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Study Objectives: Primary Sjogren’s syndrome is an autoimmune
disease typified by xerostomia (dry mouth) that, in turn, could lead to
increased saliva surface tension (y) and increased upper airway col-
lapsibility. Fatigue, of unknown etiology, is also frequently reported by
patients with primary Sjogren’s syndrome. Recent preliminary data in-
dicate a high prevalence of obstructive sleep apnea in healthy-weight
women with primary Sjogren’s syndrome. Concurrent research high-
lights a significant role of y in the maintenance of upper airway patency.
The aim of this study was to compare oral mucosal wetness, saliva y,
and upper airway collapsibility during wake and sleep between women
with primary Sjdgren’s syndrome and matched control subjects.
Setting: Participants slept in a sound-insulated room with physiologic
measurements controlled from an adjacent room.

Participants: Eleven women with primary Sjégren’s syndrome and 8
age- and body mass index-matched control women.

Interventions: Upper airway collapsibility index (minimum choanal-epi-
glottic pressure expressed as a percentage of delivered choanal pres-
sure) was determined from brief negative-pressure pulses delivered to
the upper airway during early inspiration in wakefulness and sleep.

Measurements and Results: Patients with primary Sjégren’s syndrome
had significantly higher saliva y (“pull-off’ force method) compared with
control subjects (67.2 £ 1.1 mN/m versus 63.2 + 1.7 mN/m, P <0.05). Up-
per airway collapsibility index significantly increased from wake to sleep
(Stage 2 and slow wave sleep) but was not different between groups
during wake (primary Sjégren’s syndrome versus controls; 36.3% + 8.0%
vs 46.0 £ 13.8%), stage 2 sleep (53.1% * 11.9% vs 63.4% + 7.2%), or
slow-wave sleep (60.8% + 12.2% vs 60.5% + 9.3%).

Conclusions: Despite having a significantly “stickier” upper airway, pa-
tients with primary Sjogren’s syndrome do not appear to have abnormal
upper airway collapsibility, at least as determined from upper airway
collapsibility index.
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SJOGREN’S SYNDROME IS A CHRONIC AUTOIMMUNE
DISEASE CHARACTERIZED BY INFLAMMATION OF
THE LACRIMAL AND SALIVARY GLANDS.!? Sjogren’s
syndrome can present either alone (primary) or concurrent with
rheumatic diseases such as rheumatoid arthritis (secondary).
Although reports of primary Sjogren’s syndrome prevalence
vary (0.04%-4.8%), current literature suggests it is one of the
most common autoimmune diseases.>® The onset of Sjogren’s
syndrome generally occurs during middle age and is far more
prevalent in females (female:male ratio 9:1)."* The cardinal
symptoms of Sjogren’s syndrome include xerostomia (dry
mouth) and keratoconjunctivitis (dry eyes). These symptoms
are the result of lymphocytic infiltration and subsequent hypo-
function of the salivary and lacrimal exocrine glands.'**
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Debilitating fatigue and daytime sleepiness are also common
complaints of patients with primary Sjogren’s syndrome.'*®
Studies show that up to 70% of patients with Sjogren’s syn-
drome report higher fatigue levels, as compared with control
subjects without Sjogren’s syndrome.'*>” Gudbj6érnsson et al’
found that patients with primary Sjégren’s syndrome reported
that they felt sleepy during the day, suffered from fatigue, and
napped more frequently than controls.

