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Background: Salivary gland dysfunction is one of the key manifestations of Sjögren’s syndrome.
Objectives: (1) To assess prospectively loss of function of individual salivary glands in patients with primary
and secondary Sjögren’s syndrome in relation to disease duration and use of immunomodulatory drugs.
(2) To study changes in sialochemical and laboratory values and subjective complaints over time.
Methods: 60 patients with Sjögren’s syndrome were included in this study. Whole and gland-specific saliva
(parotid and submandibular/sublingual (SM/SL)), samples were collected at baseline and after a mean of
3.6 (SD 2.3) years of follow-up. Disease duration was recorded for all patients.
Results: Patients with Sjögren’s syndrome with short disease duration had significantly higher stimulated flow
rates at baseline than those with longer disease duration (p,0.05). When compared with healthy controls,
the decrease in SM/SL flow rates at baseline was more prominent than that in parotid flow rates (p,0.05).
Over time, there was a significant further decrease of stimulated flow rates, especially of the parotid gland,
accompanied by increasing problems with swallowing dry food (p,0.05). The decrease was independent of
the use of corticosteroids or disease-modifying antirheumatic drugs (DMARDs). Sialochemical variables
remained stable.
Conclusions: Early Sjögren’s syndrome is characterised by a decreased salivary gland function
(parotis.SM/SL), which shows a further decrease over time, regardless of the use of DMARDs or steroids.
Patients with Sjögren’s syndrome with longer disease duration are characterised by severely reduced
secretions of both the parotid and SM/SL glands. These observations are relevant for identifying patients who
would most likely benefit from intervention treatment.

S
jögren’s syndrome is a progressive autoimmune disease
characterised by lymphocytic infiltration of the exocrine
glands, predominantly of the salivary and lacrimal glands.

Within the wide spectrum of its clinical manifestations, salivary
gland dysfunction is considered to be one of the key
manifestations.1 As such, assessment of salivary flow rates
(sialometry) is of diagnostic and, possibly, prognostic value. In
addition, the amount and composition of saliva reflect the
effects of the autoimmune process in the salivary glands,
because glandular destruction leads to a disruption of the
resorptive and secretory processes.2 Therefore, analysis of saliva
(sialochemistry) may also be valuable in diagnosis, assessment
of prognosis and evaluation of treatment.3

Sialometry and sialochemistry can be used as a diagnostic
tool by collecting either whole saliva (the combined secretions
of all salivary glands) or glandular saliva (gland-specific
saliva).4 Assessment of unstimulated whole saliva is currently
proposed as one of the major criteria for evaluation of salivary
gland dysfunction in patients with Sjögren’s syndrome.5

However, when the disease develops, not all major salivary
glands may yet manifest dysfunction, rendering whole saliva
less valuable as a diagnostic tool or as a parameter for
evaluating progression of disease or therapeutic intervention.
By contrast, analysis of gland-specific saliva can yield sequen-
tial involvement of particular glands, reflecting the ongoing
autoimmune process in individual major salivary glands. By
using glandular saliva, patients with Sjögren’s syndrome may
frequently be diagnosed at an earlier stage, and progression or
effects of therapeutic intervention can be measured in a non-
invasive way.

Different sialometrical and sialochemical profiles have been
proposed as being characteristic for an early or late salivary
manifestation of Sjögren’s syndrome.6 This cross-sectional

study showed that patients with a short duration of oral
symptoms related to Sjögren’s syndrome (,1 year) show either
normal flow rates with changed salivary composition or
reduced stimulated flow rates from the submandibular/sub-
lingual (SM/SL) glands, accompanied by normal or subnormal
flow rates from the parotid glands. These data suggest that the
parotid gland is the last salivary gland to manifest hyposaliva-
tion during the disease course, which has been confirmed in
other cross-sectional studies.7–10 In this study, we assessed
prospectively the loss of secretory potency of the parotid and
SM/SL salivary glands in patients with Sjögren’s syndrome in
order to analyse the course of disease from onset to severe
dysfunction of the salivary glands. We also studied changes in
sialochemical and laboratory values as well as subjective
complaints over time to further characterise the early and late
stages of salivary gland involvement in patients with Sjögren’s
syndrome.

