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Introduction

Background
Sjögren’s syndrome (SS), described in detail by the Swedish ophthalmologist 
Henrik Sjögren in his thesis from 1933 (1), is an autoimmune rheumatic disease 
characterized by lymphocytic infi ltration and hypofunction of the exocrine glands, 
in particular the salivary and lacrimal glands, resulting in dryness of the mouth and 
of the eyes. Although exocrine gland involvement is a hallmark of SS, several non-
exocrine organ systems may also be involved in the disease, including the locomotor 
system. SS is usually divided into primary Sjögren’s syndrome (pSS), if it evolves 
without co-existing connective tissue disease (CTD), and secondary Sjögren’s syn-
drome (sSS), if it is associated with another CTD—usually rheumatoid arthritis 
(RA) or systemic lupus erythematosus (SLE) or scleroderma (2).  Various sets of 
criteria have been used for the classifi cation of SS. The Copenhagen criteria from 
1984 (3), the Preliminary European Community criteria from 1993 (EC93) (4) and 
the European Community criteria from 1996 (EC96) (5) were used at our unit before 
the nowadays internationally widely accepted American-European Consensus Crite-
ria (AECC) were published and implemented in 2002 (6) (Table 1). In comparison 
to the above-mentioned older sets of criteria, in which evidence of autoimmunity 
was not a prerequisite for diagnosis, the AECC requires signs of autoimmunity, 
i.e. autoimmune sialoadenitis in a lower-lip biopsy or the presence in of anti-SS-
A/anti-SS-B antibodies in serum. Consequently, the AECC therefore cover a more 
homogenous and immunologically affected population of SS patients than the older 
sets of criteria. 

Primary Sjögren’s syndrome may occur in both sexes and in all ages, although there 
is a distinct preponderance of female cases (female:male ratio 9:1), the highest inci-
dence being in women in the post-menopausal period (2). Due to the use of different 
classifi cation criteria over time and in different parts of the world, epidemiological 
reports on the prevalence and incidence of the disease vary and are diffi cult to com-
pare. However, two studies using the AECC have estimated the prevalence of pSS 
to be 0.1–0.6 % (7) and 0.15 % (8). The prevalence of sSS appears to vary between 
different CTDs with prevalences of 9–19 % having been reported in SLE patients, 
4–31 % in RA patients, and 14–20% in scleroderma patients (9–12).
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Table 1 – The American-European Consensus Criteria (AECC)

1. Ocular symptoms of dryness – a positive response to at least one of the following ques-
tions:
a. Have you had daily, persistent, troublesome dry eyes for more than 3 months?
b. Do you have a recurrent sensation of sand or gravel in the eyes?
c. Do you use tear substitutes more than 3 times a day?

2. Oral symptoms of dryness – a positive response to at least one of the following ques-
tions:
a. Have you had a daily feeling of dry mouth for more than 3 months?
b. Have you had recurrently or persistently swollen salivary glands as an adult?
c. Do you frequently drink liquids to aid in swallowing dry food?

3. Ocular signs – objective evidence of ocular involvement determined on the basis of a 
positive result in at least one of the following tests:
a. Schirmer I test (abnormal if ≤5mm/5min)
b. Van Bijsterveld score (abnormal if ≥ 4 points on a 0–9-point scale)

4. Histopathology – a focus score ≥ 1 in a minor salivary gland biopsy, with a focus de-
fi ned as a conglomerate of more than 50 lymphocytes and a focus score defi ned as the 
number of foci per 4 mm2 of glandular tissue.

5. Salivary gland involvement – objective evidence of salivary gland involvement deter-
mined on the basis of a positive result in at least one of the following three tests:
a. Unstimulated whole sialometry
b. Salivary gland scintigraphy
c. Parotid sialography

6. Autoantibodies – presence in serum of the following antibodies:
Antibodies to Ro (SS-A) or La (SS-B) antigens or both

Classifi cation rules:

1. For primary SS (pSS) – in patients without any potentially associated disease, pSS can 
be defi ned as follows:
a. The presence of any 4 of the 6 items is indicative of pSS as long as item 4 or 6 is 

positive.
b. The presence of any 3 of the 4 objective criteria items (3, 4, 5, 6).

2. For secondary SS (sSS) – in patients with a potentially associated disease (for instance, 
another well defi ned connective tissue disease), the presence of item 1 or item 2 plus 
any one from among items 3, 4, and 5 may be considered as indicative of sSS.

3. Exclusion criteria
a. Past head and neck radiation treatment
b. Hepatitis C infection
c. Acquired immunodefi ciency disease (AIDS)
d. Pre-existing lymphoma
e. Sarcoidosis
f. Graft versus host disease
g. Use of anticholinergic drugs (since a time shorter than 4-fold the half-life of the drug).
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Primary Sjögren’s syndrome
Exocrine disease
Primary SS is a systemic autoimmune disease mainly affecting the exocrine glands, 
which become infi ltrated with lymphocytes and hypofunctional, resulting in reduced 
secretory capacity and an altered secretory composition (13, 14). Although virtually 
all exocrine glands of the body may be affected, the involvement of the salivary and 
lacrimal glands, with resulting dry mouth and dry eyes, is often the most obvious. 
The sensation of dry and irritated eyes often leads to regular use of tear substitutes 
to alleviate the ocular symptoms. Besides the handicapping effects of the oral sicca 
symptoms with need of increased liquid intake to alleviate the oral dryness and to 
ameliorate swallowing when eating, it also results in an increased prevalence of car-
ies and oral candidosis (15). In addition to affecting the external exocrine glands e.g. 
the salivary and lacrimal glands, pSS may also result in exocrine disease of internal 
organs and affect the parenchymal tissues of the lungs, the kidneys, the gastrointes-
tinal tract, the pancreas, and the hepatobiliary system (16). 

To evaluate the presence and degree of autoimmune infl ammation in exocrine 
glands, accessory salivary glands are obtained via a lower lip biopsy for histopatho-
logical evaluation. The presence of focal sialoadenitis, represented by a focus of 
lymphocytes (i.e. ≥50) aggregated around a salivary gland duct, is characteristic 
of the autoimmune infl ammation in the exocrine glands (17, 18). According to how 
many foci can be found in a cross section of 4 mm2 of glandular tissue, it is possible 
to arrive at a focus score—with a score of ≥1 being characteristic of pSS (6). Al-
though some studies have demonstrated an association between the degree of focal 
lymphocytic infi ltration, i.e. the focus score, and salivary fl ow (18, 19), there is often 
a discrepancy between the degree of infl ammation and the salivary fl ow (19, 20). 
Since the major proportion of saliva is produced in the major salivary glands and not 
in the accessory salivary glands, those studied for the presence of focal sialoadenitis, 
a difference in lymphocytic infi ltration and exocrine gland destruction between the 
major and accessory salivary glands may explain such discrepancies. Due to the risk 
of complications when performing parotid gland biopsies (e.g. salivary gland fi stula) 
rather than lower lip biopsies, the latter are usually preferred. In two studies, how-
ever, lower lip biopsy and major salivary gland biopsies were compared and they 
showed an association between the histopathological fi ndings in major and acces-
sory salivary glands, although with discordant fi ndings in some subjects (21, 22).  

As with many other organ functions, exocrine function becomes reduced with ad-
vancing age, resulting in diminished and altered exocrine secretion. However, the 
exocrine glands have substantial residual capacity, which is why age-related reduc-
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tion in secretion per se does not appear to cause signifi cant oral or ocular dryness if 
these are not aggravated by other factors such as anticholinergic drugs or SS (23). 
Due to the discrepancy between morphology and function, the reduced exocrine out-
put cannot be explained solely by autoimmune infl ammation and destruction; other 
mechanisms may also be at play. Since nervous signaling to the exocrine glands is 
a prerequisite for the start of exocrine secretion, a disturbance in different nervous 
transmission pathways could be a plausible explanantion for the exocrine insuffi -
ciency seen in SS patients who have rather intact glands morphologically (19). 

Non-exocrine disease
Several non-exocrine organs may also be affected in pSS, resulting in various 
symp   toms. Probably the most common and debilitating non-exocrine symptom is 
fatigue (24–26), the pathogenesis of which is still poorly understood. Factors that 
have been proposed to contribute to the fatigue are neuroendocrine disturbances (24, 
27), sleep disturbances due to the disease itself (28), lower urinary tract symptoms 
(29), infl ammation (30), co-existing hypothyreosis (31), depression (25, 32), and 
poor physical fi tness (25, 26). The lack of one single pathogenetic factor that would 
explain fatigue in pSS thus implies a probably multifactorial etiology, with different 
factors contributing to fatigue in individual patients. 

Apart from fatigue, other common non-exocrine symptoms in pSS include symp-
toms from the locomotor system such as myalgia, arthralgia, or objectively veri-
fi ed synovitis (16, 33). Other organ systems may also be involved in the disease, 
resulting in Raynaud’s phenomenon (16) or gastrointestinal (34), neurological (35), 
or dermatological (36) symptoms, and also hematological and lymphoproliferative 
disease (Figure 1) (37–41). Finally, psychiatric symptoms, including depression and 
anxiety, also seem to be overrepresented in pSS patients, although their pathogenesis 
in these patients is obscure (32, 42).

Involvement of the nervous system in Sjögren’s syndrome
Virtually all parts of the nervous system may be involved in pSS (35). Central nerv-
ous system (CNS) disease appears to be uncommon in pSS in comparison to SLE, 
but cases of focal cerebral defi cit, seizure, aseptic meningoencephalitis, myelopathy, 
and transverse myelitis have been reported in SS patients without evidence of other 
CTD (43–45). Moreover, MRI detected white matter lesions (46) and neuropsychi-
atric abnormalities (42) have also been reported in pSS patients. 

If CNS involvement in pSS seems rare, involvement of the peripheral nervous 
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system (PNS) is more frequent and has been reported to give rise to symptoms of 
polyneuropathy in 21 % of pSS patients who were followed at a rheumatological 
unit, and neurophysiological abnormal fi ndings in 23 % (47). In addition, a recent 
Norwegian cross-sectional study reported a 27 % prevalence of neuropathy in pa-
tients with pSS (48). The patterns of neuropathy observed in pSS patients have been 
reported to encompass sensory, motor, mixed, and cranial neuropathies as well as 
multiple mononeuritis (49–54). The pathogenesis behind neuropathy in pSS seems 
to be multifactorial, with some cases related to a vasculitic process affecting the vasa 
nervorum (49, 51, 53). In most cases of neuropathy the pathogenesis is more ob-
scure, however, with histopathological fi ndings of nerve fi ber loss and lymphocytic 

infi ltrates around peripheral nerves (49–54) and in dorsal root and sympathetic gan-
gliae (49, 54). Due to the different neuropathological fi ndings, the clinical picture of 
pSS related neuropathy varies (49). In a large study involving 92 pSS patients with 
neuropathic symptoms, some major patterns of neuropathy were described, namely: 
sensory ataxic neuropathy, painful sensory neuropathy without sensory ataxia, 
multiple mononeuropathy, multiple cranial neuropathy, trigeminal neuropathy, auto-
nomic neuropathy, and radiculoneuropathy—of which the fi rst was the most com-
mon pattern, affecting 39 % of the patients. It was concluded that the sensory ataxic 

Figure 1.  The Copenhagen classifi cation wheel of primary Sjögren’s syndrome, reproduced 
with permission from Dr Karsten Asmussen.
L-T: laryngotracheal; Ph-O: pharyngo-oesophageal; G-T: genital tract; 
G-I: gastrointestinal; CNS: central nervous system; 
PNS: peripheral nervous system
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neuropathy, the painful sensory neuropathy and probably the trigeminal neuropathy 
were associated with a ganglio-neuropathic process whereas the multiple monone-
uropathy and multiple cranial neuropathy were more closely related to a vasculitic 
process (49). Moreover, presence of antibodies to the dorsal root ganglion has been 
demonstrated in SS-related neuropathy, which may indicate a gangliopathic process 
(55). 

Taken together, the different clinical and histopathological appearances of pSS-re-
lated neuropathies suggest a multifactorial pathogenesis. This would also explain the 
different levels of success obtained after treatment of different patients with various 
anti-infl ammatory medications, e.g. intravenous immunoglobulins and steroids (49, 
53).

Gastrointestinal involvement in Sjögren’s syndrome
Xerostomia is the most common gastrointestinal (GI) symptom in pSS patients, 
although other gastrointestinal complaints are common as well (34). For example, 
dysphagia (i.e. subjective diffi culty in swallowing) is very frequent in pSS (34) and 
has been reported to affect 33–92 % of pSS patients (56–62). It has been attributed to 
either lack of saliva (57, 58, 62), esophageal dysmotility (59, 62, 63) or esophageal 
webs (58, 64). Although the lack of saliva makes swallowing diffi cult by interfering 
with pharyngeal contraction (57) and bolus passage over dry mucosal surfaces of the 
esophagus in pSS (64), only one study has found correlations between lack of saliva, 
dysphagia, and esophageal dysmotility (62). However, this lack of association does 
not exclude diminished saliva production as a possible pathogenetic factor in caus-
ing dysphagia since salivary fl ow results usually vary little in SS patients, with many 
patients showing sialometry measurements close to 0 mL/min. It is possible that an 
association between dysphagia and low salivary fl ow would be found if studies were 
to include not only pSS patients but also patients with a more moderate degree of re-
duced salivary fl ow, such as patients with sicca symptoms without obvious etiology. 
In most previous studies on esophageal dysmotility in pSS, esophageal manometry 
has been used. According to these studies, one-third of pSS patients show varying 
degrees of esophageal dysmotility—including increased prevalence of aperistalsis, 
low contractions, and tertiary contractions as well as differences in peristaltic veloc-
ity, duration, and lower esophagus sphincter (LES) pressures relative to to controls 
(56, 59, 61, 63, 65). Although some previous studies have reported some correlation 
between dysphagia and esophageal dysmotility (59, 62), most others have not (56, 
58, 60, 61). In two studies, esophageal webs have been suggested as one possible 
reason for dysphagia; they were found in about 10 % (58, 64) of pSS patients. In 
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another study in pSS patients, a correlation between GERD symptoms, increased re-
fl ux time, and tertiary contractions was found, indicating that diminished saliva for-
mation may result in reduced esophageal acid clearance capability, morphological 
changes in the esophagus and esophageal dysmotility, possibly causing dysphagia 
(56). A summary of previous studies on dysphagia and esophageal dysmotility is 
presented in Table 2.

Stomach involvement in pSS includes an increased prevalence of atrophic gastritis, 
which is partly explained by the increased co-morbidity in pSS patients with autoim-
mune gastritis and also the lack of secretion of epidermal growth factor (EGF) from 
the salivary glands in SS, both of which cause mucosal atrophy and an increased 
sensitivity to acid exposure (34). Disturbances of the LES with reduced pressure (56) 
as well as a decreased gastric emptying, which have been found in 70% of pSS pa-
tients studied by gastric emptying scintigraphy (66), may also result in an increased 
prevalence of various dyspeptic complaints. 

Since the major part of the pancreas is an exocrine organ, it may be involved in SS. 
However, SS-related pancreatitis is usually characterized by a rather benign and 
subclinical form of chronic pancreatitis (34, 67). Finally, coeliac disease (68) and 
hepatobiliary disease entailing primary biliary cirrhosis and autoimmune hepatitis 
(69) are also part of the clinical spectrum of SS-associated gastrointestinal disease.

The autonomic nervous system
The autonomic nervous system (ANS) is the part of the nervous system that cannot 
be infl uenced by will. It governs or modulates important functions of the body, e.g. 
heart rate, blood pressure, sexual function, gastrointestinal motility, and exocrine 
secretion. The activity is modulated by the hypothalamus, which is the most central 
part of the ANS, controlling and modulating autonomic nervous outfl ow from the 
CNS (70). 

Classically, the ANS has been divided into the parasympathetic and the sympathetic 
nervous systems. The former exerts its action via efferent nerve fi bers in the III, VII, 
IX and Xth cranial nerves and also via sacral nerves (70), and signals mainly with the 
neurotransmitter acetylcholine (ACh) —but also with vasointestinal peptide (VIP) 
and nitric oxide (NO), for example. The latter exerts its action via efferent nerve fi b-
ers, leaving the spinal cord at the Th1–L2 level, and signals mainly with adrenaline 
and noradrenaline (NA)—but also with neuropeptide Y (NPY), for example (70). 
The two parts of the ANS often seem to antagonize each other—for example, in the 
heart and the blood vessels where the parasympathetic nervous system reduces heart 
rate and blood vessel tonus and the sympathetic nervous system increases them. In 
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some organs, one of the two systems may have by far the most pronounced effects 
e.g. the parasympathetic nervous system in the GI tract, where it infl uences motil-
ity as well as secretion. On the other hand, in the male reproductive system they 
co-operate in sexual function to produce parasympathetically mediated erection and 
sympathetically mediated ejaculation (71). In the exocrine glands, the two parts also 
work synergistically to produce mainly parasympathetically modulated secretion of 
liquid and mainly sympathetically modulated secretion of protein (72, 73).

Autonomic nervous function tests
The activity in the ANS can be measured using different techniques. Commonly, 
autonomic refl ex tests (ARTs) are used to measure various cardiovascular autonomic 
refl exes, which are modulated differently by the parasympathetic and sympathetic 
nervous systems. Examples of the ARTs are the deep-breathing test, which measures 
the degree of sinus arrythmia to deep breathing (parasympathetic); the orthostatic 
test, which measures the heart rate (mainly parasympathetic but partly also sympa-
thetic) and blood pressure reaction (sympathetic) to orthostatic challenge; the cold 
pressor test, which measures the vasoconstrictory response to cooling (sympathetic); 
the Valsalva test, which measures the heart rate reaction to the Valsalva maneuvre 
(parasympathetic) and the sustained hand grip test, which measures the diastolic 
blood pressure reaction to sustained hand grip (sympathetic) (74, 75). In addition to 
the cardiovascular autonomic nervous function tests, additional tests exist for evalu-
ation of other parts of the autonomic nervous system, e.g. the quantitative sudomotor 
axon refl ex test (QSART) and sympathetic skin response, which measure sudomotor 
function (74, 76, 77) and pupillometry, which measures pupillomotor function (70). 

Other more modern ways of assessing cardiovascular autonomic function include 
studies on heart rate variability (HRV), where fast HRV changes are considered to 
be parasympathetically and slower changes are considered to be sympathetically 
mediated (74, 75). HRV can be studied in short-term electrocardiograms (ECGs) but 
it is better studied in 24-h ECGs (78). In addition, baroreceptor sensitivity (BRS) can 
also be studied. This involves measurement of the sensitivity of the barorefl ex by 
assessing the relation between increase in blood pressure and decrease in heart rate 
either by performing concomitant blood pressure and heart rate measurements dur-
ing the day or during orthostatic challenge, but ideally during phenylephrine infusion 
(74). ARTs are thought to measure ANS activity when the ANS is under stress while 
the HRV and BRS are thought to measure ANS function under basal conditions i.e. 
the tonic activity. The advantage of ARTs is the ease of performing these, in contrast 
with those involving HRV and BRS. All depend upon the co-operation of the subject 
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under study, however, but this is less critical in the case of HRV. Another proposed 
advantage of HRV & BRS investigations in comparison with ARTs is the higher 
sensitivity and reproducibility of the former (78–80), although claims of superiority 
of these modern techniques over ARTs are not always justifi ed (81). Since many 
factors affect the ART variables, it is of great importance that the autonomic nervous 
function tests should be performed under standardized conditions, i.e. with uniform 
temperatures, during the same time of the day, without prior eating, drinking or 
smoking—and fi nally, without medication affecting the autonomic nervous function 
indices (e.g. various vasoactivive drugs) (74). Moreover, since autonomic function 
deteriorates with advancing age (80, 82, 83) and since certain autonomic nervous 
function parameters (83, 84)—although not all (80, 82, 85)—appear to differ be-
tween sexes, studies should take this into account and match subjects accordingly. 
Ideally, several different autonomic nervous function tests should be combined 
when evaluating ANS function, since this facilitates determination of the extent as 
well as the degree of autonomic involvement (86).

Physiology of exocrine glands
In pSS, the cardinal symptoms are related to exocrine gland dysfunction, commonly 
noticed as dry mouth and dry eyes due to hypofunction of the salivary and lacrimal 
glands.

Saliva is produced in the parotid, submandibular, sublingual, and accessory salivary 
glands, moisturizing and protecting the surfaces of the oral cavity and teeth against 
noxious microbial and chemical agents and also ameliorating bolus production, 
swallowing, and digestion of food (34). The saliva is produced by the acinar cells 
and modifi ed with regard to, for example electrolyte composition by the ductal cells 
on its passage to the oral cavity (13). The surrounding myoepithelial cells, with their 
contractile properties, also play an important part in facilitating secretion and expul-
sion of the saliva (73). Although much of the secretion consists of liquid, there are 
many other constituents in saliva, e.g. IgA, lysozyme, amylase, and lactoferrin (72, 
73). Tears are produced in a similar way in the lacrimal glands but other constituents 
such as mucins, produced by goblet cells, and lipids, produced by the Meibomian 
glands, have an important role in tear function by increasing tear fi lm stability and 
reducing evaporation of tears from the surfaces of the eye (87–89). 

To start secretion, the exocrine glands are dependent on autonomic nervous signal-
ing. The liquid part of secretion appears mainly to be parasympathetically modulated 
and the protein secretion to be sympathetically modulated, although the two parts 
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of the autonomic nervous system work synergistically in the exocrine glands (72, 
73, 90). Also, sex hormones appear to have some infl uence—on the lipid secretion 
in the lacrimal glands in particular, where androgens stimulate secretion from the 
Meibomian glands (89). The control of salivary gland secretion has been thoroughly 
studied, and involves a series of events. As the liquid in saliva is derived from blood, 
suffi cient blood fl ow to the exocrine glands is a prerequisite for secretion. Before 
secretion, the salivary gland blood fl ow is increased due to release of NO and vaso-
intestinal peptide (VIP) from parasympathetic nerve endings (72). Otherwise, the 
main signal for secretion is ACh, which is also released by parasympathetic nerve 
endings. ACh binds to the G-protein coupled muscarine 3 receptors (M3R) on the 
acinar cells in the exocrine glands. The activated G-protein stimulates phospholipase 
C to generate inositol 1, 4, 5-trisphosphate (IP3). IP3 binds to IP3 receptors on intra-
cellular Ca2+ stores, causing a release of Ca2+ ions. The increment of intracellular 
Ca2+ both stimulates further release of Ca2+ via the IP3 and ryanodine receptors 
and activates apical membrane Cl– channels and basolateral K+ channels, causing 
an effl ux of Cl– and K+ ions. The effl ux of Cl– ions to the  apical lumen also causes 
a similar movement of Na+ ions in order to maintain electrochemical neutrality, re-
sulting in an osmotic effect that brings water into the lumen (91)—a process further 
facilitated by the presence of aquaporins (AQPs), protein water channels, in the aci-
nar and myoepithelial cells (Figure 2) (91, 92). Apart from the parasympathetic path-
ways, sympathetic pathways also affect the glandular cells through nerve-mediated 
signaling. These act via NA and adrenaline (activating mainly the adenylate cyclase 
pathway) and also NPY. The sympathetic pathways play a role in modulating protein 
secretion in particular, but also liquid secretion to some extent (72, 73). In addition to 
the secretory effects of autonomic nerve signals there are also trophic effects, as illu-
strated by the atrophy seen in a salivary gland deprived of parasympathetic signals 
(73). Following the production of primary saliva, its composition is modulated by 
the salivary ductal cells during its passage through the salivary gland ducts, which 
secrete IgA and EGF for example and also modulate the electrolyte composition 
of the saliva—e.g. by secreting K+ in exchange against Na+ ions, although not in 
equivalent amounts (73).

