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Background
Graves disease (GD) is an autoimmune disorder in which acti-
vating autoantibodies directed against thyrotropin (TSH) recep-
tor result in the continuous stimulation of thyroid hormone 
production and release as well as thyroid growth.1,2 The clinical 
manifestation, although diverse, principally involves hyperthy-
roidism, ophthalmopathy, and diffuse goitre.3 Organs other than 
the thyroid gland may be affected, leading to extrathyroidal mani-
festations of GD, mainly Graves-associated orbitopathy, observed 
in ~50% of patients,4 Graves dermopathy and acropachy, both 
rare.5,6 Graves disease is believed to result from a complex inter-
action between genetic susceptibility (such as polymorphisms in 
various genes including HLA-DR, CTLA-4, CD45, PTPN22, 
and TSH-R) which constitute 70% of the attributable risk for the 
disease and environmental factors (including stress, pregnancy, 
smoking, selenium deficiency, several drugs, irradiation, infec-
tions, allergy, and immune reconstitution).7–9

The prevalence of GD is higher in areas of iodine suffi-
ciency constituting over 80% of hyperthyroid cases.10 The 

disease peaks in the fourth decade of life, with a significant 
female bias, up to 10:1 ratio.11–19

Previous studies on the disease have revealed differing pat-
terns regarding characteristics on deferent continents.20 This 
study aims to bridge the gap in knowledge on the peculiarity of 
the disease in Ghana by describing the demography and clini-
cal characteristics of a cohort of 182 patients with GD seen at 
a tertiary referral centre in the middle belt of Ghana.

Materials and Methods
Participant recruitment

This is a cohort study involving patients enrolled for follow-up 
visit to the endocrine clinic of Komfo Anokye Teaching 
Hospital who fulfilled the criteria for the diagnosis of GD (the 
combination of eye signs, goitre, and any of the characteristic 
symptoms and signs of hyperthyroidism). These patients were 
enrolled after standard history, and clinical examination had 
been performed with a focus on verifying their thyroid status 
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and diagnosing GD. A brief questionnaire on previous thyroid 
disease; autoimmune thyroid disorders; intake of medications, 
including amiodarone and nutritional supplements; smoking 
and alcohol intake habits; accompanying conditions; and fam-
ily history of thyroid disease was filled out. Smokers were iden-
tified by self-report as those who had smoked at least 10 sticks 
of cigarette per day for 6 months or more or those who smoked 
daily for 1 year or more regardless of the number of cigarettes 
smoked per day.21 Positive alcohol intake status was identified 
when greater than 14 units of alcohol were consumed per week 
in the case of a woman and 21 units per week in case of a 
man.22 We scanned through folders to identify follow-up visits 
to ascertain the duration of follow-up visits.

Physical examination

Complete physical examination including body weight and 
height measurements was taken in duplicates using a combined 
manual scale and stadiometer (Asimed MB 211 T plus Aparatos 
Y Sistemas de Medida). Body mass index was calculated as 
weight in kilogram divided by the square of height in metres (kg/
m2).23 Blood pressure was determined using a manual mercury 
sphygmomanometer. Hypertension was defined as mean blood 
pressure ≥140/90 mm Hg and documented antihypertensive 
therapy.24 Pulse rate was determined at the radial artery and clas-
sified as tachycardia if pulse rate was higher than 100 beats per 
minute.25 Ophthalmologic examination was done with the aim 
of assessing for lid lag, lid retraction, chemosis, exophthalmos, 
and various manifestations of thyroid-associated orbitopathy 
(TAO). Thyroid-associated orbitopathy was assessed using the 
European Group of Graves’ Orbitopathy (EUGOGO) classifi-
cation that uses various indicators to assess the signs and symp-
toms of activity and the degree of severity.