PATIENTS AND METHODS
Patients
Between 1994 and 2005, a cohort of patients with primary and
secondary Sjögren’s syndrome (pSS and sSS, respectively,
diagnosed according to the American–European criteria5),
who are being followed up at the Department of
Rheumatology and Clinical Immunology and Department of
Oral and Maxillofacial Surgery, University Medical Center
Groningen, Groningen, The Netherlands, was established. All
patients were seen at regular intervals (6 or 12 months
depending on disease activity). A complete investigation for

Abbreviations: DMARD, disease-modifying antirheumatic drug; IgM-Rf,
rheumatoid factor; pSS, primary Sjögren’s syndrome; SM/SL,
submandibular/sublingual; sSS, secondary Sjögren’s syndrome
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Sjögren’s syndrome was available for all patients, including
data on whole and gland-specific (parotid and SM/SL) salivary
secretion and composition, level of subjective complaints and
disease duration. Disease duration was defined as the time
from the first complaints related to oral dryness until the
moment of measurement of glandular saliva. Early-onset
Sjögren’s syndrome was defined as a disease duration of
,1 year, established Sjögren’s syndrome as a disease duration
of 1–4 years and late Sjögren’s syndrome as a disease duration
of .4 years. To assess the loss of secretory potency as a
function of time, it was decided to repeat collection of gland-
specific saliva in all patients seen between January and July
2005 for routine follow-up. In addition, sialochemical analyses
and laboratory studies were carried out, and subjective
complaints were recorded. All patients provided written
informed consent. Normal values were derived from historic
controls (n = 36).10 11 Healthy controls were matched for age
and sex and did not use any drugs.

Collection of whole and glandular saliva
Whole and glandular saliva was collected in a standardised
manner. Whole saliva was collected according to the guidelines
given in the revised American–European criteria.5 Patients were
instructed not to eat, drink or smoke for 90 min before the
sialometric assessment. All assessments were performed at a
fixed time of the day, in our study between 13:00 and 15:00, to
minimise fluctuations related to the circadian rhythm of
salivary secretion and composition. Unstimulated salivary
secretions were collected during 15 min. Glandular saliva
specimens from both individual parotid glands and simulta-
neously from the SM/SL glands were collected by Lashley cups
(placed over the orifices of Stenson’s duct) and syringe
aspiration (from the orifices of Warton’s duct located anteriorly
in the floor of the mouth), respectively. Stimulated salivary
secretions were collected during 10 min. The salivary glands
were stimulated with citric acid solution (2% wt/vol) applied
with a cotton swab to the lateral borders of the tongue at 30-s
intervals.6 11 Sialochemical analysis was performed as described
previously.3 The following salivary components were quanti-
fied: sodium, potassium, chloride, total protein and amylase.

Laboratory parameters
Systemic inflammatory activity was evaluated by assessing
erythrocyte sedimentation rate, and levels of C reactive protein,
rheumatoid factor (IgM-Rf) and immunoglobulins (IgG, IgA
and IgM). Levels of immunoglobulins and IgM-Rf were
measured by nephelometry.

Subjective complaints
Patients were instructed to express the severity of each of the
following three complaints on a 100-mm visual analogue scale
(0, no complaints; 100, most severe complaints): (1) dry mouth
during the day; (2) dry mouth during the night; and (3)
problems with swallowing dry food without additional
liquids.12

Statistical analysis
Data are presented as mean (standard deviation (SD), range) in
table 1 and as mean (standard error of mean (SEM)) in figs 1
and 2. The significance (p,0.05) of change from baseline was
measured by Wilcoxon’s signed rank test. The Mann–Whitney
U test was used to analyse differences between the various
patient groups. A multivariate analysis was used to determine
any influence of several possibly relevant cofactors on the
outcome parameters in patients with Sjögren’s syndrome (SPSS
V.12.0).

RESULTS
Patients
Table 1 summarises the characteristics of the patients. Of the 60
consecutive patients with pSS and sSS included in this study,
32 (53%) were diagnosed as having pSS and 28 (47%) as having
sSS. The mean (SD) follow-up time after the first visit was 3.6
(2.3) years.

