
Triiodothyronine and thyroxine interrelationships
in health and disease

Table I-Comparison of trilodothyronine

(T3) and thyroxine (T4) values

Variable T3 T4

Serum total, ng/dl (mean) 126 8 400
Serum free, % (mean) 0.340 0.030
Serum absolute free, ng/dl
(mean) 0.375 2.80

Serum total T4ITa ratio 1 67
Thyroidal vein total T4Ts

ratio 1 19
Biologic half-life, days (range) 1-2 6-7
Distribution space, litres

(range) 26-35 10-12
Turnover per day, % (range) 52-77 18-27
Production rate, ..g/d (range) 23-30 87-90
Biologic potency ratio 3-4 1
T4 to T3 peripheral

conversion, % - 60-80



TableIl-Conditionsinducingalterationsinthyroidhormoneprotein-bindingcapacity
Binding capacity Condition
Increased (t serum T4 and T, Pregnancy

with . T, resin uptake) Drug therapy
Estrogen (especially oral contraceptives)
Perphenazine

Infectious hepatitis
Acute intermittent porphyria
Congenital hyper-TBG-emia

Decreased (1 serum T4 and T, Drug therapy
with T T, resin uptake) Androgens

Corticosteroids
Diphenyihydantoin and primidone
Salicylates (high dosage)

Major illness
Nephrotic syndrome
Congenital hypo-TBG-emia
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Table Ill-Causes of increased serum T8 concentration in relation to serum T4 concentration

Serum T4 concentration Condition

Increased Hyperthyroidism due to toxic diffuse goitre
(Graves' disease), toxic adenoma, toxic multi-
nodular goitre

Factitious hyperthyroidism due to excess T4 or
combined T3 - T4 therapy

Transient hyperthyroidism due to subacute
thyroiditis

Euthyrold hyper-TBG-emla, congenital or acquired

Normal or decreased Hyperthyroidism due to T3-toxicosis or premoni-
tory subclinical hyperthyroidism

Hyperthyroidism with hypo-TBG-emia
Factitious hyperthyroidism (euthyroid with

transient T3 elevations) due to T3 or com-
binedT3-T4therapy



counted for on the basis of reduced
plasma protein binding alone.21'38 More-
over, the free T3 concentration is usu-
ally low, but the free T4 concentration
is either normal or slightly in-
creased.21'38 Further studies are required
to elucidate the mechanisms responsible
for the low T3 concentrations and thus
clarify their physiologic and therapeutic
implications. Preliminai'y observations
suggest that they may be accounted for
on the basis of impaired peripheral
conversion by monodeiodination of T4
to 17..21 In fact, Vagenakis and col-
leagues39 have recent evidence from
studies during complete fasting in hu-
mans that peripheral T4 metabolism is
diverted from the formation of active
L-T3 to the inactive "reverse.. T3 de-
gradation pathway. Similarly, an in-
crease in formation of "reverse" T3
and a reciprocal decrease in formation
of active L-T3 has been induced by
reduction in carbohydrate content of
the diet,41 corticosteroid administration
and surgical operations.42

Since the free hormone is generally
regarded as the metabolically active
fraction, serum T4 concentrations ap-
pear to correlate better with thyroid
status in these clinical situations than
do serum T3 concentrations; this sup-
ports further the view that T4 has
intrinsic hormonal activity in addition
to its prohormone role.20'21 It also must
be concluded that the diagnosis of hy-
pothyroidism on the basis of low serum
T3 values alone may be unreliable in
clinical situations associated with the
aforementioned nonthyroidal condi-
tions.3842 As shown in Table IV, con-
genital or acquired hypo-TBG-emia
conditions must also be excluded when
both serum T3 and T4 values are low
before a diagnosis of hypothyroidism
can be confirmed.

Summary of clinical application of
serum T3 measurements

In spite of increasing recognition of
the physiologic role of T3 in health
and disease, in most clinical situations
the direction of changes in both serum
T, and T4 values is the same. Thus,
the measurement of total circulating
serum T4 concentration, accompanied
by an indirect assessment of plasma
protein binding by a T3 resin uptake
test, will continue to be the mainstays
in the laboratory assessment of thyroid
status. However, radioassay of total
serum T3 appears to be indicated in
clinical situations in which hyperthy-
roidism is suspected clinically but se-
rum T4 and T3 resin uptake values are
normal and the syndrome of T4-toxi-
cosis therefore requires exclusion. Also,
when serum T4 values are in the hypo-
thyroid range, measurement of serum
T, and TSH can lead to recognition of

abnormalities in thyroid gland bio-
synthesis and an early stage of com-
pensated hypothyroidism by demon-
strating that serum T5 values are still
normal.
An awareness of the clinical condi-

tions that induce alterations in thyroid
hormone binding to plasma proteins,
as indicated indirectly by T3 resin up-
take values, is required in the interpre-
tation of moderately increased or de-
creased serum T3 values. Commercial
hormone preparations containing T3
can produce transient, clinically mis-
leading increases in T3 concentration
into the hyperthyroid range if the serum
sample is taken between 2 and 8 hours
after ingestion. Since nonthyroidal con-
ditions can produce low serum T3 values
without hypothyroidism, secondary to
alterations in protein binding or peri-
pheral T4 degradation pathways, the la-
boratory diagnosis of hypothyroidism
on the basis of a low total serum T3
value can be misleading.

