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Body fat, body fat distribution and the respiratory system: 
a .. fat neck .. syndrome? 

L.F. Van Gaal* 

The clinical syndrome of obesity, somnolence, sleep 
apnoea and hypoventilation was described many years 
ago. The occurrence of dyspnoea and a "cardiac res­
piratory Pickwickian" syndrome in obese patients was 
noticed as early as 1936, as quoted by BARRERA et al. 
[1]. From the early fifties, extreme obesity was re­
peatedly reported to be associated with respiratory 
abnormalities, alveolar hypoventilation, polycythaemia 
and somnolence [2, 3]. The sleep apnoea syndrome 
has been correlated with increasing age and obesity 
[ 4], leading to the hypothesis that several symptoms 
in patients with the so-called Pickwick syndrome can 
be attributed to sleep apnoea [5]. 

Variation in body shape and proportion, especially 
with regard to the distribution of subcutaneous fat, is 
visually obvious and is exaggerated in obesity. The 
degree of overweight and/or obesity, usually derived 
from height/weight indices or anthropometry, can be 
simply regarded as an excess of adipose tissue or as 
the regional distribution of fat. It has long been rec­
ognized that the heterogeneity of adipose tissue is not 
only confined to morphology but rather to function. It 
is also known that not all obese subjects show the 
same metabolic profile regarding risk and complica­
tions. Regardless of the degree of overweight, obese 
men show a higher frequency of arterial hypertension, 
lipid disturbances and cardiac abnormalities. In addi­
tion, in obstructive sleep apnoea a strong male pre­
dominance was found [4]. 

At about the same period, the interest for research 
on obesity-induced respiratory abnormalities became 
apparent. VAGUE [6] reported the relationship between 
upper trunk (male) android obesity and the prevalence 
of a series of metabolic alterations. Over the follow­
ing years, fat accumulation in the abdominal region 
has attracted considerable interest as an important and 
possibly independent factor in the development of 
endocrine and metabolic disturbances such as non­
insulin dependent diabetes [7], lipid and lipoprotein 
abnormalities [8, 9], hypertension and an increased risk 
of atherosclerosis in both sexes. 

The more recent background on morbidity and mor­
tality includes the prospective work of Swedish inves­
tigators who found that abdominal adipose tissue 
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distribution is the best anthropometric predictor of 
cardiovascular disease and death. Using the waist-to­
hip circumference ratio (WHR), LARSSON et al. [10) 
prospectively studied almost 800 middle-aged men and 
found that abdominal adipose tissue increased the risk 
for myocardial infarction or death by a factor of about 
2 for a given body mass index. When total fat mass 
was accounted for, the authors indicated that for 
myocardial infarction and death the highest risk was 
found in men who had abdominal accumulation of fat 
and a (relative) low body mass index. 

Upper body, android or central fat predominance can 
be measured by skinfold measurements and the WHR. 
Whereas skinfold thickness is related to subcutaneous 
fat, WHR is correlated more with the proportion of 
intra-abdominal fat [11 ]. Intra-abdominal fat, however, 
can be measured exactly by computed tomographic 
(Cf) scan or magnetic resonance imaging (MRI) meth­
ods; it reflects the exact amount of intraperitoneal or 
visceral body fat, which is closely related to 
intrathoracic (mediastinal) fat accumulation [12]. 

Even in non-obese subjects with visceral fat accu­
mulation, topographic and metabolic markers are 
closely related and visceral fat also correlates with cir­
culatory disorders, such as left ventricular dilatation 
and hypertension. 

It was recently shown that respiratory disturbances 
occur mostly in obese subjects with visceral fat pre­
dominance [13]. Expiratory reserve volume, functional 
residual capacity and arterial oxygen tension were re­
ported to be reduced in visceral obesities of both 
sexes. Also, the frequency of sleep apnoeas is sig­
nificantly higher in male obese patients with visceral 
fat predominace [13]. The CT observation of a sig­
nificantly reduced pharyngeal area during normal 
breathing in supine position suggests that the 
peripharyngeal fat accumulation, rather than the sever­
ity of overweight, may explain the higher prevalence 
of nocturnal obstructive sleep apnoea. Similar find­
ings have also been reported in women. 

In the present issue of the Journal, the article by 
HOFFSTEIN and MATEIKA [14] provides an interesting 
addition to this emerging field of study. The authors 
report upon the use of abdominal and neck circumfer­
ences in the prediction of obstructive sleep apnoea and 
snoring. Among a large number of patients, apnoeic 
patients were characterized by a high body mass 
index (BMI) and larger neck and abdominal 
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circumferences. When matched for age and BMI, the 
neck circumference remained the most important de­
terminant of snoring. Even in a subgroup of non­
obese subjects, an important degree of the variance of 
sleep apnoea and snoring was explained by the neck 
circumference alone. 

