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Introduction. Pneumonia is the leading infectious cause of death in the elderly. Impaired respiratory defences are one of the causes
for increased susceptibility of the elderly to such infections. Nasal mucociliary clearance, the mirror image of bronchial clearance,
is crucial in respiratory defence and is affected by various factors. Little is known about the effect of ageing on nasal respiratory
epithelium. Aim. To evaluate the effect of ageing on nasal mucociliary clearance (NMC) in women.Materials and Methods. NMC
was measured in 91 apparently healthy women of ages ranging from 20 to 80 years. The time taken to experience sweet taste at
nasopharynx following the placement of saccharin pellet in the nostril was recorded as NMC time. Results and Discussion. NMC
time was 10min 36 secs in elderly women and it was significantly prolonged when compared to younger women (8min 39 secs).
The prolonged clearancemay be due to altered cilia, slowed ciliary beating, or changes in the properties ofmucus.Conclusion. NMC
time clearly shows an increase with age signifying decreasing respiratory epithelium function. This study highlights an important
cause of impaired respiratory health in older individuals and emphasises the need for preventive measures to be put in place.

1. Background

Elderly individuals are particularly prone to infections such
as pneumonia and this has been found to be a major cause
of mortality among them [1]. Although the increased suscep-
tibility of the elderly to respiratory infections has not been
fully explained, impaired defence mechanisms may be one
of the causative factors along with alterations in pulmonary
structure and function associated with the normal ageing
process.

Nasal mucociliary clearance (NMC) is a primary innate
defence mechanism of the nose and paranasal sinuses
wherebymucus secreted into the upper airways (by the goblet
cells of the respiratory epithelium) traps inhaled particulate
matter, allergens, and pathogens [2] and is then transported
with the trappedmatter (by the ciliated cells of the respiratory
epithelium which beat at a frequency of 12 to 15Hz) [3] to the
pharynx, where it is swallowed [4]. NMC is the mirror image
of bronchial mucociliary clearance [5] and the ciliary beat

frequency of nasal mucosa correlates with that of tracheal
mucosa [6, 7]. NMC is influenced by physiological factors
such as the amount of mucus produced and the ciliary beat
efficiency, anatomic factors such as nasal airflow and patency
of the sinus ostia in the prechambers, and biochemical factors
such as mucus composition [4].

Impairment of NMC results in the accumulation of
respiratory secretions and reduced lung defenses leading to
infections, inflammation [4], and perhaps even neoplasia
[8]. NMC thus functions as a biomarker of nasal mucosal
function [9] and can serve as an early warning system for
susceptibility to respiratory diseases.

Very little information is available regarding NMC and
the effect of age on this defence mechanism. This study was
therefore done to assess the effect of age on nasal mucociliary
clearance in a population of rural women and to investigate
whether factors other than age such as type of cooking fuel
used, literacy status, or socioeconomic status may have an
effect on NMC.
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Figure 1: Comparison of Saccharine Transit Time between the two
age categories.

2. Aim and Objectives

The objects of this paper are to evaluate the effect of
ageing on nasal mucociliary clearance in women and to find
out whether factors other than age such as literacy status,
socioeconomic status, and type of fuel used for cooking may
have an effect on NMC.

3. Materials and Methods

This was a cross-sectional study carried out among women
in Paraniputhur, Kundrathur, and Kulathuvanchery villages
of Kanchipuram district, Tamil Nadu, India. Institutional
Ethical Clearance from the institution and permissions from
the governing heads of the particular villages were obtained
for conducting the study.

A total of 152 women were screened by door-to-door
visits and detailed history regarding allergies, respiratory
disorders, systemic disease, local pathology, impairment of
taste sensation, and use of medication was obtained from
each using a screening questionnaire. Apparently healthy
women of ages ranging from 20 to 80 years were selected
for the study. Smokers, passive smokers, tobacco chewers,
and snuff users were excluded from the study. Women who
had local pathology such as deviated nasal septum, nasal
polyp, nasal allergy, rhinosinusitis, and respiratory/nasal
symptoms (within the preceding twoweeks) andwomenwith
self-reported diabetes/other chronic or systemic diseases,
bronchiectasis, valvular heart disease, bleeding diatheses, and
intake of any medication(s) (particularly antihistaminics)
were also excluded. On the basis of the exclusion criteria,
43 women were excluded. Eighteen refused to participate in
the study for personal reasons. Ninety-one apparently healthy
subjects volunteered to participate in the study.

Table 1: Descriptive characteristics of the study population.

