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Abstract
Background: This study aimed to investigate the relationship between obesity and chronic
laryngitis in South Korea using data from the Korea National Health and Nutrition Examina-
tion Surveys (KNHANES) collected during 2008-2010. Methods: KNHANES was a cross-sec-
tional survey of the civilian, non-institutionalized population of South Korea (n = 13,819).
Obesity status was measured by using BMI and waist circumference. Results: Among the
population over 19 years of age, the prevalence of chronic laryngitis was 4.0 £ 0.4%. Chronic
laryngitis was significantly associated with age, BMI, waist circumference, fat proportion, both
systolic and diastolic blood pressure, fasting blood sugar, triglycerides, and high-density li-
poprotein cholesterol in women. Old age and current smoking were significantly associated
with chronic laryngitis in men. Obese women were at a higher risk for chronic laryngitis than
women without obesity (odds ratio (OR) 2.022, 95% confidence interval (95% CI) 1.412-2.895)
after further adjustment for confounders. Women with abdominal obesity were also at high-
er risk for chronic laryngitis (OR 1.475, 95% CI 1.024-2.126). Conclusion: Obese women in
Korea have an elevated risk for developing chronic laryngitis. Further epidemiological and
experimental studies are necessary to clarify the impact of obesity on this condition.
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Introduction

Obesity has increased dramatically in both developing and developed countries [1].
Global mortality due to overweight and obesity is approximately 2.8 million annually [2].
In 2008, 10 and 14% of the global population of men and women, respectively, were obese,
with a BMI > 30 kg/m?; in 1980, only 5% of men and 8% of women could be classified as
obese [2]. Therefore, global prevalence of obesity has doubled between 1980 and 2008 [2].
According to the World Health Organization (WHO), 35% of adults worldwide over 20
years of age are overweight, defined as having a BMI > 25 kg/m? (34% for men and 35%
for women) [2]. In each geographical region covered by the WHO survey, women were
more likely to be obese than men [2]. For example, in Africa, the eastern Mediterranean,
and Southeast Asia, the prevalence of obesity among women was roughly twice that of men
[2].

Chronic laryngitis (CL) has been described as a chronic inflammation of the larynx,
which typically develops gradually and whose underlying signs and symptoms can wax and
wane over long periods of time [3]. When the larynx is not functioning properly, individuals
experience voice problems as well as difficulty aspirating into the trachea, resulting in
breathing disturbances. Repeated chronic inflammation of the laryngeal epithelium can
contribute to the formation of precancerous lesions, potentially leading to laryngeal cancer
[4].

The strong association between obesity and diabetes mellitus, ischemic heart disease,
hypertension, hyperlipidemia or certain cancers is well-known [5]. Meanwhile, obesity is
associated with a significant 1.5- to 2-fold increase in the risk of gastroesophageal reflux
disease (GERD) symptoms [6]. GERD affects the larynx and causes many patients to develop
reflux laryngitis or laryngopharyngeal reflux (LPR) [7]. LPR can be thought to lead to CL [8].
We hypothesized that obesity might play an important role in CL. However, the relationship
between obesity and CL has not been recognized. Here, we used data from the Korea
National Health and Nutrition Examination Survey (KNHANES) to study the factors asso-
ciated with CL. The KNHANES is a national surveillance system that has been assessing the
health and nutritional status of Koreans since 1998. Based on the National Health Promotion
Act, the surveys have been conducted by the Korea Centers for Disease Control and
Prevention [9].

To our knowledge, there have been no nationwide data studies of CL diagnosed by
otolaryngologists, or studies of CL-associated factors in Asia. Therefore, we intended to
investigate whether CL is associated with certain risk factors by using the large represen-
tative population sample from KNHANES.

Participants and Methods

Study Population

This study was based on data collected during the 2008-2010 KNHANES. In conducting KNHANES, a
field survey team that included an otolaryngologist, an ophthalmologist, and nurse examiners moved with a
mobile examination unit and performed interviews and physical examinations. The survey consisted of a
health interview, a nutritional survey, and a health examination survey. The survey amasses data via
household interviews and by direct standardized physical examinations conducted in specially equipped
mobile examination centers. The KNHANES methodology was previously described in detail [10-12].

