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Although long-term administration of salsalate depresses blood levels of both total thyroxine {T4) and total triiodothyronine 
(T3) and at least transiently decreases serum thyrotropin (TSH), changes in thyroid function tests have not been fully 
characterized during its short-term use. It is also unclear if the observed changes are solely the result of decreased hormone 
binding to carrier proteins or if reduced hepatic 5'-monodeiodinase activity is important. Blood was sampled at baseline (day 
0) and after 24 hours (day 1) and 72 hours (day 3) in eight subjects taking a therapeutic dose of salsalate 1,500 mg twice daily. 
Total 1"4 decreased from 90.1 -- 7.7 nmol/L (mean 4- SD) on day 0 to 82,9 -- 8.6 nmol/L on day 1 (P = .1 vbaseline) and 68.6 ± 8.7 
nmol/L on day 3 (P = .0001), Total T3 decreased from 1.76 -- 0.20 nmol/L to 1.81 -- 0.16 nmol/L on day 1 (P < .05) and 1.31 4- 
0.27 nmol/L on day 3 (P = .002). The T4/T3 ratio was 51.7 -- 7.7 at baseline and remained unchanged after 3 days. Levels of 
reverse T3 (rT3) were reduced from 0.24 __ 0.05 nmol/L to 0.18 --+ 0.02 nmol/L on day 3 (P < .05). While the free T4 index (FTI) 
declined in parallel with total T4, the free 1"4 level by direct equilibrium dialysis (FTD) was unchanged after 3 days. Serum TSH 
decreased from 1.47 + 0.47 mU/L to 0.91 -+ 0.27 mU/L after I day (P < .05) and remained suppressed after 3 days (0.95 --- 0.49 
mU/L, P < .05). In conclusion, (1) therapeutic doses of salsalate significantly decrease serum concentrations of total T4, total 
T3, and rT3 to about 75% of baseline levels after 3 days without altering the T4/T3 ratio; (2) although the FTD does not change, 
serum TSH concentrations remain suppressed; and (3) the proportionate decrease in total thyroid hormone levels suggests 
that inhibition of hormone binding to serum proteins is more important in producing these changes than reduced hepatic 
5'-monodeiodinase activity. 
Copyright© 1999by W.B. Saunders Company 

A BNORMAL THYROID FUNCTION test results are com- 
mon during long-term administration of salsalate, a 

nonsteroidal antiinflammatory medication that is the dimer of 
salicylic acid. J3 Serum concentrations of total thyroxine (T4) 
and total triiodothyronine (T3) are significantly depressed, and 
both the free T4 index (FTI) and free T 4 by unbound analog 
assay are in the hypothyroid range. 2,3 Thyrotropin (TSH) levels 
are transiently decreased, but return to baseline if treatment is 
continued for more than 3 weeks. 2 It is not clear how rapidly 
these changes occur, since previous studies have examined 
patients treated for extended periods, typically weeks or months. 

Salicylates alter thyroid function primarily by displacing T4 
and T 3 from tow-affinity binding sites on serum proteins. 4-5 
They also inhibit the hepatic 5 '-monodeiodination of both T4 
and reverse T3 (rT3), but it is uncertain as to whether this change 
in peripheral hormone metabolism contributes significantly to 
the decrease in serum T3. 6 Since blood levels of rT3 have not 
been measured during administration of salicylates to humans, 
the effects on serum concentrations of this hormone are 
unknown. 

The present study was performed to examine changes in total 
and free thyroid hormone concentrations, including rT3, during 
the first several days of salsalate administration. The relative 
contributions of reduced binding to serum proteins and de- 
creased hepatic 5 '-monodeiodinase activity to the observed 
changes were then assessed. 

SUBJECTS AND METHODS 

Eight normal subjects (six men and two women aged 38 to 53 years) 
were tested after provision of informed consent. All were climcally 
euthyroid, and none were taking any other medication. 

After baseline blood samples were drawn (day 0), the subjects were 
placed on salsalate 1,500 mg orally twice daffy and testing was repeated 
after 24 hours (day 1) and 72 hours (day 3). Samples acquired during 
treatment were taken 12 hours after the previous dose to minimize 
contributions from the unhydrolyzed parent compound. No specimen 
was obtained more than 4 hours after the last meal, to preclude the 
effects of caloric deprivation on rT3 levels, and all samples were stored 
at -20°C until analysis. 

