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Reduced salivary flow and
caries status are correlated
with disease activity and
severity in patients with diffuse
cutaneous systemic sclerosis
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Abstract

Objective: To analyze the correlations of saliva production and pH value with disease activity,

disease severity, and oral health-related quality of life in patients with diffuse cutaneous systemic

sclerosis (dcSSc) without concomitant Sj€ogren’s syndrome (SS) or SS-related antibodies.

Methods: This cross-sectional study included 28 patients with dcSSc and matching healthy

controls. Sialometric assessment and caries status were compared between the two groups.

Clinical and laboratory parameters were used to evaluate disease severity, in accordance with

the Medsger Severity Scale.

Results: In patients with dsSSc, reduced saliva production and higher pH value were associated

with disease activity and severity; moreover, caries status was correlated with SSc disease char-

acteristics, including disease duration and disease severity. Oral health-related quality of life was

negatively correlated with mean salivary flow rate.

Conclusions: These findings contradict the existing notion that reduced saliva production in

patients with SSc is linked to SS-related antibodies or caused by underlying SS. In addition,

patients with dcSSc exhibit elevated risk of cardiovascular disease and invasive dental treatment

has been shown to enhance the rates of stroke and heart attack in the general population;

therefore, oral health is particularly important in patients with SSc.
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Introduction

Systemic sclerosis (SSc) is a rare connective
tissue disease, characterized by inflamma-

tion, vascular dysfunction, and excessive

fibrosis of connective tissue supporting the
skin and visceral organs.1 The most widely

used classification system divides SSc into

limited cutaneous and diffuse cutaneous

(dcSSc) subtypes.2 The prevalence of SSc
appears to be lower in Europe than in the

United States; in Croatia, the estimated

prevalence of SSc is 15.6 per 100,000.3

The orofacial region is affected in

approximately 80% of patients with SSc.

Management of SSc mainly involves treat-

ment of organ-specific complications.
Orofacial symptoms are typically over-

looked owing to the severity of systemic

manifestations.4 When orofacial symptoms

are diagnosed, treatment is generally based
on prevention of infections and caries.

Xerostomia is a disease caused by reduced

salivary flow due to various factors.5

Medications include salivary substitutes

and sialagogue drugs. Approximately 30%

to 40% of patients with SSc exhibit xero-

stomia.6,7 The etiology of xerostomia
includes salivary gland fibrosis or concom-

itant Sj€ogren’s syndrome (SS). A prospec-

tive study of consecutive patients with SSc
revealed that the prevalence of SS was

68%.8 Further investigation of labial sali-

vary gland biopsies in that study revealed

that 58% of patients with SSc and SS had
glandular fibrosis; 23% had concomitant

SS, indicated by lymphocytic sialadenitis.

Notably, patients with SSc have lower sali-
vary flow rates and salivary pH values,

compared with healthy individuals.9

Reduced saliva production in patients with
SSc has been associated with SS-related
antibodies.10 However, reduced saliva pro-
duction has not been associated with dis-
ease severity in patients with SSc.10,11

Quality of life is severely impaired in
patients with SSc.12 An investigation of
oral health-related quality of life
(HRQoL), using the Oral Health Impact
Profile, showed that HRQoL is lower in
patients with SSc than in the general popu-
lation.13 However, patients with SSc and
concomitant SS or SS-related antibodies
were included in most previous studies,
which greatly influenced the conclusions of
those studies. A recent study involving
patients with SSc, without concomitant SS
or SS-related antibodies, confirmed the
impairment of unstimulated and stimulated
salivary flow, regardless of disease sub-
type.14 Importantly, direct saliva measure-
ment and possible correlations with disease
characteristics were not evaluated in prior
studies. In this study, we hypothesized that
saliva production and pH value may be
related to disease activity, disease severity,
and oral HRQoL in patients with dcSSc,
without concomitant SS or SS-related
antibodies.

Materials and methods

Participants

This cross-sectional study was conducted
from August 2015 to February 2017 at
University Hospital Center (UHC) Split
(Split, Croatia). Patients who met the 2013
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American College of Rheumatology/
European League Against Rheumatism
classification criteria for definite SSc were
eligible to participate in the study.15 The
distinction between limited cutaneous SSc
and dcSSc was made in accordance with
the criteria described by LeRoy et al.2

Disease duration was calculated from the
onset of initial manifestations of disease,
without Raynaud’s phenomenon. Patients
with dcSSc were included regardless of
whether they had missing dentures; includ-
ed patients also did not take medication
that could influence salivary gland function
(within 4 weeks of enrollment) and did not
smoke. Patients were excluded if they had
acute or chronic infections (mucositis or
candidiasis); they were also excluded if
they had other systemic and periodontal
diseases (by assessment of periodontal
pocket depth and clinical attachment
level). Secondary SS was a key exclusion
criterion; patient assessment included ques-
tionnaires for xerostomia and xeropthal-
mia, Schirmer’s I test, unstimulated whole
salivary flow, minor salivary gland biopsy,
and assessment of anti-Ro/La antibodies.
In patients with another well-defined con-
nective tissue disease, the presence of one
symptom (ocular or oral) plus two of the
three objective criteria (i.e., ocular signs,
histopathology, or oral signs) was consid-
ered indicative of secondary SS.16 Patients
with dsSSc were matched for sex and age
with healthy controls for comparisons.

