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Annual number of deaths attributed to tobacco in developed countries.
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Environment

Thyroid disease

Observational studies



Evidence for an effect of smoking on
thyroid disease : Twin Studies

Table 2. Number of Disease-Discordant Twin Pairs by Smoking Status of the Proband and the Healthy Co-Twin,
by Phenotype and Zygosity*

Smoking Status of Proband and Healthy Co-Twin

| |
Smoker and Smoker and Nonsmoker Nonsmoker Odds Ratio
Phenotype and Zygosity Smoker Nonsmoker and Smoker and Nonsmoker (95% Confidence Interval)

Thyroid disease
MZ 18 10 10 5.0 (1.0-33.0)
DZ 33 20 3 2.5(1.1-6.2)
MZ + DZ 51 30 41 3.0 (1.4-6.6)
Autoimmune thyroid disease
MZ 6 [5] 6 [4] 4[2] 6.0 (0.7-132.0)
DZ 11[8] 8(7] 10[6] 2.7 (0.7-12.7)
MZ + DZ 17 [13] 14 [11] 14 (8] 3.5 (1.1-12.6)
Nonautoimmune thyroid disease
MZ 12 N 6 4,0(0.4-93.9)
DZ 22 12 5 21 2.4 (0.8-7.6)
MZ + DZ 34 16 27 2.7 (1.0-7.6)




Autoimmune Thyroid Disease

Proband vs.
co-twin
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More autoimmune thyroid disease in smoking twin




Effects of smoking on

. 1. Effects on thyroid hormone concentrations _

2. Auto immune thyroid disease

AGraves6 disease
AGr a voplgtadmopathy
A Autoimmune hypothyroidism

A Thyroid enlargement
A Toxic goiter

. 4. Thyroid Cancer _



1. Circulating thyroid hormone concentrations

A Weak stimulating effect on thyroid function and thyroid size.

A Small increase in circulating thyroid hormone concentrations (T3)
and thyroglobulin concentrations

A TSH is lower in smokers (independent from autoimmunity)

A Nicotine stimulates and increases
secretion of thyroid hormones

A Increase in thyroid hormone concentrations
-> stimulating effect of smoking <-> intrinsic thyroid disease



[J Non-smoking B Active smoking B Active smoking (adjusted)

5.5(4.7,6.3)

3.4(2.64.3)

2.6(2.03.2)

Thyrotropin (TSH) > 4.5 mU/L

Belin et al. J Clin Endocrinol Metab, 2004, 89:6077i1 6086
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2. Autoimmunity

Graves0O di sease
GravesoO ophtal mopathy
Autoimmune hypothyroidism



Graves' disease

A Consistent associations between Graves'
disease and smoking

A Associations are stronger in association with
opthalmopathy

A Interference with treatment

A Increase in relapse rates in men with Graves'
disease upon stopping of Block & Replacement
therapy



Gravesd di sease WIthout

Study n Definition of Smokers (% Age Women OR
Group type (cases/controls) Smoking smoking (cases/controls) (years) (%) Time since diagnosis (95% Cl)
GDwithot GO CC  167/486 Ever Current+previous 48/28 45.4 100  Most <1 year 2.39(1.67-342)
(<3% previous)
GD CC  101/1600 Current  Cumrent/never 44/26 45-65 100 1-5years 3.10(1.96-4.90)
Ever Ever/never 70/45 2.89 (1.90-4.41)
GDwithout GO CC 96/400 (F) Ever Current or ceased 21 (F) 40.65 89 NA 1.68 (0.33-8.66)
within 5 years
12/400 (M) 50/57 (M)  45.92 0.76 (0.24-2.40)
GDwithout GO CC  100/200 Ever Current or ceased 56/41 40 84 Median 2.5 1.83(1.13-2.97)
within 5 years (range 0.2-10) years
GD CcC 62/81 Current  Current/never 2714 56 /A 3-13years 2.46 (1.01-6.00)
Ever Ever/never 56/47 1.47 (0.75-2.86)
GD CC  208/372 Current  Current/never 41/30 47 83  Newly diagnosed 4.53 (2.80-7.31)
Ever Ever/never 51/42 1.44 (1.02-2.02)
GD CC 182163 Current  Cumrent/not current 34/18 37.4 100  Newly diagnosed 2.39 (1.45-3.93)
GD Cr 21/2079 (F)  Current  Never. never or total 79/43(F) 42and55years 51  Prevalence at study base 4.97 (1.83-13.51
duration <6 month
Ever 81/55 (F) 3.46 (1.24-9.66)
3/1997 (M)  Current 67/60 (M) 1.34 (0.12-14.71
Ever 67/72 (M) 0.78 (0.07-8.54)
Smoking* Common ORt
Current 3.30 (2.09-522

