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ABSTRACT T 

Thyroidd hormones and leptin are both involved in the regulation of energy metabolism. 

Too evaluate the relationship between these two endocrine systems serum leptin 

concentrationss were measured in women with thyrotoxicosis (n=21, mean age 45 yr) or 

hypothyroidismm (n= 14. mean age 44 yr) before and three months after restoration of the 

euthyroidd state. 

Serumm leptin concentration tended to increase in both hypothyroid 5 vs 9 

ng/ml,, p=0.06) and thyrotoxic (11.9  1.7 vs 14.4+2.0, p=0.08) women after treatment 

(valuess given as mean  SE in the untreated and in euthyroid state respectively). BMI 

wass lower in thyrotoxic than in hypothyroid women in the untreated state (22.1 7 vs 

26.2  1.9, p<0.05 >. BMI was not different between both groups after treatment 7 

vss . p= 0.37). due to an increase of BMI in the thyrotoxic women; BMI did not 

changee in the hypothyroid group. After controlling for BMI in a multivariate regression 

analysis,, serum leptin concentrations were lower in hypothyroid women than in thyrotoxic 

womenn (p<0.005). whereas posttreatment values of leptin did not differ (p=0.44). When 

leptinn concentrations were expressed as standard deviation scores (Z-scores) from the 

meann value of female controls matched for BMI and age as reported earlier, Z-scores 

weree lower in the hypothyroid than in the thyrotoxic women 1 vs + 0.53+0.18. 

p=0.(X)) 1). After treatment. Z-scores did not deviate from the expected values (0.05+0.28 

vss . p=0.98). Z-scores differed before and after treatment in both hypothyroid 

(p=0.0l)) and thyrotoxic (p=0.02) patients. 

Inn conclusion, these data obtained in thyrotoxic and hypothyroid women indicate that 

thyroidd hormones modulate serum leptin concentrations independent of BMI, with a 

smalll  decrease in hypothyroidism and a small increase in thyrotoxicosis. 
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INTRODUCTION N 

Thyroidd hormone increases energy expenditure. Consequently the vast majority of 

thyrotoxicc patients loose weight despite an increase of appetite, whereas hypothyroid 

patientss gain weight despite a decreased appetite (1). Leptin is a recently discovered 

hormonee secreted by adipose tissue: it is encoded for by the oh gene in adipocytes. 

Leptinn decreases appetite and increases energy expenditure (2). Although thyroid hormone 

andd leptin are both involved in the regulation of energy metabolism, the precise 

interrelationshipp between the two endocrine systems is presently incompletely understood. 

Moree insight in the crosstalk between the thyrostat and the lipostat can be obtained by 

studyingg serum leptin concentrations under conditions of thyroid hormone excess or 

deficiency.. In rats thyroid hormones seem to exert a negative influence on serum leptin 

concentrationss (3). So far, however, reports on measurements of serum leptin 

concentrationss in hyperthyroid and hypothyroid patients have shown conflicting results 

(4-7).. This might have to do with interference of major determinants of the serum 

concentrationn of leptin, fat mass and sex. The major factor controlling serum leptin is 

bodyy mass index as a strong log-linear relationship exists between serum leptin 

concentrationn and body mass index; the fat mass of the body shows an even better 

relationshipp with serum leptin concentration and is presumably the most important 

physiologicall  determinant (8). A clear sexual dimorphism of serum leptin concentration 

iss noted, with leptin levels in females being twice as high as in males (9). 

Severall  studies on the relation between thyroid hormones and leptin have been published. 

