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Abbreviations

α1m alpha-1 microglobulin
AIDS acquired immune deficiency syndrome
ANA anti-nuclear antibodies
BE base excess
BUT break-up time
β2m beta-2 microglobulin
CI confidence interval
CNS central nervous system
CRP c-reactive protein
CTD connective tissue disease
dRTA distal renal tubular acidosis
ENA extractable nuclear antigen
ESR erythrocyte sedimentation rate
GFR glomerular filtration rate
GVHD graft-versus-host disease
HPF high-power field
IL-6 interleukin-6
KCS keratoconjunctivitis sicca
LSG labial salivary gland
MMC mixed monoclonal cryoglobulins
MCTD mixed connective tissue disease
NA not available
NHL non-Hodgkin lymphoma
PBC primary biliary cirrhosis
PNS peripheral nervous system
pRTA proximal renal tubular acidosis
pSS primary Sjögren's syndrome
RA rheumatoid arthritis
RTA renal tubular acidosis
RF rheumatoid factor
RNP ribonucleoprotein
SIR standardised incidence ratio
SLE systemic lupus erythematosus
SMR standardised mortality ratio
SS Sjögren's syndrome
sSS secondary Sjögren's syndrome
TIN tubulointerstitial nephritis
UCTD undifferentiated connective tissue disease
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1  Introduction

Sjögren's syndrome (SS) is a chronic autoimmune exocrinopathy characterised by
dryness of eyes (xerophtalmia) and mouth (xerostomia) as well as recurrent parotid or
submandibular gland swellings (Talal 1993). In addition to the glandular symptoms,
various extraglandular manifestations in SS have been described (Bloch et al. 1965,
Shearn and Tu 1965, Whaley et al. 1973a, Alexander et al. 1982a). The presence of
multiple serum autoantibodies is a characteristic feature of the condition (Alspaugh and
Tan 1975, Venables et al. 1989). Histologically, lymphocyte and plasma cell infiltration
in the affected organs is observed (Talal and Bunim 1964, Bloch et al. 1965, Whaley et
al. 1973a).

Sjögren's syndrome is named after a Swedish ophthalmologist, Henrik Sjögren,
who in his thesis “Zur Kenntnis von Keratoconjunctivitis sicca” in 1933 reported
detailed clinical and histological findings in 19 women with keratoconjunctivitis sicca
(KCS) and xerostomia, of whom 13 had chronic arthritis (Sjögren 1933). Bloch and
associates (1965) suggested that SS patients should be subdivided into those with sicca
symptoms (dryness in the eyes and mouth) alone and those evincing these symptoms in
association with other autoimmune connective tissue diseases such as rheumatoid
arthritis (RA), systemic lupus erythematosus (SLE), scleroderma, poly- or
dermatomyositis, as well as primary biliary cirrhosis (PBC) (Whaley et al. 1973a,
Whaley et al. 1973b). Subsequently, the concepts of primary and secondary Sjögren's
syndrome (pSS and sSS) were introduced (Moutsopoulos et al. 1979). However, sicca
symptoms are not specific for SS but may occur in a number of other conditions.
Research on the outcome of patients with pure sicca symptoms is sparse.

SS has previously been considered an exceedingly rare disorder; Sjögren (1933)
estimated the prevalence of sicca syndrome to be 0.05%. Nowadays, an increasing body
of evidence would indicate that the prevalence of SS approaches or exceeds that of RA,
(Jakobsson et al. 1989, Thomas et al. 1998) which is usually believed to affect from 1 to
3% of the world population. SS is likely to be underdiagnosed, and factors identified as
suggestive for a diagnosis might prove helpful in recognising the condition in clinical
work.

In most pSS patients lymphoproliferation remains confined to lacrimal and
salivary tissue and the disease has a chronic, benign course of stable or progressive
xerophthalmia and xerostomia (Talal 1993). However, various systemic manifestations
belong to the clinical spectrum of pSS; the data on the frequency of renal involvement
in pSS are somewhat contradictory. An increased risk of malignant lymphoproliferative



10

diseases, especially of non-Hodgkin lymphoma (NHL), has been related to SS (Talal
and Bunim 1964, Kassan et al. 1978).

The etiology of SS is unknown, but recent years have brought a clearer
understanding of its pathogenesis (Jonsson et al. 1999). Several cytokines, including
interleukin-6 (IL-6) have been proposed to be involved (Hagiwara et al. 1998, Halse et
al. 1999). Elevated serum IL-6 concentrations have been found in patients with SS
(Pettersson et al. 1992, Grisius et al. 1997). The genetic background of this finding and
its possible associations with clinical findings of SS have not been studied.

This thesis focuses on the clinical presentation of pSS evaluating the outcome of
patients with sicca symptoms and those with pSS, laying special emphasis on the
occurrence of renal manifestations in pSS and furthermore, to correlations of IL-6
plasma concentrations and promotor region gene polymorphism with various clinical
manifestations of pSS.
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2  Review of the literature

2.1  Diagnosis and clinical features of Sjögren's syndrome (SS)

2.1.1  Differential diagnosis of sicca symptoms

Symptoms of dry eyes and mouth may be related to normal ageing (Osterberg et al.
1984, Hochberg et al. 1998, Schein et al. 1999). The use of certain medications (e.g.
anticholinergic or antidepressive drugs, diuretics, beta-blockers) may cause xeroph-
thalmia and xerostomia (Schein et al. 1999). Xerophthalmia may be present in local
ocular disorders such as conjunctival infections, chronic inflammatory conditions of the
eye, and a number of extraocular disorders, i.e diabetes and hypogonadism (Murube-
del-Castillo and Cortes-Rodrigo 1989). Several other disease processes, including
acquired immune deficiency syndrome (AIDS) (Ulirsch and Jaffe 1987), actinomycosis
(Rice 1999), alveolitis (Chanana and Sharma 1997), amyloidosis (Gogel et al. 1983),
graft-versus-host disease (GVHD), hemochromatosis and lymphoma (Talal 1993),
hyperlipoproteinemias IV and V (Goldman and Julian 1977) and sarcoidosis (Drosos et
al. 1989) may cause symptoms resembling SS. The symptoms of SS may also overlap
with those of other autoimmune diseases, e.g. RA (Bloch et al. 1965), scleroderma
(Drosos et al. 1988) and SLE (Andonopoulos et al. 1990). Dry eyes and dry mouth are
also considered features of a number of non-specific syndromes such as fibromyalgia
(Bonafede et al. 1995) and chronic fatigue syndrome (Calabrese et al. 1994). SS cannot
thus be diagnosed solely by clinical symptoms; it is necessary to confirm a presumptive
diagnosis of pSS by establishing objective evidence of dry eyes and the presence of
focal lymphoid infiltrates in minor salivary glands and autoimmunity in a patient with
clinical sicca symptoms.

2.1.2  Classification criteria

Originally, sicca syndrome was defined as a triad of RA or another autoimmune disease,
xerostomia and dry eyes (Bloch et al. 1965). Bloch and associates (1965), however,
described separately patients with pure sicca symptoms and those with an associated
autoimmune disease. Since 1979 SS has been divided into primary and secondary forms
(Moutsopoulos et al. 1979). Thereafter, several sets of diagnostic criteria for SS have
been proposed, of which five are currently in general use: the Californian (Fox et al.



Table 1.  Adapted summary of the Californian, the Japanese, the Copenhagen, the Greek and the European classification criteria for Sjögren's syndrome.
_________________________________________________________________________________________________________________________________
Criteria Fox et al. 1986 Homma et al. 1986 Manthorpe et al. 1986 Skopouli et al. 1986 Vitali et al.  1993
_________________________________________________________________________________________________________________________________
Ocular component
1. Subjective None Xerophthalmia None Xerophthalmia Xerophthalmia

and (Specific questions)
2. Objective Sch ≤ 9mm/5min Sch < 10mm/5min Sch I ≤ 10mm/5min Sch ≤ 5mm/5min Sch I ≤ 5mm/5min

and and or or
RB positive RB ≥ ++ RB: van Bijsterveld RB positive RB: van Bijsterveld
or and/or score ≥ 4 score ≥ 4
Fluorescent + Fluorescent + BUT ≤ 10s 

Oral component
1. Subjective Xerostomia Xerostomia / RSGS None Xerostomia Xerostomia / RSGS

and and (Specific questions)
2. Objective Decreased basal and stimulated Decreased SFR Unstimulated SFR Parotid flow ≤ 1 cc / 5min Unstimulated SFR

SFR  ≤ 1.5 ml / 15 min or RSGS ≤ 1.5 ml / 15 min
and or

Scintigraphy: diminished uptake Scintigraphy +
or

Sialography: Sialography +
diffuse nodular or globular shadows

LSG ≥ 2 focuses LSG > 1 focus LSG > 1 focus LSG ≥ 2+ LSG ≥ 1 focus
(Greenspan et al. 1974)

Laboratory RF + or RF + or
ANA + or ANA + or
SSA/SSB-ab + SSA/SSB-ab  +

Exclusions Pre-existing lymphoma, Lymphoma,
GVHD, AIDS, GVHD, AIDS,
sarcoidosis sarcoidosis

Diagnosis of SS: Definite:  4/4 criteria, no exclusions Definite: KCS (RB ≥ ++) ≥ 2/3 of the oral and ocular Definite: ≥ 2/3 and ≥ 4/6 criteria,
Possible: 3/4 criteria, no exclusions or findings in lacrimal biopsy or LSG  tests must be abnormal LSG ≥ 2+ no exclusions

or sialography (≥ 2/3 criteria) Possible: ≥ 1/3 and
Probable: KCS suspected LSG ≥ 0
(RB ≥ +) or
decreased SFR or
RSGS

_____________________________________________________________________________________________________________________________________________
Sch = Schirmer test; RB = Rose-Bengal test; BUT = break-up time; RSGS = recurrent salivary gland swelling; SFR = salivary flow rate; LSG = labial salivary gland biopsy; KCS =
keratoconjunctivitis sicca; SS = Sjögren's syndrome; RF = rheumatoid factor; ANA = antinuclear antibodies; GVHD = graft-versus-host disease; AIDS = acquired autoimmune
deficiency syndrome
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1986), the Japanese (Homma et al. 1986), the Copenhagen (Manthorpe et al. 1986), the
Greek (Skopouli et al. 1986), and the European Community Criteria (Vitali et al. 1993)
(Table 1). The European criteria are based on a multicenter validation procedure, while
the other sets are empirical.

All of these criteria sets entail the establishment of objective evidence of dryness
of the eyes and mouth, and all except the Copenhagen criteria also stipulate the presence
of subjective sicca symptoms. The Californian criteria are more stringent than the rest,
necessitating also evidence of systemic autoimmune abnormalities and a higher focus
score in the salivary gland than the European criteria. Thus only about 10 to 15% of the
patients fulfilling the European criteria fulfil the Californian criteria (Fox et al. 1998). A
more recent abstract by the European Community Study Group has suggested that
inclusion of antibody to anti-SSA (Ro) or minor salivary gland biopsy be obligatory for
diagnosis (Vitali and Bombardieri 1997).

2.1.3  Glandular features

The most typical clinical features of SS are symptoms of dryness in various glandular
tissues: eyes, mouth, nose, posterior pharynx, larynx, respiratory epithelium, skin and
vagina (Kassan and Gardy 1978). Diminished tear fluid secretion causes a sandy
sensation in the eyes, burning, redness, photosensitivity, eye fatigue, itching and
disturbances of vision (Bloch et al. 1965). Salivary insufficiency may cause difficulty in
chewing, swallowing and phonation, adherence of food to buccal surfaces,
abnormalities of taste or smell, fissures on the tongue, buccal membranes and lips, need
for frequent ingestion of liquids, and worsening of dental caries (Talal 1993). Oral
Candida albicans colonisation is detected significantly more often in patients with SS
than in healthy controls (Rhodus et al. 1997). Diminished salivary flow may also
predispose SS patients to ascending sialadenitis (Rice 1999). Parotid gland enlargement,
often recurrent and symmetric, occurs in about half of pSS patients (Wang et al. 1993).

2.1.4  Extraglandular features

Several extraglandular manifestations have been described in SS: arthralgias or arthritis
(Bloch et al. 1965), myalgias and myositis (Bloch et al. 1965, Whaley et al. 1973a),
purpuric skin lesions (Bloch et al. 1965, Whaley et al.1973a), renal symptoms (Shearn
and Tu 1965, Talal et al. 1968), Raynaud's phenomenon (Bloch et al. 1965, Skopouli et
al. 1990, Youinou et al. 1990), neurological symptoms (Whaley et al. 1973a, Alexander
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et al. 1982a, Hietaharju et al. 1990), respiratory symptoms (Bloch et al. 1965, Whaley et
al. 1973a, Strimlan et al. 1976, Constantopoulos et al. 1985), symptoms from the
gastrointestinal tract (Bloch et al. 1965, Whaley et al. 1973a), lymphadenopathy (Talal
et al. 1968, Pavlidis et al. 1982, Kelly et al. 1991), autoimmune thyroiditis (Karsh et al.
1980), and fatigue (Barendregt et al. 1998).

Polyarthralgias are among the most frequent extraglandular manifestations of pSS
(Bloch et al. 1965, Kelly et al. 1991, Markusse et al. 1992, Kruize et al. 1996), whereas
erosive arthritis seldom occurs (Kruize et al. 1996). In one study polyarthralgia was
found in 84% of the 31 pSS patients examined and synovitis in up to 77%, whereas in
general the joint symptoms were mild, being intermittent in 68% of those affected
(Castro-Poltronieri and Alarcon-Segovia 1983).

Myalgias are also frequent complaints in pSS, appearing in about half of the
patients (Markusse et al. 1992, Kruize et al. 1996). The prevalence of inflammatory
muscle disease in pSS, however, has varied from only 2.5% to 10% (Bloch et al. 1965,
Shearn 1971, Alexander et al. 1981, Alexander et al. 1983). Subclinical histo-
pathological evidence of muscle inflammation, however, is more frequently
encountered (Bloch et al. 1965).

The most common cutaneous vasculitic manifestations of SS are palpable purpura
and petechial lesions, generally involving the lower extremities (Alexander 1987). Also
urticaria-like vasculitic lesions may be encountered, as well as erythematous macular
and papular lesions (Alexander 1987). Raynaud's phenomenenon is a common mani-
festation in pSS (33%) and has been found to precede the development of sicca
manifestations in 42% (Skopouli et al. 1990). A high overall frequency of drug allergies
has been associated with SS (Bloch et al. 1965, Katz et al. 1991, Tishler et al. 1998a), as
well as a specific trimethoprim-associated systemic reaction (Antonen et al. 1999).

Peripheral nervous system manifestations in pSS include mononeuropathies and
polyneuropathies, which can present as distal symmetric sensory or sensorimotor poly-
neuropathies as well as sensory neuronopathies (Whaley et al. 1973a, Alexander et al.
1982a, Hietaharju et al. 1990). Vasculitis may be the most common cause of distal
sensory or sensorimotor polyneuropathies in SS (Mellgren et al. 1989), although
entrapment neuropathies are also frequently encountered (Hietaharju et al. 1990).
Central nervous system affision can appear as focal (psychomotor epilepsy or extra-
pyradimal signs) or diffuse symptoms (MS-like syndrome, aseptic meningitis) from the
brain (Alexander et al. 1981, Hietaharju et al. 1990) and also as symptoms from the
spinal cord (Konttinen et al. 1987). Conflicting data have been presented on the
existence of autonomic neuropathies in pSS (Andonopoulos and Ballas 1995, Hakala
and Niemelä 2000, Niemelä et al. 2000).
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Respiratory tract abnormalities in patients with SS include sicca symptoms from
the upper airways and tracheobroncial mucous membranes, lymphoid interstitial
pneumonitis, interstitial fibrosis, pleurisy, vasculitis, pulmonary pseudolymphomas and
lymphomas (Strimlan et al. 1976) as well as small airways disease (Constantopoulos et
al. 1985) and hyperinflation (Lahdensuo and Korpela 1995).

Difficulty in swallowing is frequent in pSS patients, due to severe dryness of the
esophagus (Hradsky et al. 1967a, Shearn 1977) or impairment in esophageal motility
(Ramirez-Mata et al. 1976). Chronic atrophic gastritis is more frequent in pSS than in
controls (Maury et al. 1985, Pokorny et al. 1991) and lymphocytic infiltrates have been
shown in gastric biopsy samples (Kilpi et al. 1983). Impaired response to secretin and
pancreozymin has been encountered, suggesting subclinical pancreatic disease (Hradsky
et al. 1967b). Clinical or biochemical evidence of liver disease is found in 5 to 10% of
pSS patients (Whaley et al. 1970). In a recent study of 90 consecutive pSS patients,
14% had antibodies to hepatitis C virus (Garcia-Carrasco et al. 1997), and celiac disease
has also been observed in up to 15% of pSS patients (Iltanen et al. 1999).

Lymphadenopathy has been noted in 4–20% of pSS patients (Pavlidis et al. 1982,
Kelly et al. 1991, Markusse et al. 1992), and the association of autoimmune thyroiditis
with pSS is acknowledged (Karsh et al. 1980). Sufferers also report more fatigue than
healthy controls (Barendregt et al. 1998), this being in fact among the most frequent
systemic features of the syndrome (Kelly et al. 1991, Kruize et al. 1996).