Ever 1.90 (1.42-255
Previous 1.41 (0.77-258

Vestergaard, Eur J Endoc 2002;146:153-161 OR: 3.3(2.1-5.2)




Response of TSH-Receptor Antibodies

and Thyroid Hormones During Treatment With Carbimazole for Graves Disease

able. Clinical Characteristics and Response of TSH-Receptor Antibodies and Thyroid Hormones During Treatment With Carbimazole for

Graves Disease

Median (IQR)
Smokers Nonsmokers
(n = 25) (n=349) P Value®
Age, Y 40 (33-49) 39 (29-49)
Women, No. (%) 24 (96) 33 (97)
Cigarettes/d 15 (10-20)
Pack-years of smoking 17.5 (9.9-38.1)
Baseline thyroid tests
TSH, miU/L <0.01 <0.01
TSH-receptor antibody, (U/L 11.0 (6.0-18.2) 10.2 (6.3-16.3) 42
FT4, ng/dL 3.3(2.4-4.4) 3.7 (2.6-4.2) .43
Ts, ng/dL 389.6 (321.4-546.8) 344.2 (217 .5-5639.0) .80
Area under the curve over 12 mo
No. of serial measurements 9 (7.5-10) 9 (7-10) 78
TSH-receptor antibody, IU/L 107.5 (45.5-200.5) 59.0 (31.0-101.0) .02
FT4 ng/dL 17.4 (14.8-24.2) 12.5(11.3-17.0) 01
Ts, ng/dL 2078 (1851-2305) 1526 (1266-1890) .003
Carbimazole dose, mg/d 17.8 (13.3-22.9) 10.4 (7.8-18.5) .04

Abbreviations: IQR, interquartile range; TSH, thyroid-stimulating hormone.

Sl conversion factors: To convert free thyroxine (FT,) to pmol/L, multiply by 12.871; to convert total triodothyronine (T;) to nmol/L, multiply by 0.0154.

@By Mann-Whitney test.

Nyirenda, M. J. et al. JAMA 2009;301:162-a-164-a.

JAMA



Smoking and With Carbimazole

® Smokers
O Nonsmokers

L

Nyirenda, M. J. et al. JAMA 2009;301:162-a-164-a.

Treatment, mo



Nyirenda, M. J. et al. JAMA 2009;301:162-a-164-a.

TSH-Receptor Antibodies




The impact of smoking and TSHR-ADb on the risk of

Odds ratio

95% CI

At initial diagnosis
Smoking Yes

No

Positive

Negative

At the end of ATD
Smoking Yes

No

Positive

Negative

TSHR-ADb

TSHR-Ab

After ATD withdrawal
Smoking Yes

No

Positive

Negative

TSHR-Ab

6.9
1.0
n.i.
n.i.

1.6-31

n.i.
n.i.
1.4-36

3.0-256
1.1=58

3.4—-423

Glinoer D, European Journal of Endocrinology 2001;144: 475-483



Graves' ophtalmopathy

A Strongest associations with smoking

A Number of cigarettes is an independent risk factor for proptosis and
diplopia

A Smokers :

I Higher risk of development / progession of ophtalmopathy after
radioiodine treatment.

I Decreased effect of glucocorticoid treatment or external
radiotherapy at the orbitae

A MECHANISM
I Hypoxia at tissue level ?
I Immunomodulatory effects.



Study n Definitionof ~ Smokers (%) Age Women OR

Group type (cases/controls) Smoking smoking (cases/controls) (years) (%)  Time since diagnosis (95% Cl)
Severe GO CC 12/42 Ever  Currentorsmoked  83/31 38 83  3-15years 11.15(2.55-48.72)
(Wemer =3) within last year
Less severe GO 24/42 46/31 1.89 (0.67-5.33)
(Wemer 0-2)
GO (Ophthalmopathy CC ~ 307/486 Ever  Current+previous 64/28 46.2 100  Most <1 year 4,66 (3.46-6.27)
index) (<3% previous)
GO (NO SPECS°=1) CC 92/400 (F)  Ever  Currentor ceased 81 (F) 36.62 89 NA 8.15(2.81-23.64) (F)
within 5 years
24/400 (M) 7158 (M)  47.29 1.76 (0.72-4.30) (M)
Type | GO* CC 65065 Ever  Currentorceased  63/30 3.1 86  0-7years 1.96 (0.96-4.02)
=2 years
Type Il GO° 59/59 83/27 52.0 64 13.52 (5.88-31.07)
GO (NOSPECS®=2) CC  100/200 Ever  Currentorceased  81/38 46.4 84  Median25 7.11(4.13-12.21)
within 5 years (range 0.1-10) years
GO (Van Dyk CC 85/81 Current  Current 62/14 68 NA  3-13years 10.54 (5.14-21.60)
classification)
Ever Ever 74/45 3.24 (1.70-6.17