Thee study of Valcavi et al. reports that leptin concentrations are decreased in hypothyroid 

andd unchanged in hyperthyroid patients relative to properly matched controls, but leptin 

levelss were not related to body mass index (BMI) ; after restoration of the euthyroid 

status,, the absolute values of serum leptin concentrations tended to increase in the 

hypothyroidd and to decrease in the hyperthyroid patients (4). In a cross-sectional study 

off  Sreenan et al. serum leptin concentrations (not corrected for BMI) were not different 

betweenn euthyroid, hypothyroid and thyrotoxic subjects, also not in the small patient 

groupp in which leptin was corrected for BMI (5). A recent study of Corbetta et al. 

expressedd serum leptin concentration as the standard deviation score from the mean 

valuee of male and female controls matched for age and BMI: they observed no effect of 

thyroidd status on the standard deviation scores of leptin in males, but noted a significant 

differencee in scores between hypothyroid and thyrotoxic women (6). Lastly the 

administrationn of T, for one week to healthy volunteers induced moderate thyrotoxicosis 

butt did not change serum leptin concentrations; body weight, however, remained stable 
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forr the duration of the study (7). These studies indicate no. or at best, a small effect of 

thyroidd status on serum leptin concentrations. To exclude the above mentioned 

confoundingg factors we designed a study optimized to detect small changes, if any, in 

serumm leptin concentration caused by thyroid hormone excess or deficiency. To this 

end.. we confined ourselves to female patients with presumably longstanding thyrotoxicosis 

orr hypothyroidism who were studied before treatment and after restoration of the 

euthyroidd status, and expressed serum leptin concentrations as the standard deviation 

scoree from the mean value of female controls matched for age and BMI. 

PATIENTSS and METHODS 

Patients s 
Consecutivee women referred to our out-patient clinics were studied, twenty-one with 

thyrotoxicosiss (mean age 44.9 years, range 22-77) and fourteen with overt hypothyroidism 

(meann age 44.1 years, range 23-75). Causes of thyrotoxicosis were Graves' disease 

(n=15).. multinodulair goitre (n=5) or toxic adenoma (n=l); causes of hypothyroidism 

weree Hashimoto's disease (n=5), m I therapy (n=7), thyroidectomy (n=l) and prolonged 

overdosee of methimazole (n=l). None of the patients used any medication known to 

interferee with thyroid hormone metabolism. In the thyrotoxic group there were 75 9r 

smokerss and in the hypothyroid group 62%. The patients were studied before treatment 

andd at least three months after achieving the euthyroid state by thyroxine supplementation 

inn case of hypothyroidism, or by propylthiouracil or methimazole in combination with 

thyroxinee in case of thyrotoxicosis. 

Thyrotoxicosiss was defined as a decreased plasma TSH (reference range 0.4-4.0 mU/1) 

inn combination with an increased plasma free T4 (reference range 10-23 pmol/1) or T? 

(referencee range 1.3-2.7 nmol/1). Overt hypothyroidism was defined as an increased plasma 

TSHH in combination with a decreased plasma free T4. The euthyroid state for previous 

thyrotoxicc patients was defined as a normal plasma free T4 and T?. for previous hypothyroid 

patientss as a normal TSH in combination with a normal plasma free T4 and Tv 

Bodyy mass index was calculated by dividing weight in kilograms by the square of 

heightt in meters. Before treatment and at least three months after reaching the euthyroid 

statee blood samples were collected after an overnight fast. Serum was frozen at -20°C 

untill  analysis. 
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Laborator yy analysis 
Plasmaa T4 and T, were measured by in house RIA methods. Free T4 was measured by 

aa two step FIA assay (DELFIA. Wallac, Turku. Finland). TSH by IFMA (DELFIA.Wallac. 
Turku,, Finland). Serum leptin concentration was measured by RIA (Linco Research. St 
Charles,, MO, USA). The detection limit of the assay is 0.5 ng/ml serum and the standard 
curvee is linear up to 100 ng/ml. Pre- and posttreatment serum samples of each patient 
weree assayed in the same run of the leptin assay in order to avoid inter-assay variation; the 
intra-assayy variation ranged from 3.4 to 8.3 9( (10). 