2.1.5  Laboratory findings

A mild normocytic, normochromic anemia occurs in about 25% of SS patients,
leukopenia in 30% and thrombocytopenia in 8% (Bloch et al. 1965). An erythrocyte
sedimentation rate (ESR) greater than 30 mm/hour is encountered in over 90% (Talal
1993). Some half of these patients have hypergammaglobulinemia (Talal 1993), and
cryoglobulinemia, often of the mixed IgM-IgG type, may also be present (Tzioufas et
al. 1986). Rheumatoid factor is positive in 52–96% of sera (Bloch et al 1965, Whaley et
al. 1973a). Antinuclear antibodies, with a homogeneous or speckled pattern of immuno-
fluorescence, are seen in 55–83% of pSS patients (Pavlidis et al. 1982, Pease et al.
1993); antibodies to native DNA are occasionally present in low titers (Whaley et al.
1973a). Antibodies to Ro/SSA occur in 52-66% and to La /SSB in 20–42% (Venables et
al. 1989, Kelly et al. 1991) of pSS patients, being associated with extraglandular disease
manifestations (Kelly et al. 1991, Pease et al. 1993) and, albeit rarely, with the
possibility of a child with congenital heart block (Julkunen et al. 1993). Antibodies
against alpha-fodrin (Haneji et al. 1997), Golgi complex (Griffith et al. 1997) and
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muscarinic acetylcholine receptors (Bacman et al. 1998) are novel findings in patients
with pSS, claimed to have pathogenetic in addition to diagnostic implications in SS.
Thyreoglobulin antibodies have been found in 21% of pSS patients (Karsh et al. 1980).
Serum beta-2 microglobulin (β2m) levels may be increased in pSS, particularly in
patients with associated renal or lymphoproliferative complications (Michalski et al.
1975).

2.2  Renal manifestations in primary SS (pSS)

2.2.1  General

Interstitial nephritis is the most common renal lesion reported in pSS (Tu et al. 1968). It
may result in latent or overt tubular dysfunction (Shearn and Tu 1965, Talal et al. 1968,
Shioji et al. 1970). Clinically the condition can be observed as distal renal tubular
acidosis (dRTA), nephrocalcinosis, nephrogenic diabetes insipidus or, less commonly,
proximal renal tubular acidosis (pRTA) or Fanconi syndrome (Shearn and Tu 1965,
Talal et al. 1968, Tu et al 1968, Winer 1993). Interstitial nephritis in SS often occurs
concomitantly with dRTA (Winer 1993), but dRTA in SS patients can sometimes also
evolve in spite of normal renal histological findings (Tu et al. 1968, Eriksson et al.
1995). Interstitial inflammatory infiltrates with renal insufficiency may also be
encountered without evidence of RTA (Tu et al. 1968, Winer et al 1977).

Proton secretory defect is the major pathophysiologic mechanism leading to
dRTA. Normally, most bicarbonate is reabsorbed in the proximal tubuli, and hydrogen
ions are secreted in the distal nephron. RTA is characterised by hyperchloremic acidosis
and a reduced ability to acidify the urine. RTA in pSS may be distal (type I RTA,
dRTA) or proximal (type II RTA, pRTA). In dRTA, hydrogen secretion in the distal
nephron is deficient, whereas pRTA is characterised by an abnormality in reabsorption
of bicarbonate by the proximal nephron (Winer 1993, Eriksson et al. 1995).

The proton pump located in renal tubular cell membranes resembles that in gastric
mucosa and salivary gland acinar cells. The H-ATPase in renal tubular cells regulates
the active hydrogen ion secretion in the distal nephron. The hydrogen ions secreted by
the tubular membrane-associated H-ATPase are bound to ammonium and phosphate in
urine. One bicarbonate ion is created for every hydrogen ion secreted. Disturbances in
these mechanisms result in dRTA.

dRTA is subdivided into overt (complete) and latent (incomplete) forms. In overt
dRTA metabolic acidosis (low blood base excess, BE) is found while the urine is
alkaline. In patients with latent dRTA (normal blood BE), inability to acidify the urine
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is observed only during induced acidosis, i.e. by an oral ammonium chloride loading
test (Wrong and Davies 1959).

RTA in pSS may manifest itself as urolithiasis or nephrocalcinosis, in severe
cases also as osteomalacia; without therapy it can also lead to renal insufficiency
(Moutsopoulos et al. 1991). Severe potassium depletion, acidosis, a low urinary citrate
concentration and high urinary pH are also common clinical findings in pSS patients
with dRTA (Kassan and Talal 1987). Severe episodes of hypokalemic periodic paralysis
(Raskin et al. 1981, Dowd and Lipsky 1993, Siamopoulos et al. 1994) or even
respiratory arrest (Poux et al. 1992) have been described in patients with dRTA due to
SS. Both tubulointerstitial nephritis (TIN) and dRTA are risk factors for the
development of urolithiasis. Hypocitraturia is common in patients with dRTA (Norman
et al. 1978), also in those with dRTA and SS (Eriksson et al. 1996a).

In some patients, SS symptoms may be subclinical. Thus, renal disease preceding
the onset of symptoms of SS has been reported (Tu et al. 1968). Of ten patients with
urolithiasis and dRTA, anti-SSA antibodies were detected in eight and ANA in four,
and a diagnosis of possible SS was established in seven (Eriksson et al. 1996b). In 197
hypocitraturic patients with urolithiasis, ANA was found in 18% of 67 female and in
1.5% of 130 male patients, and  anti-SSA antibodies in 16% and 0, respectively
(Eriksson et al. 1997).

In addition to RTA, necrosis of renal tubules with resultant hyalinisation of
glomeruli and renal insufficiency may also result from interstitial nephritis (Gerhardt et
al. 1978).  Glomerulonephritis in patients with pSS is rare (Goules et al. 2000), and has
been described mainly in case reports (Tu et al. 1968, Moutsopoulos et al. 1978). In
patients with sSS, renal disease may develop as a result of the primary disease (e.g. SLE
or scleroderma), being in such cases typical of the underlying connective tissue disease
(CTD) (Bloch et al. 1965, Sobel et al. 1977).

2.2.2  The occurrence of renal manifestations

2.2.2.1  General

Some authors report renal abnormalities as among the most frequent extraglandular
manifestations in SS (Pavlidis et al. 1982). In a retrospective survey (Vitali et al. 1991),
however, the frequent occurrence of renal abnormalities in SS was questioned, since
only 2% of 104 pSS patients evinced signs of renal involvement as investigated
retrospectively by blood urea nitrogen and serum creatinine, creatinine clearance and
urinalysis. Somewhat contradictory figures have indeed been reported regarding the
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prevalence of renal involvement in patients with pSS, the frequency varying between
2% and 67% in different studies (Bloch et al. 1965, Talal et al. 1968, Whaley et al.
1973a, Pavlidis et al. 1982, Shiozawa et al. 1987, Pokorny et al. 1989, Viergever and
Swaak 1991, Vitali et al. 1991, Eriksson et al. 1995). This very considerable variation is
related to patient selection and differences in methods of studying renal function.
Altogether, the patient groups investigated have been rather small and some studies
have been retrospective (Bloch et al. 1965, Pavlidis et al. 1982, Vital et al. 1991). Since
the earliest series involved both pSS and sSS patients (Bloch et al. 1965, Talal et al.
1968, Whaley et al. 1973a, Shiozawa et al. 1987), it is possible that the renal lesions
reported could be associated with the underlying CTD. Very little prospective
quantitative information is available on the presence of proteinuria in SS (Siamopoulos
et al. 1992). A summary of previous studies of the occurrence of renal manifestations in
SS is presented in Table 2.

2.2.2.2  Renal tubular acidosis (RTA)

Originally, Shearn and Tu (1968) reported three out of ten SS patients tested by
ammonium chloride loading test to have impairment in acidification of urine, and Talal
and colleagues (1968) noted impairment of urinary acidification in six out of 12 patients
with SS, of whom two had sSS. The impairment of urinary acidification was overt in
three and subclinical in two SS patients (Talal et al. 1968).

In subsequent studies similarly involving both pSS and sSS patients, the
frequency of dRTA was between 35–40%: abnormalities in the ammonium chloride
loading test were found in six out of 17 (Shiozawa et al. 1987) and in six out of 15
patients with SS tested (Whaley et al. 1973a).

In the majority of studies specifically investigating patients with pSS, the
frequency of dRTA has also been 30–48%: dRTA was found in five out of 15 patients
(Siamopoulos et al. 1986), in 12 out of 25 (Pokorny et al. 1989) and in seven out of 21
patients studied by ammonium chloride loading tests (Siamopoulos et al. 1992).
However, conflicting results have also been reported. In a prospective study involving
20 randomly selected patients with pSS, abnormal acidification capacity was found in
only three (Vitali et al. 1991), and in another prospective study, dRTA was found in
only three of the 25 pSS patients investigated (Viergever and Swaak 1991).

The highest prevalence figures for dRTA in pSS are those reported from Sweden:
abnormal results in the ammonium chloride loading test were noted in 67% of 27
patients with pSS (Eriksson et al. 1995). However, the patient group was not randomly
selected, also involving patients already known to have either dRTA or urolithiasis.



Table 2.  Summary of previous studies on the occurrence of renal manifestations in Sjögren's syndrome.
_________________________________________________________________________________________________________________________________
Study Number and type of patients Renal manifestation

                                                             _________________________________________________________________________
NH4Cl Proteinuria Renal impairment Other
abnormal

_________________________________________________________________________________________________________________________________
Bloch et al. 1965 62 (pSS and sSS) 16% hyposthenuria
retrospective

Shearn and Tu 1968 10 30%
prospective

Talal et al. 1968 12 (pSS and sSS) 50% 0
prospective

Tu et al. 1968 9 67% 50% (crea-cl)
prospective, histologic

Shioji et al. 1970 4  with RTA (pSS and sSS) 100%
prospective, histologic

Whaley et al. 1973 15 (pSS and sSS) 40% 20% concentration defect
retrospective

Pavlidis et al. 1982 47 pSS 38% (high U-pH, low s-HCO3
retrospective          or high s-crea)

Siamopoulos et al. 1986 15 pSS 30%
prospective

Shiozawa et al. 1987 17 (pSS and sSS) 35% 18%
prospective

Pokorny et al. 1989 25 pSS (NH4Cl) 48%
prospective 65 pSS (pu) 5%

Vitali et al. 1991
retrospective 104 pSS 2% (crea-cl)
prospective 20 pSS 15%

Viergever et al. 1991 27 pSS 12% 0 25% tubular pu (β2m)
prospective

Siamopoulos et al. 1992 21 pSS 33% 10%
prospective

Eriksson et al. 1995 27 pSS  67% 33% 46% tubular pu (α1m)
prospective (Cr-EDTA-cl)
pSS = primary SS; sSS = secondary SS; RTA = renal tubular acidosis; NH4Cl = ammonium chloride loading test;  U-pH = urinary pH, s-HCO3 = serum
bicarbonate; s-crea = serum creatinine;  pu = proteinuria; crea-cl = creatinine clearance; β2m = beta-2 microglobulin; α1m = alpha-1 microglobulin



20

2.2.2.3  Renal impairment

Mild azotemia is also possible in patients with SS and has been found to correspond to
the severity of the interstitial disease (Tu et al. 1968). In another study, five patients
with SS and decreased GFR had TIN, and when the histopathological findings were
quantified the GFR values were inversely related to the extent of the tubulointerstitial
lesions (Eneström et al. 1995). The impaired acid excretion is, however, out of
proportion to the reduction in glomerular filtration rate (GFR) (Shearn and Tu 1968).

In a retrospective study of 47 patients with primary SS signs of renal
abnormalities (repeatedly high urine pH, low serum bicarbonate or elevated serum
creatinine concentration) were found during the initial evaluation in 26% of the patients
and at follow-up in 38% (Pavlidis et al. 1982).

In a retrospective survey (Vitali et al. 1991) only two of 104 pSS patients had
decreased 24-hour creatinine clearance values (41 and 60 ml/min). In another study 27
SS patients were investigated by Cr-EDTA clearance test and a lowered GFR was found
in up to 33%; in most, however, GFR was only slightly or moderately reduced
(Eriksson et al. 1996b). The differences in these two studies may be explained by the
fact that 24-hour creatinine clearance and serum concentration of creatinine give less
reliable estimates of GFR than Cr-EDTA clearance. On the other hand, the retrospective
nature of the first study, and the slightly selected patient material in the other, might
have had an impact on the results. Also pSS patients with end-stage renal disease have
been described (Gentric et al. 1989, Dabadghao et al. 1995).

2.2.2.4  Proteinuria

In patients with TIN, proteinuria is usually insignificant and the urine sediment findings
are often non-specific. Proteinuria occurs in SS (Tu et al. 1968, Shioji et al. 1970,
Siamopoulos et al. 1986, Shiozawa et al. 1987, Pokorny et al. 1989, Siamopoulos et al.
1992), but excretion rates greater than 0.5 g/d have been found in less than 3% of
patients (Shearn 1971). None of the 12 SS patients with renal abnormalities described
by Talal and co-workers (1968) had proteinuria. Viergever and Swaak (1991) found no
positive results in their 27 patients tested for albumin with dipstick. On the other hand,
Tu and associates (1968) presented  histological data on nine SS patients, of whom six
had proteinuria, 1.0g/d at the highest. All four patients with RTA described in another
histological study (Shioji et al. 1970), had proteinuria, but the amounts were not
reported. Tested by a semi-quantitative method proteinuria was found in three out of 17
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patients (Shiozawa et al. 1987). Pokorny and colleagues (1989) reported proteinuria in
5% of 65 SS patients and aminoaciduria in 3% of them. Siamopoulos and associates
(1992) detected proteinuria greater than 3.5 g/d in two of the 21 patients studied.

Tubular proteinuria is characterised by leakage of small and medium-sized
molecules. This can be estimated by measurement of urinary alpha-1 microglobulin
(α1m) or β2m, or by assessing tubular enzymuria such as N-acetyl-beta-D-
glucosaminidase (NAG) or lysozyme. Increased urinary α1m levels have been related
particularly to proximal tubular disorders (Yu et al. 1983) and urinary β2m excretion is
also an indicator of proximal tubular dysfunction (Weise et al. 1981)

Increased urinary β2m excretion was found in four out of 11 SS patients (36%) in
one study (Shiozawa et al. 1987). In a study of 27 pSS patients (Viergever and Swaak
1991), tubular proteinuria measured by urinary β2m excretion was found in 26%, and
altogether various signs of tubular dysfunction in 16 (59%). In another recent study
(Eriksson et al. 1995), increased excretion of urinary α1m was observed in up to 46% of
the 24 pSS patients. Most patients with tubular proteinuria or enzymuria had a
decreased GFR, probably reflecting a more severe renal injury (Eriksson et al. 1995).

2.2.3  Factors associated with renal findings

In a histological study no differences were found between four SS patients with RTA
and ten without this complication with respect to the ages of the patients (Shioji et al.
1970). In two other studies (Shiozawa et al. 1987, Pokorny et al. 1989) the patients with
RTA were younger than those with normal acidification.

Conflicting data have been reported on the association of disease duration with
renal acidification abnormalities. Shioji and colleagues (1970) found no differences in
this respect between SS patients with RTA and those with normal acidification capacity.
The duration of the disease in SS patients with RTA has been found to be longer
(Shiozawa et al. 1987) and shorter (Pokorny et al. 1989) than in those with normal
acidification capacity.

Hypergammaglobulinemia has been associated with dRTA both in SS and in other
conditions (Shearn and Tu 1965, Meltzer et al. 1966, McCurdy et al. 1967, Morris and
Fudenberg 1967, Talal et al. 1968). In contrast, no significant associations between
serum gammaglobulin concentration and dRTA were found in several subsequent
studies (Pokorny et al. 1989, Vitali et al. 1991, Viergever and Swaak 1991, Siamo-
poulos et al. 1992).

Anti-SSA and anti-SSB antibodies have been associated with systemic mani-
festations of SS (Moutsopoulos and Zerva 1990, Kelly et al. 1991, Pease et al. 1993),
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while in other studies no differences have emerged in these antibodies (Pokorny et al.
1989, Siamopoulos et al. 1992) or other seroreactivity (Shioji et al. 1970) between
patients with dRTA and normal renal acidification capacity.

A high level of serum β2m has been associated with abnormal renal findings in SS
(Michalski et al. 1975). Viergever and Swaak (1991), on the other hand, found no
statistically significant correlation of serum β2m with abnormal tubular tests.

2.2.4  Renal histopathological findings and pathophysiology

2.2.4.1  Interstitial nephritis

Interstitial nephritis with interstitial lymphocyte infiltration and varying degrees of
fibrosis and tubular atrophy is the most common renal histological finding in patients
with pSS (Talal et al. 1968, Tu et al. 1968). The renal histological findings thus
resemble those seen in the exocrine glands. The development of RTA in patients with
SS or related diseases has been held to be caused by hypergammaglobulinemia
(McCurdy et al. 1967, Morris and Fudenberg 1967), or to be immunologically mediated
(Talal 1971). However, hypergammaglobulinemia as such does not cause impairment of
renal acidification. When urinary acidification was tested in RA patients no
abnormalities in acidification were found in those with hypergammaglobulinemia
(Pasternack et al. 1970). The assumption that lymphocytic and plasma cell infiltrates
surrounding renal tubules may cause a renal tubular defect has been supported by a
number of studies (Talal et al. 1968, Pasternack and Linder 1970, Shioji et al. 1970,
Winer et al. 1977 and Gerhardt et al. 1978).