The sample included 14,070 participants over the age of 19 years. We excluded 251 subjects suffering
from various cancers, chronic kidney disease, chronic liver disease, and active infectious diseases such as
active tuberculosis. Ultimately, the data of 13,819 subjects were used in the analyses. Written informed
consent was obtained from all participants prior to the survey, and approval for this study was obtained from
the Institutional Review Board of the Catholic University of Korea in Seoul, South Korea.
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Survey for CL

Participants who were 19 years of age or older were examined. Laryngologic interviews and vocal fold
examinations were performed using a 4-mm 70° angled rigid endoscope with a CCD camera. The Epidemio-
logic Survey Committee of the Korean Otolaryngologic Society prepared a CL diagnostic protocol. The laryn-
gologic questionnaire asked whether the participants have had problems with their voice. The participants
with a positive response were considered as suffering from CL. Participants who responded positively to this
question were then queried concerning the duration by the following questions: ‘How long is this voice
problem?’ (>3 weeks or <3 weeks). Laryngoscopic findings of laryngitis and/or inflammation, including
Reinke’s edema, pseudosulcus, erythema, edema, or thick endolaryngeal mucus were diagnosed as CL. The
Epidemiologic Survey Committee of the Korean Otolaryngologic Society verified the quality of the survey,
which was conducted by periodically visiting the mobile examination units, educating the participating resi-
dents, obtaining the laryngeal examination data, and data-proofing using video documentation of the larynx
throughout the study. Two otolaryngologic surgeons from the Korean Otolaryngologic Society subsequently
verified the video documentation and assessed the disease decision protocol. Documentation of the video
was obtained as 640 x 480-sized Audio Video Interleave files, which were compressed by DivX 4.12 codec
using a compression rate of 6 Mb/s.

Lifestyle Habits

Medical history and lifestyle habits were collected using self-reported questionnaires. Smoking history
was categorized into the three groups: current smoker, ex-smoker, and nonsmoker. Subjects who drank more
than 30 g/day of alcohol were designated as drinkers. Regular exercise was defined as strenuous physical
activity performed for a minimum of 20 min, three times a week.

Anthropometric and Laboratory Measurements

Weight and height were measured by well-trained medical professionals. Standing height was measured
with the subject facing directly ahead with their shoes off, feet together, arms at the sides, and heels, buttocks,
and upper back in contact with the wall. The unit of height was measured in centimeters to the nearest
decimal point using SECA 225 (SECA, Hamburg, Germany). Waist circumference (WC) was measured at the
level of the midpoint between the iliac crest and the costal margin at the end of a normal expiration to the
nearest 0.1 cm. Weight was measured using a GL-6000-20 scale (CasKorea, Seoul, South Korea) in kilograms
to the nearest decimal point. BMI was calculated as weight (kg)/height (m?). Based on BMI, we defined
general obesity as a BMI > 25 kg/m? and general overweight as a BMI between 23 Kg/ m? and 25 kg/m? [3,
13]. The cutoff points for abdominal obesity were defined as a WC > 90 cm for men and > 85 cm for women
[14].

Dual energy X-ray absorptiometry (Hologic Discovery-W; Hologic, Bedford, MA, USA) was used to
measure participants’ body compositions. Assuming that all non-fat and non-bone tissues were skeletal
muscles, appendicular muscle mass (ASM) was calculated as the sum of muscle mass in arms and legs. The
fat proportion was defined as the proportion of total fat mass divided by body weight. According to the
definitions proposed in previous studies, we used muscle mass indices as ASM divided by weight (ASM/
Wt, %). Blood pressure (BP) was measured while subjects were in a sitting position following a 5-min rest
period. Systolic blood pressure (SBP) and diastolic blood pressure (DBP) were measured on the right arm
using a mercury sphygmomanometer (Baumanometer, W. A. Baum Co., Copiague, NY, USA). To assess
serum levels of biochemical markers, blood samples were obtained from the antecubital veins of the
subjects following a 10- to 12-hour overnight, fast. Serum levels of fasting blood sugar (FBS), total choles-
terol (TC), triglycerides (TG), high-density lipoprotein (HDL) cholesterol, and low-density lipoprotein
(LDL) cholesterol were measured using an enzymatic method (Hitachi Automatic Analyzer 7600, Hitachi,
Tokyo, Japan).

