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ABSTRACT: Weight loss is associated with clinical improvement in sleep apnoea/
hypopnoea syndrome (SAHS). The aim of this study was to ascertain whether the
therapeutic efficacy of dietary weight loss is maintained in the long-term.
From a total of 216 overweight SAHS patients treated by only a weight reduction
programme, 24 cured by this method (apnoea/hypopnoea index (AHI) at diagnosis
44.3±27.8, after weight loss 3±3.1) were re-evaluated after a mean (±SD) period of
94.3±27.4 months post-cure.
No correlation was found between changes in AHI and body mass index experienced by each patient in the two phases of the study (diagnosis to cure and cure to
long-term follow-up), r=0.29, p=0.156, demonstrating a marked intra-individual variability. Six of the 13 patients who maintained their weight presented recurrence of
SAHS (AHI 40.5±24.1) as did eight of the 11 who had regained weight (AHI 44.3±
23.3). Weight maintenance was more frequent among patients who had continued to
attend periodic appointments, 10/11 versus 3/13 (p<0.001).
In conclusion, weight-loss efficacy is maintained in the long-term in some sleep
apnoea/hypopnoea syndrome patients. This study indicates the need for periodic follow-up of these patients as a reinforcement for weight maintenance and for early
detection of the reappearance of sleep apnoea/hypopnoea syndrome.
Eur Respir J 1998; 12: 1156–1159.

Clinical [1] and epidemiological [2] studies show obesity to be a risk factor for sleep apnoea/hypopnoea syndrome (SAHS) and weight loss occupies a place of special
importance among general measures of SAHS treatment
owing to the improvement it produces in respiratory disorders during sleep and in sleep architecture. The magnitude
of this improvement varies greatly from patient to patient
and has been described associated with both massive and
minor weight loss [3–9]. However, there is a lack of knowledge as to whether or not these beneficial effects persist
with age, another known risk factor for developing SAHS
[10, 11]. A known limitation of diet as a weight-losing method is the difficulty in maintaining the loss in the longterm [12].
With these considerations in mind, and in an attempt to
ascertain whether the therapeutic efficacy of dietary weight
loss is maintained in the long-term, a group of patients was
studied who had previously been diagnosed with SAHS
and cured more than 5 yrs ago using dietary weight loss as
the only therapeutic measure.
Patients and methods
Between January 1985 and March 1990, 315 patients diagnosed with SAHS at the sleep laboratory in the authors'
centre by whole-night polysomnography were followed.
During this period, patients were managed by general re-
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commendations, a weight-reduction programme, nasal continuous positive airway pressure (nCPAP) (n=60, only
available since October 1987) or uvulopalatopharyngoplasty
(n=29). Daytime sleepiness was categorized by a member
of the team (A. Roca) according to the patient and the patients partner, if any, as: absent, slight, moderate, or severe.
Two-hundred and sixteen overweight patients were initially treated on an outpatient basis by only a weight-reduction programme which included a low-calorie diet (1,000
kcal· day-1), encouragement to increase physical activity and
periodic medical appointments for compliance reinforcement. No anorexiant drugs were used. Eleven patients were
lost to follow-up and 104 (51%) of the remaining 205
showed weight loss >10% of initial weight. With the aim of
reassessing the need for treatment, mainly the hypocaloric
diet or nCPAP, which was not available or rejected at the
time of diagnosis, an offer was made to repeat the polysomnography in these 104 patients, 101 of whom accepted. Sixty-seven of the latter presented with an apnoea/
hypopnoea index (AHI) Š10 and their characteristics are
shown in table 1. Thirty-four patients presented with an
AHI <10, of whom 25 reported that they had stopped snoring completely and nine of whom reported that they continued to snore, but very slightly. Sleepiness at diagnosis
(one slight, 22 moderate and 11 severe) disappeared in all
patients. These patients were considered cured and advised to undertake a nutritionally adequate diet and maintain
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Table 1. – Characteristics of patients with apnoea/
hypopnoea index (AHI) Š10 events·h-1 after weight loss
(n=67)
Age
Sex M/F
BMI kg·m-2
At diagnosis
After weight loss
AHI events·h-1
At diagnosis
After weight loss

53.2±8.7 (32–71)
59/8

defined as the absence of airflow at the nose and mouth
Š10 s with continued respiratory effort and hypopnoeas by
a Š50% reduction in oronasal airflow Š10 s associated
with a decrease in Sa,O2 Š4%. The AHI was defined as the
sum of all apnoeas and hypopnoeas divided by TST and
expressed as events·h-1.