Thyroid ultrasonography

Thyroid ultrasonography was performed with the measure-
ment of thyroid volume in millilitre, characteristics, assessment 
for nodules, and confirmation of high blood flow using Doppler 
measurements. Thyroid volume was estimated via ultrasonog-
raphy using a 7.5-MHz linear array transducer (GE Healthcare 
Bio-Systems, Milwaukee, WI, USA). All examinations were 
performed and interpreted by the same experienced radiologist. 
Thyroid volumes were calculated using the volumes of both 
lobes as follows: lobe (mL) = length × width × depth (mm) × 
0.479. Nodules and cystic areas were included in the thyroid 
volume (reference values: women: 18 mL; men: 25 mL). 
Parameters for colour Doppler were F. 6.6 MHz, G. 64%, PRF 
5.6 KHz, and WF 50 Hz. The angle correction cursor was par-
allel to the direction of flow, and the Doppler angle was kept at 
or below 60°. The peak systolic velocity, end diastolic velocity, 
and mean velocity were obtained. Peak systolic velocity of the 
inferior thyroid artery of 40 cm/s was considered significantly 
high and suggestive of GD. Thyroid volume values were 

obtained by calculating the volumes of both lobes as follows: 
Lobe (mL) = length × width × depth (mm) × 0.479. Nodules 
and/or cystic areas were included in the thyroid volume (refer-
ence values: women: 18 mL; men: 25 mL).

Laboratory measurements

Approximately, 10 mL of fasting venous samples was collected 
from each participant into Vacutainer tubes (Becton Dickinson, 
Rutherford, NJ, USA) and Sequestrene bottles. Samples were 
manually processed and cryopreserved before transporting to the 
laboratory for analysis. Samples were aliquoted for measurement 
of serum-free thyroxine (FT4), free triiodothyronine (FT3), TSH, 
TSH receptor antibody (TRAb), thyroid peroxidase antibodies 
(TPOAbs), thyroglobulin antibodies (TGAbs), kidney function 
tests, and haematological parameters. The TRAb was measured 
using a receptor assay (DYNOtest TRAK, Thermo Fisher, Berlin, 
Germany). TPOAb, TGAb, serum FT4, FT3, and TSH were all 
measured (Cobas e 411 automated immunoassay analyzer; Roche 
Diagnostics, Indianapolis, IN, USA). The reference range, intra-
assay, and inter-assay coefficients of variation for thyroid hor-
mones and antibodies were as follows: TSH: O.25-4.2 IU/mL, 
<2.2% and <2.3%; FT3: 3.7-10.4 pmol/L, 4.8% and 5.9%; FT4: 
7.5-21.1 pmol/L, 2.8%; TPOAb >5.6 U/L, 3.1% and 2.4%; 
TPOAb >5.6 U/L, 2.1% and 6.1%; TGAb >4.1 U/L, 1.9% and 
5.6%; TRAb >3.4 IU, 1.2% and 1.9%, respectively.

Thyroid function was classified as euthyroidism when FT4, 
FT3, and TSH were within the normal range; hypothyroidism 
when TSH level was higher than the upper limit of the refer-
ence range and FT4 or FT3 is lower than the lower limit of 
their reference ranges; subclinical hypothyroidism when TSH 
is greater than the upper limit of the reference range and FT4 
and FT3 are within the normal range; hyperthyroidism when 
TSH level is lower than the upper limit of the reference range 
and FT4 or FT3 is greater than the upper limit of their refer-
ence ranges; subclinical hyperthyroidism when TSH level is 
below the lower limit of the reference range and FT3 and FT4 
are within the normal range.

Ethical approval and consent to participate

The study was approved by the Committee for Human 
Research Publications and Ethics at the School of Medical 
Sciences, Kwame Nkrumah University of Science and 
Technology, and the Komfo Anokye Teaching Hospital, 
Kumasi. All participants gave an informed consent with those 
unable to understand or sign the consent excluded.

