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Study Objectives: To evaluate the effects of a 2-year weight
reduction program on respiratory disturbances, arousal index,
daytime sleepiness, metabolic status, and quality of life in
obese patients with obstructive sleep apnea syndrome (OSAS).
Methods: Prospective intervention study of 33 consecutive
obese OSAS patients (24 men, 9 women); 19 subjects used
continuous positive airway pressure and 4 used mandibular re-
taining device, except during nights with sleep recording. The
program consisted of 8 weeks of low calorie diet followed by
group meetings with behavioral change support.

Results: Seventy percent of the patients completed the pro-
gram; 67% completed the sleep recordings. The success rate
for the apnea-hypopnea index (AHI) (< 20 and reduction =
50%) was 15% in the intention to treat (ITT) analysis. The AHI
showed a nonsignificant decrease in mean values, from 43 to
28. The oxygen desaturation index (ODI) decreased from 42 to
23 (p = 0.010), arousal index from 24 to 11 (p = 0.019), body
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mass index from 40 to 35 (p = 0.003) and the Epworth Sleepi-
ness Scale (ESS) from 9to 5 (p = 0.026), all ITT. Metabolic sta-
tus, physical functioning, and vitality evaluations improved only
in the per protocol analysis. Reduction in weight correlated sig-
nificantly to reductions in ESS (p = 0.038) and insulin levels
(p =0.002), respectively. There were no differences based on
gender or use/non-use of OSAS treatment device.
Conclusions: Our weight reduction program showed a lim-
ited success in reducing AHI. However, there were significant
improvements in weight, ODI, arousal index, and subjective
symptoms. We recommend the program as an adjunct treat-
ment for well-motivated obese OSAS patients.
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bstructive sleep apnea syndrome (OSAS) is a common
disorder, in which recurrent episodes of upper airway ob-
struction during sleep cause repetitive episodes of transient ox-
ygen desaturations. The obstructive apneas cause arousals and
other impairments of sleep architecture and are typically asso-
ciated with excessive snoring and daytime sleepiness.! OSAS is
associated with mood effects and neurocognitive impairments.
Further, OSAS is implicated in the pathogenesis of cardiovas-
cular diseases.” The mechanisms by which OSAS effects the
vascular system include intermittent hypoxia, increased sym-
pathetic activation, and endothelial dysfunction.>* In addition,
there is increasing evidence that obstructive sleep apnea (OSA)
is an independent risk factor for insulin resistance, a key con-
tributor to the pathogenesis of cardiometabolic syndrome.’
Obesity and OSAS often covary; 60% to 90 % of OSAS pa-
tients have a body mass index (BMI kg/m?) > 28.° Fat disposi-
tion around the pharynx, in the thorax as well as abdomen is
considered to be a major cause of OSAS,”® and significant sleep
apnea is present in about 40% of the severely obese.”!® Previ-
ous studies on weight reduction in obese OSAS patients have
shown a reduction of apnea frequency in the short term,"'* be-
cause of decreased upper airway collapsibility'® and increased
size of the upper airway passage.'¢
Compared to surgical intervention, conservative weight re-
duction involves a smaller risk of morbidity and mortality,'” but

BRIEF SUMMARY

Current Knowledge/Study Rationale: Obesity and OSAS most of-
ten covary, but conservative weight reduction is difficult to maintain and
seldom used. We evaluated the effect of a 2-year program with full-night
polysomnography on respiratory disturbances, arousal index, daytime
sleepiness, metabolic status and quality of life.

Study Impact: Our behavioral change dietary program showed limited
success in reducing apnea-hypopnea index. However, the significant
improvements in weight, oxygen desaturation index, arousal index and
subjective symptoms encourage us suggest the program as an adjunct
treatment for well-motivated obese subjects with OSAS.

is not considered equally successful. In an early non-random-
ized dietary study, Suratt et al. showed reduced respiratory dis-
turbances after a low calorie diet (LDC) in 8 obese subjects.'*
The effect of LCD has been investigated, and complications
have been found to be mild and transient.'®! For OSAS patients
there is scant information on the LCD method with regard to
long-term effects and results on sleep quality.'!

