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Cigarette smoking and the risk of primary
Sjögren’s syndrome: a nested case control
study
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Abstract

Background: Smoking is reported to affect the risk of a number of chronic disorders, including rheumatic diseases.
Previous cross-sectional studies have shown a lower frequency of smoking in patients with primary Sjögren’s
syndrome (pSS). The aim of this study was to investigate the impact of smoking and socioeconomic status on the
risk of subsequent diagnosis of pSS in a nested case-control study.

Method: Participants in two large population-based health surveys who were later diagnosed with pSS were identified
through linkage with the Malmö Sjögren’s Syndrome Register. Matched controls were obtained from the health surveys.

Results: Sixty-three patients with pSS with pre-diagnostic data from the health surveys were identified. Current smoking
was associated with a significantly lower risk of later being diagnosed with pSS (odds ratio (OR) 0.3; 95% CI 0.1–0.6).
Furthermore, former smoking was associated with an increased risk of subsequent pSS diagnosis (OR 4.0; 95% CI 1.8–8.8)
compared to never smoking. Similar results were found in a sub-analysis of patients with reported symptom onset after
inclusion in the health surveys. Socioeconomic status and levels of formal education had no significant impact on the risk
of later being diagnosed with pSS.

Conclusion: In this nested case-control study, current smoking was associated with a reduced risk of subsequent
diagnosis of pSS. In addition, former smoking was associated with an increased risk. Whether this reflects a biological
effect of cigarette smoking or other mechanisms should be further investigated in future studies.
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Background
Primary Sjögren’s syndrome (pSS) is an autoimmune
disease primarily affecting the salivary and lacrimal
glands, causing oral and ocular dryness. Other organs
such as lungs, kidneys, nervous system, and skin may
also be affected in the disease [1]. pSS is associated with
B-cell activation, presence of various autoantibodies, sys-
temic symptoms and an increased risk of non-Hodgkin
lymphoma [2, 3]. The onset of the disease is often insidi-
ous and development of autoantibodies is seen years
before onset of clinical disease [4, 5].

The estimated prevalence varies widely. When using
the American European consensus group criteria (AECG
criteria) [6] the prevalence of pSS is estimated to be
between 11.3 and 236.1/100,000 in different European
populations. Annual incidence estimates vary between
3.1 and 5.3/100000 [7].
The aetiopathogenesis of pSS is poorly understood but

it entails genetic factors [8], hormonal factors [9] and pos-
sible viral infections [10], while environmental triggers are
less well-studied. Smoking is a widely known risk factor
for several malignant diseases [11, 12], but also for chronic
inflammatory disorders such as rheumatoid arthritis (RA),
systemic lupus erythematosus (SLE) and Crohn’s disease
[13, 14]. Retrospective studies and studies with exposure
measured before diagnosis [15–17] in RA indicate that
smoking is particularly associated with seropositive RA. In
some diseases, such as ulcerative colitis, Behcet’s disease
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and Parkinson’s disease, smoking seems to have a protect-
ive effect [18–20]. Only three studies have specifically
addressed the association between smoking and pSS and
in none of them has smoking been assessed prior to pSS
diagnosis [21–23].
The closeness of cigarette smoke to mucosal mem-

branes and exocrine glands, and the effect of the cigarette
smoke on the immune system, makes the influence of
cigarette smoking on the development of pSS interesting.
However, when studying associations with smoking, social
status has to be taken into consideration because it can
correlate with both smoking and other exposures such as
environmental toxins and dietary factors. Finding epi-
demiological risk factors for pSS might help us understand
the underlying pathogenesis and thus guide further
studies. As smoking affects the development of several
diseases, including rheumatic disease, we hypothesized
that smoking also might affect the development of pSS.
To our knowledge, this is the first nested case-control
study on the relationship between smoking and socioeco-
nomic status and subsequent diagnosis of pSS.

Method
Aim
The aim of this study was to investigate the impact of
smoking and socioeconomic status on the risk of later
being diagnosed with pSS.