Common OR*
Ever 4.40 (2.88-6.73)
4.87 (3.16-7.52)%

OR : 4.9 (3.2-7.5)

Vestergaard, Eur J Endoc 2002;146:153-161



Smoking and Graves' disease : with or without ophtalmopathy

Case Patients, Control Subjects,
_Dissases’ No. (%) No. (%) OR (95% Ciit

GO+GH

Smokers 81(81) 75 (38)

e SIS\ | S .. N 174313,
—— 3

—

GH only

Smokers 56 (56) 82 (41)
Nonsmokers M (44) 118 (59)

Prummel, Wiersinga JAMA 1993;269:479-482



Smokers have a more severe ophtalmopathy
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Thyroiditis and hypothyroidism

Study Definition of Smokers (%) Age Women  Time since OR
Group type Cases/controls Smoking smoking (cases/controls) (years) (%) diagnosis (95% CI)
PPTD - CD C 15/276 (9T, 5 HY, 1 T+HY) Ever Continued or stopped N/A N/A 100  New cases 3.6 (1.2-11)
smoking in pregnancy
PPTD - LAB®* C 46/167 (21 T, 17 HY, 11 T+HY) Current Current 48/37 25.3 100  New cases 1.55 (0.80-3.00)
PPTD-LAB C 12/30°(7T) Current  Regular cigarette smokers 33/23 30 100  New cases 1.64 (0.37-7.21)
PPTD-LAB C 14/260 (14 T) YesNo Smoking yes/no 43/24 258 100 New cases 2.35 (0.80-6.84)
Smoking Common OR*
All studies 1.97 (1.23-3.17)
HT CC 200486 Ever Current+previous 34/28 475 100  Most <1 year 1.31 (0.92-1.87)
(<<3% previous)
HT cC 387/166 Current  Current 28/16 50.5 100 N/A 2.04 (1.29-3.25)
Ever Ever 34/21 192 (1.25-293)
Smoking Common OR*
Ever 1.56 (1.07-2.28)
CH CC 51/138 Current  Current 27/21 572 100 N/A 1.42 (0.68-2.98)
SH 84/138 23/21 515 1.10 (0.57-2.12)
HY C 1309 Current  Current 44 38-60 100 Newcases 3.56 (1.57-8.09)
AlH CC 75/150 Ever Current or ceased 43/35 49.3 93 Median 4 1.36 (0.77-2.40)
within 5 years (0.2-10) years
Smoking Common OR*
Current 1.71 (0.87-3.39)
All studies 1.58 (0.99-2.51)

Vestergaard, Eur J Endoc 2002;146:153-161




Hypothyroidism
Lower prevalence of overt (OR : 0.60 [0.38-0.95]) and

subclinical hypothyroidism (OR : 0.54 [0.45-0.66]) in women
Asvold, Ann Int Med 2007;167:1428-1432

J Non-smoking B Active smoking B Active smoking (adjusted

18 (17.19)
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34(2.643)

Thyroid Autoantibody Presence Thyrotropin (TSH) > 4.5 mU/L
Belin et al. J Clin Endocrinol Metab, 2004, 89:60771 6086



TPO-Ab and Tg-Ab independent associated with smoking

Pedersen IB, & Rasmussen LB. Eur J Endocrinol. 2008;158:367-373.



Baseline At event Pvalue

Cases Controls Cases Controls ~~ Baseline 1 yr before event

TRC-AD andlor To-Ab
Age WTH107  M6EI06 3109 370+108
TSH qeometicmean) ~ 122107-120) 119(1.16-1.2 B0 1B0IHG om0
1, mlie) 08+1)  1B3+4  B0z2]  132:23 005 (O
| Curentsmokes (9 313 3! 13 00 M 00

Pregnant ast year () 5. 10 b.| 90 0515 0,592
Fsrogen use (%) 434 1.5 03 405 0.189 0.062
lodine excess (%) 11.] 10. 95 198 0.7% 0.174