Pathogenesis in primary Sjögren’s syndrome
Genetic factors are thought to increase the risk of developing pSS, as refl ected by an 
increased prevalence in pSS patients of certain HLA class II genes, namely HLA-
DR2 and -DR3. Several non-HLA-genes may also be involved (93–95), examples of 
the latter being various polymorphisms in genes coding for cytokines e.g. interleukin 
10 (IL-10), IL-6, IL-1 receptor antagonist (IL-1ra), and tumour necrosis factor-alpha 
(TNFα), and also polymorphisms in other genes, e.g. those encoding Ro52, man-
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nose binding lectin (MBL), Fas, and Fas-L (93–95). The predisposition to produce 
anti-SS-A antibodies is especially associated with the presence of certain HLA class 
II genes (95). 

Due to the higher proportion of women with pSS, hormonal factors have also been 
considered as possible predisposing factors for the disease. Sex hormones are known 
to affect autoimmune disease (96), which explains the increase in disease activity 
in SLE patients during pregnancy and in RA patients post partum. Since estrogens 
and androgens have a somewhat antagonistic effect on different parts of the immune 
system, the balance between the two may in uence several autoimmune processes 
(96–98). In pSS patients, a disturbance of the androgen–estrogen balance has been 
suspected to account for the gender differences in the prevalence of the disease, but 
studies on the effects of sex hormones (including the androgen dehydroepiandros-
terone (DHEA)) have yielded con icting results with one study reporting reduced 
serum concentrations of DHEA sulfate in pSS patients (97) and another study  nd-
ing serum levels of various sex hormones including DHEA to be within the normal 

Figure 2.  Control of  uid secretion in salivary acinar cells, reproduced with permission 
from Dr Luke Dawson.
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range in pSS patients (98). It has, however, been speculated that lack of androgens 
and increasing age may increase the susceptibility of the exocrine glands to various 
noxious stimuli that can trigger exocrine autoimmune infl ammation (99). Another 
hormone with immunomodulatory effects is prolactin. In accordance with the diver-
gent results when studying estrogens and androgens in pSS patients, studies on pro-
lactin levels in pSS have also been contradictory (97, 100), and the role of prolactin, 
if any, in pSS is still unclear. Finally, a hypofunction of the hypothalamic-pituitary-
adrenal (HPA) axis has been reported with reduced levels of adrenocorticotropin 
(ACTH) and cortisol as well as a blunted response to stimulation with ovine cortico-
tropin releasing hormone (oCRH) of unclear etiology and with unclear clinical im-
plications (27). This could possibly be the effect of chronic stimulation of the HPA 
axis due to various stress factors in pSS, resulting in a fatigue in the former.

Other factors that have been proposed to predispose individuals to pSS are prenatal 
factors that may possibly affect the maturation of the immune system. For example, 
increased birthweight has been found to be associated with an increased risk of de-
velopment of pSS (101). Apart from the above-mentioned factors that may predis-
pose an individual to pSS, age-related decline in exocrine function and xerogenic 
medications may contribute to and aggravate sicca symptoms experienced by pSS 
patients (23).

Hypothetically, some triggering event might start the infl ammation in the individual 
who is predisposed to pSS. Various viruses have been proposed to be triggering fac-
tors (102), including the hepatitis C virus (103), Epstein-Barr virus (104), and—most 
recently—the coxsackie viruses (105). Since many pSS patients do not show evi-
dence of any known sicca related viral infection, other environmental factors have 
also been suggested as possible triggers of pSS, e.g. oxidative stress (106). In a 
susceptible subject this triggering event results in damage to the epithelial cells and 
generation of danger signals (106). These are perceived by various cells, resulting 
in activation of both the innate and adaptive immune system responses. The innate 
immune system is the fi rst line of defense in the body and it includes different phago-
cytotic cells, Toll-like receptors (TLRs), and the complement system. Although the 
complement system has been more thoroughly studied in SLE (107), it is probably 
involved in severe manifestations in pSS also. It has, for example, been demonstrat-
ed that low levels of complement are associated with severe disease manifestations 
(108) and development of lymphoma (37, 39). In addition, expression of TLR2, 
TLR3, and TLR4 has been reported to be upregulated in the salivary glands of pSS 
patients, which also suggests that the innate immune system is involved in the patho-
genesis of pSS (109).
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Furthermore, it is hypothesized that the exposed location of the exocrine glands (at 
the host-environment interface), makes the exocrine gland cells easily susceptible 
various noxious stimuli, e.g. infectious agents, and the exocrine glands may there-
fore play a part in the host defense as a locus minoris resistentiae (99) to various 
microbes and other harmful factors. 

Consequently, the exocrine gland cells not only have exocrine functions but may 
also play an important role in immune-infl ammatory defense, e.g. against various 
microbes (99). This is seen especially in the exocrine gland infl ammation in pSS, 
where exocrine cells are not only victims of—but also inducers of—infl ammation, 
since salivary gland cells in pSS patients have been demonstrated to act as non-pro-
fessional APCs expressing HLA class II molecules (110), co-stimulatory molecules 
(111), and TLRs (109) on their surface. During infl ammation, several intracellular 
molecules become presented on the cell surface (112), resulting in further danger 
signaling as well as activation of CD4+ T-lymphocytes, i.e. helper T-cells. Being in 
the center of the adaptive immune system, the second line of defence of the body, the 
CD4+ T-lymphocytes activate CD8+ T-lymphocytes, i.e. cytotoxic T-lymphocytes, 
as well as antibody-producing B-cells. During these processes, several cytokines e.g. 
IFNα (113, 114), BAFF (114–116), TNFα (117), and chemokines (118) are pro-
duced, resulting in recruitment, activation and proliferation of T- and B-lymphocytes 
as well as induction of transcription of various genes. 

Consequently, T-cells of both the CD4+ and CD8+ subsets and also B-cells infi ltrate 
the glandular tissues and may cause tissue damage. In addition, an imbalance of vari-
ous pro- and anti-apoptotic factors may cause infi ltrating lymphocytes of both the 
B- and T-cell subsets to become less prone to undergo apoptosis, while the opposite 
is true in exocrine gland cells. Thus, the disturbed apoptosis may result in exocrine 
gland demise and an exaggerated immune response due to prolonged survival of 
autoreactive lymphocytes (119). During the autoimmune infl ammation, the CD8+ 
T-cells cause cell-mediated tissue damage whilst the B-cells produce antibodies; 
the latter may be innocent bystanders, but they may also play a part in infl ammation 
(120). Further antibodies in pSS may also have functional properties by blocking 
cholinergic neurotransmission to the exocrine glands—e.g. the anti-M3-receptor 
(M3R) antibodies (91), which may deprive the exocrine gland cells of nerve-medi-
ated signals required for secretion. Such antibodies may also affect the intracellular 
distribution of AQPs, the water channels facilitating water transport in the exocrine 
gland (92, 121–122), thereby resulting in exocrine hypofunction. In addition, after 
some time infl ammation in pSS may become self-sustaining and may continue even 
after the initial trigger has disappeared, resulting in further successive destruction of 
glandular tissue (123).
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As previously mentioned, however, tissue destruction in pSS is often much less 
pronounced than the functional impairment, suggesting that there may be other 
mechanisms behind the exocrine dysfunction (19). Since autonomic nervous signal-
ing is a prerequisite for exocrine secretion and some pSS patients have been found to 
express antibodies blocking cholinergic transmission, impaired autonomic nervous 
transmission might possibly explain the discrepancy between morphology and func-
tion seen in exocrine glands in pSS.

Autonomic dysfunction
Involvement of the ANS is a complication of many chronic diseases, including type 
I and II diabetes mellitus (124, 125), rheumatoid arthritis (126, 127), systemic lupus 
erythematosus (128, 129), scleroderma (129, 130), and infl ammatory bowel disease 
(131, 132), and may be related to both troubling symptoms (133) and increased mor-
tality due to ventricular arrhythmias and sudden death (133–135). Also, pSS patients 
have an increased frequency of various AD symptoms, e.g. orthostatic intolerance 
(136–138), urinary symptoms (29, 138), Adie’s syndrome (139), and constipation 
(49), which may be due to ANS involvement. When studying autonomic nerve func-
tion in pSS by objective ARTs, signs of both parasympathetic and sympathetic dys-
function have been demonstrated (140–145) whilst studies on HRV and BRS have 
yielded contradictory results (145–149). These discrepancies may, however, refl ect 
differences between these studies with regard to the use of classifi cation criteria for 
pSS, standardization of autonomic nerve tests, and exclusion of patients on medi-
cations affecting autonomic nerve parameters—as well as differences between the 
autonomic nerve tests and control subjects used in different studies. An overview of 
the studies on autonomic function in pSS is given in Table 3.

Autonomic function is easiest to assess in the cardiovascular system, where various 
cardiovascular autonomic nerve tests, e.g. ARTs, HRV, and BRS exist. The func-
tion in other parts of the ANS, e.g. in the secretomotor, gastrointestinal, and urinary 
systems, are more diffi cult to assess due to a lack of methods assessing autonomic 
function in these. Since these other parts of the ANS seem to be more affected in 
pSS than the cardiovascular ANS, studies on exocrine autonomic nerve function, for 
example, would be of great interest but this has seldom been studied in pSS patients 
(150). 

In pSS, AD has been ascribed to various immunological mechanisms—namely anti-
M3R antibodies (151–153), cytokines interfering with nervous signaling (154–156) 
and infl ammation of autonomic nerves, nerve vessels, and ganglia (49, 52). Al-
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though many chronic AD symptoms may be explained by the anti-M3R antibodies 
(e.g. secretomotor dysfunction, urinary symptoms, and gastroparesis), a more suba-
cute occurrence of AD symptoms, e.g. orthostatic intolerance (136–138), would fi t 
better with a vasculitic process affecting autonomic nerves. Moreover, the Adie’s 
syndrome that affects some pSS patients (139) is best explained by an infl amma-
tion affecting the ciliary ganglion, although the anti-M3-receptor antibodies could 
also be causative. Due to the differences in clinical manifestations and temporal 
development of various AD symptoms in pSS, with some symptoms developing 
over months/years and some symptoms occasionally developing over days/weeks, 
AD is probably due to different mechanisms in different patients. The clinical con-
sequences of AD in pSS of course include several AD symptoms, but in contrast to 
what is found in patients with diabetes, AD in pSS does not seem to be associated 
with excessive cardiovascular mortality (157), which suggests that there may be 
different types of ANS involvement in patients with diabetes and pSS. Since it has 
been shown that parasympathetic nerve signaling may have an attenuating effect 
on macrophage-induced infl ammation and production of various cytokines (158), a 
parasympathetic dysfunction may also affect the autoimmune infl ammatory process 
in pSS and possibly result in an exaggerated infl ammatory response. The parasympa-
thetic nervous system appears to exert its anti-infl ammatory effects on macrophages 
mainly through ACh and the nicotine receptor (158). Thus, the reduced focus scores 
and reduced prevalence of anti-SS-A antibodies reported in tobacco smoking pSS 
patients could fi t with an immunomodulatory effect of nicotine in addition to that 
of the parasympathetic nervous system (159). Also, it has been reported that anti-
muscarinic antibodies might cause an increased infl ammatory response in pSS by 
increasing cycloxygenase-2 expression and prostaglandin E2 production (120).

Disturbed cholinergic transmission and the anti-M3-receptor antibodies
The fact that pSS patients often have large amounts of acinar tissue in the exocrine 
glands that is morphologically intact but which functions at a subnormal level in 
vivo (160) has heightened the interest in the mechanisms governing exocrine secre-
tion and in possible mechanisms interfering with the normal signal transduction to 
and within acinar cells. The main parasympathetic receptor in exocrine glands is the 
M3R, which is also found elsewhere, e.g. in the gastrointestinal system and the blad-
der. In contrast, other muscarinic receptor subtypes, namely the M1- and M2-recep-
tors, are more important in the brain and the heart, respectively. In healthy subjects, 
exocrine secretion starts when ACh stimulates the M3R. However, several factors 
could result in reduced stimulation of the M3R with resulting exocrine dysfunction, 
namely:
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1. Reduced innervation of the exocrine glands. Although it is plausible that in-
fl ammation and neural degeneration could result in a reduced innervation of 
acinar, myoepithelial and ductal cells in the exocrine glands, this is not sup-
ported by previous studies (160, 161).

2. Reduced ACh release. In vitro experiments using exocrine glands from MRL/
lpr mice have indicated that certain cytokines (i.e. TNFα, IL-1α, and IL-1β) 
may impair neuronal release of ACh but this has not been confi rmed in hu-
mans (160, 162). In addition, cytokines have also been proposed to affect the 
transcription and thus also the surface expression of neurotransmittor recep-
tors, thereby interfering with signal transduction (155).

3. An increased degradation of ACh by cholinesterases. SS patients have been 
shown to have increased levels of cholinesterases, the enzymes that degrade 
ACh, in saliva. However, the implication of this fi nding is uncertain. Of note 
is that hydrochloroquine, which is sometimes used as an immunomodulatory 
drug in pSS, is a cholinesterase inhibitor, which is why treatment with this 
drug could possibly affect ACh degradation in exocrine glands—and thereby 
exocrine gland function (160, 163).

4. Antibodies directed against and blocking the M3R. The presence of such anti-
bodies in pSS patients has been reported by various authors using different 
techniques. These include:
a. Radioligand binding studies where sera from SS patients were found to 

bind noncompetitively to the M3R of rat parotid gland and exorbital lacri-
mal gland membranes (164, 165). 

b. Various immunological approaches e.g. using M3R transfected Chinese 
hamster ovary cells as the basis of a fl ow cytometric assay (166) and ELI-
SA using a 16-mer sequence of the second extracellular loop of the M3R 
(167). These have, however, either not been able to be reproduced or have 
had a low specifi city (91). 

c. Bioassays studying the effect of SS sera on e.g. carbachol induced con-
tractility of mouse colon or bladder strips, for example. Here, the SS sera 
were shown to attenuate carbachol-induced contractions (151, 168).

d. Bioassays using human salivary gland cells where carbachol-induced, 
fl uoro metrically assessed intracellular increase in Ca2+ is blunted by anti-
bodies in the IgG fraction of SS sera. Using this technique, the M3R was 
found to be blocked by the M3R-antibodies in a reversible manner (169).

Additional studies have shown that after a period of blockade of cholinergic trans-
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mission, these antibodies may induce a cholinergic hyperresponsiveness with up-
regulation of the M3R, which may explain bladder irritability—which is commonly 
encountered in pSS patients (29, 66, 170). These antibodies have also been sug-
gested to cause gastrointestinal symptoms, e.g. gastroparesis (66), and disturbance 
of microvascular responses to cholinergic stimulation (171). Reports on abnormal 
distribution of AQP in acinar cells (92, 121, 122) and an abnormal expression of 
certain protein kinase C isoforms (172) in various exocrine gland cells also show 
a disturbed intracellular signaling downstream of the M3R, which could fi t in with 
the presence of anti-M3R antibodies. Furthermore, the physiologically measurable 
effects of the anti-M3R anti bodies and the symptoms probably associated with them 
have also been reported to be diminished by anti-idiotypic antibodies/intravenous 
immunoglobulins (168, 173).

In conclusion, there is substantial evidence that a serological factor exists in the 
IgG fraction of sera from pSS and sSS patients, which seems to interact with the re-
sponse of the M3R to cholinergic stimuli. The exact target of these antibodies is still 
a matter of debate, but the second extracellular loop of the M3R has been implicated 
(174). Probably due to their low concentration and our lack of knowledge about their 
exact specifi city, they are diffi cult to detect using conventional immunological meth-
ods such as ELISA. The best methods for their detection today seem to be various 
bioassays studying their effects on murine colon and bladder contractility (91) or on 
increase in intracellular Ca2+ in human salivary gland cells as a result of cholinergic 
stimulation (91).  

Prognosis and outcome
The exocrine disease in pSS, with resulting dryness of the eyes and mouth, is usu-
ally a relatively stable process at the time when the diagnosis is made, with small 
changes of objective exocrine function over time (175–177). However, one has to 
keep in mind that many patients have a substantial loss of exocrine function already 
at diagnosis, which is why further deterioration—as measured by exocrine function 
tests—is not possible. Furthermore, the degree of subjective sicca symptoms and 
fatigue also seems to be stable over time (177).

While the exocrine disease causes constant discomfort for SS patients, it is the in-
creased prevalence of non-Hodgkin lymphomas (NHL) in SS patients that is the 
most severe complication of pSS. The association between SS and NHL was fi rst 
reported in an epidemiological study in 1978, where a 44-fold increased risk of NHL 
was reported in a group of SS patients at a tertiary referral center (178). More recent 
epidemiological studies have reported a standardized incidence ratio (SIR) of 13–15 
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(37, 38) for lymphomas in pSS patients and a cause-specifi c standardized mortality 
ratio (csSMR) of 8 for lymphoma-related mortality (157). Since incidence of lym-
phoma has been found to increase with increasing disease duration, the risk of NHL 
in pSS appears to be related to the cumulative infl ammatory burden of the disease 
(37). Various predictors of NHL have been identifi ed, namely: parotid swelling 
(39, 179) lymphadenopathy (39, 179), palpable purpura (39, 179), low-grade fever 
(39), and also peripheral neuropathy (39). In addition, several laboratory predictors 
have been reported, including: anemia (39), lymphopenia (39) including CD4+ T-
lymphocytopenia (37), low levels of complement factor 3 (37, 180) and 4 (37, 179, 
181) and cryoglobulinemia (182). Although no signifi cant excess mortality has been 
reported for pSS patient as a whole (157, 179) and the increased incidence of NHL is 
confi ned to pSS patients diagnosed according to the AECC (37), the lifetime risk of 
developing NHL still has been estimated to be 1–10 % in SS patients (41). 

Considering the prognosis for neurological involvement in pSS, the peripheral 
neurological involvements in pSS are usually rather stable or slowly progressive 
(183) and spontaneous improvement without medication has been described (52). 
However, peripheral neuropathy is a predictor of NHL development (39); thus, pSS 
patients with symptomatic peripheral neuropathy should be closely monitored with 
regard to lymphoproliferative disease.  

Treatment
Treatment of pSS can be divided into local treatment, mainly aimed at alleviating 
symptoms of dryness at various locations, and systemic treatment, aimed both at 
ameliorating sicca symptoms and at affecting different non-exocrine manifestations 
of the disease.

1. Local treatment
The mainstay of dry eye treatment is the use of various tear substitutes that are avail-
able with different viscosities, the more fl uid forms being preferable during the day 
and the more viscous forms (including ointments) in the evening and at night (184). 
In addition to the use of artifi cial tears, various non-pharmacological methods can be 
used for dry eyes—including the avoidance of extensive indoor ventilation, use of 
room-humidifi ers, having a working position that does not encourage evaporation of 
tears from the surface of the eye (e.g. a low-placed computer screen) and also occa-
sionally lacrimal duct plugs. All of these measures are aimed at conserving the tears 
that are still produced by the lacrimal glands (184). Studies on topical treatment with 
NSAIDs have shown benefi cial effects on ocular symptoms (184) and topical treat-
ment with cyclosporine in the eyes has been reported to improve ocular symptoms, 
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objective exocrine function in the eyes, and also infl ammation (185). Their current 
use in clinical practice is, nevertheless, limited.

Local treatment of dry mouth includes an increased water intake to lubricate the dry 
mucosal surfaces of the oral cavity, both to alleviate oral discomfort and to amelio-
rate chewing and swallowing when eating. In addition, the use of various lozenges 
and chewing gums stimulates the residual secretory function of salivary glands (15). 
Daily use of fl uoride in combination with meticulous dental hygiene is also very im-
portant since both measures help to prevent caries and subsequent tooth decay (184). 
The use of topical immunomodulation for the treatment of SS related dry mouth has 
been studied using lozenges containing IFNα, which have been shown to increase 
salivary fl ow in pSS patients (15, 186). However, possible concerns with this study 
were the high placebo response rates, possibly explained by salivary stimulation by 
the lozenges irrespective of whether or not they contained IFNα. Finally, acupunc-
ture has also been shown to improve salivary fl ow in some studies (187, 188), but its 
place in the treatment of oral sicca symptoms is still not clear.

2. Systemic treatment
One of the most commonly used forms of systemic treatment in pSS is the use of 
the secretagogues pilocarpine and cevimeline. The latter is still not available in Eu-
rope at present. These drugs exert their effects by stimulating mainly the M3R, and 
they have been shown to increase salivary fl ow rates and ameliorate oral and ocular 
symptoms in placebo-controlled trials (184, 189, 190). However, the presence of the 
M3R elsewhere in the body makes some patients experience adverse effects of these 
drugs, e.g. sweating, abdominal distress, and aggravated irritable bladder symptoms 
(184).

Bromhexine has been used for a long time for stimulation of the exocrine glands and 
in one study it was shown to improve lacrimal fl ow, as measured by the Schirmer I 
test (S1t), in SS patients (191). However, currently there is a lack of confi rmatory 
studies.

Classical immunosuppressive drugs have not given much success in the treatment of 
pSS (184), although hydroxychloroquine is used occasionally—mainly for concomi-
tant dermatological or musculoskeletal symptoms. The exocrine disease does not 
appear to be affected by hydroxychloroquine (192), although as a cholinesterase in-
hibitor this drug could possibly have benefi cial effects on the exocrine disease (163). 
However, measurable anti-infl ammatory effects with reduced IgG and erythrocyte 
sedimentation rates have been reported (192).

IFNα has been tried as an immunomodulatory treatment, not only in the form of oral 
lozenges (186) but also by subcutaneous administration (193), with some effects 
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on infl ammation (194) and possible effects on peripheral neuropathy (195), which 
however remain to be confi rmed. Considering the increased activity of the type I 
interferon system in pSS, drugs targeting IFNα would seem more rational. 

A study using the androgen DHEA—based on the hypothesis that there may be a 
relative lack of androgens in pSS patients showed limited effects, although it has to 
be acknowledged that the study was small (196).

Finally, studies on biological agents include studies on TNFα blockers, the anti-
CD20 antibody rituximab and the anti-CD22 antibody epratuzumab (197). Although 
an open pilot study with the TNFα blocker infl iximab showed benefi cial effects on 
salivary fl ow, for example (198), two randomized controlled trials with infl iximab 
and etanercept failed to confi rm this positive effect (117, 199). In open studies, 
rituximab has shown effects not only in the treatment of SS-related lymphoma but 
also in the treatment of various non-exocrine manifestations, although its effect on 
the exocrine disease is still unclear (200–202). Again, these fi ndings and the effects 
on the exocrine disease must be confi rmed by larger randomized studies since the 
studies so far have been open and small. Furthermore, it is plausible that the best ef-
fect on exocrine symptoms is probably to be expected in patients with short disease 
duration, when exocrine hypofunction is still due to various reversible infl ammatory 
mechanisms and not to destruction of exocrine glands.

For the treatment of pSS-associated CNS disease, a combination of cyclophospha-
mide and steroids is usually the regimen of choice (184) but one case report has also 
shown rituximab to be a treatment option in subjects who are refractory to common 
treatment (203). 

In case reports, the more common peripheral and autonomic neuropathies associ-
ated with SS have been reported to respond to intravenous immunoglobulins (204, 
205), corticosteroids (138), infl iximab (206), IFNα (195), and recently also rituxi-
mab (207). However, there is a lack of larger studies on this topic. Moreover, since 
various pathogenetic mechanisms (e.g. vasculitis, ganglionitis, anti-M3-receptor 
antibodies) may underlie the various neurological complications of pSS, this also 
underscores the importance of individualization of treatment in different patients 
based on the clinical picture and the pathophysiological mechanisms. 
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Aims

The aims of the studies presented in this thesis were the following:

I. To assess the prevalence and degree of ANS involvement in a cohort of pSS 
patients according to the AECC, and to relate autonomic nervous function to 
variables of exocrine function tests performed when diagnosing pSS (Study 
I).

II. To translate the English Autonomic Symptoms Profi le (ASP), a questionnaire 
for evaluation of autonomic symptoms, into Swedish, to calculate standardized 
values for the different ASP domains, and to evaluate its reliability and validity 
in patients with type I diabetes (Study II).

III. To evaluate autonomic symptoms in pSS patients using the Swedish version of 
the ASP and to study associations between symptoms of AD and clinical and 
serological features of pSS (Study III).

IV. To assess the prevalence of pharyngeal and esophageal symptoms and of 
dysmotility in patients with pSS by comparison with age- and sex-matched 
controls (Study IV).