We observed no differences between patients with pSS and
those with sSS at baseline, except for the frequency of
autoantibodies. At baseline, 27 (45%; pSS, n = 16; sSS,
n = 11) patients had early-onset Sjögren’s syndrome, 16
(27%; pSS, n = 7; sSS, n = 9) had established Sjögren’s
syndrome and 17 (28%; pSS, n = 9; sSS, n = 8) had late
Sjögren’s syndrome. The duration of follow-up was comparable
between these three groups.

At baseline, only 2 (6%) patients with pSS were using
hydroxychloroquine. At the last visit, 8 (25%) patients with pSS
were using hydroxychloroquine, including the patients who
already used this at baseline. Of the 28 patients with sSS, 19
(68%) were using disease-modifying antirheumatic drugs
(DMARDs) at follow-up: methotrexate, n = 5; sulfasalazine,
n = 2; combination of methotrexate and sulfasalazine, n = 3;
hydroxychloroquine, n = 4; leflunomide, n = 3; azathioprine,
n = 1; and cyclophosphamide, n = 1. Except for one patient, all
these 19 patients were already using a DMARD at baseline.
Prednisolone was being used during the whole period by 12
patients (pSS, n = 3; sSS, n = 9) in dosages of 5–7.5 mg daily.

Xerogenic drugs were used in 31% of the patients with pSS
and in 48% of the patients with sSS (p.0.05). The usage was
equally distributed between early, established and late
Sjögren’s syndrome, and in patients with or without anti-
SSA/anti-SSB antibodies.

Salivary flow and sialochemical analysis
Although unstimulated flow rates remained at their already
rather low level, stimulated flow rates of glandular saliva had
significantly dropped at follow-up in patients with pSS and in
those with sSS (p,0.05, fig 1). Patients with early-onset
Sjögren’s syndrome had significantly higher stimulated flow
rates than those with late Sjögren’s syndrome at baseline
(p,0.05, fig 2). At the time of referral, the relative decrease in
unstimulated and stimulated glandular saliva was more
prominent in SM/SL flow rates than in parotid flow rates in
patients with early-onset Sjögren’s syndrome, for both pSS and
sSS (fig 2; p,0.05). After correction for follow-up duration,
patients with early-onset Sjögren’s syndrome showed a
decrease in the stimulated parotid flow rate of 0.02 ml/min/
6 months, whereas those with established and late Sjögren’s
syndrome showed a decrease of ,0.01 ml/min/6 months. This
did not apply for stimulated SM/SL flow rates; patients with
early-onset, established and late Sjögren’s syndrome showed a
rather continuous decrease in the flow rate of about 0.01–
0.02 ml/min/6 months. We found no significant differences in
glandular flow rates between patients treated with DMARDs or
steroids and those who did not receive such treatment.

With regard to sialochemical values, we observed a significant
increase in the concentrations of sodium and chloride in parotid
and SM/SL salivary secretions in patients with pSS and in those
with sSS at baseline (p,0.05). No significant differences in
sialochemical values were observed between baseline and follow-
up after correction for the flow rate (sodium reabsorption is
dependent on salivary flow rate) in patients with pSS and in
those with sSS, between patients with early-onset, established or
late Sjögren’s syndrome. Although not significant, patients with
early-onset Sjögren’s syndrome tended to have the highest
concentrations of sodium in parotid saliva, even when corrected
for flow rate (maximum 94 mmol/l).
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Laboratory values
Whereas the erythrocyte sedimentation rate and IgM-Rf levels
remained stable, raised levels of immunoglobulins showed a
significant decline at follow-up, in patients with pSS and in
those with sSS (table 1). This decline was independent of
disease duration at diagnosis. Changes in levels of immunoglo-
bulins could not be attributed to treatment alone, because
patients who never received DMARDs or steroids (n = 36),
mostly those with pSS, also showed a significant decline in
mean (SD) serum levels of IgG (20.1 (7.5) v 18.8 (7.0) g/l;
p,0.05) and IgM (3.1 (4.2) v 2.7 (2.7) g/l; p,0.05). In the
group without treatment, patients with early-onset Sjögren’s
syndrome had significantly higher mean (SD) IgG levels than
those with late Sjögren’s syndrome at baseline (20.1 (7.5) v 17.3
(6.2) g/l; p,0.05). In multivariate analysis, however, the use of
DMARDs and steroids was shown to be the only significant
variable reducing levels of immunoglobulins (p,0.05).

