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Abstract

Introduction: Obstructive sleep apnea (OSA) is charac-

terized by a chronic and progressive disorder that is as-

sociated with cardiovascular diseases. Objective: To cor-

relate the apnea-hypopnea index (AHI) with anthropo-

metric parameters in patients of both sexes diagnosed 

with resistant arterial hypertension. Methods: A total 

of 106 patients (57.5% women, mean age 61 ± 8 years) 

were evaluated, 41 with moderate OSA and 65 with 

severe OSA. The diagnosis of OSA was made by noctur-

nal polysomnography. The somatotype was determined 

and the waist circumference (WC), neck circumference 

(NC) and hip circumferences were measured, followed 

by the waist-to-hip ratio, waist-to-height ratio and neck-

to-height ratio (NHR). Height and body mass measure-

ments were also collected to calculate the body mass 

index (BMI). Results: Among the participants, 62% were 

obese, 64% had abdominal obesity and 25% had in-

creased NC. The anthropometric variables that best cor-

related with AHI were WC (r = 0.325; p = 0.0006), BMI 

(r = 0.245; p = 0.0115) and NHR (r = 0.245; p = 0.0115) 

in both sexes. Among women, the best correlation was 

with WC (r = 0.281; p = 0.0285). Conclusion: Anthro-

pometric and body composition variables (WC, BMI, and 

NHR) are important for patients with OSA, including BMI 

in women, optimizing the screening of these patients for 

polysomnography.
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Introduction

Obstructive sleep apnea (OSA) is characterized by 

a chronic, progressive disorder that is associated with 

cardiovascular diseases, including hypertension, resistant

hypertension (RHT) and chronic heart failure.1 Individuals 

with this condition have high mortality and morbidity, 

sympathetic hyperactivity, chronic inflammation, increa-

sed oxidative stress, and endothelial dysfunction.2-4 

Obesity is also a common profile in patients with 

OSA, leading to metabolic disorders such as insulin re-

sistance and/or diabetes mellitus, hepatic steatosis and 

dyslipidemia,5 as well as physiological disorders such as

RHT, defined as the lack of blood pressure control when 

using three classes of antihypertensive drugs, prefera-

bly a thiazide diuretic, a renin-angiotensin aldosterone

system inhibitor, and a calcium channel blocker, or using

four drugs with controlled blood pressure.6 Some sim-

ple, easily accessible, and practical anthropometric pa-

rameters should be part of the routine evaluation of 

patients with OSA. Body mass index (BMI) and neck 

circumference (NC) are the most used.7 However, there

are other simple tools, already widely used in the asses-

sment of cardiometa-bolic risk and that could possibly 

help the assess-ment of patients with OSA, especially 

waist circumference (WC),8,9 waist/height ratio (WHtR),10 

waist/hip ratio (WHR),11 and neck/height ratio (NHR).12

Thus, the aim of the present study is to correlate the 

apnea-hypopnea index (AHI) with various anthropome-

tric parameters in adult patients of both sexes who have 

a diagnosis of RHT and moderate and severe OSA.

Methods

This is a cross-sectional and observational study. The 

patients included are part of a large cohort of resistant 

hypertensive patients being followed up at a specialized 

clinic at a university hospital. The inclusion criteria fol-

lowed the following parameters: i) presenting a clinical 

diagnosis of RHT; ii) presenting a clinical diagnosis of 

moderate and severe OSA defined by the AHI > 15/h; 

iii) being 18 years of age. On the other hand, the ex-

clusion criteria adopted were: i) individuals with de-

compensated chronic pulmonary and cardiovascular dis-

eases; and ii) patients who did not accept to participate 

in the study. The study was approved by the Human 

Research Ethics Committee of the Hospital Universitário 

Clementino Fraga Filho - Universidade Federal do Rio de 

Janeiro (protocol: 3.659.973; CAAE: 18385219.7.0000. 

5257), where all participants read and signed the in-

formed consent form before being included in the re-

search and obtained the information.

Resistant hypertension 

All participants had a previous diagnosis of RHT 

defined by the use of at least three antihypertensive 

drugs of different pharmacological classes, preferably 

including a thiazide diuretic without office blood pres-

sure control. Office blood pressure, heart rate, and an-

tihypertensive drugs in use were registered. 

