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Rezumat

Asistenta medicala moderna subliniaza importanta evaluarii calitatii vietii pacientilor cu
sindrom metabolic si risc de apnee in somn, folosind instrumente validate precum SF-36 Short
Form. Studiile evidentiaza o prevalenta ridicata a sindromului metabolic in Romania, cu o
frecventa de 45% la femei si 44% la barbati, si asocierea sa frecventa cu apneea in somn
datorita factorilor de risc comuni.

Rezultatele cercetarilor indica o conexiune stransa intre hipertensiunea arteriala, dislipidemie
si rezistenta la insulind, toate acestea fiind factori centrali ai sindromului metabolic. in plus,
sindromul de apnee in somn contribuie la agravarea complicatiilor cardiometabolice prin
episoade recurente de hipopnee si apnee, care determina fragmentarea somnului si hipoxemie
intermitenta.

Aceste disfunctii activeaza cascade hemodinamice, autonome si inflamatorii, accentuand
riscurile cardiometabolice si reducand calitatea vietii. Obiectivul studiului de fata este sa
investigheze corelatiile dintre parametrii metabolici si calitatea vietii, oferind perspective
valoroase asupra mecanismelor care interconecteaza sindromul metabolic si apneea in somn.
Cuvinte cheie: sindrom metabolic, apnee in somn, calitatea vietii, parametri metabolici,
inflamatie.

Abstract

Modern healthcare emphasizes the importance of assessing the quality of life in patients with
metabolic syndrome and risk of sleep apnea using validated tools such as the SF-36 Short Form.
Studies reveal a high prevalence of metabolic syndrome in Romania, with rates of 45% in
women and 44% in men, and its frequent association with sleep apnea due to shared risk
factors.

Research findings indicate a strong connection between hypertension, dyslipidemia, and
insulin resistance, all of which are central components of metabolic syndrome. Furthermore,



sleep apnea exacerbates cardiometabolic complications through recurrent episodes of
hypopnea and apnea, leading to sleep fragmentation and intermittent hypoxemia.

These dysfunctions trigger cascades of hemodynamic, autonomic, and inflammatory
responses, increasing cardiometabolic risks and impairing quality of life. The objective of this
study is to investigate the correlations between metabolic parameters and quality of life,
offering valuable insights into the mechanisms linking metabolic syndrome and sleep apnea.
Keywords: metabolic syndrome, sleep apnea, quality of life, metabolic parameters,

inflammation.

Introduction

Metabolic syndrome is frequently associated
with an increased risk of developing
cardiovascular diseases, which can
decompensate and manifest through a
complete spectrum of clinical signs and
symptoms, ranging from stable angina to
myocardial infarction with persistent ST-
segment elevation. Additionally, this
syndrome is linked to the onset of type 2
diabetes, cerebrovascular diseases such as
transientischemic attack and ischemic stroke,
as well as conditions like alcoholic and non-
alcoholic fatty liver disease, polycystic ovary
syndrome, and sleep apnea syndrome "',
Studies indicate a connection between
essential hypertension, dyslipidemia
characterized by elevated triglycerides and
decreased HDL cholesterol, and increased

insulin resistance, with this association being
referred to as syndrome X", Statistics show a
prevalence of metabolic syndrome in
Romania of 45% in women and 44% in men >
I, Considering that risk factors are common
for both metabolic syndrome and sleep
apnea syndrome, the coexistence of these
two conditions in the same patient is
frequently encountered.

Sleep apnea syndrome (SAS) is defined as a
complex condition characterized by recurrent
episodes of partial (hypopnea) or complete
(apnea) obstruction of the upper airways™.
These episodes result in frequent micro-
awakenings, which fragment sleep structure
and cause intermittent hypoxemia.

