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Abstract
Objective
Recent research has increasingly focused on improving symptoms in patients with Sjogren’s syndrome (SS).
This study aims to evaluate the efficacy of oral pilocarpine in treating SS, synthesising the latest scientific
evidence from randomised controlled trials (RCTs).

Methods
We systematically searched PubMed, Embase, the Cochrane Library, and the Science Citation Index for relevant
randomised controlled trials (RCTs) published up to November 2023. Cochrane is used to assess the quality of literature
studies and to extract data from included articles. The main results were summarised and analysed by Revman5 4.

Results
The meta-analysis included eight related RCTs involving 383 patients. All included studies were of moderate to
high quality using the Cochrane Collaboration’s tools for assessing the risk of bias.The results showed no significant
improvement in Schirmer’s test for the right [(RR 1.25, 95 % CI -0.68 to 3.18, heterogeneity P=97%),] left eye
(RR 5.15, 95%CI-1.73 to 12.02, heterogeneity ’=97%), right breakup time with fluorescein (RR 1.91, 95%CI -0.46
to 4.27, heterogeneity P=89%) and left breakup time with fluorescein (RR 1.74, 95%CI -0.29 to 3.77, heterogeneity
P=87%) between ss and control groups. However, significant improvements were observed in the whole saliva test
[(RR 0.20, 95%CI 0.09 to 0.30, heterogeneity P=90%)], and Bijsterveld’s score for both left (RR -4.18, 95%CI -7.14
to -1.21, P=90%) and right eyes (RR -4.11, 95%CI -7.37 to -0.85, I’'=92%), as well as in fluorescein 1% staining
for the left (RR -0.81, 95%CI -1.26 to -0.36, I’=0%) and right eyes (RR -0.74, 95%CI -1.19 to -0.28, ’=0%).

Conclusion
Based on the current evidence, oral pilocarpine does not significantly improve Schirmer’s test results or breakup
time with fluorescein BUT in patients with §S. However, it does enhance outcomes in the whole saliva test, Bijsterveld’s
score, and fluorescein 1% staining. These findings support the partial efficacy of pilocarpine in treating SS, with
notable improvements in specific diagnostic measures. Further research is needed to fully understand the benefits
of pilocarpine.
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Introduction

Sjogren’s syndrome (SS) is a chronic
autoimmune exocrine disorder char-
acterised by lymphocyte infiltration
that leads to anatomical and functional
changes in exocrine glands, primarily af-
fecting the salivary and lacrimal glands.
This infiltration reduces glandular se-
cretion, resulting in symptoms such as
dry eyes and dry mouth. The condition
is categorised as either primary or sec-
ondary, with the latter occurring as a
complication of another connective tis-
sue disease, such as rheumatoid arthritis
or systemic lupus erythematosus. There
is no recognised clinical difference be-
tween primary and secondary SS, and
histopathological changes are the same.
Therefore, the treatment objectives
of SS include relief of dry symptoms,
prevention of complications, and ap-
propriate intervention of extra glandu-
lar manifestations. At present, different
treatments have been proposed to alle-
viate patients’ symptoms and change
the course of the disease (1). However,
systemic treatment in patients with SS
has no beneficial effect on xerophthal-
mia (2). Therefore, the most common
treatment for dry mouth and dry eyes
is replacement therapy, including the
use of local artificial lubricants as a
substitute for naturally occurring tears.
However, none of these preparations
showed the same characteristics as the
complex structure of natural lacrimal
membrane (3).

Recent genetic studies have highlight-
ed the involvement of Th-1 and Th-17
cells in the autoimmune response of
SS (4-7), with the role of regulatory T
cells still being explored (5). It is re-
ported that the tear secretion of salivary
and lacrimal glands is mediated by the
M3 muscarinic acetylcholine receptor
(M3R) (8, 9). Therefore, some studies
have found that anti-M3R autoantibod-
ies can inhibit saliva secretion (8). It has
also been reported that anti-M3R anti-
bodies may be involved in the patho-
genesis of xerophthalmia in SS cases
(10-12). Recently, oral pilocarpine, a
cholinergic parasympathetic agonist,
has been suggested to improve dryness
in patients with SS.

