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ABSTRACT

Obstructive sleep apnea (OSé&gmmonlyco-existswith the metabolic syndrome, a condition

for which behavioral changeseoftenprescribedWhetherOSA diminishes theardiometabolic
health benéfitsromdifestyle interventiors remains uncleaWe evaluated 278 consecutive
metabolic syndrome participeenrolled in a 12veek comprehensive lifestyle intervention
program. The“changes in blood presg@&®), along withother metabolithealthparameters

from baseline to followup were compared between those with and without OSA. Mean age was
52.4+10.9 years angl’%weremale. At enrollment, mean body mass index (BMI) was 38.2+7.7
kg/m?. OSA was reported in 126 of 269 final participants (47%). At baseline, participéimts wi
reported OSA.were more likely to be male, older, have a higher\Ba$t and neck size (all
P<0.05). At program completioparticipants with(-5.8416.1/-3.0+£10.0mm Hg)and without

OSA (-4.7+£13.1'/-3.38.2mm Hg) had significant reductions systolic and diastoliBP as well
asBMI, fasting glucose and triglyceridevels There were no significant differenciesthe
absolute or percentagbhanges ifBP or othemmetabolic parametetsetween groupOur

findings support thatagients withthemetabolic syndromean derive substantifkalth benefits
including reductions iBP, by alifestyle interventiomprogramregardless of the presence of

OSA.
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Obesity is aisingglobal epidemicExcess adipositpossa tremendous globalblic health
burdenin partduerto the multitude of associatedroorbiditiesincluding hypertension, diabetes
mellitus (DM) and dyslipidemfaThis constellation of disorders (i.e., theetabolic syndrome
substantiallyinecreases the risk for cardiovascutaorbidity and mortalityes well asseveral

other diseasé8+Unfortunately the prevalence of theetabolic syndromeurrentlyimpacting

~20% of the populatioris only expected tincreasé

Due toshared risk factors (e.g., obesity) the prevalence of obstructive sleep apnea (OSA)
among patients with the metabolic syndrome often exceeds 8% the associatiobecoming
strongeras OSA severity increasésMoreover, the underlying pathophysiology (e.g., insulin
resistance, sympathetic overactivitypaired exercise capacjtygf OSA andthe metabolic
syndrome significantlpverlags, worsening cardiovascular functidf.To help combat the
mounting obesitysepidemic, a numbellitéstyle changes (e.gweight loss) capable of
improving both OSA and the metabolic syndraamecommonlyrecommended®*® In small
studies, the positive impact of lifestyle changes on nerve reflex function was observed regardless
of OSA statug™ > However,it is pausiblethat larger studies may not reveal similar findings.

We hypothesized thaerturbationsn normal metabolic processes, well agpoor sleep, day-
time somnolence, arichpairedexercise capacitgouldserve tahwartthe benefits of lifestyle
interventionsAsssuch we investigatedf OSA influenceghe cardiometabolic benefitsvith a

focus on blood pressu(BP) reductionsfrom a 12week lifestyle intervention program large

group ofpatients with thenetabolic syndrome
METHODS

The Metabolic Fitness Program (MetFit) is a prospectivesrandomized, unblinded,
lifestyle interventiorprogram targeting the metabolic syndrofhdarticipants are physician
referred with components of the metabolic syndrome as definedAsiagcan Heart
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Association AHA)/NCEP ATP lll. Informed consent was obtained on all participants as
approved by the University of Michigan Medical School Institutional Review Bdduid.

current study represents a post hoc observational analysis from the data collected as part of the
MetFit programOur objective was to determine if OSA status influsnbe cardiometabolic

health benefitspwith a specific focus on tegree of BP reductions.

Patient Assessment: Upon enrollment each participant was evaluated by a nurse practitioner. The
baseline asséssment includes a medical history, fasting laboratory tests, as well as weight, waist
and neck circumferencd8P was measured in the right and left arms in a seaisitign with

arm elevated tosthe level of the heart. Reported blood pressures are the higteestofarms.
Symptom limited exercise testing was performed in participants prior to initiating the exercise
program if irdicated following AHA standard® Patient assessments, less the symptom limited
stress test, are.repeated at 12 weeks.

