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      Pneumonia is one of the leading causes of death in 
the elderly.  1,2   Age-related changes in the respira-

tory tract,  3,4   such as decreased elasticity of the lung 
extracellular matrix, loss of diaphragmatic strength,  5   
and declining lung function, may increase suscepti-
bility to infections.  6   Mucociliary clearance is an innate 
defense mechanism of the respiratory tract against 
foreign microorganisms and particulates. Impaired 
mucociliary clearance has also been associated with 
respiratory infection.  7   We showed previously that nasal 
mucociliary clearance was decreased in the critically 

ill elderly.  8   Among the 16 critically ill subjects included 
in that study, 13 had diabetes mellitus (DM) and hyper-
tension (HTN). These illnesses are prevalent in the 
elderly  9,10   and in youth,  11,12   and the disease or therapy 
may affect the respiratory immune function.  13   We could 
not determine if decreased mucociliary clearance was 
due to age, disease, or critical illness or if decreased 
nasal mucociliary clearance also occurred in the ambu-
latory chronically ill elderly. In the current study, we 
evaluated the effects of aging, alone and in combina-
tion with DM and/or HTN, on perceived quality of 

  Background:    We showed previously that nasal mucociliary clearance was decreased in critically ill 
elderly subjects, most of whom had diabetes mellitus (DM) and/or hypertension (HTN). To deter-
mine if these changes were due to the effects of aging, disease, or critical illness, we studied nasal 
mucociliary clearance and mucus properties in an ambulatory population consisting of young, 
elderly, and healthy subjects and those with DM, HTN, or both. 
  Methods:    Of 440 subjects contacted, 252 entered the study. The subjects were divided into the 
following groups: (1) healthy (n  5  79, 18-94 years, 50 men) and (2) DM and/or HTN, of which 
37 had DM (14-90 years, 12 men), 52 had HTN (23-90 years, 12 men), and 84 had both DM and 
HTN (25-82 years, 33 men). Subjects were also grouped by age:  ,  40 years, 40 to 59 years, 
and  �  60 years. We assessed demographic and clinical data, quality of life using the 36-Item Short 
Form Health Survey (SF-36) questionnaire, nasal mucociliary clearance using the saccharine 
transit test (STT), and in vitro mucus properties by examining the sneeze (high airfl ow) clear-
ability and contact angle. A logistic regression analysis for prolonged STT  .  12 min was used, 
and we controlled for age, sex, and diseases. 
  Results:    Subjects aged  .  60 years reported a decreased SF-36 physical component relative to other 
age groups. Sex, BMI, BP, heart rate, pulse oximetry, blood glucose level, and mucus properties 
were not associated with prolonged STT. Aging and DM and/or HTN independently increased the 
risk of prolonged STT. 
  Conclusions:    Aging and DM, HTN, or both diseases are independently associated with decreased 
nasal mucociliary clearance. This may predispose toward respiratory infections. 
  CHEST 2013; 143(4):1091–1097 

   Abbreviations:  DM  5  diabetes mellitus; HTN  5  hypertension; SF-36  5  36-Item Short Form Health Survey; STT  5  sac-
charin transit test 
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scale consisting of eight dimensions that evaluate health-related 
quality of life.  16,17   Each dimension is measured on a scale from 0 
(the worst health reported) to 100 (the best health). These dimen-
sions were aggregated and shown as a physical component sum-
mary (physical functioning, physical role functioning, pain, and 
general health) and a mental component summary (vitality, social 
functioning, emotional role functioning, and mental health). A 
random blood glucose level was assessed, and heart rate, systolic 
and diastolic BP, and pulse oximetry were measured. 

 Saccharine Transit Time Test 

 Clinical assessments were performed in a quiet room. Sub-
jects were asked to avoid alcohol and coffee during the 6 h before 
their assessments. Because of circadian variation in mucociliary 
clearance, all assessments were performed between 2:00  pm  and 
6:00  pm .  18   Subjects who were able to taste saccharine deposited 
on their tongue were asked to report the fi rst perception of a sweet 
taste after 25 mg of saccharine powder was deposited in the tested 
nostril.  8,19-24   The saccharine transit test (STT) results were recorded 
in minutes, with times of  �  12 min considered normal.  25-32   Dur-
ing the STT, the subjects were asked to maintain normal venti-
lation and to swallow freely but to avoid deep breaths, talking, 
coughing, sneezing, sniffi ng, eating, and moving. After 60 min, if 
the subject failed to taste saccharine, we repeated the STT the 
following day.  21   