Source populations
This nested case-control study used information from
the Malmö Preventive Medicine Project (MPMP) and
the Malmö Diet and Cancer Study (MDCS). The MPMP
is a health survey performed in Malmö, Sweden (current
population approximately 320,000, at the time of the
survey 235,000) between 1974 and 1991 entailing 33,346
individuals. Of these, 22,444 were men born between
1921 and 1938 and 10,902 were women born between
1925 and 1938. The main purpose of the MPMP was to
study risk factors for cardiovascular disease and alcohol
abuse. Details on the recruitment have been described
previously [24]. The overall participation rate was 71%.
The MDCS is a health survey performed in Malmö

between 1991 and 1996 that included 30,447 individuals
born between 1923 and 1945. The total source popula-
tion was 74,138, and the participation rate was 41%. The
survey has been described in detail previously [24, 25].
The main purpose of the MDCS was to study risk fac-
tors for cancer.

Exposure information
Participants in the health surveys filled out self-
administered questionnaires on personal and medical in-
formation, including smoking and level of education. After
merging data from the MPMP and the MDCS, cases and

controls were classified as current/not current smokers at
the time of participation in the health survey, and also as
current/former/never smokers. In the MDCS, formal edu-
cation was classified as follows: ≤8 years of elementary
school, 9–10 years, 11–12 years, >12 years and university
degree. In the MPMP, information was available on
whether the individual had attended elementary school,
secondary school or higher education. A low level of for-
mal education was classified in the MDCS as ≤8 years and
in the MPMP as elementary school only.
Information on socioeconomic status had previously been

incorporated in MPMP and MDCS by linking the databases
with data on standardized socioeconomic status by occupa-
tion, based on information from Statistics Sweden, as
previously described in detail [26]. The categorization of
socioeconomic status by Statistics Sweden includes a div-
ision in groups corresponding to working class, middle
class, and a group of self-employed inhabitants. For the
present study, participants were classified as blue-collar
workers or white-collar workers. Blue-collar workers in-
cluded both skilled and unskilled manual workers, corre-
sponding to the working-class group from Statistics
Sweden. White-collar workers included non-manual em-
ployees of high level (occupations normally requiring six
years of post-comprehensive school education, e.g. higher
civil servants and executives), medium level (occupations
normally requiring three years but not six years of post-
comprehensive school education, with or without subordi-
nates) and low level (normally requiring two but not three
years of post-comprehensive school education with or
without subordinates) and self-employed professionals such
as architects and lawyers.

Cases and controls
To identify pSS cases with pre-diagnostic information in
the health surveys, the MPMP and the MDCS were
linked to the Malmö Sjögren’s Syndrome Register
(MSSR). The MSSR is a research database, in which con-
secutive patients with pSS have been included since
1984. At the time of the present study 409 patients were
included in the cohort. Since 2002 only patients fulfilling
the AECG criteria have been included. Patients included
before 2002 have been assessed retrospectively and
classified according to the AECG criteria. Only patients
with a first pSS diagnosis after inclusion in the MPMP
or MDCS, and who fulfilled the AECG criteria, were
included in the present study.
The earliest available data were used for patients included

in both surveys before diagnosis of pSS. Retrospective data
on symptom onset obtained at the time of diagnosis were
collected from the MSSR, thus were independently col-
lected from the exposure data. Four controls for each case,
matched for sex, age and time of inclusion, were obtained
from the corresponding health survey. Controls were
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randomly selected from those who fulfilled the matching
criteria using specially designed software. This nested
case-control study design, based on the same source pop-
ulations, has previously been used in several studies of
predictors of RA [27–30] and giant cell arteritis [31].

Statistics
Potential predictors of pSS were analyzed using conditional
logistic regression (SPSS version 22). Each case and the
corresponding controls were given a group number that
was entered into the logistic regression models as a categor-
ical variable. Analyses were also stratified by time to pSS
diagnosis in the cases (above vs below the median). Separ-
ate analyses included only cases with documented onset of
symptoms after inclusion in the health survey, and the cor-
responding controls.The two-sided Fisher exact test was
used to analyze differences in immunologic markers after
diagnosis of pSS by smoking status at inclusion in the
health survey. A p value <0.05 was considered significant.

Results
Incident cases and controls
A total of 63 incident cases, patients who prior to a first
diagnosis of pSS and fulfilment of the AECG criteria had
been included either in the MPMP, the MDCS, or both,
were identified. These are, from here, designated “pre-pSS
patients”: 252 controls were obtained from the correspond-
ing health surveys. Characteristics of the patients at diagno-
sis are shown in Table 1. The median time between
inclusion in one of the health surveys and subsequent diag-
nosis was 8.2 years (IQR 2.4–14.1). Median age at inclusion
in the health surveys was 51 years, and median age at

diagnosis was 61 years. Demographics and information on
exposures for cases and controls are listed in Table 2.

