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TSH and thyroid hormones concentrations in patients with
hypothyroidism receiving replacement therapy with L-thyroxine
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ABSTRACT

The aim of this study was to evaluate parameters of thyroid function in patients with primary
hypothyroidism receiving either monotherapy with L-T4 or combination L-T4+L-T3. Fifty-
eight women with primary hypothyroidism receiving L-T4 were enrolled in the study. The
patients were randomised into two groups: Group 1 (n=42) patients continued monotherapy
with L-T4, and Group 2 (n=16) patients were switched to combined therapy with L-T4+L-T3
(25 ìg L-T4 was replaced with 12.5 ìg L-T3). The final examination was carried out 6 months
thereafter. There was also a third group of 20 healthy women (control group). Under mono-
therapy with L-T4, serum FT4 levels were higher (p <0.05) and FT3 lower (p<0.05) than in
the control group, while the monotherapy subgroup of patients with low-normal TSH had
serum FT4 levels higher than in the control group (p<0.05). Serum FT4 under combined
therapy was significantly lower than in both control and monotherapy groups. FT3 levels did
not differ between the two groups of combined and monotherapy subjects; the highest FT3
levels were in the control group. L-T4 replacement therapy is associated with non-physiologi-
cally high FT4 and low FT3 levels. Therapy with L-T3 once a day does not simulate the normal
production of T3 by the thyroid.
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INTRODUCTION

Nowadays the main treatment approach for pri-
mary hypothyroidism is long-life replacement thera-

py with L-thyroxine (L-T4). The thyroid produces
only a small amount of triiodothyronine (T3), while
most of the circulating T3 is produced in peripheral
tissues by conversion of thyroxine (T4). Although
monotherapy with L-T4 seems to be associated with
a quality of life of hypothyroid patients comparable
to that enjoyed by healthy people1, combined thera-
py with both L-T4 and L-T3 has been under investi-
gation over the past few years. Some authors have
concluded that the combination of L-T4+L-T3 may
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provide some advantages over conventional mono-
therapy with L-T4 in terms of a greater sense of well-
being and improved quality of life2,3. The aim of the
present study was to evaluate the parameters of thy-
roid function in patients with primary hypothyroid-
ism receiving either type of replacement therapy.

PATIENTS

Fifty-eight women with primary hypothyroidism
following autoimmune thyroiditis (reduced FT4 and
increased TSH blood concentrations at the time of
initial diagnosis) receiving L-T4 were enrolled in the
study. Exclusion criteria were the following: post-
menopause, pregnancy, severe concomitant diseas-
es, use of drugs that affect metabolism or bioavail-
ability of thyroid hormones preparations, and his-
tory of hyperthyroidism.

At the beginning of the study, normal TSH lev-
els were maintained in all patients. After randomis-
ation, 42 patients continued monotherapy with L-
T4 (Group 1) and 16 started combined therapy with
the administration of both L-T4 and L-triiodothy-
ronine (L-T3) (Group 2). During the combined
treatment, the dose of L-T4 was reduced by 25�50 ìg
and replaced with L-T3. The target T4/T3-ratio for
the combined replacement therapy of hypothyroid-
ism is not definitively known. With the aim of main-
taining normal TSH levels on combined therapy, 25
ìg of L-T4 was replaced with 12.5 ìg L-T3. Subse-
quently, in some patients (n= 4) the L-T4 dose was
reduced according to TSH level by 25 ìg one more
time. In most patients additional prescription of 12.5
ìg of L-T3 was associated with L-T4 reduction by
25 ìg. The final examination in Group 2 was con-
ducted after 6 months of L-T4+L-T3 therapy. The
study also included a control group consisting of 20

young healthy women. The patients� characteristics
are presented in Table 1.

HORMONAL ANALYSIS

Thyroid stimulating hormone (TSH) (normal
range 0.4�4.0 mU/l), free thyroxin (FT4) (normal
range 11.5�23.2 pmol/l), and free T3 (FT3) (refer-
ence range: 3.2�7.2 pmol/l) were measured using
chemiluminiscence immunometric assay (IMMU-
LITE, DPC, LA, USA). Blood samples were col-
lected in the morning before administration of thy-
roid hormones preparations in a fasting state.