Pilocarpine hydrochloride, a plant alka-
loid and M3R agonist is derived from

the leaves of the hairy fruit rue and
lobular hairy fruit rue in South America
(12). It stimulates salivary gland func-
tion through the muscarine M3 recep-
tor and the parasympathetic nervous
system when taken orally (13). It is re-
ported that oral pilocarpine can increase
saliva flow in patients with SS (8, 14).
Initially, it was used to treat dry mouth
caused by radiation and xerophthalmia
in patients with SS. Recently, oral pilo-
carpine has been shown to effectively
improve the symptoms and signs of
dry mouth and dry eyes in SS patients
(15, 16). The research varied in dosage
(3 mg and 5 mg), timing of adminis-
tration (during or after radiotherapy),
and application method (swallowing,
dissolving tablets in the mouth, or rins-
ing) (15). However, findings indicate
that topical treatment is more effec-
tive than systemic administration (17).
Other studies indicate that Sjogren’s
syndrome patients treated with pilocar-
pine experience a higher incidence of
adverse effects compared to untreated
individuals (18). However, pilocarpine
may cause side effects due to its broad
activity on muscarinic receptors across
various organ systems. These adverse
effects include excessive sweating, in-
creased urination, gastrointestinal dis-
comfort, and dizziness (19, 20). This
may explain why pilocarpine is unpop-
ular in most of the study population.
Given the increasing focus of recent
research on improving symptoms in SS
patients, this study aims to review the
latest scientific evidence to evaluate the
efficacy of oral pilocarpine in treating
SS.

Materials and methods

Search strategy

All documents for this study were
sourced from Pubmed, Web of Sci-
ence, Cochrane, and Embase (until of
November 2023). “Pilocarpine,” “xe-
rostomia,” “xerophthalmia,” “Sicca
Syndrome,” and “Sjogren Syndrome”
are key terms for finding relevant and
qualified articles. To minimise the risk
of omitting pertinent studies, referenc-
es from selected articles were meticu-
lously reviewed to verify the robust-
ness and validity of the meta-analysis.
At the same time, we only collect data

s
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Fig. 1. Flowchart of selected articles.

from the full published papers, not in-
cluding any conference abstracts.

Inclusion criteria and

exclusion criteria

The inclusion criteria for studies in this
meta-analysis are as follows: (a) ran-
domised controlled trials (RCTs); (b)
adult-based studies; (c) patients with
SS must meet recognised diagnostic
criteria; (d) if an article has been pub-
lished more than once, we only use the
latest version.

The criteria for the articles excluded
from this meta-analysis were as fol-
lows: (a) reviews; (b) subjects are not
human; (c¢) non-RCTs. Figure 1 shows
a detailed flowchart of the inclusion
and exclusion process.
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Literature quality

The methodological quality of in-
cluded RCTs was evaluated using the
Cochrane Collaboration’s tool for as-
sessing risk in Review Manager 5.4.
This tool delineates seven domains
to measure potential biases (21): ran-
dom sequence generation, allocation
concealment, blinding of participants
and personnel, blinding of outcome
assessment, incomplete outcome data,
selective reporting, and other biases.
Each item was answered with one of
the three replies: “low risk”, “unclear
risk”, and “high risk” to assess the bias.
Quality assessment was performed in-
dependently by two researchers, and if
there was disagreement, they were dis-
cussed with other researchers.

Data extraction

Data extracted from each study in-
cluded the first author’s name, year of
publication, number of patients partici-
pated in the study, original index, type
of medication used, the dosage of the
drug, method of measurement for the
assessment of xerostomia, and out-
comes for treatment and control groups.

Statistical analysis

Extracted data were subjected to sta-
tistical analysis using Review Man-
ager software, version 5.4. Both the
random effects model and the fixed ef-
fects model were used in this study. The
fixed effects model posits that all stud-
ies derive from a common population,
assuming no significant variation in ef-
fect size quantified either as odds ratios
or standardised mean differences across
studies. This assumption was tested us-
ing heterogeneity assessments, includ-
ing the 17 statistic and significance tests
(p<0.05). An I? value greater than 50%
or significant heterogeneity would in-
validate the fixed effects model. The
primary objective of this analysis was
to assess the efficacy of pilocarpine in
treating SS.

Results

Study characteristics

A total of 1465 articles were re-
trieved from Pubmed, Web of Science,
Cochrane, and Embase, which were
narrowed to 21 studies due to irrelevant
titles and abstracts (Fig. 1). Further
screening excluded five studies con-
ducted on patients with non-Sjogren’s
syndrome and eight studies that utilised
non-RCTs methods. Only eight studies
that met our inclusion criteria were in-
cluded in the meta-analysis, and all of
them were RCTs. Finally, 383 SS pa-
tients were selected in this meta-analy-
sis (Fig. 1). All eight studies were RCTs,
and SS met the accepted diagnostic cri-
teria. The basic characteristics of the ar-
ticles required for this meta-analysis are
shown in Table I and Table II.