Pasternack and Linder (1970) found lymphocytic and plasma cell infiltrates
surrounding the renal tubules and identified C3 and immunoglobulin by immuno-
fluoresence techniques in renal tubular cells in four patients with RTA. Talal and
associates (1968) studied pSS patients with renal acidification defects and found
interstitial infiltrates in all patients studied and focal glomerulonephritis in one. In one
patient with pSS immunofluoresence with IgG antiserum in the renal interstitial
infiltrate was shown (Gerhardt et al. 1978), and in another patient focal deposits of IgG
and C3 in the renal tubular basement membrane with interstitial inflammation were
demonstrated (Winer et al. 1977). Local formation of immune complexes as one of the
mechanisms underlying the development of tubulointerstitial disease in SS was
proposed. Evidence for an immune pathogenesis of the interstitial nephritis and RTA in
SS are the presence of immunocompetent cells in the interstitium and the finding of
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immunoglobulin and complement in the tubular cell cytoplasm or in the interstitial cells
in patients with SS (Kassan and Talal 1987).

Transient neonatal tubular dysfunction caused by antibodies from mothers with
SS has been reported (Jordan et al. 1985), and case reports of patients with SS and
dRTA with an absent tubular membrane-associated enzyme H-ATPase have been
presented (Cohen et al. 1992, Bastani et al. 1995, DeFranco et al. 1995).

2.2.4.2  Immune complex glomerulonephritis

Both membranous, membranoproliferative (Moutsopoulos et al. 1978) and proliferative
(Meltzer et al. 1966, Hardin 1975, Font et al. 1989) glomerulonephritis in SS have been
described, as well as a crescentic glomerulonephritis associated with membranous
nephropathy (Tatsumi et al. 1998). Recently, mesangioproliferative glomerulonephritis
in association with pSS was also reported (Goules et al. 2000).

Moutsopoulos and colleagues (1978) described two patients with membrano-
proliferative and one with membranous glomerulonephritis. In two cases, interstitial
infiltrative changes were also noted. All three patients had immune complexes and two
of them also mixed cryoglobulins in their serum at the time when glomerulonephritis
was diagnosed. All evinced extraglandular symptoms with vasculitic skin lesions or
purpura, marked hypertension and urinary signs of hematuria and proteinuria.
Proliferative glomerulonephritis has been described in cases of mixed cryoglobulinemia
in SS (Meltzer et al. 1966, Hardin 1975).

In a recent paper reporting on the occurrence of clinically evident renal
involvement in pSS (4%), nine of the 18 patients who underwent renal biopsy had
glomerulonephritis (membranoproliferative or mesangioproliferative) in addition to ten
patients with interstitial nephritis (Goules et al. 2000).

The pathophysiology of immune complex glomerulonephritis in SS is not known.
An increased level of immune complexes is thought to overwhelm the clearance
mechanisms of the glomerular mesangium (Moutsopoulos et al. 1978). The patho-
genetic role of cryoglobulins is also not clear. Their effect is suspected to be similar to
that of the immune complexes, whose deposition at various sites results in the fixation
of complement and tissue injury (Kassan and Talal 1987).
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2.3  Outcome of patients with sicca symptoms and pSS

2.3.1  General

A diagnostic delay from onset of symptoms to identification of SS has been reported to
occur. In a retrospective study of 47 patients with pSS, it was noted that an average of
eight years had elapsed before the diagnosis was made (Pavlidis et al. 1982). Only 20%
of patients with subsequent SS were diagnosed at their first rheumatological visit, and
the diagnostic delay was on the average three years (Markusse et al. 1992).

Studies concerning the premorbid phase of SS are few in number. A prospective
study was carried out to determine clinical, serological and biopsy findings in a
population of patients with dry eyes (Forstot et al. 1982). Among 45 patients with KCS,
xerostomia was observed in 15 but complete SS in only eight. Of the 15 patients with
subjective xerostomia, the seven patients who also had objective evidence of SS were
younger and they had longer duration of xerostomia than those with only subjective
xerostomia. In another study (Kruize et al. 1996) none of the 56 patients with isolated
KCS was reported to have developed SS at follow-up 10-12 years after the initial
diagnosis. However, the follow-up assessment did not include a second labial salivary
gland biopsy. Two out of the 38 patients with KCS attending the follow-up evaluation
had developed signs of another organ-specific autoimmune disease, i.e. autoimmune
thyroid disease. Ichikawa and colleagues (1988) studied prospectively whether patients
with subclinical disease develop sicca symptoms and found the three patients with
subclinical disease to develop clinical SS in 6 years.

2.3.2  Ocular manifestations

Although the clinical course of pSS has been regarded as fairly mild, it has been
assumed that xerophthalmia would slowly progress with time. An increase in subjective
sicca symptoms in the eyes has indeed been reported (Pavlidis et al. 1982, Ichikawa et
al. 1988, Markusse et al. 1992). In a retrospective series (Pavlidis et al. 1982) symptoms
of dry eyes were reported in 30% of the patients at disease onset and in 91% at the time
of diagnosis. In another report sicca symptoms in the eyes were noted at initial
evaluation in 78% of 50 patients, and at follow-up (median from symptom onset 9
years) in 90% (Markusse et al. 1992).

In contrast to the above, however, no worsening of the KCS in patients with pSS
as objectively tested was observed over a period of several years in a retrospective
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study; Schirmer test results remained unchanged and the average ocular findings
evaluated by break-up time (BUT) and Rose-Bengal tests improved during the mean
follow-up period of 53 months (Kriegsbaum et al. 1988). The improvement in ocular
score would either relate to topical treatment or reflect a spontaneous improvement over
time. In another study likewise, the proportion of patients with pSS or isolated KCS
experiencing inflammatory reaction of the eyes was lower at follow-up than at baseline
(Kruize et al. 1996). Furthermore, in a prospective study subjective ocular sicca
symptoms increased over time in six pSS and nine sSS patients, but the changes in those
symptoms were not associated with objective changes in staining patterns in Rose-
Bengal tests or Schirmer test results (Ichikawa et al. 1988).

2.3.3  Oral manifestations

An increase in the frequency of subjective sicca symptoms in the mouth over time has
been found in most studies. An increase in the frequency of dry mouth symptoms from
36% of patients at disease onset to 91% at diagnosis, and of salivary gland enlargement
in 30% and 62%, respectively, was reported in a retrospective series of 47 pSS patients
(Pavlidis et al. 1982). Markusse and associates (1992) noted sicca symptoms in the
mouth at initial evaluation in 70% and in 82% at follow-up, and parotidal swelling in
24% and 40%, respectively, in their 50 pSS patients. In a prospective series subjective
oral sicca symptoms increased over time but fluctuations in oral symptoms were
independent of objective findings such as salivary secretion, sialographical grades or
histopathological severities in salivary glands (Ichikawa et al. 1988). In a recent follow-
up study concerning salivary and oral symptoms in pSS, the subjective oral symptoms
remained prominent while, likewise, relative stability in salivary measurements was
noted (Gannot et al. 2000). In another study no significant differences were noted
between baseline and follow-up in the frequency of oral symptoms (Kruize et al. 1996).

Only two studies on repeat labial salivary gland biopsies in SS patients have been
carried out (Leroy et al. 1992, Jonsson et al. 1993). The lesions were mainly progressive
with time. Labial salivary gland biopsies taken on two occasions from 27 patients with
pSS, ten with sSS and four control patients at mean intervals of more than four years
were evaluated (Leroy et al. 1992). Eight of the nine initially negative analyses in pSS
patients were positive at the second sampling. Jonsson and associates (1993) observed
for their part morphological progression of sialadenitis in 14 out of 21 patients (67%)
with pSS, and in 14 out of 18 patients (78%) with sSS after a mean follow-up time of
about three years.
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2.3.4  Extraglandular features

In most studies, the frequencies of different extraglandular findings of SS have been
reported to increase over time. In a retrospective study the disease in 47 pSS patients
was found to extend with time beyond the exocrine glands (Pavlidis et al. 1982). This
was most frequently manifested in renal involvement and vasculitis. Arthralgias or
arthritis were observed in 30% of the patients at disease onset and in 64% at diagnosis,
Raynaud's phenomenon in 21% and 36% and purpura in 9% and 28%, respectively.
When findings at the time of diagnosis and after follow-up were compared, the
frequency of renal findings, vasculitis, lymphadenopathy, peripheral neuropathy, lung
involvement and pseudolymphoma had increased. Lymphoma was not observed in this
report (Pavlidis et al. 1982). Markusse and associates (1992) noted arthralgias at initial
and follow-up evaluations at a median of nine-year intervals in 94% of their 50 patients,
lethargy in 20% and 64%, myalgias in 26% and 54%, and Raynaud's symptom in 36%
and 42%.

On average, the most severe extraglandular features in a pSS cohort have been
described in a longitudinal study of 100 patients (Kelly et al. 1991). In a median follow-
up time of 34 months pericarditis (10%), pleuroparenchymal lung disease (9%), RTA
(3%) associated with osteomalacia in one case, and cerebrovascular accidents (2%)
were found to develop in some patients. In three patients PBC developed during follow-
up. Severe systemic disease was associated with the presence of anti-SSA antibodies
(Kelly et al. 1991). Steroid treatment was needed in 18 patients beacause of dyspnea,
pericardial disease, vasculitis, polymyalgia rheumatica, PBC or myositis. Peri-
cardiectomy was needed for one patient and one patient required dialysis in addition to
prednisolone and azathioprine treatments for interstitial nephritis. One patient was
treated with cyclic chlorambucil, vinblastine and prednisolone for massive lympha-
denopathy causing stridor. However, improvement of the features of pSS which could
not be attributed to therapy also occurred in 12 patients.

This same cohort of 100 patients has been followed further (median 10 years) to
establish whether the different autoantibody profiles expressed at presentation could be
used to predict outcome (Davidson et al. 1999). Patients who were initially totally
autoantibody-negative remained polysymptomatic, but they did not develop systemic
complications of SS or other CTD. On the other hand, revised diagnoses including RA,
SLE, MCTD and scleroderma were made during the follow-up period in 39% of
initially ANA- and RF-positive cases negative for anti-SSA and anti-SSB antibodies.

A more favourable outcome of pSS patients was observed in another long-term
follow-up study (Kruize et al. 1996). After 10–12 years of follow-up, only four out of
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31 patients with pSS developed new features related to autoimmune disease
(rheumatoid arthritis; IgMkappa paraprotenemia and peripheral neuropathy; sclero-
dactyly and pernicious anemia; Raynaud`s phenomenon), not necessitating treatment
with corticosteroids (Kruize et al. 1996). None of 56 patients with isolated KCS was
reported to have developed SS during a follow-up of 10–12 years. Only two out of the
38 KCS patients available for follow-up had developed new signs of autoimmune
disease, otherwise no changes in the clinical presentation were observed (Kruize et al.
1996).

2.4  Lymphoproliferation and SS

2.4.1  General

Talal and Bunim (1964) first reported an increased incidence of NHL in patients with
SS. There were three cases of lymphoma and one case of Waldenström's macro-
globulinemia which developed in 58 patients with SS. Since then numerous reports of
this association have been published and pSS is often considered to be a link between
autoimmune and lymphoproliferative disease (Talal et al. 1967, Kassan et al. 1978,
McCurley et al. 1990, Tzioufas and Moutsopoulos 1998). A summary of previous
studies on the frequency of lymphoma in patients with SS is given in Table 3.

The autoimmune disease may precede the development of lymphoma by intervals
ranging from 0.5 to 29 years (Talal 1993). The proportion of patients with SS who
develop malignant lymphoma varies from 4-9% in different studies. This variation may
be a reflection of the different criteria used for the diagnosis of SS and differences in
length of follow-up.

Kassan and co-workers (1978) studied the incidence of malignancies in a
population consisting of 136 female patients with SS. The average period of follow-up
was 8.1 years per patient, covering a total of 1,099 person years. In addition, an age-,
sex-, race- and time-specific matched control population was used for comparison.
Seven cases of NHL were observed during the follow-up period, which was 43.8 times
higher than the expected number of 0.16 in the control population. Thus the risk of
lymphoma in the SS population was about 6.4 cases per thousand per year.

The results of most subsequent studies are in agreement with these, although in
one retrospective follow-up study of 47 patients with pSS no lymphomas were
identified in a mean follow-up time of 4.3 years (Pavlidis et al. 1982). The follow-up
features of 100 pSS patients after a median follow-up of 34 months have been presented
(Kelly et al. 1991); three cases of lymphoma were detected. In a mean follow-up time



Table 3.  Summary of previous studies on the frequency of lymphoma in patients with Sjögren's syndrome.
_________________________________________________________________________________________________________________________________
Study  No.of Criteria Age at dg, Female:male Follow-up, NHL (%) Incidence/ RR/SIR

patients yrs yrs 1000/year
_________________________________________________________________________________________________________________________________
Talal and Bunim 1964   58 NA NA NA NA   3 (5)

Kassan et al. 1978 136 Clinical, NA 136:0 8, mean   7 (5) 6.4 RR 43.8
Epidemiologic Laboratory, 1,099 person yrs

Histologic

Pavlidis et al. 1982   47 KCS, LSG, 52, mean   42:5 NA   0 (0)
Retrospective follow-up Salivary flow

McCurley et al. 1990 138 KCS, X, CTD NA NA NA   8 (6)
Retrospective, histopathologic (2/3 criteria)

Kelly et al. 1991 100 Fox et al.1986 48, median   97:3 3, median   3 (3)
Clinical follow-up (m)

Markusse et al. 1992   50 Fox et al. 1986 52, mean   46:4 9, mean   2 (4)
Clinical follow-up (m)

Pariente et al. 1992   62 Fox et al. 1986 51, mean   60:2 9, mean   4 (6) 6.9
Clinical follow-up

Pavlidis et al. 1992 120 KCS,X, NA NA 2, median   8 (7)
Clinical follow-up Salivary flow

Pease et al. 1992   48 Fox et al. 1986 48, mean NA 9, mean   0 (0)
Clinical follow-up

Zufferey et al. 1995   56 EC 43, mean   51:5 12, mean   5 (9)
Retrospective cohort study

Tzioufas et al. 1995 103 EC 54, mean   99:4 6, mean   7 (7)
Prospective clinical follow-up

Kruize et al. 1996   31 pSS Daniels and 56, mean   29:2 10-12   3 (10)
Clinical follow-up Talal 1987 0,480 person yrs

  56 KCS 51, mean   37:19 10-12   0 (0)

Kauppi et al. 1997 676 National NA 572:104 8, mean 11 (2)
Epidemiologic Hospital 5,336 person yrs

discharge
register



Study  No.of Criteria Age at dg, yrs Female:male Follow-up, yrs NHL (%) Incidence/ RR/SIR
patients 1000/year

_________________________________________________________________________________________________________________________________
Valesini et al. 1997 331 EC F: 50, mean 318:31 6, mean   9 (3) 5.1 RR 33.3
Epidemiologic M:47, mean 1,756 person yrs

Sutcliffe et al. 1998   72 EC 50, mean   68:4 11, mean   5 (7)
Clinical follow-up

Davidson et al. 1999 100 Fox  et al. 1986 48, median   97:3 10, median   3 (3) RR 14.4
Clinical follow-up (m)

Voulgarelis et al. 1999 765 EC NA NA NA 33 (4)
Multicenter, retrospective
_________________________________________________________________________________________________________________________________
_
yrs = years; NHL= non-Hodgkin lymphoma; RR = relative risk; SIR = standardised incidence ratio; NA = not available; KCS = keratoconjunctivitis sicca; LSG =
labial salivary gland biopsy; X = xerostomia; CTD = connective tissue disease; EC = SS criteria presented by Vitali et al. (1993); (m) = modified; F = female; M =
male
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of 9 years of 50 patients with pSS, one patient developed NHL and another an
adenolymphoma (Markusse et al. 1992). Pavlidis and colleagues (1992) found eight out
of 120 SS patients to have developed lymphomas in a median follow-up time of 6.5
years, representing a 6.5% incidence. In a retrospective cohort study of 55 patients with
SS over a mean follow-up period of 12 years five patients were found to have developed
malignant lymphoma (Zufferey et al. 1995). Lymphoid malignancy was the cause of
death in three out of 31 pSS patients in another follow-up study covering a total of 480
person years from the onset of symptoms in these patients (Kruize et al. 1996).

2.4.2  Risk factors

The risk of lymphoma in SS was found not to be associated with either age or duration
of disease in the epidemiological study by Kassan and associates (1978). A similar risk
of lymphoma in pSS and sSS was reported (Kassan et al. 1978). It has been suggested,
however, that malignant lymphomas are more common in pSS than in sSS (Tzioufas
and Moutsopoulos 1998). In an epidemiologic cohort study of 676 patients with pSS,
709 with sSS and 9469 with RA identified from the Finnish hospitals national discharge
register, the SIR of NHL was found to be 8.7 in pSS, 4.5 in sSS and 2.2 in RA (Kauppi
et al. 1997).

Usually, patients with SS who develop lymphoid neoplasms have had a disease
with several extraglandular manifestations (Talal and Bunim 1964). The risk of
evolving lymphoma has been most frequently associated with lymphadenopathy and
parotidal swellings (Talal and Bunim 1964, Kassan et al. 1978, Sutcliffe et al. 1998).
Hypergammaglobulinemic purpura or leg ulcers have also been associated with
lymphoma development in SS (Talal and Bunim 1964, Zufferey et al. 1995, Sutcliffe et
al. 1998). In addition, splenomegaly, pulmonary infiltrates and renal insufficiency
(Talal and Bunim 1964) as well as previous exposure to cytotoxic agents (Kassan et al.
1978) have been reported as predictive factors for the development of malignant
lymphoma in SS.

McCurley and associates (1990) report contrasting results. Eight of their 138
patients with SS followed for 12 years had malignant lymphomas which were chiefly B
cell neoplasms, and 1 out of 4 patients with atypical lymphoid hyperplasia progressed to
overt lymphoma. Clinical features such as age, duration of disease, extent of
lymphadenopathy, splenomegaly or parotid swelling failed to identify the patients at
risk for lymphoma.