Resumo

Introdução: A apneia obstrutiva do sono (AOS) é caracteri-

zada por um distúrbio crônico e progressivo que está associa-

do a doenças cardiovasculares. Objetivo: Correlacionar o índi-

ce de apneia-hipopneia (IAH) com parâmetros antropométricos 

em pacientes de ambos os sexos diagnosticados com hiperten-

são arterial resistente. Métodos: Foram avaliados 106 pacientes 

(57,5% mulheres, média de idade de 61 ± 8 anos), 41 com 

AOS moderada e 65 com AOS grave. O diagnóstico de AOS foi 

feito por polissonografia noturna. Determinou-se o somatotipo 

e medidas as circunferências da cintura (CC), pescoço (CP) e 

quadril, seguidas das relações cintura-quadril, cintura-estatura 

e pescoço-estatura (RPE). Também foram coletadas medidas 

de altura e massa corporal para cálculo do índice de massa

corporal (IMC). Resultados: Entre os participantes, 62% eram

obesos, 64% apresentavam obesidade abdominal e 25% apre-

sentavam CP aumentada. As variáveis antropométricas que 

melhor se correlacionaram com o IAH foram CC (r = 0,325; 

p = 0,0006), IMC (r = 0,245; p = 0,0115) e RPE (r = 0,245; p 

= 0,0115) em ambos os sexos. Entre as mulheres, a melhor 

correlação foi com a CC (r = 0,281; p = 0,0285). Conclusão: 

Variáveis antropométricas e de composição corporal (CC, IMC 

e RPE) são importantes para pacientes com AOS, incluindo o 

IMC em mulheres, otimizando a triagem desses pacientes para 

polissonografia.

Palavras-chave: Medidas antropométricas. Apneia obstrutiva 

do sono. Hipertensão resistente.
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Polysomnography 

For the diagnosis of OSA, patients underwent over-

night polysomnography at the Sleep Laboratory of the 

university hospital. The Fast-Poli26i 26-channel digital po-

lygraph with accessories was used to perform the pro-

cedure. In addition, the International Classification for 

Sleep Disorders13 was used to classify the severity of the 

disease. OSA was classified as moderate AHI (between 

15 and 29/h) and severe AHI (≥ 30/h).13

Anthropometric measurements, calculations of body 

composition, and somatotype 

All anthropometric measurements were determined 

according to the recommendations of the International 

Society for Advancement in Kinanthropometry (ISAK);14 

the measurements and the respective calculations for 

the determination of body density (sum of seven skin 

folds: triceps, mid-axillary, subscapular, pectoral, abdo-

minal, suprailiac and thigh) of Polock,15,16 of the per-

centage of fat (used in the formula of Siri: (4.95/(sum 

of Pollock's 7 folds)-4.5)*100),17 bone diameters (sum 

of diameters of biestyloid + wrist biepicondyle + knee 

biepicondyle), and somatotype by the formula (triceps 

+ subscapularis + supra-iliac)*170.18/height, being clas-

sified as: endomorphic (11 to 14), mesomorphic (1 to 

10), and ectomorph (0.5 to 9).18,19 Skin fold thickness 

was determined using an adipometer (Cescorf Scien-

tific Top Tec 2), and bone diameter measurements were 

taken using a caliper (Cescorf 60 cm) and expressed in 

millimeters.

WC (to measure the waist, the midpoint between 

the anterior superior iliac crest and the last rib was used), 

hip (the point used to measure the hip is the largest 

perimeter of the gluteal region at the height of the bi-

lateral greater trochanter),20,21 and NC (in the standing 

position at the level of the cricothyroid cartilage)22 were 

detemined in centimeters by a metallic measuring tape 

(Cescorf). Increased WC was defined as WC > 102 cm 

in men and > 88 cm in women, while increased NC was 

defined as NC > 43 cm in men and > 41 cm in women. 

The WHR was calculated by dividing the values found 

for the waist and hip, the WHtR was the waist divided 

by height and the NHR was obtained by dividing the 

NC by height. Finally, measurements of height and bo-

dy mass were determined, respectively, by a stadiome-

ter (Cardiomed, 0.1 mm) and electronic scale (SHOENLE, 

100 g) in order to calculate BMI = kg/m2. Obesity is 

defined when the BMI is > 30 kg/m2.

Statistical analysis 

Data were submitted to the normality test (Kolmo-

gorov-Smirnov) and homogeneity test (Levene). Cate-

gorical variables were described as percentages, while 

continuous variables were described as mean and stan-

dard deviation because they had a symmetrical distribu-

tion. The student test (normal continuous variables) and 

the chi-square were used for categorical variables. Next, 

multiple linear regression analysis was used to assess 

the correlation and explained variance (r2 an r2 adjusted) 

in AHI with BMI, NC, WC, fat percentage, WHR, WHtR, 

NHR as independent variables. Finally, the multiple lin-

ear regression analysis was applied in man and woman 

participants group. A p-value of < 0.05 was adopted for 

all inferential analyses. All analyses were conducted using 

IBM SPSS Statistics version 19.0 (SPSS Inc., Chicago, IL).