Quality evaluation
of included articles
The quality of the eight RCTs (22-29)
included in the meta-analysis was rig-
orously assessed. The summary and
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Table I. The basic characteristics of the included studies.

Study ID Region Sample size  Intervention Control Outcomes Methods
(country) (N/C)
N. L. Rhodus, DMD, (Minnesota) 9/9 a pilocarpine-treated a control whole unstimulated saliva (WUS) ophthalmic 2% pilocarpine
MPH (1991) America group group and parotid stimulated saliva (PSS) solution, four drops three times a
day (equivalent to 5 mg three times
daily), to swish and swallow for
6 weeks
Frederick B. Vivino,  (Pennsylvania) 127/125 2.5-mgpilocarpine, placebo In the global assessments of dry drug with water 4times a day at
MD (1999) America 5-mgpilocarpine tablets mouth and dry eyes at the study mealtimes and bedtime, with a
endpoint, specific symptoms associated minimum of 3 hours between doses
with dry mouth and dry eyes were for the duration of the 12-week
assessed, as was change in dryness study
associated with extraoral and
extraocular symptoms, such as dryness
of the skin, vagina, and nasal passages
Athena S. Papas, (Boston ) 128/128 Pilocarpine-5mg placebo The primary endpoints were the Take 1 tablet with water QID for
DMD, PhD (2004) America patient’s overall assessment of dry 12 weeks. Their medication dose
mouth and dry eyes. Changes in would be increased at 6 weeks,
specific symptoms of dryness (mouth,  start at 5 mg
eyes, nasal passages, skin, and vagina)
were also examined
Cheng-Han Wu (2006) (Taipei) 23/21  pilocarpine placebo The primary outcome of this study four times daily (qid) at mealtimes
Taiwan tablets was the global improvement of dry and bedtime for 12 weeks
mouth
P Aragona (2006) (Messina) 15/15  pilocarpine hydro- studied Systemic and ocular symptoms, tear For the first month, increasing doses
Ttaly chloride 5 mg tablets before (T0) film break up time (BUT), corneal from one to four tablets daily,
fluorescein vital staining, Schirmer I increasing each week, were
test, tear basal secretion test, and administered. In the second month,
conjunctival imprinting was the therapeutic regimen of four
performed tablets daily was followed, and the
treatment was stopped at the end
of the second month
N Tsifetaki (2015) (Toannina) 29/28  oral pilocarpine 28 were The primary efficacy endpoint was the 5 mg twice a day, a period of 12
Greece (5 mg twice a day) assigned to subjective assessment of a specific weeks
be treated with ~ questionnaire using a series of VAS.
artificial tears A secondary efficacy endpoint was
the objective measurement of tear
flow using Schirmer’s I test.
An additional secondary efficacy
endpoint was the objective
measurement of the condition of
the conjuctival epithelial cells
using rose bengal and imprint tests.
M. Cifuentes (2018) (Santiago)Chile. 36/36  receive ten drops Ten drops salivary flow and lachrymal flow, orally, t.i.d.for 12 weeks
of pilocarpine (5 mg) of artificial their subjective global assessment,
saliva common side effects
Sergio Felberg (2020) (Séo Paulo) 16/16  receive pilocarpine placebo The validated questionnaire NEI- four times daily for a period of 10

Brazil.

hydrochloride (5 mg)

VFQ 25 was applied to assess the
impact of dry eye on the quality of life
The dry eye-specific questionnaire
Ocular Surface Disease Index (OSDI)

weeks. After a 2-week washout
period, a mandatory inversion of.
the treatment was performed for
an additional 10 weeks

graph of the risk of bias are shown in
Figures 2 and 3.

The right eye Schirmer’s test

Four RCTs reported the efficacy of
pilocarpine in the Schirmer’s test for
the right eye in patients with SS. The
heterogeneity test showed high het-
erogeneity (I>= 97%, p<0.00001), so
the random-effects model was used.

Clinical and Experimental Rheumatology 2024

The summary results showed that
compared with the control group, The
pilocarpine did not improve the treat-
ment of SS of the right eye Schirmer’s
test (RR=1.25, 95%CI[-0.68, 3.18],
p=0.22) (Fig. 4).