Routine thyrmd function tests and serum salicylate determinations 
were performed on day 0 (eight subjects), day 1 (six subjects), and day 3 
(eight subjects), with measurement by commercial assays. Total T4 and 
the thyroid hormone binding ratio (THBR) were determined by 
fluorescent polarization lmmunoassay, and both total T~ and TSH were 
deterrmned by rmcroparticle lmmunoassay (AxSym System: Abbott 
Laboratories. Abbott Park, IL). The FTI was calculated as the product of 
total T4 and the THBR. The free T4 level by direct equilibrium dialysis 
(FTD) was assayed m five subjects and rT~ in four (both by SmithKhne 
Beecham Climcal Laboratories, Van Nuys, CA) on days 0 and 3. 
Salicylate levels were measured by a colorimetric method (DuPont 
Clinical Systems ACA V, DuPont, Wilmington, DE) on days 1 and 3 of 
the study. 

The data are expressed as the mean ± SD and were analyzed by 
Student's t test for parred values (Table 1). 

RESULTS 

Baseline thyroid function tests were normal, with the excep- 
tion of an elevated rT3 in one subject. The serum total 1"4 
concentration was 90.1 _+ 7.7 nmol/L, total T 3 1.76 _+ 0.20 
nmol/L, rT3 0.24 -- 0,05 nmol/L, THBR 1.08 + 0.06. FT197.1 -+ 
8.3, FTD 19.8 -+ 4.1 pmol/L, and TSH 1.47 _+ 0.47 mU/L. 
During salsalate treatment, salicylate concentrations were 0.07 
to 1.59 mmol/L and were within the iherapeutlc range (0.14 to 
2.10 mmogL), except for a low day 1 value in one subject. 

The initial thyroid hormone values were promptly altered by 
salsalate administration (Table 1). Total T 4 decreased moder- 
ately on day 1 (82.9 -+ 8.6 nmol/L, P = .1 v baseline) and was 
significantly decreased on day 3 (68.6 -+ 8.7 nmol/L, P -- .0001). 
Total T3 decreased faster and was already significantly de- 
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Table 1. Thyroid Function Test Results (mean -4- SD) in Normal Subjects Taking Salsalate 1,500 mg Twice Daily 

Day of Tf4 (nmol/L, TT3 (nmol/L, T4/T 3 rT3 (nmol/L, THBR FTI FTD (pmol/L, TSH (mU/L, 
Study n = 8)* n = 8)* (n : 8)* n = 4) (n = 8)* (n = 8)* n = 5) n = 8)* 

0 90.1 + 7.7 1.76 ± 0.20 51.7 ± 7.7 0.24 _+ 0.05 1.08 ± 0.06 97.1 ± 8.3 19.8 ± 4.1 1.47 -+ 0.47 

1 82.9 ± 8.6 1.61 ± 0.16t 55.3 ± 7.0 1.08 -+ 0.07 88.3 ± 7.4 0.91 ± 0.27t 

3 68.6 _+ 8.75 1.31 ± 0.27§ 54.4 ± 13.7 0.18 _+ 0.02t 1.09 ± 0.04 74.4 _+ 7.55 19.5 ± 4.0 0.95 _+ 0.49"~ 

NOTE. Statistical analysis was per fo rmed using Student 's t tes t  fo r  paired values, w i th  dif ferences v day 0. 

Abbreviat ions:  TT4, total  T4; -i-F3, total T 3. 

*n  = 6 on day 1, 

t P  < .05. 

SP = .0001. 

§ P = .002. 

pressed on day 1 (1.61 -+ 0.16 nmol/L, P < .05). By day 3, it 
had declined even further (1.31 + 0.27 nmol/L, P = .002) and 
was subnormal in three subjects. Although total T4 and total T3 
levels decreased significantly, the baseline T4/T3 ratio 
(51.7 + 7.7) remained unchanged on both day 1 (55.3 -+ 7.0, 
nonsignificant [NS]) and day 3 (54.4 _+ 13.7, NS). Compared 
with an initial concentration of 0.24 _+ 0.05 nmol/L, rT3 
declined to 0.18 -+ 0,02 nmol/L on day 3 (P < .05) but stayed 
within the normal range at all times. The THBR was unchanged 
on both day 1 (1.08 --- 0.07, NS) and day 3 (1.09 _+ 0.04, NS) of 
salsalate administration. 

Free T4 estimates varied depending on the assay. The FTI 
declined in parallel with total T4, decreasing modestly on the 
first day (88.3 _+ 7.4, NS) and to significantly less than baseline 
on the third day (74.4 _+ 7.5, P = .0001), while the FTD 
(19.8 -+ 4.1 pmol/L at baseline) was unchanged after 3 days of 
salsalate use (19.5 -+ 4.0 pmo!/L, NS). 