Statistical analysis

Data were analysed using GraphPad Prism 7 software for Mac 
OS X and presented as mean (standard deviation), median 
(interquartile range [IQR]) and n (%), respectively. Data nor-
mality assumption was performed by visual inspection 
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of distribution as well as D’Agostino and Pearson Omnibus 
normality test. Statistical difference between means, medians, 
and proportions was assessed using Student t tests, Mann-
Whitney U tests, and χ2 tests, respectively. Predictors of inabil-
ity to achieve remission at 24 months after drug therapy were 
evaluated using multiple logistic regression analysis. Differences 
were considered statistically significant at P < .05.

Results
Sociodemographic and clinical characteristics of 
participants

As shown in Table 1, 182 participants were involved in the 
study, 152 (83.5%) were women with a female:male ratio of 
5.1:1.0. The mean age at presentation was 39.9 ± 14.7 years, 

with men relatively younger than women. Two distinctive peak 
age ranges at presentation were identified, ie, the 30s and the 
50s age groups (Figure 1). About 13 (7.14%) of the participants 
reported a history of other autoimmune disorders, with the 
proportion of women significantly higher than men. About 38 
(20.9%) presented with a history of thyroid disorder, with 
women significantly higher than men. Men were relatively 
heavier than women. The mean pulse rate at presentation was 
87.5 ± 20.6 with no significant sex difference. The mean sys-
tolic blood pressure and diastolic blood pressure showed no sex 
differences. In all, 42.9% of the participants had hypertension 
at the time of diagnosis. As shown in Figure 2, the most preva-
lent symptoms of participants at presentation were palpitation 
(86%), goitre (77%), and shortness of breath (77%). Regarding 
clinical signs, the most frequent presentation was goitre (85%), 

Table 1. Sociodemographic and clinical characteristics of patients with Graves disease in Kumasi.

CHARACTERISTICS TOTAl FEmAlE, NO. (%) mAlE, NO. (%) P vAlUE

Gender 182 (100) 152 (83.5) 30 (16.5)  

Gender ratio 5.1 1  

Age at diagnosis, mean ± 
SD

39.9 ± 14.7 41.0 ± 15.0 32.0 ± 14.5 <.0001

History of autoimmune 
disorder

13 (7.14) 12 (7.9) 1 (3.3) <.0001

Family history, thyroid 
disease

38 (20.9) 35 (23.0) 3 (10.0) <.0001

Smoking, No. (%) 9 (4.9) 1 (0.7) 8 (26.7) <.0001

Alcohol use, No. (%) 30 (16.5) 16 (10.5) 14 (46.7) <.0001

Weight, kg 48.9 ± 9.6 44.7 ± 4.9 50.3 ± 9.7 <.0001

BmI, kg/m2 24.8 ± 8.9 22.6 ± 9.4 24.1 ± 8.6 <.0001

Pulse rate, bpm 112.3 ± 20.6 110.7 ± 19.9 114.3 ± 23.9 .07

Tachycardia, No. (%) 145 (79.7) 121 (79.6) 24 (80.0) .19

Bradycardia, No. (%) 33 (18.1) 26 (17.1) 7 (23.0) .03

Normal pulse rate, No. 
(%)

4 (2.2) 3 (2.0) 1 (3.3) .43

Systolic blood pressure, 
mm Hg

133.3 ± 23.4 135 ± 23.2 128.8 ± 16.2 .015

Diastolic blood pressure, 
mm Hg

82.4 ± 11.9 83.5 ± 12.1 81.8 ± 11.7 .66

Hypertension, No. (%) 78 (42.9) 68 (44.7) 10 (33.3) .12

Graves orbitopathy, No. 
(%)

102 (56) 84 (55.2) 18 (60) .32

Pretibial myxoedema, 
No. (%)

6 (3.3) 6 (3.9) 0 (0) —

Thyroid volume, ml, No. 
(%)

45.0 ± 1.8 43.2 ± 1.0 46.7 ± 0.7 .45

Remission at 24 mo, No. 
(%)

96 (54.9) 83 (54.6) 13 (43.0) .32
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lig lag or lig retraction or both (79%), and tachycardia (75%) 
(Figure 3). The mean volume of the thyroid gland at presenta-
tion was 45.0 ± 1.8 mL with no sex difference.

