
Endocrine (2019) 65:569–579
https://doi.org/10.1007/s12020-019-01908-x

ORIGINAL ARTICLE

In thyroxine-replaced hypothyroid postmenopausal women under
simultaneous calcium supplementation, switch to oral liquid
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Abstract
Purpose In postmenopausal women under L-T4 therapy, which was subsequently accompanied by calcium carbonate (CC)
supplementation taken 6–8 h after tablet L-T4, TSH levels were greater than prior to adding CC. Total cholesterolemia
[CHOL], fasting glycemia [FG], systolic and diastolic blood pressure [SBP, DBP] were also greater than baseline. Our aim
was to explore the effects of either liquid or softgel capsule L-T4, while maintaining CC ingestion 6–8 h, later on TSH levels,
CHOL, FG, SBP, and DBP.
Methods We proposed to 50 hypothyroid postmenopausal women under tablet L-T4 therapy, to switch to either liquid or
softgel capsule L-T4 at the same daily dose while maintaining CC ingestion 6–8 h later. Sixteen women accepted [group I;
liquid (n= 9), capsule (n= 7)], while 34 continued tablet L-T4 [group II, (n= 34)].
Results After 3 months, in group I, TSH decreased significantly (1.23 ± 0.49 vs. 1.80 ± 0.37 mU/L, P < 0.01), as did FG
(80.7 ± 7.9 vs. 83.4 ± 6.3 mg/dL, P < 0.05); CHOL, SBP, and DBP decreased, though insignificantly. In contrast, in group II,
TSH, FG, CHOL, SBP increased insignificantly, and DBP increased borderline significantly (69.7 ± 9 vs. 66.3 ± 6.5,
P < 0.10). Compared to baseline (before adding CC), in group I, TSH was significantly lower (P < 0.01) and the other indices
similar; in group II, TSH, FG, and SBP were significantly higher (P < 0.05), DBP borderline significantly higher (P < 0.10)
and CHOL insignificantly higher. Performance of liquid L-T4 and capsule L-T4 was similar.
Conclusion Delaying CC ingestion even by 6–8 h after taking tablet L-T4 is not entirely satisfactory, unlike liquid or softgel
L-T4.

Keywords Hypothyroidism ● Liquid L-thyroxine ● Calcium carbonate ● Serum cholesterol ● Blood glucose ● Blood pressure

Introduction

One type of medications that impair the intestinal absorp-
tion of L-T4, at least in its classic formulation (tablet) is
represented by calcium salts [1–6]. Of calcium carbonate,
citrate and acetate, unequivocal evidence of such malab-
sorption exists for calcium carbonate.

We had studied 50 postmenopausal hypothyroid women
whose serum TSH levels were stable when tablet L-T4 had
been taken alone [7]. However, when they added supple-
mentation with calcium carbonate, which was taken 1–2 h
after tablet L-T4 for 2.3 ± 1.1 years, TSH increased sig-
nificantly (on average, from 1.93 to 3.33 mU/L [+73%]),
with nine women not meeting anymore the ≤4.12 mU/L
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target levels of TSH recommended by guidelines [8]. Thus,
we confirmed the sole study on a cohort of hypothyroid
patients who take simultaneously tablet L-T4 and calcium
[2]. In that study, which was conducted on a small number
of patients and with a 3 months-exposure to calcium car-
bonate, the extent of TSH increase was congruent with our
data [7]. In our cohort [7], when calcium carbonate was
delayed by 6–8 h after tablet L-T4, fall of TSH was not
entirely satisfactory because measured levels were greater
than at baseline, prior to adding calcium. Also, a number of
biochemical and clinical indices in the metabolic/cardio-
vascular domain are known to be sensitive to small changes
in serum TSH even within its reference range [9–33] (for
examples, see Table 1). Of these indices, we studied [7]
total cholesterol (CHOL), fasting blood glucose (FG), sys-
tolic and diastolic blood pressure (SBP and DBP), and they
decreased significantly when calcium was delayed by 6–8 h.
However, all these four indices were greater than baseline,
though not always significantly. As previously suggested,
the detrimental effect of calcium carbonate is truly its
binding to L-T4, operating at physiologic gastric pH only
[2, 7, 34].

