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Abstract

Context/objective: The aim of this study was to examine the effect of statins and other
lipid-lowering agents on the development of Graves orbitopathy (GO) in patients with
newly diagnosed Graves disease (GD).

Methods: Our sample included the full adult population of individuals living in Sweden
with newly diagnosed GD between 2005 and 2018 (n =34 894). We compared the GO
incidence in statin users (n = 5574) and nonusers (n = 34 409) by applying Cox regression
with a time-varying exposure variable. We adjusted for age, sex, and treatment for
hyperthyroidism in the multivariate analyses.

Results: Periods of nonusage lasted for a median of 4.3 years (interquartile range [IQR]
1.2-8.4), whereas periods of usage lasted for a median of 4.7 years (IQR 2.0-8.1). Among
statin users, 77.1% had used simvastatin, 28.9% atorvastatin, and 8.2% had used other
statins. Statin users were found to be significantly less likely to develop GO. In the main
analysis based on the full cohort, the unadjusted hazard ratio (HR) was 0.74 (Cl 0.65-0.84,
P <.001), whereas full adjustment altered the effect to 0.87 (Cl 0.76-1.00, P=.04). The
main results were largely driven by men; the fully adjusted HR was 0.78 (Cl 0.58-1.04,
P=.09) for men and 0.91 (Cl 0.79-1.06, P=.24) for women. Lipid-lowering agents other
than statins did not exhibit a similar protective effect.

Conclusion: In newly diagnosed patients with GD, treatment with statins may protect
against the development of GO. Statins should be investigated in a clinical trial as a
preventive treatment for GO in newly diagnosed patients with GD.
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Gravesorbitopathy (GO)isthe mostcommonextrathyroidal
manifestation of Graves disease (GD), occurring in 25%
to 30% of GD patients (1). GO is a multifactorial disease
caused by an interplay between endogenous and environ-
mental factors, including age, sex, hypothyroidism, inad-
equate control of hyperthyroidism, radioiodine treatment,
tobacco smoking, and certain drugs (2). It is believed to be
an autoimmune disorder directed against the thyrotropin
receptor (TSHR) (3); moreover, insulin-like growth factor
1 receptor (IGF-1R) also seems to be involved in the patho-
genesis, probably by interplay with TSHR. Teprotumumab,
a human monoclonal antibody inhibitor of IGF-IR, has
recently been approved for treatment of GO with very
promising results (4-8). The pathological processes in GO
include infiltration of the intraorbital structures by im-
munocompetent cells causing inflammation, increased pro-
duction of glycosaminoglycans by orbital fibroblasts, and
the expansion of intraorbital adipose tissue and intraocular
muscles (1). GO is a debilitating disease, and the currently
available treatments, such as corticosteroids, orbital irradi-
ation, and immune modulators (9, 10), do not prevent the
long-term consequences of GO and are associated with
potentially severe side effects. Identifying modifiable risk
factors that predispose GD patients to develop GO and
producing novel therapies could significantly improve the
quality of life of these patients.
3-Hydroxy-3-methylglutaryl-coenzyme reductase in-
hibitors, commonly known as statins, reduce low-density
lipoprotein (LDL) cholesterol levels, leading to a decreased
cardiovascular risk. Apart from reducing cholesterol levels,
the anti-inflammatory effects of statins have been widely
debated. The frequently cited JUPITER study (11, 12) dis-
covered the anti-inflammatory actions of statins, which were
not related to their cholesterol-lowering effect. In that study,
rosuvastatin reduced systemic markers of inflammation
together with cholesterol levels and the number of cardio-
vascular events (13-15). Subsequently, statins have been pro-
posed as a novel anti-inflammatory therapy for a number
of conditions, including autoimmune diseases (16-24). In
GO, Koch et al. (24) suggested that statins may be able to
convert a primarily proinflammatory T cell response into an
anti-inflammatory T cell response via upregulation of TH2
cells and regulatory T cells. Likewise, statins may be able to
mobilize disease-specific proinflammatory T cells from the
disease site into the blood, resulting in clinical remission (24).
Recently, Stein et al. retrospectively investigated a large
cohort of patients with newly diagnosed GD to identify
risk factors associated with the development of GO (235).
In this study, thyroidectomy applied as a treatment for
hyperthyroidism and exposure to statins lowered the risk
of developing GO. In another recent cross-sectional study
of patients with GD, a significant correlation was found

