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Association of neck circumference and pulmonary function in children
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ackground: Childhood obesity leads to many complications including impaired respiratory function. There
re various anthropometric parameters related to obesity.
bjective: To investigate the correlation between anthropometric indices and pulmonary function test re-
ults in children without asthma.
Methods: Children without any respiratory disorders were enrolled in this study. Anthropometric mea-
surements, such as height, weight, neck circumference (NC), and waist circumference, were obtained from
the enrollees and body mass index was calculated. Afterward, pulmonary function tests were performed
using spirometry.
Results: A total of 178 children (106 boys, 59.5%) with a mean age of 9.7 years were included the study. NC
was above the 90th percentile in 65 children. Importantly, pulmonary parameters, such as forced expiratory
volume during the first second (FEV1) and the ratio of FEV1 to forced vital capacity (FVC), were lower in
subjects with a large NC. Similarly, waist circumference was above the 90th percentile in 67 children, and
FEV1/FVC was significantly lower in children with a large waist circumference. Moreover, there was a sta-
tistically significant negative correlation among FEV1, FEV1/FVC, and body mass index SD score. Also,
multivariable linear regression analysis showed that an NC above the 90th percentile was associated with
lower FEV1 and FEV1/FVC values.
Conclusion: We identified NC as a novel anthropometric index that is strongly correlated with respiratory
functions in children. Therefore, close monitoring of respiratory symptoms, particularly in children with
obesity and a large NC, could help with early and prompt determination of respiratory complications of
obesity.
� 2017 American College of Allergy, Asthma & Immunology. Published by Elsevier Inc. All rights reserved.
Introduction obesity-related respiratory complications.5,6 Therefore, anthropo-
Childhood obesity is a growing health problem that can lead to
impairment of organ functions, including the respiratory system.1

Respiratory impairments are mostly related to obstructive sleep
apnea and obesity hypoventilation syndrome. In fact, numerous
studies have reported a clear association of obesity with asthma in
children.2e4

Bodymass index (BMI) is themost commonly used parameter to
define obesity. However, BMI does not provide information on the
body fat distribution that is particularly associated with
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metric measurements that identify upper body obesity better than
BMI are needed. Several studies have reported an association be-
tween waist circumference (WC) and pulmonary functions.7,8 Neck
circumference (NC) is a new measurement to determine body fat
distribution in children and adults.9,10 Previous studies have shown
that NC is associated with respiratory disorders, such as obstructive
sleep apnea, respiratory endurance, and perioperative adverse
events.11e13 More recent studies have identified an association
between NC and severity of asthma.14,15 Nevertheless, more clarity
is required on the mechanisms that help explain the strong asso-
ciation between obesity and pulmonary function.

The present study investigated the correlation between
anthropometric indices and pulmonary function test results in
children without asthma.
sevier Inc. All rights reserved.
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Table 1
Demographic Features of Study Population (N ¼ 178)a

Boys 106 (59.5)
Age (y) 9.7 � 2.6
Atopy 73 (41.0)
BMI z-score 0.94 � 1.2
Obese 41 (23)
Overweight 73 (41)

Abbreviation: BMI, body mass index.
aData are presented as frequency (percentage) or mean � SD.

Table 2
Respiratory Function Test Results of Groups According to Neck Circumferencea

<90th percentile (n ¼ 113) >90th percentile (n ¼ 65) P value

Boys 66 (58.4) 40 (61.5) .28
Age (y) 9.5 � 2.6 9.8 � 2.4 .59
Atopy 48 (42.5) 25 (38.5) .63
Birthweight (g) 3,050 � 100 3,130 � 110 .84
FVC (%) 97.5 � 11.0 95.8 � 11.3 .35
FEV1 (%) 100.9 � 12.0 96.9 � 11.3 .04
FEV1/FVC 91.0 � 5.7 87.0 � 8.3 .01
PEF (%) 88.3 � 15.3 87.8 � 18.3 .35
FEF25e75 (%) 97.9 � 21.7 98.1 � 18.3 .94

Abbreviations: FEF25e75, forced expiratory flow between 25% and 75%; FEV1, forced
expiratory volume during first second; FVC, forced vital capacity; PEF, peak expi-
ratory flow.
aData are presented as frequency (percentage) or mean � SD.
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Methods

One hundred seventy-eight children 5 to 15 years old who were
admitted to pediatric allergy outpatient department for various
symptoms from 2013 through 2015 were enrolled in this study.
Patients with asthma, other lung diseases, and/or chronic systemic
disorders were excluded from the study. Consent forms were ob-
tained from the enrolled children and their parents. The institu-
tional review board approved the study.