Statisticall  Analysis 
Calculationss were performed with the help of the computer program SPSS (version 

7.5).. Students /--test for paired or unpaired measurements was used to compare means 
whenn appropiate (except for TSH values which were evaluated by Wilcoxon matched 
pairss signed rank sum test and Mann-Whitney test). Serum leptin concentrations were 
log-transformedd because of the log-linear relationship between serum leptin concentration 
andd BMI. Multivariate linear regression analysis was performed with (log)-leptin levels 
ass dependent and thyroid state and BMI as independent variables. 

Forr each measured leptin concentration the standard deviation score <SDS or Z-score) 
wass calculated. The Z-score relates the leptin concentration to the patient's BMI and 
thee corresponding sex and age group and expresses its deviation from the expected 
valuess by the x-fold standard deviation. Leptin Z-scores were calculated by the following 
equation:: leptin Z-score = [In (leptin) - In (a) - b . BMI] / c. Constants a, b and c were 
derivedd from a cohort of 587 normal healthy adult women (II) , age 20-80 years with a 
widee range of BMI: a=0.3042, b=0.1467 and c= 0.5212. 

RESULTS S 

Afterr treatment both thyrotoxic and hypothyroid patients became euthyroid {Table 1). 
Post-treatmentt TSH, T4, T, and fT4 did not differ between both groups. BMI did not 
changee in the hypothyroid women after restoration of the euthyroid state, but BMI 
increasedd in the thyrotoxic women after treatment. BMI of the thyrotoxic patients was 
lowerr than of the hypothyroid patients, before (p=0.03 ) but not after treatment (p=0.37). 
Serumm leptin concentrations tended to increase upon treatment within both the 
hypothyroidd (p=0.06) and in the thyrotoxic women (p=0.08). No difference in pre- or 
posttreatmentt absolute leptin concentrations were noted between hypothyroid and 
thyrotoxicc patients. After controlling for BMI. pre-treatment serum leptin concentrations 
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Tablee 1. Thyroid function tests, body mass index and serum leptin levels of 14 women with hypothyroidism 
andd 21 women with thyrotoxicosis before and after restoration of the euthyroid state. Values as mean . 
TSHH as median (range). 

Hypothyroidism m 

TSH(mLVl) ) 
T4(nmol/l) ) 
T,, (nmol/1) 
!T4(pmol/l) ) 
BMII  (kg/m2) 
leptinn (ng/ml) 

Thyrotoxicosis s 

TSH(mlM) ) 
T44 (nmol/1) 
TT (nmol/1) 
rT4(pmol/l) ) 
BMII  (kg/m2) 
leptinn (ng/ml) 

Pre-treatment t 

67.5(41.5 5 
50  11 

2 2 
5.11 8 
26.2+1.9 9 

5 5 

114.0) ) 

Pre-treatment t 

<().()11 (<0.01-0.02) 
4 4 
6 6 
3 3 

22.11 7 
7 7 

Post-treatment t 

2.1(0.44-3.8) ) 
125+10 0 

2 2 
1 1 

26.3+2.1 1 
17.8+3.9 9 

Post-treatment t 

1.6(0.04-4.0) ) 
128+9 9 
1.9+0.1 1 
15.3+0.6 6 

7 7 
0 0 

p-value e 

<0.001 1 
<0.001 1 
<0.001 1 
<().()! ! 
0.84 4 
0.06 6 

p-value e 

<0.001 1 
-cO.001 1 
<0.001 1 
<().(»! ! 
<0.001 1 
0.08 8 

weree lower in hypothyroid women than in thyrotoxic women (p=0.004) as depicted in 

Figg 1 (upper panel). Post-treatment leptin levels did not differ between both groups 

(p=0.44.. Fig 1. lower panel). 