Statistical Analysis

Statistical analyses were performed using the Statistical Analysis Software (SAS) survey procedure (v.
9.3; SAS Institute, Cary, NC, USA) to reflect the complex sampling design and sampling weights of KNHANES
and to provide nationally representative prevalence estimates. The procedures included unequal probabil-
ities of selection, oversampling, and nonresponse so that inferences could be made about the Korean
adolescent participants.

The prevalence and 95% confidence intervals (95% CI) for chronic laryngitis was calculated. In the
univariate analysis, the Rao-Scott chi-square test (using PROC SURVEYFREQ in SAS) and logistic regression
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Table 1. Analysis of factors potentially associated with chronic laryngitis (n = 13,819)

Parameter Male Female

yes (n=299) no(n=5649) pvalue yes(n=250) no(n=7,621) pvalue
Age, years 48.6 + 1.1 429+ 0.3 <0.0001* 509+1.5 455+0.3 0.0001*
Current smoker, % 6.1+0.8 41+0.5 0.0087* 3.7+1.1 29+04 0.4249
Heavy drinker, % 6.0+ 1.0 48+0.5 0.1585 28+1.3 3.0+0.4 0.8348
Routine exercise, % 45+0.6 5.2%0.6 0.3280 3.4+£0.7 29+04 0.4232
Waist circumference, cm 84.7 + 0.6 83.7+0.2 0.1500 80.5+1.0 774 +0.2 0.0030%*
BMI, kg/m? 24.1+0.2 24.0 £ 0.1 0.5588 24.2+0.3 23.1+0.1 <0.0001*
Fat proportion, % 22.0+0.4 21.9+0.1 0.7373 33.7+x04 32.8+0.1 0.0404*
ASM/Wt, % 32.1+0.2 325105 0.4670 25.2+0.2 25.5+0.1 0.5160
Systolic BP, mm Hg 1225+1.2 120.0+0.3 0.0333* 120.0+x1.6 115.1+0.3 0.0031*
Diastolic BP, mm Hg 80.4+0.8 79.8 £0.2 0.4481 76.7£1.0 73.8+0.2 0.0025%*
Glucose, mg/dl 100.5+1.8 979 +0.4 0.1719 98.1+1.4 94.6 +£0.3 0.0150%*
Total cholesterol, mg/dl 185.4+2.6 186.4 + 0.6 0.7141 187.8+29 185.8+ 0.6 0.4843
HDL cholesterol, mg/dl 498 + 1.0 49.6 + 0.2 0.8827 525+1.0 55.5+0.2 0.0039*
LDL cholesterol, mg/dl 107.3+£2.8 107.7 £ 0.6 0.9092 1099+ 2.6 108.7 £ 0.5 0.6323
Triglyceride, mg/dl 130 125.7 0.4558 105.1 91.9 0.0245*

(119.7-141.2) (122.8-128.6) (93.6-118.0)  (90.4-93.4)

ASM = Appendicular skeletal muscle; Wt = weight; BP = blood pressure; HDL = high-density lipoprotein; LDL = low-density
lipoprotein.
Plus-minus values are mean * SE or % * SE. * Indicates p value < 0.05.

Table 2. Logistic regression models of obesity for chronic laryngitis

Parameter 0dds ratio (95% CI)
male female
model | model 2 model 3 model 1 model 2 model 3
Overweight 0.909 0.892 0.915 1.373 1.213 1.166
(0.617-1.339)  (0.607-1.312) (0.618-1.354)  (0.899-2.095) (0.803-1.830) (0.763-1.782)
Obesity 1.180 1.197 1.251 2.259 1.939 2.022
(0.856-1.628) (0.865-1.655) (0.899-1.740) (1.567-3.257) (1.352-2.780) (1.412-2.895)
P for trend 0.3240 0.2912 0.1949 <0.0001 0.0004 0.0002
Waist circumference 1.340 1.232 1.238 1.781 1.461 1.475
(0.976-1.840) (0.894-1.697) (0.900-1.702)  (1.249-2.540) (1.020-2.091) (1.024-2.126)
P for trend 0.0706 0.2026 0.1890 0.0014 0.0387 0.0369

Model 1: Unadjusted. Model 2: Adjusted for age. Model 3: Adjusted for age, smoking status, alcohol intake, regular exercise.

analysis (using PROC SURVEYLOGISTIC in SAS) were used to test the association between CL and risk factors
in a complex sampling design. Participants’ characteristics were described using means and standard errors
(SE) for continuous variables, and numbers and percentages for categorical variables. Simple and multiple
linear regression analyses were used to examine the association between CL and obesity.