between the occurrence of GO and both total and LDL-
cholesterol in patients with a relatively short duration of
GD, suggesting a role of cholesterol itself in the develop-
ment of GO (26). Moreover, the authors found a correl-
ation between the clinical activity score and serum lipids
in untreated GO patients depending on the GO duration.
However, this finding was not verified in a confirmatory
study by the same group (27). A randomized clinical trial
is now investigating whether lowering of cholesterol with
atorvastatin in addition to the standard 12 weeks of treat-
ment with intravenous steroids in hypercholesterolemic pa-
tients with moderate to severe and active GO is associated
with a better outcome of GO (28).

The aim of our study was to examine the effect of the
use of statins and other lipid-lowering agents on the devel-
opment of GO in patients with newly diagnosed GD in the
Swedish population and to investigate whether this effect is
influenced by the type of lipid-lowering agent, dosage, dur-
ation, and time course of the treatment.

Materials and Methods

Data were obtained from the Swedish National Board of
Health and Welfare (Socialstyrelsen), and included infor-
mation between 2005 and 2018 from 2 different official re-
gisters: the Prescribed Drugs Register (Ldkemedelsregistret)
and the National Patient Register (Patientregistret). The
2 registers were linked together by the use of personal
identifiers. The Prescribed Drugs Register records all pre-
scribed drugs dispensed at pharmacies in Sweden since July
2005 and includes information such as the Anatomical
Therapeutic Chemical (ATC) code, date of purchase,
number of tablets, and dose per tablet. The National
Patient Register records all hospital visits in the country
and includes information such as diagnostic codes (main
diagnosis and up to 20 secondary diagnoses), codes for sur-
gical procedures, and the dates of visit. Both registers also
include the age and sex of the patient.

Our cohort consisted of all individuals with at least
1 hospital visit for GD (International Classification of
Diseases [ICD]-10: E050, either as the main or secondary
diagnosis) between 2005 and 2019, and who were at least
18 years of age at the time of their first diagnosis during
this period. Notably, GD in Sweden is not being treated by
general practitioners and private endocrinologists are few;
thus, the included cohort includes the majority of Swedish
GD patients diagnosed during this time period. Aiming to
only include patients with newly diagnosed GD, individuals
with a diagnosis of GD or GO (ICD-10: H062) prior to
2005 were excluded.

Individuals were followed from the time of their first
recorded GD diagnosis until their first visit for GO, or
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at most until December 31, 2018. Cox regression was
applied, with “statin user” as a time-varying treatment
variable. In the main analysis, a person was defined as a
statin user if the person had, so far, obtained at least 2
prescriptions of 3-Hydroxy-3-methylglutaryl-coenzyme
(HMG CoA) reductase inhibitors (ATC: C10AA) since the
point in time 3 months prior to their first GD diagnosis.
Individuals could thus be reclassified from nonstatin users
to statin users, but not the other way around. In the com-
plementary analyses, individuals could also be reclassified
from statin user to “recent statin user” when the elapsed
time since the last prescription was 4-6 months (suggesting
no usage during the last 1-3 months) and “former statin
user” when the elapsed time since the last prescription was
more than 6 months (suggesting no usage during the last
3 months or more). Any number of moves across these 3
categories were allowed in this complementary analysis.
As GO frequently develops within 12 months from the
GD diagnosis (29), in separate sensitivity analyses, indi-
viduals were only classified as statin users if they obtained
their second statin prescription up to 3 or 12 months fol-
lowing their first GD diagnosis.