These processes trigger cascades of
hemodynamic, autonomic, and inflammatory
responses, with significant implications for
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cardiometabolic health®*”. The SF-36 Short
Form is a widely validated tool for assessing
quality of life, covering eight domains that
encompass both physical and mental health.
The aim of this project is to assess the quality
of life in patients with metabolic syndrome at
risk of sleep apnea and to identify
associations between metabolic parameters
and QoL™*,

Study Objectives

The general objective of the study is to
evaluate the score derived from the SF-36
Short Form Questionnaire in correlation with
hemodynamic parameters in patients with
metabolic syndrome and the risk of obstructive
sleep apnea, focusing on monitoring clinical
and biological parameters to identify effective
personalized management strategies.

The first specific objective is to analyze
hemodynamic parameters such as blood
pressure, oxygen saturation, and heart rate
to compare changes between study groups
(control, diet therapy, diet therapy combined
with probiotics) and assess the impact of
interventions on cardiovascular and
respiratory functions. Another objective is to
investigate the relationship between
metabolic syndrome and obstructive sleep
apnea by correlating metabolic parameters
(BMI, visceral fat, HOMA index) with
hemodynamic markers to understand the
connection between metabolic risk and
hemodynamic complications.

The study aims to assess the impact of
therapeutic interventions on hemodynamic
markers, analyzing the effects of diet therapy
and probiotic supplementation on blood
pressure, oxygen saturation, and
cardiovascular stability to identify the most
effective interventions.

Another objective is to investigate the role of
neurotransmitters GABA and glutamate in
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regulating hemodynamic function, highlighting
their contribution to the interaction between
metabolism, inflammation, and cardiovascular
function. The study also analyzes the evolution
of patients' quality of life in relation to
hemodynamic and metabolic changes, using
the SF-36 questionnaire to evaluate the impact
of interventions on physical, emotional, and
social functioning.

By comparing results between intervention
groups, the study seeks to identify
differences in hemodynamic evolution
between patients who followed diet therapy
alone and those who benefited from diet
therapy combined with probiotics,
contributing to a better understanding of the
factors involved in the management of
metabolic syndrome and the risk of
obstructive sleep apnea.

Study Design

The study has an observational and
interventional design, including an initial
cross-sectional assessment of quality of life
and a longitudinal component for analyzing
the effects of interventions. Participants are
divided into three groups: control, diet
therapy, and diet therapy combined with
probiotics, totaling 192 patients.

The study population consists of 192 patients
with metabolic syndrome and the risk of sleep
apnea, selected based on diagnostic criteria.
Demographic distribution shows that 43.8%
come from urban areas and 56.2% from rural
areas, with 79.2% being male. The mean age
is 38.96 * 14.63 years, indicating an
increased metabolic risk among the adult
population.

Data is collected through clinical assessments
and the use of the SF-36 questionnaire to
measure quality of life. Biological parameters
analyzed include BMI, visceral fat, HOMA
index, cholesterol, and triglycerides, while the
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risk of sleep apnea is assessed using the STOP-
BANG questionnaire. Assessments are
performed at baseline (T0) and after 6 months
(T1). Statistical analysis includes demographic
evaluation, comparison of SF-36 scores
between groups using ANOVA, correlation
analysis between biological parameters and
quality of life through Spearman tests, and
evaluation of the impact of interventions using
paired t-tests and mixed models for repeated
measures.

Inclusion Criteria

The inclusion and exclusion criteria for
patients in the study are presented in Table 1.
These strict criteria were implemented to
minimize potential sources of variation and to
allow for an accurate analysis of the impact of
the interventions on the study population.

Methodology

The study followed the hemodynamic
evolution of patients with metabolic
syndrome and risk of obstructive sleep
apnea, dividing the participants into three
groups (control, diet therapy, diet therapy
with probiotics) and monitoring them for 6
months. Diet therapy included a personalized
dietary plan, reducing saturated fats, refined
carbohydrates and sodium, and promoting
proteins, fibers and unsaturated fats. The
probiotic group received standardized
supplements without additives.