Laboratory results of participants

As shown in Table 2, the white cell count of participants 
showed no significant sex difference. The mean haemoglobin 
and urea levels did not show any sex difference. The creatinine 
levels of men were significantly higher than in women.

Thyroid function at presentation

The mean FT3, FT4, and TSH showed no sex difference. The 
median (IQR) TPOAb level was 11.2 (6.8-22.3) with no sig-
nificant sex difference. The levels were only tested in 143 
(78.5%) of the participants with 96.0% of women testing posi-
tive and 100% men testing positive. Thyroglobulin autoanti-
body was tested in 100 (54.9%) of participants, 70 (79.5%) of 
women tested positive, and 8 (66.6%) of men tested positive. 
Thyrotropin receptor autoantibody was tested in 132 (67.0%) 
of participants. About 99% of women and 100% of men tested 
positive for TRAb. About 84% of the participants were hyper-
thyroid at presentation, 9% were euthyroid, 4% had hypothy-
roidism, and 3% had subclinical hyperthyroidism (Figure 4).

Predictors of inability to achieve remission

The results of multiple regression analysis are as shown in 
Table 3: the presence of thyroid orbitopathy was associated 

with 2× increased odds of inability to achieve remission at 
24 months. Again, each millilitre increase in thyroid volume 
was associated with 2.32× increased risk of an inability to 
achieve remission at 24 weeks. Each missed appointment was 
associated with 50% increased odds of lack of remission at 
24 months.

Discussion
This is the first study describing the clinical characteristics of 
patients with GD in Ghana. This study although showing a 
significant predilection of GD among women compared with 
men, with a ratio of 5.1:1.0, the sex difference does not quite 
reach levels seen in Europe and Americas where levels as high 
as 10:1 have been shown.11,26 There appears a lower female:male 
ratio among blacks, as a similar study involving patients with 
GD in Senegal yielded only slightly higher ratio compared 
with this study.27 In general, the increased association of GD 
with the female sex and, in particular, its rarity before puberty 
and after menopause strongly implicates the role of sex steroids 
in its causation.19 Again, the protective role of androgens in the 
development of autoimmune thyroid disease provides an addi-
tional layer of evidence to the role played by female sex hor-
mones in the determination of GD.28 Female sex hormones, in 
addition to exerting a strong influence on the immune system 
and determination of the B-cell repertoire, also favour TH2 T 
cells and antigen presentation.28,29 Androgens may also actually 
suppress autoimmune thyroid disease and favour TH1 T cells 
and CD8+ T cells. However, the fact that the prevalence of the 
disease does not decline during menopause and a high number 
of men still develop the disease has brought the influence of X 
chromosome–related disease. Women with their 2 chromo-
somes receive twice the susceptibility gene. Evidence of X 
chromosome–linked disease has been implicated in GD.

The mean age of participants with GD of 39.9 ± 14.7 is 
slightly higher than seen in other studies.27 However, the 2 
peak age ranges at diagnosis in the 30s and 50s shown in our 
patients with GD are similar to that seen in other studies.7,27 
Overall, the presentation of GD in our setting was largely 
due to goitre and cardiovascular symptoms as well as hyper-
metabolic manifestations as those found in other areas of the 
world, with a few atypical presentations.30 Also, clinical signs 
were dominated by cardiovascular and ophthalmologic com-
plications. In all, the clinical presentation of GD as seen in 
this study bodes well for an area like Ghana where the diag-
nosis of GD is usually based on clinical signs, often with 
limited laboratory support and non-existent radioisotope 
investigation available. Although clinical diagnosis of GD 
can be made based on signs and symptoms, detailed investi-
gations are needed to plan treatment. Although not routinely 
tested for in the clinical setting, most participants tested for 
various thyroid antibodies outlined the utility of thyroid 
autoantibodies, in that almost all participants who were 
tested were found to be positive for TRAb as well as TPOAb. 
This also underlines the autoimmune basis for this disorder. 