STATISTICAL ANALYSIS

�Statistica 6.0� (Stat-Soft, 2001) and �Primer of
Biostatistics 4.03� (McGraw Hill, 1998) packages
were used for the statistical analysis using the fol-
lowing tests: Mann-Whitney T-test (T) for the com-
parison of independent samples; Kruskal-Wallis (H)
and Dann (Q) tests for the comparison of multiple
independent samples; Spearman test (r) for corre-
lation analysis. Data are reported as Me [25; 75]
(Me�median; 25 and 75 percentiles). The level of
significance was set at 5%.

RESULTS

1. Monotherapy with L-T4

Forty-two patients (Group 1) received standard
therapy with L-T4. The compensation of hypothy-
roidism, indicated by normal TSH level, was
achieved by administering 50-125 ìg L-T4. The
majority of the patients in Group 1 (n= 25) needed
100 ìg of L-T4, 7 patients required 125 ìg, 9 re-
quired 75 ìg, and 1 required 50 ìg. Although the

Table 1. General characteristics of the subjects studied (Me [25; 75])

Groups n Age, yearsa Weight, kgb

1. Monotherapy with L-T4 42 42.5 [33; 45] 65.5 [60; 79.3]
2. Therapy with L-T4 + LT3 16 39.5 [31.8; 43] 70 [58.3; 87)
3. Control 20 26 [25; 27.3] 62 [54; 68.5]

Me: median [percentiles]

a: differences between groups 2 and 3 (Q=3.4) and between groups 1 and 3 (Q=4.9) are significant with p <0.05);

b: differences between groups are not significant
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initial L-T4 dose was calculated on the basis of the
patient�s weight, the correlation of the final L-T4
dose (which was corrected according to TSH level)
with the patient�s weight was weak though signifi-
cant (r= 0.33; p= 0.033).

Three out of the 42 patients (7.1%) of Group 1
had low FT3 concentration (<3.2 pmol/l) despite
the fact that all of them had TSH levels lower than
1.0 mU/l. In addition, 5 out of the 42 patients
(11.9%) had high serum FT4 level (>23.2 pmol/l)
in association with normal TSH and FT3 levels.

The TSH levels did not differ between the mono-
therapy and control groups (Table 2, Figure 1). No
correlation was found between TSH and FT4 levels

in the control group (r= �0.3; p= 0.24), and the
correlation between FT4 and FT3 was even weaker
(r= 0.23; p= 0.3), which was also true of TSH and
FT3 (r= �0.01; p= 0.9). The patients under L-T4
monotherapy had the same correlation results: r=
�0.3 (p= 0.07), r= 0.17 (p= 0.3) and r= 0.2 (p=
0.2), respectively. Under monotherapy with L-T4,
serum FT4 levels were significantly higher (Q= 2.8;
p <0.05) and FT3 levels significantly lower (Q= 4.8;
p <0.05) than in the control group (Table 2, Fig-
ures 1�3).

We analyzed the thyroid function in the sub-
groups of patients receiving monotherapy with low-
normal (<1.5 mU/l) and high-normal (= 1.5 mU/l)

Figure 1. TSH levels (mU\l) in patients with hypothyroidism
on different replacement regimens and in controls (Me [25; 75]).

Figure 2. Free T4 levels (pmol/l) in patients with hypothyroid-
ism on different replacement regimens and in controls (Me [25;
75]).

Table 2. Thyroid hormones and TSH levels in patients on different replacement regimens and in controls (Me [25; 75])

Groups TSH(mU/l) a FT4 (pmol/l) b FT3 (pmol/l) c

1. L-T4 1.35 [0.7; 2.9] 18.7 [16.6; 20.3] 4.2 [3.8; 4.6]

2. L-T4 + LT3 1.7[0.8; 3.0] 12.4 [11.6; 13.6] 4.1 [3.9; 4.75]

3. Controls 0.9 [ 0.8; 1.3] 15.9 [14.5; 18.4] 4.95 [4.7; 5.2]

Me: median [percentiles]

a. differences between groups are not significant (Q=4.0; p=0.14)

b. differences between groups 2 and 3 (Q=6.2), between groups 1 and 3 (Q=2.8) and between 1 and 2 (Q=2.8) are significant with
p <0.05;

c. differences between groups 2 and 3 (Q=2.8) and between groups 1 and 3 (Q=4.2) are significant with p <0.05; difference between
group 1 and 2 is not significant.
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Figure 4. Free T4 levels (pmol/l) in patients with hypothyroid-
ism on L-T4 replacement therapy with high-normal and low-
normal TSH levels and in controls (Me [25; 75]).