The time variable in the Cox regressions represented
the time since baseline, that is since the first GD diagnosis.
Adjusted models included the age and sex at baseline (age
was divided into 7 categories: 18-29, 30-39, 40-49, 50-59,
60-60, 70-79, and 80 or higher). Additional models also
included time-varying adjustment for whether the indi-
vidual had undergone treatment with thyroidectomy or
radioiodine, or whether the individual had at least 2 re-
cords of obtaining antithyroid drugs. For each adjustment
variable, the proportional hazards assumption was exam-
ined, and a stratified Cox model was used instead of re-
gression adjustment whenever the proportional hazards
assumption was not fulfilled. The main analysis was con-
ducted separately for men and women.

To contrast the effects of statins and other lipid-
lowering agents (ATC: C10A, except C10AA), a sep-
arate analysis was conducted, including statins and other
lipid-lowering agents as separate treatment variables.
Moreover, to examine the potentially different effects of
different types of statins—simvastatin (ATC: C10AA01),
atorvastatin (ATC: C10AAO0S5), and others—an analysis
was conducted using separate indicators for each of these
3 types. To account for differences in dosages across pa-
tients using different types of statins, this analysis was also
conducted with adjustment for “equivalent dosage,” which
represented the average dosage per tablet obtained by the
patient, where the dosage of atorvastatin was given twice
the weight of that of simvastatin (30). Before the initiation
of statin treatment, the dosage variable was set to 0. Users

of statins other than atorvastatin and simvastatin were ex-
cluded from the dosage-adjusted analysis.

Finally, as an alternative to the GO indicator, the main
analysis was replicated with “surgical treatment for severe
GO?” as the outcome variable. The outcome included any
of the surgical orbital decompression procedures (CAC20,
CAC30, CAC40, CAC42, and CAC44).

This study was approved by the Swedish Ethical Review
Authority (Dnr: 2019-03737).

Results

Our cohort included 34 894 unique individuals with GD. Of
these, 34 409 were nonusers of statins for at least some part
of the follow-up period, whereas 5574 were users (Table 1).
Periods of nonusage lasted for a median of 4.3 years (IQR
1.2-8.4), whereas periods of usage lasted for a median of
4.7 years (IQR 2.0-8.1).

Substantial differences in background characteris-
tics were observed across users and nonusers of statins.
Users were older than nonusers (89% vs 45% above age
50). Statin users were also more likely than nonusers to
be male (25.2% vs 17.1%). Statin users were more likely
than nonusers to have been treated with radioiodine (5.5%
vs 3.3%), whereas nonstatin users were more likely than
statin users to have been treated with thyroidectomy (2.3 %
vs 1.1%) or antithyroid drugs (61.5% vs 48.4%). Statin
users were more likely than nonusers to have been using
other lipid-modifying agents (4.8 % vs 0.1%). Among statin
users, 77.1% had used simvastatin, 28.9% atorvastatin,
and 8.2% had used other statins.

Users of statins were found to be significantly less likely
to develop GO (Table 2). In the main analysis based on the
full cohort, the unadjusted hazard ratio (HR) was 0.74 (CI
0.65-0.84, P < .001). Adjustment for age and sex produced
an HR of 0.85 (CI 0.75-0.98, P = .02), whereas further ad-
justment altered the effect only slightly to 0.87 (CI 0.76-
1.00, P = .04).

The main results were largely driven by men, although
the results for both men and women were nonsignificant at
the 5% level in the models with full adjustment. The fully
adjusted HR amounted to 0.78 (CI 0.58-1.04, P = .09) for
men and to 0.91 (CI 0.79-1.06, P = .24) for women.

Sensitivity analyses only counting statin initiation up to
3 or 12 months following the first GD diagnosis yielded
similar results as the main analysis. Moreover, the results
were virtually unaffected by different restrictions on the
follow-up period.

Figure 1 displays the fully adjusted survival curves, based
on the main analysis, drawn for statin and nonstatin users
separately. Both curves were drawn for a representative
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woman aged 50-59, with zeros on the other covariates. In
line with the previously reported results, the incidence of
GO was clearly lower in statin users.