Clinical and biological parameters, such as
BMI, fat mass, HOMA index, cholesterol and
oxygen saturation, were assessed at baseline
and after 6 months. Quality of life was
measured with the SF-36, and the risk of
apnea with the STOP-BANG questionnaire.

Results

Dietary and probiotic interventions and QoL
scores

Table 2 presents the changes in SF-36 scores,
used to assess quality of life before and after
the intervention, in the control, diet therapy
and diet therapy with probiotics groups.

Initial SF-36 scores did not show significant
differences between groups (p = 0.553),
indicating a similar quality of life at the
beginning of the study, with comparable
means of scores between groups. After the
intervention, SF-36 scores increased
significantly, with modest improvements in
the control group (68.78 = 7.45) and greater
in the diet therapy group (72.38 = 5.85),
highlighting the benefits of the personalized
diet.

The diet therapy combined with probiotics
group recorded the greatest progress (76.25
+ 5.81), demonstrating the synergistic effect
of probiotics and diet on quality of life.

The results highlight that dietary
interventions, especially when combined
with probiotics, can significantly improve the
quality of life of patients with metabolic
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Inclusion Criteria

Exclusion Criteria

Age between 18 and 65 years old.

Patients with severe chronic diseases (renal
or hepatic failure, active neoplasms, or
chronic gastrointestinal disorders).

Diagnosis of metabolic syndrome and
obstructive sleep apnea.

Patients taking medication that affects
neurotransmitter levels (antiepileptics or
antipsychotics);

Body mass index (BMI) of 25 kg/m? or
higher.

pregnant or breastfeeding women.

Table 1. Inclusion and Exclusion Criteria

Group of patients
. Dietotherapy and
Parameters Control Dietotherapy L. X2 p
probiotic
Mean SD Mean SD Mean SD
SF 36 initial | 66,25 7,10 67,88 6,42 67,55 7,51 1,344 | 0,553
SF 36 final | 68,78 7,45 72,38 5,85 76,25 5,81 36,893 | 0,001

Table 2. Changes in SF-36 Short Form Scores between Study Groups before and after Intervention.
SD=standard deviation;, Mean=average of the studied values.
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mmm= SF 36 final

Figure 1. Evolution of
initial and final SF-36
scores between study
groups (Control, Diet
Therapy and Diet
Therapy combined with
Probiotics)

6.2 Metabolic
parameters (high BMI,
visceral fat, increased
HOMA) associated with
SF-36 scores.

dietotherapy

and probiotic
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syndrome and risk of obstructive sleep
apnea.

Figure 1 shows the evolution of the mean SF-
36 scores before and after the intervention
for the three groups, indicating the changes
in quality of life.

In the control group, the SF-36 score
increased slightly, showing that, without
specific interventions, quality of life remained
almost constant, with minor changes due to
non-specific factors.

The diet therapy group recorded a greater
increase in the SF-36 score, demonstrating
that the dietary interventions had a positive
impact on health and quality of life. The diet
therapy group combined with probiotics had
the greatest increase in the SF-36 score,
highlighting the effectiveness of this
intervention in improving quality of life. The
p-value of 0.000 confirms a high statistical
significance, showing that the studied
interventions significantly improved the
quality of life of the participants.

The results in Table 3 show the correlations
between SF-36 scores and metabolic,
hemodynamic and biochemical parameters,
providing information about the factors that
influence the quality of life of patients with
metabolic syndrome and risk of apnea.

The initial SF-36 scores did not have
significant correlations with the analyzed
parameters, such as BMI, visceral fat or the
neurotransmitters GABA and glutamate,

indicating a reduced influence of them on the
initial quality of life.

The final SF-36 scores revealed a significant
negative correlation between the reduction
of HOMA and quality of life (r = -0.155, p =
0.032), highlighting the role of glycemic
control inimproving well-being.

Reduction in respiratory distress had a weak
and insignificant positive correlation with
final SF-36 scores, and the neurotransmitters
GABA and glutamate did not show relevant
correlations.