Figure 2. Symptoms associated with Graves disease in Central Ghana.

Figure 1. Age range at presentation for participants.
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Thyrotropin receptor autoantibody showed the highest sen-
sitivity and specificity for diagnosing the disease.31,32 The 
increasing sensitivity of TRAb is mainly because of its 

destructive role in the pathophysiological mechanism 
involved in the disease.11

A significant proportion (84%) of patients were hyperthy-
roid at presentation, highlighting the disease as mainly a hyper-
thyroid disease state.33 However, a few of the patients presented 
with other biochemical thyroid states including euthyroidism. 
Although this in some instances will confound the diagnosis 
especially when there is no thyroid imaging available as in our 
case, it must be highlighted that the disease can sometimes 
present with various biochemical states including subclinical 
states.34 A broad spectrum of biochemical presentation, there-
fore, exists in these patients. The presence of distinct clinical 
signs in most of these patients such as Graves orbitopathy with 
the addition of highly sensitive TRAb assays makes the diag-
nosis almost always straightforward.

Figure 3. Clinical presentation of patients with Graves disease in Central Ghana.

Table 2. laboratory results of Graves disease patients in Kumasi.

INDICES TOTAl FEmAlE mAlE P vAlUE

Number 182 152 30  

White cell count, mm 6.0 ± 1.6 5.98 ± 0.36 5.89 ± 0.94 .92

Haemoglobin, g/dl 11.5 ± 2.6 11.0 ± 0.6 13.3 ± 0.7 .08

Urea, mmol/l 2.90 ± 6.3 2.92 ± 9.2 2.82±7.5 .09

Creatinine, µmol/l 60.3 ± 4.2 53.2 ± 26.1 67.0 ± 10.1 .002

FT3, pmol/l, mean ± SD 12.7 ± 16.4 13.1 ± 16.7 11.8 ± 15.9 .83

FT4, pmol/l, mean ± SD 65.0 ± 18.8 66.4 ± 9.2 65.1 ± 9.2 .87

TSH, U/l, mean ± SD 1.6 ± 1.0 1.41 ± 3.1 2.6 ± 7.3 .37

TPOAb, U/l, median (IQR) 11.2(6.8–22.3) 9.9(6.7–22.8) 12.5(7.3–18.8) .88

TPOAb (positive) 143(78.5) 119/124 19/19 .56

TGAb, median (IQR) 7.8(5.3–12.7) 7.8(5.5–12.7) 6.9(3.8–19.0) .54

TGAb (positive) 100(54.9) 70/88 8/12 .09

TRAb, median (IQR) 9.5 (7.0–12.5) 9.2(6.7–12.0) 9.9(8.0–13.4) .39

TRAb (positive) 122(67.0) 99/100 22/22 .42

Abbreviations: IQR, interquartile range; FT3, free triiodothyronine; FT4, free thyroxine; TGAb, thyroglobulin autoantibody; TPOAb, thyroid peroxidase autoantibody; TRAb, 
TSH receptor autoantibody; TSH, thyrotropin.

Figure 4. Clinical status of participants at presentation.
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Almost all the patients with hyperthyroidism were started 
with antithyroid drugs as well as β-blockers, specifically carbi-
mazole with an average time to remission of 8 months. 
However, a significant proportion of patients could not achieve 
remission at 24 months. As determined by logistic regression, 
these patients had a significant association with TAO. This can 
be explained by the fact that the presence of TAO can some-
times indicate an increased activity of GD often leading to an 
increased risk of lack of remission especially with other factors 
at play.1 An inability to achieve early remission in this cohort of 
patients was also associated with an increased thyroid volume 
at presentation similar to that observed in other studies.35,36 An 
increase in thyroid volume at presentation also signifies increase 
in the activity of thyroid gland through increase in the stimula-
tion of TSH receptors by TRAb.36 Additional factors associ-
ated with an inability to achieve remission at 24 months in our 
study cohort included patients with a relatively high FT3/FT4 
ratio.27,37 The FT3/FT4 has also been an indicator of thyroid 
activity.38 Patients with GD who routinely missed clinic 
appointments were 5× associated with the inability to achieve 
remission.39