Dividing the previously used indicator for “ever, so
far” usage of statins into “current—less than a year,”

Table 1. Characteristics of patients with newly diagnosed
Graves disease included in the study

Use of No use of
statins statins
Distinct individuals 5574 34 409

4.7 (2.0-8.1) 4.3 (1.2-8.4)
Background characteristics (%) by statin use

Follow-up time, years (median; IQR)

Age 18-29 0.7 15.1
Age 30-39 2.3 19.9
Age 40-49 8.1 20.2
Age 50-59 20.3 16.5
Age 60-69 32.1 12.7
Age 70-79 26.2 9.0
Age 80+ 10.3 6.6
Male 25.2 17.1
Use of antithyroid preparations 48.4 61.5
Thyroidectomy 1.1 2.3
Radioiodine 5.5 3.3
Use of other lipid-modifying agent 4.8 0.1
Statin use: simvastatin 77.1 —
Statin use: atorvastatin 28.9 —

Statin use: other 8.2 —

Prevalences of background characteristics were calculated with person—time
as the unit of observation. “Use of statins” means that the individual has so
far obtained at least 2 packages of statins since the point in time 3 months be-
fore their first Graves disease diagnosis. Use of antithyroid preparations was
defined analogously, and procedures were tracked from the point of Graves
disease diagnosis. Age refers to age at the individual’s first Graves disease diag-
nosis. There are 34 894 individuals in total.

” <«

“current—more than a year” “recent,” and “past” usage
(Table 3) showed that the effects of current usage were
similar to the main results previously established. The
fully adjusted model yielded an HR of 0.72 (CI 0.52-
1.00, P =.05) for current users having used statins for
more than a year and 0.90 (CI 0.77-1.05, P =.17) for
current users having used statins for less than a year,
suggesting a stronger protective effect with a longer dur-
ation of treatment. Estimates for recent users and past
users tended to be similar but were estimated with much
less precision; the estimates were clearly nonsignificant
but at the same time statistically indistinguishable from
the effects of current usage.

Comparing different types of statins showed clear effects
of atorvastatin but not of simvastatin when adjusting for
age, gender, and other covariates except dosage (Table 4). As
this could be a result of the higher potency of atorvastatin,
we then performed a dose-adjusted analysis where
atorvastatin was given twice the weight of simvastatin.
In a fully adjusted model including dosage, the effect of
dosage was marginally significant, with a protective effect
(HR 0.89, CI 0.78-1.00, P = .06 per 20 mg of simvastatin
or 10 mg of atorvastatin). The effects of both simvastatin
and atorvastatin themselves were nonsignificant, with HRs
close to 1 in this analysis.

Comparing current usage of statins with current usage
of other lipid-lowering agents (Table 5) produced sig-
nificant effects for statin usage only, although the effect
was only marginally significant at the 5% level in the
fully adjusted model (HR = 0.87, CI 0.75-1.01, P = .06).
The effects of other lipid-lowering agents as well as the
effects of combining statins and other lipid-lowering
agents were imprecisely estimated with broad confidence

Table 2. Hazard of developing Graves orbitopathy in statin users compared with nonusers

Unadjusted HR (95 % CI)

HR adjusted for age and gender (95% CI)

Additionally adjusted HR (95% CI)

Main analysis 0.74 (0.65-0.84), P < .001 0.85 (0.75-0.98), P = .02 0.87 (0.76-1.00), P = .04
Only women 0.80 (0.69-0.92), P = .002 0.90 (0.76-1.05), P = .17 0.91 (0.79-1.06), P = .24
Only men 0.59 (0.45-0.78), P < .001 0.74 (0.55-1.00), P = .05 0.78 (0.58-1.04), P = .09
Only counting statin initi-  0.67 (0.57-0.80), P < .001 0.81 (0.68-0.96), P = .01 0.81 (0.69-0.96), P = .02

ation within 3 months
Only counting statin initi-  0.72 (0.63-0.83), P <.001
ation within 1 year
Follow-up limited to 0.70 (0.58-0.84), P < .001
1 year
Follow-up limited to 0.74 (0.63-0.86), P < .001
2 years
Follow-up limited to 0.75 (0.65-0.86), P < .001