Program: The MetFit program is a 3®eek program that utilizes 90 minute sessions once
weekly in a cardiac’rehabilitation settfngEach session includes 45 minutes of group education
on cardiovascularrisk factor reduction strategies including nutrition, str@sagement, and
exercise. The,emaining portion of each weekly session is staff guided aerobic exercise and
group exerciserconsisting of circuit training, stretching, balance, and strengthesriciges.

Exercise Content: Prior to the first session, each participant had an individualized exercise
consultation with'an exercise physiologist (ACENEP). The exercise physiologist reviews the
fundamentals of an exercise program, barriers to participation, encouragegdad setting, and
crafts an initial exercise prescription. Exercise intensity was individually prescribed based on the
symptomlimited stress test (if available) and provided as 60% to 85% maximeant rate

achieved (Karvenen formula), ratings of perceived exertion (BORG), and symptoms or
orthopedic limitations. Recommendations for exercise include progressiorl§0 minutes to

300 minutes per week of a combination of moderate and vigoronsiiytaerobic activity.

Nutrition Content: . The nutrition component of MetFit is based on a Mediterranean food pattern
high in fruits, vegetables, heart healthy fats, and soluble fiber. The education is diésigive
participants the information needed to optimize their nutrition choicemfooved

cardiometabolic parametemss well as for weight loss of about 5% at 12 weeks (if appropriate).
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Each participant receives a baseline caloric intake estimate based on basal metabolic rate
estimates created by the registered dietitian and reviewed on the first d8epi@nding on each
participants level of physical activity the basal metabolic rate is increased by an activity factor
to obtain daily intake needs. An in-house, non-validated, food frequency questionnaire is

obtained by each,participant to assess adherenthe Mediterranean food pattern.

Seep Assessment: During the initial assessment patients indicated if they had a history of OSA
and what if any treatment had been prescribed. Medical record review validated the clinical
status of OSAsPatients weegcluded if medical record review was inconsistent with data
obtained duringsthe history and physical assessment. No polysomnogram data werehissed in t

observational study, and as such, severity and treatment status were not evaluated.

Satistical Methods. The student’S-tests were used to compare the means in physiologic
measures between OSA groups at baseline. Paieststand the students’ t test were used to
examine if there was a statisticadiignificantdifference in theehange of physiologicmeasures
within the OSA=and non OSA groups ahe difference in the change betwesath of the two
groups. A pvaluesof <0.05 was used to determine statistical significaDe¢a were analyzed
using SAS '9:38SAS Institute Inc., Cary, NC, USA).

RESULTS

A total of 278 consecutive metabolic syndrome patients enrolled imaeé&R-ifestyle
intervention program (Figure 1). Reported OSA (n=126, 47%) was verified by medical record
review. Nine participants were excluded after OSA status was unable taflesl\terough

medical recordsreview. Among the participants, 143 did not report a diagnosis of OSA.

Baseline demographics, biometrics, laboratory assays and the differences based on
reported OSA status are listedTable 1. More than 89% participamisre obese (BM#30
kg/m?). Program participants attended 8.7+3.1 of 12 exercise sessions and 8.5+3.3 of 12
education sessions. Reported OSA status did not impact the frequgraaticppation.

Participantswho reported a diagnosis of OSvereolder, more likely to be male, have a larger
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BMI, waist and neck size. Baselingssolic but not diastolic BP was higher in the OSA group
(Table 1).

Many cardiometabolic health parameters impraweobth groups following the 1&«eek
lifestyle interventior (Tables 12). For the entire cohort, @n weight loss at 12 weeks was
2.9+3.5 kg and 40.:9% lost more than 5% of their body weight. For the main study outcome,
average systolic and diastolic BP readings fell significantly in the eotretc(-5.2+14.6/-