Figure 5. Free T3 levels (pmol/l) in patients with hypothyroid-
ism on L-T4 replacement therapy with high-normal and low-
normal TSH levels and in controls (Me [25; 75]).

Figure 3. Free T3 levels (pmol/l) in patients with hypothyroid-
ism on different replacement regimens and in controls (Me [25;
75]).

Table 3. Thyroid hormones in patients receiving monotherapy with L-T4 with different TSH levels and in the control group (Me [25; 75])

Groups n FT4 (pmol/l) a FT3 (pmol/l) b

1. L-T4 (TSH < 1.5 mU/L) 21 19.7 [18.4; 21.9] 3.9 [3.6; 4.3]

2. L-T4 (TSH ³ 1.5 mU/L) 21 17.4 [15.3; 19.2] 4.4 [4.1; 4.7]

3. Control 20 15.9 [14.5; 18.4] 4.95 [4.7; 5.2]

Me: median [percentiles]

a: difference between groups 1 and 3 (Q=3.4) is significant with p <0.05; differences between groups 1 and 2 and between 2 and 3 are
not significant;

b: differences between groups 2 and 3 (Q=3.0) and between groups 1 and 3 (Q=4.5) are significant with p <0.05;

TSH levels (Table 3). The cut-off point of 1.5 mU/l
was chosen in order to receive comparable sample
sizes. In this analysis the following were detected
serum FT4 levels in the control group were signifi-
cantly lower than in the group with low-normal TSH
concentration (Q= 3.4; p <0.05), while in the group
with high-normal TSH concentration the FT4 lev-
els did not differ significantly from that in the con-
trol group (Figures 4 and 5). FT3 levels in the con-
trol group were significantly higher than in either
subgroup of monotherapy, namely high-normal (Q=
3.0; p <0.05) and low-normal (Q= 4.5; p <0.05)
TSH level.

2. Combined therapy with L-T4 and L-T3

Sixteen patients (Group 2) received therapy with
combination of L-T4 and L-T3 for 6 months. All of
these patients took a constant dose of L-T3 (12.5
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ìg/day) and 50�100 ìg/day of L-T4. In this group of
patients, the median dose of L-T4 was 75 [75; 81.3]
ìg/day: 10 patients received 75 ìg of L-T4, 4 pa-
tients 100 ìg and 2 received 50 ìg/day. The dose of
L-T4 varied in order to maintain normal TSH lev-
els. In most cases 25 ìg of L-T4 was substituted by
12.5 ìg of L-T3. No one in this group of patients
had serum FT3 or FT4 above the normal range. Four
patients (25%) had serum FT4 at the lower limit of
normal associated with normal FT3 and TSH con-
centrations.

As shown in Table 2, serum FT4 concentration
in patients with L-T4 + L-T3 therapy was signifi-
cantly lower than in the control group (Q= 6.2; p
<0.05) and lower than in the L-T4-monotherapy
group (Q= 2.8; p <0.05) (Figure 2). Free T3 levels
in the combined therapy group did not differ signif-
icantly from those in the monotherapy group. The
highest FT3 levels were observed in the control
group. (Table 2); it was significantly higher than in
the patients undergoing the L-T4 monotherapy (Q=
4.2; p <0.05) and even higher than in patients with
combined L-T4 + L-T3 therapy (Q= 2.8; p <0.05).

DISCUSSION

Monotherapy with L-T4

Replacement therapy with L-T4 is a �gold stan-
dard� for the treatment of hypothyroidism. In the
present study, 42 patients received monotherapy
with L-T4. Three of these 42 patients (7.1%) had
low FT3 levels despite the fact that all of them had
TSH concentrations lower than 1.0 mU/l. Further-
more, 5 of the 42 patients (11.9%) had high FT4
levels associated with normal TSH and FT3 concen-
trations. In general, serum FT4 levels were signifi-
cantly higher and FT3 levels were significantly low-
er under monotherapy with L-T4 than in the con-
trol group. Analogous data have also been found by
other authors4-7. Thus, according to Igoe et al, nor-
mal TSH level was associated with normal FT4 con-
centration in 70.5% of the patients and normal FT3
level in 88%8. Analogous data were recently pub-
lished by Mortoglou & Candiloros9. According to
Woeber et al, the increased T4:T3 ratio under mono-
therapy with L-T4 may be caused by the suppres-
sion of residual secretion of T3 by the thyroid and

decreased T4 conversion7.