V. To relate dysphagia and video-radiographically assessed dysmotility to auto-
nomic nervous function in pSS patients (Study IV).
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Material and methods

Subjects
Patients
The patients with pSS were followed regularly at the Department of Rheumatology, 
Malmö University Hospital, where SS patients have been systematically registered 
in the Malmö Sjögren’s Syndrome Register (MSSR) and prospectively followed 
since 1984. Initially, patients included in this register were diagnosed according to 
the Copenhagen criteria (5) but since 1993 the European Community criteria (3, 4) 
have also been utilized in parallel. The MSSR also includes patients with isolated 
xerostomia and KCS, who were followed to monitor their possible development into 
defi nitive SS patients. The nowadays widespread and well-established AECC (6) 
for SS were published in 2002 and these are the set of criteria most frequently used 
today. They have been used in our department since 2002. All pSS patients included 
in the studies described in this thesis fulfi lled the AECC. The patients with type I 
diabetes belonged to a cohort being followed at the Department of Endocrinology, 
Malmö University Hospital, with regard to ANS involvement.

Study I comprised a cohort of 46 pSS patients included in the MSSR (median age 54 
years, range 24–60 years; 43 females), 4 of whom were 60 years of age. All patients 
in the MSSR who did not meet any exclusion criteria were asked to participate in 
the study. The patients recruited were followed regularly at the outpatient clinic of 
the Department of Rheumatology, Malmö University Hospital. Exclusion criteria 
were: age > 60 years, concomitant disease known to affect autonomic nervous func-
tion, namely diabetes mellitus, infl ammatory bowel disease, or other infl ammatory 
rheumatic disease besides pSS, and current treatment either with drugs affecting 
autonomic nervous function (anti-cholinergic drugs, beta-blockers, calcium channel 
blockers, ACE inhibitors, or angiotensin-2 receptor blockers) or with disease-modi-
fying anti-rheumatic drugs. Two pSS patients were treated with pilocarpine (5 mg 
qid) and one with prednisolone (5 mg daily), in whom treatment was discontinued 1 
week prior to testing of autonomic and exocrine function.

Study II involved 31 patients (median age 52 years, range 39–69 years; 12 females) 
with type I diabetes, 6 of whom were ≥60 years of age (range 61–69 years). The 
patients belonged to a cohort of type I diabetics followed at the Department of En-
docrinology, Malmö University Hospital since 1984–1985 with regard to autonomic 
nervous function. The patients had been diagnosed with type I diabetes at 15–25 
years of age and had a median disease duration of 33 years. Thirteen patients had 
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co-morbidities or medications possibly affecting autonomic function. Due to co-
morbidities, it was not possible to stop the medications prior to the study.

Study III comprised 38 of the 46 pSS patients in Study I (median age 56 years, 
range 25–61 years; 35 females) of whom eight patients were ≥ 60 years old (range 
60–61 years). All patients included in Study I were asked to participate in Study 
III. However, six patients had moved or declined participation and two patients were 
excluded due to the use of pilocarpine. None of the patients who were included had 
any co-morbidity or were currently on any medication known to affect autonomic 
nervous function (anti-cholinergic drugs, beta-blockers, calcium channel blockers, 
angiotensin converting enzyme-inhibitors, angiotensin-2 receptor blockers or pilo-
carpine).

Study IV included 20 patients with pSS (median age 47 years, range 19–60 years; 
18 females), 2 of whom were 60 years of age. The patients were recruited consecu-
tively at the outpatient clinic of the Department of Rheumatology, Malmö Univer-
sity Hospital. Exclusion criteria were: age >60 years, current treatment with any 
drugs affecting autonomic nervous function (anti-cholinergic drugs, beta-blockers, 
calcium channel blockers, ACE inhibitors, or angiotensin-2 receptor blockers) or 
with glucocorticosteroids or disease-modifying anti-rheumatic drugs, and prior gas-
troesophageal surgery. In addition, for purposes of radiation hygiene, pregnancy and 
prior multiple (≥5) chest X-ray examinations were also used as exclusion criteria. 

Controls
The controls for the deep breathing test (Studies I–IV) and orthostatic heart rate 
tests (Studies I–III) consisted of 56 healthy individuals (median age 40 years, range 
16–59 years; 22 females), all of whom had passed a health examination without signs 
of cardiovascular disease, respiratory disorders or diabetes mellitus. The controls for 
the orthostatic blood pressure reaction test (Studies I–III) consisted of 238 healthy 
non-diabetic individuals (median age 60 years, range 16–96 years; 106 females). 
Finally, the fi nger-skin blood fl ow test (Studies I–IV) involved 80 healthy subjects 
(median age 43 years, range 19–81 years; 37 females), all of whom were non smok-
ers, had no history of vascular disease, and were not on any medication. The control 
materials had been studied with the autonomic nervous function tests several years 
earlier than the pSS patients and type I diabetes patients, and although population-
based controls would have been preferable, the controls were mainly recruited from 
laboratory staff, their friends, and relatives. However, the protocols and equipment 
used when studying patients and controls were identical.

The Autonomic Symptom Profi le (ASP) controls in Studies II–III were randomly 
selected from the Swedish general population registry and were living in the City of 
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Malmö or its surroundings. Controls were asked by mail if they would like to par-
ticipate in the study, if they had any disease (diabetes mellitus, rheumatoid arthritis, 
or Sjögren’s syndrome) or were on any medication (anti-hypertensives, cardiovas-
cular medication, or anti-depressants) possibly affecting autonomic function. If the 
subject was willing to participate and had no disease or medication that would affect 
autonomic function, the questionnaire was fi lled out once and sent back by post. If 
there were no answer after 4 weeks, a reminder letter was sent and if no answer was 
received, a new control of the same age and gender was selected. The response rate 
was 73%, but among the letters returned there were 43 from subjects who did not 
want to participate and 96 from subjects who had to be excluded due to the fact that 
they fulfi lled one or more exclusion criteria (diabetes, n = 14; rheumatoid arthritis, n 
= 6; anti-hypertensive treatment, n = 59; cardiovascular medication, n = 8; and use of 
anti-depressants, n = 25). Two hundred controls (median age 45 years, range 20–69 
years; 100 females) were thus included in the study.

In Study IV, the age- and sex-matched controls for the questionnaire on pharyngeal 
and esophageal symptoms and for the pharyngoesophageal video-radiography ex-
amination (median age 48 years, range 18–60 years; 27 females) were randomly se-
lected from the Swedish general population registry. They lived in the city of Malmö 
or its surroundings. The exclusion criteria were the same as for the patients with pSS 
who were included in that study.

Experts
In Study II, two AD experts participated for the evaluation of the content validity 
of the Swedish ASP.

Autonomic nervous function tests
The patients with pSS in Studies I, III, and IV and the patients with type I diabetes 
in Study II were all studied by autonomic nervous function refl ex tests (Figure 3), 
namely the deep breathing test (Studies I–IV), the orthostatic heart rate and blood 
pressure test (Studies I–III) and the fi nger-skin blood fl ow test (Studies I–IV). 
Since the autonomic nervous function variables are affected by various environmen-
tal factors, all autonomic nervous function tests were performed in the morning un-
der standard conditions, i.e. the temperature conditions were kept stable and patients 
were not allowed to eat, drink coffee, or smoke later than 2 hours prior to testing.
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1. The deep breathing test
This test measures the variability of heart rate from deep breathing, i.e. the degree of 
sinus arythmia, and it has previously been shown to be a specifi c test for para-sym-
pathetic function since this refl ex is diminished by atropine but not by propranolol 
(78). During the test, the subject was resting in the supine position for 15 minutes, 
while the heart rate was being monitored by ECG. When heart rate was constant, 
after 4 or more minutes of monitoring, six maximal expirations and inspirations 
were performed over a one-minute period. An expiration/inspiration (E/I) ratio was 
calculated as the mean of the longest R-R intervals during the expirations divided by 
the mean of the shortest R-R intervals during the inspirations (208). 

2. The orthostatic heart rate and blood pressure test
During this test, the heart rate and blood pressure response to passive tilt is meas-
ured. According to previous studies, the reaction of heart rate to tilt is mediated 
mainly parasympathetically (133), but also sympathetically to some degree (209, 
210), while the blood pressure response to tilt mainly seems to be sympathetically 
modulated (86).

While performing this test, the subject was strapped on a tilt table in the supine posi-
tion for 10 minutes, and then, within 2 seconds, tilted to an erect position in which 
he/she remained for 8 minutes. The heart rate was constantly monitored by ECG 
during the entire procedure, starting 1 minute before tilt. Systolic and diastolic blood 
pressures were measured before and also every minute after tilt. A mean of the R-R 
intervals before tilt (A) was calculated and the shortest R-R interval during the fi rst 
minute after tilting (B) was determined. From the values above, an acceleration in-
dex (AI), defi ned as [(A-B)/A×100] was calculated (211). 

Moreover, the systolic and diastolic blood pressures before tilt (SBPrest and DBP–
rest) and also the lowest systolic and diastolic blood pressures during the fi rst 8 
minutes after tilt (lSBP and lDBP) were determined. From these orthostatic systolic 
and diastolic blood pressure-ratios, lSBP ratio [ = lSBP/SBPrest] and lDBP ratio [ = 
lDBP/DBPrest] were calculated (212). 

3. The fi nger-skin blood fl ow test
This test measures refl ectory vasoconstriction to contralateral cooling and has been 
shown to be a sensitive test of sympathetic nervous function, since the refl ex it meas-
ures is abolished in patients who have been sympathectomized due to excessive hand 
sweating (80).  

40



39

The test was performed while the subject was sitting in a semi-recumbent position 
with the left hand on an aluminum holder, situated at heart level with the third fi nger 
placed in a groove of the holder, the temperature of which was kept stable at 40° C 
(Figure 3). The fi nger-skin blood fl ow was monitored by a laser doppler imaging 
(LDI) instrument, which scans an area of 2 × 2 cm of the distal phalanx of the third 
fi nger, every minute for 6 minutes, during rest at the 40° C heating (h) procedure. 
The subject then immersed the contralateral hand and forearm in a 15° C water bath 
and kept the forearm there for 3 minutes. A scan of the left middle fi nger was made 
every 30 seconds during immersion, and afterwards for a further 3 minutes. Hence, 
the fi nger-skin blood fl ow of the left hand was being monitored during this contral-
ateral cooling (c) procedure. By dividing the lowest value of fi nger-skin blood fl ow 
during the fi rst minute of contralateral cooling, LDIc, by the mean of the two last 
measurements of fi nger-skin blood fl ow at rest before the cooling procedure, LDIh, a 
vasoconstriction (VAC) index could be calculated: VAC index = LDIc / LDIh (80). 

Figure 3. The fi nger-skin blood fl ow test
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Figure 4.
The ophthalmological and oral exocrine function tests were performed at the Depart-
ment of Rheumatology by the author (Schirmer I test and determination of the van 
Bijsterveld score) or a trained nurse (unstimulated whole sialometry). Reproduced 
with permission from Dr Elke Theander.
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Standardization of the autonomic nervous function tests
Since autonomic nervous system function usually deteriorates with advancing 
age, the autonomic nervous function variables were age-corrected and expressed 
as z-scores by comparison with three previously examined control groups (80, 82, 
212). The z-scores of the pSS patients were then compared with the z-scores of the 
controls to detect differences between the groups. Since gender does not appear to 
signifi cantly affect the autonomic variables measured in the tests used in the studies 
in this thesis, matching for sex was not done (80, 82, 85). 

Exocrine tests
The function of the lacrimal glands in pSS patients in Study I was evaluated by 
Schirmer I test (S1t) and determination of the van Bijsterveld score (vBs) as pre-
viously described (213). The ocular tests were all performed by the author at the 
Department of Rheumatology, Malmö University Hospital, using standard Schirmer 
paper strips and a slit lamp. To avoid unnecessary discomfort to the patients when 
determining the vBs, the rose bengal stain was replaced by lissamine green, since 
these stains are interchangeable and give virtually the same information—the lat-
ter, however, with substantially less eye discomfort (214). Ocular parameters were 
expressed in terms of sum of both eyes. The unstimulated whole sialometry (UWS) 
was measured for 15 minutes (215) and was performed by a trained nurse in our 
department. In addition, the UWS was performed under standardized conditions, i.e. 
the subject was not allowed to eat, drink, smoke, or use chewing gum or lozenges 
within the last hour prior to testing (Figure 4). All exocrine and autonomic nervous 
function tests in each individual patient in Study I were performed close in time 
(median (IQR) 1 (0–2) months apart). 

The Autonomic Symptom Profi le
The autonomic nervous function tests describe objective signs of AD. Although 
these objective parameters predict mortality to some extent (133–135), they do not 
detect symptoms of AD. Since AD symptoms can be very debilitating with manifes-
tations such as orthostatic intolerance, erectile dysfunction, and secretomotor dys-
function, it is also important to assess the impact of the presence of AD symptoms on 
the well-being of such patients. Thus, the Autonomic Symptom Profi le (ASP) was 
constructed at the Mayo Clinic and validated in patients with AD of different etiolo-
gies (216), and used in a study of AD symptoms in patients with diabetes (217). In 
Study II, the questionnaire was translated into Swedish and was validated in patients 
with type I diabetes for subsequent assessment of AD symptoms in patients with pSS 
(Study III). 
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In Study II, the ASP was fi rst translated from English to Swedish by one translator 
and then back-translated to English by another translator, followed by comparison of 
the translations by the main author. No changes to the Swedish version were made. 
Reliability of the ASP was studied by test-retest where 25 of the patients completed 
the questionnaire on two separate occasions two weeks apart and intraclass corre-
lation coeffi cients (ICC) were determined for the ASP domain and total scores. In 
addition, correlations between the ASP total score and the ASP domain scores were 
calculated for the 31 patients in the study. Validity was evaluated by studying con-
tent validity, construct validity and discriminant validity of the ASP. Content valid-
ity of the Swedish version of the ASP was evaluated by two Swedish AD experts. 
Construct validity was evaluated by studying correlations between the fi ve different 
autonomic nervous function parameters and the ASP total score as well as by study-
ing differences in the ASP autonomic domain scores in patients with normal and 
abnormal autonomic nervous function test results. Finally, discriminant validity was 
evaluated by hypothesizing that the patients would score higher in the ASP total 
score than the controls.

The questionnaire took approximately 30 minutes to fi ll out and consisted of 151 
items, as well as some additional questions regarding age, gender, height, and 
weight. Among these items were 73 that were considered by the original construc-
tors as being the most important clinically, and frequently asked questions when 
evaluating autonomic symptoms. These questions evaluated nine domains of auto-
nomic symptoms, i.e. orthostatic intolerance (n = 9), secretomotor dysfunction (n 
= 8), male sexual dysfunction (n = 8), urinary dysfunction (n = 3), gastrointestinal 
dysfunction divided into 3 sub-domains—namely gastroparesis, diarrhoea, and con-
stipation (n = 14), pupillomotor dysfunction (n = 7), vasomotor dysfunction (n = 
11), sleep disorder (n = 8) and refl ex syncope (n = 5). In addition, 12 interspersed 
questions were added addressing psychosomatic (n = 6) and understatement tenden-
cies (n = 6). The autonomic symptom domains consisted of questions evaluating 
presence, severity, distribution, frequency, and progression of various autonomic 
symptoms. The separate answers in each domain were scored according to their 
predictabi lity of disease. 

Due to the different degrees of clinical importance of the various domains, scores 
were also weighted according to their clinical relevance. The weighted maximum 
domain scores were as follows: orthostatic intolerance, 40; secretomotor dysfunc-
tion, 20; male sexual dysfunction, 30; urinary dysfunction, 20; gastroparesis, 10; 
diarrhoea, 20; constipation, 10;  pupillomotor dysfunction, 5; vasomotor dysfunc-
tion, 10; sleep disorder, 15; and refl ex syncope, 20. By adding the autonomic domain 
scores an ASP total score could be calculated with a maximum of 200 for males 
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and 170 for females. The score was lower for females due to the lack of questions 
addressing female sexual dysfunction. In addition, the psychosomatic and understate-
 ment domains were allocated a maximum score of 10 each. The results of these do-
mains were not included in the ASP total score but were presented separately. 

Before data analysis, several ASP domain scores and the ASP total score were age-, 
gender-, height- and weight-standardized, based on the ASP scores of the 200 con-
trols, using a linear regression model into which age, gender, height, and weight 
were added as covariates to each respective ASP score. Due to a preponderance of 
zero values—although with gender differences—among controls in some ASP do-
mains, the gastroparesis and refl ex syncope domains were expressed as gender strati-
fi ed raw scores. Similarly, the psychosomatic and underestimation domains were 
expressed as gender-stratifi ed raw scores (see Appendix A). Since two questions on 
psychosomatic symptoms from the original questionnaire addressed the existence 
of swallowing diffi culties and experiencing that all food tastes the same (symptoms 
that cannot necessarily be regarded as psychosomatic symptoms in pSS patients with 
dry mouth), these questions were omitted from the psychosomatic domain and an ad-
justed psychosomatic index was calculated and re-weighted with a maximum score 
of 10 in Study III. The pSS patients who fi lled out the ASP in Study III had been 
studied previously with objective autonomic nervous function tests (in Study I). The 
difference in time between the completion of the autonomic nervous function tests 
and the ASP for the pSS patients was median 17 months (interquartile range limits: 
10, 24 months) whereas the diabetic patients in Study II completed the ASP and the 
autonomic nervous function tests closely in time (at a maximum of 4 weeks apart).

The questionnaire on pharyngeal and esophageal 
symptoms
To evaluate the presence of dysphagia and also pharyngeal, esophageal and gastro-
esophageal refl ux disease (GERD) symptoms in pSS patients, an as yet un-validated 
questionnaire that had been developed at the Department of Radiology, Malmö Uni-
versity Hospital, was used.

The subjects were interviewed using this questionnaire, which consisted of 15 
questions screening for different clinically important pharyngeal and esophageal 
symptoms, the presence of which may result in seeking medical attention. The fi rst 
question was related to the presence of dysphagia (defi ned as a positive answer to 
the question “Do you experience weekly occurrence of swallowing diffi culties when 
eating solids and/or drinking liquids?”). Furthermore, the subjects who apparently 
had dysphagia were asked about the severity of the dysphagia, i.e. whether the dys-
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phagia involved solids and/or liquids, and also the location of the dysphagia, i.e. 
pharyngeal, upper-esophageal, mid-esophageal, or distal-esophageal location.

Subjects were then asked questions related to GERD symptoms (weekly occurrence 
of: globus feeling, regurgitation, pyrosis, nocturnal asthma, and subjective feeling of 
an increased amount of fl uid in the oral cavity (5 questions)), pharyngeal symptoms 
(weekly occurrence of: fl uid/food in the nasal cavity after swallowing, misdirected 
swallowing, i.e. a sensation of passage of food or liquid into the airways when swal-
lowing, coughing after swallowing, and hawking when eating (4 questions)), and 
also esophageal symptoms (weekly occurrence of: a feeling of obstruction when 
swallowing, avoidance of certain foods due to dysphagia, increased intake of liquids 
when eating, presence of odynophagia, and any previous episodes of acute obstruc-
tion that resulted in the need to vomit or in endoscopy (5 questions)). By adding the 
positive answers, i.e. presence of symptoms, the GERD (0–5), pharyngeal (0–4) and 
esophageal symptom scores (0–5) were calculated (Appendix B).

Pharyngeal and esophageal video-radiography
To objectively evaluate the presence of functional and morphological pharyngeal 
and esophageal abnormalities, pSS patients in Study IV were also studied by pha-
ryngeal and esophageal video-radiography. This radiological technique was per-
formed according to a protocol used at our hospital (218, 219), and is considered 
to be a minimally invasive method with little or no discomfort for the subject under 
study. However, the examination results in a dose of radiation equivalent to 15 chest 
X-rays (antero–posterior and lateral projections). 

All radiography results were read by one of the co-authors (OE), who was not blind-
ed with regard to what group the subject belonged to, as a consequence of the radia-
tion protection committee’s request for continuous monitoring of the prevalence of 
dysmotility in the control group. During the radiological procedure, pharyngeal and 
esophageal motility and morphology were monitored fl uoroscopically and registered 
on a video tape for later evaluation (Figure 5 and 6). First, the subject had to swallow 
a solid bolus, i.e. a radiolucent tablet of antacid with a diameter of 13 mm, together 
with a thin liquid barium suspension (40% w/v). If the tablet was arrested in combi-
nation with symptoms of obstruction, the patient was considered to have bolus-spe-
cifi c esophageal dysfunction (BSED). The methodology did not permit assessment 
of esophageal transit time.

Then, the subject performed 5 swallows of high-density (240 % w/v) barium sus-
pension in the standing and the supine positions. Esophageal motility was evaluated 
for signs of aperistalsis/peristaltic escape and non-propulsive peristalsis/esophageal 
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spasm in both the erect and supine positions. In addition, the presence of aperistalsis/
peristaltic escape and non-propulsive peristalsis/esophageal spasm was semi-quanti-
fi ed as being normal (no signs), mild (present in 1 of 5 swallows), moderate (present 
in 2 of 5 swallows), or severe (present in ≥ 3 of 5 swallows) in both the erect and the 
supine positions. The subject was considered to have esophageal dysmotility if he/she 
had BSED or aperistalsis/peristaltic escape or non-propulsive peristalsis/esophageal 
spasm in at least 1 of 5 swallows in the erect position and/or the supine position. 
Finally, pharyngeal motility was evaluated by performing 5 swallows while being 
recorded video-radiographically both in the antero–posterior and in the lateral pro-
jections. The video-radiographies were evaluated afterwards for signs of radiologi-
cal misdirected swallowing, defi ned as radiological signs that part of the swallowed 
bolus reaches the laryngeal vestibule or trachea, i.e. penetration or aspiration, pha-
ryngeal retention, and pharyngoesophageal segment dysfunction (PESD). Presence 
of radiological misdirected swallowing, pharyngeal retention, and PESD was also 
semiquantifi ed as above. The subject was considered to have pharyngeal dysmotility 
if he/she had radiological evidence of misdirected swallowing, pharyngeal retention, 
or PESD in at least 1 of 5 swallows. Due to the use of a single-contrast examination 
technique, the esophageal mucosa could not be evaluated for the presence of refl ux-
related mucosal changes. However, presence of more severe morphological changes, 
i.e. strictures and esophageal webs, was evaluated (Figures 5 and 6). 

Statistics
Power calculations were performed in Studies II and IV. In Study II, the power 
calculation was based on the raw ASP total scores from the original publication of 
the ASP (216). Accordingly, the diabetic patients and controls in this study were 
assumed to have a raw ASP total score as found in patients with peripheral neuropa-
thies and controls, respectively, in the original publication. Based on these values, 
the power calculation showed that inclusion of 30 patients with type I diabetes would 
require at least 12 age- and sex-matched controls to enable detection of a difference 
in the raw ASP total score with a power of 80 % at a signifi cance level of  p <0.05. 
However, to ensure a balanced sex and age distribution for future studies with other 
patient groups (with various sex and age distributions), equal numbers of male and 
female controls were selected in each 10-year stratum. Thus, 20 controls were in-
cluded per sex and age stratum, resulting in a control group of 200 subjects. This 
also enabled standardization of the ASP scores with regard to age, gender, height, 
and weight. 
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Figure 5.
Pharyngeal and esophageal video-radiography, in the erect and supine position, 
reproduced with permission from Professor Olle Ekberg.
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In Study IV, we fi rst assessed the prevalence of esophageal dysmotility in the 20 
pSS patients to be 40 %. Due to the lack of radiology data in subjects from the nor-
mal population, the prevalence of esophageal dysmotility had to be based on the 
assumption by our radiologist that the prevalence of esophageal dysmotility would 
be 5 % at most in the control group. Based on the above, power calculation indicated 
an 80% power to detect a difference (at the p < 0.05 signifi cance level) in esophageal 
dysmotility if at least 30 controls were included.