Different anthropometric indices such as weight, height, WC,
and NC were measured under postabsorptive conditions by a
physician. Height wasmeasured to the nearest 0.5 cm on a standard
height board, and weight (with no clothes or shoes on, except for
underwear) was measured to the nearest 0.1 kg. Subsequently, BMI
was calculated as weight (kilograms) divided by height (meters)
squared. WC was measured at the end of normal expiration using a
flexible tape at the circumference equidistant between the superior
border of the iliac crest and the lowest rib margin. Hip circumfer-
ence was measured at the level yielding the maximum circumfer-
ence between the trochanters. NC was measured at the level of the
cricothyroid cartilage. All measurements were performed by the
same researcher. Obesity was defined as BMI above the 95th
percentile for Turkish children. BMI z-scores, WC, and NC percen-
tiles were calculated.16 Patients were graded according to WC and
NC. Values above the 90th percentile were defined as “high.”17,18

Pulmonary function tests were recorded in the sitting position
by a physician using a spirometer (Zan 100, Nspire Health, Ober-
thulba, Germany) according to recommendations of the European
Respiratory Society. Parameters, such as forced vital capacity (FVC),
forced expiratory volume during the first second (FEV1), FEV1/FVC
ratio, and forced expiratory flow between 25% and 75% (FEF25e75),
were measured and the predicted values were calculated. During
the measurement, volume and flow curves were closely monitored
to detect artifacts and to confirm enough effort was rendered by the
participants. Overall, 3 appropriate measurements were recorded
and the highest value was considered the basal value. All values
were represented as percentages according to age, sex, weight, and
height.

Calculations were performed using SPSS Statistics 21.0 (IBM,
Armonk, New York). Descriptive data for categorical variables were
expressed as frequencies. Grouped variables were compared using
the Student t test for numerical values and the Pearson c2 test for
categorical variables. Pearson correlations were calculated to
analyze the relation between BMI SD score (SDS) and lung function
test results. Normality of the variable distributions was evaluated
by the Kolmogorov-Smirnov test. Multiple linear regression anal-
ysis used anthropometric parameters as predictors, and significant
variables in the Student t test and Pearson correlation test were
included as dependent variables. Significantly associated variables
were determined by the backward elimination procedure. A P value
less than .05 was set as the cutoff for statistical significance.

Results

A total of 178 children (106 boys, 59.5%) with a mean age of 9.7
years were included. Atopy was present in 73 patients (41%). Forty-
one patients (23%) in the study populationwere obese and 73 (41%)
were overweight (Table 1). NC was above the 90th percentile in 65
children. There was no significant difference in NC by age, sex,
birthweight, atopy prevalence, FVC, peak expiratory flow (PEF), and
FEF25e75. However, FEV1 and FEV1/FVCwere higher in subjects with
a large NC (P¼ .04 and .01, respectively; Table 2). Similarly, WC was
above the 90th percentile in 67 children. Atopy prevalence, birth-
weight, age, sex, FVC, FEV1, PEF, and FEF25e75 were not significantly
different between childrenwith a large or small WC. Only FEV1/FVC
was significantly high in children with a WC higher than the 90th
percentile (P ¼ .01; Table 3). There was a statistically significant
negative correlation among FEV1, FEV1/FVC, and BMI SDS. There
were no significant correlations between other pulmonary function
test parameters and BMI SDS.

Multiple linear regression analysis used pulmonary function test
parameters, such as FEV1 and FEV1/FVC, as dependent variables
that were significantly associated with obesity indices. Indepen-
dent variables were determined as anthropometric parameters,
such as NC, WC, and BMI SDS. The results showed a significant
association among FEV1, FEV1/FVC, and NC.

