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Abstract 

PURPOSE To investigate the influence of smoking on orbital soft tissue volumes in 

patients with Graves’ orbitopathy (GO) in vivo.

DESIGN Observational case series

PATIENTS AND METHODS Of 95 consecutive patients with GO, soft tissue volumes 

and ratios of fat volume/orbital volume (FV/OV) and muscle volume/orbital volume (MV/

OV) were calculated with software at first visit and divided in tertiles. The most affected 

orbits were chosen for analysis. Smoking behaviour was divided in current-, ex- and never 

smokers.

The main characteristics of GO were statistically analysed using Jockheere-Terpstra trend 

analysis and Mann-Whitney U test. 

MAIN OUTCOME MEASUREMENTS Differences in orbital soft tissues and characteristics 

between smokers and non smokers.

RESULTS Current smokers had significant larger muscle volume than ex- and never 

smokers. Smoking did not influence fat volume. In tertiles of FV/OV current smokers were 

equally divided between the groups. In tertiles of MV/OV, it turned out that the larger 

the muscle volume the more current smokers. TBII was higher in the group with more 

current smokers. 

CONCLUSION Smoking affects predominantly muscle volume in GO and has no influence 

on fat volume in vivo.
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Introduction 

Smoking is a well known risk factor for Graves’ Orbitopathy (GO) with an odds ratio of 

approximately 4.1 Some studies observed a dose-dependent relationship between smoke 

exposure and GO severity. 2,3 

Smokers are four times more likely than non-smokers for developing or worsening of GO 

after I 131 therapy for Graves’ hyperthyroidism.4 Smokers also respond less well than 

non-smokers to immunosuppressive treatment of GO. 4,5 The mechanism of the adverse 

effects of smoking in GO remains unclarified. Orbital fibroblasts cultured under hypoxic 

conditions secrete larger amounts of glycosaminoglycans (GAGs). GAGs are hydrophilic 

components which accumulate in orbital tissues of GO patients and contribute greatly to 

swelling of extraocular muscles and orbital fat in GO.6 

Upregulation has been demonstrated of the expression of HLA-DR and adhesion 

molecules on orbital fibroblasts upon exposure to tobacco products.7 A recent study of 

Cawood et al. is in this aspect particularly interesting.8 Cultured human orbital fibroblasts 

were exposed to cigarette smoke: a dose-dependent increase was observed in both 

secretion of the pro-inflammatory cytokine IL-1 and in the number of fibroblasts that had 

differentiated into adipocytes. These in vitro experiments strongly suggest that smoking 

stimulates adipogenesis.

The aim of the present study was to evaluate whether a relationship exists between, 

smoking and the amount of orbital fat in patients with GO. We therefore calculated 

orbital fat- and extraocular muscle volumes in a series of consecutive GO patients who had 

not received specific treatment for their eye disease and had all been rendered euthyroid 

at the time of volumetry. We first analysed the proportion of smokers in relation to the 

orbital fat volume (FV) and then compared the FV between current smokers, ex-smokers 

and patients who had never smoked.

Patients and methods.

We studied 95 consecutive patients diagnosed with GO in a combined thyroid-eye 

clinic. They had not received any specific treatment for GO prior to volumetry and were 

euthyroid at the time of investigation. Volumetric measurements were performed as 

previously described.9 To exclude bias by racial differences in orbital anatomy, we only 

included Caucasian patients.10

Clinical symptoms of GO were described and classified using the NOSPECS classification 

(No signs and symptoms, Only signs, Soft tissue involvement, Proptosis, Extraocular 

muscle involvement, Corneal involvement and Sight loss) and the Clinical Activity Score 

(CAS).11,12,13 

Orbital fat volume (FV) and muscle volume (MV) of the four EOM were calculated from 

computed tomography (CT) scans with computer assisted region growing and manual 
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segmentation using the software Mimics® following the protocol described previously.9,14 

To eliminate anatomical differences between subjects, the ratios fat volume/orbital bony 

cavity volume (FV/OV) and muscle volume/orbital bony cavity volume (MV/OV) were 

used.10 The most affected orbits of the 95 GO patients were used. Orbital CT scans were 

obtained in the course of routine clinical evaluation.

Although the local Ethical Committee considered this study not subject to consent, all 

participants were asked to sign an informed consent in advance. We followed the tenets 

of the declaration of Helsinki. 

Patients were grouped according to tertiles FV/OV and MV/OV and to their smoking 

behaviour. Smoking habits were retrieved from the patient files. Current smoking was 

defined as smoking on the time of investigation. Ex-smokers stopped smoking at least 1 

year before the visit to our thyroid-eye clinic. For statistical calculations SPSS 16.0.2 was 

used. Jonckheere-Terpstra for trend analysis and Mann-Whitney U-test for comparison 

between two samples were used to establish statistical significance (p<0.05 is considered 

to be significant).

Results

Smoking behaviour was not known in 4 of the 95 patients, leaving 91 patients for analysis. 

There were 30% current smokers, 25% ex- smokers and 45% never smokers.

Table 1 presents patient data, grouped according to tertiles of FV/OV and MV/OV ratios 

respectively (Ranking SPSS). 