Ethical considerations

All procedures performed in the study were
in accordance with the ethical standards of
UHC Split (local Ethics Committee, refer-
ence number 2181-198-03-04-16-0022) and
complied with the tenets of the 1964
Helsinki declaration and its later amend-
ments. A biopsy in the healthy control
group was not performed, in accordance
with the ethics committee guidelines.

All participants provided written informed
consent, prior to inclusion in the study.

Assessments

Each participant underwent rheumatological
examination and comprehensive laboratory
evaluation. Indirect immunofluorescence on
HEp-2 cells was used to determine the pres-
ence of anticentromere antibodies, and an
enzyme-linked immunosorbent assay (Cat.
No. BI-5000; Biomedica, Vienna, Austria)
was used to test for SSc- and SS-related anti-
bodies (i.e., anti-Scl70, anti-Ro 52/TRIM-
21, anti-SSA/Ro 60, and anti-SSB/La
antibodies).

Glandular saliva was collected in a stan-
dardized manner. To minimize circadian
fluctuations of salivary secretion, assess-
ments of salivary flow rate were performed
at a pre-defined time of day.17 Salivary pH
was measured with a pH meter. A single
examiner (K.P.) assessed periodontal and
caries statuses. Interincisal distance was
measured as the distance from the incisal
edge of the lower central incisor tooth to
the incisal edge of the upper central incisor.18

Oral mucosal, periodontal, and tooth condi-
tions were examined. Periodontal disease
status was assessed with respect to periodon-
tal pocket depth and clinical attachment
level.10 The decayed, missing, and filled
teeth (DMFT) index was used to evaluate
tooth status.

The Croatian version of the Oral
Health Impact Profile 49 was used to eval-
uate oral HRQoL; the questionnaire was
used without any modifications relative to
the published version.19 The European
Scleroderma Trials and Research 2016
revised standard was used to assess disease
activity, with a score �2.5 defined as active
disease.20 The modified Rodnan skin score
(mRSS) was used to evaluate skin involve-
ment, with skin thickness as a surrogate for
disease severity.21,22 Severity scores for each
of the nine organ systems were established,
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in accordance with the modified Medsger
Disease Severity Scale.23

Statistical analysis

All analyses were performed with IBM
SPSS Statistics, version 22.0 (IBM Corp.,
Armonk, NY, USA). P-values <0.05 were
considered statistically significant for all
data analyses. Means� standard deviations
were calculated for continuous variables in
both groups; the Mann–Whitney U test was
used for all comparisons of continuous var-
iables between the two groups. Associations
between qualitative variables were analyzed
with the chi-squared test, chi-squared test
for linear trend, or Fisher’s exact test
when appropriate. Spearman rank coeffi-
cients were calculated for all linear correla-
tions between continuous variables.

Results

Twenty-eight consecutive patients with
dsSSc (93% women; mean age, 51 years;
median disease duration, 6 years) were
enrolled in this study (Table 1). Six patients
with dcSSc were excluded from the study due
to the presence of secondary SS.
Comparisons of sialometric assessments
(pH, unstimulated salivary flow [USF] rate
and stimulated salivary flow [SSF] rate) and
caries status (DMFT index) between patients
with dcSSc and healthy controls are provided
in Table 2. Resting and stimulated pH saliva
values were significantly lower in patients
with dcSSc than in healthy controls
(P< 0.001 and P< 0.01, respectively); more-
over, oral HRQoL (i.e., Oral Health Impact
Profile 49 score) was significantly lower
(P< 0.001) andDMFT index was significant-
ly higher (P< 0.01) in patients with dcSSc
(indicating worse caries status).

There were significant negative correla-
tions between caries status and mean sali-
vary flow rates (USF and SSF) (q¼�0.392,
P¼ 0.02 and q¼�0.316, P¼ 0.048) in

patients with dcSSc. There were also signif-
icant negative correlations between oral
HRQoL (i.e., Oral Health Impact Profile
49 score) and mean salivary flow rates
(USF and SSF) (q¼�0.560, P¼ 0.001 and
q¼�0.543, P¼ 0.001).