Reduction in insulin resistance appears to be a
key factor in improving quality of life,
suggesting the need for targeted interventions
for glycemic control and respiratory distress.
Baseline SF-36 scores were similar between
participants with and without apnea risk
(67.60and 67.26), suggesting that apnea risk
did not influence perceived quality of life at
baseline.

At the end of the study, SF-36 scores
increased significantly for both groups (73.33
and 73.30), indicating that the interventions
improved quality of life, regardless of
baseline apnea risk. Participants without final
apnea risk had higher SF-36 scores (73.74)
compared to those with final apnea risk
(69.65), showing that reducing apnea risk is
associated with better quality of life.

The interventions improved quality of life
overall, but remaining apnea risk at baseline
was associated with lower SF-36 scores,
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Correlations

SF 36 initial

SF 36 final

BMI difference

0,003

-0,009

0,971

0,903

Visceral fat difference

-0,036

-0,013

0,621

0,855

HOMA difference

-0,139

-0,155"

0,055

0,032

Fat mass difference

-0,048

-0,098

0,511

0,177

Spearman's

rho Respiratory difference

0,005

0,118

0,950

0,102

Apnea difference

0,000

-0,077

1,000

0,286

-0,113

-0,060

0,117

0,410

Glutamate

-0,067

0,078

0,356

0,283

192

192

Table 3. Spearman correlations between SF-36 scores and metabolic, hemodynamic, and
biochemical parameters. N=number of patients; Sig. = statistical significance; 6.3 Patients

at risk of sleep apnea and SF-36 scores

Parameters

SF 36 initial

SF 36 final

absent

67,60

73,33

Initial apnea

7,29

7,44

risk

67,26

73,30

present

6,72

5,93

67,64

73,74

absent

7,03

6,76

Final apnea risk

65,70

69,65

present
SD

6,70

5,37

Table 4. SF-36 scores by apnea risk at baseline and end of study. SD=standard deviation.
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Graphical
representation of
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and end of the
study (B)
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highlighting the importance of managing this
risk.

Figure 2 highlights the differences in SF-36
scores between patients with absent and
present risk of sleep apnea, both at baseline
and at the end of the intervention.

At the beginning of the study, the SF-36
scores of patients without risk of apnea were
slightly higher than those with present risk,
but the differences were not statistically
significant.

At the end of the study, patients without risk
of apnea had higher SF-36 scores than those
with persistent risk, and the increased
variability in the at-risk group reflects
different responses to the interventions.

The reduction in the risk of sleep apnea is
associated with significant improvements in
quality of life, highlighting the effectiveness
of integrated interventions in improving
overall well-being.

Discussion

The study shows a significant improvement in
quality of life in patients who followed diet
therapy and diet therapy combined with
probiotics, compared to the control group,
thus supporting the positive effects of these
interventions on the health and quality of life
of patients with metabolic syndrome and
obstructive sleep apnea.

Dietary interventions demonstrated in this
study a significant improvement in SF-36
scores, confirming the results of previous
studies.

For example, a study by Santos et al. (2024)
showed that a low-calorie diet, rich in fiber
and unsaturated fats, significantly improved
physical functioning and general health
status among patients with metabolic
syndrome™. Similarly, a systematic review
by Sears et al. (2015) highlighted that dietary
changes can reduce inflammatory markers
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and improve overall health perception™**,

Our study confirms these results, highlighting
that diet therapy plays a central role in
improving quality of life, mainly by reducing
inflammation and cardiovascular risk factors.
The addition of probiotics to dietary
interventions produced the most significant
improvements in SF-36 scores in our study,
which is consistent with the findings of
Evrensel and Ceylan (2016)"°, who
demonstrated that probiotics can positively
influence mental and physical health by
modulating the microbiota-gut-brain axis™"*®.
Probiotics have been associated with reducing
systemic inflammation and improving
metabolic function, thus contributing to an
improved perception of quality of life. These
effects are also supported by the study of
Arora et al. (2013)"", who highlighted that
probiotics can reduce oxidative stress and
improve overall functioning in patients with
metabolic disorders™*".