Discussion

In the present study, we found an association between the
pulmonary function variable FEV1 and anthropometric indices of
obesity. NC, a novel anthropometric measurement of obesity, was
strongly associated with FEV1 and FEV1/FVC.

Many studies have shown an association between obesity using
BMI as an index and respiratory functions. For instance, FEV1/FVC
was negatively associated with BMI in obese and overweight
adults.8 In another adult study, a decrease in midexpiratory flow
rate and FEV1/FVC was shown in patients with morbid obesity.19

Similar findings were observed in cross-sectional studies per-
formed in children with or without asthma.20,21 A different study
showed that FEV1 and FEV1/FVC were significantly lower in chil-
dren with obesity compared with those without obesity, whereas
FVC did not differ by obesity status.22 In the present study, we
found that FEV1 and FEV1/FVC were negatively correlated with BMI
SDS. However, when the comparisonwas adjusted for other indices
of obesity, BMI SDS was not related to FEV1 and FEV1/FVC. The
regression model showed only the association between pulmonary
functions and NC.

Various mechanisms have been suggested to explain the asso-
ciation between obesity and pulmonary functions. Mechanical
changes due to fat deposition on the abdomen, chest wall, and
upper airway have been implicated in changes in lung volumes,23

leading to decreases in FVC and FEV1.24e26 Conversely, other pe-
diatric studies, including the present study, found no association
between FVC and BMI and/or other obesity indices.22 Therefore, we
suggest that, in addition to mechanical pressure, airway resistance



Table 3
Respiratory Function Test Results of Groups According to Waist Circumferencea

<90th percentile (n ¼ 111) >90th percentile (n ¼ 67) P value

Boys 63 (56.7) 43 (64.1) .09
Age (y) 9.6 � 2.4 9.7 � 2.5 .72
Atopy 44 (39.6) 29 (43.2) .25
Birthweight (g) 3,060 � 120 3,100 � 100 .85
FVC (%) 96.8 � 11.8 95.2 � 11.0 .78
FEV1 (%) 100.8 � 12.0 97.2 � 11.4 .06
FEV1/FVC 90.6 � 5.4 87.8 � 8.8 .03
PEF (%) 87.3 � 16.4 87.0 � 16.7 .91
FEF25e75 (%) 98.6 � 22.8 96.8 � 15.6 .61

Abbreviations: FEF25e75, forced expiratory flow between 25% and 75%; FEV1, forced
expiratory volume during first second; FVC, forced vital capacity; PEF, peak expi-
ratory flow.
aData are presented as frequency (percentage) or mean � SD.
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can be associated with obesity. Increased airway resistance
observed in childrenwith obesity can bemediated by inflammatory
mediators derived from adipocytes, including adiponectin and
leptin.27,28 Another possible mechanism is remodeling of the
airway structure by fat deposition.29 Airway lipid deposition also
can affect surfactant production and function.30,31 In addition,
hyperinsulinemia, a complication of obesity, can induce contraction
of airway smooth muscles.32

The impact of obesity on respiratory functions is affected by the
quantity of fat mass and fat distribution.7,8 Clearly, BMI does not
measure fat distribution. WC is widely used to measure fat distri-
bution and define central obesity. In previous studies, WC was
associated with decreased FEV1 and FVC, but not with FEV1/FVC.5,29

However, in the present study, FEV1/FVC was decreased in subjects
with a larger WC. Another study performed in children found that
the FEV1/FVC ratio was negatively associated with WC, whereas
FEV1 and FVC were independently and positively associated with
WC. The investigators of that study suggested that WC is an
important predictor of lung volume and FVC because a larger body
size indicates a larger lung size in children.33 However, in the
present study, there was no clear association between FVC andWC.
Unlike studies in adults, the association betweenWC and decreased
FEV1/FVC in children might be due to the relation between WC and
lung volume. These conflicting results indicate the low reliability of
WC as an indicator of central obesity. The abdomen is a changeable
region; patients can voluntarily cause changes in WC, and WC de-
pends on the period from the most recent meal to the time of
measurement and on problems such as dyspepsia.