Variables Age
≤45 years Percentage Age

>45 years Percentage

Total number of
Subjects 69 22

Education
Literate 51 73.9 13 59.1

Illiterate 18 26.1 9 40.9
Occupation

Homemaker 48 69.6 14 63.6

Employed 21 30.4 8 36.4
House Type

Pucca 26 37.7 15 68.2

Kutcha 43 62.3 7 31.8
Income per annum
≥Rs.25000 63 91.3 11 50

<Rs.25000 6 8.7 11 50
Cooking fuel type

Clean fuel 36 52.2 13 59.1

Biomass fuel 33 47.8 9 40.9

A study questionnaire that included questions regarding
occupation, education, income, cooking fuel type, and hous-
ing type was administered.

NMC assessment was done using a simple, quick, non-
invasive, and reproducible test, namely, Andersen’s Saccha-
rine Transit Test [5].

With the subject in sitting position with her neck slightly
flexed, a 1mm×1mm×1mmpellet of saccharine was placed
on the floor of the nose, just behind the anterior end of the
inferior turbinate. The time taken by the subject to perceive
the sweet taste was noted as Saccharine Transit Time (STT).
The test was carried out on both sideswith a half hour interval
in between and the values were recorded as STTL and STTR.
The average of these two values (STTav) was computed and
taken as nasal mucociliary clearance time. The subjects were
not informed about the nature of the particle andwere simply
asked to report the taste perceived.

Data analysis was done using the Student’s t test and
statistical significance was taken as 𝑃 < 0.05.

4. Results

Study subjects were grouped into two categories for analysis:
age ≤45 years (69 subjects) and age >45 years (22 subjects).

All the three values STT-left, STT-right, and STT-average
were found to be higher in the older age group compared to
the younger one (Figure 1 and Table 2). The mean STT on
the left side (STT-left) in the >45 age group was found to be
11.4 mins while in the ≤45 age group, it was 10.5mins. Mean
STT-right (Saccharine Transit Time-Right) in the older age
group was 9.95mins while in the younger age group it was
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Table 2: Comparison of Saccharine Transit Time between the two
age categories.

Age group (Yrs) 𝑁 Mean (mins) Std. deviation

STT-average∗ ≤45 69 8.65 3.70
>45 22 10.6 1.68

STT-left ≤45 69 10.5 5.33
>45 22 11.4 2.81

STT-right∗ ≤45 69 6.80 4.36
>45 22 9.95 1.71

∗P value is statistically significant.
STT: Saccharine Transit Time.

6.8mins and this increase was statistically significant. Mean
STTavwas 10.6mins in the>45 age group and 8.65mins in the
≤45 age group.This increase also was found to be statistically
significant with a 𝑃 value of 0.020.

The descriptive characteristics of the study population
are given in Table 1. Comparing STT among the different
subgroups of the younger and older age categories (Figure 2
and Table 3), the mean STT was found to be higher among
illiterates compared to literates in both age groups though
it was not statistically significant. In the ≤45 age category,
the homemaker group of women had a mean STT of 7.98 ±
3.51mins, while those employed outside the home timed
7.85 ± 4.21mins. In the older age group, the homemakers’
mean STT was 10.1 ± 1.68mins and among the employed
it was 11.16 ± 1.56mins. Women living in kutcha houses
showed a higher STT compared to those that lived in pucca
houses. This was true for both age categories and the differ-
ence in the younger age group was found to be statistically
significant. Women who used clean fuel for cooking had a
lower mean STT compared to those who used biomass fuels
in both age categories.

Among the different socioeconomic categories, the lower
income group had a higher STT compared to the higher
income group in both age categories. The mean STT among
women in families having an annual income of less than
Rs.25,000 in the ≤45 age group was found to be 10.67 ±
1.84minswhile it was 7.72 ± 3.81 in the higher income group.
In the >45 age group, STT was 10.72 ± 1.8mins among the
lower income category and 10.24 ± 1.58 among those with
higher incomes. This difference was found to be statistically
significant (𝑃 = 0.0056) in the younger age group.

5. Discussion

Epidemiology has shown that the elderly aremore susceptible
to respiratory illness and advanced age appears to predispose
older individuals to the increased severity of respiratory
infections as well [1]. Although this might be explained by
ciliary defects or impaired mucociliary clearance or physio-
logic/structural changes in the senescent lung, very little data
exists on the effect of ageing on mucociliary clearance [10].

Our study showed that Saccharine Transit Time, which
negatively reflects the efficiency of NMC, increases with
increasing age. The mean STT was higher in the >45 age
group when compared with that of the ≤45 age group and
this increase was found to be statistically significant.

Increased NMC time signifying a decline in mucociliary
clearance could be attributed to a variety of anatomical,
physiological, and biochemical changes which occur during
the normal ageing process, which may affect the response of
the lung to inhaled agents [1].

Anatomical changes that occur with ageing include nasal
mucosal damage which has accumulated from infections
over the years, ciliary ultrastructural defects such as the
occurrence of increased central microtubular disorientation,
age-related changes in lung morphology resulting in altered
proportions of elastic tissues and collagen [10], and alterations
in the cross-linkage of ageing collagen [11].