Smoking and the risk of pSS
Information on smoking status was available in 60 cases.
The distribution of current, former and never smokers dif-
fered between controls and pre-pSS patients with a higher
proportion of former smokers among pre-pSS patients
(Table 2). In conditional logistic regression analysis, current
smoking at the time of inclusion in the health surveys was
associated with a significantly lower risk of later being diag-
nosed with pSS compared to current non-smoking (OR 0.3;
95% CI 0.1–0.6). Former smoking was associated with a
higher risk of being diagnosed with pSS, both compared to
never smoking (OR 4.0; 95% CI 1.8–8.8) and current smok-
ing (OR 7.8; 95% CI 3.1–19.9) (Table 3).

Sensitivity analyses
Retrospective data from the MSSR on symptom onset
were available in 49 cases. There were 28 patients who
had symptom onset >1 year after inclusion in the popula-
tion surveys (range 2–24, median 6.5, IQR 3.25–14.75),
and information on smoking status was available in 26 of
these patients. In analyses restricted to these cases and
their controls, current smoking was still associated with a
lower risk of later being diagnosed with pSS compared
with current non-smoking, and there was a trend towards
an association between former smoking and subsequent
pSS diagnosis (Table 3). In order to answer the question
as to whether cessation of smoking was due to symptoms
of pSS, we analyzed the time window between symptom
onset and cessation of smoking. Among the cases with
symptom onset >1 year after inclusion in the populations

Table 1 Characteristics of incident cases of primary Sjögren’s
syndrome

Characteristic Patients (n = 63)

Sex (male/female) (n) 5/58

Age at diagnosis of pSS (years) 61 (54–69)

Time between inclusion and
diagnosis (years)

8.2 (2.4–14.1)

Time between onset of symptoms
and diagnosis (years)

4.0 (1.0–6.8)

Anti-SSA seropositive 59%

Anti-SSB seropositive 41%

ANA seropositive 73%

RF seropositive 57%

Lower lip salivary gland biopsy focus score ≥1 85%

Results are presented as numbers, median (IQR) or percentage in cases with
available data. Missing data on time of symptom onset in 15 patients,
Sjögren’s syndrome related antigen A, Ro (anti-SSA), Sjögren’s syndrome
related antigen B, La (anti-SSB) and antinuclear antibodies (ANA) in 1 patient,
rheumatoid factor (RF) in 2 patients and lower lip salivary gland biopsy focus
score in 6 patients. pSS Primary Sjögren’s syndrome

Table 2 Demographic and exposure information in pre-primary
Sjögren's syndrome cases and controls

Cases
(n = 63)

Controls
(n = 252)

P value**

Female sex, n (%) 58/63 (92) 232/252 (92) 1.00

Age at inclusion in the
population survey,
mean (IQR), years

52.6 (49.0–56.0) 52.7 (49.0–56.0) 0.94

Current smoker, n (%a) 10/60 (17) 92/251 (37) 0.003

Former smoker, n (%a) 32/60 (53) 63/251 (25) < 0.001

Never smoker, n (%a) 18/60 (30) 96/251 (38) 0.23

White-collar worker, n (%a) 26/54 (48) 131/236 (56) 0.33

Blue-collar worker, n (%a) 22/54 (41) 89/236 (38) 0.68

Other socioeconomic
status, n (%a)

6/54 (11) 16/236 (7) 0.28

Low level of formal
education, n (%a)

25/58 (43) 99/243 (41) 0.73

Medium/high level of
formal education, n (%a)

33/58 (57) 144/243 (59) 0.73

aPercentage of individuals with available data. **Mann-Whitney U test
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surveys, there were 12 patients who were former smokers.
The time period between cessation of smoking and symp-
tom onset was >5 years in all these cases.
In the whole group of pre-pSS patients who were former

smokers and for whom information was available on
symptom onset (n = 23), including those with symptom
onset before inclusion in the health surveys, cessation of
smoking occurred >5 years before symptom onset in 20
cases, 4 years before symptom onset in 1 case and after
symptom onset in 1 case.