A pilot study from our laboratory (Hlavac, personal com-
munication, 2006), designed to investigate potential causes of
sleepiness and fatigue in patients with primary Sjogren’s syn-
drome, found a higher prevalence of obstructive sleep apnea
(OSA) in a group of 28 healthy-weight women with primary
Sjogren’s syndrome, compared with 15 age- and body mass
index-matched healthy women. OSA is a sleep-related breath-
ing disorder characterized by repetitive airway obstruction and
arousal during sleep and is an established cause of daytime
hypersomnolence.” Together with airway dryness in primary
Sjogren’s syndrome, these findings may indicate altered upper
airway lining liquid (UAL) surface tension (y) as a potential
contributor to sleep- disordered breathing and ultimately day-
time sleepiness in patients with primary Sjdgren’s syndrome.
The role of y in maintaining airway patency for gas exchange
in the alveoli and, to some extent, in bronchioles is well de-
scribed.' However, the role of v in the upper airway has only
recently been investigated. Several recent studies have found
that the intraluminal pressure required to reopen the collapsed
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airway (opening pressure) is higher than that at which the airway
collapses (closing pressure).'""* Animal'' and human'>'¢ studies
have shown that greater y in the upper airway can predispose
the airway to collapse and that this propensity for collapse is
significantly reduced upon application of a surfactant.”*'>!7 Van
der Touw and colleagues' found that application of a surfactant
to reduce y in awake healthy humans lowered opening pres-
sure, whereas saline treatment still required greater intraluminal
pressure to reopen the airway. This observed hysteretic pattern
suggests that adhesion between the upper airway walls attribut-
able to surface forces may be instrumental in determining the
length of apneic events.'*'>!” Several studies'>'"'* have also di-
rectly assessed the role of y in patients with OSA and found that
lowering y by means of a surfactant significantly reduces the
frequency of obstructive events by up to 42% in patients with
OSA."® Kirkness et al'® employed a more direct approach in
their night study of patients with OSA by quantitatively assess-
ing UAL vy and its effect on sleep-disordered breathing. The re-
sults showed a reduction in respiratory disturbance index from
51 + 8 events per hourto 35 + 8 per hour (mean += SEM), which
correlated with a fall in UAL y with surfactant. In a separate
study, these investigators also reported that, although patients
with OSA did not have abnormal salivary flow rates, UAL y
was significantly higher in patients with OSA compared with
control subjects (59.9 [53.8, 58.8] mN/m OSA patients, 56.3
[57.7, 62.1] mN/m healthy subjects; mean [95% confidence
interval])."

Another key finding from previous studies is a strong in-
verse correlation between oral mucosal wetness and UAL y*°
In route-of-breathing studies, nasal breathing has been shown
to be associated with increased oral mucosal wetness,? over-
night drops in UAL v, and an approximately 50% reduction
in respiratory disturbance index.'” Nasal turbinates efficiently
heat and humidify nasal-breathed air such that mouth-breathed
air is comparatively colder and drier. Mouth breathing there-
fore heightens evaporation from upper airway mucosal sur-
faces, leading to upper airway drying."” Hence, oral dryness,
and concurrent increased UAL y observed in mouth breathing®
may serve as a model for dry airways in patients with primary
Sjogren’s syndrome.

The overarching hypothesis that upper airway dryness con-
tributes to fatigue observed in patients with primary Sjogren’s
syndrome warrants further investigation. Firstly, however, it re-
mains to be established whether airway surface tension and the
mechanical behavior of the upper airway are indeed abnormal
in this patient group. Available evidence suggests that upper
airway dryness may alter upper airway surface forces in pa-
tients with primary Sjogren’s syndrome and could potentially
lead to abnormal upper airway function, disordered breathing in
sleep, and ultimately daytime fatigue. Consequently, the aims
of this study were to assess oral mucosal wetness, saliva surface
tension, and the collapsibility of the upper airway during wake-
fulness and sleep in patients with primary Sjogren’s syndrome
compared with control subjects without Sjogren’s syndrome. It
was hypothesized that, when compared with results from age-,
body mass index-, and sex-matched controls, oral mucosal dry-
ness, saliva surface tension, and upper airway collapsibility
would be greater in patients with primary Sjogren’s syndrome
during both wakefulness and sleep.
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METHODS
Subject Selection

All participants were women. Eleven patients with primary
Sjogren’s syndrome were recruited from South Australian rheu-
matology outpatient clinics. All patients with primary Sjogren’s
syndrome satisfied the American-European classification cri-
teria for primary Sjogren’s syndrome.?' Eight controls without
primary Sjogren’s syndrome matched for age and body mass
index were recruited on a “bring-a-friend” basis and through lo-
cal advertisements. Subjects did not have any history of respira-
tory, craniofacial, or cardiovascular disorders, had not recently
had respiratory tract infections (< 1 month ago), and were not
using any xerogenic drugs. A supplementary polysomnography
visit was conducted for those subjects who had not had a stan-
dard diagnostic polysomnography within the past 24 months.
Subjects with severe OSA (respiratory disturbance index > 40
events/h) were excluded from the study to allow for negative-
pressure-pulse delivery during stable periods of breathing. The
study was approved by the Repatriation General Hospital and
Adelaide University Human Research and Ethics Committees.
All participants provided informed written consent.