Because we have previously shown that novel formula-
tions of L-T4 (oral liquid solution and softgel capsule) are
virtually refractory to the impaired absorption of L-T4
caused by medications [1, 4, 35–37], we wished to ascertain
whether full normalization of TSH and of the said indices
(SBP, DBP, CHOL, and FG) could be achieved by
switching the patients to either liquid L-T4 or capsule L-T4,
as per their preference, upon maintaining the same daily
dose and interval (6–8 h) from subsequent calcium carbo-
nate ingestion.

Materials and methods

Patients

The cohort of 50 patients as well as the criteria to define
abnormal CHOL, FG, SBP, and DBP, was described in
detail previously [7]. Hypercholesterolemia is CHOL level
≥200 mg/dL, hyperglycemia is FG ≥100 mg/dL or being on
drug treatment for elevated glucose, hypertension is ele-
vated systolic blood pressure (SBP) ≥130 mm Hg or ele-
vated diastolic blood pressure (DBP) ≥85 mm Hg, or being
on antihypertensive drug treatment in a patient with a his-
tory of hypertension [7].

In brief, from the database of the Osteoporosis Out-
patients Center of our University Hospital, we selected
these 50 women (age 71.7 ± 5.1 years [median] 71) because
(i) they had primary hypothyroidism that was treated with
tablet L-T4 (45–60 min prior to breakfast, at a daily dose of
1.43 ± 0.24 µg/Kg body weight [median= 1.47]), and had

TSH stabilized at target levels ≤4.12 mU/L (1.93 ± 0.51
mU/L); (ii) they were subsequently supplemented with oral
calcium carbonate ± vitamin D (without taking any other
drug/supplement known to impair the intestinal absorption
of L-T4), which was ingested 1–2 h after tablet L-T4. Cal-
cium carbonate was taken at the daily dose of 600 or
1000 mg/d elemental calcium. When vitamin D had been
given, it was taken at 800 IU/d [7]. L-T4 therapy had been
taken for 4.4 ± 2.0 years before supplementation with cal-
cium carbonate ± vitamin D was added. In turn, women
received this supplementation for 2.3 ± 1.1 years, during
which tablet L-T4 continued to be taken [7]. We found that
9/50 women (referred to a group A) had TSH levels >4.12
mU/L and that the remaining 41 women (referred to a group
B) had serum TSH, significantly increased compared to
prior of adding the calcium supplementation (2.98 ± 0.51
vs. 1.90 ± 0.40 mU/L, P < 0.01), though TSH was <4.12
mU/L [7]. As previously reported [7], our intervention was
to extend the interval between L-T4 and calcium, so that
calcium was taken in the afternoon, 6–8 h after tablet L-T4.
Patients were seen again after three months, and pertinent
data recorded.

As anticipated above in the Introduction, because TSH
and the four TSH-sensitive indices (CHOL, FG, SBP, and
DBP) were greater than the corresponding baseline levels
(that is, before adding calcium ± vitamin D), we made a
second intervention. We proposed all 50 women to switch
L-T4 from the tablet to the preferred novel formulation
(liquid solution or softgel capsule) while maintaining the
same daily dose of L-T4, timing from breakfast and 6–8 h
delay from subsequent ingestion of calcium carbonate.
Sixteen women accepted such proposal (1/9 from group A
and 15/41 from group B). Precisely, 9/16 women opted for
the liquid solution and 7/16 for the softgel capsule. In the
present study, the 16 women who opted for the switch are
referred to as group I, while the remaining 34 are referred to
as group II. After 3 months, serum TSH and the four indices
were measured again in both group I and II. Informed
consent was obtained from all individual participants
included in the study.