Socioeconomic status, level of formal education and the
risk of pSS
Socioeconomic status, comparing blue-collar workers
and white-collar workers, did not affect the risk of being
diagnosed with pSS. Furthermore, there was no associ-
ation between the level of formal education and subse-
quent diagnosis of pSS (Table 3).

Stratified analyses
To further examine the relationship between smoking or
other exposures and pSS, analyses were performed separ-
ately in cases with a time period between inclusion in one
of the health surveys and diagnosis of pSS that was above
or below the median (8.2 years) and in the corresponding
controls. The results in these subgroups were similar to
those in the whole group (Table 4).
Anti-Sjögren’s syndrome related antigen A, Ro (anti-SSA)

antibody positivity or presence or absence of focal sialadeni-
tis at the time of diagnosis was not significantly different
between individuals who were currently or not currently
smoking at the time of inclusion in the health surveys, nor
between those who had ever smoked or never smoked, or

those who were currently smoking, were former smokers,
or had never smoked (Table 5).

Discussion
In this study, being a current smoker was associated
with a lower risk of later being diagnosed with pSS.
Former smokers had a higher risk of subsequently being
diagnosed with pSS, compared both to never smokers
and current smokers. The same pattern is seen in ulcera-
tive colitis [18]. In Parkinson’s disease, there is also an
inverse association between cigarette smoking and devel-
opment of the disease [20]. Interestingly, in three previ-
ous studies specifically addressing the association
between smoking and pSS, there were fewer current
smokers and more former smokers among pSS patients.
The first study involved 355 pSS patients in whom there
was a lower frequency of focal sialadenitis in lower lip
biopsies and a lower frequency of anti-SSA positivity in
patients with pSS who were smokers [21]. However, as
the Copenhagen criteria were used, in which the pres-
ence of anti-SSA/SSB or presence of focal sialadenitis
are not mandatory, several patients not fulfilling the
AECG criteria were included in that study. One inter-
pretation of that study is that within a population of in-
dividuals with sicca symptoms, smoking is negatively
associated with markers of autoimmune sialadenitis.
The second study was a cross-sectional study of 140

patients, fulfilling the AECG criteria, in which there
were also more former smokers and fewer current
smokers among patients with pSS [22]. Finally, in a
cross-sectional study of 207 pSS patients fulfilling the
AECG criteria, there were fewer current smokers, but
more former smokers compared to healthy controls [23].
The characteristics of the patients in that study were
similar to the characteristics after diagnosis of the pSS

Table 3 Association between smoking status, socioeconomic status and level of formal education and development of primary
Sjögren’s syndrome

All pSS cases (n = 63)
and matched controls
(n = 252) OR (95% CI)

Exposed
(cases/controls)

pSS cases with documented symptom
onset after inclusion (n = 28)
and matched controls (n = 112) OR (95% CI)

Exposed
(cases/controls)

Smoking Not current smokers Reference 50/159 Reference 22/74

Current smokers 0.3 (0.1–0.6) 10/92 0.2 (0.1–0.9) 4/38

Never smokers Reference 18/96 Reference 10/43

Former smokers 4.0 (1.8–8.8) 32/63 1.7 (0.6–5.6) 12/31

Current smokers 0.5 (0.2–1.3) 10/92 0.3 (0.1–1.5) 4/38

Socioeconomic status White-collar worker Reference 26/131 Reference 11/53

Blue-collar worker 1.4 (0.7–2.8) 22/89 0.8 (0.2–2.5) 9/40

Other 2.4 (0.7–8.4) 6/16 1.0 (0.3–3.2) 4/11

Education Medium/high Reference 33/144 Reference 11/55

Low 1.1 (0.6–2.1) 25/99 1.4 (0.5–4.0) 13/49

Smoking status and level of formal education were assessed at inclusion in the health surveys. Patients were subsequently diagnosed with primary Sjögren’s
syndrome (pSS) after a median of 8.2 years (IQR 2.4–14.1) after inclusion
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patients in the present study, except that they had a higher
frequency of positive lip biopsies (99.5% compared to 85%
in the present study). In three other studies, which investi-
gated cardiovascular risk factors in patients with pSS,
there were fewer current smokers in one study [32], and
in the other two studies there were fewer ever smokers
[33, 34], compared to controls. In the latter two, there was
no information on the numbers of current and former
smokers.
Smoking is shown to cause a short-term increase in

