Feel too hot

Not during the Less than Once or Three or more

past month once a week twico aweek . times a week
(h) Had bad dreams

Not during the Less than Once or Three or more

past month onceaweek _  twiceaweek _____  times a week
(i) Have pain

Not during the Less than Once or Three or more

pastmonth once aweek . twice aweek times a week

(i) Other reason(s), please describe

How often during the past month have you had trouble sleeping because of this?
Not during the Less than Once or Three or more
past month once a week wice aweek ______  times a week

6. During the past month, how would you rate your sleep quality overall?
Very good
Fairlygood
Fairlybad
Verybad
7. During the past month, how often have you taken medicine (prescribed or “over the counter”) to help
you sleep?
Not during the Less than Once or Three or more
past month once a week twice a week times a week
8. During the past month, how often have you had trouble staying awake while driving, eating meals, or
engaging in social activity?

Not during the Less than Once or Three or more
past month onceaweek ______  twice a week times a week
9. During the past month, how much of a problem has it been for you to keep up enough enthusiasm to
get things done?
No problem at all I
Only a very slight problem

Somewhat of a problem -
A very big problem
10. Do you have a bed partner or roommate?
No bed partner or roommate
Partner/roommate in other room S
Partner in same room, but not same bed
Partner in same bed —
If you have a roommate or bed partner, ask him/her how often in the past month you have had...
(a) Loud snoring

|

Not during the Less than Once or Three or more

past month once a week twiceaweek ______  timesaweek .
(b) Long pauses between breaths while asleep

Not during the Less than Once or Three or more

past month onceaweek ___ twiceaweek _____ times a week
(c) Legs twitching or jerking while you sleep

Not during the Less than Once or Three or more

pastmonth ___ once a week twiccaweek ___ timesaweek .
(d) Episodes of disorientation or confusion during sleep

Not during the Less than Once or Three or more

past month onceaweek _____  twiceaweek _____  timesaweek ____

(e) Other restlessness while you sleep; please describe

Not during the Less than Once or Three or more
past month once a week _ twice a week _ times a week __
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Scoring Instructions for the Pittsburgh Sleep Quality Index

The Pittsburgh Sleep Quality Index (PSQ) contains 19 self-rated questions and 5 questions rated by the
bed partner or roommate (if one is available). Only self-rated questions are included in the scoring. The
19 self-rated items are combined to form seven “component” scores, each of which has a range of 0-3
points. In all cases, a score of 0" indicates no difficulty, while a score of “3” indicates severe difficulty.
The seven component scores are then added to yield one “global” score, with a range of 0-21 points,
0" indicating no difficulty and “21" indicating severe difficulties in all areas.
Scoring proceeds as follows:
Comp t 1: Subjective sleep quality
Examine question #6, and assign scores as follows:

Response Component 1 score
“Very good" 0
“Fairly good” 1
“Fairly bad” 2
“Very bad" 3

Component 1 score:

Comp t 2: Sleep | y
1. Examine question #2, and assign scores as follows:

Response Score
<= 15 minutes (4]
16-30 minutes 1
31-60 minutes 2
> 60 minutes 3

Question #2 score: =
2. Examine question #5a, and assign scores as follows:

Response Score
Not during the past month 0
Less than once a week 1
Once or twice a week 2
Three or more limes a week 3

Question #5a score:

3. Add #2 score and #5a score

Sum of #2 and #5a:
4. Assign component 2 score as follows:
Sum of #2 and #5a Component 2 score

0 0
1-2 1
3-4 2
5-6 3

Component 2 score:

Component 3: Sleep duration
Examine question #4, and assign scores as follows:

Response Component 3 score
> 7 hours 0
6-7 hours 1
5-6 hours 2
< 5 hours 3

Component 3 score:

Component 4: Habitual sleep efficiency
(1) Write the number of hours slept (question #t 4) here:
(2) Calculate the number of hours spent in bed:
Getting up time (question # 3):
Bedtime (question # 1):
Number of hours spentinbed:
{3) Calculate habitual sleep efficiency as follows:
(Number of hours slept/Number of hours spent in bed) X 100 = Habitual sleep efficiency (%)
( /. ) X 100 = %o
(4) Assign component 4 score as follows:
Habitual sleep efficiency % Component 4 score

> 85% 0
75-84% 1
65-74% 2
< 65% 3
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Component 5: Sleep disturbances
(1) Examine questions # 5b-5j, and assign scores for each question as follows:

Response Score
Not during the past month 0
Less than once a week 1
Once or twice a week 2
Three or more times a week 3
#5b score
c score
d score
e score
f score
g score
h score
i score
j score
(2) Add the scores for questions # 5b-5j:
Sum of # 5b-5j:
(3) Assign component 5 score as follows:
Sum of # 5b-5j Component 5 score
0 0
1-9 1
10-18 2
19-27 3

Component 5 score:

Component 6: Use of sleeping medication
Examine question # 7 and assign scores as follows:
Response Component 6 score
Not during the past month 0
Less than once a week
Once or twice a week
Three or more times a week

w N -

Component 6 score:
Component 7: Daytime dysfunction
(1) Examine question # 8, and assign scores as follows:
Response Score
Never 0
Once or twice 1
Once or twice each week 2
Three or more times each week 3
Question # 8 score:
(2) Examine question # 9, and assign scores as follows:
Responsa Score
No problem at all 0
Only a very slight problem 1
Somewhat of a problem 2
A very big problem 3
Question # 9 score:
(3) Add the scores for question # 8 and # 9:
Sumof#8and#9:
(4) Assign component 7 score as follows:
Sum of # 8 and #9 Component 7 score
0 0
1-2 1
34 2
5-6 3
Component 7 score:

Global PSQI Score
Add the seven component scores together:
Global PSQI Score:

(Buysse, et al., 1989)