Equipment and Instrumentation

Wetness and Surface Tension Measurements

Oral mucosal wetness measurements were obtained using
standardized, gravimetric, absorbent paper strips (SialoPaper
Strips, Oraflow Inc, Plain View, NY) placed on the posterior mid-
line of the tongue for 5 seconds. The volume of absorbed fluid, as
a measure of wetness, was calculated as the difference in weight
of the strip before and after fluid absorption.?*? Saliva was col-
lected for y analysis using a small polyethylene tube (OD 0.80
mm, ID 0.50 mm, Biocorp, Huntingdale, Victoria, Australia) po-
sitioned under the tongue and attached to a needle (23 gauge)
and 1-mL syringe to draw approximately 1.0 pL of fluid into the
tubing. Samples were stored frozen (-80°C) and sent on dry ice
to the Department of Respiratory Medicine, Westmead Hospital,
NSW within 2 weeks of collection for y analysis using the “pull
off force” technique.*** Briefly, y was determined by the amount
of force required to separate 2 curved silica surfaces bridged by
approximately 0.2 uL of the test fluid. Reference normal samples
drawn from laboratory staff were sent with each batch to assess
the impact of the transportation process.

Sleep, Respiratory, and Pressure Measurements

Ventilatory (inspiratory flow, end-tidal co, (ETco,), mask
leak) and sleep data (electroencephalogram, electrooculogram,
submental electromyogram) were recorded as described by Hla-
vac et al.” A nasal mask (ComfortGel Nasal Mask, Respironics,
Murrysville, PA) was attached, via a flexible tube, to a negative-
pressure pulse delivery system in the adjacent observation room
(see Figure 1). Breath-by-breath ventilation was measured with
a pneumotachograph (PT36, Jaeger, Hoechberg, Germany) at-
tached to the nasal mask. Breathing effort was measured using
respiratory inductive plethysmography bands fitted to the chest
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Figure 1—Schematic of the respiratory circuit. Arrows indicate
direction of airflow: black during normal breathing, grey during
brief negative pressure pulses.

and abdomen (Respitrace system, Ambulatory Monitoring Inc,
Ardsley, NY). Mask (P_ ), epiglottic (Pepi), and choanal (P, )
pressure were measured via pressure transducers (Validyne
Engineering, Northridge, CA). P_; and P were connected to
air-perfused catheters (PE tubing, Microtube Extrusions, North
Rocks, NSW, Australia) advanced via the nares under local an-
esthesia (lignocaine hydrochloride, 50 mg/mL) to the level of
the epiglottis and posterior nasopharyngeal wall, respectively.
For more detail see Jordan et al.?

Negative Pressure Pulses

Upper airway collapsibility was measured using brief neg-
ative-pressure pulses (-8 to -12 ¢cm H,0 at the choanae) deliv-
ered to the mask every 2 to 6 breaths at early inspiration during
wakefulness, stable Stage 2 sleep, and slow-wave sleep (SWS)
(> 20 pulses in each state).”” Pulse generation was achieved
using a partially evacuated (~-100 cm 1,0) 50-L plastic barrel
connected to a computer controlled, pneumatically driven sole-
noid valve (SXE9575-A70-00, IsoStar, Norgren, Switzerland).
Custom software was used to monitor inspiratory flow and
trigger brief (~200 msec) pulses of negative pressure by rapid
switching of the inspiratory circuit from room air to the nega-
tive-pressure source. An adjustable spring-loaded pressure-lim-
iting valve (Threshold inspiratory muscle trainer, Healthscan
Products Inc, Cedar Grove, NJ, USA) was used to regulate the
pressure delivered to the subject (see Figure 1).

Protocol

Subjects presented to the laboratory approximately 2 hours
prior to their normal sleep time and at least 1 hour postprandial,
having abstained from caffeine, alcohol, and strenuous exercise
for 12 hours. Upon arrival, written consent was obtained, and
the subject was familiarized with the procedures. Oral wetness
and y measurements were taken in the evening and again in the
morning immediately after the overnight sleep study. Subjects
were asked to drink water 30 minutes prior to these measure-
ments and to perform nasal breathing for 15 minutes prior to
these measurements.