We previously published the results of a randomized con-
trolled pilot study of dietary intervention with LCD for 8 weeks,
in which there was reduction of weight and nocturnal desatu-
rations (ODI) in the treatment group compared to the control
group.”® We then proceeded with the present intervention study,
in this same population of obese OSAS patients. After an initial
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Table 1—Patient characteristics at baseline

Mean (range) All Males Females  With device Without device Drop-outs
Number of subjects 33 24 9 23 10 1
Age (years) 52(31-68) 52(31-68) 51(32-64) 50(31-64) 55(38-68) 52(32-64)
Weight (kg) 122(87-157)  128(104-157)  105(87-135) 121(93-155) 123(87-157) 123(93-155)
BMI (kg/m?) 40(33-50) 40(33-48) 40(35-50) 40(33-50) 40(36-47) 42(35-50)
AHI 43(6-93) 43(6-93) 44(12-84) 41(6-84) 48(12-93) 51(12-93)
oDI, 42(6-104) 41(6-86) 45(8-104) 38(6-75) 52(8-104) 46(8-86)
ESS 9(2-17) 8(2-17) 10(2-16) 8(2-17) 10(4-17) 9(2-15)
None/CPAP/MRD 10/19/4 6/16/2 4/3/2 0/19/4 10/0/0 2/8/1

All included patients and subgroups of males, females, patients with device (CPAP or MRD), without device, and drop-outs (patients with missing AHI at
follow-up). OSAS refers to obstructive sleep apnea syndrome; CPAP, continuous positive airway pressure; MRD, mandibular retaining device; BMI, body
mass index; AHI, apnea hypopnea index; ODI,, oxygen desaturation index; EES, Epworth Sleepiness Scale.

LCD period, we added behavioral change support for 2 years. A
short-term follow-up study after 6 months showed reductions in
weight, nocturnal respiratory disturbance, blood pressure, met-
abolic status, and daytime sleepiness.?' In addition, there were
improvements in the arousal index, sleep efficiency, percentage
deep sleep, and total wake time.

The aim of the present study was to evaluate the effects after
2 years of the intervention program with LCD and behavioral
change support on obese OSAS patients. The effects on noc-
turnal respiration and sleep quality were measured, as well as
metabolic status, daytime sleepiness, and quality of life. Our
hypothesis was that conservative weight reduction in obese
OSAS patients would reduce the apnea-hypopnea index (AHI).
The primary outcome of interest was change in AHI. The sec-
ondary outcome was change is the arousal index (ArousInd).

METHODS

This nonrandomized, prospective intervention study took
place from 2001-2003.

Subjects

Forty consecutive OSAS patients from the waiting list at the
Obesity unit at the Karolinska University Hospital were asked
to participate in the study; 33 patients (24 males, 9 females) ac-
cepted and formed 4 consecutive therapy groups.

Inclusion criteria included age 30-69 years, body mass in-
dex (BMI) > 30, and apnea-hypopnea index (AHI) > 10 and/
or oxygen desaturation index 4% or greater (ODI,) > 6, plus
subjective symptoms of OSAS. Exclusion criteria were serious
psychiatric disease, insufficient knowledge of the Swedish lan-
guage (preventing taking part in group therapy), or low motiva-
tion for behavioral change

The 33 participating patients included 23 who used OSAS
treatment devices (19 patients used continuous positive air-
way pressure [CPAP], and 4 used mandibular retaining devices
[MRD]). All were well adapted to their devices > 3 months prior
to beginning the study. The patients continued the same treat-
ment throughout the entire study, except during nights with sleep
recording. Of the 10 patients without OSAS treatment devices,
5 had failed CPAP, 1 had failed MRD, and 4 were newly diag-
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nosed with OSAS and had chosen weight reduction as a primary
treatment. The patients were not allowed to start any addition-
al OSAS treatment during the study period. The patients who
changed their antihypertensive medication during the study were
excluded from the blood pressure analysis. Anthropometric and
respiratory data for the study population are listed in Table 1.

Thirteen patients had hypertension, 9 patients suffered from
other cardiovascular diseases, and 2 patients had asthma. Nine
patients had type 2 diabetes mellitus, and 14 patients were
prediabetic, of whom 9 had coexisting hypertension or other
cardiovascular diseases. Twenty-seven patients suffered from
metabolic syndrome, as defined by the International Diabetes
Federation, April 2005 (www.idf.org). Thirty-one patients were
Caucasian; 2 were Asian.