A fall in levels of serum gammaglobulins, especially of IgM and autoantibodies,
has been found to accompany or precede the onset of lymphoid malignancies in patients
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with SS (Talal and Bunim 1964, Anderson and Talal 1971). A decrease in serum
autoantibodies and the turning of longstanding hypergammaglobulinemia into hypo-
gammaglobulinemia may even lead to immunodeficiency and lowered resistance to
bacterial infections (Tzioufas and Moutsopoulos 1998).

The risk of evolving lymphoma in SS has been linked to elevated levels of serum
β2m (Talal and Bunim 1964, Michalski et al. 1975). Patients with pSS have a high
incidence of mixed monoclonal cryoglobulins (MMC) in their sera (Tzioufas et al.
1986). The presence of cryoglobulins is associated with a higher prevalence of
extraglandular disease and anti-SSA antibodies and RF compared to patients without
cryoglobulins. During a five-year period, seven out of 18 patients with pSS with MMC
developed lymphoma. Six of these seven had MMC prior to the appearance of
lymphoma, compared with 12 out of 96 of the patients who did not develop lymphoma
(Tzioufas et al. 1996). Monoclonal rheumatoid factor-associated cross-reactive
idiotypes have also been associated with lymphoma development in SS (Tzioufas et al.
1996).

Fourteen out of a group of 21 patients with primary SS had monoclonal lambda
light chains in their serum (Moutsopoulos et al. 1983). In patients with extraglandular
features monoclonal light chains were observed in 100% and in patients with glandular
SS in only 22%. In a study of Greek patients, 70% of SS patients with extraglandular
involvement had monoclonal immunoglobulins or light chains in their serum
(Moutsopoulos et al. 1985). In addition, all patients excreted monoclonal light chains in
the urine.

Molecular analysis of the labial salivary glands has suggested that the
identification of B-cell monotypia is predictive of the development of lymphoma
elsewhere (Jordan and Speight 1996). In three out of ten patients with SS with
monotypic plasma cell populations in the labial salivary gland tissue, progression to
systemic monoclonal lymphoproliferative disease has been observed (Bodeutsch et al.
1993). Immunoglobulin heavy chain monoclonality in LSG has likewise been noted as a
relatively common finding in patients with SS and may prove a useful marker for the
development of  lymphoma (Jordan and Speight 1996).

2.4.3  Type of lymphoproliferative disorders in pSS

A spectrum of lymphoproliferative disorders has been described in association with SS,
but most of the lymphomas complicating the course of SS are derived from B-
lymphocytes (Shin et al. 1991). T-cell lymphoma occurring in SS is unusual (Wilke et
al. 1984, Isenberg et al. 1987, Schuurman et al. 1987, Rustin et al. 1988, van der Valk et
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al. 1989). Case reports of Hodgkin's disease (Martin-Santos et al. 1990, Vivancos et al.
1992), chronic myelomonocytic leukemia (Ponge et al. 1988) and multiple myeloma
(Ota et al. 1995) have been reported to occur in the course of pSS.

2.4.4  SS in non-Hodgkin lymphoma (NHL)

The prevalence of SS in patients with NHL has also been investigated. In one study 14
out of 113 patients with untreated NHL fulfilled the Greek criteria for SS (Janin et al.
1992), while in another, 10 out of 103 patients with NHL were found to have possible
SS (Morel et al. 1993).

2.5  Mortality in SS

Mortality in SS has been evaluated in only one previous population based cohort study
(Martens et al. 1999). In Olmsted, Minnesota, an incidence cohort with SS from 1976-
1992 was investigated. Fifty patients with pSS and 24 with sSS were identified. An
average of 7.2 years of follow-up was available for patients with pSS and 9.9 years for
those with sSS. Compared with the general population, SS patients had increased
mortality, and when pSS and sSS were studied separately, the increase was found to
involve patients with sSS but not those with pSS (Martens et al. 1999).

2.6  Interleukin-6 (IL-6) and IL-6 promoter region gene polymorphism

in pSS

2.6.1  Etiopathogenesis of SS

The etiology of SS is unknown. However, an interaction between constitutional and
environmental factors is considered to lead to autoimmunity in SS (Price and Venables
1995). In an appropriate genetic background an unknown triggering factor, probably
viral, may lead to the immunologically mediated inflammatory mechanisms which
result in the chronic exocrine gland lesions present in SS. T-cell mediated autoimmune
responses in the glandular tissue as well as apoptotic events are currently considered to
be of major importance in the pathogenesis of the syndrome (Jonsson et al. 1999). The
role of anti-SSA and anti-SSB antibodies in the process has not been clarified (Jonsson
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et al. 2000). Recent studies suggest that antibodies against muscarinic acetylcholine
receptors expressed in salivary and lacrimal glands may have a role in the pathogenesis
of impaired glandular function in SS (Bacman et al. 1998). Several cytokines such as
IL-1, IL-1 receptor antagonist, IL-6, IL-10 and interferon-γ have been proposed to be
involved in the pathogenesis of SS (Llorente et al. 1994, Dubost et al. 1996, Hagiwara
et al. 1998, Halse et al. 1999).

2.6.2  IL-6 in SS

IL-6 is a B-cell growth and differentiation factor highly expressed in many autoimmune
diseases (Kishimoto 1992). IL-6 also has direct and indirect hematopoietic activity,
mainly promoting megakaryocyte maturation, B-cell development and immunoglobulin
synthesis (Riechmann et al. 1991, Han et al. 1991). Elevated IL-6 concentrations have
been found in the serum (Pettersson et al. 1992, Grisius et al. 1997, Tishler et al.
1998b), saliva  (Grisius et al. 1997, Tishler et al. 1999) and tear fluid (Tishler et al.
1998b) of patients with SS. The possible associations of elevated serum IL-6
concentrations with clinical findings of SS have not been studied.

2.6.3  IL-6 (-174) G/C base exchange polymorphism

Recent findings suggest that the transcriptional activity of the interleukin-6 gene and the
plasma levels of IL-6 protein are associated with a single G/C base exchange
polymorphism located at the 5’ flanking region of the IL-6 gene (Fishmann et al. 1998).
Allele G homozygotes and allele G/C heterozygotes have been shown to have higher
plasma IL-6 levels, higher IL-6 gene transcriptional activity and higher inducible IL-6
responses than allele C homozygous subjects. An imbalance of this base exchange
polymorphism is seen in patients with early-onset juvenile arthritis (Fishmann et al.
1998). In SS this base exchange polymorphism has not previously been studied.
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3  Aims of the study

The purpose of the present study was:
1. to assess the outcome of patients with sicca symptoms and to establish which

factors predict the development of SS in patients with sicca symptoms (I).
2. to assess the outcome of a cohort of Finnish pSS patients, to determine the SIR for

lymphomas and the SMR and to establish possible risk factors for lymphoma
development in pSS (II).

3. to investigate the occurrence of renal involvement in patients with pSS (III) and to
study factors predictive of renal involvement in these patients (IV).

4. to compare IL-6 plasma levels and promoter region polymorphism of the IL-6
gene in pSS patients and in healthy controls and to ascertain possible associations
of plasma IL-6 levels and IL-6 gene polymorphism with clinical and
immunological characteristics of pSS (V).
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4  Subjects and methods

4.1  Subjects

4.1.1  General (I–V)

The records of all 408 patients with sicca symptoms initially examined in the
Department of Internal Medicine, Section of Rheumatology, in Tampere University
Hospital during the years 1977 to 1992 were reviewed. The pSS diagnoses were
assigned retrospectively using the Californian criteria (Fox et al. 1986) for pSS, with the
modifications that salivary flow rate measurements were not made and the histological
findings were graded on the Chisholm-Mason scale (Chisholm and Mason 1968),
grades 3 and 4 being regarded as diagnostic.

Two separate patient cohorts were selected for the studies: one not fulfilling the
Californian criteria for pSS for the follow-up study of patients with sicca symptoms (I)
(Figure 1) and those fulfilling the criteria for possible or definite pSS for the other
studies (II–V) (Figure 2). Patients with sSS were excluded from the studies. For IL-6
plasma level and the promoter region gene polymorphism determinations (V) a control
population of normal healthy adults was obtained from the Finnish Red Cross Blood
Transfusion Centre, Tampere.

4.1.2  Follow-up study of patients with sicca symptoms (I)

Among the subjects with sicca symptoms from the ten-year period 1977–1986 (259
subjects), those fulfilling two or less of the modified Californian criteria for pSS were
included in the follow-up study of patients with sicca symptoms (109 subjects) (I). Of
these, 14 had died prior to the control examination. The remaining 95 were invited for
re-evaluation. A total of 87 subjects (92 % of those invited) attended the study. They
comprised 72 females and 15 males with a median age of 60 years at follow-up (range,
28–80 years) and a median follow-up-time of 11 years (range, 8–17 years).



Figure 1. Selection of patients with sicca symptoms (I).

Re-evaluation
in years 1994-1996

(n=87)

Drop-outs
(n=8)

Invitation to re-evaluation
(n=95)

Deceased
(n=14)

Sicca symptoms,
0-2 pSS criteria (Fox et al.1986)

(n=109)

Definite or possible pSS,
3-4 pSS criteria,

(n=63)

Rheumatoid arthritis
(n=49)

Connective tissue disease
(n=17)

Primary biliary cirrhosis
(n=1)

sSS
(n=67)

Exclusions:
Sarcoidosis

(n=7)

Incomplete evaluation
initially
(n=13)

Subjects with sicca symptoms examined in the Department of Internal Medicine,
Section of Rheumatology, Tampere University Hospital, Finland in years 1977-1986

 (n=259)



Figure 2. Selection of patients with primary Sjögren's syndrome (II, III, IV).
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4.1.3  Cohort study of patients with pSS (II)

One hundred and eleven patients from the years 1977–1992 fulfilled three or more
modified Californian criteria for pSS. Of these, one patient with a diagnosis of pSS in
1972 and chronic lymphatic leukemia in 1976, was excluded as the year of diagnosis
was before 1977. These 110 patients (108 females, 3 males) comprised the cohort for
studies II–V and all of them also fulfilled at least 4 of the European criteria for pSS
(Vitali et al. 1993). Seventeen of the 110 patients had died by the time of the control
examinations (years 1994–1997). Baseline clinical and laboratory data (from the year of
SS diagnosis in each case) on all 110 patients were collected from patient records. The
93 patients still living were invited to attend for interview and clinical and laboratory
examinations. Eighty-one of them (87%) complied. In the case of the 12 non-attending
patients and those who had died, follow-up data comprised the clinical and laboratory
findings from the most recent visit to the rheumatological outpatient clinic. The median
age of the 110 patients at the most recent visit was 64 years (range, 29–82 years) and the
median disease duration from the time of diagnosis of pSS 9 years (range, 0.1–18
years).

4.1.4  Renal involvement in pSS (III-IV)

Seventy-eight of the 93 pSS patients still living (84%) consented to participate in the
nephrological studies (III–IV). The median age of these 78 patients (75 females, 3
males) was 60 years (range, 29–82 years) and the median disease duration from the time
of diagnosis of pSS 9 years (range, 3–18 years).

4.1.5 Clinical correlations of IL-6 plasma levels and promoter region gene
polymorphism in pSS (V)

The specimens for the IL-6 plasma level and gene polymorphism determinations were
obtained after informed consent from 66 pSS patients (64 females, 2 males). The
median age of these patients was 62 years (range, 29–82 years) and median disease
duration from the time of diagnosis of pSS 9 years (range, 3–18 years). Blood samples
from 400 healthy adults (aged 18–60 years) who served as normal controls were
obtained from the Finnish Red Cross Blood Transfusion Centre, Tampere.
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4.2  Methods

4.2.1  Clinical examination and interview (I–V)

Careful clinical examination and thorough interview of the 87 patients with sicca
symptoms and the 81 pSS patients were undertaken (I–V), and furthermore, com-
plementary data were recorded from patient charts. The interview covered family
history, previous diseases, previous and concurrent medications, drug allergies, duration
of sicca symptoms, first manifestation of the disease, existence of recurrent parotid or
submandibular gland swellings, and present sicca symptoms in the eyes and mouth. The
existence of xerostomia was defined as a subjective troublesome daily feeling of dry
mouth for more than three months; in addition, the presence of a saliva pool at the base
of the mouth as well as the dental status were evaluated. In the nephrological studies
(III–IV) any history of upper and lower urinary tract infections and renal stones was
recorded. The diagnosis of celiac disease was based on small-bowel biopsy histology.
Hypertension was defined as previous or current use of antihypertensive drugs. The
diagnosis of PBC relied upon liver histology examined with clinical indications.

Special emphasis was focused on extraglandular features of SS (dermatological,
endocrine, gastrointestinal, lymphoproliferative, musculoskeletal, neurological, renal,
respiratory and vascular symptoms). Purpura was defined as a history of typical
episodic palpable purpura lesions in the lower limbs or skin biopsy histology. Lympha-
denopathy was defined as lymph node enlargement so persistent as to have indicated a
nodal biopsy. Arthritis was defined as articular swelling observed by a clinician.
Myositis was diagnosed only if histological findings consistent with inflammation had
been found in muscle biopsy. Peripheral and central nervous system (PNS and CNS)
symptoms were recorded from the history given by the patients as well as from data
from case histories. The diagnosis of pulmonary fibrosis was based on findings in chest
radiographs.

4.2.2  Standard laboratory tests and immunological tests (I–V)

The standard laboratory tests included whole blood cell count, erythrocyte sedimen-
tation rate (ESR), serum C-reactive protein (CRP), serum creatinine, serum alanine-
aminotransferase and serum alkaline phosphatase (I–IV), serum total protein, serum
sodium, potassium and chloride (III–IV).
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Rheumatoid factor (RF) was determined at baseline by Waaler-Rose agglutination
test (I–II, IV) and at follow-up by laser nephelometry (Behring Nephelometric
Analyzer) (I–V). Antinuclear antibodies (ANA) were determined at baseline by indirect
immuno-fluorescence on multiblock cryostat sections comprising rat liver and mouse
kidney, heart and stomach (I–II, IV) and at follow-up by indirect immunofluorescence
using Hep-2 cells (I–V).

Antibodies to extractable nuclear antigens (ENA), including anti-ribonucleo-
protein (RNP), anti-Sm, anti-SS-A, anti-SS-B and anti-Scl 70 antibodies, as well as
antibodies to native DNA (QUANTA LiteTM ENA 5 ELISA and QUANTA Lite ds
DNA, INOVA Diagnostics Inc., San Diego, CA), were measured by enzyme immuno-
assay at follow-up (I–V). Anti-salivary gland antibodies were analysed by indirect
immunofluorescence (Monkey Salivary Gland Slide, INOVA Diagnostics Inc.) (I–III).
Serum concentrations of immunoglobulin IgA, IgG and IgM, as well as serum
complement levels (C3 and C4), were measured by laser nephelometry (Behring
Nephelometric Analyzer) (I–IV). Serum beta-2 microglobulin (β2m) was deter-mined
by radioimmunoassay (Pharmacia beta-2-micro RIA kit, Pharmacia Diagnostics
Uppsala, Sweden) (I–IV).

4.2.3  Ophthalmological examinations (I)

Ophthalmological examination was made at baseline and at follow-up (the latter by one
senior ophthalmologist) for the patients with sicca symptoms but not fulfilling
diagnostic criteria for pSS. Tear fluid secretion ≤ 9 mm/5 min in Schirmer's test and
BUT < 10 sec were defined as abnormal test results. Rose-Bengal test was performed by
application of 1% solution of Rose-Bengal dye using a glass applicator and evaluating
abnormal staining in the interpalpebral area of the cornea and conjunctiva by slit-lamp.
KCS was established if diagnostic criteria (decreased Schirmer test result and abnormal
staining in Rose Bengal test) were met in at least one eye.

4.2.4  Labial salivary gland specimens (I)

Labial salivary gland biopsy was performed at baseline in 73 of the 87 patients and the
histological findings were graded according to the Chisholm-Mason scale (grades 0–4)
(Chisholm and Mason 1968). In the follow-up study of patients with sicca symptoms
labial biopsy was repeated for those who initially had grade 0–2 histological findings
and who gave their informed consent. A thorough otorhinolaryngological examination
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was made and follow-up labial salivary gland biopsy samples via lower lip mucosal
incision were taken by a senior otorhinolaryngologist. The histological evaluation was
made by an experienced pathologist blind to the clinical data.

4.2.5  Epidemiological methods (II)

The incidence of malignant diseases in the cohort of patients with pSS from the time-
point of SS diagnosis up to the end of 1996 through the files of the Finnish Cancer
Registry was assessed. The total number of person-years at follow-up was 1,015. The
observed incidence of malignant diseases was compared to that expected in the age- and
sex-matched population from the same University Hospital district, the reference rates
also being calculated from the files of the Finnish Cancer Registry. The dates and
causes of death of the pSS patients were assessed from the time-point of SS diagnosis
up to the end of 1996 through Statistics Finland

4.2.6  Methods in the nephrological studies (III–IV)

In urinalysis, specimens were screened by dipstick (Combur-10M Test, as read by
Miditron Instruments, Roche, Mannheim, Germany), and in cases proving positive for
erythrocytes, leukocytes, protein or nitrite, microscopy of the urinary sediment was
undertaken according to the Finnish standardisation with Sternheimer stain, where one
400 x high-power field (HPF) equals 0.12 µl original urine volume (Koivula et al. 1990)
The healthy upper reference limits were: for women 1 erythrocyte / HPF, 2 leukocytes /
HPF, 2 squamous epithelial cells / HPF and for men 1 erythrocyte and 1 leukocyte /
HPF and no epithelial cells.