The supine position was adopted and confirmed visually
via video monitoring during all wake and sleep collapsibil-
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ity measurements. Subjects were asked to stay awake for 20
minutes, 10 minutes for baseline wakefulness data collection
and 10 minutes during which approximately 30 wake pulses
were delivered. Subjects were then allowed to fall asleep. In the
event of discomfort in the supine position during the night, sub-
jects were allowed to stretch and, if necessary, briefly sleep in
a lateral position, before recommencing supine sleep. After any
cortical arousal, 1 minute of stable Stage 2 sleep, or SWS was
required before another pulse was delivered. If full awakening
occurred, further pulses were withheld until at least 2 minutes
of stable Stage 2 or SWS had occurred.

Data Analysis

Analogue signals were recorded using a 32-channel data-
collection system (Windaq DI 720, DataQ Instruments Inc,
Akron, OH) sampling at 200 Hz per channel. Sleep parame-
ters, plethysmography, oxygen saturation (Sao,) and flow were
simultaneously recorded using a second computerized data-
acquisition system (Compumedics Ltd, E series, Abbotsford,
Vic, Australia). Both systems were time locked using an event
marker recorded simultaneously on both systems at the onset
of each negative pressure pulse.”® Sleep staging, arousal, and
respiratory event scoring were performed by a qualified sleep
technician, blinded to subject group.

Pulses delivered during swallows or transient catheter block-
ages were removed from analysis. Flow, P, Pepi, and P
were ensemble averaged for each subject from 500 millisec-
onds before to 1000 milliseconds after each replicate pulse. Up-
per airway collapsibility index was calculated for each subject
from ensemble averaged minimum P, - P_. (at minimum P )
expressed as a percentage of the delivered pulse pressure (mini-
mum P ).*’

Ventilatory parameters, including inspiratory and expiratory
time (T,, T,), inspiratory tidal volume (V_,), inspiratory minute
ventilation (V)), and upper airway resistance (R, slope of P
to P_. versus flow relationship during inspiration) were calcu-
lated from the breath preceding each pulse delivered and aver-
aged within each sleep stage (wake, stage 2 sleep, and SWS).

Statistical Analysis

Upper airway collapsibility index, ventilatory parameters,
saliva vy, and oral wetness measures were compared between
groups (primary Sjogren’s syndrome vs controls with Sjogren’s
syndrome), and across states (wake vs Stage 2 vs SWS) or time
(evening vs morning) using analysis of variance for repeated
measures. Significant Greenhouse-Geisser adjusted analysis of
variance effects were examined using posthoc Student paired
t-tests corrected for multiple comparisons using the Dunn-Sidak
procedure.?® Statistical significance was inferred when P < 0.05.
All data are reported as mean + SEM.

RESULTS

Of the 11 patients with primary Sjogren’s syndrome who
were recruited, 2 were unable to sleep and thus contributed only
wake data. Four patients and 1 control subject did not achieve
SWS during the study night, such that only 7 patients with pri-
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Figure 2—Comparison of gravimetric fluid absorption after 5-sec
absorbent paper contact on the posterior midline of the tongue
(1L/5 sec) in subjects with primary Sjégren’s syndrome (n = 11)
and control subjects without Sjogren’s syndrome (n = 8) at eve-
ning, morning, and combined collection times. There were no
significant differences between groups or across collection times.
Values are mean + SEM.
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Figure 3—Saliva surface tension (mN/m) in subjects with pri-
mary Sjogren’s syndrome and control subjects without Sjogren’s
syndrome. Patients with primary Sjogren’s syndrome had signifi-
cantly higher saliva surface tension than controls (¥*P < 0.05). Val-
ues are mean + SEM. Primary Sjégren’s syndrome evening, n =
7; primary Sjogren syndrome’s morning, n = 8; controls at both
collection times, n = 8.

During Wake, Stage 2 Sleep, and Slow-Wave Sleep

Wake
Control SS

T, sec 22+0.2 2.0+0.1
T,, sec 3.0+0.3 2.8+£0.3
F, breaths/min 12.5+0.9 142+14
VL 0.6+0.1 0.6+0.1
V,, L/min 6.8+0.6 73+£0.7

spper airway? S 1,0/(L/sec) 53+0.7 59+1.1
Sao, , % 97.9+0.4 98.2+0.6
ETco,, mm Hg 412+14 39.0+ 1.6

ventilation, V; upper airway resistance, R, ;

Table 1—Ventilatory Parameters in Patients with Primary Sjogren’s Syndrome and Control Subjects without Primary Sjogren’s Syndrome