Our hypothesis was that, compared to the corresponding
values when L-T4 was taken as a tablet 6–8 h prior to
calcium carbonate, values of TSH, CHOL, FG, SBP, and
DBP (and frequency of hypercholesterolemia, hyperglyce-
mia and hypertension) had to be lower in group I but similar
in group II. A secondary interest was to see if there was any
superiority of one novel formulation of L-T4 compared to
the other.

Statistics

Data are presented as mean ± SD. Differences between
means were analysed by ANOVA, except differences
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between TSH levels, which were analyzed by the Wilcoxon
signed rank test because of their non-gaussian distribution.
Differences between proportions were analysed by the two-
tailed chi-square (χ2) test or Fisher’s exact, as appropriate.
P values of <0.05 minimum were considered statistically
significant, whereas P values comprised between 0.10 and
0.05 were considered as borderline significant.

Results

For the sake of completeness, results will be presented
starting from baseline. The exact values in terms of mean ±
SD (for data handled as continuous variables) and

percentages (for data handled as categorical variables), and
corresponding statistics are given in Tables 2, 3; Figs. 1, 2.

Postponing calcium by 6–8 h after tablet L-T4 vs.
postponing calcium by 1–2 h or vs. baseline

In either group, delaying ingestion of calcium by 6–8 h after
having taken tablet L-T4 affected in the favorable direction
(that is, decrease) serum levels of TSH, CHOL, FG, and
values of both SBP and DBP compared to delaying inges-
tion of calcium by 1–2 h (Table 2; Fig. 1). Taking into
account that the size of group II (n= 34) was double than
the size of group I (n= 16), in group II statistically sig-
nificant were changes in TSH, CHOL, and DBP, and

Table 2 Summary of changes in serum TSH and the indicated TSH-sensitive indices in 50 initially L-T4 replaced hypothyroid women and
subsequently both L-T4-replaced and calcium carbonate-supplemented, who were ultimately divided into two groups based on their decision to
switch (group I) tablet L-T4 into a novel L-T4 formulation (liquid or softgel) or not switch in favor of continuing with tablet L-T4

Tablet or liquid/capsule L-T4 and ingestion time (hours) prior to ingestion of calcium carbonate

Index Group I (n= 16), switch to liquid or capsule L-T4 Group II (n= 34), no switch

Tablet T4 Liquid T4 Tablet T4 Tablet T4

T4 alone
[A]

1–2 h
[B]

6–8 h
[C]

6–8 h
[D]

T4 alone
[a]

1–2 h
[b]

6–8 h
[c]

6–8 h
[d]

TSH (mU/L) 1.69 ± 0.54 2.71 ± 0.52
**vs. [A]

1.80 ± 0.37
^vs. [A]
***vs. [B]

1.23 ± 0.49
**vs. [A]
**vs. [C]

2.05 ± 0.47 3.63 ± 0.98
***vs. [a]

2.33 ± 0.52
*vs. [a]
***vs. [b]

2.43 ± 0.89
*vs. [a]
^vs. [c]
***vs. [D]

Systolic BP (SBP), (mmHg) 126.2 ± 8.3 132.2 ± 8.8
§ vs. [A]

125.6 ± 9.1
^vs. [A]
*vs. [B]

123.7 ± 9.4
^vs. [A]
^vs. [C]

126.9 ± 7.8 133.1 ± 9.1
**vs. [a]

129.0 ± 8.5
^vs. [a]
§ vs. [b]

132.2 ± 9.6
*vs. [a]
^vs. [c]
**vs. [D]

Diastolic BP (DBP), (mmHg) 64.4 ± 4. 8 70.0 ± 5.2
**vs. [A]

65.6 ± 6.0
^vs. [A]
*vs. [B]

65.3 ± 5.3
^vs. [A]
^vs. [C]

66.3 ± 6.3 70.4 ± 6.4
**vs. [a]

66.3 ± 6.5
^vs. [a]
* vs. [b]

69.7 ± 9.0
§ vs. [a]
§ vs. [c]
§ vs. [D]

Total cholesterol (CHOL), (mg/dL) 171 ± 15 179 ± 20
^vs. [A]