Our study showed a positive association
between reduced risk of obstructive sleep
apnea and improved quality of life. This result
is in line with the findings of Romero-Corral et
al. (2010)"*”, who highlighted that weight loss
and reduction of visceral fat, outcomes
commonly associated with dietary
interventions, can improve the severity of
obstructive sleep apnea®?***'!. Furthermore,
the study of Vgontzas et al. (2005) showed
that reduced inflammation and improved
metabolic markers, including HOMA and
visceral fat, contribute to better sleep quality
and reduced apnea symptoms, which is
reflected in higher quality of life scores'®.
Another important aspect observed in our
study is the negative correlation between
HOMA index and SF-36 scores””, indicating
that reducing insulin resistance is a key factor
in improving health perception. These findings
are supported by the study of Iftikhar et al.
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(2015)**, which showed that interventions
that reduce insulin resistance have a
significant impact on the quality of life of
patients with metabolic syndrome. Also,
reductions in visceral fat and fat mass,
indicators of metabolic risk®’, were correlated
with improvements in physical functioning
and general health, similar to the findings of
Shusteretal. (2012)"°.

While the results of our study are consistent
with most existing research, the differences
observed between the diet therapy alone and
diet therapy combined with probiotics
emphasize the need to better understand the
mechanisms of interaction between
probiotics and metabolism. Studies by Kho
and Lal (2018) highlighted that variability in
gut microbiota composition between
individuals can significantly influence
responses to probiotics, which partially
explains the variability observed in our

30]

study™”.
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the Institutional Review Board (or Ethics
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References

1. Tune, J.D.; Goodwill, A.G.; Sassoon, D.J.; Mather, K/.
Cardiovascular consequences of metabolic syndrome. Trans/
Res 2017, 183, 57-70, doi:10.1016/j.trs.2017. 01. 001.

2. Alidu, H.; Dapare, PP.M.; Quaye, L.; Amidu, N.; Bani,
S.B.; Banyeh, M. Insulin Resistance in relation to
Hypertension and Dyslipidaemia among Men Clinically
Diagnosed with Type 2 Diabetes. Biomed Res Int 2023,
2023, 8873226, doi:10.1155/2023/8873226.

3. Rus, M.; Crisan, S.; Andronie-Cioara, F.L.; Indries, M.;
Marian, P.; Pobirci, O.L.; Ardelean, A.l. Prevalence and Risk
Factors of Metabolic Syndrome: A Prospective Study on
Cardiovascular Health. Medicina (Kaunas) 2023, 59,
doi:10.3390/medicina59101711.

4. Ghitea, T.C.; Vlad, S.; Birle, D.; Tit, D.M.; Lazar, L.;
Nistor-Cseppento, C.; Behl, T.; Bungau, S. The influence of
diet therapeutic intervention on the sarcopenic index of
patients with metabolic syndrome. Acta Endocrinol
(Buchar) 2020, 16, 470-478, doi:10.4183/aeb.2020.470.

5. Poanta, L.I.; Albu, A.; Fodor, D. Association between
fatty liver disease and carotid atherosclerosis in patients
with uncomplicated type 2 diabetes mellitus. Med Ultrason
2011, 13,215-219.

6. Behl, T.; Sehgal, A.; Grover, M.; Singh, S.; Sharma, N.;
Bhatia, S.; Al-Harrasi, A.; Aleya, L.; Bungau, S. Uncurtaining
the pivotal role of ABC transporters in diabetes mellitus.
Environ Sci Pollut Res Int 2021, 28, 41533-41551,
doi:10.1007/s11356-021-14675-y.