3 years

0.86 (0.74-0.99), P = .03

0.81 (0.67-0.98), P = .03

0.82 (0.70-0.97), P = .02

0.83 (0.72-0.97), P = 0.02

0.87(0.76-1.00), P = .06

0.81(0.67-0.98), P = .03

0.83 (0.71-0.98), P = .02

0.84 (0.72-0.98), P = .02

Each cell corresponds to a separate regression. Estimates were obtained from Cox regressions with adjustment for age and gender (grouped) at the time of first

Graves disease diagnosis, and in the additional analysis whether the individual had undergone treatment with thyroidectomy or radioiodine, or whether the indi-

vidual has had at least 2 records of obtaining antithyroid preparations.
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intervals; the results were both consistent with no ef-
fects of other treatments and with those having the same
or greater effects as statins only. It was not possible to
separate this analysis into separate analyses of the ef-
fects of different subtypes of lipid-lowering agents such
as PCSK9-inhibitors, fibrates, ezetimibe, cholestyramine,
and others, due to the low numbers of subjects in the
subgroups.

Adjusted survival curves

Time (years)

Figure 1. Adjusted survival curves (time until Graves orbitopathy) for
statin users and nonusers, separately. The solid line represents statin
users and the dashed line nonusers. The curves represent females in
the 50-59 age group at baseline with zeros on all other covariates.

Finally, the analysis of surgical treatment for severe GO
yielded very imprecise and nonsignificant estimates due to
the outcome being rare (results not shown).

Discussion

Few studies have examined the effect of statin therapy on
the development of GO in patients with GD. In this large
register-based study including 34 894 adult Swedish pa-
tients with newly diagnosed GD between 2005 and 2018,
we examined the effect of statin therapy on the incidence
of GO. The main finding is that statin users had a signifi-
cantly lower incidence of GO than nonusers, a finding that
confirms the conclusions of an earlier smaller study from
the United States (235).

The aforementioned study by Stein et al. (25) enrolled
8404 adults with newly diagnosed GD over 8 years. Like in
our study, ICD codes were used to identify subjects who de-
veloped GD and GO in a medical database. Multivariable
Cox regression was used to determine the hazard of
developing GO with adjustment for sociodemographic
factors, systemic medical conditions, thyroid-stimulating
hormone levels, and medical and surgical interventions
for the management of hyperthyroidism. After adjust-
ment for potential confounders, surgical thyroidectomy
(HR 0.26), and statin use (HR 0.60) were associated with
a decreased hazard of developing GO. In our study, we

Table 3. Hazard of developing Graves orbitopathy in current, recent, and previous statin users compared to nonusers

Unadjusted HR (95 % CI)

HR also adjusted for age and gender (95% CI)

Additionally adjusted HR (95% CI)

Current user—less 0.77 (0.66-0.89) P = .001
than a year

Current user—more 0.62 (0.45-0.86) P =.004
than a year

Recent user 0.69 (0.40-1.19) P = .18

Past user 0.79 (0.55-1.15) P= .22

0.89 (0.76-1.03) P = .12

0.70 (0.51-0.98) P = .04

0.78 (0.45-1.36) P = .38
0.96 (0.66-1.39) P = .83

0.90 (0.77-1.05) P = .17

0.72 (0.52-1.00) P = .05

0.81 (0.47-1.41) P = .46
0.98 (0.68-1.42) P = .92

The reference group is “never user.” The 4 types of usage (current, current more than a year, recent, and past) were entered simultaneously in all regressions; results

reported on different rows in the same column were obtained from the same analysis. Estimates were obtained from Cox regressions with adjustment for age and

gender (grouped) at the time of first Graves disease diagnosis, and in the additional analysis whether the individual had undergone treatment with thyroidectomy

or radioiodine, or whether the individual has had at least 2 records of obtaining antithyroid preparations.