The secretarial assistance of Miss Morag
M. Simpson in the preparation of this
manuscript is gratefully acknowledged.

This work was supported by Health and
Welfare Canada grant #606-1009-29, On-
tario Ministry of Health project PR 527,
the J.P. Bickell Foundation and the re-
search institute and department of med-
icine capital research funds, Mount Sinai
Hospital, Toronto.

References
1. KENDALL EC: The isolation in crystalline

form of the compound containing iodine
which occurs in the thyroid: its chemical
nature and physiological activity. Trans As.
Soc Am Physicians 30: 420, 1915

2. HARINOTON CR, BARGER G: Chemistry of
thyroxine. III. Constitution and synthesis of
thyroxine. Biochem J 21: 169, 1927

3. Gstoss J, Prrr-Rsvass R: The identification
of 3:5: 3'-L-triiodothyronine in human plas-
ma. Lancet 1: 439, 1952

4. RocHa J, Lsssrrzav 5, MICHEL R: Sur la
pr6sence de triiodothyronine dans Ia thyro-
globuline. C R Acad Sci (Paris) 234: 1228,
1952

5. LERMAN 3: The physiologic activity of 1-tn-
iodothyronine. J Clin Endocrinol Metab 13:
1341, 1953

6. BLACKBURN CM, MCCONAHEY WM, KEATING
FR JR, et al: Calorigenic effects of single
intravenous doses of 1-trilodothyronine and
1-thyroxine in myxedematous persons. I Clin
Invest 33: 819, 1954

7. GRoss J, Prrr-Rivas.s R: Triiodothyronine in
relation to thyroid physiology. Recent Prog
Horm Res 10: 109, 1954

8. Ga4sss H, MAYBERRY WE. RYAN RJ: Radio-
immunoassay for triiodothyronine: a prelim-
inary report. I Clin Endocrinol Metab 31:
709, 1970

9. LAItSEN PR: Inhibition of triiodothyronine
(T3) binding to thyroxine-binding globulin
by sodium salicylate and its application to
the immunoassay of T3 in human serum.
Metabolism 20: 976, 1971

10. CHOPRA IJ, Ho RS, LAM R: An improved
radioimmunoassay of triiodothyronine in
serum: its application to clinical and phy-
siological studies. J Lab Clin Med 80: 729,
1972

ii. Liasuci. J, UTIGER R: Trilodothyronine ra-
dioimmunoassay. I Clin Invest 51: 157, 1972

12. O'DONNELL J, CATZ I, wALFIsH PG: Experi-
ence with a sensitive radioiminunoassay for
the measurement of triiodothyronine (T3) in
unextracted serum (abstr). Cli,, Res 21:
1050, 1973

13. Nicooer IT, Low JC, DussAuLT JH, et al:
Simultaneous measurement of thyroxine and
triiodothyronine peripheral turnover kine-
tics in man. I Clin Invest 51: 473, 1972

14. LARSEN PR: Trilodothyronine: review of re-
cent studies of physiology and pathophysiol-
ogy in man. Metabolism 21: 1073, 1972

15. BRAvERMAN LE, INGBAR SH, STERLING K:
Conversion of thyroxine (T4) to trilodothy.

ronine (T3) in athyreotic human subjects.
J Clin Invest 49: 855, 1970

16. STERLING K, BRENNER MA, NEWMAN ES:
Conversion of thyroxine to triiodothyronine
in normal human subjects. Science 169: 1099,
1970

17. SCHWARTZ HL, SURKs MI, OPPENHEIMER JH:
Quantitation of extra-thyroidal conversion of
L-thyroxine to 3,5,3'-triiodo-L-thyronine in
the rat. J Clin invest 50: 1124, 15.71

18. PITFMAN CS, CHAMBERS JB JR, READ VH:
The extrathyroidal conversion rate of thy-
roxine to triiodothyronine in normal man.
Ibid, p 1187

19. OPPENHEIMER JH, SCHWARTZ HL, SURKs MI:
Propylthiouracil inhibits the conversion of
L-thyroxine to L-triiodothyronine. An ex-
planation of the antithyroxine effect of
propyithiouracil and evidence supporting the
concept that triiodothyronine is the active
thyroid hormone. J Clin Invest 51: 2493.
1972