Serum TSH concentrations decreased after the first 24 hours 
(0.91 _+ 0.27 mU/L, P < .05) and remained suppressed for the 
duration of the study (0,95 _+ 0.49 mU/L on day 3, P < .05). 

DISCUSSION 

It is widely recognized that s alicylates decrease serum total 
T4 and total T3 levels, a characteristic they share with several 
other medications. 3.5,7 This is accomplished primarily through 
competition for low-affinity binding sites on carrier proteins, 
which forces a transient increase in unbound hormone levels 
and accelerates the clearance of thyroid hormones from the 
circulation. 4"5,8 They also inhibit hepatic 5'-monodeiodination 
of T4, which could contribute to the decrease in serum T3, and 
decrease TSH concentrations, which may decrease hormone 
production rates. 6,9,1° Finally, there is evidence that freed 
hormone is shunted away from the liver toward extrahepatic 
sites of metabolism. 11 

Compared with other nonsteroidal antiinflammatory agents, 
s.al~alate is particularly effective il~ depressing serum thyroid 
hornlone conce.mralions, v3"12 During long-term administration, 
total T~ decreases by almost 40% and total T3 decreases into the 
hypothyroid range. 2 Although both the FTI and free T4 by 
unbound analog assay also decline, this is likely an anomaly 
introduced by sample dilution, similar to that observed during 
therapy with anticonvulsants,4,13,14 

The present s, mdy shows that serum total T4 and total T3 
levels are significantly reduced during the first several days of 
salsalate a d oministration. However, despite the decrease in total 

hormone concentrations, the T4]T 3 ratio remains unchanged. 
Similar to the declines in total T4 and total T3, blood levels of 
rT3 decrease by about 25% after 72 hours. 

These proportional reductions in total hormone levels suggest 
that salsalate alters thyroid hormone metabolism primarily by 
interfering with hormone binding to carrier proteins and not by 
reducing hepatic 5'-monodeiodination. Furthermore, the de- 
crease in r T  3 is opposite to what would be expected if hepatic 
5'-monodeiodinase was significantly inhibited by the medica- 
tion. An alternative explanation would be that salsalate both 
retards the disposal ofT3 and accelerates the disposal of rT3, but 
this possibility could not be tested. 

These results differ from those derived from animal models. 
In rat liver homogenates, salicylates competitively block both 
the conversion of T4 to T3 and the outer-ring deiodination of rT3 
to 3,3'-T2, compatible with the inhibition of 5'-monodeiodin- 
ase. 6 Short-term administration of sodium salicylate to rats 
decreases serum total T4 and total T3 within 30 minutes while 
significantly increasing the blood levels of rT3,15 The biliary 
excretion of T3 transiently increases and then decreases dramati- 
cally after salicylate loading, suggesting interference with 
hepatic T4 to T3 conversion, while at the same time there is a 
prolonged increase in the excretion of both rT3 and its deiodin- 
ation product 3',5'-T2. ~6 In contrast to the therapeutic doses of 
salsalate used in the present study, these rat models used high 
doses of salicylate, which on a weight basis were many times 
the doses given to our subjects. Also, the observed changes in 
thyroid hormone metabolism were those that occur acutely, 
within a few hours instead of over several days. 

The addition of sodium salicylate to serum increases the free 
fractions of both T 4 and T3, an effect attenuated by sample 
dilution, and salicylate loading in normal subjects abruptly 
increases the serum concentration of free T4 measured in 
undiluted serum by either direct dialysis or ultrafiltration. 4,13 By 
comparison, the FTI decreases progressively during salsalate 
administration. This occurs because the THBR assay is per- 
formed in diluted serum, reducing the concentration of weakly 
bound salieylate to the point at which it no longer effectively 
competes with the tracer for low-affinity protein binding sites.17 
The THBR falls to increase as total T4 decreases, and the FTI 
consequently underestimates the true free T4 value. 

Like other salicylates, salsalate depresses serum TSH levels, 
at least over the short-term, presumably by increasing free 
hormone levels. 13 During long-term administration, TSH levels 
are normal, arguing against a direct interference of the agent 
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with TSH assays. ~- Furthermore, although salicylates decrease 

both the uptake and release of radioactive iodine by the thyroid 
gIand and blunt the TSH response to TRH, they are not 
significantly concentrated by the thyroid, pituitary, or hypothala- 
mus.8-1018 The suppression of TSH over the first 3 days of 

salsalate administration despite an unchanged FTD suggests 

that the direct dialysis assay used in this study, like the FTI, 

underestimates the true free T 4 concentration. 