 Mucus Sample Collection and Analysis 

 A mucus sample was collected using a soft brush placed gently 
in the opposite nostril from the side used during the STT.  22,25   
The mucus sample was then removed from the brush, kept in 
a plastic tube, and stored at  2 70°C for later analysis. Airfl ow 
clearability was assessed using a machine designed to mimic 
the fl ow profi le of a natural sneeze. The device had a gas cylin-
der of compressed air supplying 280 kPa of pressure, a gas- 
release solenoid valve to control the timed fl ow release at 0.5-s 
intervals, and a cylindrical acrylic tube with a 4-mm internal 
diameter and 133-mm length as an experimental nose model. 
The mucus sample was placed in the lower part of the acrylic 
tube, which was connected to the solenoid valve. Airfl ow clear-
ability was quantifi ed by determining the mucus displacement 
in millimeters.  22,25   

 The contact angle of a sessile mucus droplet was measured 
using a stereo-microscope (Stemi 2000C; Carl Zeiss) connected to 
a camera (Axiocam HSC; Carl Zeiss) and to a microcomputer with 
an imaging program (Interactive AxionVison 4.7; Carl Zeiss).  33   
Briefl y, a small sample of mucus was placed on a glass slide that 
had been treated previously with a sulphochromic solution to 
remove electrical charges and then washed several times with 
deionized water.  34   Five minutes after deposition, the contact angle 
was measured in degrees. 

 Statistical Analysis 

 Descriptive statistics are presented as means  �  SD. The sex, 
BMI, SF-36 physical and mental component summary data, BP, 
heart rate, pulse oximetry, blood glucose, STT, mucus airfl ow 
clearability, and contact angle data are described for each age group 
( ,  40 years, 40-59 years, and  �  60 years) in the healthy and the 
DM and/or HTN groups and were analyzed by two-way analysis 
of variance with post hoc correction by Bonferroni adjustment at 
the level of signifi cance  P   ,  .01. All variables were tested with 
bivariate models ( x  2  or  t  test) as appropriate for data type and 
distribution to explore possible association with prolonged STT. 
The potential modifying factors were explored by logistic regres-
sion analysis (stepwise forward) using STT as a binary variable, 

life, nasal mucociliary clearance, and the biophysical 
properties of mucus. 

 Materials and Methods 

 Study Participants 

 This cross-sectional study was approved by the local ethics 
committee (CAPPesq No. 802/07). The study population con-
sisted of nonsmoking subjects, aged  .  14 years, from four institu-
tions and locations in São Paulo City: the Association of Juvenile 
Diabetes, the Outpatient Clinic of the Hospital das Clínicas da 
Faculdade de Medicina da Universidade de São Paulo, the Sports 
Center of the University of São Paulo, and the Elderly Center of 
São Paulo City. Subjects were invited by phone to participate in 
the study during 2009 and 2010. The purpose and procedures of 
the study were explained to all subjects and, in the case of adoles-
cents, also to their parents. The subjects were included after they 
signed the written informed consent according to the Declaration 
of Helsinki of the World Medical Association. 

 Subjects each completed a health questionnaire, and their 
medical records were reviewed by a study physician. Subjects 
were considered healthy when they had not been given a diagno-
sis of or been treated for any chronic disease. The diagnoses of 
DM and HTN were made according to the American Association 
of Diabetes  14   and the American Association of Cardiology.  15   Sub-
jects were excluded if they had a decreased level of consciousness, 
resided in a nursing home, were unable to understand and follow 
commands, had had previous nasal surgery, had had a respiratory 
infection in the 4 weeks before an assessment, or had had other 
respiratory disease. 

 Subjects were categorized as healthy subjects or as having DM 
and/or HTN. They were then subdivided into three age groups: 
 ,  40 years, 40 to 59 years, and  �  60 years. 

 Clinical Assessment 

 A clinical history was taken, and the 36-Item Short Form Health 
Survey (SF-36) was administered. The SF-36 is a multidimensional 
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 STT and Nasal Mucus Physical Properties 

 The STT was carried out accurately in all subjects. 
One healthy subject did not taste the saccharine on 
the fi rst day, but the STT was conducted successfully 
the following day. Of the healthy subjects (n  5  79), 
81% had a normal STT, whereas approximately 50% 
of the subjects with medical conditions, particularly 
the elderly group, had decreased nasal mucociliary 
clearance ( Fig 2  ). 