20. CHOPRA IJ, SOLOMON DH, CHUA TECO GN:
Thyroxine. Just a prohormone or a hor-
mone too? J Clin Endocrinol Metab 36:
1050. 1973

21. CHOPRA Ii. SOLOMON DH, CHOPM U, et
al: Alterations in circulating thyroid hor-
mones and thyrotropin in hepatic cirrhosis.
Evidence for euthyroidism despite subnormal
serum triiodothyronine. J Clin Endocrinol
Metab 39: 501, 1974

22. MURPHY BE, PATrEE Ci: Determination of
thyroxine utilizing the property of protein-
binding. J Clin Endocrinol Metab 24: 187,
1964

23. CHOPRA Ii: A radioimmunoassay for the
measurement of thyroxine in unextracted
serum. / Clin Endocrinol Metab 34: 938,
1972

24. OHARIB H, RYAN Ri, MAYBERRY WE: Tn-
iodothyronine (T3) radioimmunoassay: a
critical evaluation. Mayo Clin Proc 47: 934,
1972

25. HOWORTH PJN, MACLAGAN NF: Clinical
application of serum-total-thyroxine estima-
tion, resin uptake, and free-thyroxine index.
Lancet 1: 224, 1969

26. SuItKs MI, SCHADLOW AR, OPPENHEIMER JH:
A new radioimmunoassay for plasma L-
triiodothyronine: measurements in thyroid
disease and in patients maintained on hor-
monal replacement. J Clin Invest 51: 3104,
1972

27. ABUID J, STINsoN A, LARSEN PR: Serum tri-
iodothyronine and thyroxine in the neonate
and acute increases in these hormones fol-
lowing delivery. J Clin Invest 52: 1195, 1973

28. ERENBERO A, PHELPS DL, LAM R, et al:
Total and free thyroid hormone concentra-
tions in the neonatal period. Pediatrics 53:
211, 1974

29. ABUID J, KLEIN AH, FOLEY TP JR, et El:
Total and free triiodothyronine and thy-
roxine in early infancy. I Clin Endocrmnol
Metab 39: 263, 1974

30. AvRusKIN TW, TANG SC, SHENKMAN L, et
al: Serum triiodothyronine concentrations in
infancy, childhood, adolescence and pediatric
thyroid disorders. / Clin Endocrinol Metab
37: 235, 1973

31. RUBENsTEIN HA, BUTLER VP JR, WERNER
SC: Progressive decreases in serum trilodo-
thyronine concentrations with human aging.
Thid, p 247

32. STERLING K, BRENNER MA, NEWMAN ES,
et al: The significance of triiodothyronine
(p3) in maintenance of euthyroid status after
treatment of hyperthyroidism. / Clin Endo-
crinol Metab 33: 729, 1971

33. WALFIsH PG. GORDON P, ULBRIGHT T, et al:
Serum triiodothyronine Cr3) in health and
disease (abstr). Ann R Coil Phys Surg Can
1: 45, 1975

34. STERLING K, REPETOPF 5, SELENKOW HA:
T3-thyrotoxicosis: thyrotoxicosis due to elev-
ated serum triiodothyronine levels. JAMA
213: 571, 1970

35. HOLLANDER CS, MITSUMA T, NIHEK N, et al:
Clinical and laboratory observations in cases
of triiodothyronine toxicosis confirmed by
radioimmunoassay. Lancet 1: 609, 1972

36. WANNER HW: T3 hyperthyroidism. Mayo
Clin Proc 47: 938, 1972

37. MARsDEN P. HOWORTH PJN, CHALKLEY 5,
et al: Hormonal pattern of relapse in hyper-
thyroidism. Lancet 1: 944, 1975

38. BERMUDEZ F, SUlKS MI, OPPENHEIMER JH:
High incidence of decreased serum trijodo-
thyronine concentration in patients with non-
thyroidal disease. J Clin Endocrinol Metab
41: 27, 1975

39. VAGENAKIS AG, BURGER A, PORTNAY 01, et
al: Diversion of peripheral thyroxine meta-
bolism from activating to inactivating path-
ways during complete fastikg. Ibid. n 191

40. INGENBLEEK Y, BECKERS C: Triiodothyronine
and thyroid stimulating hormone in protein-
calorie malnutrition in infants. Lancet 2:
845, 1975

41. DANPORTH E JR, DEsILETs EJ, HORTON ES,
et al: Reciprocal changes in serum triiodo-
thyronine and reverse T3 induced by altering
the carbohydrate content of the diet (abstr).
Clin Rex 23: 573A, 1975

42. BURR WA, GRIPPITHS RS, BLACK EG, et al:
Serum triiodothyronine and reverse triiodo-
thyronine concentrations after surgical opera-
tion. Lancet 2: 1277. 1975

342 CMA JOURNAL/AUGUST 21, 1976/VOL. 115