NC is a new measurement that could be a good indicator of
central obesity. The neck is a sturdier region than the waist, and it
does not vary in size during the day. Therefore, NC provides con-
sistency between measurements made by different researchers,
thus decreasing false positives.34 Moreover, NC is simple to mea-
sure and is well tolerated in children and adolescents with obesity.
The neck is anatomically related to the respiratory airways and
excess neck fat can mechanically affect respiratory functions.35

Others have suggested an association between NC and upper
airway compliance.36 Notably, a study showed that, rather than
abdominal adiposity, neck adiposity was associated with respira-
torymuscle endurance, because NCwas related to PEF.13 Notably, in
the present study, we found that FEV1 and FEV1/FVC were lower in
patients whose NC value was higher than the 90th percentile.
Further, some studies have investigated the relation between NC
and respiratory events, particularly in children. For instance, an
association between NC and adverse respiratory events in children
undergoing surgery has been reported.11 Larger NC also has been
associated with higher pCO2 and lower pO2 in adults with obesity
and normal pulmonary function.37 More recent studies have re-
ported that NC is related to the severity of asthma; it is more closely
associated with and can serve as a better indicator than other
indices of obesity.14,15 Not surprisingly, the present study found that
NC has a stronger association with pulmonary functions compared
with WC or BMI.

However, there were some limitations to this study. First, this is
a cross-sectional study, and therefore studies with longer follow-up
might better indicate the association between NC and obesity
indices. Second, the frequency of overweight and obese children in
this study was higher than the overweight and obesity prevalence
for children, which could have been due to our institution’s tertiary
institutional structure.

In conclusion, this is probably the first study to demonstrate a
possible association between NC and respiratory functions,
particularly in children. We found that NC, a new anthropometric
indicator of obesity, is closely associated with respiratory functions
in children. Therefore, close monitoring of respiratory functions,
particularly in children with obesity and a large NC, could help in
the early and prompt diagnosis of respiratory complications owing
to obesity.
References

[1] Dietz WH, Robinson TN. Clinical practice. Overweight children and adoles-
cents. N Engl J Med. 2005;352:2100e2109.

[2] Castro-Rodriguez JA, Holberg CJ, Morgan WJ, Wright AL, Martinez FD.
Increased incidence of asthmalike symptoms in girls who become overweight
or obese during the school years. Am J Respir Crit Care Med. 2001;163:
1344e1349.

[3] Gilliland FD, Berhane K, Islam T, et al. Obesity and the risk of newly diagnosed
asthma in school-age children. Am J Epidemiol. 2003;158:406e415.

[4] Gold DR, Damokosh AI, Dockery DW, Berkey CS. Body-mass index as a pre-
dictor of incident asthma in a prospective cohort of children. Pediatr Pulmonol.
2003;36:514e521.

[5] Canoy D, Luben R, Welch A, et al. Abdominal obesity and respiratory function
in men and women in the EPIC-Norfolk Study, United Kingdom. Am J Epi-
demiol. 2004;159:1140e1149.

[6] Chen R, Tunstall-Pedoe H, Bolton-Smith C, Hannah MK, Morrison C. Associ-
ation of dietary antioxidants and waist circumference with pulmonary
function and airway obstruction. Am J Epidemiol. 2001;153:157e163.

[7] Collins LC, Hoberty PD, Walker JF, Fletcher EC, Peiris AN. The effect of body fat
distribution on pulmonary function tests. Chest. 1995;107:1298e1302.

[8] Lazarus R, Sparrow D, Weiss ST. Effects of obesity and fat distribution on
ventilatory function: the Normative Aging Study. Chest. 1997;111:891e898.

[9] Hatipoglu N, Mazicioglu MM, Kurtoglu S, Kendirci M. Neck circumference: an
additional tool of screening overweight and obesity in childhood. Eur J Pediatr.
2010;169:733e739.

[10] Ben-Noun L, Laor A. Relationship of neck circumference to cardiovascular risk
factors. Obes Res. 2003;11:226e231.

[11] Nafiu OO, Burke CC, Gupta R, Christensen R, Reynolds PI, Malviya S. Associ-
ation of neck circumference with perioperative adverse respiratory events in
children. Pediatrics. 2011;127:e1198ee1205.