7. Gheorghe, G.; Toth, PP, Bungau, S.; Behl, T.; llie, M.;
Pantea Stoian, A.; Bratu, O.G.; Bacalbasa, N.; Rus, M.;
Diaconu, C.C. Cardiovascular Risk and Statin Therapy
Considerations in Women. Diagnostics (Basel) 2020, 10,
doi:10.3390/diagnostics10070483.

8. Korson, R.; Guilleminault, C. Obstructive sleep apnea
syndrome. Sleep Disorders Medicine: Basic Science, Technical
Considerations and Clinical Aspects 2017, 567-596.

9. Drager, L.F.; Jun, J.C.; Polotsky, V.Y. Metabolic
consequences of intermittent hypoxia: relevance to
obstructive sleep apnea. Best Pract Res Clin Endocrinol
Metab 2010, 843-851,d0i:10.1016/j.beem. 2010.08.011.
10. Mohamed, S.M.; Shalaby, M.A.; El-Shiekh, R.A.; El-



Original papers

Banna, H.A.; Emam, S.R.; Bakr, A.F. Metabolic syndrome:
risk factors, diagnosis, pathogenesis, and management
with natural approaches. Food Chemistry Advances 2023,
3, doi:https://doi.org/10.1016/j.focha.2023. 100335.

11. Liegl, G.; H. Fischer, F.; N. Martin, C.; Ronnefarth, M.;
Blumrich, A.; Ahmadi, M.; Boldt, L.-H.; Eckardt, K.-U.;
Endres, M.; Edelmann, F. Converting PROMIS®-29 v2. 0
profile data to SF-36 physical and mental component
summary scores in patients with cardiovascular disorders.
Health and quality of life outcomes 2024, 22, 64.

12. Stavrou, V.T.; Astara, K., Tourlakopoulos, K.N.;
Papayianni, E.; Boutlas, S.; Vavougios, G.D.; Daniil, Z.;
Gourgoulianis, K.l. Obstructive Sleep Apnea Syndrome:
The Effect of Acute and Chronic Responses of Exercise.
Frontiers in Medicine 2021, 8, doi:10.3389/fmed.
2021.806924.

13. dos Santos Fernandes, I.S.; Mendonc¢a, S.M.; Dutra,
J.T.; Orsini, M.; Machado, S.; Tavares, M.S.; Moreno, A.M.;
Soares, D.C.; Gomgalbes, T.R. Association of Quality of Life
and Anxiety Indicators with the Physical Capacity of
Elderly: A Crossover Study: Physical Capacity in Elderly.
Cuadernos de Psicologia del Deporte 2024, 24.

14. Sears, B. Anti-inflammatory diets. Journal of the
American College of Nutrition 2015, 34, 14-21.

15. Hernando-Redondo, J.; Toloba, A.; Benaiges, D.; Salas-
Salvadd, J.; Martinez-Gonzélez, M.A.; Corella, D.; Estruch,
R.; Tinahones, F.; Ros, E.; Goday, A. Mid-and long-term
changes in satiety-related hormones, lipid and glucose
metabolism, and inflammation after a Mediterranean diet
intervention with the goal of losing weight: A randomized,
clinical trial. Frontiers in Nutrition 2022, 9, 950900.

16. Evrensel, A.; Ceylan, M.E. Fecal microbiota
transplantation and its usage in neuropsychiatric
disorders. Clinical psychopharmacology and neuroscience
2016, 14, 231.

17. Aziz, M.N.M.; Kumar, J.; Muhammad Nawawi, K.N.; Raja
Ali, R.A.; Mokhtar, N.M. Irritable Bowel Syndrome,
Depression, and Neurodegeneration: A Bidirectional
Communication from Gut to Brain. Nutrients 2021, 13,
doi:10.3390/nu13093061.

18. Khanna, H.N.; Roy, S.; Shaikh, A.; Bandi, V. Emerging Role
and Place of Probiotics in the Management of Pediatric Neuro-
developmental Disorders. Euroasian | Hepatogastroenterol
2022, 12, 102-108, doi:10.5005/jp-journals-10018-1384.