Patients who did not have a scored AHI at 2-year follow-up
were considered to be dropouts.

The study was approved by The Regional Ethical Review
Board in Stockholm.

Procedure

Prior to acceptance for treatment at the Obesity unit, a physi-
cian met each patient in a screening process, to evaluate sufficient
motivation for behavioral change. An interviewing technique
was used in accordance with Prochaska/DiClemente’s “Stages
of Change.”* Simple questions (e.g., “Why do you want to join
the weight-loss program?”’) were used to assess how ready the
patient was for behavioral changes and lifestyle improvements.
Two subjects were dismissed having problems with compliance
and previous behavioral change programs. After acceptance and
study inclusion the patients met a physician and nurse at the Obe-
sity unit for baseline screening with anthropometric data collec-
tion, 4-clectrode whole-body bioelectrical impedance analysis
(BIA4), and laboratory blood sampling. The patients answered
questionnaires, including the Epworth Sleepiness Scale (ESS)
and the Short-Form Health Survey 36 (SF-36), regarding their
symptoms. Thereafter, a sleep investigation followed with ambu-
lant whole night polysomnography (PSG), which also included a
sleep apnea recording. Patients treated with CPAP or MRD slept
without those devices during the night of the sleep recording.

The weight reduction intervention started with 8 weeks of
LCD, consisting of a protein drink (Nutrilett®) with approxi-
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Figure 1—Flow-scheme
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OSAS refers to Obstructive Sleep Apnea Syndrome; PSG, Polysomnography; LCD, Low Calorie Diet

mately 800 kcal (3400 kJ) per day. During the first 7 weeks,
the patients were instructed to consume only the LCD. During
the final 8th week, they gradually began to eat balanced low-
calorie meals. Group meetings for support, led by a special-
ized nurse, were held approximately every week in addition to
physical check-ups and urine analysis for ketonuria, a marker
for dietary compliance.

After the LCD, there was a time gap for a seasonal vacation of
approximately 2 months, during which the patients were offered
orlistat (Xenical®) or sibutramin (Reductil®) to maintain weight
loss. Five patients accepted orlistat and one sibutramin as phar-
macological temporary treatments. Thereafter, a second period
followed with behavioral change support. These group meetings
were led by specialists from different areas (nurse, dietician,
physiotherapist, and physician); their purpose was to increase
each individual’s ability and knowledge in making behavioral
changes. Nutritional education, cooking sessions, and individu-
alized physical activity programs were included to encourage
long-term lifestyle behavioral changes. The program was similar
to cognitive behavioral therapy, but was more focused on behav-
ioral changes. During the first 3 months the group meetings were
held once a week between 08:00 and 15:00. After the 6-month
follow-up,*' the meetings were shorter and less frequent, i.e., 2
h once a month, until 2-year follow-up. Patients who did not at-
tend 3 group sessions were excluded from the program.

Weight controls were performed at each group meeting.
Evaluations with ambulant polysomnography, questionnaires,
laboratory samplings, and anthropometrics were performed at
6 months and 2 years (end of study). A quality of life question-
naire (SF-36) was added to the 2-year follow-up. This paper
presents the results from the 2-year follow-up. Figure 1 pres-
ents a flowchart of the entire study.

Sleep Recordings

Full-night ambulatory polysomnography (PSG) was per-
formed with portable equipment (Biosaca, HIC AB, Gothen-
burg, Sweden), comprising 6 EEG channels, 2 EOG channels,
ECG, and submental EMG. The PSG data were transferred to
the Nervus EEG System (NicoletOne nEEG, Viasys Healthcare
Inc., Madison, WI, USA) before analysis. Simultancous with
PSG, patients underwent ambulatory sleep apnea recordings
(Embletta, Medcare Flaga, Reykjavik, Iceland), comprising 7
channels (oronasal airflow recording with nasal cannula and
pressure transducer, thoracic and abdominal respiratory efforts,
pulse oximetry, pulse frequency, snoring, and body position).
All sleep apnea recordings were analyzed with the Somno-
logica for Embletta scoring software program. Respiratory
events were manually verified and interpreted by a qualified

neurophysiologist. The PSG and sleep apnea recordings were
time synchronized, and the sleep period and awakenings were
derived from the PSG analysis. A qualified neurophysiologist
interpreted the recordings. Apnea was defined by Embletta as
> 80% reduction of airflow at the nose and mouth for > 10 sec,
and hypopnea as reduction > 30% if > 3% desaturation was
detected within 20 sec. For more detailed definitions of sleep
parameters see Nerfeldt et al. 2008.*!