[12] Figueroa-Munoz JI, Chinn S, Rona RJ. Association between obesity and asthma
in 4e11 year old children in the UK. Thorax. 2001;56:133e137.

[13] Goncalves MJ, do Lago ST, Godoy Ede P, Fregonezi GA, Bruno SS. Influence of
neck circumference on respiratory endurance and muscle strength in the
morbidly obese. Obes Surg. 2011;21:1250e1256.

[14] Hacihamdioglu B, Arslan M, Yesilkaya E, Gok F, Yavuz ST. Wider neck
circumference is related to severe asthma in children. Pediatr Allergy Immunol.
2015;26:456e460.

[15] Akin O, Sari E, Arslan M, Yesilkaya E, Hacihamdioglu B, Yavuz ST. Association
of wider neck circumference and asthma in obese children. Ann Allergy
Asthma Immunol. 2016;116:514e517.

[16] Fredriks AM, van Buuren S, Jeurissen SE, Dekker FW, Verloove-Vanhorick SP,
Wit JM. Height, weight, body mass index and pubertal development reference
values for children of Turkish origin in the Netherlands. Eur J Pediatr. 2003;
162:788e793.

[17] Mazicioglu MM, Kurtoglu S, Ozturk A, Hatipoglu N, Cicek B, Ustunbas HB.
Percentiles and mean values for neck circumference in Turkish children aged
6e18 years. Acta Paediatr. 2010;99:1847e1853.

[18] Unalan D, Senol V, Bayat M, et al. Change in waist circumference over 3 years
in Turkish children and adolescents. Ann Hum Biol. 2013;40:419e425.

[19] Biring MS, Lewis MI, Liu JT, Mohsenifar Z. Pulmonary physiologic changes of
morbid obesity. Am J Med Sci. 1999;318:293e297.

[20] Vo P, Makker K, Matta-Arroyo E, Hall CB, Arens R, Rastogi D. The association of
overweight and obesity with spirometric values in minority children referred
for asthma evaluation. J Asthma. 2013;50:56e63.

[21] Chu YT, Chen WY, Wang TN, Tseng HI, Wu JR, Ko YC. Extreme BMI predicts
higher asthma prevalence and is associated with lung function impairment in
school-aged children. Pediatr Pulmonol. 2009;44:472e479.