The proportion of current smokers did not differ as a function of fat volume. A positive 

correlation between orbital fat volume and Hertel value was found 15, but otherwise 

age, eye changes and thyroid function tests were comparable between the tertiles. 

When patients were grouped according to MV/OV tertiles, a trend was seen between 

the proportion of current smokers and larger muscle volumes, although no statistical 

significance was reached.

A positive correlation was found between the extraocular muscle volume, Hertel values 

and limitation of extraocular muscle motility (as noted before 15). Also, larger muscle 

volume was associated with older age, higher TBII and lower TSH.

Table 2 presents patient data, grouped according to the smoking behaviour. Current 

smokers had a larger muscle but not a larger fat volume and had higher proptosis values 

than never- or ex-smokers.
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Table 1 Characteristics of 91 patients divided according to the ratio fat volume/orbital volume (FV/OV) in 
tertiles and according to the ratio muscle volume/orbital volume (MV/OV) for a trend analysis (numbers are 
given in median with interquartile range between brackets).

tertiles FV/OV first N=30 second  N=32 third  N=29 J-T

FV/OV 0.50 [0.44-0.52] 0.60 [0.55-0.64] 0.71 [0.66-0.71] <0.001

MV/OV 0.21 [0.17-0.25] 0.21 [0.18-0.29] 0.22 [0.19-0.26] 0.450

age (years) 46 [39-54] 51 [44-62] 53 [47-61] 0.033

lidaperture (mm) 12 [11-13] 12 [11-13] 13.5 [11-15] 0.850

proptosis^ (mm) 20 [19-21] 22 [20-24] 22 [22-24] 0.030

abduction (degree) 50 [44-51] 45 [40-49] 46 [40-48] 0.077

adduction (degree) 46 [44-48] 45 [42-48] 46 [40-50] 0.670

elevation (degree) 46 [34-49] 40 [29-44] 37 [30-45] 0.071

depression ( degree) 60 56-65] 57 [51-60] 58 [55-60] 0.082

diplopia* 0 [0 -1] 1 [0 -2] 0 [0 -1] 0.480

CAS 2 [1-3] 2 [1-3] 2 [1-2] 0.530

TSH (mu/L) 0.31 [0.02-4.28] 1.8 [0.10-3.13] 1.30 [0.25-4.0] 0.290

FT4 (pmol/L) 13.6 [11.8-18.0] 15.1 [12.3-17.6] 16.0 [14.0-18.3] 0.440

Anti TPO (kU/L) 170 [68-1003] 100 [15-630] 145 [36-1028] 0.210

TBII (U/L) 7.7 [2.6-21.6] 10.2 [4.0-16.5] 3.0 [1.0-13.9] 0.920

current smokers n(%) 7 (23)  10 (30) 10 (32) 0.62#

tertiles MV/OV first  N=32 second N=30 third  N=29 J-T

FV/OV 0.60 [0.50-0.66] 0.65 [0.54-0.71] 0.57 [0.54-0.69] 0.550

MV/OV 0.17 [0.15-0.18] 0.21 [0.20-0.23] 0.29 [0.26-0.35] <0.001

age (years) 45 [36-53] 54 [46-59] 51 [47-58] 0.045

lidaperture (mm) 12 [11-13] 12 [11-13] 13 [11-15] 0.080

proptosis^ (mm) 20 [19-23] 21 [20-22] 23 [22-25] <0.001

abduction (degree) 48 [45-55] 45 [40-47] 46 [39-49] 0.007

adduction (degree) 48 [45-50] 45 [40-47] 44 [40-48] 0.009

elevation (degree) 45 [34-52] 35 [27-46] 40 [26-44] 0.023

depression ( degree) 60 [56-63] 60 [56-61] 54 [50-60] 0.023

diplopia* 0 [0 -0] 1 [0 -2.5] 1 [0 -1] 0.018

CAS 2 [1-2.5] 1 [1-2] 2.5 [2-3] 0.140

TSH (mu/L) 1.6 [0.1-5.7] 1.7 [0.04-4.2] 0.4 [0.04-2.4] 0.088

FT4 (pmol/L) 14.8 [12.1-16.9] 15.9 [12.7-17.8] 15.6 [12.5-18.5] 0.440

Anti TPO (kU/L) 160 [40-3000] 80 [15-995] 160 [50-610] 0.480

TBII (U/L) 4.2 [1.0-9.2] 7.4 [2.1-21.7] 11.1 [6.3-29.2] 0.001

current smokers n (%) 5 (17) 10 (30) 12 (39) 0.096#

J-T= Jonkheere-Terpstra test for trend analysis, p<0.05 is considered significant, # Chi-square test, FV/
OV= ratio fat volume/ orbital volume, MV/OV= ratio muscle volume/orbital volume, ^measured with Hertel 
exophthalmometer, * 0= no diplopia, 1= intermittenet diplopia, 2 inconstant diplopia, 3= constant diplopia, 
CAS= clinical activity score, TSH= thyroid stimulating hormone, FT4= free thyroxin 4, Anti TPO= thyroid per 
oxidase antibodies, TBII= thyroid binding inhibitory immunoglobulin.
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Discussion

This study shows a relationship between smoking and the extraocular muscle volume 

in GO patients. No such relationship was found between smoking and the orbital fat 

volume. Larger muscle volumes are associated with more severe GO (higher proptosis 

values, greater degree of limitations in eye ductions and more severe diplopia), which 

is in keeping with the notion that smoking is associated with more severe GO.5 Higher 

TBII levels were also observed in the highest tertile of muscle volumes, but TBII was not 

significantly higher in current smokers than in never- or ex-smokers. We did not find an 

effect of smoking on the clinical activity score.