Stage 2 SWS

Control SS Control SS
2.0+0.1 2.0+0.1 1.9+0.1 2.0+0.1
25403 2.7+0.2 25402 2.84+0.3
13.8+0.9 13.3+1.0 14.1+1.1 13.1+1.0
0.4+0.0 0.4 +0.0% 0.44+0.0 0.4 +0.0%
54+0.6 4.9+ 0.5% 5.1+£0.6 4.9 +0.7*
20.5+34 13.6 £3.2% 17.2+3.2 16.4 £4.3%
97.4+0.5 97.9+0.4 97.6+0.2 98.0+0.4
43.6+0.7 38.7+5.1 45.1+0.5 37.9+6.7

Values are mean + SEM. Inspiratory time, T ; expiratory time, T ; frequency of breathing, F ; inspiratory tidal volume, V_; inspiratory minute
O, saturation, SaO,; and end-tidal CO,, ETCO,. Primary Sjogren’s syndrome (SS), wake, n =
11; primary Sjogren’s syndrome stage 2 sleep, n = 9; primary Sjogren’s syndrome slow-wave sleep (SWS), n = 7; controls wake and stage 2
sleep, n = §; controls SWS, n="7. *P < 0.05 compared to wake conditions when groups were combined.

T

mary Sjogren’s syndrome and 7 control subjects contributed
SWS data. Due to the paucity of saliva in patients with primary
Sjogren’s syndrome, samples for surface tension measurements
could be obtained from only 7 patients with primary Sjogren’s
syndrome in the evening and 8 patients in the morning.

There were no significant between-group differences in age
(primary Sjogren’s syndrome, 61.0 + 2.8 years vs control sub-
jects, 55.9 + 3.2 years), body mass index (primary Sjogren’s syn-
drome, 23.2 + 1.1 kg/m? vs control subjects, 25.9 + 0.8 kg/m?), or
respiratory disturbance index (primary Sjogren’s syndrome, 16.6
+ 2.8 events/h vs control subjects, 17.9 £+ 4.4 events/h).

Sleep Characteristics

On the study night, there were no between-group differences
in the total sleep time (overall mean = SEM; 200 + 20 min-
utes), time awake after sleep onset (171 + 10 minutes), sleep
efficiency (44% =+ 4%), or the percentage of sleep time spent in
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stage 2 sleep, SWS, or rapid eye movement sleep (56% + 3%,
13% + 3% and 4% + 2%, respectively). However, patients with
primary Sjogren’s syndrome demonstrated a greater percentage
of stage 1 sleep (33% =+ 5% vs 20% + 3%, P=0.038) and a trend
for a higher arousal index (51 = 6 vs 36 + 5 events/h, P = 0.06)
compared with control subjects.

Ventilatory Parameters

There were no group or group-by-state effects found for any
of the respiratory variables examined. However, V_ and V, sig-
nificantly decreased from wake to sleep with a corresponding
increase in upper airway resistance (see Table 1).

Oral mucosal wetness

Oral mucosal wetness was not significantly different be-
tween the groups with and without primary Sjogren’s syndrome
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Figure 4—Ensemble averaged choanal (Pcho) and epiglottic (Pepi) pressures during negative pressure pulses applied during wake (A, B) and
stage 2 sleep (C, D) in patients with primary Sjégren’s syndrome (B, D) and control subjects without Sjogren’s syndrome (A, C). Raw data
averaged from 500 msec before to 1,000 msec after the pulse. Values are mean + SEM. Primary Sjégren’s syndrome wake, n = 11; primary
Sjogren’s syndrome stage 2 sleep, n = 9; controls in both states, n = 8.
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(P = 0.101) or across collection times (P = 0.178). Figure 2
shows the amount of gravimetric fluid absorption after sample
collection.

Saliva Surface Tension

The evening saliva surface tension of patients with primary
Sjogren’s syndrome was significantly higher than that of the
control group (P < 0.05). There were no significant differences
between collection times (see Figure 3).

Collapsibility Index

Collapsibility index data were averaged from 326 wake puls-
es, 449 stage 2 pulses, and 482 SWS pulses for patients with
primary Sjogren’s syndrome and from 195 wake, 491 stage
2, and 309 SWS pulses for control subjects. Given the pulse-
exclusion criteria, 178 of the 1435 pulses delivered to patients
with primary Sjogren’s syndrome were excluded from primary
Sjogren’s syndrome analysis and 128 pulses, from a total of
1123, were excluded from control analysis due to swallows or
transient catheter blockages.