The left eye Schirmer’s test
Four RCTs reported the left eye
Schirmer’s test. The heterogene-

ity test indicated substantial hetero-
geneity among the studies (I> = 97%,
p<0.00001), necessitating the use of a
random-effects model. The summary
results revealed that compared with the
control group, the pilocarpine did not
improve outcomes in the treatment of
SS as measured by left eye Schirmer’s
test (RR=5.15, 95%CI[-1.73, 12.02],
p=0.14) (Fig.5).
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Table II. Extracted data of 8 studies in this meta-analysis.

Study ID Participant FM Age (years) Height (cm) Weight (kg) Disease duration Ethnicity Primary SS/
(N/C) (N/C) (N/C) (N/C) (years) (N/C) (N/C) secondary SS

Rhodus (1991)  SS (9/0)/ (9/0) 57.6+3.2/55.9+3.2 NA/NA NA/NA NA/NA NA/NA (3/6)/(3/6)

Vivino (1999) primary or (124/3)/(118/7)  55.4x13.6/54.6+13.6  162.0+7.8/162.3+£7.6 66.6+14.5/65.2+14.5 NA/NA White 104, Black 3, NA/NA

secondary SS Asian 14, Other 6/
White 97, Black 5,
Asian 18, Other 5
Papas (2004) SS (117/11)/(125/3)  55.4+13.3/57.8+13.0  163.8+7.4/162.1+6.9  69.1+13.86/68.4+17.19 NA/NA Caucasian 117, NA/NA
Black 7, East Asian 0,
Other 4/Caucasian 116,
Black 7, East Asian 1,
Other 4
Wu (2006) primary or (22/1)/(17/4)  57.1£11.9/564+12.5  157.3+4.5/159.9+5.5 53.1+8.2/55.7+9.3 NA/NA NA/NA NA/NA
secondary SS
Aragona (2006)  primary SS 15/15 NA/NA NA/NA NA/NA NA/NA NA/NA NA/NA
Tsifetaki (2015)  SS (29/0)/(28/0) 57.0+11.5/59.9+9.9 NA/NA NA/NA 10.5+6.1/10.5£54 NA/NA NA/NA
Cifuentes (2018) SS (34/2)/(35/1)  52+11.15/53.17+11.66 NA/NA NA/NA 22,16+16.24/23.28+15.31 NA/NA (24/12)/(13/23)
Felberg (2020)  primary or secondary SS16/16 NA NA NA NA NA NA

NA: not available; pSS: primary Sjogren’s syndrome; SS: Sjogren’s syndrome.

Random sequence generation (selection bias)

Allocation concealment (selection bias)

Blinding of participants and personnel (performance bias)
Blinding of outcome assessment (detection bias)

Incomplete outcome data (attrition bias)

.|

Selective reporting (reporting bias)

Other bias I
b : : : i
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Fig. 2. The graph of risk of bias for the included RCTs.
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The right eye breakup time

with fluorescein

Two RCTs reported the right eye
breakup time with fluorescein (BUT).
The heterogeneity test showed signifi-
cant heterogeneity (1> =89%, p=0.003),
necessitating the use of a random-
effects model. The summary results
showed that compared with the control
group, the pilocarpine did not improve
the treatment of SS of right breakup
time with fluorescein (RR=1.91,
95%CI[-0.46,4.27], p=0.11) (Fig. 6).

The left eye breakup time

with fluorescein

Two RCTs reported the left eye breakup
time (BUT) with fluorescein. The het-
erogeneity test revealed significant
heterogeneity (I> = 87%, p=0.005), ne-
cessitating the use of a random-effects
model. The summary results showed
that compared with the control group,
the pilocarpine did not improve the
treatment of SS of left breakup time
with fluorescein (RR=1.74, 95%CI|[-
0.29,3.77], p=0.09) (Fig. 7).