3.149.0 mmHg). Participants with (-5.8416.1/-3.0+10.0 mmHg) and without OSA (-4.7+13.1/-
3.348.2 mmHg) had significant reductions in both systolic and diastolic BP |dugiertantly,

the magnitudetef«decreases in BP did not differ between groups (TaBiw&).the differences

in baseline valugsve also evaluated the percentage change in BP between gratngshalso

did na significantly-differ In the mixed model analysis, there was no effedtiffeation on the
degree of BPteduction by OS#atus. Atprogram completion, significantly lower average and
percent weight, BMI and waist size, were observaehich were not impacted I§ySA status
(Tablel). There were numerous additional improvements in cardiometabolic health parameters

none of which were lessened in the OSA group (Taple 1

DISCUSSION

Our main finding wasthat whileOSA was common among metabolic syndrome patients,
it did not negativelympact thecardiometabolic healthenefitsderived from a comprehensive
lifestyle intervention programmportantly,BP levels were significantly reduced afterdeks
by a similar degree in both patients with and without OSA. Our findings are importanisiee
they support that health care providers should recommend to their patients wittdabelio

syndrome to undertake thesiective lifestyle changeseven in the presence of OSA.

MetFit'is an outpatient lifestyle intem®on program designed to help patients with the
metabolic syndrome adopt sustainable lifestyle modifications and behavingectaageting
improved physiologic, metabolic and biochemical profiles and weight reduction. OSA was
highly prevalent among MetFit participants (e.g., nearly 50%) which is not unexpectedngiven t
shared underlyig risk factors (i.e., obesit}) OSA was associated with a larger BMI, greater

waist and neck circumferences, and higher insulin levels compared to those vapurted
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OSA. Despite modestly worse baseline metabolic parameters, patients with reported OSA
derived similar overall cardmetabolic health benefits from a comprehensive lifestyle

intervention program.

Observed-anthropometric and biochemical changes were similar to previous short term
lifestyle interventions? Improvement in average weight loss was not as significant as programs
that included 'méal reéplaceméftSystolic and diastoliBP response to weight loss were in
expected range of 1 mm Hg reduction per kilogram of weighffdssour study, gender and
OSA status did net impact program participation. Therefore, the observed changabalimet

parameters was=not influenced by the degree of participation as measured by session attendance.

Excessweight and OSA are commonly associated. Botlomandd and nomandomized
weight loss trials have improved nocturnal events among those with OSA, but rarelytprove
eliminate apneas completefy Here, weevaluatedvhether the presence O$minishes the
effectiveness of a lifestyle intervention program. This is a plausible hypothesis since
perturbationsdnmnermal metabolic processes, as well as poor sledpndapmnolence, and
impaired exereisesCapacity could serve to thwart the bendbtgsever, we found no such
evidenceHenece, the main clinical meage from our findings is that OSA should not dissuade
health care providers from recommending lifestyle intervention programs to their patients with
the metabolic syndrome. Indeed, the presence of OSA should not add to the list of barriers

already knowh to dissuade patients from enrolling in these progfams.

Our findingsare derived from post hoc observational analysis of the MetFit program
and therefore would benefit from corroboration in a randomized trial. Neverthelesanipke
size of our study was relatively large, and we found no evidence to support even minor
differences irhealth benefits between groups. Even if OSA does in tact b negative impact,
we believe our results support that any true differences would be rather modest ldedlyraft
clinical relevance. Motivational bias by selily may well have influenced the outcome and may
prohibit generalizability to lower sameconomic groups. The presence and severity of OSA in
our study population was not universally assessed with a sleep study, thus the findings are not
fully-generalizable Therefore, our study is unable to comment whether mild OSA benefited
from lifestyleintervention more or less than severe OSAowever clinical and biochemical

characteristics measured were taken from a large sample size,@iviognclusions strength.
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An additional limitation was the lack of medical record review to confirm neg@i8&status
with the participant’s initial selfeport.lt is possible that occult OSA was presergaome
patients without reported OSA. Finallyne final limitation igreatment status and compliance

with prescribed treatment were rassessedso weare careful not to overreach our conclusions
CONCLUSIONS

Lifestylevinterventions targeting components of the metabolic syndaoetielpfulin
reducingBP and other cardiometabolic health parametees in patients witSA. Health care
providers shauld strongly recommend that their patients with the metaboliosydndergo
formal comprehensive lifestyle programs whenever possible, regardless of the presence of OSA.
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Figure 1. Flowchart of the study. Among the 9 participants excluded, the diagnosis of OSA
could not be verified. Reasons included inability to communicate with referring pimgsitdak
of electronic medical record interoperabildyrefusal to cooperate. OSA = Obstructive Sleep

Apnea
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Table 1: Baseline health parameters for metabolic fithess participants.