Bioelectrical Impedance Analysis

A 4-electrode whole-body bioelectrical impedance analysis
(BIA4) was performed (Tanita TBF-300, Tanita Corp., Tokyo,
Japan) that measured the total body fat percentage (Body fat
%) and the fat mass in kilograms (Body fat mass). Clothing
was compensated at a reduction of 0.5 kg. The analysis required
input on whether the patient was athletic or standard body type;
all patients registered as standard.

Statistical Analyses

Results are presented as mean, standard deviation (SD), and
range values. p-values < 0.1 are specified, and > 0.1 abbreviated
as n.s. (non-significant); but the limit for statistical significance
was set to < 0.05 as standard. Nonparametric tests (Mann-
Whitney-U [MWU] for unpaired groups, Wilcoxon signed rank
test [WSR] for paired groups, and Spearman rank correlations
[SRC]) were used, because the participants were limited in num-
ber and some parameters had skewed distribution. The small
number of participants caused a high risk for type II errors and
therefore, no adjustment for multiple comparisons was done.
Two analysis methods were used; a per protocol analysis (PP) of
all patients who fulfilled the program, and a stricter intention to
treat analysis (ITT). In the ITT-analysis we assumed a worsen-
ing with one unit between baseline and follow-up for the drop-
outs. This conservative imputation method is used to not favor a
positive treatment effect. A linear regression model was used to
evaluate the impact of changes in weight compared to changes
in AHI and ODI respectively, with adjustment for each other.
Five parameters were chosen for this regression analysis, as they
had reached a level of statistically significant reduction after 2
years. All statistical analyses were made in R 2.5 and Statistica.

RESULTS

Of the 33 patients, 23 (70%) were still in the weight reduc-
tion program after 2 years. Twenty-two (67%) underwent all
polysomnography recordings, with evaluation of the primary
outcome parameter AHI. Dropout analyses on baseline data
displayed only minor differences (Table 1). Table 2 presents
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the number of patients evaluated for each parameter and the
results of the intervention. In the ITT-analysis AHI was un-
changed, but reductions were found in ODI (p = 0.010), BMI
(p = 0.003), and ESS (p = 0.026). Further, improvements were
found in sleep quality (arousal index p = 0.019 and stage shift

index p = 0.003). However, only one metabolic parameter was
improved; HDL (p = 0.037). In the PP-analysis, a large part
of the metabolic status was improved, including insulin levels
(p = 0.014) and dyslipidemia (triglycerides p = 0.042, HDL
p < 0.001, LDL p = 0.008). Further, the 2 domains “physical

Table 2—Descriptive and statistical results for changes in weight, respiratory, sleepiness, sleep architecture, metabolic and quality
of life parameters after the 2-year weight reduction program (per protocol analysis [PP] and intention to treat analysis [ITT])

Numbers at 2 years Baseline Mean(SD) 2 years Mean (SD) PP p-value WSR  ITT p-value WSR

Weight (kg) 23 122(19)
BMI (kg/m?) 23 40(5)

Body fat % 18 43(6)

Body fat mass (kg) 18 52(11)
Waist circumference (cm) 18 127(14)
Waist Hip ratio 18 1.01(0.1)
AHI 22 43(24)
oD, 22 42(23)
ESS 22 9(4)

Arousal Index 22 24(15)
Deep sleep % 22 16(11)
REM sleep % 22 14(7)

Total sleep time 22 357(67)
Total wake time 22 60(42)
Sleep efficiency 22 78(10)
Stage shift index 22 17(11)
Awakening Index 22 4(7)

