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Abstract
Background One of the common causes of suboptimal control of thyroid stimulating hormone (TSH) in 
levothyroxine-treated hypothyroidism is coadministration of proton pump inhibitors (PPIs). Morning administration of 
pantoprazole has been shown to suppress intragastric pH to a greater extent. We therefore aimed to determine the 
effect of pantoprazole at different time points of the day on thyroid function test (TFT) in levothyroxine-treated overt 
primary hypothyroidism.

Methods In this single centre, hospital based, prospective, two arm cross-over study (AB, BA), participants were 
randomized into 2 groups based on morning (6:00 am – 7:00 am simultaneously with the scheduled levothyroxine 
tablet) (group M) and evening (30 min before dinner) intake of 40 mg pantoprazole tablet (group N). After the initial 
6 weeks (period 1), a washout period of 1 week for pantoprazole was given, and then both the groups crossed over 
for another 6 weeks (period 2). Patients were instructed to continue the same brand of levothyroxine tablet at empty 
stomach 1-hour before breakfast. Serum TSH was measured at baseline, week 6, and week 13.

Results Data from 30 patients, who completed the study with 100% compliance, were analysed. Mean TSH values 
of the study participants were significantly higher both at week 6 and week 13 compared to the baseline. Mean 
baseline serum TSH concentrations for groups M and N were 2.70 (± 1.36), and 2.20 (± 1.06) µlU/mL, respectively. 
Mean serum TSH concentrations at the end periods 1 and 2 for group M were 3.78 (± 4.29), and 3.76 (± 2.77) while the 
levels in group N were 3.30 (± 1.90),  and 4.53 (± 4.590) µlU/mL, respectively. There was a significant rise in serum TSH 
concentration across periods 1 and 2 in both the groups (F2, 58 = 3.87, p = 0.03). Within group changes in TSH across 
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Introduction
Thyroid diseases are often encountered in clinical prac-
tice, and it has been estimated that about 42  million 
people in India suffer from such disorders. Overall preva-
lence of primary hypothyroidism, in a population-based 
study conducted in 2013 involving more than five thou-
sand adult subjects across 8 major cities of India, was 
10.95% with Kolkata, West Bengal having the highest 
(21.67%) [1]. Currently, the mainstay of management of 
hypothyroidism, irrespective of aetiology, is oral admin-
istration of levothyroxine sodium (LT4). More than half 
of the LT4-treated patients in India have serum thyroid 
stimulating hormone (TSH) above the target range [2]. 
Non-compliance, inadequate dosing, inappropriate tim-
ing of LT4 administration and use of co-medications are 
the common reasons of elevated TSH in these patients 
[3]. Ingested LT4 tablets undergo disintegration and dis-
solution in the acidic environment of the stomach and 
are subsequently absorbed from jejunum and ileum. 
Approximately 60–82% of the total dose is absorbed 
within 3  hours of administration [4]. A prerequisite for 
adequate absorption of LT4 tablet is its active ingredient 
being in aqueous solution within stomach, which is fur-
ther determined by intra-gastric pH and nature of excipi-
ents, amongst others. In-vitro studies, performed at 
25 °C, have shown that this aqueous solubility decreases 
as pH increases from 1 reaching a nadir between 3 and 
7, and then increases as the pH increases further [5]. The 
median fasting intra-gastric pH in adults varies between 
1.5 and 1.7 during early morning. Any factor that raises 
intra-gastric pH, may also alter the ionization status 
and conformational characteristics of the LT4 molecule, 
thereby interfering with efficiency of intestinal absorp-
tion of the hormone [6].