Patients with early-onset Sjögren’s syndrome and anti-SSA/
anti-SSB antibodies had significantly higher mean (SD)
unstimulated and stimulated SM/SL salivary flow rates than
those with early-onset Sjögren’s syndrome without autoanti-
bodies (0.11 (0.12) v 0.02 (0.03) ml/min and 0.53 (0.47) v 0.22
(0.17) ml/min, respectively). This might be explained by
differences in disease duration, as patients with autoantibodies
tended to have shorter disease duration than those without

autoantibodies. We observed no association between the
presence of autoantibodies and salivary flow in patients with
established or late Sjögren’s syndrome.

Subjective complaints
No differences were observed in visual analogue scale scores for
oral subjective complaints at baseline and follow-up (table 1).
When corrected for the duration of oral symptoms, patients
with a disease duration of ,1 year had significantly less
problems swallowing dry food without liquids when compared
with patients with late Sjögren’s syndrome at baseline
(p,0.05). This difference disappeared during follow-up;
patients with short disease duration at baseline now had the
same amount of problems swallowing dry foods as those with
late Sjögren’s syndrome.

DISCUSSION
This longitudinal study shows that patients with pSS and those
with sSS lose stimulated salivary gland function over time,
irrespectively of the type of treatment. Although we found some
variation in flow rates on repeated measurements, this
variation was of a rather low magnitude, especially in patients
with low flow rates.11 When considering this technique-related
variation, the observed decrease of stimulated flow rates in this

Figure 1 Mean (SEM) salivary flow rates of (A) 32 patients with primary Sjögren’s syndrome (pSS) and (B) 28 patients with secondary Sjögren’s syndrome
(sSS) at baseline and follow-up. Normal values are derived from historic controls (n = 36).10 11 SM/SL, submandibular/sublingual glands; UWS,
unstimulated whole saliva. *p,0.05 versus baseline, by Wilcoxon’s signed rank test.
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study was still found to be statistically and clinically significant
(fig 1).

Loss of salivary gland function is already prominent in early-
onset Sjögren’s syndrome, and progression of this functional
loss seems to be of a lower magnitude after a longer period of
disease duration.

The parotid gland seems to be the last gland to be affected in
patients with Sjögren’s syndrome. It is unclear why the parotid
gland has a longer-lasting secretory capacity, although the
same effect has been observed in healthy elderly people in
whom the SM/SL glands show a physiological decline in
secretory capacity and the parotid glands show no loss of
function.13 In the more progressive stages of the disease, both
unstimulated and stimulated SM/SL and parotid gland func-
tions fall to a low level. Patients then start having considerably
more problems swallowing dry food, which is also considered to
be one of the main oral symptoms in the diagnostic criteria for
Sjögren’s syndrome.5

Although we did not observe an influence of drugs on
salivary flow rates, evidence suggests that prednisone may
improve salivary flow and the main clinical and histological
features in selected patients.14–16 We were not able to show such

an effect, which may be due to the insufficient power of this
study to determine an effect of drugs in this rather small and
heterogeneous group of patients. The use of xerogenic drugs
(antihypertensives, antihistamines and psychotropics) may
cause a suppressive effect on salivary secretion. This suppres-
sion may lead to a decrease in unstimulated flow rates,
predominantly of the SM/SL glands, which are the most active
glands under resting conditions. Although a possible effect of
the drugs is usually only shown regarding the subjective feeling
of a dry mouth and in many cases is not proved by the objective
measurement of the unstimulated salivary secretion, these
drug-related effects on salivary secretion might partly explain
the observed difference between healthy controls and patients
with Sjögren’s syndrome.3 The loss of stimulated salivary gland
function cannot (or at the most to a minor extent) be attributed
to the use of xerogenic drugs, and is therefore most probably
associated with disease duration.