This study is limited by the inability of all the partici-
pants to undergo thyroid autoantibody testing in the 
research and the limited number of participants. However, 
this study has been able to underline the factors associated 
with an inability to achieve remission in this low-resource 
setting. In addition, this study provides a useful update on 
the need for the acquisition of nuclear medicine set-up to 
provide a useful option for diagnosis and drug therapy for 
patients. Also, patients with these peculiar characteristics 
provide a valuable index for stringent treatment and coun-
selling for patients.

Conclusions
In conclusion, GD was seen in a ratio of 5:1 in patients in 
Ghanaians with a bimodal age of presentation in the 30s 
and 50s. Inability to achieve remission at 24 months was 
associated with an increased in thyroid volume at presenta-
tion, increased FT3:FT4 ratio, missed clinic appointments, 
and TAO.
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Table 3. Predictors of inability to achieve remission.

vARIABlE UNADJUSTED OR (95% CI) P vAlUE ADJUSTED OR (95% CI) P vAlUE

Age

 For every 10 y, older 0.89 (0.95–1.85) .32 — —

Gender

 male 0.82 (0.65–1.03) .82 — —

 Female 1  

Thyroid-associated orbitopathy

 Present 2.35 (1.98–3.26) <.001 2.23 (1.90–2.98) <.001

 Absent 1  

Thyroid volume at presentation

 For every 1-ml increase in volume 2.85 (2.21–3.22) <.001 2.32 (2.11–3.05) <.04

missed appointments

 For every missed appointment 5.24 (3.24–7.45) <.001 4.85 (3.45–6.23) <.001

Abbreviations: CI, confidence interval; OR, odds ratio.



Sarfo-Kantanka et al 7

REfEREnCEs
 1. Allelein S, Feldkamp J, Schott M. Autoimmune diseases of the thyroid gland. 

Internist (Berl). 2017;58:47–58. doi:10.1007/s00108-016-0171-2.
 2. Laurberg P, Nygaard B, Andersen S, et al. Association between TSH-Receptor 

autoimmunity, hyperthyroidism, goitre, and orbitopathy in 208 patients included 
in the remission induction and sustenance in Graves’ disease study. J Thyroid Res. 
2014;2014:165487. doi:10.1155/2014/165487.

 3. Kravets I. Hyperthyroidism: diagnosis and treatment. Am Fam Physician. 
2016;93:363–370.

 4. Tanda ML, Piantanida E, Liparulo L, et al. Prevalence and natural history of 
Graves’ orbitopathy in a large series of patients with newly diagnosed Graves’ 
hyperthyroidism seen at a single centre. J Clin Endocrinol Metab. 2013;98:1443–
1449. doi:10.1210/jc.2012-3873.

 5. Bartalena L, Fatourechi V. Extrathyroidal manifestations of Graves’ disease: a 
2014 update. J Endocrinol Invest. 2014;37:691–700. doi:10.1007/
s40618-014-0097-2.

 6. Morshed SA, Latif R, Davies TF. Delineating the autoimmune mechanisms in Graves’ 
disease. Immunol Res. 2012;54:191–203. doi:10.1007/s12026-012-8312-8.

 7. Jurecka-Lubieniecka B, Bednarczuk T, Ploski R, et al. Differences in gene-gene 
interactions in Graves’ disease patients stratified by the age of onset. PLoS ONE. 
2016;11:e0150307. doi:10.1371/journal.pone.0150307.