Short-term administration of therapeutic doses of salsalate 
significantly alters routine thyroid function test results. Serum 

levels of total T4, total T3, and rT3 decrease to about 75% of 

basehne levels after 3 days, the FTD remains unchanged, and 

there is a sustained suppression of TSH. The proportionate 
decrease in total hormone concentrations suggests that inhibi- 

tion of hormone binding to serum proteins is more important 
than the effects of salsalate on hepatic 5'-monodeiodinase 
activity. 

ACKNOWLEDGMENT 

The author thanks John Pinto, PhD, and Robin Lazlo, MS, for 
assistance m the preparation of the manuscript, and Kelth and Elaine 
Miller for help and encouragement. 

REFERENCES 

1. Kabadl UM, Danielson S: Misleading thyroid function tests and 
several homeostatic abnormalities induced by Dlsalcid therapy. J Am 
Geriatr Soc 35.255-257, 1987 

2. McConnell RJ: Abnormal thyroid function test results in patients 
takang salsalate. JAMA 267:1242-1243, 1992 

3. Bishnoi A, Carlson HE, Gruber BL. et al: Effects of commonly 
prescribed nonsteroidal anti-inflammatory drugs on thyroid hormone 
measurements. Am J Med 96:235-238, 1994 

4. Larsen PR: Salicylate-induced increases in free tniodothyronine 
in human serum: Evidence of inhibition of truodothyronme binding to 
thyroxine-binding globulin and thyroxine-bindang prealburmn. J Clin 
Invest 51:1125-1134, 1972 

5. Stockigt JR, Lim C-F. Barlow JW, et al: Interaction of furosemide 
with serum thyroxine-binding sites: In vivo and m vitro studies and 
comparison with other inhibitors. J Clin Endocrinol Metab 60:1025- 
1031, 1985 

6. Chopra IJ, Solomon DH, Chua Teco GN, et ah Inhibition of 
hepatic outer ring monodelodination of thyroxine and 3,3',5'- 
triiodothyronine by sodmm salicylate. Endocrinology 106:1728-1734. 
1980 

7. Surks MI. Sievert R: Drugs and thyroid function. N Engl J Med 
333:1688-1694, 1995 

8. Austen FK, Rubim ME, Meroney WH, et al: Salicylates and 
thyroid function. I. Depression of thyroid function. J Clin Invest 
37:1131-1143, 1958 

9. Ramey JN, Burrow GN, Spaulding SW, et ah The effect of aspirin 
and indomethacin on the TRH response in man. J Clm Endocrinol 
Metab 43:107-114, 1976 

10. Dnssault JH, Turcotte R, Guyda H: The effect of acetylsalicyhc 

acid on TSH and PRL secretion after TRH snmulation m the human. J 
Clin Endocrinol Metab 43:232-235, 1976 

11. Musa BU, Kumar RS, Dowling JT: Effects of salicylates on the 
distribution and early plasma disappearance of thyroxine m man. J Clin 
Endocrinol Metab 28:1461-1464, 1968 

12. Latham BB, Horst E, Nanldn H, et ah Case report: Abnormal 
thyroid function tests in a patient and two normal volunteers treated 
with salsalate. Am J Med Scl 305:111-113, t993 

13. Faber J, Waetjen I, Siersbaek-Nielsen K: Free thyroxine mea- 
sured in undiluted serum by dialysis and ultrafiltration: Effects of 
non-thyroldal illness, and an acute load of salicylate or heparm. Clin 
Chim Acta 223:159-167. 1993 

14. Snrks MI. DeFesi CR: Normal serum free thyroid hormone 
concentrations in patients treated with phenytom or carbamazepine. A 
paradox resolved. JAMA 275:1495-1498, 1996 

15. Langer P, Foldes O, Brozmanova H, et al: Immediate opposite 
effect of sahcylate on thyroxine and 3.5,3'-mlodothyronme versus 
3,3',5'-trnodothyronme level m plasma in rats. Horm Metab Res 
13:575-577, 1981 

16. Foldes O, Langer P, Straussova K. et al: In vivo study of 
iodothyronine deiodmation in rat liver: Effect of salicylate on biliary 
excretion of several iodothyronines. Horm Metab Res 15:147-150, 1983 

17. Nelson J, Weiss RM: The effect of serum dilution on free 
thyroxine (T4) concentration in the low T4 syndrome of nonthyroidal 
illness. J Clin Endocrinol Metab 61:239-246, 1985 

18. Wolff J. Austen FK: Salicylates and thyroid function. II. The 
effect on the thyroid-pituitary interrelation. J Clin Invest 37'1144-1151, 
1958 