salivary flow rate (SRF) but a long-term reduced SFR
[35, 36]. Cigarette smoking is also shown to cause ocular
dryness when comparing chronic smokers with healthy
controls [37]. A potential explanation for the smaller
numbers of current smokers and for the greater num-
bers of former smokers in cross-sectional studies of pSS
is that oral and ocular dryness and pulmonary symptoms
make the patients more prone to quit smoking, both
due to dryness and the irritation caused by the smoke.
Interestingly, in this study, cessation of smoking in the
majority of pSS patients who were former smokers did
not occur in close temporal proximity to symptom onset
and the impact of smoking was similar in cases with a
longer and shorter time to diagnosis, supporting the

possibility that smoke cessation of smoking might not be
a consequence of sicca symptoms. Instead, it may influ-
ence the development or progression of the disease. Still,
we cannot exclude that very early dryness, occurring
before the reported onset of symptoms, could influence
the cessation of smoking.
Low levels of formal education and a poor socioeconomic

status have been shown to predict a number of chronic
disorders [17, 26, 38, 39]. In contrast, in the present study,
the level of education and socioeconomic status based on
current occupation had no major impact on the risk of
being diagnosed with pSS. This suggests that the observed
negative association with smoking is probably not due to
underlying exposures related to socioeconomic status,
although we cannot exclude the possibility that other life
style factors contribute to the development of pSS.
Cigarette smoke contains over four thousand different

compounds [40]. Nicotine is known to interact in the im-
mune system and nicotine receptors are present on macro-
phages, T cells and B cells [41–43]. Many other compounds
in cigarette smoke can also affect the immune system [44].
Several studies have shown that cigarette smoke has effects
on the immune system, which reasonably could affect the
development of different diseases. As cigarette smoke,

Table 4 Associations stratified by time from inclusion to diagnosis of primary Sjögren’s syndrome

Time period ≤8.2 years (n = 32)
OR (95% CI)

Exposed
(cases/controls)

Time period >8.2 years (n = 31)
OR (95% CI)

Exposed
(cases/controls)

Smoking Not current smokers Reference 27/87 Reference 23/72

Current smokers 0.3 (0.1–0.9) 4/40 0.3 (0.1–0.8) 6/52

Never smokers Reference 11/58 Reference 7/38

Former smokers 4.9 (1.6–15.2) 16/29 3.4 (1.1–10.8) 16/34

Current smokers 0.5 (0.1–1.8) 4/40 0.5 (0.1–2.0) 6/52

Socioeconomic status White-collar worker Reference 13/65 Reference 13/66

Blue-collar worker 1.4 (0.5–3.8) 11/51 1.3 (0.5–3.7) 11/38

Other 2.0 (0.3–14.3) 2/6 2.6 (0.5–14.4) 4/10

Education Medium/high Reference 18/74 Reference 15/70

Low 1.1 (0.4–2.5) 13/53 1.1 (0.4–3.2) 12/46

Relationship between smoking, socioeconomic status and level of formal education stratified by time from inclusion in the health surveys to diagnosis of primary
Sjögren’s syndrome

Table 5 Immunologic markers at primary Sjögren’s syndrome diagnosis or later by smoking status at inclusion n (% of available)