Due to the often skewed distribution of the objective and subjective autonomic nerv-
ous function parameters, the Mann-Whitney U test was used for group comparisons 
and the Spearman rank correlation test for correlations. To study associations be-
tween discrete variables, the Chi-square test and Fisher’s exact test were used. In 
Study II, several ASP domain scores and the ASP total score were age-, gender-, 
height- and weight-standardized, based on the ASP scores of the 200 controls. This 
was done using a linear regression model into which age, gender, height, and weight 

Figure 6. 
Esophageal video-radiographies, reproduced with permission from Profes-
sor Olle Ekberg.
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were added as covariates to each respective ASP score. Values are presented as 
median with interquartile range limits in parenthesis (if not stated otherwise), and 
p-values of < 0.05 were considered signifi cant.

Ethics
Studies I–IV were all approved by the Medical Ethics Committee of Lund Univer-
sity. Moreover, Study IV was also approved by the Radiation Protection Commit-
tee at Malmö University Hospital. All participating subjects gave written informed 
consent.
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Results and discussion

Study I – Objective signs of autonomic dysfunction in pSS
Results
In this study, objective signs of AD in pSS patients were studied by 3 autonomic 
refl ex tests and autonomic nervous function was related to exocrine function. The 
E/I ratio was signifi cantly reduced in pSS patients as compared to the controls, indi-
cating a parasympathetic dysfunction. Furthermore, pSS patients had a signifi cantly 
increased VAC index and signifi cantly reduced lSBP ratio and lDBP ratio compared 
to controls, indicating a sympathetic dysfunction. Thus, 9 % (4/44) and 2 % (1/44) 
of patients showed an lSBP ratio of ≤ – 2SD and an lDBP ratio of ≤ – 2SD, respec-
tively and 11 % (5/44) and 7 % (3/44) of pSS patients had orthostatic systolic and 
diastolic hypotension, respectively, defi ned as a drop in orthostatic systolic blood 
pressure of ≥ 30 mm Hg and a drop in orthostatic diastolic blood pressure of ≥ 10 
mm Hg, respectively (Table 5). 

Eighty-four per cent (38/45), 74 % (34/46), and 59 % (27/46) had an abnormal UWS 
(abnormal being ≤ 1.5 mL/15 min), abnormal S1t (abnormal being ≤ 10 mm/5 min 
(sum of both eyes)), and abnormal vBs (abnormal being ≥ 8 (sum of both eyes)), 
respectively, when tested. When comparing autonomic nervous function variables 
between patients with normal and abnormal UWS, S1t, and vBs, respectively, these 
showed poor associations (Table 6). Moreover, when comparing the autonomic nerv-
ous function indices in patients with and without anti-SS-A antibodies and anti-SS-B 
antibodies, and also non-exocrine clinical signs and symptoms (arthralgia/arthritis 
in the joints of the hand, Raynaud’s phenomenon, peripheral neuropathy symptoms, 
vasculitis, renal disease, liver disease, interstitial lung disease, and myositis), no 
signifi cant differences were found. In addition, there was no signifi cant difference in 
autonomic nervous function parameters between current smokers and non-smokers.

Discussion
In this study, objective signs of both parasympathetic and sympathetic dysfunction 
were found in pSS patients but there was no clear association between cardiovascu-
lar autonomic nervous function and exocrine function.

As AD is a common feature of many chronic diseases (124–132), and pSS patients 
may present different symptoms of AD (29, 49, 136–139) and other neurological 
defi cits (47–54, 220), it is not surprising that AD may also be detected in pSS. In-

53



51

deed, most previous studies on autonomic nervous function in pSS using autonomic 
refl ex tests (ARTs) have shown objective signs of AD, while studies on HRV and 
BRS have yielded divergent results (Table 3). The use of different classifi cation cri-
teria for pSS, however, and sometimes inclusion of patients on vasoactive medica-
tions affecting autonomic nervous function make comparisons between these studies 
diffi cult. 

The strengths of this study were the use of the AECC for pSS, the exclusion of 
patients on vasoactive medications, and the use of large control groups for the auto-
nomic nervous function tests, which allowed for age-standardization of the different 
indices. Possible concerns were the fact that the controls were collected several years 
earlier and that they were recruited mainly from laboratory staff, their friends and 
relatives, and not from the general population. Another concern was the gender dif-
ference between pSS patients and controls, since it has been shown previously that 
certain autonomic nervous function indices, e.g. BRS and HRV (83, 84), show gen-
der differences. However, no signifi cant gender-related differences in the autonomic 
nervous function indices used in this study have been reported (80, 82). 

Primary SS-associated AD has previously been ascribed to various immunologi-
cal mechanisms including anti-M3-receptor antibodies, cytokines interfering with 

Table 5 – Results of the autonomic nerve function tests in Study I
Results of the deep breathing, orthostatic heart rate, fi nger-skin blood fl ow, and or-
thostatic blood pressure tests in 46 patients with primary Sjögren’s syndrome (pSS) 
and 3 control groups (expiration/inspiration (E/I) ratio and acceleration index (AI), 
n = 56, vasoconstrictory (VAC) index, n = 80, lSBP and lDBP ratio and orthostatic 
change in SBP & DBP, n = 238). The E/I ratio, AI, VAC index, lSBP and lDBP ratio 
were age-corrected and expressed as z-scores (SD). The orthostatic systolic and di-
astolic blood pressure (SBP and DBP) changes were expressed as the relative blood 
pressure change to tilt (%). Results are presented as median (interquartile range). 
SD: standard deviation; NS: not signifi cant.

pSS patients (n = 46) Controls (n = 56/80/238) p-value
E/I ratio (SD) –0.50 (–1.29 – 0.32) –0.25 (–0.62 – 0.60) 0.03
AI (SD) –0.08 (–1.11 – 0.37)  0.03 (–0.67 – 0.65) 0.22
VAC index (SD)  0.62 (-0.36 – 1.40)  0.09 (–0.67 – 0.62) 0.02
Orthostatic SBP change (%) –10.3 (–14.7 – –6.0) –5.3 (–9.1 – 0.0) 0.00
lSBP ratio (SD) –0.75 (–1.33 – –0.08) –0.02 (–0.62 – 0.70) 0.00
Orthostatic DBP change (%)  0.0 (–5.9 – 5.26)  0.0 (0.0 – 7.1) 0.02
lDBP ratio (SD) –0.38 (–1.04 – 0.14)  0.00 (–0.47 – 0.54) 0.00
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transmission of nervous signals, and infl ammation affecting nerves and ganglia (49, 
52, 151–156). Considering that exocrine gland destruction due to infl ammation in 
pSS is often much less pronounced than the reduced exocrine function implies (19, 
20), mechanisms other than or in addition to exocrine gland destruction would have 
to explain the exocrine insuffi ciency in pSS. Since autonomic nervous function is a 
prerequisite for exocrine secretion and since disturbance of these signaling pathways 
(160, 221) has been suggested as a possible explananation for the discrepancies be-
tween exocrine gland morphology and function, we wanted to study associations 
between autonomic and exocrine function. No clear association between autonomic 
and exocrine function was detected, however. This lack of association may have 
several explanations. Firstly, the autonomic nervous function tests used in this study 
mainly evaluate autonomic nervous function in the cardiovascular system, and do 
not necessarily refl ect exocrine autonomic nervous function. Secondly, the presence 
of end-organ damage, i.e. exocrine gland destruction, also contributes to exocrine 
dysfunction, especially in patients with long disease duration. This also makes 
studies of associations between autonomic and exocrine function diffi cult and may 
obscure a possible association that might have existed before end-organ damage 
occurred. Thirdly, if anti-M3-receptor antibodies, as has been suggested, play an 
important role in pSS-related AD, the autonomic nervous function tests used in this 
study are probably not ideal for the detection of the physiological effects of such 
antibodies, due to differences in the presence of muscarine receptor subtypes in the 
heart (mainly M2 receptors), which are involved in the cardiovagal refl exes, and in 
the exocrine glands (mainly M3 receptors), which are involved in exocrine secre-
tion. Finally, the small variation in exocrine function parameters in the pSS patients 
combined with the limited number of the patients in this study also make association 
studies diffi cult, and may conceal a true association. 

Future studies on this topic should therefore include patients with short disease du-
ration, where exocrine destruction is not yet apparent, autonomic nervous function 
tests assessing exocrine autonomic function, and also assessment of the anti-M3-
receptor antibodies. 

Study II – The Swedish version of the Autonomic 
Symptom Profi le
Results
In this study, a questionnaire in English addressing autonomic nervous symptoms, 
the Autonomic Symptom Profi le (ASP), was translated into Swedish and its reli-
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ability and validity was evaluated in patients with type I diabetes. The patients who 
participated were found to have a signifi cantly reduced E/I ratio, AI, and lDBP ratio 
and a signifi cantly increased VAC index, and therefore had objective signs of both 
parasympathetic and sympathetic dysfunction. The lSBP ratio was, however, not sig-
nifi cantly different between patients and controls, which contrasts with our fi ndings 
in the pSS patients in Study I. Even when patients with co-morbidities and medica-
tions possibly affecting autonomic function or when patients ≥ 60 years of age were 
excluded from the analyses, the differences remained statistically signifi cant. 

The agreement of the various ASP scores between two separate completions of the 
ASP, performed 2 weeks apart, was generally judged as good, with a median ICC 
of 0.83. In addition, there was a signifi cant correlation between orthostatic intoler-
ance, sexual dysfunction, urinary dysfunction and secretomotor dysfunction domain 
scores and the ASP total score (Table 7).

Table 7 – Reliability of the Autonomic Symptom Profi le (ASP)
Results of the test-retest performed by 25 type I diabetes mellitus patients two weeks 
apart and the Spearman correlations of the various domain scores of the Autonomic 
Symptom Profi le (ASP) with the ASP total score in the 31 patients with type I dia-
betes. 
ICC: intraclass correlation coeffi cient.

 Domains (score range) ICC Correlation with ASP total score:
 rs (p-value)

 Orthostatic intolerance (0–40) 0.92 0.51 (0.00)

 Sexual dysfunction (males 0–30) 0.85 0.69 (0.00)

 Urinary dysfunction (0–20) 0.83 0.49 (0.01)

 Diarrhoea (0–20) 0.59 0.23 (0.23)

 Gastroparesis (0–10) 0.83 0.28 (0.13)

 Constipation (0–10) 0.98 0.17 (0.36)

 Secretomotor dysfunction (0–20) 0.67 0.59 (0.00)

 Sleep disorder (0–15) 0.82 0.13 (0.48)

 Vasomotor dysfunction (0–10) 0.87 0.21 (0.28)

 Pupillomotor dysfunction (0–5) 0.73 0.29 (0.12)

 Refl ex syncope (0–20) 0.66 0.12 (0.52)

 Total (males 0–200 & females 0–170) 0.87 –
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Content validity of the Swedish translation of the ASP was judged as good by two 
Swedish experts on AD. Construct validity was evaluated by studying associations 
between the ASP scores and objective autonomic nerve test parameters. There was 
a signifi cant correlation between the ASP total score and the VAC index and lSBP 
ratio but not with the other ART variables (Table 8). When comparing ASP scores 
in patients with abnormal and normal parasympathetic test parameters, i.e. the E/I 
ratio and AI, the former were found to have higher scores in the ASP secretomotor 
dysfunction domain. Comparing ASP scores in patients with abnormal and normal 
sympathetic test parameters, i.e. VAC index, and lSBP and lDBP ratios, patients 
with an abnormal VAC index scored higher in the sexual dysfunction and diarrhoea 
domains than patients with normal VAC indices. Furthermore, patients with an ab-
normal lSBP ratio scored lower in the vasomotor dysfunction domain than patients 
with normal lSBP ratios, and patients with abnormal lDBP ratios scored higher in the 
secretomotor dysfunction and constipation domains as well as in the ASP total score 
than patients with normal lDBP ratios. Based on these results, construct validity was 
judged to be acceptable.

Finally, discriminant validity was evaluated by studying differences in ASP scores 
between patients and controls. The sexual dysfunction, sleep disorder, and vasomo-
tor dysfunction domain scores were signifi cantly higher in patients than in controls, 
and there was a tendency, although not statistically signifi cant, for there to be a high-
er score for the orthostatic intolerance domain in the patients than in the controls. 
Consequently the ASP total score was signifi cantly elevated in patients with type I 
diabetes compared with controls, and 13 % (4/31) of the patients had a standardized 
ASP total score of ≥ 2SD indicating a pathological autonomic symptomatology 
(Table 9). When patients with co-morbidities and medications possibly affecting 

Table 8 – Construct validity of the Autonomic Symptom profi le (ASP)
Correlations of the autonomic nervous function parameters and the Autonomic Symptom 
Profi le (ASP) total score in 31 patients with type I diabetes. Results are presented as Spear-
man rank correlation coeffi cient (p-value).

Autonomic parameters ASP total score: 
rs (p-value)

Expiration inspiration index –0.12 (0.54)

Acceleration index –0.09 (0.64)

Vasoconstrictory index  0.39 (0.04)

Lowest systolic blood pressure ratio –0.36 (0.05)

Lowest diastolic blood pressure ratio –0.29 (0.12)
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autonomic function were excluded from the comparison, the remaining 18 patients 
still had increased sexual dysfunction, increased sleep disorder, and elevated ASP 
total scores compared to the controls (data not shown). Thus, discriminant validity 
was also considered to be acceptable.

Discussion
The English-language version of the ASP was translated into Swedish and its reli-
ability and validity were evaluated in patients with type I diabetes. Reliability and 
content validity of the Swedish version of the ASP were considered good and con-
struct and discriminant validity acceptable. 

The ASP in English has been validated previously in patients with AD of various eti-
ologies, including patients with pathology localized both in the peripheral and cen-
tral nervous system (216). The English version of the ASP was considered valid both 
regarding content validity (based on experts’ opinions), construct validity (based on 
associations between ASP scores and objective autonomic nervous function tests), 
and discriminant validity (based on differences between patients with AD, patients 
with non-autonomic peripheral neuropathies, and controls) (216). In contrast, when 
using the English-language ASP in patients with type I and II diabetes, AD symp-
toms were mild in this patient group and associations between objectively assessed 
AD and AD symptoms were weak (217).

The strength of this study was the use of a homogenous group, i.e. diabetics with 
objective signs of AD, a long disease duration, and also a large population-based 
control group enabling standardization of the ASP scores according to gender, age, 
height, and weight. Possible concerns are the generalizability of these results to other 
diabetics with less pronounced objective signs of AD and to other patient groups. 
Another concern is the fact that some of the signifi cant differences found when com-
paring ASP scores of patients with and without abnormal autonomic nervous func-
tion indices may be related to multiple comparisons rather than true differences.

In this study, reliability of the ASP was studied by test-retest and the ICC varied 
from moderate to very good (0.59–0.98). According to the literature, it is reasonable 
to demand stability measures, i.e. ICC greater than 0.5 (222), and the ICCs for all 
autonomic domains were above this limit. Due to the multidimensional nature of 
this questionnaire, evaluation of internal consistency was considered inappropriate, 
as was factor analysis due to the limited number of patients. Instead correlations 
between the ASP total score and the ASP domain scores were studied and the ortho-
static intolerance, sexual dysfunction, urinary dysfunction, and secretomotor dys-
function domain scores were found to correlate most closely to the ASP total score.
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Content validity of the Swedish translation of the ASP was considered good and ap-
propriate for use in Swedish patients by two Swedish AD experts. When studying 
construct validity, the ASP total score was found to be most closely correlated to 
the VAC index and lSBP ratio, two of the sympathetic nervous function tests. Thus, 
the ASP total score in our diabetic patients appears to refl ect mainly sympathetic 
defi cits. However, as patients with abnormal objective parasympathetic nervous 
function tests had signifi cantly elevated secretomotor domain scores, parasympa-
thetic defi cits may also be associated with certain symptoms in diabetics. Although 
sicca symptoms are recognized in patients with diabetes, it is debatable whether 
such symptoms are caused by disturbed glycemic control (223, 224) or AD (225). 
In addition, patients with an abnormal sympathetic function, as evaluated with the 
VAC index, scored signifi cantly higher in the sexual dysfunction domain, which 
was an unexpected fi nding as erection is usually considered to be a parasympatheti-
cally modulated function (226). The orthostatic blood pressure ratios were found to 
be associated with some ASP domains, although not with the orthostatic domain, a 
fi nding possibly related to the lack of both objective and subjective signs of orthos-
tatic hypotension in the patients. The overall lack of more solid associations between 
the ASP domains and the autonomic nervous function parameters may have several 
explanations. Firstly, the relative lack of AD symptoms in diabetics in combination 
with the few stepped scales in some ASP domains make association studies diffi cult. 
Still, this is in accordance with what was described in diabetic patients studied with 
the English ASP (217). Secondly, insuffi cient reliability in the test procedures for 
some ASP domains and for the autonomic nervous function tests may complicate 
studies of associations. Due to the often discordant fi ndings of objective and sub-
jective signs of AD, the importance of evaluating these entities separately must be 
emphasized.

When studying discriminant validity of the ASP, diabetes patients scored signifi -
cantly higher in the sexual dysfunction, vasomotor dysfunction, and sleep disorder 
domains and showed a tendency of having higher scores in the orthostatic intoler-
ance domain. Thus, the ASP total score was signifi cantly elevated in patients relative 
to controls, and discriminated between those. In accordance with this study, erec-
tile dysfunction (ED) is reported to be a common complication of diabetes, with 
a reported prevalence that varies from 20 % to 75 % (227). ED may be related to 
various factors namely arterial insuffi ciency, drugs, endocrine abnormalities, and 
psychogenic factors, but also to AD (227). Although it may be argued that the ED 
symptoms in the diabetics were related to either drug use or atherosclerotic disease, 
the differences in the sexual dysfunction domain remained after exclusion of patients 
on psychoactive drugs, on vasoactive medication, or with concomitant hypertension 
or cardiovascular disease. Thus, a direct relationship between AD and ED appears 
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to exist in these patients. Another feature of AD is sleep-disordered breathing with 
obstructive sleep apnoeas since AD may cause an increased collapsibility of the 
upper airways due to impairment of the autonomic refl ex arches activating the up-
per airway dilator muscles (228). Thus, our fi ndings of an increased occurrence of 
symptoms of sleep disorder are compatible with a relationship between AD and 
sleep-disordered breathing in diabetics also. Moreover, patients were found to have 
a signifi cantly increased vasomotor dysfunction score and a tendency to have an in-
creased orthostatic intolerance score. Although more pronounced symptoms of AD 
in these diabetics with long disease duration were to be expected, this relative lack of 
more severe symptoms is in agreement with a previous report (217). 

Future studies should therefore involve other and larger patient groups with AD of 
variable severity, in order to better assess construct and discriminant validity, the 
applicability of the ASP in various patient groups as well as its sensitivity to change. 
In addition, this would also make it possible to shorten the questionnaire, as certain 
domains might not be as applicable in all AD patients, thus giving a form that is fi lled 
out in a shorter time.

Study III – Autonomic symptoms in pSS
Results
In this study the presence of symptoms of AD was evaluated using the ASP in pSS 
patients, as were possible associations between AD symptoms and clinical features 
of pSS. As previously reported (Study I), the pSS patients were found to have sig-
nifi cantly depressed E/I ratios, lowest systolic and diastolic blood pressure (lSBP 
and lDBP) ratios, and signifi cantly increased VAC indices, refl ecting both parasym-
pathetic and sympathetic dysfunction. 

As expected, patients with pSS scored higher than controls in the secretomotor and 
pupillomotor dysfunction domains, but also in other parasympathetic domains, i.e. 
the urinary disorder and gastroparesis (females only) domains. Moreover, pSS pa-
tients also scored higher in the sympathetic domains, i.e. the orthostatic intolerance 
and vasomotor dysfunction domains. Consequently, the ASP total score was signifi -
cantly elevated in pSS patients compared to controls (Table 10), and 45% (17/38) of 
the pSS patients had a standardized ASP total score ≥ 2 SD, indicating a pathological 
autonomic symptomatology. 

Female pSS patients also scored signifi cantly higher in the psychosomatic domain, 
however, refl ecting psychosomatic tendencies. If two questions on psychosomatic 
symptoms from the original questionnaire, addressing the existence of swallowing 
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diffi culties and experience that all food tastes the same—symptoms that cannot nec-
essarily be regarded as psychosomatic symptoms in hyposalivating pSS patients—
were omitted from the psychosomatic domain and an adjusted psychosomatic index 
was calculated and re-weighted with a maximum score of ten, the signifi cant differ-
ence between female pSS patients and female controls became less pronounced and 
not statistically signifi cant. Moreover, if pSS patients with adjusted psychosomatic 
indices of greater than zero were excluded from the analysis, the remaining 31 pSS 
patients still scored signifi cantly higher in the above-mentioned domains, except for 
the urinary disorder domain where the difference became statistically non-signifi -
cant. Several ASP domain scores correlated with each other, and with the ASP total 
score (Table 11).  

When studying the relationship between the objective autonomic nervous function 
test parameters and the ASP scores, signifi cant correlations were only found between 
the VAC index and the sleep disorder domain score (rs = 0.42, p = 0.01), and also 
between the lowest systolic blood pressure ratio and the constipation domain score 
(rs = –0.43, p = 0.01). Even when ASP domains possibly refl ecting both end-organ 
damage/exocrine destruction and autonomic function (i.e. the secretomotor and pu-
pillomotor dysfunction domains), were omitted and a new standardized ASP total 
score was calculated, there was no correlation between this adjusted ASP total score 
and the objective autonomic nervous function test parameters. In addition, when 
comparing pSS patients with abnormal scores (≥ 2 SD) and normal scores (< 2 SD) 
in the orthostatic intolerance, urinary dysfunction, vasomotor dysfunction, secreto-
motor dysfunction, pupillomotor dysfunction, and total score domains and also the 
gastroparesis domain in female patients (abnormal being > 0), respectively, no signi-
fi cant differences in the objective autonomic indices were found. However, when 
comparing pSS patients with abnormal and normal lSBP ratios (≤ –2 SD, n=3, and 
> –2 SD, n=33, respectively), the former had signifi cantly increased scores in the 
orthostatic intolerance domain (median 2.86 (IQR limits 2.29, 3.43) vs. 1.00 (–0.63, 
1.84), p = 0.01), the constipation domain (2.72 (2.56, 4.23) vs. –0.47 (–0.56, 1.05), p 
= 0.03), the vasomotor dysfunction domain (3.98 (2.37, 4.04) vs. –0.26 (–0.50, 2.92), 
p = 0.02), the pupillomotor dysfunction domain (3.25 (3.06, 3.69) vs. 1.44 (–0.18, 
2.65), p = 0.02), and the ASP total score (4.26 (3.52, 6.55) vs. 1.65 (0.39 , 2.47), p 
= 0.00) plus non-signifi cant tendencies of increased scores in the urinary dysfunc-
tion domain (2.13 (1.89, 8.32) vs. 0.08 (–0.70, 1.93), p = 0.07) and the gastroparesis 
domain (females only) (1.50 (1.50, 5.00) vs. 0.00 (0.00, 1.50), p = 0.06).

ASP scores were not affected by disease duration, smoking habits, or presence of 
anti-SS-A or anti-SS-B-antibodies, or non-exocrine symptoms (as defi ned in Study 
I). However, when comparing patients with and without Raynaud’s phenomenon, a 
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signifi cantly higher score in the vasomotor dysfunction domain (2.92 (1.70, 3.22) vs. 
–0.32 (–0.50, 2.42), p = 0.04) and the constipation domain (1.05 (–0.50 , 5.80) vs. 
–0.53 (–0.57, 0.95), p = 0.03) and a non-signifi cant tendency for a lower score in the 
orthostatic intolerance domain (0.31 (–0.91, 1.46) vs. 1.55 (–0.10, 2.80), p = 0.09) 
were found in the former. When comparing patients with and without symptoms 
of peripheral neuropathy, i.e. reported paresthesia and numbness in the feet and/or 
hands, the former scored signifi cantly higher in the sleep disorder domain (1.26 
(0.10, 2.15) vs. –0.42 (–0.83, 0.80), p = 0.05), while no signifi cant differences were 
found in the remaining ASP domains.