Results and discussion

A total of 106 individuals diagnosed with RHT and

moderate and severe OSA were eligible. There was no

statistically significant difference between the groups in

terms of demographic and anthropometric characteris-

tics, blood pressure levels and anti-hypertensive drugs 

regimen in use (Table 1). Figure 1 presents the multiple 

regression model showing the AHI predictor variables. 

NC, WHtR and WHR could explain between 10 and 12%

of AHI behavior. Tables  2 and 3 shows the multiple re-

gression model between anthropometric data from the 

AHI between men and women. Only the variable BMI 

markedly influenced the AHI among women.

The results found suggest the importance of eva-

luating simple and practical variables in patients with 

OSA, due to the ease of execution, practical application 

and the panorama that these anthropometric variables 

could help in a possible risk stratification in environments 

that do not have an assessment considered gold stan-

dard.16 It is worth noting that variables such as BMI and 

WC are widely used to stratify cardiometabolic risk,14,22 

and can therefore be extrapolated to the assessment of 

individuals with OSA. The main finding of the present 

study revealed significant correlations between AHI and 

NC, WHR and WHR.
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Table 1 - Demographic, anthropometrics, and apnea-hypopnea classification of participants

Variables Total (n = 106) Moderate OSA (n = 41) Severe OSA (n = 65)

Age (years) 61.00 ± 8.00 60.00 ± 7.00 61.00 ± 8.00

Female sex* 61 (57.50) 26 (42.60) 35 (57.40)

Body weight (kg) 85.70 ± 17.90 80.50 ± 14.90 89.10 ± 18.90

Height (m) 1.60 ± 0.10 1.60 ± 0.10 1.61 ± 0.10

Body mass index (kg/m2) 33.20 ± 5.70 31.50 ± 4.70 34.30 ± 6.10

Obesity* 76 (71.70) 26 (63.40) 50 (76.90)

Neck circumference (cm) 39.60 ± 3.80 38.90 ± 3.10 40.10 ± 4.10

Neck circumference ↑.*1 26 (24.50) 7 (17.10) 19 (29.20)

Waist circumference (cm) 97.20 ± 13.50 95.00 ± 9.00 98.60 ± 15.60

Waist circumference ↑.*2 68 (64.10) 25 (61.00) 43 (66.20)

Waist-to-hip ratio 0.90 ± 0.10 0.90 ± 0.10 0.90 ± 0.20

Waist-to-height ratio 0.60 ± 0.10 0.60 ± 0.10 0.60 ± 0.10

Neck-to-height ratio 0.25 ± 0.02 0.24 ± 0.02 0.25 ± 0.02

Percentage of fat 31.60 ± 5.20 31.40 ± 5.20 31.80 ± 5.30

Apnea-hypopnea index (h) 42.00 ± 21.00 22.00 ± 4.00 54.00 ± 18.00**

Somatotype profile

Endo – Mesomorphic* 64 (60.40) 26 (40.60) 38 (59.40)

Meso – Endomorphic* 42 (39.60) 15 (35.70) 27 (64.30)

Physiological variables

Heart rate (beat per minute)                                 90.00 ± 16.90 86.60 ± 18.30 92.20 ± 15.70

Systolic blood pressure (mmHg) 147.80 ± 28.80 149.70 ± 26.80 146.70 ± 30.20

Diastolic blood pressure (mmHg) 88.70 ± 16.30 89.80 ± 13.70 88.00 ± 17.80

Medications*

ECAi (%) 54 (59.00) 25 (64.00) 29 (55.00)

AT1 blocker (%) 38 (41.00) 14 (36.00) 24 (45.00)

Beta blocker (%) 73 (79.00) 32 (82.00) 41 (77.00)

Calcium channel blocker (%) 74 (80.00) 34 (87.00) 42 (77.00)

Spironolactone (%) 42 (46.00) 17 (44.00) 25 (47.00)

Note: OSA = obstructive sleep apnea; ECAi = angiotensin converting enzyme inhibitors; AT1 blocker: Angiotensin II AT1 receptor blocker. Data 

presented as mean ± standard deviation, except for *n (%) = number of patients (percentage). 1Increased neck circumference: men > 43 cm and 

women > 41 cm; 2Increased waist circumference: men > 102 cm and women > 88 cm; **p < 0.05.