Sleep latency 22 31(19)
fP-Glucose (mmol/L) 21 7.2(2.7)
B-HDbA1C (%) 21 5.7(1.3)
fS-Insulin (pmol/L) 21 147(78)
P-Cholesterol (mmol/L) 21 5.3(1.1)
P-Triglycerides (mmol/L) 21 1.8(0.8)
P-HDL (mmol/L) 21 1.2(0.3)
P-LDL (mmol/L) 21 3.4(1.0)
P-ASAT (ukat/L) 21 0.5(0.3)
P-ALAT (ukat/L) 21 0.7(0.4)
P-ALP (ukat/L) 15 3.1(0.9)
P-GGT (ukat/L) 21 0.9(0.8)
P-Urat (umol/L) 21 400(69)
Syst BP (mm Hg) 13 144(19)
Diast BP (mm Hg) 13 89(14)
SF-36: PF 18 62(27)
SF-36: RP 18 67(40)
SF-36: BPain 18 62(29)
SF-36: GH 18 57(24)
SF-36: VT 18 49(24)
SF-36: SF 18 82(20)
SF-36: RE 18 75(39)
SF-36: MH 18 74(19)

110(15) <0.001 0.003
35(3) <0.001 0.003
36(8) <0.001 0.040
41(11) <0.001 0.007

118(9) 0.002 n.s.

1.02(0.1) n.s. n.s.
28(19) 0.054 n.s.
23(15) <0.001 0.010

5(3) 0.003 0.026
1(11) <0.001 0.019
19(10) n.s. n.s.
16(8) n.s. n.s.

338(83) 0.097 n.s.
55(29) n.s. n.s.
79(12) n.s. n.s.
11(10) <0.001 0.003

5(9) n.s. n.s.
24(17) 0.076 n.s.

7.0(3.3) 0.082 n.s.
5.6(1.7) 0.059 n.s.
90(52) 0.014 0.078
4.9(1.2) n.s. n.s.
1.6(0.7) 0.042 n.s.
1.4(0.5) <0.001 0.037
2.7(1.1) 0.008 n.s.
0.5(0.3) 0.085 n.s.
0.6(0.5) n.s. n.s.
2.9(1.0) n.s. n.s.
0.7(0.7) <0.001 n.s.

418(86) n.s. n.s.

129(10) n.s. n.s.
81(6) n.s. n.s.
77(26) 0.031 n.s.
74(36) n.s. n.s.
67(29) n.s. n.s.
61(27) n.s. n.s.
62(27) 0.046 n.s.
82(25) n.s. n.s.
78(36) n.s. n.s.
80(16) n.s. n.s.

p-values < 0.1 are specified, and = 0.1 abbreviated as non-significant (n.s.). BMI, body mass index; Body fat %, percentage body fat; AHI, apnea hypopnea
index; ODI,, oxygen desaturation index; ESS, Epworth Sleepiness Scale; Deep sleep %, percentage slow wave sleep; REM sleep %, percentage REM sleep;
fP-Glucos, fasting plasma glucose level; HbA1C, glycosylated hemoglobin A1c; HDL, high-density lipoprotein; LDL, low-density lipoprotein; ASAT, aspartate
aminotransferase; ALAT, alanine aminotransferase; ALP, alkaline phosphatase; GGT, gamma-glutamyl transpeptidase; Syst BP, systolic blood pressure; Diast
BP, diastolic blood pressure; SF-36, Short Form 36. PF, Physical Functioning; RP, Role Physical; BPain, Bodily Pain; GH, General Health; VT, Vitality; SF,
Social Functioning; RE, Role Emotional; MH, Mental Health; WSR, Wilcoxon signed rank test; n.s., non significant
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functioning” (p = 0.031) and “vitality” (p = 0.046) were im-
proved in the SF-36 questionnaire, as shown in Table 2. Change
in BMI during intervention is shown in Figure 2; and the pri-
mary and secondary outcomes (changes in AHI and arousal in-
dex) in ITT-analysis are shown in Figure 3. Compared to the
results after 6 months, there was a slight increase in weight and
AHI after 2 years. In contrast, the arousal index was slightly
reduced after 2 years compared to 6 months.

The statistical analyses revealed no differences in results
between patients treated with OSAS-device, CPAP or MRD
(n = 23), compared to those without (n = 10), when examining
changes in the following 7 parameters: percentage weight reduc-
tion, kg, BMI, AHI, ODI, arousal index, and ESS. The same 7
parameters were evaluated for gender differences; there were no
significant differences between the 24 men and the 9 women.