 8. Menconi F, Marcocci C, Marinò M. Diagnosis and classification of Graves’ disease. 
Autoimmun Rev. 2014;13:398–402. doi:10.1016/j.autrev.2014.01.013.

 9. Smith TJ. TSHR as a therapeutic target in Graves’ disease. Expert Opin Ther Tar-
gets. 2017;21:427–432. doi:10.1080/14728222.2017.1288215.

 10. Nyström HF, Jansson S, Berg G. Incidence rate and clinical features of hyper-
thyroidism in a long-term iodine sufficient area of Sweden (Gothenburg) 2003-
2005. Clin Endocrinol (Oxf). 2013;78:768–776. doi:10.1111/cen.12060.

 11. Falgarone G, Heshmati HM, Cohen R, Reach G. Mechanisms in endocrinol-
ogy: role of emotional stress in the pathophysiology of Graves’ disease Eur J 
Endocrinol. 2013;168:R13–R18. doi:10.1530/EJE-12-0539.

 12. Belguith-Maalej S, Hadj Kacem H, Rebai A, Mnif M, Abid M, Ayadi H. Thyro-
globulin polymorphisms in Tunisian patients with autoimmune thyroid diseases 
(AITD). Immunobiology. 2008;213:577–583. doi:10.1016/j.imbio.2008.01.004.

 13. Ogun OA, Adeleye JO. Severe ophthalmological complications of thyroid dis-
ease are rare in Ibadan, Southwestern Nigeria: results of a pilot study. Ophthalmol 
Eye Dis. 2016;8:5–9. doi:10.4137/OED.S32169.

 14. Zimmermann MB, Boelaert K. Iodine deficiency and thyroid disorders. Lancet 
Diabetes Endocrinol. 2015;3:286–295. doi:10.1016/S2213-8587(14)70225-6.

 15. Shan Z, Chen L, Lian X, et al. Iodine status and prevalence of thyroid disorders 
after introduction of mandatory universal salt iodization for 16 years in China: a 
cross-sectional study in 10 cities. Thyroid. 2016;26:1125–1130. doi:10.1089/
thy.2015.0613.

 16. Pearce EN, Lazarus JH, Moreno-Reyes R, Zimmermann MB. Consequences of 
iodine deficiency and excess in pregnant women: an overview of current knowns 
and unknowns. Am J Clin Nutr. 2016;104:918S–923S. doi:10.3945/ajcn.115.110429.

 17. Miranda DMC, Massom JN, Catarino RM, et al. Impact of nutritional iodine 
optimisation on rates of thyroid hypoechogenicity and autoimmune thyroiditis: a 
cross-sectional, comparative study. Thyroid. 2015;25:118–124. doi:10.1089/
thy.2014.0182.

 18. Gaberšček S, Zaletel K. Epidemiological trends of iodine-related thyroid disor-
ders: an example from Slovenia. Arh Hig Rada Toksikol. 2016;67:93–98. 
doi:10.1515/aiht-2016-67-2725.

 19. Illouz F, Rodien P. Graves’ disease. Rev Prat. 2014;64:828–834.
 20. Pellegriti G, Mannarino C, Russo M, et al. Increased mortality in patients with 

differentiated thyroid cancer associated with Graves’ disease. J Clin Endocrinol 
Metab. 2013;98:1014–1021. doi:10.1210/jc.2012-2843.

 21. Centers for Disease Control Prevention (CDC). Current cigarette smoking among 
adults-United States, 2011. MMWR Morb Mortal Wkly Rep. 2012;61:889–894.

 22. White A, Castle IJ, Chen CM, Shirley M, Roach D, Hingson R. Converging 
patterns of alcohol use and related outcomes among females and males in the 
United States, 2002 to 2012. Alcohol Clin Exp Res. 2015;39:1712–1726. 
doi:10.1111/acer.12815.