Physiological alterations that could impair mucociliary
clearance include abnormally slow or uncoordinated ciliary
beatingwhere neighbouring cilia do not beat in a coordinated
fashion and in the same direction. This could be the result
of abnormal ciliary ultrastructure or occur de novo [3, 10].
Additionally, quantitative and qualitative changes in respi-
ratory mucus and a lower tracheal mucus velocity could be
causes of impaired mucociliary clearance among the elderly
[10].

Biochemical changes such as greater lung oxidative stress
potential [12] may play a role as well.

Other potential factors that could affect mucociliary
clearance include trauma, exposure to external toxin(s), and
other unknown factors. These factors could either directly or
indirectly lead to a decline in ciliary beat frequency and the
occurrence of increased central microtubular disorientation
with ageing, both of which adversely affect mucociliary
clearance.

Our results are in accordance with those of Ho et al. [10]
who studied NMC time along with ciliary beat frequency and
ultrastructure of respiratory cilia, which are determinants of
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Table 3: Comparison of Saccharine Transit Time among different
subgroups of the younger and older age categories.

Saccharine transit time (Mins)

Parameters Age ≤45 years Age >45 years

𝑁
Mean
(mins) SD 𝑁

Mean
(mins) SD

Education
Literate 51 7.48 3.69 12 9.95 1.38
Illiterate 18 9.55 3.49 10 11.14 1.8

Occupation
Homemaker 48 7.98 3.51 14 10.1 1.68
Employed 21 7.85 4.21 8 11.16 1.56

House type
Pucca 26 6.97∗ 2.71 15 10.54 1.76
Kutcha 43 8.59 4.06 7 10.67 1.57

Income
≥Rs.25000 63 7.72∗ 3.81 11 10.24 1.58
<Rs.25000 6 10.67 1.84 11 10.72 1.8

Cooking fuel type
Clean fuel 36 7.53 3.42 13 10.48 1.32
Biomass fuel 33 9.89 3.66 9 10.79 2.16

∗P value is statistically significant.

the efficiency of ciliary action. They found that there was
a significant difference between the NMC time for subjects
under and over the age of 40 years and that there was a
significant correlation between NMC time and age. This
increase in NMC time with age may be due to the decrease in
ciliary function with age as a result of increasing occurrence
of ultrastructural defects in respiratory epithelial cilia.

Themean STT value of 8.65mins obtained for the≤45 age
group in our study was found to be comparable with normal
STT values reported by other studies such as by Yadav et al.
[13], Golhar [14], and Golhar and Arora [15].

Our study also found that NMC time is prolonged in
biomass fuel users compared to clean fuel users. An earlier
study by Priscilla et al. had already demonstrated the same
and it is attributed to biomass-fuel-smoke-induced dam-
age to the respiratory mucosa causing ciliary malfunction
[16].

The study also found that NMC time is higher in those
of low socioeconomic status than in those of higher socioe-
conomic status. This difference could be attributed to poor
nutritional and health states, unhealthy living conditions
and exposure to biomass fuel smoke, and perhaps other
environmental toxins as well among those of the lower
socioeconomic strata.

Additionally, NMC time was found to be higher among
the illiterates indicating poorer mucociliary clearance in
this group compared to those of higher literacy status. This
could be a reflection of their poorer socioeconomic status
which may be indirectly resulting in their being exposed to
suspended particulate matter and toxins in the environment
and owing to precautionarymeasures not being adopted both

due to the lack of knowledge and the lack of means, causing
deleterious effects to their health.

6. Conclusion

This study showed that NMC time increases with increasing
age showing that lung defences by mucociliary clearance
mechanisms are impaired with age. Impairment of NMC
with age was found to be higher among lower socioeconomic
status, lower literacy status, and biomass fuel users.

The study highlights the increased risk of respiratory
diseases in older women so that awareness can be created
among the general public and proper intervention strategies
put in place. Preventive measures like health education will
go a long way towards informing them about the risks of
poor respiratory health and giving cautionary advice. This
standard, simple, quick, inexpensive, andnoninvasive test can
be used for periodic assessment of NMC and can therefore
serve as an early diagnostic pointer and pave the way for
recognising the susceptibility to progression to respiratory
diseases in elderly women at an early stage.

Limitations of the Study

(i) The study has been done only in women. Though
some researchers have reported that there is no
gender difference in NMC [10, 17], the study would
have been more comprehensive had it included male
subjects as well.

(ii) Small sample size: this is a preliminary study to
assess the effect of age on NMC in a population of
periurban women. A large scale study that excludes
potential confounders such as biomass fuel users and
occupational exposure to dust would yield better
results.

(iii) Cross-sectional study design.
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