 BMI, sex, BP, pulse oximetry, blood glucose, and 
SF-36 results were not associated with prolonged 
STT ( t  test,  P   .  .05). The use of  b  blockers or hypo-
glycemic or diuretics drugs was not signifi cantly dif-
ferent between subjects with normal STT and those 
with prolonged STT  .  12 min. Although subjects tak-
ing antihypertensive drugs had an abnormal STT more 
frequently, when this was included in a multivar-
iate analysis model there was no association with pro-
longed STT. 

 The individual risk of prolonged STT as a function 
of DM, HTN, and these illnesses together is shown 
in  Table 2  . HTN with or without DM was associated 
with prolonged STT. Prolonged STT was also seen 
in subjects with DM who were 40 to 59 years old 
( P   5  .041). Using logistic regression analysis adjusted 
for age, sex, and health, signifi cant and independent 
associations showed the infl uence of age and diseases 
(but not sex) on prolonged STT ( Table 3  ). 

 There were no signifi cant differences in in vitro 
mucus clearability and mucus contact angle when 
comparing healthy subjects with those with DM or 
HTN and among age groups. Consistent with earlier 
work,  34   the mucus contact angle was inversely corre-
lated with airfl ow mucus clearability, but only in sub-
jects with DM or HTN ( r  2   5   2 0.368 and  P   ,  .001). 

 Discussion 

 We used the STT to assess nasal mucociliary clear-
ance and found that 81% of healthy subjects had 
normal nasal mucociliary clearance. Aging and DM 
and/or HTN were independently associated with 
decreased nasal mucociliary clearance. Previously, 
we reported a signifi cant decrease in nasal mucociliary 
clearance in acutely ill elderly subjects, and prolonged 
STT correlated with increased hospital length of stay.  8   
Among the 16 subjects included in that study, 13 had 
DM or HTN. This raised the possibility that the 
results could have been affected by those chronic 
medical conditions, and this became the focus of the 
current study. 

 We hypothesized that DM and HTN may affect 
mucociliary clearance and mucus properties differ-
ently. DM could decrease sugar transport into cells 
and thus the effi ciency of a system with high energy 

prolonged when STT  .  12 min. A  P  value  ,  .05 was considered 
statistically signifi cant. 

 Results 

 Demographic and Clinical Characteristics 

 Of the 440 subjects who were initially contacted by 
telephone, 252 agreed to participate and successfully 
completed the study ( Fig 1  ). Of these 252 subjects, 
79 were healthy. Among the remaining subjects, 173 had 
medical conditions (DM and/or HTN): 37 subjects 
had only DM, 52 subjects had only HTN and 84 sub-
jects had both DM and HTN. 

 The frequency of having DM alone decreased with 
aging, whereas the frequency of HTN alone and both 
HTN and DM increased in older subjects. Not sur-
prisingly, younger subjects had a higher prevalence 
of type 1 DM (87%), and elderly subjects had a higher 
prevalence of type 2 DM (52%). The likelihood of 
having only DM (n  5  31) was greater in younger sub-
jects (n  5  21, 68%) compared with the other age groups, 
in part because many of the younger subjects were 
recruited from a diabetes clinic. Elderly subjects 
(n  5  97) had HTN alone (n  5  41, 42%) or both DM 
and HTN (n  5  52, 54%) more often than did young 
subjects (13% and 19%, respectively). Fewer subjects 
over 60 years of age than those under 40 years used 
medications to control blood sugar (51% vs 87%, 
 P   ,  .001) but more used diuretics (35% vs 3%,  P   5  .024), 
antihypertensives (74% vs 23%,  P   ,  .001), and  b  block-
ers (23% vs 0%,  P   5  .015). 

 Older subjects who had DM and/or HTN had a 
higher BMI and BP and a lower SF-36 physical com-
ponent summary ( P   ,  .001) than did healthy younger 
subjects ( Table 1  ). There were no signifi cant differ-
ences among age groups in oxygen saturation, heart 
rate, blood glucose levels, or SF-36 mental compo-
nent summary score comparing healthy subjects and 
those with medical conditions (DM and/or HTN). 

  Figure  1. Scheme of recruitment, selection, and participation in 
the study.   

Downloaded From: http://journal.publications.chestnet.org/ on 07/21/2014

http://journal.publications.chestnet.org


1094 Original Research

nasal mucociliary clearance was more commonly 
measured in elderly subjects with DM and/or HTN. 
Subjects with DM or HTN who were under 40 had 
normal mean STT (10.1 min), similar to their healthy 
counterparts (9.6 min) and also similar to published 
data.  25-30   This may have been because younger sub-
jects have more effi cient homeostatic adaptive mech-
anisms to illness than do the elderly.  13,36   

 To our knowledge, there are no data on nasal 
mucociliary clearance and mucus properties in per-
sons with HTN. Studies have suggested that some 
medications used to treat HTN may decrease muco-
ciliary clearance in healthy humans. For example, 
 b  blockers may decrease ciliary beat frequency  37   and 
theoretically they could affect the autonomic regula-
tion of mucus secretion. Diuretics may affect hydra-
tion of the mucus or periciliary layer.  25   The use of 
 b  blockers, diuretics, or antihypertensive drugs were 
not associated with prolonged STT in this study. 
However, it was diffi cult to study the effects of these 
medications independent of the underlying disease. 