Figure 4 shows P and P, traces, ensemble averaged within
each subject during multiple negative pressure pulses in wake-
fulness and stage 2 sleep. The collapsibility index significantly
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increased from wake to sleep (stage 2 and SWS, P < 0.05), as
displayed in Figure 5. However, the collapsibility index was
not significantly different between groups (primary Sjogren’s
syndrome vs control subjects) under any condition. No group-
by-stage interaction effects were found.

DISCUSSION

The present study was designed to assess, for the first time,
the surface active forces and collapsibility of the upper airway
in primary Sjogren’s syndrome. Saliva y was found to be sig-
nificantly higher in patients with primary Sjogren’s syndrome
compared with control subjects. However, oral wetness and
upper airway collapsibility, at least as assessed using negative
pressure pulses applied during early inspiration, were not sig-
nificantly different in patients with primary Sjogren’s syndrome
compared with well-matched controls without Sjogren’s syn-
drome, nor were there time-of-collection effects detected. A
state difference was detected in upper airway collapsibility and
for several ventilatory parameters, including V., V,, and upper
airway resistance, consistent with previous studies,” but none
of these parameters showed between-group differences.

The non-significant trend for reduced oral mucosal wetness
in patients with primary Sjogren’s syndrome likely reflects a
Type II error, given that the criteria for a Sjogren’s syndrome
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Figure 5—Comparison of collapsibility index, as a measure of
upper airway collapsibility, between primary Sjogren’s syndrome
and non-primary Sjogren’s syndrome controls during wake, stage
2 and SWS. Collapsibility index was calculated from ensemble
averaged pulses for each state using the formula: minimum Pcho —
Pepi pressure (at minimum Pcho)/ minimum Pcho; expressed as a
percentage. *P < 0.05 compared to wake. Values are mean + SEM.
Primary Sjogren’s syndrome wake, n = 11; primary Sjégren’s syn-
drome stage 2 sleep, n = 9; primary Sjogren’s syndrome slow-
wave sleep (SWS), n = 7; controls wake and stage 2 sleep, n = §;
controls SWS, n=7.

diagnosis includes a subjective perception of dryness or an ob-
jective measure of salivary flow reduction. Similarly, the lack of
a between-group difference in upper airway collapsibility index
may also reflect inadequate statistical power. Given the sample
size, a significance level of 0.05, and within-group standard de-
viations in the order of 25%, we estimate that a difference in
the collapsibility index of approximately 35% would have been
detected between groups with a power of 0.8. In the absence
of between-group trends, coupled with significant sleep-stage
effects on upper airway collapsibility and upper airway resis-
tance, it appears unlikely that an important effect of primary
Sjogren’s syndrome on upper airway mechanics, at least of the
patent airway during inspiration, has been missed due to Type
II error.

Oral Mucosal Wetness

Although our oral mucosal wetness results do not show a
significant decrease in wetness in the primary Sjogren’s syn-
drome group compared with the control group, as shown in pre-
vious literature, we are confident that our group selection crite-
ria were stringently adhered to and that the trend toward drier
mouths in the primary Sjogren’s syndrome group is indicative
of this. It may be that differences between groups are relatively
small due to concomitant age-related mild xerostomia in the
control group*® or a relative insensitivity of our mucosal wet-
ness measurements to detect oral dryness in patients with pri-
mary Sjogren’s syndrome.

Our absorbent paper strip method, adapted from Verma et
al,? although not a direct measure of salivary flow rate, is a
novel approach to assessing xerostomia in primary Sjogren’s
syndrome. The collection of whole or specific gland saliva is
a preferred method of objective dry mouth assessment,’' but
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several studies have recommended the use of absorbent paper
strips in various health and disease states, including Sjogren’s
syndrome.* Furthermore, Wolff and Kleinberg*® claim that oral
mucosal wetness can be directly related to salivary flow rate.
Given that the experimental group had already been diagnosed
with primary Sjogren’s syndrome, the gravimetric absorbent
paper strip technique was employed as a fast, simple, and re-
producible test to confirm this biologically significant change in
salivary gland function. However, the lack of a between-group
difference in oral mucosal wetness suggests that direct salivary
flow measurements may have provided a more sensitive assess-
ment of oral dryness.