Whole saliva test

Four RCTs reported the whole saliva
test (WST). The heterogeneity test
revealed elevated heterogeneity (I =
82%, p=0.02), which necessitated the
use of the random-effects model. The
summary results showed that com-
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Mean Difference
IV, Random. 95% ClI

Mean Difference
IV, Random, 95% CI

Experimental Control
Study or Subgroup Mean SD Total Mean SD Total Weight
Cheng-HanWu 2006 0 0 0 0 0 15  0.0%
M. Cifuentes 2018 26 145 36 54 36 36 24.2%
N Tsifetaki 2015 03 11 29 45 22 29 26.9%
P Aragona 2006 153 98 15 133 84 15 22.4%
Sergio Felberg 2020 472 3.31 16 347 214 16 26.5%
Total (95% Cl) 96 96 100.0%

Heterogeneity: Tau®= 53.61; Chi*=116.22, df= 3 (P < 0.00001), F=97%

Test for overall effect Z=1.22 (P=0.22)

Fig. 4. Forest plot for the right eye Schirmer’s test.

RR: relative risk; CI: confidence interval.

0.70[-5.31,6.71]
20.60[15.72, 25.48]
-4.20 [-5.10,-3.30)
2.00[-4.53,8.53]
1.25[-0.68, 3.18]

4.64 [-2.82, 12.09]

——

50 26 0 25 50
Favours [pilocarpine] Favours [control]

Experimental Control
Study or Su Mean SD Total Mean
Sergio Felberg 2020 481 319 16 331 202 16 26.9%
P Aragona 2006 153 98 15 133 84 15 22.0%
N Tsifetaki 2015 1.2 13 29 44 19 29 27.3%
M. Cifuentes 2018 281 152 36 63 45 36 23.8%
Total (95% Cl) 96 96 100.0%

Heterogeneity: Tau®= 44.84; Chi*= 104.03, ¢f= 3 (P < 0.00001); F=97%

Test for overall effect Z=1.47 (P=0.14)

Fig. 5. Forest plot for the left eye Schirmer’s test.

RR: relative risk; CI: confidence interval.

Mean Difference

D Total Weight IV, Random. 95% CI

Mean Difference
IV, Random. 95% CI

1.50 [-0.35, 3.39]
2.00[-4.53, 8.53)
-3.20 [-4.04,-2.36)
21.80[16.62, 26.99]

5.15[-1.73,12.02]

1

-50 0 50 100

Favours [Pilocarpine] Favours [control]

Pilocarpine
Study or Subgroup Mean SD Total
P Aragona 2006 26 08 15
Sergio Felberg 2020 66 2.73 16
Total (95% Cl) 31

Mean Difference

SD Total Weight IV. Random, 95% Cl

Mean Difference
IV, Random. 95% Cl

Control
Mean
18 07 15 543%
338 136 16 457%
31 100.0%

Heterogeneity: Tau®= 2.60; Chi*= 8.92, df=1 (P = 0.003); F= 89%

Testfor overall effect. Z=1.58 (P=0.11)

Fig. 6. Forest plot for the right eye breakup time with fluorescein BUT.

RR: relative risk; CI: confidence interval.

0.80[0.26,1.34)
3.22[1.73,4.71)

1.91 [-0.46, 4.27]

=

20 10 0 10 20
Favours [Pilocarpine] Favours [control]

Pilocarpine
Study or Subgroup Mean SD Total
P Aragona 2006 26 08 15
Sergio Felberg 2020 6.62 2.48 16

Total (95% Cl) 31

Mean Difference
IV, Random, 95% CI

Mean Difference
IV, Random, 95% CI

Control
Mean SD Total Weight
1.8 07 15 54.6%
3.74 119 16 454%
31 100.0%

Heterogeneity: Tau®= 1.89; Chi*=7.89, df=1 (P = 0.005); F=87%

Test for overall effect: Z=1.68 (P = 0.09)

Fig. 7. Forest plot for the left eye breakup time with fluorescein BUT.

RR: relative risk; CI: confidence interval.

0.80[0.26,1.34]
2.88(1.53,4.29)

1.74 [-0.29, 3.77]

=

20 A0 0 10 20
Favours [Pilocarpine] Favours [control]

Pilocarpine
Mean SD Total Mean

Study or Subgroup
Athena 8. Papas, DMD, PhD 2004 0
Frederick B. Vivino, MD 1989
M. Cifuentes 2018

N. L. Rhodus, DMD, MPH 1981

0.924

Total (95% CI)

Heterogeneity: Tau®= 0.00; Chi*= 567, df=1 (P=

Test for overall effect: Z= 3.63 (P = 0.0003)