A 24-hour urine collection was conducted and creatinine clearance (enzymatic
method, Vitros, Johnson & Johnson, Clinical Diagnostics, Rochester, NY, USA),
excretion of urinary total proteins (pyrogallol red method, Olli-C, Kone Instruments,
Finland) and immunoglobulin light chains (Behring Nephelometric Analyzer, Marburg,
Germany) were determined. Proteinuria was defined as urinary total protein excretion
≥ 0.15 g/24 h. The lower reference limit for creatinine clearance for women was 0.94
ml/s/1.73 m2 and for men 1.32 ml/s/1.73 m2. Urinary excretion of albumin, IgG and
alpha-1 microglobulin (α1m) was measured from samples obtained in timed (from 10
p.m. to 6 a.m.) overnight urine collection (cU) and analysed by nephelometry  (Behring
Nephelometric Analyzer, Marburg, Germany). Urinary excretion of albumin ≥ 20
µg/min, of α1m ≥ 7.0 µg/min and of IgG ≥ 5.0 µg/min were used to discriminate
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increased excretion. Lysozyme was also determined from an 8-hour overnight urine
collection (cU) and measured using Micrococcus lysodeicticus as standard.

An ammonium chloride loading test was applied as a short-duration test
(Backman et al. 1976) provided there was no known contraindication. After waking at
6.30 a.m. the patients voided and at 7.00 a.m. drank 200–400 ml water. At 8.00 a.m. a
test meal of ammonium chloride 0.1 g/kg body weight was given in enteric-coated
capsels. The test continued until 2.00 p.m. with water supplement of approximately 100
ml/h. Urine samples were taken at the outset and at one-hour intervals up to 6 hours
after the test meal. Blood samples were drawn immediately, after 0.5 hour and thereafter
at one-hour intervals up to 5.5 hours after the test meal. The voided urine volumes were
recorded and samples for urine pH measurement taken in a closed syringe and pH
measured with a blood gas analyser (Radiometer ABL 500 Analyzer, Copenhagen,
Denmark) within 15 minutes from the sample collection. The samples for deter-
minations of urine titratable acids and ammonium ions were stored in a refrigerator and
analysed at the latest on the following day or stored at –20°C and measured within 1
month from collection. The heparinised capillary blood samples were stored in an ice
bath and analysed within 1 hour (Radiometer ABL 500 Analyzer, Copenhagen,
Denmark). Inability to acidify the urine in maximal acidosis (latent dRTA) was defined
according to the reference values related to the degree of acidosis achieved in the acid
loading test, as described by Backman and colleagues (1976).

Renal imaging was performed with ultrasonography and with radionuclides using
99m Tc-MAG (mercaptoacetyltriglycine).

4.2.7  IL-6 determination, DNA isolation and  genotype analyses (V)

Plasma IL-6 concentrations were determined by commercially available enzyme-linked
immunosorbent assay (Pelikine human IL-6 ELISA kit, CLB, Amsterdam) following
the manufacturer’s instructions. The optical density of individual wells was determined
with a “Multiscan Biochromatic 348” (Titertek) spectrophotometer. The detection limit
of the assay was 0.6 pg/ml. DNA was isolated from blood samples using the salting out
method (Miller et al. 1988). The Nla III polymorphic site at promoter region position –
174 of the IL-6 gene was amplified by PCR using oligonucleotides
5’TGACTTCAGCTTTACTCTTGT3’ and 5’CTGATTGGAAACCTTATTAAG3’
(Fishman et al. 1998). After restriction enzyme digestions the products from PCR
analyses were identified by electrophoresis (on 9% PAGE) and ethidium bromide
staining. The cycling conditions were analogous to those published (Fishman et al.
1998).



43

4.2.8  Statistical analysis

Student's t-test and Chi square test or Fisher's exact two-tailed test, as appropriate, were
applied for comparisons of continuous and dichotomous variables between different
patient groups (I, III–IV).

Student's t-test for paired samples was used to compare differences in means of
continuous variables between baseline and follow-up (II). McNemar test was applied to
compare dichotomous variables between baseline and follow-up (II). Comparisons
between different patient groups were by Mann-Whitney U test and Chi square test or
Fisher's exact two-tailed test for continuous and dichotomous variables, respectively (II,
V). Findings were considered statistically significant at p < 0.05.

Logistic regression analysis in backward stepwise manner was applied to define
independent effects of intercorrelated variables on the development of pSS (I) and on
the occurrence of RTA and proteinuria in pSS patients (III) and to analyse risk factors
for lymphoma development (II).

The relative risk of malignant diseases was calculated using the observed to
expected ratio, i.e. standardised incidence ratio (SIR), with 95% confidence intervals
and the standardised mortality ratio (SMR) as the ratio of the observed mortality in the
cohort to data from Statistics Finland on the expected mortality in the general Finnish
population of the same age, sex and time (II).

Statistical analyses were made with the following statistical software: Statview™
(I, III), SPSS 6.1 (I, III–IV) and 7.5 (II) for Windows, Statistica (V).

4.2.9  Ethical considerations

The study protocols were approved by the Ethical Committee of Tampere University
Hospital.
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5  Results

5.1  The follow-up study of patients with sicca symptoms (I)

5.1.1  General (I)

At follow-up 31 patients (26 females, 5 males) out of 87 (36%) with initial sicca
symptoms  fulfilled the Californian criteria for SS (“the SS group"), whereas 56 (46
females, 10 males) did not (“the sicca group”) (Table 4). Twenty-nine of the patients in
the SS group had pSS and two had SS secondary to either RA or mixed connective
tissue disease (MCTD) at follow-up. In the sicca group altogether eight patients evinced
features of a rheumatic disease at follow-up: two patients fulfilled the criteria for RA,
one had undifferentiated connective tissue disease (UCTD), three had features of a
seronegative spondylarthropathy and two of a non-specified oligoarthritis.

Table 4.  Demographic, clinical and immunological characteristics at baseline among
patients with initial sicca symptoms (I).

________________________________________________________________________________
Characteristic Sicca group (%) SS group (%)
________________________________________________________________________________
Patient number 56 31
Females:males 46:10 26:5
Age at baseline, median (years) 45 (range, 16–71) 53 (range, 28–68)
Sicca symptoms of the eyes 47 (84) 19 (61)
Sicca symptoms of the mouth 35 (63) 24 (77)
Schirmer test result ≤ 9 mm 32 (57) 16 (53) (n  =30)
Break-up time < 10 sec 10 (30) (n = 33)   7 (37) (n = 19)
Increased staining in RB test 21 (40) (n = 52) 15 (56) (n = 27)
Criteria for KCS fulfilled 18 (32) 10 (32)
Grade ≥ 3 in LSG   4 (9) (n = 45)   7 (25) (n = 28)
RF-positive   9 (16) (n = 55)   4 (13)
ANA-positive   2 (3)   8 (26)
Anti-DNA-ab-positive   0 (n = 48)   2 (7) (n = 29)
S-IgA (g/l)   2.18 ± 0.93 2.46 ± 1.19
S-IgG (g/l) 12.9 ± 4.4 16.6 ± 7.1∗∗

S-IgM (g/l) 1.60 ± 1.43 1.41 ± 0.80
S-gammaglobulin (g/l) 11.8 ± 3.6 (n = 50) 15.1 ± 7.3 ∗∗(n = 28)
S-β2m (mg/l) 1.63 ± 0.50 2.15 ± 0.56∗∗∗

_________________________________________________________________________________

SS = Sjögren's syndrome; RB-test = Rose-Bengal test; KCS = Keratoconjunctivitis sicca; LSG = labial
salivary gland biopsy; RF = Rheumatoid factor; ANA = antinuclear antibodies; DNA-ab = antibodies to
double-stranded DNA; S-β2m = serum beta-2 microglobulin Statistical analysis:  Student´s t-test and Chi-
square test with Yates´ correction. Significance: ∗ p ≤ 0.01, ∗∗p ≤ 0.005,∗∗∗ p ≤ 0.0005
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Patients in the SS group were significantly older than those in the sicca group (63
± 8 vs. 55 ± 13 years at follow-up, p ≤ 0.005). The mean duration of dryness of both
eyes and mouth was longer in the SS group compared to the sicca group (13 ± 10 and 11
± 7 years, NS and 13 ± 7 vs. 10 ± 7 years, p ≤ 0.05, respectively). There were no
statistically significant differences in previous or concurrent use of diuretics, beta-
blockers, psychiatric medication, tear and salivary substituents, corticosteroids or
disease-modifying antirheumatic drugs between the patient groups.

5.1.2  Labial salivary gland biopsies (I)

New labial salivary gland biopsies were taken from 55 patients, and 50 of these were
representative (containing more than 4 minor salivary glands / 4 mm2). Biopsy was not
undertaken in eleven cases with grade 3 or 4 findings already at baseline. Twenty-one
were reluctant to undergo re-biopsy. Of the 42 labial salivary gland re-biopsies of
patients with grade 0–2 findings at baseline, progression to grades 3–4 was observed in
21 (50%) at follow-up.

5.1.3  Extraglandular manifestations at follow-up (I)

At follow-up there were no significant differences between the patient groups in the
cumulative frequency of extraglandular manifestations such as arthralgias or arthritis,
Raynaud's phenomenon, PNS or CNS symptoms or lymphadenopathy. Myositis was not
found. Pericarditis had appeared in no patient in the SS group and in two (4%) patients
in the sicca group, pleuritis had occurred in six (19%) in the SS group and in two (4%)
in the sicca group, but its relationship to SS cannot be ascertained in retrospect. In the
SS group two patients (6%) had pulmonary fibrosis and one (3%) had lymphocytic
interstitial pneumonitis. One patient (3%) in the SS group had biopsy-proven interstitial
nephritis. In the sicca group four patients had developed breast cancer, while in the SS
group no malignancies occurred.

5.1.4  Predictive factors for the development of SS (I)

The patients in the SS group had significantly higher mean blood ESR at baseline
compared to the sicca group (29 ± 25 vs. 20 ± 19 mm/h, p ≤ 0.05). The frequency of
positive results in the Waaler-Rose test at baseline did not differ significantly between
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the groups (Table 4). The SS group had ANA more frequently at baseline than the sicca
group (26 % vs. 3 %, p ≤ 0.01), and the mean concentrations of serum gammaglobulin
(15.1 ± 7.3 vs. 11.8 ± 3.6 g/l, p ≤ 0.005) and serum IgG (16.6 ± 7.1 vs. 12.9 ± 4.4 g/l, p
≤ 0.005) as well as the level of serum β2m (2.15 ± 0.56 vs. 1.63 ± 0.50 mg/l, p ≤ 0.0005)
were likewise significantly higher in the SS than in the sicca group at baseline (Table
4).

As several of the clinical and laboratory findings were likely to be intercorrelated,
a logistic regression model containing age, ESR, ANA positivity, serum gammaglobulin
and IgG concentrations as well as serum β2m was constructed to assess their
independent impact on disease outcome. Age, ANA positivity and serum β2m were
found to be independent predictive factors for the development of SS in subjects with
sicca symptoms.

5.2  Cohort study of  patients with pSS (II)

5.2.1  Cumulative clinical characteristics and associated diseases (II)

A summary of demographic characteristics and cumulative clinical characteristics and
associated diseases in the cohort of 110 pSS patients at follow-up is presented in Table
5. Three of the patients developed NHLs by the end of the follow-up (lymphocytary
lymphoma, ileal T-cell lymphoma and diffuse centroblastic centrocytic lymphoma,
respectively).

5.2.2  Glandular symptoms and immunoserological findings at baseline and at follow-
up (II)

There were no significant differences in the frequency of symptoms of dry eyes (77%
vs. 72%) or mouth (94% vs. 88%), or of recurrent salivary gland swellings (39% vs.
46%) between baseline and follow-up examinations in the pSS patients.

Compared with baseline levels there were no statistically significant differences in
the follow-up levels of blood hemoglobin, leukocytes, thrombocytes, serum alanine
aminotransferase, serum alkaline phosphatase or serum creatinine. Mean blood ESR at
follow-up was significantly lower than at baseline (33 ± 22 vs. 45 ± 28 mm/h, p <
0.0001). The mean follow-up concentrations of serum protein (77 ± 9 vs. 79 ± 7 g/l, p =
0.024), serum IgG (18.8 ± 7.4 vs. 22.5 ± 8.5 g/l, p < 0.0001) and serum IgM (1.6 ± 1.1
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Table 5.  Demographic characteristics and cumulative frequency of clinical charac-
teristics at follow-up of the cohort comprising all 110 patients with primary Sjögren´s
syndrome in Tampere University Hospital in the years 1977 to 1992 (II).

___________________________________________________________________________________
Characteristic Value or frequency (%)
___________________________________________________________________________________
Patient number 110
Females:males 107:3
Age at baseline, median (years)   56 (range, 20–89)
Age at follow-up, median (years)   64 (range, 29–89)
Duration of sicca symptoms of the eyes, median (years)   10 (range, 0–41)
Duration of sicca symptoms of the mouth, median (years)   11 (range, 0–40)
Duration from dg of pSS, median (years)     9 (range, 0–18)
Presence of sicca symptoms of the mouth   97 (88)
Presence of sicca symptoms of the eyes   86 (72)
Arthralgia   82 (75)
Drug allergies   62 (56)
Raynaud´s symptom   55 (50)
Recurrent salivary gland swelling   50 (46)
Myalgia   49 (45)
Persistent dry cough   48 (44)
Sensation of dyspnoe   30 (27)
Peripheral neurological symptoms   23 (21)
Arthritis   24 (22)
Purpura   22 (20)
Lymphadenopathy   17 (16)
Pulmonary fibrosis   17 (16)
Pleurisy   16 (15)
Central nervous system symptoms   12 (11)
Enlarged liver or spleen   10 (9)
Pericarditis     3 (3)
Alveolitis     3 (3)
Renal stones     2 (2)
Overt distal renal tubular acidosis     2 (2)
Renal vasculitis     1 (1)
Child with a congenital complete heart block      1 (1)
Myositis     0
___________________________________________________________________________________

vs. 2.0 ± 1.2 g/l, p < 0.0001) were also significantly lower than those at baseline. The
change in these parameters could not be attributed to treatment alone. In a subgroup of
patients who had never received either corticosteroid therapy or disease-modifying
antirheumatic drugs (n = 38) the mean follow-up levels of  blood ESR  (37 ± 24  vs. 42
± 24 mm/h, p = 0.126, n = 37), serum IgG (20.4 ± 7.6 vs. 23.4 ± 8.9 g/l, p = 0.003, n =
35) and serum IgM (1.6 ± 0.6 vs. 2.1 ± 1.0 g/l, p = 0.014, n = 35) were lower than those
at baseline.



48

5.2.3  Standardised incidence ratio (SIR) for NHL and other malignancies (II)

By the end of 1996, three NHLs had developed in the 110 pSS patients vs. the 0.23
expected, The SIR of NHL was thus 13 (95% CI 2.7–38). One case of myeloma was
noted by the end of 1996, the expected number being 0.12, and SIR was thus 8.7 (95%
CI 0.2–48). No cases of Hodgkin's disease were observed. The observed number of all
malignancies was not on the whole increased in this patient cohort: eight cases were
observed and 7.1 expected, SIR 1.1 (95% CI 0.5–2.2) (Table 6).

Table 6.  Standardised incidence ratio of malignant diseases in the cohort comprising all
110 patients with primary Sjögren's syndrome in Tampere University Hospital in the
years 1977 to 1992 (II).

___________________________________________________________________________________
Malignancy Observed Expected SIR 95% CI
___________________________________________________________________________________
NHL 3 0.23 13 2.7–38
Myeloma 1 0.12   8.7 0.2–48
Hodgkin's disease 0 0.03   0 0.0–142
Malignant diseases 8 7.1   1.1 0.5–2.2
___________________________________________________________________________________

SIR = Standardised incidence ratio; pSS = primary Sjögren's syndrome; CI = confidence interval; NHL =
non-Hodgkin lymphoma

5.2.4  Predictive factors for the development of NHL (II)

The three pSS patients who developed NHL had higher mean baseline concentrations of
serum IgA (4.3 ± 0.5 vs. 3.2 ± 1.7 mg/l, p = 0.072), IgM (3.2 ± 0.8 vs. 2.0 ± 1.2 mg/l, p
= 0.042) and β2m (5.40 ± 3.34 vs. 3.16 ± 1.51 mg/l, p = 0.096) and lower mean serum
complement C3 concentrations (0.83 ± 0.15 vs. 1.05 ± 0.22 g/l, p = 0.068) than the
others.

In a logistic regression analysis including in the model serum baseline immuno-
globulin A, G and M concentrations and serum baseline β2m as well as the baseline age,
serum β2m proved to be an independent predictive factor for lymphoma development in
patients with pSS (OR 1.9 with 95% CI 1.1–3.3, p = 0.031).

Clinical glandular findings at baseline: sicca symptoms in the eyes and mouth,
history of recurrent salivary gland swellings, the results of the Schirmer or Rose-Bengal
tests or the histological grades in LSG biopsies, did not differ significantly in patients
with subsequent lymphoma and those without
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5.2.5  Standardised mortality ratio (SMR) and causes of death (II)

All deceased patients in this pSS cohort were female. The SMR for female patients here
was slightly increased (1.2). The observed number of deaths was 17 and that expected
in an age-, sex- and time-matched general Finnish population 14. The expected number
of deaths among males was 0.4. In two of the pSS patients malignant lymphoma was the
cause of death.