Current smoker P value* Former smoker P value* Never smoker P value*

Anti-SSApositive, n (%) 8 (80) 0.29 18 (56) 0.60 10 (56) 0.78

Anti- SSB positive, n (%) 7 (70) 0.07 11 (34) 0.43 6 (33) 0.57

ANA positive, n (%) 9 (90) 0.26 20 (63) 0.08 15 (83) 0.35

RF positive, n (%) 4 (44) 0.72 16 (50) 0.60 12 (67) 0.26

Autoantibodya negative 1 (10) 1.00 7 (22) 0.16 1 (6) 0.26

Positive lower lip biopsy, n (%) 8 (80) 0.63 23 (82) 0.71 15 (94) 0.41

Smoking status at inclusion in the health surveys. Primary Sjögren’s syndrome was diagnosed at a median of 8.2 years (IQR 2.4–14.1) after inclusion. *Two-sided
Fisher exact test. aPatients who were negative for anti-Sjögren’s syndrome related antigen A, Ro (anti-SSA), anti-Sjögren’s syndrome related antigen B, La
(anti-SSB), antinuclear antibody (ANA) and rheumatoid factor (RF)
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among other things, is shown to affect neutrophils, macro-
phages, T cells, B cells, dendritic cells, and cytokine produc-
tion (reviewed in [40 − 42]), it is hard to predict exactly
how cigarette smoke might affect the development of pSS
[44–46]. One possible way is by inhibition of B cells: several
studies have identified decreased levels of salivary IgA and
decreased levels of serum IgG, and decreased levels of
serum IgA and IgM and increased levels of IgE in smokers
[46]. Furthermore, significant increases in IgM and IgG in
subjects who stop smoking have been reported [47] and
these changes seem to persist in former smokers for years
after cessation of smoking [48].
pSS is characterized by B-cell activation with high serum

IgG-levels and a high frequency of autoantibodies such as
RF, anti-SSA and anti-SSB [1]. A reason why current smok-
ing could be protective against pSS could be a suppressing
effect of smoking on the B cells directly or by reduced pro-
duction of B-cell activating factor [49, 50]. In predisposed
individuals who stop smoking, taking away the inhibitory
effect of cigarette smoke on the B cells could lead to activa-
tion of autoreactive B cells that might trigger the develop-
ment of the disease. The association between smoking and
anti-citrullinated peptide antibody (ACPA)-positive RA, on
the other hand, most likely reflects other mechanisms spe-
cifically related to RA, such as increased protein citrullina-
tion leading to early development of ACPA [51].
As models of autoimmune diseases and the effect of

cigarette smoking, inflammatory bowel diseases are inter-
esting because smokers have a higher risk of Crohn’s dis-
ease but a lower risk of ulcerative colitis. Studies on
ulcerative colitis and Crohn’s disease have identified dis-
tinct cytokine profiles, whereby Crohn’s disease is charac-
terized by a T helper (Th)1 profile [52, 53], while in
ulcerative colitis a Th2 cytokine profile has been observed
[54, 55], with upregulated levels of IL-33 [56]. IL-33 is a
nuclear cytokine of the IL-1 family, which is constitutively
expressed in epithelial barrier tissues and plays an import-
ant role in Th2 immunity [57]. Recently, increased IL-33
in the salivary glands and in serum have been linked to
pSS [58]. Interestingly, in a murine model, it has also been
shown that exposure of cigarette smoke upregulates IL-33
but simultaneously changes the immune response of IL-
33 from Th2 to Th1 response [59]. Hypothetically, this
could explain why smoking may be protective against ul-
cerative colitis, and potentially also against pSS.
As the patients included in the MSSR are consecutive pa-

tients at the only department of rheumatology in the area,
we consider the patients in the present study to be repre-
sentative of the pSS population. Strengths of the present
study include the study design, with exposure measured in
a standardized manner before pSS diagnosis. The availabil-
ity of two population-based surveys from a well-defined
catchment area and the well-characterized patients with
pSS in the MSSR are other important assets of the study.

Limitations of the study are mainly related to the rela-
tively small number of cases. As the number of patients
is small there is a risk that the patients are not represen-
tative of the whole pSS cohort. Unfortunately, quantita-
tive information on smoking history (i.e. pack-years) was
not available. Furthermore, smoking status was only
assessed at one time point. All patients came from the
same catchment area, which can influence the external
validity of the study. With a disease like pSS, there is
also always uncertainty about when the disease actually
starts. However, in sub-analyses including only cases
with symptom onset after the collection of survey data,
we calculated similar point estimates on the association
between smoking history and pSS, suggesting that re-
versed causality does not explain our findings.

Conclusion
In conclusion, this study shows that current smoking was
associated with a lower risk of later being diagnosed with
pSS, whereas former smoking was associated with a higher
risk. This pattern is similar to that seen in some other
autoimmune diseases, e.g. ulcerative colitis and Parkin-
son’s disease, and may reflect immunomodulatory effects
of smoking and cessation of smoking. These results from
the first nested case-control study of smoking and pSS are
consistent with previous observations from cross-sectional
studies, and suggest that smoking might be protective
against pSS. However, given the insidious onset of the dis-
ease, the limited number of patients included in the
present study and the fact that smoking status was only
assessed at one time point, the results of this study should
be confirmed in subsequent prospective studies.
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