Table 2 - Multiple regression model between anthropometric variables and apnea-hypopnea index according to 

gender

Men (n = 45) r2 F p ẞ lower upper

Body mass index 0.03 1.29 0.262 0.23 -1.34 3.37

Neck circumference (cm) 0.06 1.43 0.266 -0.34 -8.81 3.37

Waist circumference (cm) 0.08 1.03 0.301 1.32 -0.06 4.10

Fat percentage 0.09 0.10 0.446 -0.13 -2.58 1.45

Waist/hip ratio 0.12 1.43 0.401 1.08 24.50 265.61

Waist/height ratio 0.18 2.66 0.241 -1.15 -686.58 -21.35

Neck/height ratio 0.22 1.92 0.197 0.59 -293.70 1567.90

Note: p < 0.05.
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Table 3 - Multiple regression model between anthropometric variables and apnea-hypopnea index according to 

gender

Women (n = 60) r2 F p ẞ lower upper

Body mass index 0.08 5.04 0.028 0.13 -1.00 1.83

Neck circumference (cm) 0.10 3.09 0.053 -1.23 -16.57 0.54

Waist circumference (cm) 0.10 2.00 0.121 1.96 -0.17 4.67

Fat percentage (%) 0.11 1.67 0.169 0.01 -1.42 1.56

Waist/hip ratio 0.11 1.34 0.125 0.81 -63.48 532.48

Waist/height ratio 0.11 1.11 0.368 -1.78 -862.92 45.99

Neck/height ratio 0.18 1.68 0.132 1.43 2693.50 0.28

Note: p < 0.05.

Figure 1 - Multiple regression model between anthropometric variables and apnea-hypopnea index in general 

population. 
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According to Nokes et al.,23 who evaluated a cohort 

of 1,227 women with BMI > 30 kg/m2, the AHI was shown 

to have a significant association with BMI, corroborating 

our results, where BMI showed a positive and significant 

correlation with AHI only among women.

In a previous study, Polesel et al.22 evaluated the im-

portance of anthropometric variables in patients with 

OSA. The variables measured and correlated with OSA 

showed different behaviors for the sexes. In men, WHtR 

and NC were better and correlated with individuals 

with mild and moderate OSA. Whereas for severe OSA, 

BMI appeared to be more important and had a greater 

correlation. In turn, women showed a more important 

correlation with WC. In the present study, men and wo-

men were not evaluated separately, to the detriment 

of the small number of males. Thus, the correlations of 

anthropometric variables and body composition pre-

sented in the study with the AHI were analyzed globally.

The association between obesity and NC with OSA 

is already well established, so much so that these an-

thropometric measurements are used in screening for

high risk of OSA in various questionnaires such as 

the Berlin and the STOP-BANG. In our sample, 62.3% 

were obese and 24.5% were overweight. With 64.1% 

of abdominal obesity and 24.5% with increased NC, 

these conditions could increase associations with car-

diometabolic diseases. However, significant results were 

found among three of the six proposed variables – BMI, 

WHR and NC, ratifying the importance of evaluating 

individuals with OSA not only with polysomnography, 

considered the gold standard.15 Supposedly, the rea-

son why the correlations showed weak associations in 

relation to the patients' AHI was the heterogeneity of 

the body profile of the patients involved in the present 

study. That is, for even those individuals with obesity 

conditions and anthropometric parameters above what 

would be recommended as a cutoff point for both 

sexes,13 the anthropometric variables presented a simi-

lar profile, regardless of the disease classification, which 

was composed of moderate or severe OSA.

In a previous study, WC was considered a better pre-

dictor of comorbidities than BMI,24,25 as in other studies

that also evaluated WC in individuals with OSA or res-

piratory disorders.26,27 It is worth mentioning that WC

in both men and women, when they present circum-

ferences above the recommended parameters, is sug-

gestive of central fat accumulation and, consequently, 

the risks for cardiometabolic diseases are increased.28  In 

this sense, greater visceral fat is related to a low-grade 

inflammatory condition and is associated with the risk of 

development and diagnosis for individuals with OSA.29

Anthropometric variables are essential for determi-

ning the body profile in healthy individuals,30 as well as 

in patients with different clinical profiles.31-34 In this way,

different anatomical points, such as WC, WHR, WHtR, 

NC, and body composition parameters such as fat per-

centage and BMI, should be part of the routine asses-

sment of patients with cardiometabolic disorders35 and 

this should also be applied to individuals with OSA. 

It is also worth mentioning the positive aspects and 

limitations of the present study. Regarding the positive 

aspects, it is important to emphasize polysomnography, 

a method considered the gold standard for the clinical 

determination of the diagnosis for patients with OSA. In 

addition, the anthropometric variables measured and 

evaluated in the study met the ISAK recommendations.14 

On the other hand, limitations such as the non-inclusion 

of individuals with mild OSA or without OSA clinical 

and morphological characteristics different from the 

patients presented and the non-assessment of body 

composition by electrical bioimpedance or dual-energy 

x-ray absorptiometry are noteworthy. In addition, our 

study evaluated only resistant hypertensive patients, not 

allowing these data to be extrapolated to hypertensive 

patients in general. 

Conclusion

The data presented allowed us to verify that anthro-

pometric and body composition variables (WC, BMI and 

NHR) are relevant for patients with moderate and severe 

OSA, highlighting BMI in women, which can refine the 

screening of these patients, better targeting performing 

polysomnography.  
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