5-yr longitudinal follow-up with increased TPO-Ab or Tg-Ab conversion
upon smoking discontinuation

Effraimidis & Wiersinga, JCEM 2009;94:1324-1328



Thyroid enlargement - goiter

Study Definition of Smokers (%) Age Women Time since OR
Group type Cases/controls Smoking smoking (cases/controls) (years) (%) diagnosis (95% Cl)
NTG CC 405/486 Ever Current+previous 30/28 37.2 100  Most <1 year 1.13 (0.85-1.52)
{<<8% previous)
NTG cC 114/400 (F) Ever Current or ceased 6/1 (F) 46.31 91  N/A 6.48 (2.17-19.37) (F)
within 5 years
11/400 (M) 38/60 (M) 51.45 0.25 (0.07-0.86) (M)
NTG CcC 100/200 Ever Current or ceased 45/40 48 82 Median52 1.23 (0.76-1.99)
within 5 years (range 0.1-10) years
NTG CcC 238/166 Current  Current 13/16 45,3 100 N/A 0.74 (0.42-1.30)
Ever Ever 16/21 0.71 (0.43-1.18)
NTG Cr 186/1470 (F) Current  Current 55/42 (F) 42 or 55 years 51  Prevalence 1.68 (1.24-2.28) (F)
8/1388 (M) 50/60 (M) 0.67 (0.17-2.66) (M)
217/1883 (F) Ever Ever 61/55 (F) 1.31 (0.98-1.75) (F)
12/1988 (M) 67/72 (M) 0.78 (0.23-2.58) (M)
NTG - PG Cr 113/712 Current  Smoker/non-smoker 32/31 50-72 100  Prevalence 1.04 (0.68-1.59)
NTG - PG Cr 43/318 Current  Current 58/45 48-53 100  Prevalence 1.68 (0.88-3.19)
46/395 Ever Ever 61/56 1.22 (0.66-2.29)
NTG - CG Cr 35/184 Current  Current =15 cigaretes/day 91/41 18-77 51  Prevalence 15.50 (5.82-41.29)
or no smoking within
last 5 years
Smoking CommonOR*
Ever 1.22 (0.96-1.55)
Ever 1.29 (1.01-1.65)t

OR 1.29 (1.01 -1.65)
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Smoking

Ex Moderate ~ Heavy

Knudsen, Thyroid 2002;879-888
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Interaction with iodine status ?

Table 2 Mean thyroid volume in ml according to smoking status
before and four years after mandatory 1odization of salt in Denmark
(n = 7,793)

N betore/atter Before 1odization After 1odization

Non smoker  1,600/1,354 12.1 (11.7-12.4)  11.0 (10.7-11.4)
Ex smoker 991/859 12.7 (12.3-13.1) 114 (11.1-11.8)
[-15 g/day [.L189/819 14.2 (13.7-14.6) 12.1 (11.7-12.5)
>15 g/day 641/340 15.0 (14.4-15.5) 12.3 (11.8-12.9)

Vejbjerg, Eur J Epidemiol 2008;23:423-429




Mechanism

A Toxic components in cigarette smoke

A ~ goitrogen (iodine deficiency)
Long half-life : t;,, > 6 d

A

I Inhibition of van iodide transport en organification
I Enhancement of iodide efflux

A Contrasts with lower TSH in smokers



Toxic goiter

Study Definiionof ~~ Smokers (%)  Age  Women Time since OR
type  Cases/controls  Smoking smoking (casesicontrols)  (years) (% diagnosis (85% CI
CC 165/486 Ever Cument+previous 24/28 5.7 100 Most<1year 0.80(0.53-121)
(<<% previous)
CC 2811600 Curent  Current 3226 $5-65 100  1-5years 1.350.61-3.00)
Ever Ever G1/45 1.89(0.89-4.01)
CC 79/150 Ever Current or ceased 45/3% 6.4 B5  Median35 156 (0.89-2.75)
within 5 years (range 0.1-10) years
Smoking Common OR'
Ever 1.27{0.69-2.33)

OR 1.27 (0.69-2.33




Thyroid Cancer

Risk of Female Papillary Thyroid Cancer in Relation to Smoking
Status

ABLE 2. Risk ot Female Papillary Thyroid Cancer in Relation to Smokin
Status at the Reference Age

N Cases N Controls  OR¥ 95% CI

All women
Never-smoker? 254
Last smoked 14+ years ago 39
Last smoked 6-13 vears ago 30
Last smoked <6 years ago 26
Current smoker 61

Rossing et al. Epidemiology 2000; 11549
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