Table 4. Hazard of developing Graves orbitopathy in users of different types of statins compared with nonusers

Unadjusted HR (95 % CI)

HR also adjusted for age and gender (95% CI)

Additionally adjusted HR (95% CI)

Simvastatin 0.77 (0.66-0.90), P = .001
0.64 (0.48-0.85), P =.002

0.86 (0.54-1.36), P = .52

Atorvastatin
Other statins

0.90 (0.77-1.06) P = .20
0.71 (0.53-0.95) P =.02
0.97 (0.61-1.55) P = .91

0.94 (0.80-1.10), P = .41
0.71 (0.53-0.95), P = .02
1.01 (0.64-1.61), P = .96

The reference group is “never user.” The 3 types of statins (simvastatin, atorvastatin, and other) were entered simultaneously in all regressions; results reported on

different rows in the same column were obtained from the same analysis. Users of more than 1 type of statin (simvastatin, atorvastatin, and other) were omitted.

Estimates were obtained from Cox regressions with adjustment for age and gender (grouped) at the time of first Graves diagnosis, and in the additional analyses

in the last column whether the individual had undergone treatment with thyroidectomy or radioiodine, or whether the individual has had at least 2 records of

obtaining antithyroid preparations.
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Table 5. Hazard of developing Graves orbitopathy in users of statins, nonstatin lipid-lowering agents, and both statins and

nonstatin lipid-lowering agents compared with nonusers

Unadjusted HR (95 % CI) HR also adjusted for age and gender (95% CI) Additionally adjusted HR (95% CI)

Statins 0.74 (0.65-0.85) P <.001

Lipid-lowering agents 0.98 (0.44-2.18) P = .96
other than statins

Both statins and other 1.07 (0.44-2.59) P = .89

lipid-lowering agents

0.86 (0.74-0.99) P = .04
1.04 (0.47-2.33) P =.92

0.94 (0.39-2.29) P = .89

0.87(0.75-1.01) P = .06
0.99 (0.44-2.20) P =.97

0.89 (0.37-2.16) P = .80

The reference group is “never user of statins nor other lipid-lowering agents.” The 3 explanatory variables reflect (1) current use of statins but not other lipid-

lowering agents, (2) current use of other lipid-lowering agents but not statins, and (3) current use of both statins and other lipid-lowering agents. Former users

were excluded. Estimates were obtained from Cox regressions with adjustment for age and gender (grouped) at the time of first Graves disease diagnosis, and in

the additional analysis whether the individual had undergone treatment with thyroidectomy or radioiodine, or whether the individual has had at least 2 records

of obtaining antithyroid preparations.

report a somewhat weaker relationship, possibly due to
the different structure of the population and differences in
other important parameters such as the prevalence of to-
bacco smoking, which is higher in the United States (14 %
in 2018) (31) than in Sweden (7% in 2018) (https://www.
folkhalsomyndigheten.se/folkhalsorapportering-statistik/
tolkad-rapportering/folkhalsans-utveckling/resultat/
levnadsvanor/tobaksrokning-daglig/).

An interesting result is the difference in the statin
effect depending on gender, with men having a stronger
protective effect of statin treatment on the development
of GO in our study. A recent large meta-analysis (32)
demonstrated similar absolute effects of statins on lipid
concentrations in both genders, suggesting that this dif-
ference was not caused by the lipid reduction itself. It is
known that men more frequently develop severe forms of
GO (33), which has previously at least partly been ex-
plained by the higher prevalence of smokers among men
(2). However, the prevalence of smokers in Sweden in the
recent years has been similar among the sexes. Thus, the
mechanism behind the difference between genders re-
mains unclear.

Regarding the effect of different types of statins, the re-
sults were clearly driven by atorvastatin. However, after
dose adjustment, there was no evidence of atorvastatin
being superior to simvastatin.

Despite the emerging evidence on the beneficial effects
of statins in GO, the mechanism by which statins modify
the GO risk is not fully understood. The study by Stein
showed a beneficial effect of statins but no such effect
was found for nonstatin cholesterol-lowering drugs. This
finding made the authors conclude that it was probably
the pleiotropic anti-inflammatory effects of statins, and
not their cholesterol-lowering effect, that was respon-
sible for the protective effect against GO. Rheumatoid
arthritis is an autoimmune condition that shares some
pathogenetic mechanisms and risk factors with GD (34).