A positive correlation was seen between reduction in
BMI and nocturnal respiratory disturbances (AHI), r = 0.498
(p < 0.05, SRC) (Figure 4). Further, the reduction in weight
correlated to the reduction in ESS, r = 0.457 (p < 0.05), and
insulinr = 0.586 (p < 0.001). There was no correlation between
changes in daytime sleepiness (ESS) and percentage deep sleep
r=-0.249 (p =0.29).

Five outcome parameters; insulin, SF-36 physical functioning,
ESS, systolic and diastolic blood pressure were evaluated in a lin-
ear regression analysis, with delta kilogram and delta AHI or delta
OD], respectively. Change in weight was found to be a significant
factor to improve ESS rating (p = 0.038) and insulin levels (p =

Figure 2—Box-plots showing Body Mass Index (BMI) at
baseline (bl) and after a 3, 6, 12 and 24 months (3m, 6m,
12m, and 24m) weight reduction program with an imputated
(im) worsening with one unit between baseline and follow-up
for the dropouts (intention to treat analysis, Wilcoxon Sign
Rank test, n = 33).
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Figure 3—Box-plots showing Apnea-hypopnea index (AHI)
and Arousal Index (Arous) at baseline (bl), after 6 months
(6m) and 2 years (2y) weight reduction program with an
imputated (im) worsening with one unit between baseline
and follow-up for the dropouts (intention to treat analysis,
Wilcoxon Sign Rank test, n.s.= non significant, n = 33).
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Figure 4—Scatter plot and correlation between improvement
in AHI and BMI reduction after the 2-year weight reduction
intervention (Spearman correlation (r) 0.498, p = 0.019)
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Table 3—Different criteria of success were used for the
results after the 2-year weight reduction program, analysed
with both per protocol and intention to treat analysis

Per Intention to

Success criteria Protocol treat
Reduction of weight > 10% 7123 (30%)  7/33 (21%)
Reduction of AHI 250% and <20 5/22 (23%)  5/33 (15%)
Reduction of ODI, 250% and <20  8/22 (36%)  8/33 (24%)

AHI, apnea hypopnea index; ODI,, oxygen desaturation index

0.002), while AHI and ODI never were found to be significant
predictors. In univariate analysis, change in weight showed sig-
nificant correlation to ESS and insulin; AHI and ODI did not.

Three different treatment success levels (PP and ITT) are
presented in Table 3. The LCD treatment was well tolerated
by all participants, and no side effects were found. Of the 14
patients determined to be prediabetic at baseline, 5 had normal-
ized their glucose levels after 6 months, and 4 after the 2-year
treatment period.

DISCUSSION

This study showed that our weight reduction program of
obese sleep apnea patients was safe and tolerable. After 2 years
there was a significant weight reduction and a small, although
nonsignificant, decrease of the AHI index, and these reductions
were correlated. In addition, ODI, ESS and arousal index were
reduced in the stricter ITT-analysis. Furthermore, there was an
improvement of metabolic status (blood insulin levels and dys-
lipidemia) as well as vitality and physical functioning rating,
but only in the PP-analysis. There were no major differences in
the baseline data for the subgroups, i.c., gender or kind of other
OSAS treatment, and the subgroups responded similarly to the
dietary intervention.

The analyses indicated that the reduction in weight, and not
in respiratory disturbances (AHI or ODI), was the reason for
improvement in cardiovascular risk factors, for example hyper-
insulinemia and blood pressure. These results were somewhat
unexpected since OSAS itself is considered an independent car-
diovascular risk factor.”® We assume that the effects of weight
reduction are stronger than those of improved nocturnal respi-
ration, and that our study population was too small and diverse
to demonstrate such possible effects.