 Some studies found similar mucociliary clearance  38-40   
and ciliary beat frequency when comparing the elderly 
and young adults,  41   whereas other studies showed 
that aging is associated with slower mucociliary clear-
ance in the upper and lower airways.  18-21,42,43   However, 
the health condition of the elderly subjects in most of 
these studies was not explicitly stated. We found that 
sex does not affect STT results but there is a 2% 
prolongation of STT for every 1 year increase in age. 
However, DM or HTN is associated with a 2.6-fold 
greater risk of prolonged STT. 

 In this study, the number of healthy elderly sub-
jects without HTN or DM was small (n  5  10) in part 
because of the subjects being identifi ed in outpatient 
medical clinics. Nevertheless, the frequency of DM 
and HTN in the elderly subjects was similar to that 
reported in other reports.  8,20   We showed that aging is 

demand, such as ciliary beating. A study performed 
in 50 diabetic subjects, aged 16 to 85 years, measured 
signifi cantly prolonged STT (mean values of 18.2 min) 
compared with young healthy control subjects.  35   
This impairment in nasal mucociliary clearance was 
thought to be due to decreased water and electrolytes 
in the diabetic airway. In the present study, delayed 

  Figure  2. The saccharine transit test and mucus contact angle 
of healthy subjects and subjects with medical conditions by age 
(two-way analysis of variance with post hoc Bonferroni correction).   

 Table 1— Demographic, Clinical, and SF-36 Data Segregated by Age  

Variables  

Healthy Group Diabetes/Hypertension Group

 ,  40 y (n  5  51) 40-59 y (n  5  18)  �  60 y (n  5  10)  ,  40 y (n  5  31) 40-59 y (n  5  45)  �  60 y (n  5  97)

BMI, kg/m 2 23  �  3 26  �  2 24  �  3 25  �  5 27  �  4 a 28  �  5 a 
Systolic BP, mm Hg 115  �  8 116  �  6 118  �  4 121  �  17 130  �  21 a,b 137  �  17 a,b,c 
Diastolic BP, mm Hg 76  �  5 78  �  4 73  �  10 84  �  13 87  �  18 a,c 82  �  12
Oxygen saturation, % 97  �  1 97  �  1 96  �  2 97  �  1 96  �  1 96  �  2
Heart rate, bpm 76  �  9 71  �  8 73  �  15 78  �  12 76  �  12 73  �  13
Blood glucose level, mg/dL 98  �  10 99  �  9 98  �  6 187  �  90 175  �  98 156  �  79
SF-36 physical component summary 52  �  5 52  �  5 48  �  11 51  �  8 46  �  8 42  �  10 a,d 
SF-36 mental component summary 53  �  7 51  �  4 47  �  14 47  �  11 49  �  11 50  �  11

Data are presented as mean  �  SD. Analysis done by two-way analysis of variance and post hoc Bonferroni correction. Bpm  5  beats per min; 
SF-36  5  36-Item Short Form Health Survey.
 a  P   ,  .01 vs  ,  40 y healthy group.
 b  P   ,  .01 vs 40-59 y healthy group.
 c  P   ,  .01 vs  �  60 y healthy group.
 d  P   ,  .01 vs  ,  40 y diabetes/hypertension group.
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of life with prolonged STT. All the healthy elderly 
subjects reported regular physical activities, such as 
walking or swimming at least twice a week, but this 
was true in only 37% of the elderly with HTN or DM; 
however, the difference was not signifi cant, most likely 
because of the small number of healthy elderly sub-
jects studied. 

 Conclusions 

 In conclusion, aging and the chronic diseases DM 
and HTN are independently associated with decreased 
nasal mucociliary clearance. Although nasal mucocili-
ary clearance differs from tracheobronchial clearance, 
delayed ciliary clearance may predispose elderly or 
chronically ill patients to respiratory infections. 
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associated with prolonged STT; however, the likeli-
hood of decreased nasal mucociliary clearance was 
more strongly associated with DM and/or HTN in 
combination with aging. 