http://refhub.elsevier.com/S1081-1206(17)30334-4/sref1
http://refhub.elsevier.com/S1081-1206(17)30334-4/sref1
http://refhub.elsevier.com/S1081-1206(17)30334-4/sref1
http://refhub.elsevier.com/S1081-1206(17)30334-4/sref2
http://refhub.elsevier.com/S1081-1206(17)30334-4/sref2
http://refhub.elsevier.com/S1081-1206(17)30334-4/sref2
http://refhub.elsevier.com/S1081-1206(17)30334-4/sref2
http://refhub.elsevier.com/S1081-1206(17)30334-4/sref2
http://refhub.elsevier.com/S1081-1206(17)30334-4/sref3
http://refhub.elsevier.com/S1081-1206(17)30334-4/sref3
http://refhub.elsevier.com/S1081-1206(17)30334-4/sref3
http://refhub.elsevier.com/S1081-1206(17)30334-4/sref4
http://refhub.elsevier.com/S1081-1206(17)30334-4/sref4
http://refhub.elsevier.com/S1081-1206(17)30334-4/sref4
http://refhub.elsevier.com/S1081-1206(17)30334-4/sref4
http://refhub.elsevier.com/S1081-1206(17)30334-4/sref5
http://refhub.elsevier.com/S1081-1206(17)30334-4/sref5
http://refhub.elsevier.com/S1081-1206(17)30334-4/sref5
http://refhub.elsevier.com/S1081-1206(17)30334-4/sref5
http://refhub.elsevier.com/S1081-1206(17)30334-4/sref6
http://refhub.elsevier.com/S1081-1206(17)30334-4/sref6
http://refhub.elsevier.com/S1081-1206(17)30334-4/sref6
http://refhub.elsevier.com/S1081-1206(17)30334-4/sref6
http://refhub.elsevier.com/S1081-1206(17)30334-4/sref7
http://refhub.elsevier.com/S1081-1206(17)30334-4/sref7
http://refhub.elsevier.com/S1081-1206(17)30334-4/sref7
http://refhub.elsevier.com/S1081-1206(17)30334-4/sref8
http://refhub.elsevier.com/S1081-1206(17)30334-4/sref8
http://refhub.elsevier.com/S1081-1206(17)30334-4/sref8
http://refhub.elsevier.com/S1081-1206(17)30334-4/sref9
http://refhub.elsevier.com/S1081-1206(17)30334-4/sref9
http://refhub.elsevier.com/S1081-1206(17)30334-4/sref9
http://refhub.elsevier.com/S1081-1206(17)30334-4/sref9
http://refhub.elsevier.com/S1081-1206(17)30334-4/sref10
http://refhub.elsevier.com/S1081-1206(17)30334-4/sref10
http://refhub.elsevier.com/S1081-1206(17)30334-4/sref10
http://refhub.elsevier.com/S1081-1206(17)30334-4/sref11
http://refhub.elsevier.com/S1081-1206(17)30334-4/sref11
http://refhub.elsevier.com/S1081-1206(17)30334-4/sref11
http://refhub.elsevier.com/S1081-1206(17)30334-4/sref11
http://refhub.elsevier.com/S1081-1206(17)30334-4/sref12
http://refhub.elsevier.com/S1081-1206(17)30334-4/sref12
http://refhub.elsevier.com/S1081-1206(17)30334-4/sref12
http://refhub.elsevier.com/S1081-1206(17)30334-4/sref12
http://refhub.elsevier.com/S1081-1206(17)30334-4/sref13
http://refhub.elsevier.com/S1081-1206(17)30334-4/sref13
http://refhub.elsevier.com/S1081-1206(17)30334-4/sref13
http://refhub.elsevier.com/S1081-1206(17)30334-4/sref13
http://refhub.elsevier.com/S1081-1206(17)30334-4/sref14
http://refhub.elsevier.com/S1081-1206(17)30334-4/sref14
http://refhub.elsevier.com/S1081-1206(17)30334-4/sref14
http://refhub.elsevier.com/S1081-1206(17)30334-4/sref14
http://refhub.elsevier.com/S1081-1206(17)30334-4/sref15
http://refhub.elsevier.com/S1081-1206(17)30334-4/sref15
http://refhub.elsevier.com/S1081-1206(17)30334-4/sref15
http://refhub.elsevier.com/S1081-1206(17)30334-4/sref15
http://refhub.elsevier.com/S1081-1206(17)30334-4/sref16
http://refhub.elsevier.com/S1081-1206(17)30334-4/sref16
http://refhub.elsevier.com/S1081-1206(17)30334-4/sref16
http://refhub.elsevier.com/S1081-1206(17)30334-4/sref16
http://refhub.elsevier.com/S1081-1206(17)30334-4/sref16
http://refhub.elsevier.com/S1081-1206(17)30334-4/sref17
http://refhub.elsevier.com/S1081-1206(17)30334-4/sref17
http://refhub.elsevier.com/S1081-1206(17)30334-4/sref17
http://refhub.elsevier.com/S1081-1206(17)30334-4/sref17
http://refhub.elsevier.com/S1081-1206(17)30334-4/sref17
http://refhub.elsevier.com/S1081-1206(17)30334-4/sref18
http://refhub.elsevier.com/S1081-1206(17)30334-4/sref18
http://refhub.elsevier.com/S1081-1206(17)30334-4/sref18
http://refhub.elsevier.com/S1081-1206(17)30334-4/sref19
http://refhub.elsevier.com/S1081-1206(17)30334-4/sref19
http://refhub.elsevier.com/S1081-1206(17)30334-4/sref19
http://refhub.elsevier.com/S1081-1206(17)30334-4/sref20
http://refhub.elsevier.com/S1081-1206(17)30334-4/sref20
http://refhub.elsevier.com/S1081-1206(17)30334-4/sref20
http://refhub.elsevier.com/S1081-1206(17)30334-4/sref20
http://refhub.elsevier.com/S1081-1206(17)30334-4/sref21
http://refhub.elsevier.com/S1081-1206(17)30334-4/sref21
http://refhub.elsevier.com/S1081-1206(17)30334-4/sref21
http://refhub.elsevier.com/S1081-1206(17)30334-4/sref21


O. Akın et al. / Ann Allergy Asthma Immunol xxx (2017) 1e44
[22] Strunk RC, Colvin R, Bacharier LB, et al. Airway obstruction worsens in young
adults with asthma who become obese. J Allergy Clin Immunol Pract. 2015;3:
765e771.e762.