A possible confounding factor in the observed relationship between smoking and muscle 

volume is age. Advanced age is associated with more severe GO.16,17However, we found 

not difference of age between current smokers and the group of non- and ex-smokers. 

Our results do not confirm the findings of Szucs-Farkas et al., who described a group 

of GO patients according to their smoking habits.18 They found the fat compartment 

increased in smokers as compared to non smokers. The difference with our study is 

that they used MRI scans and established the volumes by outlining, including all other 

Table 2 Characteristics of the group never smokers and ex-smokers vs current smokers (values given as median 
with interquartile range between brackets).

never + ex  N=64 current  N=27  M-W

FV/OV 0.57 [0.52-0.68] 0.62 [0.54-0.73] 0.411

MV/OV 0.20 [0.17-0.25] 0.24 [0.20-0.27] 0.034

age (years) 51 [43-59] 50 [42-55] 0.385

lidaperture (mm) 12 [11-13] 12 [11-14] 0.654

proptosis^ (mm) 21 [20-23] 22 [21-24] 0.058

abduction (degree) 46 [42-50] 45 [40-48] 0.236

adduction (degree) 46 [42-48] 45 [41-48] 0.323

elevation (degree) 42 [30-47] 40 [29-45] 0.474

depression ( degree) 58 [47-62] 60 [50-60] 0.891

TSH (mu/L) 1.6 [0.1-4.3] 0.5 [0.0-2.5] 0.105

FT4 (pmol/L) 14.9 [12.3-18.6] 15.7 [12.0-17.5] 0.801

Anti TPO (kU/L) 120 [15-640] 170 [73-1063] 0.261

TBII (U/L) 6.6 [2.3-21.7] 9.3 [4.1-19.7] 0.198

diplopia* 0.0 [0 -2] 0 .5 [0 -1] 0.716

CAS 2 [1-3] 2 [1-2] 0.202

M-W= Mann- Whitney nonparametric test, p<0.05 is considered significant, FV/OV= ratio fat volume/ orbital 
volume, MV/OV= ratio muscle volume/orbital volume, ^measured with Hertel exophthalmometer, * 0= no 
diplopia, 1= intermittenet diplopia, 2 inconstant diplopia, 3= constant diplopia, CAS= clinical activity score, TSH= 
thyroid stimulating hormone, FT4= free thyroxin 4, Anti TPO= thyroid per oxidase antibodies, TBII= thyrroid 
binding inhibitory immunoglobulin.
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structures within the fat compartment and not the fat itself. Our study might also be 

more accurate, because we used a validated method with age related reference values.9

We conclude that the reason why smoking causes more severe GO is the increase of 

extraocular muscle volume. This is in contrast with the original hypothesis that smokers 

have larger fat volumes. This hypothesis is based on the in vitro findings indicating 

increased adipogenesis upon smoke exposure. The explanation for the discrepancy 

between the in vitro and in vivo findings is not immediately clear. It could be that 

adipogenesis is a relatively late phenomenon in the natural course of GO. Longitudinal 

studies could clarify this issue.

An explanation for the increase in muscle volume caused by smoking can be hypoxia. 

Smoking induces chronic hypoxia by preventing haemoglobin to carry oxygen through 

CO binding. In an orbit already compromised by decreased blood flow, the oxygen deficit 

of the muscles could worsen. As reported by Yu Wai Man in 2005, extraocular muscles 

(EOMs) are very high consumers of oxygen through a large amount of mitochondria.19 

Lack of oxygen can lead to impaired muscle function and probably also swelling of the 

muscle fibres. From the cardiac literature we learn that long term CO exposure at levels 

experienced by heavy smokers reduces aerobic capacity and contractile function of the 

cardiac muscle and leads to pathological myocardial hypertrophy. 20 The main growth 

stimulus is believed to be a compensatory mechanism dealing with the impaired myocyte 

contractility in hypoxic conditions. To maintain their contractility and high fatigue 

resistance, EOMs possess already a highly developed microvascular bed, a higher blood 

flow, a higher mitochondrial content and a higher metabolic rate.19-25Hypoxic conditions 

would then trigger an increase of myofibrils to meet the need for maintaining their 

function.

All possible mechanisms are of course speculative but it provides us with the challenge to 

investigate these.

Conclusions

Smoking affects more the extra ocular muscles in GO. In smokers, the muscle volumes 

are larger, the ductions are worse and there is a higher amount of TBII measured. There 

is less influence on fat volumes. 
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