 Mucus   properties could also have affected STT 
fi ndings. Both contact angle and airfl ow clearance are 
sensitive to the conditions used for mucus preserva-
tion. It is important to note that all samples in this 
study were stored without oil preservative because 
this has been shown to invalidate rheology, contact 
angle, and clearance measurements. The contact 
angle results of the current study are similar to pub-
lished results in young healthy subjects,  25   and the 
contact angle and airfl ow-dependent mucus cleara-
bility were similar between healthy subjects and those 
with DM or HTN, as well as among age groups. The 
well-reported correlation between mucus contact 
angle and airfl ow mucus clearability  44   was confi rmed 
in this study as well. It is possible that the increased 
STT could be due to changes in ciliary beating but 
this was beyond the scope of this study. 

 There is evidence that the combination of advanced 
age and medical illness decreases quality of life.  45,46   
DM and HTN can be associated with poor physical 
health and with disability.  47,48   We also found that the 
elderly subjects with illness reported lower perceived 
physical health than their healthy counterparts; how-
ever, there was no association of decreased quality 

 Table 2— Individual Risk of Prolonged Nasal Mucociliary Clearance According to Chosen Variables in 
the Study Group (N  5  252)  

Variables Total No. Cases With Prolonged STT Proportion of Prolonged STT, % OR 95% CI  P  Value

Age
  ,  40 y 82 19 23 1.00 … …
 40-59 y 63 21 33 1.66 0.79-3.47 .176
  �  60 y 107 54 50 3.38 1.74-6.57  ,  .001
Diabetes  .040
 Yes 121 53 44 1.71 1.01-2.88
 No 131 41 31 … …
Hypertension  ,  .001
 Yes 136 65 48 2.75 1.58-4.78
 No 116 29 25 … …
Diabetes and/or hypertension  ,  .001
 Yes 173 66 19 3.59 1.85-6.93
 No 79 15 46 … …

 P  values are given for  x  2  analysis. STT  5  saccharin transit test.

 Table 3— Logistic Regression Model for Prolonged STT 
Adjusted by Age, Diabetes and/or Hypertension, and 

Sex (N  5  252)  

Factors OR Crude OR Adjusted 95% CI  P  Value

Age, y 1.03 1.02 1.003-1.033 .015
Diabetes and/or 

hypertension, Y/N
3.59 2.64 1.298-5.385 .007  

Sex, female 1.20 1.23 0.691-2.186 .482

See Table 2 for expansion of abbreviations.

Downloaded From: http://journal.publications.chestnet.org/ on 07/21/2014

http://journal.publications.chestnet.org


1096 Original Research

    15 .  Chobanian   AV ,  Bakris   GL ,  Black   HR ,  et al.   The National 
High Blood Pressure Education Program Coordinating 
Committee. Seventh Report of the Joint National Committee 
on Prevention, Detection, Evaluation, and Treatment of High 
Blood Pressure. Hypertension .  2003 ; 42 ( 6 ): 1206 - 1252 .    

    16 .  Stewart   AL ,  Hays   RD ,  Ware   JE   Jr .  The MOS short-form gen-
eral health survey. Reliability and validity in a patient popu-
lation .   Med Care  .  1988 ; 26 ( 7 ): 724 - 735 .   

    17 .  Jenkinson   C ,  Coulter   A ,  Wright   L .  Short form 36 (SF36) 
health survey questionnaire: normative data for adults of work-
ing age .   BMJ  .  1993 ; 306 ( 6890 ): 1437 - 1440 .   

    18 .  Armengot   M ,  Barona   R ,  Garin   L ,  Basterra   J .  The infl u-
ence of age, sex and circadian rhythms on the nasal mucosa 
in mucociliary clearance . An   Otorrinolaryngol Ibero Am.   
 1993 ; 20 (  6  ): 581 - 588 .    

    19 .  Puchelle   E ,  Zahm   JM ,  Bertrand   A .  Infl uence of age on bron-
chial mucociliary transport .   Scand J Respir Dis  .  1979 ; 60 ( 6 ):
 307 - 313 .  

    20 .  Ho   JC ,  Chan   KN ,  Hu   WH ,  et al .  The effect of aging on 
nasal mucociliary clearance, beat frequency, and ultrastructure 
of respiratory cilia .   Am J Respir Crit Care Med  .  2001 ; 163 ( 4 ):
 983 - 988 .    