Reported OSA Status

All Participants

Characteriisties Negative (n=143) Positive (n=126) P-value
(n=269)
DEMOGRAPHICS
Mean age, years 52.4 (10.9) 49.9 (11.6) 55.4 (9.3) <0.0001
Female sex;"% 168 (62.9) 97 (67.8) 71 (56.4) 0.052
White race | % 231 (8686) 117 (82.4) 114 (91.9) 0.02
Weight, kg 109.7(24.2) 105.0 (21.4) 115.0(26.1) 0.0006
BMI , kg/m? 38.2 (7.7) 36.9 (7.6) 39.7 (7.6) 0.003
Waist, cm 116.5(15.7) 112.5(14.1) 120.9(16.4) <0.0001
Neck size, cm 40.5(5.0) 39.3(3.9) 41.9(5.8) <0.0001
BLOOD PRESSURE
Systolic BP, mmHg 121.8 (16.4) 119.1 (14.9) 124.9 (17.6) 0.004
Diastolic BR, mmHg 73.6 (9.5) 73.6 (9.4) 73.5(9.7) 0.9
METABOLICiAB PARAMETERS
Glucose, mg/dL - NonDM 100.5(10.1) 99.8(10.0) 101.3(10.4) 0.3
Glucose, mg/dL BM 155.5(54.4) 148.5 (45.1) 163.0(62.8) 0.2
Hgb Alc, % 6.3 (1.2) 6.3 (1.3) 6.4 (1.1) 0.8
Fasting INS, pmol/mL - NonDM 16.5(9.8) 15.5(9.2) 17.7(10.4) 0.1
HOMA-IR —/NonDM 4.1 (2.6) 3.9(2.5) 4.5(2.7) 0.1
LDL-C, mg/dL 105.7 (32.9) 107.4 (32.6) 103.9 (33.3) 0.4
HDL-C, mg/dL 46.2 (12.2) 47.3 (11.6) 45.0 (12.7) 0.1
TG, mg/dL 182.8 (107.6) 181.6 (110.3) 184.2 (104.9) 0.8

Data are given'as number (%); or mean £ SD.

Abbreviations. OSA, obstructive sleep apnea; BP, blood pressure; Hgb, Hemoglobin; INS,

insulin; HOMA-IR, Homeostatic Model Assessment of Insulin Resistance; C, cholesterol; LDL,

low density lipoprotein; HDL, high density lipoprotein; TG, triglycerides.

P-value represents a comparison of the negative vs. positive OSA demographics.
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Table 2: Change in blood pressure following lifestyle intervention. Comparison of change in blood pressure at 12 week follow-up

based on OSA presentation.

Reported OSA Status Comparison
Characteristics Negative (n=143) Positive (n=126) between OSA
groups
BL 12 week BL to 12 week BL 12 week BL to 12 week
p-value* p-value* p-valuef
Systolic BP, mmHg 119.1 (14.9) | 115.6 (14.8) 0.0003 124.9 (17.6) 119.6 (15.4) 0.001 0.6
Diastolic BP, mmHg 73.6 (9.4) 70.8 (9.0) <0.0001 73.5(9.7) 69.9 (8.7) 0.006 0.8

Data are given as number (%); or mean + SD.

Abbreviations: BL, baseline; OSA, obstructive sleep apnea; SBP, systolic blood pressure; DBP, diastolic blood pressure.

*P-value represents a comparison of the baseline vs. 12-week treatment results.  P-value represents a comparison of the change in

BP in OSACompared to the change in BP in the non OSA group.
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Figure 1: Flowchart of the stedy. Among the 9 participants excloded, the diagnosis of OSA could not be verified. Reasons incloded mability to
i with referring physici lack of €l ic medical record @ bality of refusal to coop O5A =0l ive Sleep Apnea
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