Fig. 8. Forest plot for the whole saliva test.
RR: relative risk; CI: confidence interval.
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Experimental Control Mean Difference Mean Difference
I_Weight IV, Random, 95% ClI IV, Random, 95% CI
N Tsifetaki 2015 -1 1 29 47 22 29 522% -5.70[-6.58,-4.82) a
Sergio Felberg 2020 441 273 16 6.78 1.91 16 47.8% -2.37 [-4.00,-0.74] .
Total (95% Cl) 45 45 100.0% -4.11[-7.37,-0.85] .
i 2= - Chi*= = = E= t } t t
Heterogeneity: Tau®= 5.10; Chi*=12.39, df=1 (P = 0.0004); I*=92% 20 10 0 10 20

Testfor overall eflect: Z= 2.47 (P = 0.01) Favours [experimental] Favours [control]

Fig. 9. Forest plot for the left Bijsterveld’s score.
RR: relative risk; CI: confidence interval.

Experimental Control Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% Cl IV, Random, 95% CI
N Tsifetaki 2015 1 1.3 28 46 18 29 530% -5.60[-6.44,-4.76) ez}
Sergio Felberg 2020 425 2.72 16 6.82 2.08 16 47.0% -2.57 [4.25,-0.89) =
Total (95% CI) 45 45 100.0% -4.18[-7.14,-1.21] &
i 2= - Chiz= = = 2= t + + +
Heterogeneity: Tau®= 4.13; Chi*=10.00, df=1 (P = 0.002); F= 90% 20 10 0 10 20

Testfor overall effect Z= 2.76 (P = 0.006) Favours [pilocarpine] Favours [control]

Fig. 10. Forest plot for the right Bijsterveld’s score.

RR: relative risk; CI: confidence interval.

Experimental Control Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Fixed. 95% CI IV, Fixed. 95% CI
P Aragona 2006 07 07 15 1.4 1 15 52.5% -0.70[1.32,-0.08) H
Sergio Felberg 2020 1.41 1.04 16 234 082 16 47.5% -0.93[1.58,-0.28] =y
Total (95% CI) 31 31 100.0% -0.81 [-1.26, -0.36] ¢
Heterogeneity: Chi= 0.25, df= 1 (P = 0.61); F= 0% o + 3 t o

Test for overall effect: Z= 3.55 (P = 0.0004)

Fig. 11. Forest plot for the left fluorescein 1% staining.

RR: relative risk; CI: confidence interval.

Favours [Pilocarpine]

Favours [control]

pared with the control group, the pilo-
carpine did improve the treatment of
SS of the whole saliva test (RR=0.20,
95%CI[0.09, 0.30], p=0.0003) (Fig. 8).

The left Bijsterveld’s score

Two RCTs reported the left Bijs-
terveld’s score. The heterogeneity test
showed high heterogeneity (I*> = 92%,
p=0.0004), so the random-effects
model was used. The summary results
showed that compared with the control
group, the pilocarpine did improve the
treatment of SS of the left Bijsterveld’s
score (RR=-4.11, 95%CI[-7.37, -0.85],
p=0.01) (Fig. 9).

The right Bijsterveld’s score

Two RCTs reported the right Bijs-
terveld’s score. The heterogeneity test
showed high heterogeneity (I> = 90%,
p=0.002), so the random-effects model
was used. The summary results showed
that compared with control group, The
pilocarpine did improve the treatment of
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SS of the right Bijsterveld’s score (RR=-
4.18, 95%CI [-7.14, -1.21], p=0.006)
(Fig. 10).

The left fluorescein 1% staining

Two RCTs reported the left fluorescein
1% staining. The heterogeneity test
showed low heterogeneity (I*> = 0%,

p=0.61), which supported the use of a

fixed-effects model. The summary re-
sults showed that compared with con-
trol group, the pilocarpine did improve
the treatment of SS of the left fluores-
cein 1% staining (RR=-0.81, 95%CI[-
1.26,-0.36], p=0.0004) (Fig. 11).

The right fluorescein 1% staining

Two RCTs reported the right fluores-
cein 1% staining. The heterogeneity
test showed low heterogeneity (I> =
0%, p=0.86), which supported the use
of a fixed-effects model. The summary
results indicated a significant improve-
ment with pilocarpine treatment for
SS as assessed by right fluorescein

1% staining compared with the con-
trol (RR=-0.74, 95%CI[-1.19, -0.28],
p=0.002) (Fig. 12).