Table 11 – Correlations between the standardized Autonomic Symptom Profi le 
domain scores in patients with primary Sjögren’s syndrome (pSS)
The gastroparesis and refl ex syncope domains were omitted since these domain 
scores were not standardized. In addition, the sexual dysfunction domain was omit-
ted, since only 3 pSS patients were male. Results are presented as Spearman’s rank 
correlation test coeffi cients (p-values).  * p < 0.05; ** p < 0.01.

DOMAINS OI UD DIA CON SMD SLD VMD PMD TS

Orthostatic intolerance 
(OI)

--- 0.15
(0.36)

0.05
(0.76)

-0.06
(0.71)

0.30
(0.07)

0.36*
(0.03)

0.41*
(0.01)

0.58**
(0.00)

0.82**
(0.00)

Urinary dysfunction 
(UD)

0.15
(0.36)

--- 0.30
(0.07)

0.34*
(0.04)

0.18
(0.28)

–0.02
(0.90)

0.09
(0.59)

0.13
(0.44)

0.43**
(0.01)

Diarrhoea (DIA) 0.05
(0.76)

0.30
(0.07)

--- 0.20
(0.24)

0.26
(0.11)

0.10
(0.56)

0.20
(0.24)

0.25
(0.13)

0.44**
(0.01)

Constipation  (CON) –0.06
(0.71)

0.34*
(0.04)

0.20
(0.24)

--- 0.01
(0.97)

–0.09
(0.61)

0.22
(0.19)

0.30
(0.07)

0.19
(0.26)

Secretomotor 
dysfunction (SMD)

0.30
(0.07)

0.18
(0.28)

0.26
(0.11)

0.01
(0.97)

--- 0.45**
(0.01)

0.29
(0.08)

0.17
(0.30)

0.53**
(0.01)

Sleep disorder (SLD) 0.36*
(0.03)

–0.02
(0.90)

0.10
(0.56)

–0.09
(0.61)

0.45**
(0.01)

--- 0.24
(0.15)

0.26
(0.12)

0.46**
(0.00)

Vasomotor 
dysfunction (VMD)

0.41*
(0.01)

0.09
(0.59)

0.20
(0.24)

0.22
(0.19)

0.29
(0.08)

0.24
(0.15)

--- 0.51**
(0.00)

0.58**
(0.00)

Pupillomotor 
dysfunction (PMD)

0.58**
(0.00)

0.13
(0.44)

0.25
(0.13)

0.30
(0.07)

0.17
(0.30)

0.26
(0.12)

0.51**
(0.00)

--- 0.68**
(0.00)

Total score (TS) 0.82**
(0.00)

0.43**
(0.01)

0.44**
(0.01)

0.19
(0.26)

0.53**
(0.01)

0.46**
(0.00)

0.58**
(0.00)

0.68**
(0.00)

---
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Discussion
In this study, pSS patients were found to report various parasympathetic and sym-
pathetic AD symptoms which, however, showed limited associations with objective 
autonomic nervous function tests. Objective signs of AD in pSS have been examined 
previously in several studies using various physiological tests (Table 3), but although 
several case reports and case series have reported on pSS patients experiencing 
various AD symptoms e.g. orthostatic intolerance (49, 136–138), urinary symptoms 
(29, 138), Adie’s syndrome (139), or constipation (49), symptoms of AD have not 
previously been systematically studied in pSS patients. The strengths of this study 
were the use of the AECC for pSS, the exclusion of patients on medication affecting 
autonomic nervous function, and the use of a large control group for the autonomic 
nervous function tests, which permitted standardization of the different scores with 
regard to gender, age, height, and weight. One possible concern was the fact that the 
Swedish version of the ASP was not specifi cally validated in pSS patients. Espe-
cially since some of the symptoms evaluated in the secretomotor and pupillomotor 
dysfunction domains are infl uenced both by end-organ damage and by autonomic 
nervous function, it is probable that these domain scores not only refl ect AD but exo-
crine gland destruction also. However, since other parasympathetic domain scores 
measuring symptoms that are less affected by end-organ damage, e.g. the urinary 
dysfunction and gastroparesis scores (the latter in females), were also signifi cantly 
elevated and the E/I ratio was signifi cantly reduced, this suggests a parasympathetic 
dysfunction in pSS. In addition, the increased scores in the orthostatic intolerance 
and vasomotor disorder domains in combination with the signifi cantly increased 
VAC index and attenuated blood pressure response in pSS patients are suggestive of 
a sympathetic dysfunction as well. A possible concern was that several correlation 
analyses were performed when evaluating possible associations between the ASP 
domains and the results of objective autonomic nervous function tests. Thus, it is 
possible that some signifi cant correlations could have been due to multiple compari-
sons rather than being true correlations.

Although pSS patients had an increased occurrence of both symptoms and objec-
tive signs of AD, these showed limited associations. This lack of association could 
well be due to end organ damage, obscuring a possible association between objec-
tive and subjective AD. However, omission of the secretomotor and pupillomotor 
domains from the ASP total score did not improve the association between this 
adjusted ASP total score and the objective autonomic nervous function tests. Other 
possible explanations for the lack of association could be the fact that certain ASP 
domain scores have a limited range of values (leading to apparently limited variabil-
ity), insuffi cient power in the present study to address this issue, and also the time 
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lapse between performance of the subjective and objective tests. In addition, if the 
anti-M3-receptor antibodies (as suggested) have a central role in AD pathogenesis 
in pSS, the objective cardiovascular autonomic nervous function tests are probably 
not ideal for measurement of the physiological effects of these—although the pres-
ence of such might still result in various symptoms. The exocrine autonomic nervous 
function tests such as the QSART (76), at least hypothetically, seem to be a more 
appropriate method for detection of the physiological effects of these antibodies. 
Moreover, variable concentrations of the anti-M3-receptor antibodies in various 
tissues, if present, may also obscure possible associations between objective and 
subjective AD. The discrepancy between the large differences in subjective signs 
of AD and the small, although statistically signifi cant, differences in objective AD 
signs in pSS patients compared to controls would also fi t with the presence of such 
antibodies. Since female pSS patients scored signifi cantly higher in the psychoso-
matic domain, it may be argued the increased autonomic domain scores observed re-
fl ect an overall increased tendency to report various symptoms. However, when (for 
pSS patients) inappropriate psychosomatic questions were omitted, the difference 
was no longer statistically signifi cant. Furthermore, omitting subjects with adjusted 
psychosomatic scores above zero did not change most statistically signifi cant differ-
ences in ASP scores between patients and controls, arguing against the possibility 
that the increased prevalence of AD symptoms merely refl ects a general tendency 
in pSS patients to report psychosomatic symptoms. Finally, the presence of disease 
associated antibodies and non-exocrine symptoms were poorly associated with AD 
symptoms, probably refl ecting a different etiopathogenesis behind AD and these 
various features of pSS.

The results of this study would be strengthened if these results could be reproduced 
in a larger cohort of pSS patients. In addition it would be of great interest to relate 
the presence of anti-M3-receptor antibodies to AD symptoms as these antibodies 
have been suggested to be related not only to exocrine insuffi ciency (91) but also to 
urinary symptoms (29, 66) and impaired gastric emptying (66).

Study IV – Dysphagia and pharyngo-esophageal dysmotility 

in pSS
Results
In this work the presence of pharyngeal and esophageal symptoms and dysmotil-
ity was studied, and also their association with signs of autonomic dysfunction. 
Dysphagia, GERD, and pharyngeal and esophageal symptoms were more prevalent 
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and severe in pSS patients than in controls, as illustrated by signifi cantly increased 
GERD, and pharyngeal and esophageal symptom scores (Table 12). The presence 
of pharyngeal and esophageal dysmotility, non-exocrine symptoms, and the pres-
ence of anti-SS-A and anti-SS-B antibodies, was not more common in patients with 
dysphagia than in patients without dysphagia. Comparing patients with and without 
dysphagia for liquids, no signifi cant differences were found for the prevalence of 
pharyngeal and esophageal dysmotility either. In addition, there was no signifi cant 
difference in disease duration between patients with and without dysphagia.

Pharyngeal and esophageal dysmotility were not statistically signifi cantly more com-
mon in pSS patients (15 % and 40 %, respectively) than in controls (17 % and 30  %, 
respectively). The most common fi nding regarding pharyngeal dysmotility was ra-
diological misdirected swallowing, which had a similar prevalence in both groups. 
The most common esophageal dysmotility fi nding was aperistalsis/peristaltic escape 
in the supine position which was also a common fi nding in both pSS patients and 
controls. When signs of esophageal dysmotility—i.e. BSED, aperistalsis/peristaltic 
escape and esophageal spasm/non-propulsive peristalsis in the erect and supine posi-
tions—were found in pSS patients and controls, these were mainly detected in the 
distal esophagus (Table 13). When comparing the presence of moderate and severe 
signs of dysmotility in pSS patients and controls, a statistically non-signifi cant ten-
dency of a higher prevalence of severe esophageal peristaltic escape/aperistalsis in 
the supine position in the latter was seen, but overall differences between patients 
and controls with regard to dysmotility in the pharynx and the esophagus were small. 
No morphological changes such as esophageal webs or strictures, were observed in 
pSS patients or in controls. There was no signifi cant difference between patients with 
and without signs of pharyngeal and esophageal dysmotility with regard to disease 
duration or presence of non-exocrine symptoms, including Raynaud’s phenomenon 
or anti-SS-A and anti-SS-B antibodies. 

However, pSS patients had a signifi cantly reduced age-corrected E/I ratio (–0.46 
(–1.35 – –0.23) vs. –0.25 (–0.62 – 0.60), p = 0.05) compared to ART controls as a 
sign of impaired parasympathetic function, and there tended to be increased age-cor-
rected VAC indices in pSS patients (0.51 (–0.58 – 2.10) vs. 0.09 (–0.67 – 0.62), p 
= 0.08) compared to ART controls. Moreover, comparing patients with and without 
dysphagia, the former had a signifi cantly reduced E/I ratio (–1.05 (–1.51 – –0.40] 
vs. –0.21 (–0.39 – 0.65), p < 0.01) (Figure 7) whereas there was no statistically 
signifi cant difference with regard to the VAC index (0.89 (–0.35 – 2.07) vs. –0.05 
(–0.85 – 2.15), p = ns). When comparing patients with and without pharyngeal and 
esophageal dysmotility, respectively, no signifi cant differences in the E/I ratio and 
VAC index were found.
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Table 12 - Results of the questionnaire on pharyngeal and esophageal symptoms

Results are presented as median (IQR) or percentage of abnormal results in each 
group. GERD: gastroesophageal refl ux disease; NS: not signifi cant.

pSS patients 
(n = 20)

Controls
 (n = 30)

p-value

QUESTIONNAIRE

Dysphagia 65% 3% < 0.001
-Dysphagia for solids 65% 3% < 0.001
-Dysphagia for liquids 25% 0% < 0.01
-Pharyngeal location 50% 0% < 0.001
-Esophagel location 30% 3% < 0.05
--Upper esophageal location 15% 3% NS
--Mid-esophageal location 10% 0% NS
--Distal esophageal location 5% 0% NS
GERD symptom score (0–5) 1.50 (0.00-3.00) 0.00 (0.00-0.25) < 0.01
Any GERD symptom (of the below) 60% 23% < 0.01
-Globus feeling 45% 10% < 0.01
-Regurgitation 45% 10% < 0.01
-Pyrosis 45% 10% < 0.01
-Nocturnal asthma 15% 0% NS
-Feeling of increased amount of fl uid 
in oral cavity

5% 0% NS

Pharyngeal symptom score (0–4) 0.00 (0.00-1.75) 0.00 (0.00-0.00) < 0.01
Any pharyngeal symptom (of the 
below)

45% 7% < 0.01

-Food/fl uid in nasal cavity after 
swallowing 

5% 0% NS

-Misdirected swallowing 25% 3% < 0.05
-Coughing after swallowing 25% 0% < 0.01
-Hawking when eating 25% 3% < 0.05
Esophageal symptom score (0–5) 1.00 (1.00-2.00) 0.00 (0.00-0.00) < 0.001
Any esophageal symptom  
(of the below)

80% 7% < 0.001

-Feeling of obstruction when 
swallowing

45% 7% < 0.01

-Previous episodes of acute 
obstruction 

30% 3% < 0.05

-Avoidance of certain foods due to 
dysphagia

60% 3% < 0.001

-Increased liquid intake when eating 15% 3% NS
-Odynophagia 10% 7% NS
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Table 13 – Results of the pharyngeal and esophageal video-radiographies
Results are presented as percentage of abnormal (mild/moderate/severe) results in 
each group.   NS: not signifi cant.

pSS patients 
(n = 20)

Controls 
(n = 30)

p-value

VIDEO-RADIOGRAPHY

Pharyngeal dysmotility 15% 17% NS

– Radiological misdirected swallowing 15% (67/33/0%) 13% (50/50/0%) NS

– Retention 0% 0% NS

– Pharyngoesophageal segment 
dysfunction

0% 3% (0/100/0%) NS

Esophageal dysmotility 40% 30% NS

– Aperistalsis/peristaltic escape –  
erect position

5% (0/0/100%) 3% (0/0/100%) NS

– Non-propulsive peristalsis –  
erect position

0% 0% NS

– Aperistalsis/peristaltic escape –  
supine position

35% (14/43/43%) 30% (44/33/22%) NS

--Mild ( = 1 of 5 swallows) 5% 13% NS

--At least moderate ( ≥ 2 of 5 swallows) 20% 23% NS

--Severe ( ≥ 3 of 5 swallows) 15% 7% NS

– Non-propulsive peristalsis –  
supine position

5% (0/100/0%) 0% NS

– Bolus-specifi c esophageal dysfunction 5% 3% NS

Morphological changes 0% 0% NS

– Esophagal webs 0% 0% NS

– Strictures 0% 0% NS
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Discussion
Swallowing diffi culties are a very common complaint in pSS patients, although 
the mechanisms are unclear. Previously proposed mechanisms for pSS-related 
dysphagia have been xerostomia, dry mucosal surfaces, esophageal webs, esopha-
geal dysmotility, or combinations of these factors. However, most previous studies 
have failed to show any correlation between salivary fl ow and dysphagia (59, 60). 
Esophageal webs only seem to be found in a small group of patients (58, 64), and 
according to most previous studies dysphagia and signs of esophageal dysmotility 
show poor correlation (56, 58, 60, 61). The strengths of this study were the use of 
the AECC, and a population-based age- and gender-matched control group. Some 
concerns are the limited size of the study, and that examinations could always be 
more extensive—with, for example, an increased number of swallows during the 
radiological procedure, thereby increasing the possibility of stratifying patients with 
regard to different degrees of severity of dysmotility. However, due to concerns 

Figure 7. 
Distribution of expiration/inspiration (E/I) ratios in patients with and without dysphagia.The 
E/I ratio was signifi cantly depressed in pSS patients with dysphagia compared to those with-
out (p < 0.01).

71



69

about excessive radiation exposure, this was not possible. Furthermore, a combina-
tion with another technique, e.g. esophageal manometry, might have yielded more 
information on different aspects of dysmotility. However, esophageal manometry is 
not practical, especially not when studying population based controls, and for this 
reason the technique was not used in this study. Finally, since the radiographs were 
not evaluated by a radiologist who was blinded with regard to whether the subject 
was a pSS patient or a control, this could have affected his evaluation. Since no 
signifi cant differences were found between pSS patients and controls, however, the 
need for a re-evaluation of the radiographs by another radiologist was not considered 
necessary. 

In our study, dysphagia and other pharyngeal and esophageal symptoms, as well as 
GERD symptoms, were all more common in pSS patients than in the population-
based controls, which is in agreement with previous studies reporting a prevalence 
of 33–92% of dysphagia in pSS patients (although diagnosed according to different 
classifi cation criteria) (56–62). In addition, radiological signs of dysmotility were 
a common fi nding in pSS patients—though, however, not more frequently than in 
controls. Especially, radiological misdirected swallowing and aperistalsis/peristaltic 
escape in the supine position were frequent fi ndings in both pSS patients and con-
trols. Even if the limits for what was perceived as being pathological were put at ≥ 2 
or ≥ 3 of 5 swallows for these findings, respectively, no signifi cant differences were 
found between pSS patients and controls. Thus, radiological misdirected swallowing 
and aperistalsis/peristaltic escape in the supine position appear to be a rather unspe-
cifi c fi nding without any obvious pathological or symptomatic correlate. Due to the 
inability of pharyngoesophageal video-radiography to detect any clear differences 
between pSS patients and controls, this method is not suitable for the objective study 
of the common swallowing diffi culties that were experienced by the majority of pSS 
patients. The method probably excludes other more severe reasons for dysphagia, 
however, e.g. morphological changes, although such fi ndings were not found in any 
of the pSS patients in this study.

In accordance with several previous studies, no associations between dysphagia and 
radiological signs of dysmotility were found. Thus, in most cases dysphagia does 
not seem to be due to dysmotility as detected by this radiological technique. Still, the 
possibility that a minor dysmotility, not detectable by video-radiography but pos-
sibly by manometry, could be associated with dysphagia has to be acknowledged. 
Morphological abnormalities were not found in any pSS patient, which is why this 
seems to be a less common reason for dysphagia in pSS. Since sialometries were not 
measured in this study, the relationship between salivary fl ow and dysphagia could 
not be established. However, most previous studies have not been able to show any 

72



70

correlation between salivary fl ow and dysphagia (59, 60). On the other hand, this 
may be due to the fl oor effect of salivary fl ow measurements in pSS patients, with 
many patients having unstimulated sialometry values close to zero. Thus, future 
studies evaluating the possible association between salivary fl ow and the degree of 
dysphagia should include pSS patients with various degrees of salivary fl ow and 
possibly also non-AECC sicca patients with less diminished salivary fl ow than pSS 
patients, since swallowing diffi culties possibly occur already at salivary fl ows above 
those considered abnormal and diagnostic of pSS. 

Since gastrointestinal motility and secretion are infl uenced by the ANS, disturbed 
autonomic nervous signaling may have implications for functioning of the gastroin-
testinal system. In fact, it has been reported that pSS patients have an abnormally 
slow gastric emptying (66), which could be due to disturbed parasympathetic signal-
ing to the gastrointestinal nervous system. When comparing our pSS patients with 
and without dysphagia, we found a signifi cantly lower E/I ratio in the former and 
thus an association between a parasympathetic dysfunction and dysphagia. 

Besides controlling esophageal motility, the parasympathetic nervous system also 
infl uences salivary and esophageal exocrine secretion. Parasympathetic dysfunction 
could thus cause gastrointestinal dysmotility as well as reduced exocrine secretion 
from the salivary glands and in the esophagus, all of which are factors that could 
cause dysphagia. Since radiological signs of dysmotility were as common in pSS 
patients as in controls, and were not associated with the two autonomic indices, the 
possibility of an autonomic nervous dysfunction causing the observed dysmotility 
fi ndings seems less plausible. Since sialometries were not performed in this study, 
salivary fl ow could thus not be related to dysphagia, dysmotility, or parasympathetic 
function. Finally, since esophageal exocrine function is diffi cult to measure, its pos-
sible relationship to dysphagia is diffi cult to assess. To sum up, parasympathetic dys-
function may be related to dysphagia by impairing gastrointestinal motility, possibly 
with an increased esophageal transit time and reduced contraction amplitudes, which 
may not, however, be detectable by video-radiography but perhaps by esophageal 
manometry and/or scintigraphy. Another explanation may be that impairment in 
parasympathetic function would lead to reduced secretion from the salivary glands 
and esophageal exocrine glands resulting in dry mucosal surfaces and interference 
with bolus passage.
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General discussion
Neurological involvement in pSS has been described by several others and entails 
both CNS and PNS involvement (35, 43–55, 220) as well as neuropsychiatric dis-
ease (32, 42, 220). It is thus not surprising that the ANS may also be involved in the 
disease. However, since the ANS governs various functions that may be impaired 
in pSS, e.g. exocrine and gastrointestinal function, and infl ammation and related 
destruction cannot fully explain the impairment of these, the importance of ANS 
involvement and disturbed neural transmission in pSS has gained increasing inter-
est in recent years. ANS function in pSS has therefore been studied using different 
methodologies, and most studies (140–146, 149, 171), although not all (147, 148), 
have reported signs of disturbed ANS function. However, due to the use of different 
classifi cation criteria for pSS, varying control groups, and not always exclusion of 
patients on medications affecting ANS function, the results are diffi cult to compare. 
In addition, reports of anti-M3-receptor antibodies in pSS and sSS patients interfer-
ing with parasympathetic nervous signaling to the exocrine glands and other organs 
has further strengthened the hypothesis that a disturbed nervous signaling may partly 
explain the diminished exocrine function (152, 153, 160), bladder irritability (29, 66, 
170), and reduced gastric emptying (66) encountered in SS patients.

In our studies, patients with pSS were found to have both objective and subjective 
signs of AD.  Fourty-fi ve per cent of pSS patients had a pathological ASP total score 
(i.e. of ≥2 SD), indicating a pathological autonomic symptomatology. However, 
substantially fewer pSS patients had pathological (≤ –2 SD for the E/I ratio, AI, 
lSBP ratio, and lDBP ratio, and ≥ 2 SD for the VAC index) objective autonomic 
variables (5 %, 6 %, 8 %, 8 % and 0 % for the E/I ratio, AI, VAC index, lSBP ra-
tio, and lDBP ratio respectively), although they differed to a statistically signifi cant 
degree from controls. This discrepancy might have several explanations. Firstly, all 
features of autonomic dysfunction in pSS may not be detected by the use of cardio-
vascular ARTs, especially not those related to disturbances in nervous signaling in 
the exocrine glands. Secondly, if the alleged anti-M3-receptor antibodies are impor-
tant in pSS-related AD, the cardiovascular ARTs are probably not the ideal methods 
for the detection of the physiological effects of these. Instead, exocrine autonomic 
nervous function tests, such as the QSART (76), would probably be more appropri-
ate. Thirdly, end-organ damage may also obscure a possible relationship between 
objective and subjective AD as well as between objective AD and exocrine function. 
Thus, pSS patients with shorter disease duration should be studied, before end-or-
gan damage has occurred. Moreover, methodological reasons such as low reliability 
sometimes and few stepped scales for various variables, and limited study sizes also, 
may obscure possible associations.
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In patients with type I diabetes, AD is a well-recognized complication resulting 
in various symptoms such as orthostatic intolerance, erectile dysfunction and gas-
troparesis (133), and also increased mortality (133–134). The prevalence of abnor-
mal cardiovascular autonomic nervous function test variables in diabetic patients 
ranged from 13 % to 27 % and was thus higher in the diabetics than in the pSS pa-
tients (16 % vs. 5 %, 16 % vs. 6 %, 27 % vs. 8 %, 13 % vs. 8 %, and 16 % vs. 0 % for 
the E/I ratio, AI, VAC index, lSBP ratio, and lDBP ratio, respectively). This implies 
a more severe cardiovascular AD in diabetes compared with pSS, also refl ected by 
the increased mortality in the former (133–134) which is not seen in the latter (157, 
179). In contrast to what was expected, the patients with type I diabetes in our study 
reported relatively few symptoms of AD when fi lling out the ASP. Consequently, 
merely 13 % (4/31) of diabetics had a pathological ASP total score in comparison 
to 45 % in pSS patients. The prevalence of AD symptoms in patients with type I 
diabetes was thus fairly much in line with the prevalence of objective signs of AD. 
Although the surplus of reported AD symptoms in patients with pSS compared with 
diabetic patients might refl ect a general tendency of the former to report various 
symptoms, this is contradicted by the fact that both patient groups had similar psy-
chosomatic indices. However, presence of the alleged anti-M3-receptor antibodies 
in pSS patients could well explain these differences, since such antibodies would be 
expected to give rise to various AD symptoms possibly without affecting cardiovas-
cular autonomic nervous function test variables to the same degree.

Since some ASP domains, such as the refl ex syncope domain, were not signifi cantly 
different between patients and controls, and several questions in the ASP did not 
contribute with points to any domain score, it should be possible to shorten the ques-
tionnaire. Such an abbreviated version of the ASP could be fi lled out in a shorter 
time than the 30 minutes that it normally took for most patients to complete the origi-
nal questionnaire, and it would make subjects more likely to take the time to fi ll it 
out correctly. However, an adaptation of the ASP to various patient groups—where 
certain questions and possibly whole domains could be omitted—would require 
participation of a larger number of patients, preferably with varying degrees of AD. 
However, an abbreviated version of the ASP would have to be re-validated in each 
patient group in which it was to be used, and comparison of AD symptoms between 
AD patients of various etiologies would no longer be possible.