We did not adjust (model 1), first adjusted for age (model 2), and then adjusted for the variables in
model 2 plus smoking status, alcohol intake, and physical activity (model 3). P values were two-tailed, and a
p < 0.05 was considered significant.
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Results

Among the 13,819 participants aged 19 years or over, 549 had experienced CL; the prev-
alence of CL was 4.0 = 0.4%. The baseline characteristics of the study subjects according to
CL are shown in table 1. The mean age of those with CL was significantly higher than those
without CL for both sexes. Current smoking and high SBP were significantly associated with
CL in men. Mean values of WC, BM], fat proportion, SBP, DBP, FBS, and TG were significantly
higher among women with CL than among women without CL. However, the mean HDL
cholesterol level was lower in women with CL than in women without CL.

Table 2 shows the risk of developing CL according to obesity status in both sexes after
adjustment for confounders. The adjusted odds ratios (ORs) for CL are not significant in
generally obese and abdominally obese men (fig. 1 and 2).

Meanwhile, in women with normal BMI, the risk for having CL was significantly asso-
ciated with overweight status (OR (95% CI) 1.373 (0.899-2.095)) and obesity (OR (95% CI)
2.259 (1.567-3.257)) after adjusting for all the confounders in model 1. Additionally, obese
women had a higher risk of CL than women without obesity, and this relationship persisted
even after further adjustment (OR (95% CI) 1.939 (1.352-2.780) inmodel 2and 2.022 (1.412-
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Table 3. Logistic regression models of BMI for chronic laryngitis

Parameter 0dds ratio (95% CI)
male female
model 1 model 2 model 3 model 1 model 2 model 3
BMI 1.013 1.02 1.026 1.087 1.072 1.074
(0.971-1.056) (0.976-1.066) (0.981-1.072) (1.048-1.128) (1.032-1.114) (1.033-1.117)
P for trend 0.5546 0.375 0.2616 <0.0001 0.0004 0.0003
Waist circumference 1.011 1.006 1.006 1.03 1.02 1.021

(0.996-1.027) (0.991-1.022) (0.991-1.022)  (1.011-1.049) (1.001-1.04) (1.001-1.041)

P for trend 0.1425 0.4412 0.4293 0.0016 0.0401 0.0352

Model 1: Unadjusted. Model 2: Adjusted for age. Model 3: Adjusted for age, smoking status, alcohol intake, regular exercise.

2.895) in model 3). Women with abdominal obesity were also at a higher risk for CL in all
models (OR (95% CI) 1.781 (1.249-2.540) in model 1, 1.461 (1.020-2.091) in model 2, and
1.475 (1.024-2.126) in model 3). Also, we analyzed using BMI and WC as continuous vari-
ables (table 3).

Discussion

This is the first nationwide study examining CL-associated factors in South Korea. This
study showed that, compared with males, overweight and obese females have a higher risk
for developing CL. In comparison to the non-CL population, the CL subjects were older. In
males, we found CL to be associated with current smoker status and SBP. In females, CL was
associated with WC, BMI, fat proportion, SBP, DBP, glucose, reduced HDL cholesterol, and
increased TG.