171 ± 13
^vs. [A]
^vs. [B]

163 ± 13
§ vs. [A]
^vs. [C]

176 ± 16 192 ± 26
**vs. [a]

177 ± 16
^vs. [a]
** vs. [b]

184 ± 30
^vs. [a]
^vs. [c]
*vs. [D]

Fasting glycemia (FG), (mg/dL) 81.8 ± 11.3 88.2 ± 11.8
^vs. [A]

83.4 ± 6.3
^vs. [A]
^vs. [B]

80.7 ± 7.9
^vs. [A]
*vs. [C]

86.3 ± 13.4 93.1 ± 15.6
§ vs. [a]

89.5 ± 14.5
^vs. [a]
^vs. [b]

93.2 ± 14.8
*vs. [a]
^vs. [c]
**vs. [D]

Data are mean ± SD. As explained in the text, the 50 women started to take tablet L-T4 alone (baseline). Subsequently, calcium carbonate
supplementation was added, which started to be taken 1–2 h after tablet L-T4. Because of the shown increase in serum TSH, we instructed the 50
women to postpone ingestion of calcium carbonate by 6–8 h after tablet L-T4. Because serum TSH levels were still greater than those at baseline,
we proposed switch from tablet L-T4 to either liquid or soft gel, as preferred, while maintaining dose of L-T4 and calcium carbonate ingestion
6–8 h later

^P > 0.10 insignificant; §P between 0.10 and 0.05 (borderline significant); *P < 0.05, **P < 0.01, ***P < 0.001. Statistics by ANOVA, except TSH
(Wilcoxon signed rank test)

Bold-face typing indicates a statistically significant difference, while bold-face italics typing indicates a borderline significant difference

Comparison of percent change [D] over [C] in group I vs [d] over [c] in group II- TSH: −31.5 ± 28.4% (median −39.7%) vs. +4.89 ± 34.2%
(median −1.4%), P= 0.0006]; SBP: −2.0 ± 5.6% (median 0%) vs. +2.5 ± 5.9% (median 0%), P= 0.0082; DBP: −0.2 ± 6.5% (median 0%) vs.
+5.1 ± 12.8% (median 0%), P= 0.042; CHOL: −4.6 ± 7.1% (median −4.5%) vs. +3.6 ± 15.4% (median +3.4%), P= 0.071; fasting glycemia:
−3.1 ± 5.3% (median −5.3%) vs. +4.1 ± 2.0 (median −4.5%), P= 0.078
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trendwise significant changes in SBP; in group I, statisti-
cally significant were changes in TSH, CHOL, and SBP.
However, even though all parameters decreased, they were
not exactly superimposable to the baseline values (Table 2).
Indeed, in group II, TSH was significantly greater, and FG
and DBP insignificantly greater than baseline; in group I,
TSH, FG, and DBP were insignificantly greater than base-
line (Table 2).

The changes illustrated as continuous variables in Table
2 are showed as categorical variables in Table 3. While
there was a general decline in proportions associated with
delaying ingestion of calcium by 6–8 h after having taken
tablet L-T4 compared to delaying by 1–2 h, the former
proportions were greater than those at baseline (L-T4 taken
alone), with a statistical level of significance reached only in
group II and for two indices (TSH and CHOL). In addition
to proportion of FG ≥100mg/dL in group I, only the pro-
portion of serum TSH >4.12 mU/L in either group matched
the corresponding baseline proportions (Table 3). However,
in two patients of group I the 100 mg/dL threshold was
missed by 6 mg/dL, and in three patients of group II the
4.12 mU/L threshold was missed by just a few decimals
(data not shown).