Dysphagia is a common symptom in pSS, but its etiology remains obscure. Although 
diminished salivary fl ow and dry mucosal surfaces have been suggested as possible 
etiological factors behind the swallowing diffi culties in pSS, several studies have 
not found unequivocal evidence for this hypothesis. This might, however, be due to 
the low variability in salivary fl ow, with many patients having maximally decreased 
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sialometric values. Esophageal dysmotility has also been put forward as a possible 
cause, but although signs of dysmotility appear to be common in pSS patients, ra-
diographical signs of dysmotility were as common in population-based controls as 
in the pSS patients in our study. Finally, esophageal webs have been suggested as 
another possible cause of dysphagia in some pSS patients. However, none of the pSS 
patients in our study were found to have any esophageal webs or strictures. Thus, 
morphological changes do not appear to be a common etiological factor behind 
dysphagia in pSS. Dysphagia in pSS is thus probably due to exocrine insuffi ciency 
and dry mucosal surfaces, or possibly to dysmotility of a kind that the radiographic 
technique used in our study was not able to detect, or both.

As exocrine secretion and esophageal motility are both infl uenced by autonomic 
function, AD might cause dysphagia by interfering with any or both of these. Indeed, 
in our study, patients with dysphagia were found to have signs of parasympathetic 
dysfunction. Signs of cardiovascular parasympathetic AD were thus associated with 
dysphagia. This is in contrast to the lack of association found between cardiovascu-
lar parasympathetic AD and exocrine insuffi ciency measured by the ocular and oral 
tests performed when diagnosing pSS. The explanations for these differences remain 
to be answered, but there could be differences in the mechanisms behind dysphagia 
and ocular and oral exocrine insuffi ciency, including different types of AD.

Strengths and limitations
The strengths of these studies were the use of the widely accepted AECC for pSS 
in all studies, the exclusion of pSS patients on medications that interfere with ANS 
function, and the use of population based controls in Studies II–IV.

There are, however, several limitations—not least due to the limited size of these 
studies—affecting the power to address several issues. Although the MSSR included 
most patients diagnosed with pSS in the city of Malmö during the previous two 
decades, exclusion of older patients and also patients with co-morbidities and those 
on medications affecting ANS function signifi cantly reduced the number of patients 
that could be included. Analyses on various associations between different param-
eters, where patients were stratifi ed in subgroups, were especially uncertain due to 
limited sample sizes and multiple comparisons. Furthermore, the small samples of 
patients with pSS and diabetes also limited the use of certain statistical techniques, 
e.g. regression analyses, when studying associations. In addition, limited variation in 
various variables with considerable fl oor and ceiling effects, e.g. exocrine function 
variables and some ASP domains, also make studies of associations diffi cult and 
uncertain.
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Another limitation was the use of historical controls instead of population-based 
controls for the objective autonomic nervous function tests. Most controls had been 
recruited from laboratory staff, and their friends and relatives, years earlier, but they 
had been studied by the same protocol using equipment identical to that used for the 
patients. 

Moreover, the ASP should also be properly validated in a large cohort of pSS pa-
tients, as the usefulness of the ASP has not been assessed in pSS patients before and 
since certain domains probably measure end-organ damage in addition to symptoms 
of AD in pSS patients.

Finally, studies on associations between subjective and objective signs of AD and 
objective signs of neuropathy (assessed by electroneurography), and presence of 
anti-M3-receptor antibodies, would also have made it possible to further describe the 
contributions of various mechanisms to pSS-related AD.

Future research directions

Validation of the ASP in pSS patients
The results of these studies would be strengthened if the fi ndings on subjective and 
objective AD could be reproduced, and if the ASP was validated in a larger cohort of 
pSS patients. Since the ARTs used in these studies mostly showed small, although 
signifi cant, differences compared to controls, such a validation study should prob-
ably also include some exocrine autonomic nervous function test, e.g. the QSART 
(76), as well as assessment of the anti-M3-receptor antibodies when appropriate 
tests are available. Apart from better assessment of the effi caciousness of the ASP 
in pSS, such a validation would also make it possible to shorten the ASP, as certain 
domains may not be as applicable in pSS patients as in AD patients with other eti-
ologies. Moreover, the sensitivity to change over time of various ASP domains in 
pSS patients should be assessed. Due to the diffi culties in fi nding eligible patients 
for inclusion in these studies, such a study with a larger sample size of pSS patients 
would probably require recruitment of patients from an area larger than that served 
by our rheumatological unit alone.

Anti-M3-receptor antibodies
Since anti-M3-receptor antibodies have been reported to interfere with the function 
in exocrine glands (160, 169), and also in the bladder (29, 66, 170) and the gastroin-
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testinal system (66, 173), analysis of such antibodies in our pSS patients would be 
of great interest in order to determine whether the presence of such antibodies shows 
associations with various objective signs of AD and symptoms of AD. Furthermore, 
the relationship between these antibodies and gastrointestinal signs and symptoms 
should also be a topic for further study. Due to the current lack of clinically feasible 
methods for the detection of these antibodies, this could not be evaluated in these 
studies but it should be done in the future.

Non-AECC sicca
As many patients experience sicca symptoms without fulfi lling the AECC for pSS 
or sSS, the pathogenesis behind the dryness in such non-AECC sicca patients mer-
its further studies. As these patients lack autoimmune features typical of SS, other 
mechanisms apart from infl ammation and destruction may explain the exocrine 
insuffi ciency in this patient group. One possible mechanism could be disturbed au-
tonomic nervous transmission to the exocrine glands. Thus, it would be of interest 
to study these patients with regard to objective and subjective ANS function, and 
possibly also with regard to presence of anti-M3-receptor antibodies.

Gastrointestinal symptoms in pSS
Since dysphagia is a common complaint in pSS patients (56–62), and other gastro-
intestinal signs and symptoms—e.g. delayed gastric emptying (66) and constipation 
(49)—are reported in pSS patients, the prevalence and pathogenesis of these should 
be investigated further. Since dry esophageal mucosal surfaces may be expected to 
prolong esophageal bolus transit, the esophageal transit time should be studied in 
various sicca patients, not only in those with maximally depressed salivary fl ow, to 
establish an association between dryness and dysphagia. Moreover, the relationship 
between swallowing diffi culties and anti-M3-receptor antibodies merits further stud-
ies.

Irritable bowel syndrome (IBS) is another condition in which patients present with 
various gastrointestinal complaints (229). Both IBS and pSS have been shown to be 
associated with fi bromyalgia (33, 230–231). Both syndromes predominantly affect 
women (2, 232) and both may show signs of disturbed gastrointestinal motility (66, 
233). In addition, sicca symptoms have been reported to be common in IBS patients 
(234). Thus it would be of interest evaluating pSS patients with regard to the preva-
lence of IBS and try to fi nd possible common denominators between IBS and pSS.
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Conclusions
• Patients with primary Sjögren’s syndrome show increased frequency of ob-

jective signs of parasympathetic and sympathetic nervous dysfunction, and an 
abnormal orthostatic blood pressure response using cardiovascular autonomic 
refl ex tests.

• There appears to be a poor association between objective signs of cardio-
vascular autonomic dysfunction and exocrine in patients with primary 
Sjögren’s syndrome.

• The Swedish translation of the Autonomic Symptom Profi le, a questionnaire 
for evaluation of autonomic symptoms, showed good reliability and content 
validity, and also acceptable construct and discriminant validity in patients 
with type I diabetes of long duration.

• Patients with primary Sjögren’s syndrome were found to have subjective 
signs suggestive of parasympathetic and sympathetic dysfunction. 

• There was generally a poor association between autonomic dysfunction symp-
toms, objective signs of autonomic dysfunction, and other clinical features of 
primary Sjögren’s syndrome.

• Dysphagia and pharyngeal, esophageal and GERD symptoms were all more 
common in patients with primary Sjögren’s syndrome than in controls.

• Video-radiographically demonstrated esophageal and pharyngeal dysmotility 
was a common and unspecifi c fi nding both in patients with primary Sjögren’s 
syndrome and controls, which is why this method seems less suited for study-
ing and describing the common swallowing diffi culties seen in patients with 
primary Sjögren’s syndrome. 

• Dysphagia was not associated with dysmotility, but with signs of an impaired 
parasympathetic function.
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Summary in Swedish / Sammanfattning på svenska

Underfunktion i autonoma nervsystemet vid primärt 
Sjögrens syndrom
Thomas Mandl

Sjögrens syndrom är en autoimmun sjukdom som drabbar kroppens så kallade exo-
krina körtlar såsom spottkörtlar och tårkörtlar och som ger upphov till en nedsatt ut-
söndringsfunktion i dessa, med därav följande torrhet i bland annat mun och ögon. 

Ett fl ertal andra organ kan också drabbas i sjukdomen, såsom leder, njurar och 
nerver. Exempelvis, har man sedan längre tid känt till att de perifera nerverna kan 
vara drabbade i sjukdomen och därigenom, hos vissa patienter, ge upphov till sym-
tom i form av rubbad känsel med domningar & stickningar i fötter och händer. Även 
symtom relaterade till störning i det autonoma (icke viljestyrda) nervsystemet såsom 
exempelvis yrsel vid uppresning från liggande och störd urinblåsefunktion har tidig-
are rapporterats förekomma hos patienter med Sjögrens syndrom.

Det autonoma nervsystemet (ANS) är indelat i två delar, det parasympatiska och det 
sympatiska nervsystemet. Dessa delar av autonoma nervsystemet påverkar utöver 
exempelvis puls, blodtryck, mag-tarm kanalens och urinblåsans funktion även funk-
tionen i de exokrina körtlarna. Det parasympatiska nervsystemet styr över vätskeut-
söndringen från tår- och spottkörtlar genom att frisätta bland annat signalsubstansen 
acetylkolin som i sin tur binder till en mottagare (M3-receptorn) som fi nns på körtel-
cellerna. Efter att acetylkolinet bundits till denna receptor börjar körteln utsöndra 
vätska. Det sympatiska nervsystemet, å andra sidan, påverkar också de exokrina 
körtlarna bland annat genom att stimulera utsöndring av äggviteämnen, vilka fyller 
en viktig funktion i att skydda mun och ögon mot exempelvis bakterier och andra 
mikroorganismer.

Då man sett att körtelvävnadsförstörelsen vid Sjögrens syndrom oftast är mindre 
uttalad än den kraftigt nedsatta utsöndringsfunktionen antyder, har man börjat in-
tressera sig för de faktorer som påverkar utsöndringen från de exokrina körtlarna, 
inklusive nervsignaleringen via ANS till körtlarna. 

Första studien studerade hururvida det förelåg objektiva tecken på störd funktion i 
ANS vid primärt Sjögrens syndrom. I studien undersöktes funktionen i ANS genom 
att studera hur bland annat puls, blodtryck och blodfl öde varierar vid olika typer 
av stimuli, som aktiverar olika delar av ANS.  I studien kunde vi påvisa objektiva 
tecken på en störd funktion i både parasympatiska och sympatiska nervsystemen vid 
primärt Sjögrens syndrom. Dock hittades inget samband mellan graden av nedsatt 
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funktion i ANS och graden av nedsatt utsöndringsfunktion från saliv och tårkörtlar, 
vilket skulle kunna bero på att våra tester, avseende ANS funktion, huvudsakligen 
mätte ANS funktion i hjärta-kärl området och således inte nödvändigtvis avspeglar 
ANS funktionen i de exokrina körtlarna.

Andra studien, utvärderade ett från engelska översatt frågeformulär (Autonoma 
symptom profi len – ASP), utvärderande symptom tydande på störningar i ANS. I 
studien testades det översatta frågeformuläret på diabetiker, en patientgrupp som 
ofta uppvisar störningar i ANS, avseende sin förmåga att sanningsenligt (giltigt) och 
med precision (pålitligt) kunna bedöma förekomst och allvarlighetsgrad av symptom 
tydande på störd ANS funktion. Frågeformuläret bedömdes ha god pålitlighet och 
acceptabel till god giltighet avseende bedömning av symptom på störd ANS funk-
tion hos diabetiker.

I tredje studien undersöktes patienter med primärt Sjögrens syndrom med fråge-
formuläret ASP för att utröna huruvida symtom tydande på störd funktion i ANS 
förelåg. Patienterna med primärt Sjögrens syndrom företedde symtom tydande på 
störd funktion i såväl parasympatiska nervystemet (störd urinblåsefunktion och 
magsäckstömning) som sympatiska nervsystemet (yrsel vid uppresning och påver-
kat blodfl öde till bland annat händer och fötter vid kyla och stress). Som förväntat 
företedde patienterna även symptom i form av torra ögon, torr mun och ljuskäns-
lighet i ögonen, vilka kan bero på störd funktion i ANS men även på skada orsakad 
av infl ammation och förstörelse i de exokrina körtlarna. Vidare noterades ett dåligt 
samband mellan förekomst av symtom och objektiva tecken tydande på störd funk-
tion i ANS vid primärt Sjögrens syndrom, vilket skulle kunna bero på skillnader i 
uppkomstmekanismer till dessa. 

I fjärde studien, undersöktes förekomst av sväljningsbesvär och svalg/matstrups 
symptom hos patienter med primärt Sjögrens syndrom. Med ett frågeformulär 
konstaterades att 65 % av patienter med primärt Sjögrens syndrom upplever sväljnings-
svårigheter men även att de har ökad förekomst av bland annat sura uppstötningar 
och felsväljning. Vid röntgenundersökning av sväljningsfunktionen, där sväljningen 
undersöks med röntgenfi lmning medan patienterna får dricka kontrastmedel, sågs 
inga skillnader gentemot kontroller, varför denna typ av röntgenundersökning tycks 
sämre lämpad att beskriva och undersöka de sväljningsbesvär fl ertalet primära 
Sjögren patienter upplever, emedan allvarligare orsaker till sväljningsbesvären dock 
kan uteslutas. Slutligen noterades också att de patienter som upplevede sväljnings-
besvär i högre grad uppvisade en störd funktion i det parasympatiska nervsystemet 
än de som saknade sväljningsbesvär. Detta skulle kunna tyda på att en störd funktion 
i ANS kan ha en roll i uppkomsten av de sväljningsbesvär patienter med primärt 
Sjögrens syndrom upplever.
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Sammanfattningsvis föreligger således såväl objektiva som subjektiva tecken på en 
störd funktion i ANS hos patienter med primärt Sjögrens syndrom, något som skulle 
kunna förklara en del av de symptom som patienter med primärt Sjögrens syndrom 
upplever.
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Summary
Objectives: Autonomic dysfunction (AD) is a complication of diabetes and may 
be associated with troubling symptoms and increased mortality. Commonly, AD 
is detected by objective physiological tests and only recently, a validated self-
completed English questionnaire assessing AD symptoms, the Autonomic Symptom 
Profi le (ASP) was developed. The aims of this study were to translate the ASP into 
Swedish and evaluate its reliability and validity.

Methods: Forward and back translations were performed. 31 patients with type I 
diabetes, 200 population based controls and 2 AD experts participated in the study. 
Test-retest reliability was evaluated by letting 25 patients fi ll in the ASP twice. 
Content validity was evaluated by two Swedish AD experts and construct validity by 
studying associations between the ASP domains and 5 objective autonomic nervous 
function test parameters. Finally, discriminant validity was evaluated by studying 
differences in the ASP total and domain scores between patients and controls.

Results: The translation was accepted without changes. Test-retest reliability and 
the content validity of the Swedish ASP were considered good. The construct 
validity was considered acceptable with several associations between ASP domains 
and autonomic nervous function test parameters. In addition, discriminant validity 
was considered acceptable with regard to the ASP total score as well as the sexual 
dysfunction, sleep disorder and vasomotor dysfunction domain scores signifi cantly 
differing between patients and controls.

Conclusion: The Swedish version of the ASP was considered a reliable and valid 
instrument for the study of AD symptoms in patients with type I diabetes.

Keywords: Autonomic dysfunction, diabetes, questionnaire
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Introduction
Autonomic dysfunction (AD) is a complication of many chronic diseases i.e. type I 
and II diabetes (Bergström et al., 1987; Bergström et al., 1990), rheumatoid arthritis 
(Leden et al., 1983), primary Sjögren’s syndrome (Mandl et al., 2001; Mandl et al., 
2007), systemic lupus erythematosus (Laversuch et al., 1997), scleroderma (Bertinotti 
et al., 2004) and infl ammatory bowel disease (Lindgren S et al., 1991; Lindgren et 
al., 1993) and may result not only in debilitating symptoms (Vinik et al., 2003) but 
also in increased mortality (Huikuri et al., 1998; Maser et al., 2003; Vinik et al., 
2003). Commonly, AD is detected using various objective physiological tests e.g. 
autonomic refl ex tests. However, physiological tests only measure objective signs of 
AD and do not evaluate the impact of associated subjective symptoms. Recently, a 
validated English questionnaire addressing AD symptoms, the Autonomic Symptom 
Profi le (ASP), was constructed (Suarez et al., 1999). The aims of this study were 1) 
to translate the English ASP into Swedish and 2) to investigate the reliability and 
validity of the Swedish version of the ASP.

Methods

Patients
31 patients (median age 52 (range 39–69) years, 12 females), with type I diabetes 
were included in the study. 6 patients were ≥60 years of age (range 61–69 years). 
The patients belonged to a cohort of type I diabetics followed since 1984–1985 at 
the Dept of Endocrinology, Malmö University Hospital, with regard to autonomic 
nervous function. The patients had been diagnosed with type I diabetes at 15–25 
years of age and had a median disease duration of 33 years. Thirteen patients had 
co-morbidities or medications possibly affecting autonomic function (Table 1). 
Due to co-morbidities, the medications were not possible to be stopped prior to 
the study. All patients completed the ASP once and 25 of these also a second time 
two weeks later. Furthermore, the patients were studied by 3 different autonomic 
nervous function tests i.e. the deep-breathing test, the orthostatic test and the fi nger 
skin blood fl ow test. One patient could not be assessed by the latter due to a skewed 
fi nger. Patient characteristics are presented in Table 1.

Controls
The controls were randomly selected from the Swedish general population registry 
and were living in the City of Malmö or its surroundings. Controls were asked via 
mail if they would like to participate in the study, if they had any disease (diabetes 
mellitus, rheumatoid arthritis or Sjögren’s syndrome) or were on any medication 
(anti-hypertensives, cardiovascular medication or antidepressants) possibly affecting 
autonomic function. If the subject was willing to participate and had no disease or 

141



medication affecting autonomic function the questionnaire was fi lled in once and 
sent back by post. A ticket to the cinema was sent back to each subject returning 
a completed questionnaire. If not having answered for 4 weeks, a reminding letter 
was sent and if no answer was received to that, a new control of the same age and 
gender was selected. Of 467 letters sent, 339 were returned, resulting in a 73% 
response rate. Among the returned letters, 43 were from subjects who did not want to 
participate and 96 from subjects excluded due to fulfi lling of one or more exclusion 
criteria (diabetes  n=14, rheumatoid arthritis n=6, anti-hypertensive treatment n=59, 
cardiovascular medication n=8, and use of anti-depressants n=25). Two-hundred 
controls (median age 45 (range 20–69) years, 100 females) were thus included in the 
study. Further characteristics are presented in Table 1.

Table 1. Clinical characteristics of the patients with type I diabetes and controls. 
Results are presented as median (interquartile range limits) and n/% with abnormal 
fi ndings. 
ACE=Angiotensin Converting Enzyme, AT2=Angiotensin-2 receptor. NA=Not assessed.

Patients (n=31) Controls (n=200)
Age (years) 52 (48 , 59) 45 (32 , 57)
Gender (males/females) 19/12 100/100
Weight (kg) 74 (66 , 81) 73 (63 , 83)
Height (m) 1.76 (1.68 , 1.85) 1.73 (1.68 , 1.81)
Disease duration (years) 33 (28 , 35) –
Clinical peripheral neuropathy (N / %) 22 / 71 % NA
Clinical nephropathy (N / %) 6 / 19 % NA
Clinical retinopathy (N / %) 30 / 97 % NA
Hypertension (N / %) 8 / 26 % 0 
Cardiovascular disease (N / %) 5 / 16 % 0
Treatment with
    beta blockers (N / %) 5 / 16 % 0
    calcium channel blockers (N / %) 4 / 13 % 0
    diuretics (N / %) 2 / 6 % 0
    nitrates (N / %) 1 / 3 % 0
    ACE-inhibitors (N / %) 5 / 16 % 0
    AT2-blockers (N / %) 5 / 16 % 0

Experts
Two Swedish experts on AD were asked to judge the content validity of the Swedish 
translation of the ASP.
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The Autonomic Symptom Profi le (ASP)
The questionnaire consisted of 151 items as well as some additional questions 
regarding age, gender, height and weight. Among the items were 73 which by 
the original constructors were considered the clinically most important and fre-
quently asked questions when evaluating autonomic symptoms. These questions 
evaluated nine domains of autonomic symptoms i.e. orthostatic intolerance (n=9), 
secretomotor dysfunction (n=8), male sexual dysfunction (n=8), urinary dys-
function (n=3), gastrointestinal dysfunction, divided in 3 sub-domains namely 
gastroparesis, diarrhoea and constipation, (n=14), pupillomotor dysfunction (n=7), 
vasomotor dysfunction (n=11), sleep disorder (n=8) and refl ex syncope (n=5). In 
addition, 12 interspersed questions were added addressing psychosomatic (n=6) 
and understatement tendencies (n=6). The autonomic symptom domains consisted 
of questions evaluating presence, severity, distribution, frequency and progression 
of various autonomic symptoms. The separate answers in each domain were scored 
according to their predictability for disease. Due to the different clinical importance 
of various domains, scores were also weighted according to their clinical relevance. 
The weighted maximum domain scores were as follows: orthostatic intolerance, 40; 
secretomotor dysfunction, 20; male sexual dysfunction, 30; urinary dysfunction, 
20; gastroparesis, 10; diarrhoea, 20; constipation, 10; pupillomotor dysfunction, 
5; vasomotor dysfunction, 10; sleep disorder, 15; and refl ex syncope, 20. By 
adding the autonomic domain scores an ASP total score could be calculated with a 
maximum of 200 for males and 170 for females, lower for females due to the lack 
of questions addressing female sexual dysfunction. In addition, the psychosomatic 
and understatement domains were allocated a maximum score of 10 each. The 
results of these domains were not included in the ASP total score but were presented 
separately. This has previously been described in detail (Suarez et al., 1999). 

Autonomic nervous function tests
Deep breathing test
After supine rest, the subject’s heart rate was monitored by ECG during 4 minutes 
and, once constant, six maximal expirations and inspirations were performed during 
one minute. An expiration/inspiration (E/I) ratio was calculated as the mean of the 
longest R-R intervals during expiration divided by the mean of the shortest R-R 
intervals during inspiration (Sundkvist et al., 1979). The E/I-ratio mainly refl ects 
parasympathetic nervous function (Sundkvist et al., 1979; Ewing et al., 1984).

Orthostatic test
After supine rest, the subject was tilted within 2 seconds to an erect position in which 
he/she remained for 8 minutes. The heart rate was monitored by ECG and blood 
pressures were measured before as well as every minute after tilt. A mean of the R-R 
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intervals before tilt (A) was calculated and the shortest R–R interval during the fi rst 
minute after tilt (B) was determined. From these values, an acceleration index (AI), 
defi ned as [(A–B)/A×100] was calculated (Bergström et al., 1987; Sundkvist et al., 
1980). The AI seems to be infl uenced mainly by the parasympathetic (Vinik et al., 
2003) but also to some degree by the sympathetic nervous system (Bergström et al., 
1989a; Bergström et al., 1989b). The systolic and diastolic blood pressures before tilt 
(SBPrest and DBPrest) as well as the lowest systolic and diastolic blood pressures 
during the fi rst 8 minutes after tilt (lSBP and lDBP) were determined. From these 
orthostatic systolic and diastolic blood pressure-ratios were calculated [lSBP-ratio 
= lSBP/SBPrest] and [lDBP-ratio = lDBP/DBPrest]. The orthostatic blood pressure 
response is considered a test of sympathetic nervous function (Low, 1993). 