31.5±5.0 (27–47.2)
25.9±2.9 (23.9–41.0)
52.3±23.2 (12–105)
44.2±25.6 (11–12)

Data are shown as mean±SD (range). M: male; F: female; BMI:
body mass index.

exercise habits. In three patients, weight loss was accompanied by complete abstention from a previously heavy
alcohol intake and in another from sedatives. The remaining 30 patients presented no severe craniofacial malformations, nasal or oropharyngeal anatomical alterations other
than uvula and soft palate hypertrophy, intercurrent disease that might influence weight loss maintenance, and were
not taking antidepressants, hypnotics or sedatives. All
were nondrinkers (n=22) or had an alcohol intake <10 g·
day-1 (n=8) at diagnosis; alcohol consumption was not reevaluated when the second polysomnography was performed. Eighteen patients were nonsmokers, six smoked
<10 cigarettes·day-1 and six >10 cigarettes·day-1; none of
the smokers stopped smoking in the period between the
two sleep studies. Eleven patients had maintained regular
contact with a member of the team at the centre with two
appointments each year at approximately six-month intervals and attempts were made to contact the remaining
patients by telephone or letter. Two patients had died, two
could not be located and two declined to participate in
the study. The 24 remaining patients, 22 males and two females with a mean (±SD) age of 49.6±5.9 yrs, agreed to answer a questionnaire on their general health, have daytime
sleepiness assessed by the Epworth scale [13] and undergo
physical examination, a new polysomnographic study and
pulmonary function tests.
All sleep studies were performed during one night of sleep
in the hospital and included continuous monitoring of electroencephalogram, electro-oculogram, submental electromyogram and electrocardiogram, arterial oxygen saturation (Sa,O2),
airflow at the nose and mouth monitored with thermistors,
and chest and abdominal wall movements detected using
strain gauges. Sleep was scored manually using standard
criteria [14]. Total sleep time (TST) was measured from
the moment the patient fell asleep to the final awakening,
excluding wake time during sleep. Obstructive apnoea was

Statistics
Data are expressed in the text and tables as mean±SD.
Within-subject differences observed in the different phases
of the study were analysed using Friedman and Wilcoxon nonparametric tests, with significance adjusted by the
Bonferroni method when simultaneous multiple comparisons were performed. Between-subject differences were analysed using a Mann–Whitney U-test or Fisher's exact test
where appropriate. The relation between changes in weight
and AHI was evaluated using Pearson's correlation coefficient. Results were considered significant at p<0.05 or,
when Bonferroni-corrected, at 0.0166 (0.05/3).

Results
The mean time elapsed between diagnosis and the polysomnography in which cure was established was 11.5±6.1
months (range 3.6–23.0) and between the latter and that
performed in long-term follow-up 94.3±27.4 months (range
61–132). Mean values of body mass index (BMI), AHI
and sleep architecture at different times of the study are
shown in table 2. The mean decrease in BMI that led to a
cure of SAHS (ýBMI1) was 5.6±2.5 kg·m-2, 17.1±5.6% of
its value at diagnosis. No correlation was observed between changes in BMI and AHI, either between the first
and second (r=0.39, p=0.054) or between the second and
third polysomnographic recordings (r=0.13, p>0.2). ýAHI/
ýBMI values obtained in each patient in the two phases of
the study also failed to show a significant correlation (r=
0.299, p=0.156), demonstrating a marked intraindividual
variability.
Depending on the weight gained between the time of
cure and the end of the long-term follow-up (ýBMI2), patients were considered to have maintained their weight if
ýBMI2 <1/2ýBMI1. Only one of the 11 patients who had
followed periodic controls did not maintain their weight,
whereas 10 of the 13 who had not attended controls had
regained weight (p<0.001). The weight loss that led to a

Table 2. – Body mass index (BMI), apnoea/hypopnoea index (AHI) and sleep data values at diagnosis, cure and longterm follow-up
BMI kg·m
AHI
TST min
ST 1–2 %
ST 3–4 %
REM %

-2

Diagnosis

Cure

Long-term follow-up

32.8±4.6 (27.8–48)
44.3±27.8 (10–120)
315.4±73.8
82.5±12.5
9.0±8.5
8.4±6.1

27.2±3 (24.7–37.7)*
3±3.1 (0–9)*
349.4±79.6
62.8±13.5*
20.5±10.2*
16.0±7.3*

30.8±5.5 (24.5–47.4)†
26.4±26.2 (0–70)†
323.8±81.9
78.2±13.7‡
10.0±9.2
11.5±7.9

Data are shown as mean±SD (range). TST: total sleep time; ST 1–2: stage 1–2 sleep; ST 3–4: stage 3–4 sleep; REM: rapid eye movement sleep; *: significant difference versus the values at diagnosis (p<0.005); †: values at diagnosis and at cure (p<0.01); and ‡: the values at cure (p<0.01).
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Fig. 1. – Evolution of apnoea-hypopnoea index (AHI) in patients who
maintained weight loss.