Follow-up (continuing to postpone calcium by 6–8 h
after L-T4, but L-T4 taken as liquid or capsule in
group I)

In group II, the proportion of serum TSH >4.12 mU/L
continued to be zero, though it ranged 3.70–3.95 mU/L in 5/
34 patients. In contrast, the highest post-switch TSH in
group I was 2.50 mU/L [data not shown]. In group II,
indices continued to increase either significantly (TSH,
CHOL, FG, and SBP) or borderline significantly (DBP)
(Table 2). In contrast, in group I, indices decreased (TSH
and FG significantly, CHOL and SBP borderline sig-
nificantly) or were unchanged (DBP) (Table 2). As shown
in the footnote for Table 2, the percent changes of TSH and
each index after switch (group I) or after continuing to take
tablet L-T4 (group II) over the corresponding values at the
preceding measurement (when both groups were taking
tablet L-T4 6–8 h prior to calcium) were statistically dif-
ferent (TSH, SBP, DBP, or borderline significant (CHOL,
FG) in group I compared to group II.

Table 3 and Fig. 2 illustrate changes in terms of cate-
gorical variables. In group I, the proportions of women with
abnormality of SBP, DBP CHOL and FG decreased (the

Table 3 Summary of changes in serum TSH and the indicated TSH-sensitive indices in the same 50 women as in Table 2

Tablet or liquid/capsule L-T4 and ingestion time (hours) prior to ingestion of calcium carbonate

Index Group I (n= 16), switch to liquid/cps L-T4 Group II (n= 34), no switch

Tablet T4 Liq/Cps T4 Tablet T4 Tablet T4

T4 alone
[A]

1–2 h
[B]

6–8 h
[C]

6–8 h
[D]

T4 alone
[a]

1–2 h
[b]

6–8 h
[c]

6–8 h
[d]

TSH, mU/L >4.12 0 1 (6.2%)
^vs. [A]

0
^vs. [A]
^vs. [B]

0
^vs. [a]
^vs. [C]

0 8 (23.5%)
**vs. [a]

0
vs. [a]
**vs. [b]

0
^vs. [a]
^vs. [c]
^vs. [D]

Systolic BP (SBP) ≥130 mmHg 7 (43.7%) 10 (62.5%)
^vs. [A]

8 (50%)
^vs. [A]
^vs. [B]

7 (43.7%)
^vs. [A]
^vs. [C]

13 (38.2%) 19 (55.9%)
^vs. [a]

18 (52.9%)
^vs. [a]
^vs. [b]

22 (64.7%)
*vs. [a]
^vs. [c]
^vs. [D]

Diastolic BP (DBP) ≥85 mmHg 0 1 (6.2%)
^vs. [A]

1 (6.2%)
^vs. [A]
^vs [B

0
^vs. [a]
^vs. [C]

0 3 (8.8%)
^vs. [a]

2 (5.9%)
^vs. [a]
^vs. [b]

5 (14.7%)
§ vs. [a]
^vs. [c]
^vs [D]

Total cholest (CHOL) ≥200 mg/dL 0 4 (25.0%)
§ vs. [A]

1 (6.2%)
^vs. [A]
^vs. [B]

0
vs. [A]
vs. [C]

4 (11.8%) 12 (35.3%)
*vs. [a]

5 (14.7%)
^vs. [a]
*vs. [b]

10 (29.4%)
^vs. [a]
^vs. [c]
*vs. [D]

Fasting glycemia (FG) ≥100 mg/dL 1 (6.2%) 2 (12.5%)
^vs. [A]

1 (6.2%)
^vs. [A]
^vs. [B]

0
^vs. [A]
^vs. [C]

5 (14.7%) 13 (38.2%)
vs. [a]

9 (26.5%)
^vs. [a]
^vs. [b]

12 (35.3%)
*vs. [a]
^vs. [c]
**vs. [D]

Data are reported as percentages of 16 (group I) or 34 (group II). ^P > 0.10 insignificant; §P between 0.10 and 0.05 (borderline significant);
*P < 0.05, **P < 0.01

Bold-face typing indicates a statistically significant difference, while bold-face italics typing indicates a borderline significant difference
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last three indices becoming 0%). In contrast, in group II,
those proportions increased (significantly for SBP and FG,
borderline significantly for DBP, and insignificantly for
CHOL).