The ITT analysis was used to evaluate the effectiveness of
the program, and included the drop-outs who were presumed to
have not achieved weight reduction. Weight reduction of 10%
was used as an index for success?*; with this criterion, 73% were
successfully treated after 6 months, but only 21% after 2 years.
Previous studies have shown success rates to vary between 5%
and 42%.%5-*” To measure nocturnal breathing, we used the same
success criteria as in our 6-month follow-up; reduction of AHI
> 50 % and AHI < 20.*' The success rate (ITT) decreased from
27% at 6 months to 15% after 2 years. Another parameter for
measuring nocturnal breathing, the ODI, showed a success rate
of 24% at 2 years.
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Seventy percent of the patients fulfilled our 2-year weight
reduction program, and 67% underwent all polysomnography
recordings. Thus, our compliance rate is acceptable compared
to other weight reduction programs for OSAS patients,'” as
well as compared to other OSAS treatments.?®' The difference
between the more successful study of Kajaste?” (88% compli-
ance after 2 years) and our study may have several explanations,
including a population with a more severe degree of obesity as
well as OSAS, and the use of individual cognitive behavioral
therapy vs. our group therapy. Between the 6-month follow-up
and the 2-year follow-up, there was gain in weight. In addition,
the 6-month improvements found for several other parameters
were diminished. At the 2-year evaluation, there was no longer a
correlation between changes in daytime sleepiness (ESS score)
and percentage deep sleep, as seen in the 6-month follow-up.
One reason for the decreasing effect of the program could be the
well-known fact that it is hard to sustain a reduced weight for a
long term. Another reason may be the differences between the
two major parts of our program; first intensive six months with
LCD diet and the behavioral change support program, and sec-
ond less intense intervention focused mainly on maintenance. A
review by Mustajoki and Pekkarinen stresses the importance of
a concordant LCD and cognitive behavioral counseling.*

The short form health survey (SF-36) is frequently used as a
method for quality of life evaluation. The use of SF-36 has re-
vealed that OSA patients have lower quality of life compared to
an age- and gender matched control group.*®* The questionnaire
has been used in several studies on CPAP intervention and the
answers have shown that patients improved in some of the eight
domains, most often the “role-physical” and the “vitality” do-
mains.* Also in the obese patients, the results from SF-36 have
revealed impaired quality of life, with a correlation between in-
creased degree of obesity and decreased quality of life.** In ad-
dition, dietary weight loss methods have shown improvements
in “vitality” and “physical functioning.”***” Our intervention in
obese OSAS patients showed improvements in “physical func-
tioning” and “vitality” in the per protocol analysis, results that
correspond with previous findings.

There are several limitations in the present study. One obvi-
ous drawback is the design; a randomized control trial (RCT)
has a higher degree of evidence than the chosen intervention.
However, our experience from a previous RCT of obese OSAS
patients recruited from the ENT-clinic showed a high drop-out
rate, 9 of 20 (45%).2° We concluded that a majority of those
patients were not motivated to undergo an 8-week LCD. In the
present study, we tried to improve the compliance by recruiting
more motivated patients from the waiting list at the Obesity
unit. On the other hand, these patients are probably unwilling
to act as untreated controls for 2 years. In a study design like
this, when blinding of treatment is not possible, a placebo ef-
fect of the program on subjective parameters, i.e., sleepiness
and quality of life, cannot be ruled out. On the other hand, our
results revealed reductions of several objective parameters, i.c.,
ODI, arousal index, blood tests, etc., which are probably not
equally affected by the placebo effect. The possibility to recruit
a matched control population was considered, but rejected be-
cause of the medical and ethical risks associated with having
severe obese OSAS patients with comorbidity untreated for two
years. A second limitation is that patients were allowed to use



their devices on nights other than the registration nights, since
we considered being without treatment could be a health risk.
Thus, a remaining effect from the device is likely. However,
the same procedure was used both at baseline and evaluations,
and an immediate return of the majority of the hypopneas and
apneas already after one night’s withdrawal of CPAP has been
shown.® A third limitation is the small and heterogeneous study
population (i.e., patients with and without OSAS devices), fac-
tors which may cause variability in results. Nevertheless, the
results of all measured parameters showed improvements; sta-
tistical significance status was reached by some. All parameters
indicated a positive effect by the use of our program on the noc-
turnal respiration as well as the general health. Finally, we did
not perform a cost-benefit analysis, which would be of interest
since the program is rather resource demanding.

In conclusion, our 2-year weight reduction program with
LCD and behavioral change support for obese OSAS patients
did not improve the AHI; however, there were significant im-
provements in weight and a reduced amount of oxygen desatura-
tions, arousals, as well as subjective symptoms. We recommend
the program as an adjunct treatment for well-motivated patients
who want to improve their sleep and overall health.
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