Finger skin blood fl ow test
The subject was sitting with the left hand on an aluminum holder, the temperature of 
which was kept stable at 40° C, while the fi nger skin blood fl ow was monitored by a 
laser doppler imaging (LDI) instrument. The subject then immersed the contralateral 
hand and forearm into cold water (15° C), for 3 minutes. By dividing the lowest 
fi nger skin blood fl ow value during the fi rst minute of contralateral cooling (LDIc) 
by the mean of the two last measurements of fi nger skin blood fl ow at rest, before 
the cooling procedure, (LDIh) a vasoconstriction (VAC) index could be calculated 
(VAC-index=LDIc/LDIh). This has been shown to be a sensitive test for sympathetic 
nervous function in the skin (Bornmyr et al., 1998).

Since autonomic function tends to deteriorate with advancing age, the autonomic 
nervous function variables were age corrected and expressed as z-scores by com-
parison with 3 control groups, namely 56 controls for the E/I-ratio and AI consisting 
of healthy subjects (median age 40 years [range 16–59 years], 22 females) all of 
whom had passed a health examination without signs of cardiovascular disease, 
respiratory disorders or diabetes (Bergström et al., 1986), 80 controls for the VAC-
index consisting of healthy subjects (median age 43 years [range 19–81 years], 37 
females) all of whom were non-smokers, had no history of vascular disease and 
were not on any medication (Bornmyr et al., 1998) and 238 controls for the lSBP 
& lDBP-ratios consisting of healthy non-diabetic individuals (median age 60 years 
[range 16–96 years], 106 women)  (de Kanter et al., 1998). Since gender does not 
seem to signifi cantly affect the autonomic variables measured in this study (Bornmyr 
et al., 1998; Bergström et al., 1986), sex was not matched for. All autonomic nervous 
function tests were performed in the morning under standard conditions, i.e. the 
temperature conditions were kept stable and the patients were not allowed to eat, 
drink coffee or smoke later than 2 hours prior to testing. 
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The translational process
The ASP was fi rst translated from English to Swedish by one translator and then 
back-translated to English by another translator. The Swedish and English versions 
were afterwards compared by one of the authors (TM). No changes of the Swedish 
version were made.

Reliability
Test-retest was performed by letting 25 patients complete the questionnaire on two 
separate occasions two weeks apart. The intraclass correlation coeffi cient (ICC) was 
determined for the ASP domain and total scores. Correlations between the ASP total 
score and the ASP domain scores were calculated for the 31 patients in the study.

Validity
Content validity was evaluated by two Swedish AD experts.

Construct validity was evaluated by studying correlations between the fi ve different 
autonomic nervous function parameters and the ASP total score as well as by study-
ing differences in the ASP autonomic domain scores in patients with normal and 
abnormal autonomic nervous function test results.

Discriminant validity was evaluated by hypothesizing that the patients would score 
higher in the ASP total score than the controls.

Statistics
Before data analysis, several ASP domain scores as well as the ASP total score 
were age, gender, height and weight standardized based on the ASP scores of the 
200 controls. This was done using a linear regression model into which age, gender, 
height and weight were added as covariates to each ASP score respectively. Due to 
a preponderance of zero values, although with gender differences, among controls 
in some ASP domains, the gastroparesis and refl ex syncope domains were expressed 
as gender stratifi ed raw scores. Similarly the psychosomatic and underestimation 
domains were expressed as gender stratifi ed raw scores. Mann Whitney U test was 
used for group comparisons and Spearman rank correlation test for correlations. 
Test-retest reliability was studied by calculating the ICC. E/I-ratio, AI, lSBP- & 
lDBP-ratios ≤–2SD and VAC-index ≥2SD were considered abnormal. P-values 
<0.05 were considered signifi cant.

Ethics
The study was approved by the ethics committee at Lund University (LU814-04). 
All participants gave written informed consent.
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Results

Autonomic nervous function tests
The E/I-ratio, AI and lDBP-ratio were lower and the VAC-index higher in diabetic 
patients compared with controls, indicating a parasympathetic and sympathetic 
dysfunction. In contrast the lSBP-ratio did not differ between patients and controls 
(Table 2). The differences still remained if patients with co-morbidities and medi-
cations affecting autonomic function as well as if patients ≥60 years of age were 
excluded.

Table 2. Autonomic nervous function test results in patients with type I diabetes and 
autonomic nervous function control materials as well as correlations of the autonomic 
nervous function parameters and the Autonomic Symptom Profi le (ASP) total score in 
patients with type I diabetes. All values were age corrected and expressed as z-scores. Results 
are presented as median (interquartile range limits) and rs (p-value). 

Autonomic parameters Patients (n=31) Controls 
(n=56/80/238)

p-
value

ASP total 
score rs 
(p-value)

Expiration inspiration index –1.55 (–1.92 , –0.64) –0.25 (–0.62 , 0.60) 0.00 –0.12 (0.54)

Acceleration index –0.88 (–1.59 , –0.30)  0.03 (–0.67 , 0.65) 0.00 –0.09 (0.64)

Vasoconstriction index  1.50 (0.34 , 2.55)  0.09 (–0.67 , 0.62) 0.00  0.39 (0.04)

Lowest systolic blood 
pressure ratio

–0.11 (–1.03 , 0.63)  0.00 (–0.61 , 0.70) 0.17 –0.36 (0.05)

Lowest diastolic blood 
pressure ratio

–0.54 (–1.46 , –0.24)  0.00 (–0.47 , 0.54) 0.00 –0.29 (0.12)

Reliability
When performing test-retest, the agreement of the different ASP scores between two 
separate completions of the ASP, performed 2 weeks apart, was generally judged as 
good, with a median ICC of 0.83. Furthermore, the orthostatic intolerance, sexual 
dysfunction, urinary dysfunction and secretomotor dysfunction domain scores 
correlated with the ASP total score (Table 3).

Validity
Content validity of the Swedish ASP was judged as good by two Swedish experts 
on AD. 

The ASP total score correlated with the VAC-index and lSBP-ratio (Table 2). When 
comparing ASP domain scores in patients with abnormal vs. normal E/I-ratio and AI, 
the former were found to have higher scores in the ASP secretomotor dysfunction 
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Table 3. Reliability of the Autonomic Symptom Profi le (ASP). Results of the test-retest 
performed by 25 patients with type I diabetes mellitus two weeks apart as well as Spearman’s 
correlations of the various Autonomic Symptom Profi le (ASP) autonomic domain scores 
with the ASP total score in the 31 patients with type I diabetes. 
ICC = Intraclass Correlation Coeffi cient.

Domains (score range) ICC ASP Total score rs (p-value)

Orthostatic intolerance (0–40) 0.92 0.51 (0.00)

Sexual dysfunction (males 0–30) 0.85 0.69 (0.00)

Urinary dysfunction (0–20) 0.83 0.49 (0.01)

Diarrhoea (0–20) 0.59 0.23 (0.23)

Gastroparesis (0–10) 0.83 0.28 (0.13)

Constipation (0–10) 0.98 0.17 (0.36)

Secretomotor dysfunction (0–20) 0.67 0.59 (0.00)

Sleep disorder (0–15) 0.82 0.13 (0.48)

Vasomotor dysfunction (0–10) 0.87 0.21 (0.28)

Pupillomotor dysfunction (0–5) 0.73 0.29 (0.12)

Refl ex syncope (0–20) 0.66 0.12 (0.52)

Total (males 0–200 & females 0–170) 0.87 –

domain respectively (Table 4). These associations still remained if patients ≥60 
years of age were excluded. Patients with an abnormal VAC-index scored higher in 
the sexual dysfunction and diarrhoea domains compared with patients with normal 
VAC-indices. Patients with an abnormal lSBP-ratio scored lower in the vasomotor 
dysfunction domain compared with patients with normal lSBP-ratios and patients 
with abnormal lDBP-ratios scored higher in the secretomotor dysfunction and 
constipation domains as well as in the ASP total score compared with patients with 
normal lDBP-ratios (Table 5). Construct validity was thus considered acceptable.

The ASP total score as well as the sexual dysfunction, sleep disorder and vasomotor 
dysfunction domain scores were higher in patients compared with controls and there 
was a tendency towards a higher score in the orthostatic domain in patients compared 
with controls (Table 6). If patients with co-morbidities and medications possibly 
affecting autonomic function were excluded from the comparison, the remaining 18 
patients still had increased sexual dysfunction, sleep disorder and ASP total scores 
compared to controls. Discriminant validity was thus considered acceptable.
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Table 4. Comparisons of the Autonomic Symptom Profi le (ASP) domain scores in 
diabetic patients with and without abnormal results in the two main parasympathetic 
test parameters i.e. the expiration inspiration (EI) ratio (abnormal if ≤–2SD) and 
acceleration (AI) index (abnormal if ≤–2SD). The ASP domain scores were age, gender, 
weight and height standardized except the gastroparesis and refl ex syncope domains where 
raw scores were used. Results are presented as median (interquartile range limits).

Abnormal EI
(n=5)

Normal EI
(n=26)

p-value Abnormal AI
(n=5)

Normal AI
(n=26)

p-value

Orthostatic –0.42
(–0.89 , 1.13)

0.18
(–0.48 , 1.23)

0.45 0.61
(–0.61 , 1.13)

–0.28
(–0.51 , 1.23)

0.98

Sexual 2.18
(0.05 , 4.17)

2.04
(–0.11 , 2.90)

0.57 2.18
(0.05 , 4.17)

2.04
(–0.11 , 2.90)

0.57

Urinary –0.54
(–0.74 , 2.50)

–0.27
(–0.71 , 0.17)

0.94 –0.54
(–0.69 , 2.50)

–0.27
(–0.74 , 0.17)

0.62

Diarrhoea –0.14
(–0.40 , 1.50)

–0.45
(–0.59 , –0.23)

0.08 –0.14
(–0.40 , 1.54)

–0.45 
(–0.59 , –0.23)

0.07

Gastro-
paresis

0.00
(0.00 , 0.75)

0.00
(0.00 , 0.00)

0.70 0.00
(0.00 , 0.75)

0.00
(0.00 , 0.00)

0.70

Constipation –0.30
(–0.45 , –0.20)

–0.31
(–0.50 , –0.21)

0.94 –0.30
(–0.42 , –0.20)

–0.31
(–0.50 , –0.21)

0.78

Secretomotor 2.42
(1.08 , 2.99)

–0.52 
(–0.77 , 0.95)

0.01 2.42 
(0.79 , 2.99)

–0.52 
(–0.77 , 1.38)

0.01

Sleep 
disorder

0.21
(–0.01 , 0.63)

0.16
(0.01 , 1.60)

0.86 0.21
(–0.01 , 1.44)

0.16
(0.01 , 1.53)

0.82

Vasomotor –0.30
(–0.45 , –0.23)

–0.23
(–0.43 , 2.13)

0.36 –0.28
(–0.36 , 1.19)

–0.25
(–0.45 , 0.42)

0.86

Pupillomotor 0.57
(–0.16 , 2.09)

–0.13
(–0.79 , 0.98)

0.31 0.41
(–0.79 , 1.71)

0.07
(–0.75 , 1.19)

0.98

Syncope 0.00
(0.00 , 0.00)

0.00
(0.00 , 0.00)

0.82 0.00
(0.00 , 0.00)

0.00
(0.00 , 0.00)

0.82

Total 0.85
(0.23 , 2.27)

0.93
(–0.15 , 1.28)

0.55 1.25
(0.66 , 2.27)

0.77
(–0.18 , 1.28)

0.17
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Discussion
In this study we translated the ASP, an English questionnaire assessing autonomic 
symptoms, to Swedish and evaluated its reliability and validity. The Swedish version 
of the ASP provided good test-retest reliability, good content validity and acceptable 
construct and discriminant validity.

AD is a recognised complication of many chronic diseases, including diabetes 
(Leden et al., 1983; Bergström et al., 1987; Bergström et al., 1990; Lindgren S et al., 
1991; Lindgren et al., 1993; Laversuch et al., 1997; Mandl et al., 2001; Bertinotti et 
al., 2004; Mandl et al., 2007) and may result in debilitating symptoms and increased 
mortality (Huikuri et al., 1998; Maser et al., 2003; Vinik et al., 2003). Commonly, 
autonomic function has been evaluated by different objective physiological tests and 
only seldom the subjective correlates of AD have been studied. Recently, the ASP, 
a questionnaire evaluating autonomic symptoms was constructed and validated in 
patients with symptomatic autonomic neuropathy of different etiologies. The ASP 
was reported to show good content, construct and discriminant validity (Suarez et 
al., 1999). In contrast, another study showed that population based diabetic patients 
only reported mild autonomic symptoms as well as weak associations between auto-
nomic symptoms and autonomic nervous function tests (Low et al., 2004). However, 
such discrepancies may refl ect differences in frequency and severity of autonomic 
symptoms in population based diabetic patients in comparison to patients with more 
severe autonomic involvement. Since diabetic patients with autonomic defi cits are 
more frequent than patients with more severe autonomic neuropathy e.g. patients 
with pure autonomic failure and multiple system atrophy, we chose to validate the 
Swedish version of the ASP in the former.

The strengths of this study were the use of a homogenous group, i.e. diabetics with 
objective signs of AD and a large population based control group enabling standardi-
sation of the ASP scores according to gender, age, height and weight. Possible con-
cerns are the generalizability of these results to other diabetics with less pronounced 
objective AD signs and to other patient groups. In addition, the sensitivity to change 
of the ASP still has to be evaluated.

The reliability of the ASP was evaluated by calculating the ICC for the different 
ASP autonomic domains and the ICC were found to vary between moderate and 
very good (0.59–0.98). It is reasonable to demand stability measures i.e. ICC greater 
than 0.5 (Streiner et al., 1995), and the ICC for all autonomic domains exceeded that 
limit. 

The ASP total score correlated signifi cantly with both the VAC-index and the lSBP-
ratio implying that an increased ASP total score in type I diabetic patients mainly 
refl ects a disturbed sympathetic function. However, patients with an abnormal 
parasympathetic function, as evaluated by the E/I-ratio and AI, had signifi cantly 
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increased secretomotor domain scores. This is in accord with a previous study 
showing that exocrine dysfunction in diabetes may be associated not only with 
a disturbed glycemic control (Sreebny et al., 1992; Kaiserman et al., 2005) but 
also with AD (Ramos-Remus et al., 1994). Patients with an abnormal sympathetic 
function, as evaluated by the VAC-index, scored signifi cantly higher in the sexual 
dysfunction domain. Although erection is usually considered a parasympathetic 
modulated function, it is known that the penile nerves act via adrenergic, nitrergic 
and cholinergic pathways to produce erection (Keene et al., 1999). Since adrenergic 
pathways are involved both in refl ectory vasoconstriction to cooling and in erectile 
function, a dysfunction in these may be accountable for both. The orthostatic blood 
pressure ratios were found to be associated with some ASP domains, although not 
with the orthostatic domain, a fact possibly related to the lack of both objective and 
subjective signs of orthostatic hypotension in the patients. The overall lack of more 
solid associations between the ASP domains and the autonomic nervous function 
indices may have several explanations. A low reliability in the test procedures 
for some ASP domains as well as for the autonomic nervous function tests may 
complicate studies of associations. The relative lack of symptoms in patients, e.g. 
orthostatic symptoms, with a preponderance of zero-values as well as the sometimes 
few stepped scales in some ASP domains, e.g. urinary dysfunction, also makes 
association studies diffi cult. Due to the not always concordant fi ndings of objective 
and subjective AD signs, this underlines the importance of evaluating these entities 
separately.

When comparing ASP domain scores in patients and controls, the former scored 
higher in the sexual, vasomotor dysfunction and sleep disorder domains and 
showed a tendency towards higher scores in the orthostatic domain. Accordingly, 
the ASP total score was signifi cantly higher in patients compared with controls and 
discriminated between those. Erectile dysfunction (ED) is common in diabetes with 
a reported prevalence varying between 20 and 75% (Morano, 2003) and may be due 
to AD, arterial insuffi ciency on atherosclerotic basis, drugs, endocrine abnormalities 
and psychogenic factors (Morano, 2003). It may be argued that the ED symptoms 
in our patients were related to either drug use or atherosclerotic disease. However, 
no patients were on any psychotherapeutic drugs and after exclusion of patients 
on vasoactive medication, with prior hypertension or cardiovascular disease, the 
differences remained, implying an etiological relationship between AD and ED. 
Sleep-disordered breathing with obstructive sleep apnoeas may be related to obesity, 
causing an anatomical narrowing of the upper airways but also to AD, causing an 
increased collapsibility of the upper airways due to impairment of the autonomic 
refl ex arches activating the upper airway dilator muscles (Bottini et al., 2003). Our 
fi ndings of an increased standardized sleep disorder score in patients, implies a 
relationship between AD and sleep disordered breathing as well. Moreover, patients 
were found to have a signifi cantly increased vasomotor dysfunction score and a 
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tendency towards an increased orthostatic intolerance score. However, the relative 
lack of more severe symptoms in the diabetics is in agreement with previous reports 
(Low et al., 2004). 

In conclusion, the Swedish version of the ASP is to the best of our knowledge the fi rst 
validated instrument for assessment of AD symptoms in Swedish. It was considered 
a reliable and valid instrument for the study of AD symptoms in patients with type 
I diabetes. Further studies are required to evaluate its use in different patient groups 
with AD as well as its sensitivity to change.
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Autonomic nervous symptoms in primary Sjögren’s syndrome

T. Mandl1, V. Granberg2, J. Apelqvist2, P. Wollmer3, R. Manthorpe4 and L. T. H. Jacobsson1

Objectives. Objective signs of autonomic dysfunction (AD) have been reported in patients with primary SS (pSS) while the presence of

associated symptoms has not been systematically studied. Therefore, the aims of this study were (i) to assess the presence and severity of
various AD symptoms in pSS patients and (ii) to relate AD symptoms to other clinical features of pSS.

Methods. Thirty-eight pSS patients and 200 population-based controls were studied for presence and severity of AD symptoms using the
Autonomic Symptom Profile (ASP), a validated self-completed questionnaire evaluating various AD symptoms. In addition, patients were

investigated by three different objective autonomic nervous function tests.
Results. pSS patients scored significantly higher in the parasympathetic [secretomotor disorder, urinary disorder, gastroparesis (females

only) and pupillomotor disorder] as well as sympathetic (orthostatic intolerance and vasomotor disorder) ASP domains compared with
controls. Consequently, the standardized ASP total score was significantly increased in pSS patients [1.77 (0.57, 3.15) vs� 0.21 (�0.82,

0.72); P¼ 0.00] and 45% of pSS patients had an ASP total score �2 S.D. Furthermore, the autonomic nervous function tests showed signs of
objective parasympathetic and sympathetic dysfunction as well. However, the ASP domain and total scores showed limited associations with

the objective autonomic nervous function test parameters as well as clinical and serological factors of pSS.
Conclusions. pSS patients showed subjective and objective signs of both a parasympathetic and a sympathetic dysfunction. However, AD

symptoms showed limited associations with objective autonomic nervous function as well as other clinical features of the disease.

KEY WORDS: Autonomic symptoms, Primary Sjögren’s syndrome, Cardiovascular, Nervous, Physiology.

Introduction

Primary Sjögren’s syndrome (pSS) is an autoimmune disease
not only affecting the exocrine glands always but also affecting
various non-exocrine organs, including the nervous system,
frequently. Several studies report signs of peripheral neuropathy
in pSS [1–6] and the autonomic nervous system (ANS), according
to case reports and case series, may also be involved in the disease
manifested by various autonomic dysfunction (AD) symptoms
[6–11]. In pSS, the degree of exocrine gland destruction and
function often correlate poorly [12, 13]. Since exocrine secretion
is modulated by the ANS, impaired secretion could partly be due
to interference with nervous signals to the exocrine glands [12, 14].
In previous studies, using autonomic reflex tests, parasympathetic
and sympathetic dysfunction in pSS has been demonstrated
[15–18] while studies measuring heart rate variability and
baroreflex sensitivity have yielded contradictory results [18–21].
The observed AD in pSS has been ascribed to various
immunological factors [6, 22–27]. Since immunological mechan-
isms have been proposed to affect autonomic function and the
recent American–European Consensus Criteria (AECC) [28] in
comparison with older criteria [29, 30] include pSS patients with
at least some evidence of autoimmunity, an increased prevalence
of ANS involvement would be expected in pSS patients diagnosed
according to the AECC. Whilst objective signs of AD in pSS
have been studied in several previous studies [15–21] and although
only three of these applied the AECC [15, 18, 20], its subjective
correlates have not been systematically studied.

The aims of this study were to evaluate AD symptoms in pSS
patients using the Autonomic Symptom Profile (ASP), a validated
and self-completed questionnaire assessing AD symptoms [31, 32],

and to study associations between AD symptoms and clinical and
serological features of pSS.

Materials and methods

Patients

Thirty-eight patients [median age 56 (range 25–61) yrs, 35 females],
with pSS according to the AECC were recruited from the
outpatient clinic at the Department of Rheumatology, Malmö
University Hospital.

Eight patients were �60 yrs of age (60 yrs, n¼ 3, 61 yrs, n¼ 5).
None of the patients had any comorbidity or was currently on any
medication (anti-cholinergic drugs, �-blockers, calcium channel
blockers, angiotensin-converting enzyme inhibitors, angiotensin-2
receptor blockers or pilocarpine) known to affect autonomic
nervous function. All patients completed the ASP. In addition, the
patients had previously been studied by three different objective
autonomic nervous function tests i.e. the deep-breathing test, the
orthostatic test and the finger skin blood flow test, the results of
which have been previously reported [15]. One patient could not
perform the finger skin blood flow test due to pain during cold
provocation and two patients could not be investigated by the
tilt table test due to feeling of panic, when being strapped to the
tilt table. Further characteristics of the patients are presented in
Table 1.

Controls

Two hundred controls [median age 45 (range 20–69) yrs,
100 females] were randomly selected from the Swedish general
population registry and were required to be living in the City of
Malmö or its surroundings. To ensure a balanced sex- and age-
distribution, equal numbers of male and female controls were
selected in each 10-yr stratum. The controls were asked via mail if
they would like to participate in the study. If the subject was
willing to participate and had no disease (diabetes mellitus, RA
orSS) or medication (anti-hypertensives, cardiovascular medica-
tion or anti-depressants) affecting autonomic nervous function,
then the questionnaire was filled out and sent back by post.
A ticket to the cinema was sent back to each subject returning
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a fully completed questionnaire. If no answer was received within
4 weeks, then a reminding letter was sent and if that was not
answered either, a new control of the same age and gender was
selected, until 200 controls were included. Further characteristics
of the controls are presented in Table 1.

Autonomic nervous function tests

The pSS patients had, as previously reported [15], been studied
regarding autonomic nervous function by three autonomic
nervous function tests—the deep-breathing test, the orthostatic
test and the finger skin blood flow test. The time difference
between the completion of the autonomic nervous function tests
and the ASP was median 17 [interquartile range (IQR) 10, 24]
months.

Deep-breathing test

This test measured the heart rate variation, monitored by ECG,
during deep-breathing. An expiration/inspiration (E/I) ratio was
calculated as the mean of the longest R–R intervals, i.e. inter beat
intervals, during expirations divided by the mean of the shortest
R–R intervals during inspirations [33]. According to previous
studies, the E/I-ratio mainly reflects parasympathetic nervous
function [33, 34].

Orthostatic test

This test measured the heart rate, monitored by ECG and blood
pressure reaction to tilt, the latter manually measured by a trained
nurse before as well as every minute after tilt. A mean of the R–R
intervals before tilt (A) was calculated and the shortest R–R
interval during the first minute after tilting (B) was determined.
From these values, an acceleration index (AI), defined as [(A�B)/
A� 100], was calculated [35, 36]. The AI seems to be influenced
mainly by the parasympathetic [37] but also to some degree by the
sympathetic nervous system [38, 39]. The systolic and diastolic
blood pressures before tilt (SBPrest and DBPrest) as well as the
lowest systolic and diastolic blood pressures during the first 8min
after tilt (lSBP and lDBP) were determined. From these,
orthostatic systolic and diastolic blood pressure-ratios were

calculated [lSBP-ratio¼ lSBP/SBPrest] and [lDBP-ratio¼ lDBP/
DBPrest]. According to previous studies, the orthostatic blood
pressure response is considered reflecting sympathetic nervous
function [40].