19. Jain, S.; Banerjee, B.D.; Ahmed, R.S.; Arora, V.K.;
Mediratta, PK. Possible role of oxidative stress and brain
derived neurotrophic factor in triazophos induced
cognitive impairment in rats. Neurochemical Research

Internal Medicine 2024 vol. XXI No. 4 - www.srmi.ro 17

2013, 38,2136-2147.

20. Nicosia, N.; Giovenzana, M.; Misztak, P.; Mingardi, J.;
Musazzi, L. Glutamate-Mediated Excitotoxicity in the
Pathogenesis and Treatment of Neurodevelopmental and
Adult Mental Disorders. Int | Mol Sci 2024, 25,
doi:10.3390/ijms25126521.

21. Barandouzi, Z.A.; Lee, J.; del Carmen Rosas, M.; Chen,
J., Henderson, W.A.; Starkweather, A.R.; Cong, X.S.
Associations of neurotransmitters and the gut microbiome
with emotional distress in mixed type of irritable bowel
syndrome. Scientific Reports 2022, 12, 1648,
d0i:10.1038/541598-022-05756-0.

22. Romero-Corral, A.; Caples, S.M.; Lopez-Jimenez, F.;
Somers, V.K. Interactions between obesity and obstructive
sleep apnea: implications for treatment. Chest 2010, 137,
711-719, doi:10.1378/chest.09-0360.

23. Xu, X.; Xu, J.; Zhang, M. Association between
metabolic score for visceral fat and obstructive sleep
apnea: a cross-sectional study. Frontiers in Medicine 2024,
11,1480717.

24. Vgontzas, A.N.; Bixler, E.O.; Chrousos, G.P. Sleep apnea
is a manifestation of the metabolic syndrome. Sleep Med
Rev 2005, 9, 211-224, doi:10.1016/j. smrv. 2005.01.006.
25. Zou, J.; Wang, Y.; Xu, H.; Xia, Y.; Qian, Y.; Zou, J.; Guan,
J.; Chen, B.; Yi, H.; Yin, S. The use of visceral adiposity
variables in the prediction of obstructive sleep apnea:
evidence from a large cross-sectional study. Sleep and
Breathing 2020, 24, 1373-1382.

26. Schlotz, W.; Ambery, P, Syddall, H.E.; Crozier, S.R.;
Sayer, A.A.; Cooper, C.; Phillips, D.l.; Group, H.C.S. Specific
associations of insulin resistance with impaired health-
related quality of life in the Hertfordshire Cohort Study.
Quality of Life Research 2007, 16, 429-436.

27. Iftikhar, I.H.; Donley, M.A.; Mindel, J.; Pleister, A.;
Soriano, S.; Magalang, U.J. Sleep duration and metabolic
syndrome. An updated dose-risk metaanalysis. Annals of
the American Thoracic Society 2015, 12, 1364-1372.

28. Shuster, A.; Patlas, M.; Pinthus, J.; Mourtzakis, M. The
clinical importance of visceral adiposity: a critical review of
methods for visceral adipose tissue analysis. The British
journal of radiology 2012, 85, 1-10.

29. lIftikhar, I.H.; Donley, M.A.; Mindel, J.; Pleister, A.;
Soriano, S.; Magalang, U.J. Sleep duration and metabolic
syndrome. An updated dose-risk metaanalysis. Annals of
the American Thoracic Society 2015, 12, 1364-1372.

30. Kho, Z.Y.; Lal, S.K. The human gut microbiome-a
potential controller of wellness and disease. Frontiers in
microbiology 2018, 9, 1835.





<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 2.00000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 2.00000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /CreateJDFFile false
  /SyntheticBoldness 1.000000
  /Description <<
    /ENU (Versita Adobe Distiller Settings for Adobe Acrobat v6)
    /POL (Versita Adobe Distiller Settings for Adobe Acrobat v6)
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [2834.646 2834.646]
>> setpagedevice