The USF rate was negatively correlated
with disease activity (Figure 1a) and mRSS
(Figure 1b). There were significant, positive
correlations between mean resting pH value
and disease activity (Figure 1c) and between
mean resting pH value and mRSS (Figure
1d). These results suggested that the USF
rate and pH value could partly reflect dis-
ease activity and skin involvement. Mean
salivary flow rate was significantly positive-
ly associated with the severities of general
(q¼ 0.327, P¼ 0.044), skin (q¼ 0.487,
P¼ 0.004), and gastrointestinal (q¼ 0.323,
P¼ 0.047) involvement in patients with
dcSSc. The DMFT index was positively
correlated with disease activity (Figure 1e)
and mRSS (Figure 1f). Furthermore, caries
status was correlated with disease duration
(P¼ 0.005). However, caries status was not
significantly correlated with oral HRQoL
(i.e., Oral Health Impact Profile 49 score;
data not shown). Caries status was signifi-
cantly positively correlated with the severi-
ties of general, joint, and skin involvement
(q¼ 0.391, P¼ 0.020; q¼ 0.364, P¼ 0.028;
and q¼ 0.404, P¼ 0.016, respectively) in
patients with dcSSc.

Discussion

In our previous study, we confirmed that
low socioeconomic status and physician
assessment of disease severity were positive-
ly associated with oral HRQoL in patients
with SSc.24 In the present study, we found
that reduced saliva production and higher
pH values were associated with disease
activity and severity in patients with
dcSSc. Notably, the Canadian Systemic
Sclerosis Oral Health Study did not find
any association between reduced saliva
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production and disease characteristics, pre-

sumably due to the inclusion of patients

with SSc who had concomitant SS or

SS-related antibodies.10 Reduced saliva

production was associated with the severi-

ties of general, skin, and gastrointestinal

involvement in patients with dcSSc. To the

best of our knowledge, this is the only study

Table 1. Clinical and laboratory characteristics of patients with dcSSc.

Characteristic

Age (years)a 56.45�13.60

Sex Male 2 (7.14)

Female 26 (92.86)

SSc duration (years)b 6 (1–25)

Autoantibody pattern Antinuclearc 2 (7.14)

Anticentromere 8 (28.57)

Anti-Scl70 18 (64.29)

Hemoglobin (g/dL)a 13.8�2.2

Creatinine (mg/dL)a 0.83�0.21

Erythrocyte sedimentation rate

(normal >24 mm/hour)

Normal 16 (38.1)

High 26 (61.9)

mRSS Normal 0 (0)

Mild/moderate 20 (71.42)

Severe/end-stage 8 (28.58)

Gastrointestinal tract Absent 8 (28.58)

Mild/moderate 19 (67.85)

Severe/end-stage 1 (3.57)

Joint/tendon Normal 4 (14.28)

Mild/moderate 23 (82.14)

Severe/end-stage 1 (3.57)

Muscle Normal 7 (25.01)

Mild/moderate 20 (71.42)

Severe/end-stage 1 (3.57)

Digital ulcers Absent 26 (92.85)

Present 2 (7.15)

Peripheral vascular involvement Absent 4 (14.28)

Mild/moderate 24 (85.72)

Severe/end-stage 0 (0.00)

Lung involvement Absent 3 (10.71)

Mild/moderate 24 (85.72)

Severe/end-stage 1 (3.57)

Chest radiography Normal 19 (67.85)

Interstitial lung disease 9 (32.15)

Heart involvement Absent 7 (25.01)

Mild/moderate 20 (71.42)

Severe/end-stage 1 (3.57)

Data expressed as absolute number (%) unless otherwise indicated.
aValues expressed as mean� SD.
bValues expressed as median (range).
cWithout anticentromere antibodies and anti-Scl70 antibodies.

Abbreviations: dcSSc, diffuse cutaneous systemic sclerosis; mRSS, modified Rodnan skin score; SSc, systemic sclerosis; SD,

standard deviation.
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in which the findings contradict the existing

notion that reduced saliva production in

patients with SSc is linked to SS-related

antibodies or presence of underlying SS.
SSc affects the defense systems in both

unstimulated and stimulated human

saliva.14 Generally, unstimulated saliva is

considered to mainly consist of submandib-

ular secretions, while the stimulated saliva

is mainly composed of parotid fluid.25 Low

SSF and USF rates have been observed in

patients with dcSSc.14 Reduced salivary

flow in patients with SSc may be related

to considerable replacement of glandular

tissue with fibrous tissue, as well as acinar

atrophy.26 Reactive oxygen species have

been shown to play a fundamental role in

the pathogenesis of salivary gland dysfunc-

tion during the course of SSc.26,27 In a study

of patients with predominantly cutaneous

SSc, labial salivary gland fibrosis was not

associated with any organ involvement.8

Moreover, a recent study showed that peri-

odontal disease magnitude was strongly

associated with mRSS and disease duration

in a cohort mainly comprising patients with

dcSSc.28 Therefore, we propose that limited

cutaneous SSc and dcSSc should be regarded

as separate subtypes of autoimmunity.