5.3  Renal involvement in pSS (III–IV)

5.3.1  The occurrence of distal RTA (dRTA) and proteinuria (III)

Sixty-three patients with pSS agreed to participate in an ammonium chloride loading
test. In nine cases the test failed due to nausea or vomiting. The acidification capacity
was abnormal in 18 patients and the prevalence of dRTA was 33 %.

Proteinuria in the range of  0.15 to 0.42 g/24 h was observed in 34 (44%) out of
78 patients. Two of the patients had previously suffered from proteinuria >1g/24 h due
to either vasculitis or interstitial nephritis requiring treatment with either corticosteroids
or cyclophosphamide. Two of those with mild proteinuria and one with normal urinary
protein excretion had diabetes. Immunoglobulin light chain excretion was observed in
one patient (lambda light chain). Increased rates of urinary excretion of albumin, α1m or
IgG were observed in nine (12%), nine (12%) and 11 patients (14%), respectively.
Increased urine lysozyme excretion was observed in one patient (1.8 mg/l).

5.3.2  Urinalysis, renal function and histological findings (III)

The dipstick for albumin was positive in three out of 78 patients, that for erythrocytes in
13 patients; in the subsequent sediment examination more than 1 erythrocyte/HPF was
found in four patients. The dipstick for leukocytes was positive in 21 patients (27%); in
subsequent urine microscopy more than 2 leukocytes/HPF were observed in 12 patients.
The culture for urine bacteria was positive in ten. Only two patients had symptoms of
urinary tract infection; in other cases the bacteruria was asymptomatic.

In nine out of 78 patients (12%) the level of serum creatinine was increased, seven
of them aged over 65 years. Creatinine clearance was decreased in 15 (19%) of the
patients, all of whom were over 65 years of age.

Renal biopsy had been performed in three cases with clinical indications: overt
dRTA and nephrogenic diabetes insipidus with mild renal impairment (serum creatinine
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164 µmol/l) and mild proteinuria 0.25 g/24 h (patient no. 1); proteinuria 1.0 g/24 h and
mild renal impairment (serum creatinine 173 µmol/l) (patient no. 2); and proteinuria 5.0
g/24 h, microscopic hematuria and renal impairment (serum creatinine 150 µmol/l)
(patient no. 3). The corresponding histological findings were mesangial glomerulone-
phritis, chronic interstitial nephritis and endocapillary, proliferative glomerulonephritis
with renal vasculitis, respectively.

5.3.3  Factors associated with the occurrence of dRTA (III)

The duration of xerostomia (15 ± 8 vs. 10 ± 6 years, p ≤ 0.025) and the duration of pSS
from diagnosis (10 ± 4 vs. 8 ± 4 years, p ≤ 0.05) were longer, and the presence of
hypertension (44% vs. 14%, p ≤ 0.05) more frequent in those with dRTA than in the
others. The mean level of serum creatinine was significantly higher in those with dRTA
compared to the rest (92 ± 39 vs 78 ± 13 µmol/l, p ≤ 0.025) and proteinuria was
detected more often in the patients with dRTA than in those with normal acidification
capacity (67% vs. 27%, p ≤ 0.02). There were no differences in the occurrence of
increased rates of excretion of albumin, α1m or IgG between the patient groups. The
level of serum β2m was significantly higher (3.27 ± 1.60 vs. 2.60 ± 0.58 mg/l, p ≤
0.025) in the patients with latent or overt dRTA compared to those with normal
acidification capacity (Table 7).

Table 7.  Comparison of clinical and laboratory findings in patients with primary
Sjögren's syndrome with overt or latent distal renal tubular acidosis (dRTA) and normal
renal acidification capacity (III).
______________________________________________________________________
Variable dRTA (n = 18) No dRTA (n = 37) Significance
_____________________________________________________________________________________
Age, mean (years) 57 ± 13 57 ± 13 NS
Duration of sicca symptoms of the eyes (years) 12 ± 6 11 ± 7 NS
Duration of sicca symptoms of the mouth  (years) 15 ± 8 10 ± 6 p ≤ 0.025
Duration of the disease (years) 10 ± 4   8 ± 4 p ≤ 0.05
Frequency of hypertension   8 (44 %)   5 (14 %) p ≤ 0.05
S-creatinine (µmol/l) 92 ± 39 78 ± 13 p ≤ 0.025
Creatinine clearance (ml/s/1.73 m2)   1.22 ± 0.44 1.37 ± 0.37 NS
Frequency of proteinuria (≥0.15 g/24 h) 12 (67 %) 10 (27 %) p ≤ 0.02
cU IgG (≥5.0 µg/min)   2 (11 %)   3 (8 %) NS
cU albumin (≥20 µg/min)   2 (11 %)   1 (3 %) NS
cU α1m (≥7.0 µg/min)   2 (11 %)   2 (5 %) NS
ANA-positive 17 (94 %) 32 (87 %) NS
Anti-SSA ab-positive 16 (89 %) 26 (72 %) NS
Anti-SSB ab-positive 13 (72 %) 18 (50 %) NS
S-IgG (g/l) 21.7 ± 7.3 19.7 ± 6.7 NS
S-β2m (mg/l) 3.27 ± 1.60 2.60 ± 0.58 p ≤0.025
_____________________________________________________________________________________
dRTA = distal renal tubular acidosis; cU = collected urine = timed overnight collection; α1m = alpha-1
microglobulin; ANA = anti-nuclear antibodies; S-β2m = serum beta-2 microglobulin
Statistical analysis: Student´s t-test and Chi-square test with Yates' correction
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No statistically significant differences were seen in the occurrence of RF, ANA,
anti-SSA or anti-SSB antibodies, nor in the concentrations of serum immunoglobulins
IgA, IgG and IgM between the groups (Table 7). Anti-DNA antibodies were detected in
only one patient in each group.

To assess independent effects of the possibly intercorrelated variables on the
occurrence of RTA, logistic regression analysis by backward stepwise method was
applied. Duration of xerostomia, serum β2m, serum creatinine, presence of proteinuria
and of hypertension, and age were included in the model. The parameters independently
associated with the existence of RTA in this model were hypertension (p = 0.0263),
proteinuria (p = 0.0370) and duration of xerostomia (p = 0.0404).

5.3.4  Predictive factors for dRTA (IV)

The mean baseline concentration of serum IgG tended to be higher in those with dRTA
(25.6 ± 8.2 vs. 21.9 ± 7.3 g/l, p = 0.102) than in those with normal acidification
capacity, while the mean baseline concentrations of serum IgA or IgM did not differ
between the patient groups (Table 8). The mean levels of total serum gammaglobulin
(24.1 ± 7.4 vs. 18.8 ± 6.0 g/l,  p = 0.011) and total serum protein (84 ± 7 vs. 79 ± 7 g/l,
p = 0.024) were significantly higher at baseline in those with subsequent dRTA than in
those with normal renal acidification capacity. The baseline levels of serum β2m were
higher in the patients with subsequent dRTA (3.07 ± 1.11 vs. 2.56 ± 0.78 mg/l, p =
0.072). There were no differences in the occurrence of seropositivity in the Waaler-Rose
test or ANA at baseline between those with dRTA and those with normal renal
acidification capacity (Table 8).

Clinical baseline findings: sicca symptoms in the eyes and mouth, history of
recurrent salivary gland swellings, the results of the Schirmer or Rose-Bengal tests or
the histological grades in LSG biopsies did not differ significantly in patients with
subsequent overt or latent dRTA and those with normal acidification capacity (Table 8).

5.3.5  Factors associated with the occurrence of proteinuria (III)

The duration of xerostomia was significantly longer in pSS patients with mild
proteinuria than in those with normal urinary protein excretion, but there were no
statistically significant differences in the duration of sicca symptoms in the eyes nor in
the duration of pSS from the year of diagnosis (Table 9). The frequency of hypertension
did not differ between the groups, but both systolic and diastolic blood pressures
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Table 8.  Baseline characteristics in patients with primary Sjögren's syndrome with
latent or overt distal renal tubular acidosis and normal renal acidification capacity (IV).
_____________________________________________________________________________________
Variable dRTA (n=18) No dRTA (n=37) Significance
______________________________________________________________________________________________
Age at baseline (mean ± SD, years) 47 ± 12 49 ± 12 0.487
Sicca symptoms of the eyes 13 (72 %) 26 (70 %)
Sicca symptoms of the mouth 17 (94 %) 31 (84 %)
Schirmer test result ≤ 9 mm/5 min 15 (83 %) 33 (89 %)
Increased staining in Rose-Bengal test 16 (94 %) (n=17) 28 (85 %) (n=33)
LSG grade: 0   0   0

1   1 (6 %)   4 (11 %)
2   6 (33 %)   8 (22 %)
3   3 (17 %)   6 (16 %)
4   8 (44 %) 19 (51 %)
Total 18 (100 %) 37 (100 %)

History of salivary gland swelling   7 (39 %) 15 (41 %)
S-creatinine (µmol/l)  84 ± 13 (n=34) 80 ± 12 0.358
RF-positive 11(69 %) (n=16) 15 (45 %) (n=33) 0.125
ANA-positive   8 (44 %) 25 (68 %) 0.100
S-protein (g/l) 84 ± 7 (n=15) 79 ± 7 (n=33) 0.024*
S-gammaglobulin (g/l) 24.1 ± 7.4 (n=16) 18.8 ± 6.0 (n=32) 0.011*
S-IgA (g/l) 3.07 ± 1.27 3.09 ± 1.62 0.956
S-IgG (g/l) 25.6 ± 8.2 21.9 ± 7.3 0.102
S-IgM (g/l) 2.29 ± 1.29 1.91 ± 1.03 0.257
S-β2m (mg/l) 3.07 ± 1.11 (n=15) 2.56 ± 0.78 (n=34) 0.072
______________________________________________________________________________________________
dRTA = distal renal tubular acidosis; LSG = labial salivary gland histology, Chisholm-Mason (1968) scale; RF =
rheumatoid factor; ANA = anti-nuclear antibodies; S-β2m = serum beta-2 microglobulin
Statistical analysis: Student´s t-test and Chi square test or Fisher´s exact test

Table 9.  Comparison of clinical and laboratory findings in patients with primary
Sjögren's syndrome with proteinuria and normal urinary protein excretion (III).
_____________________________________________________________________________________

Urinary total protein excretion (g/24 h)
Variable ≥0.15 (n=34) <0.15 (n =44) Significance
______________________________________________________________________________________________
Age, mean (years)   59 ± 13   58 ± 13 NS
Duration of sicca symptoms of the eyes (years)   11 ± 7   11 ± 7 NS
Duration of sicca symptoms of the mouth (years)   14 ± 9   11 ± 6 p ≤ 0.05
Duration of the disease (years)   10 ± 4     9 ± 5 NS
Frequency of hypertension     9 (27 %)     9 (21 %) NS
Systolic blood pressure (mm Hg) 143 ± 20 134 ± 16 p ≤ 0.025
Diastolic blood pressure (mm Hg)   86 ± 11   82 ±  9 p ≤ 0.025
S-creatinine (µmol/l)   88 ± 31   81 ± 19 NS
Creatinine clearance (ml/s/1.73 m2) 1.21 ± 0.46 1.33 ± 0.41 NS
dRTA 11 (52 %) (n=21)   6 (18 %) (n=33) p ≤ 0.02
Microscopic hematuria   2 (6 %)   2 (5 %) NS
cU IgG (≥5.0 µg/min)   8 (24 %)   3 (7 %) NS
cU albumin (≥20 µg/min)   9 (26 %)   0 p ≤ 0.01
cU α1m (≥7.0 µg/min)   7 (21 %)   2 (5 %) NS
ANA-positive 28 (82 %) 38 (86 %) NS
Anti-SSA ab-positive 25 (76 %) 32 (73 %) NS
Anti-SSB ab-positive 21 (64 %) 20 (46 %) NS
S-IgG (g/l) 19.7 ± 7.7 18.3 ± 6.6 NS
S-β2m (mg/l) 3.33 ± 1.71 2.73 ± 0.77 p ≤ 0.025
______________________________________________________________________________________________
dRTA = distal renal tubular acidosis; cU = collected urine = timed overnight collection; α1m = alpha-1 micro-
globulin; ANA = anti-nuclear antibodies; S-β2m = serum beta-2 microglobulin
Statistical analysis: Student's t-test and Chi-square test with Yates' correction
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measured at the study examination were significantly higher in those with proteinuria
(Table 9). dRTA occurred more frequently in those with mild proteinuria than in those
with normal urinary protein excretion (52% vs. 18%, p ≤ 0.02). The levels of serum β2m
were significantly higher in those with proteinuria compared with those with normal
urinary protein excretion (3.33 ± 1.71 vs. 2.73 ± 0.77 mg/l, p ≤ 0.025).

No differences were seen between the proteinuric and non-proteinuric patients in
the occurrence of RF, ANA, anti-SSA or anti-SSB antibodies nor in the concentrations
of serum immunoglobulins (Table 9). Anti-DNA antibodies were detected in one
proteinuric patient and in five patients with no proteinuria; none of them fulfilled more
than three of the 11 criteria for SLE (Tan et al. 1982).

A logistic regression analysis was made with duration of xerostomia, serum
creatinine level, serum β2m and systolic and diastolic blood pressures, as well as age in
the model. Duration of xerostomia and diastolic blood pressure were found to be
independently associated with the presence of proteinuria (p = 0.0230 and p = 0.0126,
respectively) in pSS patients in this model.

5.3.6  Predictive factors for proteinuria (IV)

The mean baseline levels of serum β2m tended to be higher in patients with mild
proteinuria than in those with normal urinary protein excretion (3.10 ± 1.44 vs. 2.52 ±
0.75 mg/l, p = 0.052). The baseline levels of serum β2m were significantly higher in
patients with increased excretion of urinary α1m (4.6 ± 1.8 vs. 2.6 ± 0.8 mg/l, p = 0.029)
as compared to those with normal urinary α1m excretion.

There were no significant differences in the mean baseline levels of serum
creatinine, serum total protein or concentrations of immunoglobulins A, G or M
between those with proteinuria and those without. There were likewise no significant
differences between the groups in the number of patients with positive Waaler-Rose test
or ANA at baseline (Table 10).

Clinical baseline findings: sicca symptoms in the eyes and mouth, history of
recurrent salivary gland swellings, the results of the Schirmer or Rose-Bengal tests or
the histological grades in LSG biopsies did not differ significantly in patients who later
developed proteinuria as compared to those who did not.
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Table 10. Baseline characteristics in patients with primary Sjögren´s syndrome with
proteinuria and normal urinary protein excretion (IV).

_____________________________________________________________________________________
Urinary total protein excretion (g/24 h)

Variable ≥0.15 (n=34) < 0.15 (n=44) Significance
_____________________________________________________________________________________
Age at baseline (mean ± SD, years) 49 ± 12 50 ± 12 0.795
S-creatinine (µmol/l) 82 ±14 81 ± 12 (n=41) 0.777
RF-positive 20 (67 %) (n=30) 16 (43 %) (n=37) 0.056
ANA-positive 21 (62 %) 30 (68 %) 0.555
S-protein (g/l) 79 ± 8 (n=30) 79 ± 7 (n=39) 0.933
S-gammaglobulin (g/l) 21.3 ± 7.7 (n=28) 18.4 ± 6.6 (n=38) 0.110
S-IgA (g/l) 3.06 ± 1.73 3.08 ± 1.60 0.960
S-IgG (g/l) 23.0 ± 6.9 20.9 ± 8.1 0.237
S-IgM (g/l) 1.96 ± 1.08 2.13 ± 1.23 0.530
S-β2m (mg/l) 3.10 ± 1.44 (n=30) 2.52 ± 0.75 (n=38) 0.052
_____________________________________________________________________________________
RF = rheumatoid factor; ANA = anti-nuclear antibodies;  S-β2m = serum beta-2 microglobulin
Statistical analysis: Student´s t-test and Chi square test or Fisher´s exact test

5.4  IL-6 and promoter region gene polymorphism in pSS (V)

5.4.1  Clinical associations of IL-6 plasma levels (V)

IL-6 plasma levels were higher in pSS patients compared to those in healthy controls
(4.05 ± 2.62 vs. 1.80 ± 2.53 pg/ml, p < 0.0001) (Table 11). Furthermore, the plasma IL-
6 levels were higher (4.81 ± 2.43 pg/ml) in patients with definite pSS (four Californian
criteria) than in those with possible pSS (three criteria) (3.39 ± 2.63 pg/ml, p < 0.05).
Plasma IL-6 levels were also significantly higher in patients with histological grade ≥ 3
in LSG biopsy (4.47 ± 2.50 pg/ml, n = 49) compared to those with grade < 3 (2.78 ±
2.62 pg/ml n = 17, p < 0.005).

Plasma IL-6 levels were significantly higher in pSS patients with associated celiac
disease, in patients with PNS symptoms and in patients with lung fibrosis or alveolitis
as compared to those without these findings (Table 11). The plasma IL-6 levels were
lower in patients with purpura than in those without. No significant differences in IL-6
concentrations were found when the patients were divided into groups by existence of
joint pain or swelling, Raynaud’s phenomenon, CNS symptoms, hypothyroidism,
diabetes, overt or latent dRTA, lymphadenopathy.

Anti-SSA antibody-positive patients had lower IL-6 concentrations than those
proving anti-SSA antibody-negative (Table 11). No correlation was found between IL-6
plasma levels and age, disease duration, RF positivity or anti-SSA or anti-SSB antibody
titers.