The present study is interesting, not only in 
showing a series of factors involved in the sleep 
apnoea phenomenon, but also for its findings in the 
"metabolically obese" non-obese subject. 

Although there is no direct evidence from these 
results that the neck circumference reflects upper body 
or pharyngeal fat accumulation in an objective way, 
they are promising or provocative enough to stimulate 
further study in this field. If the neck circumference 
could be validated by er measurements of the fat con­
tent of the neck region, as was recently done for the 
waist circumference and WHR, such a new, easy to 
perform and inexpensive parameter might be a valu­
able screening test for obstructive sleep apnoea and 
snoring. In addition to helping clinicians to identify 
patients at risk, this could provide new insight for 
future research on the possible involvement of body 
fat topography on respiratory physiology, metabolism 
and disease. Such further research could help us to 
explain whether respiration abnormalities - in particu­
lar nocturnal desaturation and respiratory arrest - might 
contribute to the sudden death observed in obese and 
non-obese subjects with upper body fat predominance. 

Whether neuroendocrine dysfunctions, a common 
finding in sleep apnoea and upper body fat, can be 
considered as primary or secondary common underly­
ing mechanisms, has to be established. 

References 

1. Barrera F, Reidenberg M, Winters W. - Pulmonary 
function in the obese patient. Am J Med Sci, 1967; 36: 
785-795. 
2. Sieker HO, Estes EH, Kelser GA, Mclntosh MD. -
A cardiopulmonary syndrome associated with extreme obes­
ity. J Clin Invest, 1955; 34: 916. 

3. Walsch RE, Michaelson ED, Harkleroad L, Zighelborim 
A, Sackner MA. - Upper airway obstruction in obese 
patients with sleep disturbance and somnolence. Ann In­
tern Med, 1972; 76: 185-192. 
4. Block AJ, Boysen PG, Wynne JW, Hunt LA. - Sleep 
apnea, hypopnea and oxygen desaturation in normal sub­
jects. N Engl J Med, 1979; 300: 513-517. 
5. Guilleminault C, Tilkian A, Dement WC. - The sleep 
apnea syndrome. Ann Rev Med, 1976; 27: 465-484. 
6. Vague J. - The degree of masculine differentiation 
of obesities, a factor determining predisposition to diabetes, 
atherosclerosis, gout and uric calculous disease. Am J Clin 
Nutr, 1956; 4: 20-34. 
7. Ohlson L Larsson B, Svardsiidd K, Welin L, Eriksson 
H, Wilhelmsen L, Bjorntorp P, Tibblin G. - The influ­
ence of body fat distribution on the incidence of diabetes 
mellitus. Diabetes, 1985; 34: 1055-1058. 
8 .. Despres JP, Allard L, Tremblay A, Talbot J, Bouchard 
L. - Evidence for a regional component of body fatness 
in the association with serum lipids in man and women. 
Metabolism, 1985; 34: 967-973. 
9. Van Gaal L, Vansant G, Van Campenhout C, Lepoutre 
L, De Leeuw I. - Apolipoprotein concentrations in obese 
subjects with upper and lower body fat mass distribution. 
lnt J Obesity, 1989: 13: 255-263. 
10. Larsson B, Svardsiidd K, Welin L, Wilhelmsen L, 
Bjorntorp P, Tibblin G. - Abdominal adipose tissue dis­
tribution, obesity and risk of cardiovascular disease and 
death: 13 year follow-up of participants in the study of men 
born in 1913. Br Med J, 1984; 288: 1401-1404. 
11. Seidell J, Oosterlee A, Thijssen MAO, Burema J, 
Deurenberg P, Hautvast JGAJ, Ruijs JHJ. - Assessment 
of intra-abdominal and subcutaneous abdominal fat: relation 
between anthropometry and computed tomography. Am J 
Clin Nutr, 1987; 45: 7-13. 
12. Enzi G, Gasparo M, Biondetti PR, Fiore D, Semisa M, 
Zurlo F. - Subcutaneous and visceral fat distribution 
according to sex, age and overweight, evaluated by com­
puted tomography. Am J Clin Nutr, 1986; 44: 739-746. 
13. Enzi G, Vianello A, Baggio MB, Bevilacqua M, 
Gonzales A, Alfieri P. - In: Oomura Y et al., eds. Res­
piratory disturbances in visceral obesity. Progress in Obes­
ity Research. John Libbey & Co. 1990; pp. 335-339. 
14. Hoffstein V, Mateika S. - Differences in abdominal 
and neck circumferences in patients with and without 
obstructive sleep apnea. Eur Respir J, 1992; 4: 377-381. 