cure was similar in the weight-maintaining and nonmaintaining groups, 5±2.3 kg·m-2 versus 6.3±2.7 kg·m-2 (p>0.2).
The individual evolution of AHI depending on maintenance or nonmaintainence of the weight at the time of
cure is detailed in figures 1 and 2. Seven of the 13 patients
who maintained the weight remained cured (AHI 3.1±3.1
events·h-1), while the remaining six showed an AHI of 40.5±
24.1 events·h-1. AHI at diagnosis was similar in these two
subgroups with no new weight gain: 33.9±17.9 versus
48.7±30.6 (p>0.2). Eight of the 11 patients who had regained weight presented with recurrence of SAHS (AHI
44.3±23.3), while the other three, with AHI at diagnosis
of 50, 27 and 10, had values of 9, 5 and 0, respectively.
Subjective sleepiness measured on the Epworth scale was
greater in patients with an AHI >10 events·h-1, 11.9±3.8
versus 4.6±2.1 (p<0.001). On long-term follow-up, only
two patients were using alcohol, <10 g·day-1 each; one of
them had maintained their weight and remained cured and
the other had regained weight and presented with a recurrence of SAHS. Two patients were smokers; they maintained their weight and remained cured.
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Fig. 2. – Evolution of apnoea-hypopnoea index (AHI) in patients who
had regained weight.

This study shows that, although almost half of the patients remained cured, relapse of SAHS in the long-term is
frequent among those previously cured by dietary weight
loss. The reappearance of SAHS was related in some patients to a new weight gain but was also observed in others
who did not regain weight.
The effect of weight loss on SAHS is due to a decrease
in pharyngeal collapsibility, demonstrated with decreases
in BMI oscillating between 13% and 22% [6, 7, 9], but the
change derived in the frequency of apnoea and hypopnoea
episodes shows marked interindividual variability. This variability was even found in a group of "weight-dependent"
SAHS patients and, for the first time to the authors' knowledge, long-term intraindividual variability was seen between changes in weight and changes in AHI induced by
them. Although the internight variability of AHI is known,
AHI is highly consistent from night to night in symptomatic SAHS patients with frequent apnoeas during sleep
[15], such as those reported here. This fact, together with
the improvement in symptoms and sleep structure parallel
to the decrease in AHI and reappearance of symptoms
with posterior rise in AHI in some patients on long-term
follow-up, indicates that the values reported are representative of the situation in these patients. The findings strongly
support the presence of other factors apart from weight implicated in recurrence of sleep-disordered breathing. It has
been established in normal subjects that ageing produces
pharyngeal narrowing and increased pharyngeal collapsiblity [16, 17], two facts related to SAHS [18, 19], which
would explain its reappearance in some patients with overweight rates lower than those implicated previously in the
development of upper airway obstructive episodes. In accordance with this, a recent study [20] in 14 morbidly
obese patients showed an increased frequency of apnoeas
7.5 yrs after their decrease following a massive surgeryinduced weight loss which was unrelated to a new weight
gain. However, those studies do not detail the evolution of
the patients cured after the weight loss and do not include
hypopnoeas, currently accepted as having a similar significance to apnoeas [21], in their results. In addition to considering hypopnoeas in the present analysis, SAHS was
found to reappear in a group of patients with diet-treated
nonmorbid obesity, the most usual situation in clinical practice.
The fact that three of the 11 patients who regained weight
did not present SAHS is more difficult to explain. A change
in upper- or lower-body distribution of fat on regaining
weight could be implicated. However, this redistribution
has not been observed previously in non-SAHS obese patients [22]. It may be speculated whether a more subtle
redistribution of fat, affecting the excess fat in the cervical
region and pharyngeal walls characteristic of SAHS [23,
24] might be involved. The amount of fat detected in these
deposits has been correlated with AHI [25, 26], but not
with general obesity, and its decrease in SAHS patients
who present with decreased AHI after losing weight has
been demonstrated [26]. During the selection period of the
patients for the present study, neck circumference, a simple method of assessing neck fat was not measured; however, it would be interesting to ascertain whether changes
therein bear any relationship to changes in AHI induced
by weight loss or gain in some patients with SAHS.
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Despite the nonaggressive approach to the problem of
weight loss and its maintenance, more than half of the
patients did not regain weight in the long-term. This success rate is higher than that reported previously in both
non-SAHS obese patients [12] and SAHS patients undergoing a very low calorie diet and who abandoned their
periodical medical appointments [27], and was clearly related to periodic medical appointments for reinforcement
of compliance, as indicated previously [12]. Effective treatment of SAHS implies an improvement in cognitive function
and mood [28], which could have acted as a reinforcement
mechanism not present in other obese patients without
SAHS or with persistent SAHS after losing weight.
In summary, this study shows that diet-induced weight
loss maintains its long-term efficacy in some sleep apnoea/
hypopnoea syndrome patients, particularly those checked
periodically and who maintain their weight. However, the
results also show that the long-term relationship between
weight loss and regain and sleep apnoea/hypopnoea syndrome is complex; the syndrome may reappear with no
new weight gain or, vice versa, not reappear despite a
weight regain. This indicates the need for periodic followup of these patients, both as a reinforcement for maintaining
the weight loss and for early detection of the reappearance
of sleep apnoea/hypopnoea syndrome.
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