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a b s t r a c t

Background: Obstructive sleep apnea (OSA) is a chronic progressive disease, and it is well-documented
that severe OSA is associated with an increased cardiovascular morbidity and mortality. Weight reduc-
tion has been shown to improve OSA; however, we need further evidence to determine if it may prevent
the progression of OSA in the long term. The aim of our study was to assess the impact of weight change
during a 5-year observational follow-up of an original 1-year randomized controlled trial.
Methods: The participants were divided into the two groups according to the weight change at 5-year fol-
low-up using the 5% weight loss as a cutoff point, which was later referred to as the successful (n = 20) or
unsuccessful groups (n = 27). The change in apnea–hypopnea index (AHI) was the main objective out-
come variable.
Results: Fifty-seven patients participated in the 5-year follow-up. At 5 years from the baseline, the
change in AHI between the groups was significant in the successful group (�3.5 [95% confidence interval
{CI}, �6.1 to �0.9]) compared with the unsuccessful group (5.0 [95% CI, 2.0–8.5]) (P = .002). Successful
weight reduction achieved an 80% reduction in the incidence of progression of OSA compared to the
unsuccessful group (log-rank test, P = .016).
Conclusions: A moderate but sustained weight reduction can prevent the progression of the disease or
even cure mild OSA in obese patients.

� 2014 Elsevier B.V. All rights reserved.

1. Introduction

Obesity has become an increasing health concern in recent
decades. It is now well-known that obesity is associated with in-
creased morbidity and mortality, in particular from cardiovascular
and metabolic diseases [1,2]. Obesity also is the most important risk
factor for obstructive sleep apnea (OSA); in fact, most OSA patients

(at least 2 out of 3) are obese [3–5]. OSA is a chronic progressive dis-
ease and particularly the more severe stages of OSA have been
linked to an increased risk for cardiovascular morbidity and mortal-
ity [6,7]. In the first randomized study conducted on the effects of
weight loss on OSA, we demonstrated that a 1-year lifestyle inter-
vention, which included an early weight reduction program, repre-
sented a feasible and effective treatment for overweight and obese
participants with mild OSA [8]. These findings have been subse-
quently confirmed by two randomized studies, one conducted in
obese OSA patients with type two diabetes mellitus (DM) and the
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other in patients with moderate to severe OSA using continuous po-
sitive airway pressure therapy [9,10].

Furthermore, our 2-year follow-up study demonstrated that the
favorable changes achieved by a supervised lifestyle intervention
during the intervention could be sustained for at least 1 year after
the discontinuation of the active intervention [11]. In a recent ran-
domized, 5-year, observational, postintervention follow-up study
[12], we revealed that supervised lifestyle intervention based
weight reduction (i.e., a healthy diet, increased physical activity)
represented an effective treatment to prevent the progression of
OSA when initiated in early phases of the disorder. These findings
were recently supported by another recent long-term follow-up of
3 years [13]. Although these data were encouraging and weight loss
is now recommended in all clinical guidelines on OSA, the efficacy of
weight reduction as a treatment of OSA may still be underrated by
many clinicians. Clinicians commonly believe that any weight loss
could be temporary and would return after stopping the active life-
style counseling; they also believe that this change could result in a
re-exacerbation or worsening of OSA in most patients.

The main objective of our report was to extend the assessment
of the postinterventional results conducted during the 5-year fol-
low-up regarding the effect of weight loss and physical activity
on OSA. To our knowledge, the effect of achieving the weight loss
goal and sustaining it for years after the end of actual intervention
has not been previously demonstrated. Percentage weight loss pro-
vides an easily measured goal for the intervention participants, and
the number of participants who achieve a predetermined percent-
age of weight loss could offer a useful performance indicator for
monitoring the efficacy of the intervention. Furthermore, the per-
centage also is an easily understood goal for the patients while
aiming for weight loss. Thus weight loss P5% was the cutoff point
we used in our study. We hypothesized that a successful and sus-
tained weight reduction could prevent the progression of OSA.