Finger skin blood flow test

This test measured the reflex vasoconstriction to contralateral
cold provocation. The subject’s finger skin blood flow was
monitored by a laser doppler imaging (LDI) instrument, at first
during a 408C heating procedure, and subsequently during
immersion of the contralateral hand and forearm into a 158C
water bath. By dividing the lowest finger skin blood flow value
during the first minute of contralateral cooling (LDIc) by the
mean of the two last measurements of finger skin blood flow at
rest, before the cooling procedure, (LDIh) a vasoconstriction
(VAC) index could be calculated (VAC-index¼LDIc/LDIh).
According to previous studies, this reflects the sympathetic
nervous function in the skin [41].

Since autonomic function tends to deteriorate with increasing
age, the autonomic nervous function variables were age corrected
and expressed as z-scores by comparison with three control
groups, namely 56 controls for the E/I-ratio and AI consisting of
healthy subjects [median age 40 yrs (range 16–59 yrs), 22 females]
all of whom had passed a health examination without signs of
cardiovascular disease, respiratory disorders or diabetes mellitus
[42], 80 controls for the VAC-index consisting of healthy subjects
[median age 43 yrs (range 19–81 yrs), 37 females] all of whom
were non-smokers, had no history of vascular disease and were
not on any medication [41] and 238 controls for the lSBP and
lDBP-ratios consisting of healthy non-diabetic individuals
[median age 60 yrs (range 16–96 yrs), 106 women] previously
described in detail [43]. Since gender does not seem to affect
significantly the autonomic variables measured in this study
[41, 42], sex was not matched for. All autonomic nervous function
tests were performed in the morning under standard conditions,
i.e. the temperature conditions were kept stable and the patients
were not allowed to eat, drink coffee or smoke later than 2 h prior
to testing.

ASP

The ASP is a self-completed questionnaire assessing autonomic
nervous symptoms which in its original English version has been
validated in patients with autonomic neuropathies of different
aetiologies [31] and used in patients with diabetes [32]. Recently,
the questionnaire was also translated into Swedish and validated
in patients with type I diabetes (Mandl et al., unpublished data).
Both the English and Swedish versions of the ASP were
considered valid.

The ASP consists of questions evaluating nine domains of
autonomic symptoms i.e. orthostatic intolerance, secretomotor
dysfunction, male sexual dysfunction, urinary dysfunction, gastro-
intestinal dysfunction (divided into three subdomains namely
gastroparesis, diarrhoea and constipation), pupillomotor dysfunc-
tion, vasomotor dysfunction, sleep disorder and reflex syncope. In
addition, 12 interspersed questions addressing psychosomatic and
understatement tendencies are included. The autonomic symptom
domains consists of questions evaluating presence, severity,
distribution, frequency and progression of various autonomic
symptoms and the separate answers are scored according to their
predictability for disease. In addition, domain scores are weighted
according to their clinical relevance.

Consequently, the weighted maximum domain scores are as
follows: orthostatic intolerance, 40; secretomotor dysfunction, 20;
male sexual dysfunction, 30; urinary dysfunction, 20; gastro-
paresis, 10; diarrhoea, 20; constipation, 10; pupillomotor dysfunc-
tion, 5; vasomotor dysfunction, 10; sleep disorder, 15 and reflex
syncope, 20. By adding the autonomic domain scores, an ASP
total score is calculated with a maximum score of 200 for males

TABLE 1. Characteristics of the patients with pSS and ASP controls

Patients (n¼38) Controls (n¼200)

Age (yrs) 56 (39, 59) 45 (32, 57)
Gender (Males/Females) 3/35 100/100
Weight (kg) 70 (59, 85) 73 (63, 83)
Height (m) 1.65 (1.63, 1.70) 1.73 (1.68, 1.81)
Disease duration (yrs) 14 (8, 21) –
Schirmer-I test (mm/5min) 4 (1, 12) NA
van Bijsterveld’s score (0–18) 8 (6, 13) NA
Unstimulated whole sialometry (ml/15min) 0.4 (0.0, 1.0) NA
Anti-SS-A antibody seropositives (%) 79 NA
Anti-SS-B antibody seropositives (%) 42 NA
ANA seropositives (%) 79 NA
RF seropositives (%) 68 NA
IgG (g/l) 18.4 (13.7, 22.0) NA
C3 (g/l) 1.22 (1.12, 1.39) NA
C4 (g/l) 0.22 (0.20, 0.29) NA
Lip biopsy—focus score� 1 (%) 88 NA
Non-exocrine symptoms/signs
(of those given below) (%)

76 NA

Raynaud’s phenomena (%) 26 NA
Arthralgia in the joints of the hands (%) 63 NA
Arthritis in the joints of the hands (%) 24 NA
Peripheral neuropathy (%) 21 NA
Vasculitis-purpura (%) 5 NA
Renal disease (%) 3 NA
Liver disease (%) 0 NA
Interstitial lung disease (%) 0 NA
Myositis (%) 0 NA

Current smokers (%) 13 24

Results are presented as median (IQR) as well as n or% with abnormal findings. Ocular
parameters are presented as sum of both eyes. NA: not assessed.
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and 170 for females, lower for females due to the lack of questions
addressing female sexual dysfunction. Furthermore, the psychoso-
matic and understatement domains are given a maximum score of
10 each and are presented separately. Since some of the ASP
domain scores are affected by age, gender, height and weight,
several of the ASP scores were age, gender, height and weight
standardized in comparison with the 200 controls and expressed as
z-scores. Due to a preponderance of zero values in the
gastroparesis and reflex syncope domains among controls,
although with some gender differences, these domains were
expressed as gender stratified raw scores. Similarly, the psycho-
somatic and underestimation domains were also expressed as
gender-stratified raw scores.

Statistics

Due to a skewed distribution of the ASP scores as well as for the
autonomic nervous function parameters, the Mann–Whitney
U-test was used for group comparisons and the Spearman rank
correlation test for correlations. Fisher’s exact test was used for
discrete variables. Values were presented as median (IQR) or
percentages with pathological results. P-values <0.05 were
considered statistically significant.

Ethics

The study was approved by the ethics committee at Lund
University (LU814-04). All participants gave written informed
consent.

Results

The pSS patients, as previously reported [15], were found to have
a decreased E/I-ratio and an increased VAC-index compared with
controls reflecting a parasympathetic and a sympathetic dysfunc-
tion, respectively. Furthermore, the lSBP- and lDBP-ratios were
decreased in pSS patients compared with controls, also indicating
a sympathetic dysfunction (Table 2).

As expected, pSS patients scored higher compared with
controls in the secretomotor and pupillomotor domains, but
also in other parasympathetic domains, i.e. urinary disorder, and
gastroparesis (females only) domains. In addition, pSS patients
scored higher in the sympathetic domains, i.e. orthostatic

intolerance and vasomotor disorder domains. Consequently, the
ASP total score was significantly increased in pSS patients
compared with controls (Table 3) and 45% (17/38) of the pSS
patients had a standardized ASP total score �2 S.D. indicating a
pathological autonomic symptomatology.

The female pSS patients also scored significantly higher in the
psychosomatic domain, reflecting psychosomatic tendencies.
However, two questions on psychosomatic symptoms from the
original questionnaire addressed presence of swallowing difficul-
ties and experience that all food tastes the same, symptoms which
cannot necessarily be regarded as psychosomatic symptoms in
hyposalivating pSS patients. If these two questions were omitted
from the psychosomatic domain and an adjusted psychosomatic
index was calculated and re-weighted with a maximum score of
ten, then the difference between female pSS patients and female
controls was no longer significant (Table 3). Even if patients and
controls with an adjusted psychosomatic score >0 were omitted,
pSS patients still scored significantly higher in the orthostatic
intolerance, gastroparesis (females only), secretomotor, pupillo-
motor and vasomotor disorder domains as well as in the ASP total
score. Moreover, several ASP domain scores correlated with each
other as well as with the ASP total score (Table 4).

When correlating the objective autonomic nervous function test
parameters with the ASP scores, significant correlations were only
found between the VAC-score and the sleep disorder domain
score (r’s¼ 0.42; P¼ 0.01) as well as between the lSBP-ratio and
the constipation domain score (r’s¼�0.43; P¼ 0.01). Even when
ASP domains possibly reflecting end-organ damage/exocrine
destruction as well as autonomic function, i.e. the secretomotor

TABLE 3. Comparisons of the ASP domain scores in 38 patients with pSS and 200 controls

Domains (raw score range)

Raw scores:
pSS patients

(n¼ 38, 35 females)

Standardized scores:
pSS patients

(n¼38, 35 females)

Raw scores:
controls

(n¼200, 100 females)

Standardized scores:
controls

(n¼200, 100 females) P-value

Orthostatic intolerance (0–40) 15.0 (0.0, 22.5) 1.21 (�0.56, 2.38) 1.3 (0.0, 12.5) �0.39 (�0.78, 0.79) 0.00���

Sexual dysfunction (males, 0–30) 0.0 (0.0, 6.0) �0.18 (�0.67, 0.70) 0.0 (0.0, 1.5) �0.22 (�0.51, 0.11) 0.92
Urinary disorder (0–20) 2.0 (0.0, 6.0) 0.13 (�0.67, 1.98) 0.0 (0.0, 2.0) �0.51 (�0.71, 0.32) 0.04�

Diarrhoea (0–20) 2.0 (0.0, 8.0) 0.08 (�0.67, 1.41) 0.0 (0.0, 4.0) �0.42 (�0.60, 0.68) 0.42
Gastroparesis—females (0–10) 0.0 (0.0, 1.5) NA 0.0 (0.0, 0.0) NA 0.04�

Gastroparesis—males (0–10) 0.0 (0.0, 3.5) NA 0.0 (0.0, 0.0) NA 0.41
Constipation (0–10) 0.0 (0.0, 3.0) �0.46 (�0.56, 2.57) 0.0 (0.0, 0.0) �0.30 (�0.52, �0.18) 0.82
Secretomotor disorder (0–20) 7.5 (6.0, 10.5) 2.86 (2.26, 4.02) 0.0 (0.0, 3.0) �0.45 (�0.72, 0.52) 0.00���

Sleep disorder (0–15) 1.5 (0.0, 4.0) �0.09 (�0.81, 1.46) 1.5 (0.0, 1.5) �0.05 (�0.79, 0.35) 0.37
Vasomotor disorder (0–10) 0.0 (0.0, 5.5) �0.19 (�0.44, 2.94) 0.0 (0.0, 0.0) �0.33 (�0.49, �0.20) 0.01��

Pupillomotor disorder (0–5) 2.5 (0.9, 4.1) 1.50 (0.00, 3.07) 0.5 (0.0, 1.5) �0.42 (�0.71, 0.55) 0.00���

Reflex syncope—females (0–20) 0.0 (0.0, 0.0) NA 0.0 (0.0, 0.0) NA 0.41
Reflex syncope—males (0–20) 0.0 (0.0, 0.0) NA 0.0 (0.0, 0.0) NA 0.89
Total score (males, 0–200 and females, 0–170) 39.3 (25.1, 55.0) 1.77 (0.57, 3.15) 13.0 (4.5, 23.4) �0.21 (�0.82, 0.72) 0.00���

Psychosomatic index—females (0–10) 0.0 (0.0, 2.0) NA 0.0 (0.0, 0.0) NA 0.02�

Adj. psychosomatic index—females (0–10) 0.0 (0.0, 0.0) NA 0.0 (0.0, 0.0) NA 0.09
Psychosomatic index—males (0–10) 0.0 (0.0, 5.5) NA 0.0 (0.0, 0.0) NA 0.40
Adj. psychosomatic index—males (0–10) 0.0 (0.0, 3.0) NA 0.0 (0.0, 0.0) NA 0.41
Understatement index—females (0–10) 1.5 (0.0, 1.5) NA 0.0 (0.0, 3.5) NA 0.51
Understatement index—males (0–10) 5.0 (0.0, 10.0) NA 1.5 (0.0, 5.0) NA 0.36

Standardized scores were age, gender, height and weight standardized and expressed as z-scores. For comparisons between groups the standardized scores were used, except for the
gastroparesis, vasomotor dysfunction, psychosomatic, adjusted psychosomatic and underestimation domains where gender-stratified raw scores were used. The adjusted psychosomatic score means
that for pSS patients inappropriate psychosomatic questions were omitted from the psychosomatic index. Results are presented as median (IQR). �P< 0.05, ��P<0.01, ���P< 0.001. Adj: adjusted;
NA: not assessed.

TABLE 2. Autonomic nervous function test results in the 38 patients with pSS and
autonomic nervous function controls, representing a subgroup of pSS patients
previously evaluated for objective AD as formerly reported [15]

Autonomic parameters
Patients
(n¼38)

Controls
(n¼56/80/238) P-value

Expiration inspiration index �0.57 (�1.33, 0.32) �0.25 (�0.62, 0.60) 0.02
Acceleration index �0.11 (�1.11, 0.31) 0.03 (�0.67, 0.65) 0.13
Vasoconstriction index 0.62 (�0.31, 1.30) 0.09 (�0.67, 0.62) 0.03
lSBP-ratio �0.71 (�1.45, �0.06) �0.02 (�0.62, 0.70) 0.00
lSBP-ratio �0.70 (�1.05, �0.03) 0.00 (�0.47, 0.54) 0.00

All values were age corrected and expressed as z-scores. Results are presented as median
(IQR).
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and pupillomotor disorder domains, were omitted and a new
standardized ASP total score was calculated, this adjusted ASP
total score did not correlate with the objective autonomic nervous
function test parameters. Furthermore, when comparing pSS
patients with abnormal (�2 S.D.) and normal (<2 S.D.) scores in
the orthostatic intolerance, urinary disorder, vasomotor disorder,
secretomotor disorder, pupillomotor disorder and total score
domains as well as the gastroparesis domain in female patients
(abnormal >0), respectively, no significant differences in the
objective autonomic indices were found. However, when compar-
ing pSS patients with abnormal (�2 S.D.; n¼ 3) and normal (>2
S.D.; n¼ 33) lSBP-ratios, the former had significantly increased
scores in the orthostatic intolerance [median 2.86 (IQR 2.29, 3.43)
vs 1.00 (�0.63, 1.84); P¼ 0.01], constipation [2.72 (2.56, 4.23) vs
�0.47 (�0.56, 1.05); P¼ 0.03], vasomotor disorder [3.98 (2.37,
4.04) vs �0.26 (�0.50, 2.92); P¼ 0.02], pupillomotor disorder
[3.25 (3.06, 3.69) vs 1.44 (�0.18, 2.65); P¼ 0.02] domains, the ASP
total score [4.26 (3.52, 6.55) vs 1.65 (0.39, 2.47); P¼ 0.00] as well as
a non-significant tendencies towards increased scores in the
urinary disorder [2.13 (1.89, 8.32) vs 0.08 (�0.70, 1.93); P¼ 0.07]
and gastroparesis (females only) [1.50 (1.50, 5.00) vs 0.00 (0.00,
1.50); P¼ 0.06] domains.

ASP scores were not affected by disease duration, or presence
of anti-SS-A and B-antibodies or non-exocrine symptoms
(as defined in Table 1), respectively. However, when comparing
patients with and without RP, there was, as expected, a
significantly higher score in the vasomotor [2.92 (1.70, 3.22) vs
�0.32 (�0.50, 2.42); P¼ 0.04] but also in the constipation
[1.05 (�0.50, 5.80) vs �0.53 (�0.57, 0.95); P¼ 0.03] domains
and a non-significant tendency towards a lower score in the
orthostatic intolerance domain [0.31 (�0.91, 1.46) vs 1.55 (�0.10,
2.80); P¼ 0.09] among the former. When comparing patients with
and without symptoms of peripheral neuropathy the former
scored significantly higher in the sleep disorder domain [1.26
(0.10, 2.15) vs �0.42 (�0.83, 0.80); P¼ 0.05], while no significant
differences were found in the remaining ASP domains. Finally, the
prevalence of current smokers did not significantly differ between
pSS patients and controls (13 vs 24%; P¼NS) and the ASP
domain scores were not found to significantly differ between
smoking and non-smoking pSS patients.

Discussion

In this first larger cohort study systematically studying subjective
AD symptoms in pSS, patients were found to have various
subjective and objective signs equivalent of parasympathetic and
sympathetic dysfunction. However, AD symptoms showed limited
associations with objective AD signs and other clinical features
of pSS.

AD is a complication of many chronic diseases [35, 44–49] and
may result in several debilitating symptoms [50]. Objective signs of
AD have previously been demonstrated in pSS patients [15–19, 21]
including the present group of patients [15] and various
immunological mechanisms behind AD in pSS, namely

anti-muscarine-3 (M3)-receptor antibodies [22–24], cytokines
interfering with nervous signalling [25, 26, 51] and inflammation
of autonomic nerves or ganglia [6, 27], have been proposed.
Considering that exocrine gland destruction in pSS is often much
less pronounced than the decreased exocrine function, other
mechanisms beside exocrine gland destruction have to be
accountable for exocrine impairment in pSS. Since autonomic
nervous signalling to the exocrine glands is a prerequisite for
secretion, a disturbance in these signalling pathways in pSS, as
suggested already in the early 1990s, by Konttinen and co-workers
[52], could explain the discrepancy between exocrine gland
morphology and function in pSS. Although, several case reports
and case series report on AD signs and symptoms, e.g. orthostatic
hypotension [6–9], urinary symptoms [9, 10], Adie’s syndrome
[6, 11] and constipation [6] in association with pSS, the subjective
correlates of AD in pSS have not previously been systematically
studied.

The strengths of this study were the use of the nowadays
widespread AECC [28] for pSS, the exclusion of patients on
medications interfering with autonomic function as well as a large
population-based control group for the ASP, allowing for
standardization with regards to age, gender, height and weight.
One of the possible concerns, is the fact that the ASP has not been
validated specifically in pSS patients, although the original
English version of the ASP has been validated in patients with
symptomatic AD due to different aetiologies [31] and the Swedish
version in patients with type I diabetes (Mandl et al., unpublished
data). However, if the anti-M3-receptor antibodies, as suggested,
play a central role in pSS-related AD, a validation of the ASP in
pSS patients should include analysis of these antibodies. Another
possible concern with this study is the risk that some of the ASP
domains, e.g. the secretomotor and pupillomotor disorder
domains, could evaluate end-organ damage rather than AD in
pSS patients. Finally, since several correlation analyses were
performed when performing correlations between the ASP
domains and the objective autonomic nervous function tests,
there is a risk that some significant correlations could be due to
multiple comparisons.

In this study, we found an increased frequency of both
symptoms and objective signs related to a parasympathetic and
sympathetic dysfunction, although they showed limited associa-
tions. This lack of association, however, could well be due to end-
organ damage, obscuring a possible association between objective
and subjective AD. Other possible explanations could be variable
concentrations of the putative anti-M3-receptor antibodies in
various tissues; the inability of the objective autonomic nervous
function tests to measure the physiological effects of anti-M3
receptor antibodies, which might still result in various symptoms;
the sometimes few stepped ASP domain score scales; insufficient
power in the present study to address this issue, as well as the time
lap between subjective and objective tests.

Although the increased secretomotor and pupillomotor dis-
order domain scores in pSS were expected and could be due to
exocrine gland destruction, i.e. end-organ damage, the increased

TABLE 4. Correlations between the age-, gender-, height- and weight-standardized ASP domain scores in the 38 patients with pSS

Domains OI UD DIA CON SMD SLD VMD PMD TS

Orthostatic intolerance (OI) – 0.15 (0.36) 0.05 (0.76) �0.06 (0.71) 0.30 (0.07) 0.36� (0.03) 0.41� (0.01) 0.58�� (0.00) 0.82�� (0.00)
Urinary disorder (UD) 0.15 (0.36) – 0.30 (0.07) 0.34� (0.04) 0.18 (0.28) �0.02 (0.90) 0.09 (0.59) 0.13 (0.44) 0.43�� (0.01)
Diarrhoea (DIA) 0.05 (0.76) 0.30 (0.07) – 0.20 (0.24) 0.26 (0.11) 0.10 (0.56) 0.20 (0.24) 0.25 (0.13) 0.44�� (0.01)
Constipation (CON) �0.06 (0.71) 0.34� (0.04) 0.20 (0.24) – 0.01 (0.97) �0.09 (0.61) 0.22 (0.19) 0.30 (0.07) 0.19 (0.26)
Secretomotor disorder (SMD) 0.30 (0.07) 0.18 (0.28) 0.26 (0.11) 0.01 (0.97) – 0.45�� (0.01) 0.29 (0.08) 0.17 (0.30) 0.53�� (0.01)
Sleep disorder (SLD) 0.36� (0.03) �0.02 (0.90) 0.10 (0.56) �0.09 (0.61) 0.45�� (0.01) – 0.24 (0.15) 0.26 (0.12) 0.46�� (0.00)
Vasomotor disorder (VMD) 0.41� (0.01) 0.09 (0.59) 0.20 (0.24) 0.22 (0.19) 0.29 (0.08) 0.24 (0.15) – 0.51�� (0.00) 0.58�� (0.00)
Pupillomotor disorder (PMD) 0.58�� (0.00) 0.13 (0.44) 0.25 (0.13) 0.30 (0.07) 0.17 (0.30) 0.26 (0.12) 0.51�� (0.00) – 0.68�� (0.00)
Total score (TS) 0.82�� (0.00) 0.43�� (0.01) 0.44�� (0.01) 0.19 (0.26) 0.53�� (0.01) 0.46�� (0.00) 0.58�� (0.00) 0.68�� (0.00) –

The gastroparesis and reflex syncope domains were omitted since these domain scores were not standardized. In addition, the sexual dysfunction domain was omitted, since only three pSS patients
were male. Results are presented as Spearman’s rank correlation test coefficients. (P-values). �P<0.05, ��P< 0.01.
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scores in the urinary disorder and gastroparesis (females only) as
well as the decreased E/I-ratio imply a parasympathetic dysfunc-
tion in pSS. Moreover, the increased scores in the orthostatic
intolerance and vasomotor disorder domains in pSS patients, the
increased VAC-index and decreased orthostatic blood pressure
response imply a sympathetic dysfunction as well. Due to the
excess of AD symptoms in pSS patients, 45% of these had an ASP
total score �2 S.D., indicating a pathological AD symptomatol-
ogy. We also found a tendency that female pSS patients scored
higher in the psychosomatic domain, which however, became
statistically non-significant when for pSS patients inappropriate
psychosomatic questions were omitted. Furthermore, omitting
subjects with adjusted psychosomatic scores above zero did not
change most statistical differences in ASP scores between patients
and controls. It is thus unlikely that the increased ASP scores in
pSS patients reflect an overall increased tendency to report
symptoms. Presence of orthostatic symptoms correlated with sleep
disorder, pupillary and vasomotor symptoms implying a common
cause for such symptoms. Although secretomotor symptoms, as
expected, are common in pSS patients such symptoms only
correlated with sleep disorder symptoms and not with the majority
of the other AD symptoms, implying that other mechanisms
beside AD, e.g. end-organ damage in patients with long disease
duration, may be accountable for the secretomotor dysfunction
in pSS. For that reason, future studies should investigate the
presence of objective and subjective AD signs as well as anti-
M3-receptor antibodies in pSS patients with shorter disease
duration, to establish if an association between these entities is
more apparent in the disease before exocrine destruction has
occurred. Finally, AD symptoms were also found to associate
poorly with the presence of different diagnostic autoantibodies as
well as with other non-exocrine symptoms.

In conclusion, pSS patients were found to have various
subjective and objective signs of parasympathetic and sympathetic
dysfunction. Generally, however, AD symptoms showed limited
associations with objective AD signs as well as other clinical
features of pSS.
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