Discussion

Our study thoroughly examined the
study of pilocarpine in the treatment of
SS, and given that it is a rare autoim-
mune disease with a scarcity of large-
scale RCTs, our analysis included a
considerable number of patients with
this condition. In addition, this study
constitutes the first RCT meta-analysis,
which integrates all available evidence
and investigates the possible impact of
baseline differences on aggregate esti-
mates. Through meta-regression analy-
sis, we conducted this study to review
the latest scientific evidence available
to evaluate the efficacy of systemic pi-
locarpine in the treatment of SS.

The results of our meta-analysis showed
that pilocarpine significantly improved
WST, rose bengal test, and fluorescein
staining in patients with SS compared
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Experimental Control Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean _SD Total Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
P Aragona 2006 0.7 07 15 1.4 1 15 54.3% -0.70[-1.32,-0.08) —-
Sergio Felberg 2020 1.41 1.01 16 219 0.83 16  45.7% -0.78[1.25,-0.11) ——
Total (95% CI) 31 31 100.0% -0.74 [-1.19, -0.28] L 4
Heterogeneity: Chi*= 0.03, df= 1 (P = 0.86); "= 0% i— 5 3 H

Test for overall effect. Z=3.17 (P=0.002)

Fig. 12. Forest plot for the right fluorescein 1% staining.

RR: relative risk; CI: confidence interval.

Favours [Pilocarpine] Favours [control]

with the control group. These significant
improvements in saliva was consistent
with previous studies (16, 30). Howev-
er, our analysis also concludes that there
was no improvement observed in the
Schirmer’s test and tear breakup time
with fluorescein. Although the cause of
this inconsistency is unclear, but maybe
related to the frequency of pilocarpine
use (twice, three, and four times a day)
and dosage forms (tablets and drops).

No studies have reported serious side
effects of pilocarpine in the treatment of
SS that could be considered life-threat-
ening. However, in these three studies
(22, 23, 25), 16, 4, and 3 patients were
reported to have opted out because of
adverse reactions and lack of efficacy.
These common adverse reactions in-
clude sialorrhea, sweating, headache,
flu syndrome, nauseas, rhinitis, dizzi-
ness, bitter taste, diarrhoea, stomato-
dynia, sickness, sore throat, gastritis,
dyspnea, urinary frequency, and herpes
simplex. It is worth noting that all these
symptoms are mild. However, previ-
ous studies (31) have shown a high
incidence of adverse events, includ-
ing sweating (43%), frequent urination
(10%) and flushing (10%), which is
also closely related to the mechanism of
pilocarpine (32). However, alternative
delivery methods, such as application
to the oral mucosa or use in the form of
soft lozenges, may minimise systemic
exposure and local side effects, poten-
tially reducing adverse reactions (33).

Several factors can influence the effec-
tiveness of pilocarpine in treating SS;
these include secretory reserve capacity
of the affected salivary glands, the aeti-
ology of xerostomia, age, contact area
of oral mucosa, frequency of use, mode
of administration, duration of adminis-
tration, dosage forms, saliva collection
methods, patient cooperation, the ex-
istence of patients’ drugs and systemic
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diseases, and so on. This study also pre-
sents several limitations. Notably, not
all SS patients included in this study are
considered to have primary SS and may
some may have secondary SS. There-
fore, it is worthwhile to include only
primary SS patients in future studies to
evaluate the efficacy of oral pilocarpine
in primary SS patients. Additionally,
the impact of pilocarpine on oral mu-
cosal absorption may vary significantly
with each dose, which was not fully ex-
plored in this study that focused only on
oral pilocarpine tablets without evaluat-
ing other forms of administration. The
limitation of this study is that it only
evaluates the oral use of pilocarpine
tablets and does not comprehensively
evaluate other uses of the drug.

Our meta-analysis also faced limita-
tions. The absence of certain details in
the original papers and the inability to
contact the authors hindered a compre-
hensive evaluation of the data. There is
a potential for publication bias, and the
findings of our subanalyses were con-
strained by the small sizes of the stud-
ies included. Lastly, the overall sample
size of our study was small, limiting
the generalisability of the results.

Conclusion

Under the limitation of existing evi-
dence, the efficacy of pilocarpine in
the treatment of SS was evaluated.
The results indicated no improvement
in the eye Schirmer’s test and the tear
BUT with fluorescein, although there
were improvements in the WST, Bi-
jsterveld’s score, and 1% fluorescein
staining. However, at present, it is im-
possible to recommend the best dose
and application. Therefore, in view of
the limited number of studies included,
it is necessary to further design well-
designed multicentre and comparable
schemes and follow-up time for RCTs.
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