    21 .  Plaza Valía   P ,  Carrión Valero   F ,  Marín Pardo   J ,  Bautista 
Rentero   D ,  González Monte   C .  Saccharin test for the study of 
mucociliary clearance: reference values for a Spanish popula-
tion [in Spanish] .   Arch Bronconeumol  .  2008 ; 44 ( 10 ): 540 - 545 .   

    22 .  Goto   DM ,  Lança   M ,  Obuti   CA ,  et al .  Effects of biomass 
burning on nasal mucociliary clearance and mucus prop-
erties after sugarcane harvesting .   Environ Res  .  2011 ; 111 ( 5 ): 
664 - 669 .   

    23 .  Andersen   IB ,  Camner   P ,  Jensen   PL ,  Philipson   K ,  Proctor   DF . 
 A comparison of nasal and tracheobronchial clearance .   Arch 
Environ Health  .  1974 ; 29 ( 5 ): 290 - 293 .  

    24 .  Puchelle   E ,  Aug   F ,  Pham   QT ,  Bertrand   A .  Comparison of 
three methods for measuring nasal mucociliary clearance in 
man .   Acta Otolaryngol  .  1981 ; 91 ( 3-4 ): 297 - 303 .   

    25 .  Goto   DM ,  Torres   GM ,  Seguro   AC ,  Saldiva   PHN ,  Lorenzi-
Filho   G ,  Nakagawa   NK .  Furosemide impairs nasal mucociliary 
clearance in humans .   Respir Physiol Neurobiol  .  2010 ; 170 ( 3 ):
 246 - 252 .     

    26 .  Doyle   WJ ,  van Cauwenberge   PB .  Relationship between nasal 
patency and clearance .   Rhinology  .  1987 ; 25 ( 3 ): 167 - 179 .  

    27 .  Golhar   S .  Nasal mucus clearance .   J Laryngol Otol  .  1986 ; 
100 ( 5 ): 533 - 538 .   

    28 .  Kesimci   E ,  Bercin   S ,  Kutluhan   A ,  Ural   A ,  Yamanturk   B , 
 Kanbak   O .  Volatile anesthetics and mucociliary clearance . 
  Minerva Anestesiol  .  2008 ; 74 ( 4 ): 107 - 111 .  

    29 .  Middleton   PG ,  Geddes   DM ,  Alton   EWFW .  Effect of amiloride 
and saline on nasal mucociliary clearance and potential differ-
ence in cystic fi brosis and normal subjects .   Thorax  .  1993 ; 48 ( 8 ):
 812 - 816 .   

    30 .  Rutland   J ,  Cole   PJ .  Nasal mucociliary clearance and ciliary 
beat frequency in cystic fi brosis compared with sinusitis and 
bronchiectasis .   Thorax  .  1981 ; 36 ( 9 ): 654 - 658 .   

    31 .  Moriarty   BG ,  Robson   AM ,  Smallman   LA ,  Drake-Lee   AB . 
 Nasal mucociliary function: comparison of saccharin clear-
ance with ciliary beat frequency .   Rhinology  .  1991 ; 29 ( 3 ):
 173 - 179 .  

    32 .  Yadav   J ,  Ranga   RK ,  Singh   J ,  Gathwala   G .  Nasal mucocili-
ary clearance in healthy children in a tropical country .   Int J 
Pediatr Otorhinolaryngol  .  2001 ; 57 : 21 - 24 .    

    33 .  Daviskas   E ,  Anderson   SD ,  Jaques   A ,  Charlton   B .  Inhaled 
mannitol improves the hydration and surface properties of 
sputum in patients with cystic fi brosis .   Chest  .  2010 ; 137 ( 4 ): 
861 - 868 .   

    34 .  Aquino   ES ,  Shimura   F ,  Santos   AS ,  et al .  Continuous pos-
itive airways pressure has no effect on clearance, sputum 

  Dr Rubin:  contributed to the results analysis and writing of the 
manuscript. 
  Dr Nakagawa:  contributed to the data collection, results analysis, 
and writing of the manuscript. 
  Financial/nonfi nancial disclosures:  The authors have reported 
to  CHEST  the following confl icts of interest: Dr Rubin’s research 
laboratory receives grant funding from the Virginia Commonwealth 
University   Offi ce of Research; the Denny Hamlin Foundation; 
the Cystic Fibrosis Foundation; Fisher&Paykel Healthcare; 
McNeil Laboratories  ; Telefl ex Medical; GlaxoSmithKline; Gilead 
Sciences, Inc; and Reckitt Benckiser Pharmaceuticals. Dr Rubin 
is a consultant to Pharmaxis, Dompe Farmaceutici SpA, and Vifor 
Pharma. Drs Barbosa de Carvalho, Goto, Fló, Barnabé, Franco, 
Benabou, Perracini, Jacob-Filho, Saldiva, Lorenzi-Filho, and 
Nakagawa and Mss Proença de Oliveira-Maul and Maia have 
reported that no potential confl icts of interest exist with any 
companies/organizations whose products or services may be dis-
cussed in this article    . 
  Role of sponsors    : The sponsor had no role in the design of the 
study, the collection and analysis of the data, or in the preparation 
of the manuscript  
  Other contributions:  The authors thank Dirce Maria Zanetti, 
MD, PhD, and Luiz Fernando Ferraz da Silva, MD, PhD,   for 
helping us with the statistical analyses. 