Few studies have investigated the long-term course of
salivary gland function in patients with Sjögren’s syndrome;
hence, little is known yet about the natural course of the
disease and the onset of salivary gland dysfunction.1 17–22

Gannot et al17 suggested that exocrine function, once already

Figure 2 Relationship between disease duration (the time from first complaints induced by or related to oral dryness until referral) and mean (SEM) salivary
flow rates in patients with (A) primary Sjögren’s syndrome (pSS) and in those with (B) secondary Sjögren’s syndrome (sSS). Normal values are derived from
historic controls (n = 36).10 11 SM/SL, submandibular/sublingual glands; UWS, unstimulated whole saliva. *Significant difference versus patients with early-
onset Sjögren’s syndrome ((1-year oral complaints; p,0.005) by the Mann–Whitney U test. �Significant difference versus patients with early-onset
Sjögren’s syndrome (p,0.05) by the Mann–Whitney U test.
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compromised, remains stable over time. This reflects the
natural disease course only partially, as changes in the early
stage of the disease—when a major loss of exocrine function
actually takes place—seem unduly overlooked. Theander et al23

described a 5-year follow-up of 58 patients with pSS and
showed a rather stable course of manifestations of the main
disease. Disease duration did not influence changes during
follow-up, which is in contrast with our findings. Theander et
al23 did not study patients with early-onset disease, which, as
mentioned by the authors in their discussion, might explain
these differences.

Although most studies used the time since definitive
diagnosis as a measure for disease duration, we defined disease
duration as the time since the first complaints related to oral
dryness. Although this is somewhat arbitrary, it is in our
opinion the only method to investigate patients with early
disease onset.

High levels of sodium and chloride in saliva of patients with
Sjögren’s syndrome are associated with higher levels of disease
activity or a more progressive disease.24 25 The patients had
increased levels of sodium and chloride, which remained
unaffected during follow-up, indicating ongoing sialoadenitis.
Further, patients with early-onset Sjögren’s syndrome tended
to have the highest concentrations of sodium. Patients with
early Sjögren’s syndrome may have more active disease, which
is also reflected in higher serum levels of immunoglobulins.

In the course of the disease, immunoglobulin levels were
found to decrease, although they were still above normal.
Patients treated with DMARDs had the largest decrease in
immunoglobulin levels. However, patients without drugs also
showed a decline in serum levels of immunoglobulins, possibly
reflecting reduction in inflammatory activity over time. This has
been confirmed by other studies, where the erythrocyte
sedimentation rate and immunoglobulin levels of patients
remained stable or decreased, independent of DMARD or
steroid use.17 20 22 Despite this decrease in immunoglobulin
levels, patients with Sjögren’s syndrome still have increased B
cell activity, reflected by raised levels of IgG and IgM-Rf
(table 1).

Determination of glandular flow rates is not only important
in the diagnostic investigation of Sjögren’s syndrome but is,
possibly, also a parameter for assessing the potential for new
intervention treatment. Sialochemistry might be beneficial in
identifying patients with active glandular disease, and might be
a new parameter for assessing the effect of treatment on the
level of the salivary gland function. A recent intervention study
with B cell depletion in patients with Sjögren’s syndrome
showed that only patients with sufficient residual gland
function (ie, those with early Sjögren’s syndrome) responded
well to treatment.26 Therefore, gland-specific sialometry is of
paramount importance for diagnosing patients with early-onset
Sjögren’s syndrome and is also crucial in identifying patients
who may benefit from intervention treatment. Future studies
should also focus on other salivary components such as salivary
immunoglobulins and saliva levels of anti-SSA and anti-SSB
antibodies to further characterise disease progression.27
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sialadenitis in Sjögren’s syndrome. Br J Rheumatol 1993;32:578–81.

20 Kruize AA, Hene RJ, Van der Heide A, Bodeutsch C, De Wilde PC, Van
Bijsterveld OP, et al. Long-term followup of patients with Sjögren’s syndrome.
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syndrome: an open-label phase II study. Arthritis Rheum 2005;52:2740–50.

27 Halse AK, Marthinussen MC, Wahren-Herlenius M, Jonsson R. Isotype
distribution of anti-Ro/SS-A and anti-La/SS-B antibodies in plasma and saliva of
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