It has been suggested that in treating hypothy-
roidism, the TSH level should be maintained in the
low-normal range10. These recommendations are
based on the fact that the majority of healthy peo-
ple have TSH levels between 0.5 and 2.5 mU/l11. We
thus evaluated our data on thyroid function in L-
T4-monotherapy patients with low-normal (<1.5
mU/l) separately from those with high-normal (³1.5
mU/l) TSH levels (Table 3). The results of this anal-
ysis indicated that FT4 levels in the control group
were significantly lower than in the patients with the
low-normal TSH level, while they did not differ from
those in the patients with high-normal TSH (Figure
4). On the other hand, serum FT3 levels in the con-
trol group(Figure 5) were significantly higher than
in both subgroups of patients on monotherapy with
L-T4. It thus seems that an increase of L-T4 dose in
order to reach a low-normal TSH level does not
generally lead to normalization of FT3 levels in hy-
pothyroid patients. On the other hand, an increase
in L-T4 dose may lead to a non-physiological high
FT4 in these patients compared to healthy people.
Earlier publications have also shown that a L-T4
dose increase leads to further increase of the T4:T3
ratio but not to the normalization of FT3 levels12,13.

Combined therapy with L-T4 + L-T3

According to our results (Table 2), serum FT4
levels under combined therapy with L-T4 + L-T3
were significantly lower in the hypothyroid group
than in the control group and lower than in the
monotherapy group (Figures 1�3). Free T3 levels
in patients with combined therapy did not differ sig-
nificantly from those in patients with monotherapy.
This can be explained by the fact that in combined
therapy a single dose of L-T3 per day every morn-
ing is used while blood samples were collected the
following morning before taking L-T3, i.e. when FT3
concentration was the lowest because of the short
half-life of L-T3. The highest FT3 concentration was
seen in the control group (Table 2) in which FT3
was significantly higher than in patients receiving
either mono- or combined therapy. Thus, taking L-
T3 once a day does not adequately similate the pro-
duction of this hormone by the thyroid.

A number of studies have shown that switching
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of patients with hypothyroidism from L-T4 to the
combination of L-T4 + L-T3 results in a reduction
of FT4 levels2,14, while FT3 levels increase14,15 or re-
main unchanged2,16. This is most likely caused by the
use of different L-T4 and L-T3 doses since there
are no comprehensive recommendations for L-T4
and L-T3 dose calculation for combined therapy.
Moreover, it is not clear how the L-T4 dose should
be reduced after the addition of L-T3. According to
available publications, the additional prescription of
10 ìg16 or 12.5 ìg2 L-T3 is associated with a reduc-
tion of L-T4 by 50 ìg. Theoretically, we have to pro-
ceed from the understanding that the appropriate
ratio of T4 and T3 doses is approximately 5:1 or 4:116.
However, in the study of Walsh et al, it was report-
ed that after replacement of 50 ìg of L-T4 with 10
ìg of L-T3, TSH concentrations increased consid-
erably16. When attempting to use the indicated
T4:T3-ratio, we were faced with the same problem.
According to Walsh et al16, the increase of TSH lev-
el may be caused either by a decrease of T4 level in
serum, which is considered to play the main role in
the regulation of TSH production, or by the incor-
rect concept about the required T3:T4-ratio, which
is in fact about 4:1 or even 3:1, but not 5:1.

As noted above, one of the main problems with
combined replacement therapy is the short half-life
of L-T3. This was most likely the reason why FT3
levels in our patients with combined therapy were
much lower than in the control group since the blood
samples were taken 24 hours post L-T3 administra-
tion. In order to avoid such a phenomenon, there
have been recommendations14,15 that L-T3 be admin-
istered twice a day. However, even if it is appropri-
ate for clinical studies, it would in practice be very
inconvenient for the patients and may reduce com-
pliance.

In conclusion, it should be borne in mind that all
of the above-mentioned and observed phenomena
could be of little clinical significance. This can be
judged only by evaluating the actual in vivo effects
of different therapeutic approaches, such as life
quality or development of side effects related to thy-
roid hormone insufficiency, or overdosing.
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