 23. Jiang SZ, Lu W, Zong XF, Ruan H-Y, Liu Y. Obesity and hypertension. Exp 
Ther Med. 2016;12:2395–2399. doi:10.3892/etm.2016.3667.

 24. Rowan CG, Turner JR, Shah A, Spaeder JA. Antihypertensive treatment and 
blood pressure control relative to hypertension treatment guidelines. Pharmaco-
epidemiol Drug Saf. 2014;23:1294–1302. doi:10.1002/pds.3694.

 25. Nicholson C. How to check the arterial pulse. Nurs Stand. 2015;30:34–36. 
doi:10.7748/ns.30.10.34.s45.

 26. Weetman AP. Graves’ disease. N Engl J Med. 2000;343:1236-1248. doi:10.1056/
NEJM200010263431707.

 27. Diagne N, Faye A, Ndao AC, et al. Epidemiological, clinical, therapeutic and 
evolutive aspects of Basedow-Graves disease in the Department of Internal 
Medicine at CHU Aristide Le Dantec, Dakar (Senegal). Pan Afr Med J. 
2016;25:6. doi:10.11604/pamj.2016.25.6.7868.

 28. Ortona E, Pierdominici M, Maselli A, Veronica C, Aloisi F, Shoenfeld Y. Sex-
based differences in autoimmune diseases. Ann Ist Super Sanita. 2016;52:205–
212. doi:10.4415/ANN_16_02_12.

 29. Guo J, Rapoport B, McLachlan SM. The balance of Th1/Th2 cytokines in thy-
roid autoantibody synthesis in vitro. Autoimmunity. 1999;30:1–9.

 30. Hegazi MO, Ahmed S. A typical clinical manifestations of Graves’ disease: an 
analysis in depth. J Thyroid Res. 2012;2012:768019. doi:10.1155/2012/768019.

 31. Hesarghatta SA, Abraham P. Measuring TSH receptor antibody to influence 
treatment choices in Graves’ disease. Clin Endocrinol (Oxf). 2017;86:652–657. 
doi:10.1111/cen.13327.

 32. Theodorakis A, Jones G, Parker J, et al. Performance of a third-generation TSH-
receptor antibody in a UK clinic. Clin Endocrinol (Oxf). 2011;75:127–133. 
doi:10.1111/j.1365-2265.2011.04022.x.

 33. Varadhan L, Varughese GI, Sankaranarayanan S. Hyperthyroidism and Graves’ 
disease: is an ultrasound examination needed? Indian J Endocrinol Metab. 
2016;20:866–869. doi:10.4103/2230-8210.192899.

 34. Kim YA, Park YJ. Prevalence and risk factors of subclinical thyroid disease. 
Endocrinol Metab (Seoul). 2014;29:20–29. doi:10.3803/EnM.2014.29.1.20.

 35. Profilo MA, Sisti E, Marcocci C, et al. Thyroid volume and severity of Graves’ 
orbitopathy. Thyroid. 2013;23:97–102. doi:10.1089/thy.2012.0379.

 36. Liu Y, Huang H, Zeng J, Sun C. Thyroid volume, goitre prevalence, and sele-
nium levels in an iodine-sufficient area: a cross-sectional study. BMC Public 
Health. 2013;13:1153. doi:10.1186/1471-2458-13-1153.

 37. Hussain YS, Hookham JC, Allahabadia A, Balasubramanian SP. Epidemiology, 
management and outcomes of Graves’ disease-real life data. Endocrine. 
2017;56:568–578. doi:10.1007/s12020-017-1306-5.

 38. Strich D, Karavani G, Edri S, Gillis D. TSH enhancement of FT4 to FT3 conversion 
is age dependent. Eur J Endocrinol. 2016;175:49–54. doi:10.1530/EJE-16-0007.

 39. Anagnostis P, Adamidou F, Polyzos SA, et al. Predictors of long-term remission 
in patients with Graves’ disease: a single centre experience. Endocrine. 
2013;44:448–453. doi:10.1007/s12020-013-9895-0.