Interestingly, the results of a recent systematic review and
a meta-analysis of 15 randomized controlled clinical trials
strongly suggested that statins decrease disease activity and
improve rheumatoid arthritis symptoms by suppressing the
inflammatory reaction alongside its lipid-lowering effect,
atorvastatin being superior to simvastatin (35).

Despite the fact that the study by Stein et al. did not
demonstrate any protective effect of nonstatin cholesterol-
lowering drugs, it has been hypothesized that cholesterol
itself may have a role in the pathogenesis of GO. In 2 re-
cent Italian studies published by the same group in patients
with GD, a significant correlation was found between the
occurrence of GO and both total and LDL-cholesterol in
patients with a relatively short duration of GD (26, 27).
However, even here, the authors speculated that the altered
inflammatory state of hypercholesterolemia is probably
the main cause of this effect (26, 27, 36) and the effect of
lowering cholesterol was not examined in these studies. In
our study, we compared the usage of statins only to statin
combined with a different kind of lipid-lowering agent.
The results did not provide evidence for a better effect of
the combined treatment, suggesting that mechanisms other
than a cholesterol-lowering effect are responsible for the
protective effect of statins in GO. Unfortunately, it was not
possible to divide this analysis into separate analyses of the
effects of different subtypes of lipid lowering agents due to
low numbers of subjects in the subgroups.

Interestingly, in contrast to statins, other anti-inflamma-
tory drugs such as COX-2 inhibitors did not reduce the
hazard of GO in the American study (25), suggesting that
there might also be other mechanisms than the reduction of
inflammation contributing to the protective effect of statins.
Bifulco and Ciaglia suggested that statins reduce GO risk
mainly by modulating both apoptosis and autophagy activ-
ities in patients with GD (37). Another possible mechanism
could be the reduction of adipogenesis concomitantly with
the anti-inflammatory effect, as adipogenesis is 1 of the main
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pathogenetic processes in GO (1). Indeed, in experiments
in 3T3-L1 preadipocytes and human orbital fibroblasts,
our group showed that simvastatin had a very strong sup-
pressive effect on mRNA expression of both early and late
adipogenic genes, which resulted in a decreased number of
mature adipocytes (38).

Our study is subject to some limitations. The main
drawback is the lack of individual clinical data such as
the levels of thyroid hormones and TSH-receptor anti-
bodies or smoking status, all of which can influence the
risk of developing GO. However, it is unlikely that the la-
boratory parameters would systematically differ between
statin users and nonusers. On the other hand, given that
statins in Sweden are predominantly prescribed to in-
dividuals at high cardiovascular risk, one can speculate
that the percentage of smokers could theoretically differ
between the groups. Identification of subjects with GD
and GO relied on diagnostic coding and is therefore sub-
ject to some uncertainty. The diagnosis of GD is usually
straightforward. However, individuals with mild GO
that did not contact healthcare providers because of their
symptoms might have been missed and this study there-
fore probably includes mainly those with more severe
disease. Furthermore, our study had no access to data
on medication compliance; however, given the size of our
population, it is unlikely that this would have influenced
our results. Unfortunately, we lack information on the
severity and activity of GO, which makes it impossible to
comment on the relationship between statin use and the
course of GO, as reported by others (26, 27). We tried
to substitute the lack of data on severity by analyzing
the association of statin use with surgical treatment for
severe GO (decompression surgery). Unfortunately, this
analysis yielded very imprecise and nonsignificant esti-
mates due to the outcome being rare.

In conclusion, in patients with newly diagnosed GD,
statin therapy may protect against the development of GO
in a dose-dependent manner. No such effect was observed
for other lipid-lowering agents. We suggest that preventive
treatment with statins in newly diagnosed patients with GD
should be examined in a prospective clinical trial.
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