Table 11.   IL-6 plasma levels and frequencies of the IL-6 gene-174 polymorphism alleles in healthy controls and in patients with primary Sjögren's syndrome with
various clinical manifestations of the disease (V).
_________________________________________________________________________________________________________________________________
Groups Plasma IL-6 pg/ml n Significance G carrier (%) n Significance

(mean ± SD)
____________________________________________________________________________________________________________
Normal controls 1.80 ± 2.53 400 282 (71) 400
pSS patients 4.05 ± 2.62   66 < 0.0001   41 (67)   61 NS

pSS and celiac disease 6.74 ± 2.82     8     6 (86)     7
pSS, no celiac disease 3.66 ± 2.38   58 < 0.005   35 (65)   54 NS

pSS and PNS symptoms 5.61 ± 1.96   13   10 (91)   11
pSS, no PNS symptoms 3.65 ± 2.63   53 < 0.005   31 (62)   20 NS

pSS, lung fibrosis or alveolitis 5.62 ± 2.50     8     8 (86)     7
pSS, no lung fibrosis or alveolitis 3.82 ± 2.58   58 < 0.05   35 (65)   54 NS

pSS and purpura 2.57 ± 1.39   12     7 (64)   11
pSS, no purpura 4.36 ± 2.72   54 < 0.05   34 (68)   50 NS

pSS and anti-SSA ab 3.55 ± 2.26   45   25 (63)   40
pSS, no anti-SSA ab 5.41 ± 3.03   19 < 0.05   15 (79)   19 NS

No. of  pSS criteria (Fox et al. 1986)
4 criteria 4.81 ± 2.43   30   22 (67)   33
3 criteria 3.39 ± 2.63   36 < 0.05   19 (68)   28 NS

Grade in LSG (Chisholm-Mason scale)
4 4.52 ± 2.55   34
3 4.37 ± 2.47   15
2 3.01 ± 2.82   14
1 1.60 ± 1.05     2
0 1.87     1 < 0.0051

_________________________________________________________________________________________________________________________________
pSS = primary Sjögren's syndrome; PNS = peripheral nervous system; LSG = labial salivary gland
Statistical analysis: Comparisons between plasma IL-6 concentrations in different groups were performed by  Mann-Whitney U test and between allele frequencies
by Chi square test and Fisher´s exact test. 1 Comparison between non-diagnostic (0–2) and diagnostic (3–4) grades



56

5.4.2  Clinical associations of IL-6 (-174) G/C base exchange polymorphism (V)

The allele frequencies were similar in pSS patients and in controls (Table 11). The IL-6
plasma levels were higher in pSS patients with allele G/G (5.35 ± 3.01 pg/ml) than in
those with G/C (3.96 ± 2.71 pg/ml) or C/C (3.52 ± 2.40 pg/ml; G/G vs. C/C, p<0.05).
IL-6 plasma levels did not differ in healthy controls of different IL-6 genotypes. Allele
G of the IL-6 gene was more frequently observed in pSS patients with associated celiac
disease, PNS symptoms, lung fibrosis or alveolitis and anti-SSA antibody negativity,
although the differences did not attain statistical significance.
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6  Discussion

6.1  Patient selection (I–V)

As several different classification criteria for SS are in use (Fox et al. 1986, Homma et
al. 1986, Manthorpe et al. 1986, Skopouli et al. 1986, Vitali et al. 1993), controversy
prevails as to the most preferable set for the diagnosis of SS. Patients for the present
studies were originally selected by modified Californian criteria from the patient records
of a University Hospital. Thereby, a certain selection had already taken place prior to
invitations to participate in the present studies; these are not population-based studies,
but the patients were selected from a hospital that serves as a secondary and tertiary
referral center.

The Californian criteria (Fox et al. 1986) for pSS are in use in the United States.
They comprise the strictest of the sets, necessitating evidence of systemic autoimmune
abnormalities and a higher focus score in the LSG biopsy than the European criteria
(Vitali et al. 1993). However, the preliminary European Community study group criteria
have also recently been modified: inclusion of anti-SSA antibody or minor salivary
gland biopsy has been proposed as obligatory for diagnosis (Vitali and Bombardieri
1997).

The European criteria are the only criteria for SS based on a multicenter validation
procedure. However, the validation process in question has been criticised (Daniels and
Whitcher 1995). The criteria offer a range of diagnostic alternatives (replacement of the
LSG histology by salivary scintigraphy, sialography or salivary flow measurement), this
leading to a larger and possibly more heterogeneous group of patients with a diagnosis
of SS (Daniels and Whitcher 1995). The European criteria include specific questions on
the presence of sicca symptoms in the eyes and mouth and could thus not have been
used in the process of evaluating patient records retrospectively.

In the follow-up study of subjects with sicca symptoms (I) the use of the European
criteria instead of the Californian in the diagnosis of SS would most certainly have
increased the number of subjects fulfilling the criteria at follow-up. In addition,
however, it would have excluded some subjects at baseline, thus not after all necessarily
influencing the proportion of patients fulfilling the diagnostic criteria at follow-up. The
most important issue in a follow-up study in this respect seems to be the use of exactly
the same criteria at both evaluations.

Nonetheless, as the European criteria are currently almost without exception used
in Europe, it was subsequently ascertained that all the pSS patients attending studies II-
V also in fact met at least four of the European criteria. Since, however, patients were
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originally selected by modified Californian criteria, some of those excluded from the
studies would very probably have fulfilled the European criteria. Thus the findings in
the nephrological studies can be deemed specific for SS, as patients with only subjective
disease were not included; the most disease-specific criteria were applied. On the other
hand, the particular aim of the study was to determine the occurrence of renal
involvement in patients with pSS, and patients with sSS were carefully excluded.
However, the prevalence of renal involvement as well as of NHLs is probably higher in
patients from the clinical setting of a University Hospital than would be the case in a
population-based material.

In the present studies, two modifications were made to the Californian criteria for
practical and ethical reasons. For the first, salivary flow rate measurements were not
available, and the existence of xerostomia was thus defined as a subjective troublesome
daily feeling of dry mouth for more than three months. Grade 3 histology on the
Chisholm-Mason scale was accepted as a diagnostic histology, as new labial salivary
gland biopsies for subjects who already had a focus of lymphocytes found in their
biopsy were considered unjustified (I). The effect of these modifications on the results
is probably not substantial, since LSG histology is generally considered more reliable in
evaluating the salivary component of SS than salivary flow measurements and, on the
other hand, the proportion of patients with grade 3 histology was small.

6.2  Methods (I–V)

The proportion of patients attending the interview and clinical and laboratory
examinations (I–IV) was high; 92% in the follow-up study of subjects with sicca
symptoms, 87% in the cohort study of patients with pSS and 84% in the nephrological
studies. Since all the remaining pSS patients had also visited the rheumatological
outpatient clinic of Tampere University Hospital for regular check-up, the clinical and
laboratory data on these patients could also be fairly reliably obtained (II).

In the present follow-up studies (I–II) the baseline data were collected retro-
spectively from the patient records. However, in our clinic the diagnosis of SS has been
made since the 1970s in a highly standardised manner including an ophthalmological
examination, labial salivary gland biopsy and a systematic laboratory evaluation, which
makes the evaluation of the baseline data in these studies eminently reliable. To avoid
interobserver variation the clinical examination and a structured interview of the
patients (I–V), the ophthalmological examinations (I) and the repeat labial biopsies (I)
at follow-up were undertaken by one rheumatologist, by one ophthalmologist and by
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one otorhinolaryngologist. The histological evaluation of all the LSG specimens at
follow-up was made by an experienced pathologist blind to the clinical data (I).

The methods for rheumatoid factor and ANA determinations (I-IV) were different
at baseline (Waaler-Rose agglutination test and indirect immunofluorescence on
multiblock cryostat sections, comprising rat liver and mouse kidney, heart and stomach,
respectively) and at follow-up (laser nephelometry and indirect immunofluorescence
using Hep-2 cells, respectively), a limitation which should be borne in mind when the
proportions of patients seropositive at different time-points are reported.

Anti-ENA antibody determinations were comprehensively available only at
follow-up. In our patients the overall occurrence of both anti-SSA and anti-SSB
antibodies was higher than in other series (Alexander et al. 1982b, Venables et al. 1989,
Moutsopoulos and Zerva 1990). This is probably due to the sensitive ELISA method
employed; on the other hand, as anti-SSB antibodies have been found specific to and
predictive of SS (Venables et al. 1989, Isenberg et al. 1982), their frequent occurrence
also reflects the fact that patients with sSS have been excluded from these studies (II-
V).

For evaluation of tubular proteinuria the urinary α1m excretion rate was deter-
mined. Urinary α1m is superior to urinary β2m in screening for tubular abnormalities, in
particular by merit of its stability at low pH (Yu et al. 1983). Urinary β2m loses its
antigenicity at pH < 6.0, which can lead to underestimation of the intensity of low-
molecular-weight proteinuria.

In an overt syndrome of RTA the diagnosis can be readily made from the
concomitant metabolic acidosis and alkaline urine, while in latent forms of dRTA there
is no systemic acidosis and the only means of disclosing the acidification defect is by an
acid loading test. Wrong and Davies (1959) showed that a short ammonium chloride
loading in the investigation of renal acidification capacity gives similar information to
that obtained after loading over several days. Their material and later studies of normal
adults (Morris and Fudenberg 1967, Adler et al. 1968) lack data on the degree of acidity
in urine in relation to the degree of acidosis obtained. Backman and colleagues (1976)
have emphasised that it should be ensured that acidosis is achieved, as they found that
both ammonium chloride capsules and tablets failed to be absorbed in some subjects. As
the acidosis achieved in their study was high they could show that the renal excretion of
H+ as titratable acid and NH4

+ increased with the degree of acidosis, contrary to another
report (Tannen 1971). The critical range for normal acidification of urine appeared to lie
between a base excess of –3 to –6 mmol/l, below which level all normal subjects had
acidified their urine to a pH lower than 5.0.

An ammonium chloride loading test was applied as a short-duration test
(Backman et al. 1976) (III) provided there was no known contraindication. Inability to
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acidify the urine in maximal acidosis (latent dRTA) was defined (III) according to the
reference values (Backman et al. 1976) related to the degree of acidosis achieved in the
acid loading test.

6.3  Follow-up study of patients with sicca symptoms (I)

6.3.1  General (I)

Thirty-six per cent of the subjects with complaints of dryness of either eyes or mouth,
developed SS after a median follow-up time of 11 years. Furthermore, eight out of the
56 (14%) other patients with initial sicca symptoms developed features of another
rheumatic disease. Very few follow-up studies have hitherto been made on patients with
sicca symptoms.

The purpose of the follow-up study of patients with sicca symptoms was to obtain
further information on the natural history of  pSS. The proportion of patients with sicca
symptoms who finally developed clinically evident SS was fairly small in spite of the
long follow-up time. This would imply that the development of SS is probably a
particularly slow process. On the other hand this finding emphasises the significance of
a precise and careful diagnosis: not all subjective sicca symptoms indicate the presence
of pSS. In the few former studies in this context, the frequency of SS developing among
patients with sicca symptoms has been even lower. In a prospective study among 45
patients with KCS complete SS was observed in only 17 % of the subjects (Forstot et al.
1982). In a long-term follow-up study, none of a total of 56 patients with isolated KCS
was reported to have developed SS (Kruize et al. 1996). However, the follow-up
assessment was not complete and did not include a second labial salivary gland biopsy,
and only 67% of the KCS patients were reached for follow-up.

6.3.2  Ocular findings (I)

The frequency of subjective sicca symptoms in the eye increased and the objective
ocular findings progressed over time in the SS group. The frequency of these subjective
symptoms decreased over time in the sicca group and there was no progression in the
objective ophthalmological findings in that group during the follow-up. The latter
findings are in accordance with results of earlier studies (Kriegsbaum et al. 1988,
Kruize et al. 1996).
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6.3.3  Oral findings (I)

Similarly to the subjective sicca symptoms in the eyes, the frequency of such symptoms
in the mouth increased over time in the SS group. However, subjective xerostomia
symptoms remained comparable to the baseline situation in the sicca group.

There was a significant progression in the histological findings in labial salivary
gland specimens over time in the present study. However, it must be remembered that
since repeat biopsies were not performed on patients with diagnostic findings initially,
no information on possible deterioration or healing of these lesions is available. In two
former studies, serial assessments of histological findings have been described in
patients with SS (Leroy et al 1992, Jonsson et al. 1993), but in no populations with sicca
symptoms alone. In these two studies also, the lesions were mainly progressive with
time.

6.3.4  Predictive factors for the development of SS (I)

High age at symptom onset was found to be a predictive factor for SS development. The
effect of age on the presentation of SS has lately drawn attention and somewhat
contradictory results have been reported. In pSS patients of young age at onset of
disease, anti-SSA antibodies, positive RF and monoclonal immunoglobulins were
encountered more frequently than in those old at onset (Ramos-Casals et al. 1998, Haga
and Jonsson 1999). On the other hand, Garcia-Garrasco and associates (1999) found no
notable differences in clinical and immunological characteristics in patients with pSS at
older onset compared to others.

Positive ANA were found in the present study to be predictive of SS development
in patients with sicca symptoms. In a long-term follow-up study involving pSS, sSS and
KCS patients (Kruize et al. 1996) it was sought to identify laboratory factors predictive
of the development of extraglandular symptoms of SS, but no such factors were found.
The only predictive factors for SS development previously suggested have been anti-
SSA and anti-SSB antibodies (Martinez-Lavin et al. 1979, Simmons-O'Brien et al.
1995). In the present study anti-SSA and anti-SSB antibodies were not available for the
analysis of predictive factors. As here ANA positivity was found to be a factor
predictive of SS development among patients with sicca symptoms, one might speculate
that anti-SSA and anti-SSB antibodies, being more specific for SS, would presumably
have gained even more significance in this respect.

In addition to positive ANA, high serum IgG concentrations were found in the
present study to be predictive of SS development in patients with sicca symptoms.
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Similar findings have been observed with regard to the course of established SS. Plasma
level of IgG, serum level of ANA and assessment of focal sialadenitis in LSG were used
as markers for immuno-inflammatory activity in a model suggested for classification of
disease manifestations in pSS based on a retrospective, long-term observational clinical
study (Asmussen et al. 1996). The baseline markers of disease activity were observed to
be correlated with the long-term outcome of clinical disease (Asmussen et al. 1996).

Here, a high concentration of serum β2m predicted SS development in patients
with sicca symptoms. This is in agreement with a previous finding that higher mean
serum concentrations of β2m were present in patients with SS than in those with KCS
only or controls (Ström et al. 1978). High serum β2m levels have previously been
reported especially in SS patients with lymphoproliferative complications or renal
involvement (Michalski et al. 1975).

A small portion of the patients with initial sicca symptoms developed other
rheumatic diseases by the time of the follow-up. Similarly, 39% of initially ANA and
RF positive patients who were negative for anti-SSA and anti-SSB were given revised
diagnoses over a follow-up period of 10 years (Davidson et al. 1999).

6.4  Cohort study of pSS patients (II)

6.4.1  General (II)

The cumulative clinical characteristics and the frequencies of extraglandular features
(arthralgias and arthritis, Raynaud's symptom, purpura, chest symptoms, lympha-
denopathy, serositis, renal and neurological symptoms) in the patients with pSS are in
fair accord with findings hitherto (Pavlidis et al. 1982, Kelly et al. 1991, Markusse et al.
1992, Pease et al. 1993, Davidson et al. 1999).

In the course of time, mean blood ESR and the mean concentrations of serum IgG
and IgM decreased in these patients with pSS, also in patients who had never been
treated with either corticosteroids or DMARDs. This decrease is most probably not
explained by increasing age, as an age-related increase in serum immunoglobulin IgA
and IgG concentrations has been established in several studies of healthy populations
(Riesen et al. 1976, Batory et al. 1984, Rajczy et al. 1986, Paganelli et al. 1992).

In an earlier follow-up study of SS patients (Kruize et al. 1996) including 21 with
pSS, a decrease in mean serum IgG level was noted, as in the present study. However,
unlike the present case, no statistically significant changes in the concentrations of
blood ESR or serum IgM were noted during the follow-up. In patients with isolated
KCS, ESR and IgA levels were higher at follow-up than at baseline.
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In another follow-up study, improvement in the clinical features of pSS which
could not be attributed to therapy occurred in 12 out of 100 patients (Kelly et al. 1991).
This development was associated with a decrease in the titers of ANA or RF. Recently,
Haga and Jonsson (1999) observed that young adult pSS patients had a higher frequency
of auto-antibodies than middle-aged and elderly patients, indicating a more active
immunological disease. As the presence of anti-SSA/SSB, RF and levels of serum IgG
did not correlate negatively with disease duration from symptom onset, the authors
concluded that the younger patients did not lose their immunological activity with age,
but that there would be two entirely different subsets of pSS patients in respect of
serological abnormalities.

Previously, a fall in levels of serum gammaglobulins, especially of IgM and
autoantibodies, has been found to accompany or precede the onset of lymphoid
malignancies in patients with SS (Talal and Bunim 1964, Whaley et al. 1973a). Since
here the mean serum C3 concentrations in pSS patients were found to increase over
time concomitant with the decline in serum IgG and IgM concentrations, these findings
together might reflect diminishing inflammatory activity over time rather than
developing lymphoid malignancies. These remarks are, however, purely speculative, as
this cohort study did not evaluate whether the declining immunoglobulin concentrations
were associated with any positive effects on the health of the patients. At least this
decline did not eliminate the increased risk of lymphoma development in the cohort, a
fact which supports previous suggestions of a monoclonal process initiated very early in
the course of SS (Tzioufas et al. 1987).