 References 
    1 .  Maruyama   T ,  Gabazza   EC ,  Morser   J ,  et al .  Community-

acquired pneumonia and nursing home-acquired pneumonia 
in the very elderly patients .   Respir Med  .  2010 ; 104 ( 4 ): 584 - 592 .   

    2 .  Hoyert   DL ,  Kung   HC ,  Smith   BL .  Deaths: preliminary data 
for 2003 .   Natl Vital Stat Rep  .  2005 ; 53 ( 15 ): 1 - 48 .  

    3 .  Meyer   KC .  Aging .   Proc Am Thorac Soc  .  2005 ; 2 ( 5 ): 433 - 439 .   
    4 .  Antonini   JM ,  Roberts   JR ,  Clarke   RW ,  et al .  Effect of age on 

respiratory defense mechanisms: pulmonary bacterial clear-
ance in Fischer 344 rats after intratracheal instillation of 
Listeria monocytogenes .   Chest  .  2001 ; 120 ( 1 ): 240 - 249 .   

    5 .  Britto   RR ,  Zampa   CC ,  de Oliveira   TA ,  Prado   LF ,  Parreira   VF . 
 Effects of the aging process on respiratory function .   Gerontology  . 
 2009 ; 55 ( 5 ): 505 - 510 .   

    6 .  Enright   PL ,  Kronmal   RA ,  Higgins   M ,  Schenker   M ,  Haponik   EF . 
 Spirometry reference values for women and men 65 to 85 years 
of age. Cardiovascular health study .   Am Rev Respir Dis  .  1993 ; 
147 ( 1 ): 125 - 133 .   

    7 .  Konrad   F ,  Schreiber   T ,  Brecht-Kraus   D ,  Georgieff   M . 
 Mucociliary transport in ICU patients .   Chest  .  1994 ; 105 ( 1 ): 
237 - 241 .   

    8 .  Nakagawa   NK ,  Franchini   ML ,  Driusso   P ,  de Oliveira   LR , 
 Saldiva   PHN ,  Lorenzi-Filho   G .  Mucociliary clearance is 
impaired in acutely ill patients .   Chest  .  2005 ; 128 ( 4 ): 2772 - 2777 .   

    9 .  Selvin   E ,  Coresh   J ,  Brancati   FL .  The burden and treatment 
of diabetes in elderly individuals in the u.s .   Diabetes Care  . 
 2006 ; 29 ( 11 ): 2415 - 2419 .   

    10 .  Logan   AG .  Hypertension in aging patients .   Expert Rev 
Cardiovasc Ther  .  2011 ; 9 ( 1 ): 113 - 120 .   

    11 .  Alper   AB   Jr ,  Chen   W ,  Yau   L ,  Srinivasan   SR ,  Berenson   GS , 
 Hamm   LL .  Childhood uric acid predicts adult blood pressure: 
the Bogalusa Heart Study .   Hypertension  .  2005 ; 45 ( 1 ): 34 - 38 .  

    12 .  Khambalia   A ,  Phongsavan   P ,  Smith   BJ ,  et al .  Prevalence and 
risk factors of diabetes and impaired fasting glucose in Nauru . 
  BMC Public Health  .  2011 ; 11 : 719 .   

    13 .  Ehrlich   SF ,  Quesenberry   CP   Jr ,  Van Den Eeden   SK ,  Shan   J , 
 Ferrara   A .  Patients diagnosed with diabetes are at increased 
risk for asthma, chronic obstructive pulmonary disease, pul-
monary fi brosis, and pneumonia but not lung cancer .   Diabetes 
Care  .  2010 ; 33 ( 1 ): 55 - 60 .   

    14 .  American Diabetes Association .  Diagnosis and classifi cation of 
diabetes mellitus .   Diabetes Care  .  2012 ; 35 ( suppl 1 ): S64 - S71 .   