2. Methods

Our paper is a detailed and extended secondary analysis of the
original 5-year, controlled, randomized, follow-up trial examining
the prevention of the progression of OSA [12]. Participants in the
intervention group had received a 1-year lifestyle intervention
including an initial weight reduction program with 12 weeks on
a very low calorie diet. In the control group, only three general die-
tary and exercise counseling sessions were provided. The design of
the study was previously reported in detail [8]. In our analysis on
the association between weight change and OSA, the data on all
participants were pooled and subdivided into two groups accord-
ing to the body weight change at the 5-year follow-up using the
5% weight loss as a cutoff point, which was later referred to as suc-
cessful or unsuccessful groups (Fig 1) [14,15]. The study protocol
was approved by the Research Ethics Committee of the Hospital
District of Northern Savo, Kuopio, Finland. The participants were

given both oral and written information about the trial protocol
and they provided a signed informed consent. The recruitment
was planned for the previous 2 years and started in October 2004
and ended in December 2006.

2.1. Participants

The study was conducted in Kuopio University Hospital, Finland.
The study participants were consecutively recruited from the pa-
tients referred to the outpatient departments of Otorhinolaryngol-
ogy and Respiratory Medicine of the Kuopio University Hospital
due to a clinical suspicion of sleep-disordered breathing. They were
assigned to undergo nocturnal cardiorespiratory monitoring.
Weight and height were measured and the upper airways of the
patients were inspected. The inclusion criteria for the initial trial
were ages of 18–65 years, body mass index (BMI) of 26–40 kg/m2,
and apnea–hypopnea index (AHI) of 5–15 events per hour. The pri-
mary outcome measure was the magnitude of change in AHI during
the follow-up period. The secondary outcome measures were
changes in symptoms related to OSA and metabolic parameters.
During the 5-year period, 24 patients dropped out of the study.

2.2. Intervention

In the original randomized study, the main goals of the dietary
intervention were to reduce dietary fat to <30% of total energy and
to increase the intake of fruits, vegetables, poultry, fish, and lean
meat; they also needed to limit the consumption of dairy fats, fatty
meats, and desserts. A detailed description of the implementation
of the intervention has been previously reported [8]. In addition to
the dietary counseling, the participants in the intervention group
were recommended to increase their overall level of daily physical
activity and endurance exercise, such as walking, skiing, jogging, or
swimming. The frequency of physical activity of the participants
was self-reported at the follow-up visits.

Based on the answers, the amount of physical activity was cat-
egorized to sufficient (i.e., 30 min or more exercise at least three
times/week) or insufficient. The participants in the control group
were only given standard care consisting of general verbal and
written information about diet and physical activity at the base-
line, 3-month, and 12-month follow-ups by the study nurse and
physician without any specific individualized advice. During the
next 4 years, no intervention or advice was offered to either of
the randomization groups including at the 24-month follow-up.
The study nurse regularly checked that the participants did not re-
ceive any co-intervention for OSA other than that specified in the
study design.

2.3. Procedures and measurements

Nocturnal cardiorespiratory monitoring by Embletta� (Embla,
Broomfield, CO) was conducted at the participants’ homes in accor-
dance with accepted guidelines for diagnosing OSA [16]. Record-
ings were manually evaluated and the two trained physicians
(JKo, JRa) were blinded to clinical status and group. Apnea was
defined as a cessation (more than 90%) of airflow for more than
10 s. Hypopnea was defined as a reduction (more than 30%) of
airflow for more than 10 s with oxygen desaturation of P4%. AHI
was defined as the number of apneas and hypopneas per hour;
and mild OSA was defined as AHI of 5–15 events per hour, moder-
ate as 15–30 events per hour, and severe as >30 events per hour
[16]. The OSA was considered as objectively cured when AHI was
<5 events per hour.

Validated questionnaires were used to screen for the intensity
of snoring (Snore Outcomes Survey [SOS]) and daytime sleepiness
(Epworth Sleepiness Scale [ESS]) [17,18]. The participants also

Fig. 1. Two groups according to the body weight change at 5-year follow-up using
the 5% weight loss as the cutoff point (successful or unsuccessful group).
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