6.4.2  Lymphoproliferation in pSS (I-II)

An excess risk of NHL in  patients with SS was observed in this pSS patient cohort, in
accord with a number of previous studies (Talal and Bunim 1964, Bloch et al. 1965,
Anderson and Talal 1971, Kassan et al. 1978, McCurley et al. 1990, Kelly et al. 1991,
Markusse et al. 1992, Pavlidis et al. 1992, Pease et al. 1993, Zufferey et al. 1995, Kruize
et al. 1996, Kauppi et al. 1997, Davidson et al. 1999). The incidence of malignancies
other than lymphoid was not increased in this patient cohort, as also observed in the
epidemiological study by Kassan and colleagues (1978).

Three of the 110 pSS patients in this study developed NHL. Most lymphomas
complicating the course of SS are derived from B-lymphocytes (Shin et al. 1991). One
of the NHLs in these patients was an ileal T-cell lymphoma, a form unusual in SS
(Wilke et al. 1984, Isenberg et al. 1987, Schuurman et al. 1987, Rustin et al. 1988, van
der Valk et al. 1989).
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However, no cases of lymphoma were recorded among the patients with sicca
symptoms. This might be explained by a shorter observation period from symptom
onset compared to a population where the diagnosis of SS is already apparent. However,
in the epidemiological study by Kassan and associates (1978) the risk of lymphoma in
SS was not associated with either age or duration of disease. Ramos-Casals and
colleagues (1998) report a higher incidence of lymphomas in patients with pSS with
symptom onset at young as against old age. Nor did any patients with isolated KCS
develop lymphoproliferative disease during the follow-up in two former studies
(Zufferey et al. 1995, Kruize et al. 1996).

6.4.3  Risk factors for NHL (II)

The patients who developed lymphoma evinced several extraglandular features of SS.
Regarding the clinical presentation at baseline, however, no statistically significant
differences could be observed at least in the glandular findings compared to other
patients. Usually, SS patients who develop lymphoid neoplasms have had a severe sicca
syndrome with many of its complications (Talal et al. 1967, Sutcliffe et al. 1998). These
clinical observations could not be confirmed by McCurley and associates (1990): age,
duration of disease, extent of lymphadenopathy, splenomegaly, or parotid swelling did
not identify the patients at risk of lymphoma. In a recent European multicenter study
lymphadenopathy, skin vasculitis, peripheral nerve involvement, low-grade fever,
anemia and lymphopenia were observed more frequently in SS patients with NHL than
in those without (Voulgarelis et al. 1999). Purpura, decreased C4 complement levels
and mixed cryoglobulinemia, were found to be adverse prognostic factors in a recent
large cohort study (Skopouli et al. 2000)

The pSS patients with subsequent lymphoma here had higher baseline IgA, IgM
and β2m levels than those without. High serum β2m was found to be an independent
predictive factor for lymphoma development in pSS patients. The number of patients
with malignant lymphoproliferation was small in this study, and thus caution is
warranted regarding results identifying patients at risk of developing NHL, although the
results in this respect were parallel to previous findings. Elevated levels of serum β2m
have previously been associated with renal and lymphoproliferative complications
(Michalski et al. 1975) of SS and pulmonary hyperinflation in patients with pSS
(Lahdensuo and Korpela 1995)
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6.4.4  Mortality in SS (II)

The standardised mortality ratio for female pSS patients in this cohort was only slightly
increased compared to that in the general population. Recently an increased SMR (2.07)
was reported in a cohort of 261 pSS patients with a median follow-up time of three
years (Skopouli et al. 2000). Hitherto, only one population-based cohort study on
survivorship in SS has been published; in that study patients with pSS were not found to
have increased mortality (Martens et al. 1999).

6.5  Renal involvement in pSS (III–IV)

6.5.1  The occurrence of dRTA and proteinuria (III)

Representing the largest material of pSS patients with examinations of renal
acidification capacity, these results confirm the frequency of dRTA in pSS to lie around
30%. This result was based strictly on findings in pSS patients and is in fair accord with
most previous reports (Shearn and Tu 1965, Talal et al. 1968, Whaley et al. 1973a,
Siamopoulos et al. 1986, Shiozawa et al. 1987, Pokorny et al. 1989) but is higher than
figures reported by Viergever and Swaak (1991) (12%) and Vitali and colleagues (1991)
(15%) but lower than those given by Eriksson and associates (1995) (67%).

Proteinuria in pSS patients was detected more frequently than in earlier reports,
but in keeping with previous findings the quantity of proteinuria was of minor degree.
However, this is hitherto the largest material of pSS patients where urinary protein
excretion has been systematically investigated.

Increased urinary α1m excretion reflects particularly proximal rather than distal
tubular disorders  (Yu et al. 1983). Signs of tubular proteinuria, detected by urinary
α1m, were found here relatively rarely (in 12% of the patients). Excretion of urinary
α1m as a sign of tubular proteinuria has previously been used in only one study of pSS
patients (Eriksson et al 1995), where increased excretion was observed in up to 46 % of
the group.

In spite of the instability of urinary β2m at low pH, higher figures for tubular
proteinuria than in the present study have been reported with increased urinary β2m
excretion as an indicator of proximal tubular dysfunction. Shiozawa and associates
(1987) found increased urinary β2m excretion in four out of 11 patients (36%) and
Viergever and Swaak (1991) in seven of their 27 pSS patients (26%).
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6.5.2  The occurrence of renal impairment (III)

Mild azotemia is possible in patients with pSS (Tu et al. 1968). Although overt or latent
dRTA was a frequent finding in pSS patients in this study, frank renal impairment in
association with renal tubular acidification defect seldom occurred, similarly to findings
by Vitali and colleagues (1991). All except two of the subjects with increased serum
creatinine levels and all of those with decreased creatinine clearance were aged over 65
years. Similarly to previous studies the renal impairment observed in our pSS patients
was only of mild to moderate degree (Eriksson et al. 1995).

6.5.3  Factors associated with the occurrence of dRTA (III)

The patients with latent or overt dRTA did not differ in mean age from the other
patients in the present study, similarly to observations by Shioji and associates (1970).
In two previous studies (Shiozawa et al. 1987, Pokorny et al. 1989) the patients with
dRTA were younger than those with normal renal tubular acidification capacity. The
duration of the disease, and especially that of xerostomia, was significantly longer in
patients with latent or overt dRTA than in the others. Similar (Shiozawa et al. 1987) and
contrasting (Pokorny et al. 1989) findings have been reported.

Hypertension and mild proteinuria occurred more frequently in pSS patients with
dRTA than in those with normal urinary acidification capacity. Similar observations
have not previously been reported.

Serum β2m concentration was significantly higher in patients with latent or overt
dRTA than in those with normal acidification capacity. A high level of serum β2m has
also previously been associated with renal findings in SS (Michalski et al. 1975).
Among 97 SS patients, serum β2m exceeded 4 µg/ml in 85% of those with associated
renal disease (RTA or lupus nephritis), but in only 14% of those without either renal or
lymphoproliferative complications (Michalski et al. 1975).

The serum concentrations of β2m and creatinine are closely correlated in subjects
with elevated serum levels of creatinine (Wibell et al. 1973). The serum level of β2m is
determined both by the rate of synthesis and by the glomerular filtration rate (Karlsson
et al. 1980). Increased production of serum β2m is observed in conditions involving
neoplastic proliferation of lymphoid B-cells or in inflammatory disorders connected
with an activation of the lymphopoetic system (Karlsson et al. 1980). Thus both
increased production of the protein as well as reduced GFR may account for raised
serum β2m concentrations in pSS patients with dRTA.
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In the present study no significant differences in serum IgG concentrations were
found between patients with dRTA and those with normal acidification capacity,
although there was a tendency for serum IgG levels to be higher in the dRTA group.
Previously, hypergammaglobulinemia has been associated with dRTA both in SS and in
other conditions (Shearn and Tu 1965, McCurdy et al. 1967, Morris and Fudenberg
1967, Talal et al. 1968). On the other hand, no significant associations between serum
gammaglobulin concentration and dRTA were found in a number of studies (Pokorny et
al. 1989, Viergever and Swaak 1991, Vitali et al. 1991,  Siamopoulos et al. 1992).

In the present series no differences emerged in the occurrence of anti-SSA or anti-
SSB antibodies between patients with dRTA and normal acidification capacity. Similar
findings regarding their association with renal abnormalities have been reported else-
where (Pokorny et al. 1989, Siamopoulos et al. 1992), although anti-SSA and anti-SSB
antibodies have previously been associated particularly with extraglandular manifes-
tations of SS (Moutsopoulos and Zerva 1990).

6.5.4  Factors associated with the occurrence of proteinuria (III)

There was no significant difference between the mean age of the patients with
proteinuria and those with normal urinary protein excretion. The duration of xerostomia
was longer, the levels of systolic and diastolic blood pressure were higher, dRTA
occurred more frequently and the levels of serum β2m were higher in pSS patients with
proteinuria compared to those without. Furthermore, it was noteworthy that in the
subgroup of pSS patients whose acidification capacity was evaluated, the presence of
proteinuria was in a logistic regression model significantly associated with RTA. Thus
in patients with pSS, mild proteinuria might indirectly imply the possibility of a defect
in renal acidification capacity. However, the clinical significance of these findings must
of necessity be confirmed, as no such comparisons in respect of proteinuria in pSS have
previously been presented.

6.5.5  Predictive factors for renal involvement (IV)

High serum total protein and gammaglobulin levels were here risk factors underlying
later  development of dRTA, consistently with the report of Talal and colleagues (1968).
In addition, high levels of serum β2m were associated with the future development of
dRTA, mild proteinuria and increased urinary excretion of α1m in pSS patients.
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Michalski and co-workers (1975) have previously shown an association of high serum
β2m levels with clinically obvious renal manifestations in SS.

Previously, even a causative effect of hypergammaglobulinemia for the develop-
ment of RTA has been suggested (Morris and Fudenberg 1967). However, renal
interstitial lymphocytic infiltrates were demonstrated in three out of four SS patients
with dRTA and in none of four patients with normal renal acidification capacity, despite
the presence of hypergammaglobulinemia in both groups (Shioji et al. 1970). Mere
hypergammaglobulinemia does not cause dRTA, as dRTA was not observed in RA
patients when studied with ammonium chloride loading tests, even if they were hyper-
gammaglobulinemic (Pasternack et al. 1970).

An immunological mechanism of the renal tubular impairment in SS has been
suggested by histological studies (Talal et al. 1968, Pasternack and Linder 1970, Shioji
et al. 1970). The association of a high concentration of serum β2m with latent or overt
dRTA also implies that the renal manifestation may be a consequence of prolonged
active lymphoproliferation.

Positivity in ANA did not predict the development of subsequent latent or overt
distal RTA, proteinuria or increased excretion of urinary α1m. However, as baseline
ENA antibody determinations were not comprehensively available in these patients, the
possible role of the more disease-specific anti-SSA and anti-SSB antibodies as
predictive factors for renal involvement  could not be evaluated. However, in most
previous studies, pSS patients with anti-SSA antibodies have been found to be more
prone to develop systemic disease (Kelly et al. 1991, Pease et al. 1993). In one follow-
up study, however, no significant differences were found between patients with and
without renal manifestations in the occurrence either of RF, ANA, anti-SSA and anti-
SSB or of anti-DNA antibodies (Pokorny et al. 1989).

As the renal acidification defect in the vast majority of these patients was only
subclinical, the precise time-point at which these defects emerged is not known.
Definite exclusion of patients with possible subclinical renal manifestations at the onset
would have necessitated ammonium chloride loading tests also at baseline. This
limitation has to be remembered when interpreting the results, especially as the degree
of statistical significance of most factors found to be predictive of renal involvement
was not very strong.
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6.6  Clinical associations of IL-6 plasma levels and promoter region

gene polymorphism in pSS (V)

The IL-6 plasma levels were increased in patients with pSS compared to healthy
controls, similarly to findings originally reported by Pettersson and colleagues (1992).
However, this was the first time that high IL-6 levels were shown to be associated with
clinical features and specific extraglandular manifestations of pSS.

Plasma IL-6 levels increased in parallel with the histological grade in LSG
biopsies as well as the number of pSS criteria fulfilled. The lymphocyte infiltration
grade of LSG histology is one of the most specific diagnostic markers of pSS, and the
number of pSS criteria fulfilled can also be considered to reflect the severity of pSS.

Local and systemic increases in IL-6 and other pro-inflammatory cytokines have
been observed in association with gluten sensitivity (Przemioslo et al. 1994, Fornari et
al. 1998) and could explain the elevated IL-6 levels in pSS patients with celiac disease.

IL-6 levels were higher in pSS patients with lung fibrosis or alveolitis than in
those without. The diagnosis of pulmonary fibrosis was based on chest radiograph
examinations only, not on HRCT or diffusion capacity determinations. However, the
finding seems relevant, as IL-6 has previously been suggested also to play a role in the
development of both diffuse interstitial fibrosis (Shahar et al. 1996) and pulmonary
fibrosis in systemic sclerosis (Hasegawa et al. 1998).

The etiology of peripheral neuropathies in SS is held to be related to inflammatory
vascular disease of the vasa nervorum (Kaltreider and Talal 1969, Alexander et al.
1981). The possible role of plasma IL-6 levels in the pathogenesis of the PNS symptoms
in pSS patients remains to be ascertained. Identification of PNS symptoms relied on
patient records and interview, not on systematic neurological examinations, which
limits judgement of the significance of the findings.

The G/C polymorphism of the IL-6 gene does not predispose to pSS, as the IL-6
allele frequencies were similar in patients and normal subjects. However, the plasma IL-
6 levels were regulated by the IL-6 genotype in pSS patients but not in controls.
Furthermore, the circulating IL-6 was related to specific manifestations of pSS. Thus,
allele G carrier status and the high IL-6 levels associated with it could be related to the
severity of pSS and could constitute risk factors for certain extraglandular
manifestations associated with pSS.
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7  Summary and conclusions

In the present studies the long-term outcome of patients with sicca symptoms (I) and of
patients with pSS (II) was assessed. The occurrence of renal involvement in pSS (III)
and the factors predictive of it (IV), were investigated. Further, IL-6 plasma levels and
the gene polymorphism of IL-6 and their possible association with clinical features of
pSS were examined (V).

Thirty-one of the 87 subjects (36%) with symptoms of dryness of either eyes or
mouth, developed SS after a median follow-up time of 11 years (I). No cases of
lymphoma were found during the follow-up of patients with sicca symptoms. Factors
which could predict the development of clinical SS in patients with sicca symptoms
were: high age, positive ANA, elevated levels of serum gammaglobulin and serum IgG
as well as a high level of serum β2m.

Factors identified as suggestive for a diagnosis of pSS among patients with sicca
symptoms might aid in recognising this condition in clinical work. On the other hand,
the fact that only a third of patients with subjective sicca symptoms developed SS
during follow-up underlines the value of objective findings and careful and precise
diagnostic procedures.

In a cohort of 110 patients with pSS levels of serum IgM and IgG were found to
decline in the course of time (II). This tendency was not explained by treatment. As in
previous studies, the risk of NHL in this cohort of pSS patients was increased (II). The
pSS patients subsequently developing lymphoma had higher baseline serum β2m levels
than the others. The small number of NHL cases in this cohort limits interpretation of
the result. However, the clinician should keep in mind the possibility of subsequent
malignant lymphoproliferation particularly in pSS patients with elevated baseline serum
β2m concentrations.

The present study (III) is the largest series published hitherto in which the
occurrence of renal manifestations in pSS has been investigated. Mild proteinuria was
found in up to 44% of the 78 pSS patients, which is more frequently than previously
reported. Similarly to earlier findings, clinically significant proteinuria appeared
infrequently. Long duration of xerostomia, high systolic and diastolic blood pressure
and high level of serum β2m were found more often in patients with proteinuria as
compared with others. The associations of the occurrence of proteinuria with clinical
features of pSS have not previously been reported. Therefore, the clinical significance
of the findings needs to be ascertained.
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The presence of  dRTA was investigated by ammonium chloride loading tests in
55 pSS patients (III). The frequency of latent or overt dRTA was confirmed to lie
around 30%. Duration of disease, and especially of xerostomia, was significantly longer
in patients with dRTA than in those with normal acidification capacity. Hypertension,
mild proteinuria and raised levels of serum β2m occurred more frequently in pSS
patients with dRTA. Renal impairment occurred seldom in association with dRTA. As
the frequency of overt RTA was low, there seems to be no need for routine ammonium
chloride loading tests in pSS patients in clinical practice. To recognise the frequently
encountered latent dRTA, concomitant analysis of acid-base balance and of the urinary
pH should be considered at least in the presence of suggestive clinical findings.

An elevated baseline serum β2m level was found to predict subsequent clinical
and subclinical renal findings (dRTA, proteinuria, urinary α1m excretion) in pSS
patients (IV). Other predictors of subsequent dRTA in pSS patients were elevated
baseline serum gammaglobulin, serum IgG and serum protein levels. Serum β2m might
be a useful parameter in clinical practice in the follow-up of pSS patients – elevated
levels should warrant alertness particularly to possible renal or lymphoproliferative
complications of pSS.

IL-6 plasma levels and the genetic polymorphism of IL-6 was investigated in 66
pSS patients and in healthy controls (V). The IL-6 gene allele frequencies in the
respective groups were similar. The IL-6 plasma levels were genetically regulated in
pSS patients but not in healthy controls. IL-6 was found to be associated with specific
clinical manifestations of pSS such as the histological grade in LSG biopsies, associated
celiac disease, pulmonary fibrosis or PNS symptoms.
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