Downloaded From: http://journal.publications.chestnet.org/ on 07/21/2014



journal.publications.chestnet.org CHEST / 143 / 4 / APRIL 2013   1097 

properties or expectorated volume in cystic fi brosis [pub-
lished online ahead of print March 13, 2012] .  Respir Care . 
doi:10.4187/respcare.01705.    

    35 .  Sachdeva   A ,  Sachdeva   OP ,  Gulati   SP ,  Kakkar   V .  Nasal muco-
ciliary clearance & mucus pH in patients with diabetes mel-
litus .   Indian J Med Res  .  1993 ; 98 : 265 - 268 .  

    36 .  Castellanos   MR ,  Szerszen   A ,  Saifan   C ,  et al .  Fasting hyper-
glycemia upon hospital admission is associated with higher 
pneumonia complication rates among the elderly .   Int Arch 
Med  .  2010 ; 3 : 16 .  

    37 .  Pavia   D ,  Bateman   JRM ,  Lennard-Jones   AM ,  Agnew   JE , 
 Clarke   SW .  Effect of selective and non-selective beta block-
ade on pulmonary function and tracheobronchial mucociliary 
clearance in healthy subjects .   Thorax  .  1986 ; 41 ( 4 ): 301 - 305 .   

    38 .  Sakakura   Y ,  Ukai   K ,  Majima   Y ,  Murai   S ,  Harada   T ,  Miyoshi   Y . 
 Nasal mucociliary clearance under various conditions .   Acta 
Otolaryngol  .  1983 ; 96 ( 1-2 ): 167 - 173 .   

    39 .  Kao   CH ,  Jiang   RS ,  Wang   SJ ,  Yeh   SH .  Infl uence of age, 
gender, and ethnicity on nasal mucociliary clearance function . 
  Clin Nucl Med  .  1994 ; 19 ( 9 ): 813 - 816 .   

    40 .  Agius   AM ,  Smallman   LAS ,  Pahor   AL .  Age, smoking and 
nasal ciliary beat frequency .   Clin Otolaryngol Allied Sci  .  1998 ;
 23 ( 3 ): 227 - 230 .   

    41 .  Yager   JA ,  Ellman   H ,  Dulfano   MJ .  Human ciliary beat fre-
quency at three levels of the tracheobronchial tree .   Am Rev 
Respir Dis  .  1980 ; 121 ( 4 ): 661 - 665 .  

    42 .  Goodman   RM ,  Yergin   BM ,  Landa   JF ,  Sackner   MA .  Rela-
tionship of smoking history and pulmonary function tests 
to tracheal mucus velocity in nonsmokers, young smokers, 
ex-smokers, and patients with chronic bronchitis .   Am Rev 
Respir Dis  .  1978 ; 177 (2): 205 - 214 .  

    43 .  Svartengren   M ,  Falk   R ,  Philipson   K .  Long-term clearance 
from small airways decreases with age .   Eur Respir J  .  2005 ;
 26 ( 4 ): 609 - 615 .   

    44 .  Albers   GM ,  Tomkiewicz   RP ,  May   MK ,  Ramirez   OE ,  Rubin   BK . 
 Ring distraction technique for measuring surface tension of 
sputum: relationship to sputum clearability .   J Appl Physiol  . 
 1996 ; 81 ( 6 ): 2690 - 2695 .  

    45 .  Denti   L ,  Scoditti   U ,  Tonelli   C ,  et al .  The poor outcome of 
ischemic stroke in very old people: a cohort study of its deter-
minants .   J Am Geriatr Soc  .  2010 ; 58 ( 1 ): 12 - 17 .   

    46 .  Valencia   M ,  Badia   JR ,  Cavalcanti   M ,  et al .  Pneumonia severity 
index class v patients with community-acquired pneumonia: 
characteristics, outcomes, and value of severity scores .   Chest  . 
 2007 ; 132 ( 2 ): 515 - 522 .   

    47 .  Rosano   C ,  Longstreth   WT   Jr ,  Boudreau   R ,  et al .  High blood 
pressure accelerates gait slowing in well-functioning older 
adults over 18-years of follow-up .   J Am Geriatr Soc  .  2011 ; 
59 ( 3 ): 390 - 397 .   

    48 .  Nylen   ES ,  Kokkinos   P ,  Myers   J ,  Faselis   C .  Prognostic effect 
of exercise capacity on mortality in older adults with diabetes 
mellitus .   J Am Geriatr Soc  .  2010 ; 58 ( 10 ): 1850 - 1854 .       

Downloaded From: http://journal.publications.chestnet.org/ on 07/21/2014

http://journal.publications.chestnet.org