When comparison is with baseline, in group II increase
in serum TSH, FG, and SBP was significantly greater, and
increase in CHOL was trendwise significant (Table 2). In
contrast, indices in group I were very similar (DBP, FG) or
even lower (TSH significantly, and CHOL borderline sig-
nificantly) compared to the corresponding baseline values
(Table 2).

Figures 1 and 2 show that there was no clear superiority
of one new formulation over the other.

Discussion

In postmenopausal hypothyroid women, we show that
postponing ingestion of calcium carbonate to after lunch
(6–8 h after table L-T4) is not entirely satisfactory for
bringing serum TSH to levels equal to or lower than
those measured prior to adding calcium carbonate

0

0.5

1

1.5

2

2.5

3

TSH levels (mU/L) in switch to
liquid L-T4 (n= 9)

TSH levels (mU/L) in switch to
capsule L-T4 (n= 7)

T4 alone 1-2 h 6-8 h Liq/cps T4 6-8h

110

115

120

125

130

135

140

Sistolic BP (mm/Hg) in switch
to liquid L-T4 (n= 9)

Sistolic BP (mm/Hg) in switch
to capsule L-T4 (n= 7)

T4 alone 1-2 h 6-8 h Liq/cps T4 6-8h
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60
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64
66
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72
74

Diastolic BP (mm/Hg) in
switch to liquid L-T4 (n= 9)

Diastolic BP (mm/Hg) in
switch to capsule L-T4 (n= 7)

T4 alone 1-2 h 6-8 h Liq/cps T4 6-8h

145
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Total cholesterol (mg/dl) in
switch to liquid L-T4 (n= 9)

Total cholesterol (mg/dl) in
switch to capsule L-T4 (n= 7)

T4 alone 1-2 h 6-8 h Liq/cps T4 6-8h

140

150

160

170

180
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Total cholesterol (mg/dl) in
switch to liquid L-T4 (n= 9)

Total cholesterol (mg/dl) in
switch to capsule L-T4 (n= 7)

T4 alone 1-2 h 6-8 h Liq/cps T4 6-8h

Summary of changes in serum TSH (Panel A) and the indicated 
TSH-sensitive indices (Panels B-E) in the 16/50  hypothyroid 
women both L-T4-replaced and calcium carbonate-supplemented 
(calcium supplementation at 1-2h or 6-8h from L-T4) who 
accepted to switch from tablet L-T4 to either oral liquid (n=9) or 
softgel capsule (n=7) L-T4. Data are reported as mean. The 
crucial comparison to detect any superiority of one formulation 
over the other, for each index, is a significantly greater magnitude 
of decrease of the value of each index when women taking 
calcium carbonate 6-8h after L-T4 tablet switched to liquid or 
capsule L-T4. No P value is tabulated because all comparisons 
were not significantly different. 

A B

C D 

E 

-19.7% 

-3.1% 

-6.5% 

-1.4% 

-4.8% 

-4.6% 

-2.1% 

-0.9% 

-48.7% 

-0.7% 

Fig. 1 Changes in TSH and TSH-sensitive indices in hypothyroid women both L-T4-replaced and calcium carbonate-supplemented, who were
switched from tablet L-T4 into a novel L-T4 formulation (liquid solution or softgel capsule)
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supplementation to the L-T4 replacement therapy. How-
ever, the goal is achieved if tablet L-T4 is substituted by
liquid or capsule L-T4.

We showed that TSH elevations resulting from calcium
carbonate supplementation do affect certain TSH-sensitive
peripheral indices [9–34] (see Introduction and Table 1). Some
studies summarized in Table 1 are worthy of being discussed
in more detail because containing data for TSH levels com-
parable to the extreme TSH levels (0.85–6.9 mU/L) that were
measured in the 50 women from baseline through the last
observation.