[23] Brazzale DJ, Pretto JJ, Schachter LM. Optimizing respiratory function assess-
ments to elucidate the impact of obesity on respiratory health. Respirology.
2015;20:715e721.

[24] Jones RL, Nzekwu MM. The effects of body mass index on lung volumes. Chest.
2006;130:827e833.

[25] Littleton SW. Impact of obesity on respiratory function. Respirology. 2012;17:
43e49.

[26] Ulger Z, Demir E, Tanac R, et al. The effect of childhood obesity on respiratory
function tests and airway hyperresponsiveness. Turk J Pediatr. 2006;48:
43e50.

[27] Guerra S, Wright AL, Morgan WJ, Sherrill DL, Holberg CJ, Martinez FD.
Persistence of asthma symptoms during adolescence: role of obesity
and age at the onset of puberty. Am J Respir Crit Care Med. 2004;170:
78e85.

[28] Lu Y, Van Bever HP, Lim TK, et al. Obesity, asthma prevalence and IL-4: roles of
inflammatory cytokines, adiponectin and neuropeptide Y. Pediatr Allergy
Immunol. 2015;26:530e536.

[29] Salome CM, King GG, Berend N. Physiology of obesity and effects on lung
function. J Appl Physiol (1985). 2010;108:206e211.
[30] Inselman LS, Chander A, Spitzer AR. Diminished lung compliance and elevated
surfactant lipids and proteins in nutritionally obese young rats. Lung. 2004;
182:101e117.

[31] Inselman LS, Wapnir RA, Spencer H. Obesity-induced hyperplastic lung
growth. Am Rev Respir Dis. 1987;135:613e616.

[32] Gosens R, Nelemans SA, Hiemstra M, Grootte Bromhaar MM, Meurs H,
Zaagsma J. Insulin induces a hypercontractile airway smooth muscle pheno-
type. Eur J Pharmacol. 2003;481:125e131.

[33] Chen Y, Rennie D, Cormier Y, Dosman JA. Waist circumference associated with
pulmonary function in children. Pediatr Pulmonol. 2009;44:216e221.

[34] LaBerge RC, Vaccani JP, Gow RM, Gaboury I, Hoey L, Katz SL. Inter- and intra-
rater reliability of neck circumference measurements in children. Pediatr
Pulmonol. 2009;44:64e69.

[35] CarpenterMA,TockmanMS,HutchinsonRG,DavisCE,HeissG.Demographicand
anthropometric correlates of maximum inspiratory pressure: the Atheroscle-
rosis Risk in Communities Study. Am J Respir Crit Care Med. 1999;159:415e422.

[36] Rowley JA, Sanders CS, Zahn BR, Badr MS. Gender differences in upper airway
compliance during NREM sleep: role of neck circumference. J Appl Physiol
(1985). 2002;92:2535e2541.

[37] Gabrielsen AM, Lund MB, Kongerud J, Viken KE, Roislien J, Hjelmesaeth J. The
relationship between anthropometric measures, blood gases, and lung func-
tion in morbidly obese white subjects. Obes Surg. 2011;21:485e491.