Saliva Surface Tension

Patients with Sjogren’s syndrome were found to have sig-
nificantly higher saliva y values than control subjects. This is
the first time that saliva y values have been reported in this pa-
tient group. It is interesting to note that the mean values were
considerably higher, in both patient and control groups, than
those previously reported for human saliva (59.2 + 0.6 mN/m)*
and upper airway lining liquid in healthy normal subjectss (56.3
[53.7, 59.5]; mean [95% Confidence Interval]) and patients
with OSA (59.9 [53.8, 58.8]).!” These data were derived from
collection and analysis methods identical to those employed in
this study. There is no current literature addressing the poten-
tial influence of age and sex on upper airway lining liquid v,
but such variables may account for our elevated results in this
relatively older, female population. Despite the relatively high
values in both groups, the primary Sjégren’s syndrome group
still maintained significantly higher values than those reported
in the control group.

Although human saliva is approximately 95% water, it con-
tains phospholipids that act as a biologic surfactant to maintain
ay lower than water (71.2 mN/m).** One may speculate that, as
well as an elevated saliva y in patients with primary Sjogren’s
syndrome, perhaps it is also the lack of saliva and, thus, a re-
duced total volume of its natural surfactant properties, that may
influence upper airway patency. However, Hill et al* claim that
airway mechanics are independent of y if the fluid lining layer is
less than 2% luminal volume, indicative of a relatively dry air-
way. This study did not, however, venture whether a low liquid
volume of the upper airway lining had a protective or destabi-
lizing effect on upper airway patency.

It could be argued that sampling sublingual saliva does not
reflect upper airway lining liquid y. Sampling of upper airway
lining liquid from patients with primary Sjogren’s syndrome
was attempted in this study but was abandoned because the
volume of fluid that could be recovered was insufficient for
analysis. However, Kirkness et al** found no significant dif-
ference in y between fluid sampled from under the tongue and
the posterior oropharyngeal wall, consistent with the view that
swallowing moves saliva to the back of the throat and coats
the upper airway such that saliva is the primary constituent of
upper airway lining liquid. Although the pharyngeal airway is
known to contain secretory cells,*® the quantitative contribution
of upper airway glands versus salivary glands to upper airway
lining liquid is unknown in healthy humans and may be differ-
ent in patients with primary Sjogren’s syndrome.
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Upper Airway Collapsibility

The absence of differences in upper airway collapsibility
between groups, despite between-group differences in vy, sug-
gests that any increased tendency to OSA in primary Sjogren’s
syndrome reflects surface tension and/or airway drying ef-
fects not captured by early inspiratory airway collapsibility
measurements or other underlying upper airway or respira-
tory control pathophysiology. Surface forces are likely more
important when airway caliber is reduced and in the passive
airway, such as near end-expiration. Consequently, we can-
not rule out important effects of increased surface tension and
mucosal dryness on the propensity for passive airway collapse
and potentially more difficult airway opening following col-
lapse in patients with primary Sjogren’s syndrome. Further
assessment of upper airway critical closing pressure,’’ clos-
ing* and opening pressures, or airway behavior during respi-
ratory loading®* may provide more useful indices of airway
mechanics in future studies in patients with primary Sjogren’s
syndrome. In addition, abnormal respiratory events in sleep
are defined as a reduction in air flow persisting for at least 10
seconds.’ Thus, increased frequency of obstructive respiratory
events in primary Sjogren’s syndrome may be due to a pro-
longation of events'®!? that would normally be counteracted
within 10 seconds. Higher luminal y may require greater in-
traluminal force (i.e. dilator muscle activity) to restore upper
airway patency. OSA is also thought to be multifactorial in
etiology,*’ and arousal responses or central respiratory control
instability might potentially contribute to OSA in this popula-
tion.

Although the limited sample size of this study warrants
caution when interpreting the results, these data support the
hypothesis that saliva y is elevated in patients with primary
Sjogren’s syndrome compared with well-matched control sub-
jects. Patients with Sjogren syndrome were not, however, found
to have abnormal upper airway collapsibility or airflow resis-
tance during inspiration. The apparent increased propensity for
OSA in primary Sjogren’s syndrome is likely due to alternative
mechanisms such as an increased propensity for passive up-
per airway collapse, compromised upper airway re-opening, or
other manifestations of primary Sjogren’s syndrome affecting
upper airway stability or respiratory control. Further investiga-
tion is required to isolate these mechanisms.
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