In 2205 Korean postmenopausal euthyroid women, the
frequency of metabolic syndrome increased progressively
across TSH quartiles [16]. CHOL, LDL-CHOL, triglycer-
ides, and DBP were significantly associated with serum
TSH levels. Multivariate logistic regression analysis deter-
mined that TSH levels strongly contributed to metabolic
syndrome in 490 euthyroid type 2 diabetic subjects, women
had higher mean serum TSH levels and lower FT4 con-
centration than diabetic men [17]. Stratifying the study
population according to quartiles of TSH levels, subjects in
the highest TSH quartile were more likely to be women,
with higher values of BMI and waist circumference, higher
triglycerides and non-HDL CHOL concentrations, and
higher visceral adiposity index, when compared to those in
the lowest quartile. Already across the first three TSH
quartiles, there was a gradual increase in CHOL,

triglycerides, in both SBP and DBP, and in frequency of use
of metformin. A Korean study enrolled 17,061 euthyroid
subjects without diabetes among participants who had
undergone consecutive thyroid function tests between 2006
and 2012 as a part of yearly health check-up program [18].
TSH changes were determined by subtracting baseline TSH
level from TSH level at 1 year before diagnosis of diabetes
or at the end of follow-up in subjects who did not develope
diabetes. The risk of incident type 2 diabetes was sig-
nificantly increased with each 1.0 μIU/mL increment in
TSH after adjustment for multiple confounding factors
(hazard ratio= 1.13, 95% CI 1.07–1.20, P < 0.001). The
authors concluded that increase in circulating TSH could be
an additional risk factor for the development of type 2
diabetes in euthyroid subjects.

Noteworthy is also a study on 30,656 Norwegian indi-
viduals (18,182 women) without known thyroid disease
[10]. Moving across the six TSH bands within the reference
range of 0.5–3.5 mU/L, both in men and women there was a
gradual increase in the geometric mean of serum CHOL,
LDL-CHOL, and triglycerides. Subgroup analyses showed
statistically significant associations for all lipids in men
above 50 years of age and for triglycerides in all age groups.
For women, associations were statistically significant in all
age groups except for HDL-CHOL in women below 50
years of age. Unfortunately, exact data were not tabulated.
The authors concluded that association with serum lipids
(CHOL, LDL-CHOL, and triglycerides) was linear across
the entire reference range of TSH, and that—within the
range of TSH that is considered clinically normal—
increasing levels of TSH are associated with less favorable
lipid concentrations [10]. The same Norwegian group [28]
reported that within the said reference range of TSH
(0.50–3.5 mU/L), there was a linear increase in blood
pressure with increasing TSH. The average increase in SBP
was 2.0 mmHg per mU/L increase in TSH among men, and
1.8 mm Hg in women. The corresponding increase in DBP
was 1.6 mm Hg in men and 1.1 mmHg in women. Com-
paring TSH of 3.0–3.5 mU/L (upper part of the reference
range) with TSH of 0.50–0.99 mU/L (lower part of the
reference range), the odds ratio for hypertension was 1.98
(95% CI 1.56–2.53) in men and 1.23 (95% CI 1.04–1.46) in
women [28]. Another Norwegian population-based study
5872 subjects (3249 being women aged 56.5 ± 14.5 years)
[29] found that within the normal serum TSH range
(0.20–4.00 mIU/L), there was a significant and positive
relation between serum TSH and both SBP and DBP. Par-
ticularly, serum TSH was a significant predictor for DBP in
both genders and also for SBP in females. Moreover, after
adjusting for age, body mass index and smoking status, SBP
was 1.4 mm Hg and DBP 1.6 mm Hg higher in males in the
highest TSH quartile vs. males in the lowest TSH quartile.
The corresponding differences in females were 4.0 and
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2.7 mm Hg, respectively. All these Norwegian data
[10, 28, 29] agree with our data on the 50 postmenopausal
women, including the 2.31 mmHg increase in SBP and
2.0 mmHg increase in DBP, for every 1.0 mU/L increase in
serum TSH over the TSH range of 0.85 to 6.9 mU/L [7].