Whenn adjusted for BMI, serum leptin concentrations were also lower in hypothyroid 

womenn than expected as indicated by a Z-score of (minus) - 0.63 (Table 2). In contrast, 

leptinn concentrations were higher in thyrotoxic women as indicated by a Z-score of 

BMII pre-tre^ii'- BMII post-treatment (kg/m") 

Figuree 1 Relation between body mass index and serum leptin concentrations in untreated hypothyroid (9) 
andd thyrotoxic (#) women [upper panel] show ing higher leptin concentrations in thyrotoxic than in hypothyroid 
womenn (p = 0.004). No difference (p = 0.44) is observed between previously hypothyroid (9) and thyrotoxic 
(#)) women after restoring the euthyroid state [lower panel]. 
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Tablee 2. Leptin Z- scores (values as mean  SE) of 14 hypothyroid women and 21 thyrotoxic women before 
andd restoration of the euthyroid state. P values are given for comparisons within patients (italic p values) and 
betweenn patients (bold p values). 

hypothyroidism m 
thyrotoxicosis s 
p-value e 

Z-score e 
pre-treatment t 

-0.63(0.21) ) 
0.53(0.18) ) 

0.001 1 

Z-score e 
post-treatment t 

0.05(0.28) ) 
0.08(0.16) ) 

0.98 8 

p-value e 

0.01 1 
0.02 2 

(plus)) + 0.53. Serum leptin concentrations in the euthyroid state in both hypothyroid 

andd thyrotoxic women did not deviate from the expected values as indicated by Z-scores 

off  0.05 and 0.08 respectively. Figure 2 visualizes the direction of changes in leptin Z-

scoress after treatment in both hypothyroid and thyrotoxic women. The Z-scores differed 

betweenn hypothyroid and thyrotoxic women prior to treatment (p=0.001) but not after 

achievingg the euthyroid state (p=0.98). The Z-scores within each group were different 

beforee and after treatment for both the hypothyroid patients (p=0.01) and the thyrotoxic 

patientss (p=0.02). 
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Figur ee 2 Leptin Z-scores before and after achieving the euthyroid state in 14 hypothyroid (upper panel) and 
211 thyrotoxic (lower panel) women. Leptin 7 scores of individual patients are ranked by the magnitude of 
theirr pre-treatment value. 

DISCUSSION N 

Thee present study clearly demonstrates an effect of thyroid status on serum leptin 

concentrationss in women: as indicated by the BMI-corrected leptin values and the standard 

deviationn (or Z-) scores, serum leptin concentrations in hypothyroidism are lower than 
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expectedd and higher in thyrotoxicosis, with a return to expected values after restoration 

off  the euthyroid status. The effect of thyroid status on serum leptin concentrations is. 

however,, modest, reflected in the small difference between hypothyroid and thyrotoxic 

patientss (Fig 1). The discrepancy with previous negative studies (4-7) in this respect is 

explainedd by the very characteristics of our study design. We confined ourselves to 

womenn in whom by virtue of their higher leptin concentrations compared to men a small 

changee in leptin concentration might be more easily detected. In addition we expressed 

serumm leptin concentrations as standard deviation scores allowing proper correction for 

bodyy mass index, and we did paired observations (i.e. before and after treatment in the 

samee subject) thereby enhancing statistical power. With respect to this last point, it is of 

interestt to note that in agreement with our study results the standard deviation score of 

serumm leptin concentrations in female patients with central hypothyroidism increased 

fromm -0.34 before treatment to + 0.25 after treatment with thyroxine (6). The most 

importantt variable that determines circulating leptin levels is body fat mass. We used an 

anthropometricc measurement (body mass index) as an estimate of body composition, 

andd calculated Z-scores of leptin using an equation in which BMI is a determinant. 

Measuringg BMI is not a very accurate measure of body fat mass and it underestimates 

fatt mass in older patients because lean body mass generally decreases in advanced age 

whilee fat mass increases. However it reflects longitudinal short-term changes in body fat 

quitee precisely (11,12). Alternatives for the assessment of body composition could have 

beenn bioelectrical impedance analysis, total body water by isotope dilution (deuterium 

oxidee D,0) or dual energy x-ray absorptiometry. 