http://refhub.elsevier.com/S1081-1206(17)30334-4/sref22
http://refhub.elsevier.com/S1081-1206(17)30334-4/sref22
http://refhub.elsevier.com/S1081-1206(17)30334-4/sref22
http://refhub.elsevier.com/S1081-1206(17)30334-4/sref22
http://refhub.elsevier.com/S1081-1206(17)30334-4/sref23
http://refhub.elsevier.com/S1081-1206(17)30334-4/sref23
http://refhub.elsevier.com/S1081-1206(17)30334-4/sref23
http://refhub.elsevier.com/S1081-1206(17)30334-4/sref23
http://refhub.elsevier.com/S1081-1206(17)30334-4/sref24
http://refhub.elsevier.com/S1081-1206(17)30334-4/sref24
http://refhub.elsevier.com/S1081-1206(17)30334-4/sref24
http://refhub.elsevier.com/S1081-1206(17)30334-4/sref25
http://refhub.elsevier.com/S1081-1206(17)30334-4/sref25
http://refhub.elsevier.com/S1081-1206(17)30334-4/sref25
http://refhub.elsevier.com/S1081-1206(17)30334-4/sref26
http://refhub.elsevier.com/S1081-1206(17)30334-4/sref26
http://refhub.elsevier.com/S1081-1206(17)30334-4/sref26
http://refhub.elsevier.com/S1081-1206(17)30334-4/sref26
http://refhub.elsevier.com/S1081-1206(17)30334-4/sref27
http://refhub.elsevier.com/S1081-1206(17)30334-4/sref27
http://refhub.elsevier.com/S1081-1206(17)30334-4/sref27
http://refhub.elsevier.com/S1081-1206(17)30334-4/sref27
http://refhub.elsevier.com/S1081-1206(17)30334-4/sref27
http://refhub.elsevier.com/S1081-1206(17)30334-4/sref28
http://refhub.elsevier.com/S1081-1206(17)30334-4/sref28
http://refhub.elsevier.com/S1081-1206(17)30334-4/sref28
http://refhub.elsevier.com/S1081-1206(17)30334-4/sref28
http://refhub.elsevier.com/S1081-1206(17)30334-4/sref29
http://refhub.elsevier.com/S1081-1206(17)30334-4/sref29
http://refhub.elsevier.com/S1081-1206(17)30334-4/sref29
http://refhub.elsevier.com/S1081-1206(17)30334-4/sref30
http://refhub.elsevier.com/S1081-1206(17)30334-4/sref30
http://refhub.elsevier.com/S1081-1206(17)30334-4/sref30
http://refhub.elsevier.com/S1081-1206(17)30334-4/sref30
http://refhub.elsevier.com/S1081-1206(17)30334-4/sref31
http://refhub.elsevier.com/S1081-1206(17)30334-4/sref31
http://refhub.elsevier.com/S1081-1206(17)30334-4/sref31
http://refhub.elsevier.com/S1081-1206(17)30334-4/sref32
http://refhub.elsevier.com/S1081-1206(17)30334-4/sref32
http://refhub.elsevier.com/S1081-1206(17)30334-4/sref32
http://refhub.elsevier.com/S1081-1206(17)30334-4/sref32
http://refhub.elsevier.com/S1081-1206(17)30334-4/sref33
http://refhub.elsevier.com/S1081-1206(17)30334-4/sref33
http://refhub.elsevier.com/S1081-1206(17)30334-4/sref33
http://refhub.elsevier.com/S1081-1206(17)30334-4/sref34
http://refhub.elsevier.com/S1081-1206(17)30334-4/sref34
http://refhub.elsevier.com/S1081-1206(17)30334-4/sref34
http://refhub.elsevier.com/S1081-1206(17)30334-4/sref34
http://refhub.elsevier.com/S1081-1206(17)30334-4/sref35
http://refhub.elsevier.com/S1081-1206(17)30334-4/sref35
http://refhub.elsevier.com/S1081-1206(17)30334-4/sref35
http://refhub.elsevier.com/S1081-1206(17)30334-4/sref35
http://refhub.elsevier.com/S1081-1206(17)30334-4/sref36
http://refhub.elsevier.com/S1081-1206(17)30334-4/sref36
http://refhub.elsevier.com/S1081-1206(17)30334-4/sref36
http://refhub.elsevier.com/S1081-1206(17)30334-4/sref36
http://refhub.elsevier.com/S1081-1206(17)30334-4/sref37
http://refhub.elsevier.com/S1081-1206(17)30334-4/sref37
http://refhub.elsevier.com/S1081-1206(17)30334-4/sref37
http://refhub.elsevier.com/S1081-1206(17)30334-4/sref37

	Association of neck circumference and pulmonary function in children
	Introduction
	Methods
	Results
	Discussion
	References