Caries is a pH-mediated disease in which

lower salivary pH values contribute to the

growth of cariogenic bacteria.29 In this

study, we confirmed lower saliva produc-

tion and lower pH values in patients with

dcSSc, compared with healthy controls

(Table 2). In the presence of enhanced dis-

ease activity, patients with dcSSc exhibited

further reduction of saliva production,

higher resting pH values, and greater num-

bers of caries (Figure 1). The reduced sali-

vary flow rate in patients with dcSSc

observed in this study could contribute to

an elevated risk of caries; however, the buff-

ering capacity of the saliva appeared to be

preserved. The correlations of higher rest-

ing pH values and greater numbers of caries

with enhanced disease severity warrant fur-

ther research.
Poor oral health has also been linked to

pulmonary diseases, particularly in individ-

uals with a weakened immune system.30 We

found strong relationships of caries status

with overall disease severity, disease activi-

ty, and the extents of general, skin, and

joint involvement. Therefore, caries preven-

tion should be a treatment priority for

patients with dcSSc. The rates of stroke

and heart attack significantly increase in

Table 2. Sialometric assessment and selected oral features between patients with dcSSc and healthy
controls.

Characteristic

Patients with

dcSSc (n¼ 28)

Healthy controls

(n¼ 28) P value

Age 59.50 (49.00–69.00) 53.50 (48.00–61.50) >0.05

Number of teeth 18 (12–21.50) 26.00 (22.50–28.00) <0.001

Interincisal distance (mm) 3.80 (3.40–4.50) 4.80 (4.40–5.10) <0.001

Unstimulated salivary flow rate (mL/min) 1.90 (0.70–2.40) 4.55 (4.00–5.10) <0.001

Stimulated salivary flow rate (mL/min) 3.50 (2.10–410) 8.20 (7.15–9.30) <0.001

Resting salivary pH value 6.25 (5.75–6.50) 7.00 (4.00–15.50) <0.001

Stimulated salivary pH value 6.75 (6.00–7.00) 7.50 (5.25–16.00) <0.01

DMFT index 28.50 (24.00–32.00) 20.00 (17.00–23.50) <0.01

Oral Health Impact Profile 49 score 45.50 (32.50–55.50) 7.00 (4.00–15.00) <0.001

Data expressed as mean (interquartile range).

*Age is not a confounder for sialometric assessment and selected oral features between groups.

Abbreviations: dcSSc, diffuse cutaneous systemic sclerosis; DMFT, decayed, missing, filled teeth.
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Figure 1. Correlations in patients with dsSSc between (a) USF rate and disease activity (q¼�0.375,
P¼ 0.025), (b) USF rate and mRSS (q¼�0.416, P¼ 0.045), (c) resting salivary pH value and disease activity
(q¼ 0.389, P¼ 0.020), (d) resting salivary pH value and mRSS (q¼ 0.550, P¼ 0.003), (e) DMFT index and
disease activity (q¼ 0.477, P¼ 0.005), and (f) DMFT index and mRSS (q¼ 0.384, P¼ 0.022). Abbreviations:
dcSSc, diffuse cutaneous systemic sclerosis; DMFT, decayed, missing, filled teeth; mRSS, modified Rodnan
skin score; USF, unstimulated salivary flow.
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the first 4 weeks after an invasive dental

treatment in the general population;31 nota-

bly, the long-term benefits of good oral

health (with respect to general health) are

of greater importance in patients with

dcSSc, as these patients exhibit elevated car-

diovascular risk.1 The negative correlation

between mean salivary flow rate and oral

HRQoL in this study indicates that reduced

salivation could contribute to decline in

oral HRQoL, as in patients with SS. In

addition, this study revealed a tendency

for a positive relationship between caries

status and oral HRQoL; however, this

was not statistically significant.
Regarding disease severity, mRSS was

used as a surrogate measure because a val-

idated measure was unavailable. This study

was limited because of its small sample size,

which limited the possibility of subgroup

analysis; however, because this cohort

included only patients with dcSSc, the

sample size was considerable. Ideally,

patients with limited cutaneous SSc of a

similar disease duration would have been

included as a control group, but enrollment

of a sufficient number of such patients is

difficult to achieve. Further longitudinal

studies could also address the dynamics of

changes in salivary flow and salivary pH

values during the progression of disease.

Conclusion

Our results support the hypothesis that

global measures of SSc severity and activity

are correlated with salivary flow and tooth

status in patients with dcSSc. Although

these relationships need further investiga-

tion, clinicians should be aware of the

enhanced prevalences of reduced salivation

and caries in patients with dcSSc, as well as

the potential systemic health problems

related to tooth status.
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