Ourr study results raise the question how thyroid hormone modulates the concentrations 

off  serum leptin. In theory, the effect of thyroid hormone can be directly on the 

transcriptionn of the oh gene, or indirectly by changes either in the body composition or 

thee endocrine environment. 

Thee decrease of body weight in thyrotoxicosis is caused by a fall in both lean body 

masss and fat mass (13): one would thus anticipate a decreased serum leptin in 

thyrotoxicosis.. The contrary, however, is observed, when serum leptin concentrations 

aree adjusted for BMI. Moreover, treatment of thyrotoxicosis is associated with an increase 

off  both lean body mass and fat mass, but serum leptin. corrected for BMI , falls. The 

reversee situation is true in hypothyroid patients (14). Consequently it seems unlikely that 

thee leptin changes in thyrotoxicosis and hypothyroidism can be explained from changes 

inn body composition. A further inference is that the changes in appetite under altered 

thyroidd status are rather caused by thyroid hormone itself than by leptin. 

Thee gene expression of leptin is modulated by a number of hormones: it is enhanced 

byy insulin and glucocorticoids and inhibited by growth hormone and androgens (2). In 
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thiss respect it is relevant to note that a decreased number of insulin receptors of adipocytes 

iss observed in hyperthyroid patients, associated with appreciable insulin resistance at a 

postbindingg site in peripheral tissues; the reverse situation is observed in hypothyroidism 

(15.16).. With respect to glucocorticoids. Cortisol secretion is enhanced in thyrotoxicosis 

ass is the metabolic clearance rate; the net result is a normal serum free Cortisol, and a 

normall  adrenocortical function from the point of view of the peripheral tissues. Opposite 

changess occur in hypothyroidism; however the quantity of Cortisol available to peripheral 

tissuess is also normal (17). Serum growth hormone concentrations are decreased in 

thyrotoxicosiss despite an increased production rate, probably due to an increased metabolic 

clearancee rate. There is a greater than normal biological effect of growth hormone in 

thyrotoxicosis,, and the reverse is true in hypothyroidism (18). Thyrotoxic women have 

aa decreased metabolic clearance rate of sex steroids and an increase in urinary 5 /SB-

reducedd metabolites; mirror effects are seen in hypothyroid women (19). Thus, although 

thee secretion and metabolism of all these hormones is altered in conditions of thyroid 

hormonee excess or deficiency, it appears unlikely that these changes are causally related 

too the observed changes in serum leptin concentrations because the expected direction 

off  change in serum leptin concentrations is opposite to the one observed. 

Thee influence of changes in turnover in triglycerides and fatty acids on leptin synthesis 

and/orr secretion should be considered too. Thyroid hormones increase the synthesis and 

thee turnover of triglycerides in the fat tissue. Even though the total fat pool might be 

reducedd in the hyperthyroid state, both in rats and humans the de novo fatty acid synthesis 

andd the lipolysis/synthesis of triglycerides are greatly increased in the white fat under 

thyroidall  stimulation (20-23). These events may increase leptin levels. Besides fatty 

acidss are known transcription factors. They can, for example, regulate the expression of 

fatt cell-specific genes such as the lipoprotein lipase gene and probably can stimulate ob 

genee expression (24). In addition, thyroid hormone acting via its nuclear receptors, may 

exertt a direct effect on the ob gene expression. This concept is supported by data 

showingg both an increase in leptin mRNA and leptin secretion in 3T3-L1 adipocytes 

afterr incubation with triiodothyronine (25), 

Inn conclusion, the present study results indicate that thyroid hormones modulate serum 

leptinn concentrations when corrected for BM1, with a small decrease in hypothyroidism 

andd a small increase in thyrotoxicosis. 
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