Aprevious study [3] showed that CL had an incidence of 3.5 new cases per 1,000 people
annually. Thus, 21% of individuals will have CL in their lifetime. CL is most commonly
caused by laryngopharyngeal reflux, particularly in the USA, but it is also associated with
other causes including poor laryngeal hygiene (smoking, excessive alcohol or caffeine
intake), some bacterial and fungal infections (blastomycosis and tuberculosis), and more
obscure conditions, such as the CL seen in glassblowers [15-17]. CL signs and symptoms
associated with GERD are often referred to as LPR or reflux laryngitis. LPR is an extra-
esophageal variant of GERD, because the main symptomatic region involves the laryngo-
pharynx [18, 19]. Approximately 10% of all otolaryngology patients and 50% of patients
with voice complaints have been diagnosed with LPR [20]. Injury may occur as a result of
reflux of gastroduodenal contents directly injuring the laryngeal mucosa, occurring chron-
ically or even only once. Since a smaller amount of acid is required to injure the larynx as
compared to the esophagus, it is believed that intermittent exposure to small amounts of
gastric content can result in laryngitis. The diagnosis of LPR is usually made on the basis
of presenting symptoms and associated laryngeal signs, including laryngeal edema and
erythema [7]. Most subjects in the CL group had multiple symptoms, but dysphonia was
the most common complaint which was seen in 53% of individuals, followed by pain in
45% and a globus sensation in 40% [3]. Laryngeal examinations almost always reveal
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diffuse but variably severe supraglottal and glottal erythema and edema. Excessive and
sticky-thick mucus secretions may be observed in the valleculae, piriform sinuses, and
endolarynx.

Age can affect esophageal function and CL. Oropharyngeal function changes with age,
which may explain the age-related pattern of CL in our body. With age, the driving force of the
tongue decreases, as does the amplitude of pharyngeal wall contraction, and there is also a
reduction in pharyngeal swallowing, leading to food retention in the valleculae and piriform
sinuses [21]. The afferent arm of the laryngo-upper-esophageal sphincter reflex is impaired,
and the gag reflex is reportedly absent in 40% of healthy elderly individuals [21]. Age-related
changes can also give rise to abnormal function in lower esophageal sphincter (LES) pressure,
decrease LES length, and impair esophageal motility [21, 22]. Abnormal esophageal function
and LES could cause the retention of food and regurgitation of gastric juice, tending to damage
the larynx [21, 22].

Estrogen may be the cause of the gender-based differences we observed in CL prevalence.
Elevated estrogen levels cause gastric acid secretion and GERD in women [23-25]. Obese
women have a stronger correlation than do obese men [23-25].

Obesity can also play a major role in CL. Excess body weight with high abdominal circum-
ference produces higher intra-abdominal pressure, reducing LES pressure [26, 27]. Obesity
also increases the prevalence of esophageal motility disorders [28]. In one study, esophageal
transit time was significantly prolonged in obese subjects compared to lean subjects [28]. The
increased esophageal transit time is considered to be a consequence of increased gastric and
gastroesophageal junction resistance [28].

High TG levels were also a risk factor associated with CL in this study. Several studies
have revealed that a high level of serum TG is an important predictive factor for GERD or
erosive esophagitis among the components of metabolic syndrome [29-31].

Another CL-associated risk factor is smoking. Smoking weakens the pharyngeal reflexes
such as the pharyngoglottal closure reflex and pharyngo-upper-esophageal contractile reflex
[32, 33]. Smoking also delays gastric emptying, thereby decreasing LES pressure, and
impairing both esophageal acid clearance and reflexive pharyngeal swallowing [32, 33].
Therefore, smoking may increase the gastric acid content of the lower esophagus, resulting
in regurgitation into the pharynx. However, it is uncertain whether smoking is significantly
associated with CL in men [32, 33].

Hypertension was also a risk factor associated with CL in this study. Hypertension was
found to be associated with GERD, after adjusting for BMI. In a Japanese study, hypertension
was one of the independent risk factors for erosive esophagitis [34]. In Korea, calcium antag-
onists are frequently used antihypertensive drugs, which are able to decrease LES pressure.
Thus, one limitation to our finding is that we did not investigate drug therapy. Another limi-
tation of the present study is that it was a cross-sectional study; therefore, causal inferences
could not be drawn. However, the study sample used was the representative sample of the
South Korean population.

The major strength of this study was many covariates to be adjusted for. Also, this data
was measured by checking the otolaryngologist, and we present the first relationship between
obesity and CL.

There were no previous estimates of the factors associated with CL in the representative
general population. In this study, data was based on a representative government-sponsored
survey in South Korea. This study showed that the associated factors of CL in the KNHANES
differed according to sex, and that in women CL is associated with obesity after adjusting for
other confounding factors. Public acknowledgement and intervention measures to address
CL risk factors are required to both prevent and manage the condition. Further studies are
also needed to elucidate potential mechanisms underlying these relationships.
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