Also a Greek study on 311 euthyroid individuals (185
women, 126 men, mean age 43.9 ± 9 years) found an
association of serum TSH levels falling in the reference
range (0.36–4 mU/L) with both SBP and DBP [31]. In the
subgroup with TSH levels 0.36–2.5 mU/L (n= 238), TSH
levels positively and significantly correlated with SBP and
DBP. Hypertensive patients had higher TSH levels and
belonged more frequently to the subgroup with TSH >2.0
mU/L compared to the normotensive patients. A similar
observation had been reported in a collaborative American
and French study [30]. Finally, a Japanese study on 26
normotensive and euthyroid patients with serum creatinine
<1.00 mg/dL found that serum TSH, including levels within
the normal range, was positively correlated with vascular
resistance at the afferent arteriole (Ra), but not at the
efferent arteriole (Re) [32]. Serum TSH was significantly
and negatively correlated with renal plasma flow, renal
blood flow, and glomerular filtration rate (GFR). In multiple
regression analysis, serum TSH was significantly positively
associated with Ra after adjustment for age and mean blood
pressure [32].

A Spanish study evaluated 3533 male participants of the
Aragon Workers’ Health Study with normal TSH and FT4
levels, across quintiles of these variables [33]. Compared
with the lowest TSH quintile, the risk of metabolic syn-
drome was greater at the higher quintiles. Interestingly, FG
also increased with TSH primarily below the median TSH,
DBP showed similar changes across the entire TSH range,
whereas body mass index, triglycerides, and HDL-CHOL
changed only at the highest normal TSH values. In a Bra-
zilian population-based study on 10,935 participants (54.3%
women), age, body mass index, waist measurement, FG and
fasting and postload insulin and HOMA-IR increased
according to TSH quintiles [13]. Subjects in the fifth TSH
quintile presented an odds ratio of association with insulin
resistance of 1.86 (95% CI 1.26–2.75), regardless of gender.

Limitations of our study are the retrospective nature and
the type of patients being restricted to the elderly women
(age 71.7 ± 5.1 years; median 71). On the other hand, the
size of our study group (n= 50) is 2.5 times greater than the
only cohort study, though prospective, on hypothyroid
patients co-treated with both tablet L-T4 and calcium car-
bonate [2]. Strengths of our study are (i) to have highlighted
the fact that drug-induced elevation of serum TSH, even
within the reference range, is not innocuous, and (ii) to have
complemented the tablet L-T4 data with data after switch
from tablet L-T4 to either novel formulation of L-T4 in
groups of similar size (liquid L-T4, n= 9; softgel capsule L-

T4, n= 7). The post-switch amelioration of serum TSH and
four TSH-sensitive indices, while maintaining calcium
carbonate ingestion 6–8 h after having taken liquid or cap-
sule L-T4, was such that 4/5 parameters turned out to be
lower than the baseline values (i.e., when taking table L-T4
prior to adding calcium carbonate supplementation). These
post-switch data are not surprising considering that, in
previous studies on other patients, liquid L-T4 counteracted
successfully elevations of serum TSH observed when tablet
L-T4 was taken 1–4 h prior of ingesting calcium alone or
calcium plus other drugs known to impair intestinal
absorption of L-T4 [4, 36–38].

It appears reasonable to conclude that elevations of
serum TSH, even in the upper part of the reference range,
caused by malabsorption of L-T4 are not unconsequential.
Also, persons under treatment with drugs known to impair
intestinal absorption of L-T4 in whom hypothyroidism is
diagnosed would be better off starting to be prescribed
either liquid or softgel L-T4 [39]. Similarly, hypothyroid
patients under tablet L-T4 therapy who introduce any of
those drugs would be better off switching tablet L-T4 to
either novel formulation of L-T4. The corollary of failure to
use ab initio or to switch to novel formulations of L-T4 is
the suggestion to monitor hypothyroid patients who also
take drugs known to impair intestinal absorption of L-T4
with periodic measurements not only of serum TSH but also
of TSH-sensitive indices associated with metabolic and
cardiovascular outcomes.
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