Proton pump inhibitors (PPIs) are used to treat a vari-
ety of gastro-intestinal conditions like erosive esopha-
gitis due to gastroesophageal reflux disease (GERD), 
hypersecretory conditions including Zollinger Ellison 
syndrome, Helicobacter pylori infection, non-steroidal 
anti-inflammatory drugs (NSAIDs)-induced ulcers, pre-
vention of re-bleeding in peptic ulcers, and prophylaxis 
for stress ulcers in critically ill patients. They are even 
more frequently used as an over the counter (OTC) 
drug for dyspepsia across the world, including India [7]. 
Since gastrointestinal manifestations like dyspepsia or 

nausea due to delayed gastric emptying are not uncom-
mon in patients with hypothyroidism, PPIs are often pre-
scribed to them [8, 9]. PPIs increase intragastric pH and 
can potentially impair absorption of orally administered 
LT4 tablet. The precise prevalence of PPI use in patients 
with hypothyroidism is largely unknown; however, ret-
rospective studies like the Thyroid Epidemiology, Audit 
and Research Study (TEARS) or data extracted from the 
Italian general practice Health Search CSD Longitudinal 
Patient Database (HSD) found that PPI co-prescription 
varies from 8 to 69.8% in LT4-treated subjects [10, 11].

Effect of PPI on gastric acid suppression depends to 
some extent on time of the drug intake. In a random-
ized, double-blind, two-period crossover comparative 
study, significantly greater increase in 24-hour median 
intra-gastric pH was noted following pre-breakfast (8:00 
AM) administration of 40  mg pantoprazole compared 
to pre-dinner (7:00 PM) administration (3.3 vs. 2.7) [12]. 
There are handful of prospective studies that looked into 
the alteration in thyroid function test (TFT) in patients 
being treated with both LT4 tablet and one of the PPIs. 
However, none of these studies or the other retrospec-
tive studies evaluated the effect of timing of administra-
tion of PPI on TFT in LT4-treated patients [6, 13, 14]. 
We hypothesized that absorption of orally administered 
LT4 tablet is variably altered if PPI is taken in the morn-
ing versus at night. The objectives of this study were (A) 
to assess the effect of co-prescription of pantoprazole 
on TFTs in patients with overt primary hypothyroidism 
being treated with LT4, and (B) to determine the effect of 
pantoprazole, administered at different time points of the 
day, on TFTs in the same cohort.

Materials and methods
This was a single centre, hospital based, prospec-
tive, two arm cross-over study (AB, BA). The study 
was performed in the Department of Endocrinology & 
Metabolism, Medical College, Kolkata, India between 
February 2020 to July 2022 after approval of the Institu-
tional Ethics Committee (Ref. No. MC/KOL/IEC/NON-
SPON/701/03/2020). During the initial screening visits, 
all patients attending the out-patient department, being 
treated with LT4 following a diagnosis of overt primary 
hypothyroidism [low free thyroxin (FT4) and TSH of at 
least 20 µIU/mL at diagnosis] were identified. Patients 

periods 1 and 2 were not statistically significant. Similarly difference in TSH between the groups, either at 6 weeks or at 
13 weeks, were also not statistically significant.

Conclusions Concomitant use of pantoprazole, even for 6 weeks, leads to significant elevation in serum TSH in 
levothyroxine-treated patients who are biochemically euthyroid, irrespective of timing of pantoprazole intake. Early 
morning and night-time administration of pantoprazole have similar effect on TFT in these patients.
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with history of depression or other psychiatric disorders, 
pituitary disorders, cirrhosis, chronic kidney disease, 
nephrotic syndrome, malabsorption, underlying malig-
nancy, recent hospitalization or corticosteroid use; those 
receiving medications known to affect thyroid hormone 
metabolism or absorption during preceding 3 months 
(PPI, H2 receptor blocker (H2RB), orlistat, ciprofloxacin, 
ferrous sulphate, calcium supplementation, rifampicin, 
raloxifene, sevelamer, sucralfate, polystyrene sulfonate, 
bile acid sequestrants, tyrosine kinase inhibitors, gluco-
corticoids) were excluded. Among the eligible candidates, 
those with a documented past history of noncompliance 
or those who were unwilling or could not give consent 
were also excluded. From the remaining population, 
adult subjects (age between 18 and 70 years) who were 
biochemically euthyroid (FT4 between 0.8 and 1.76 ng/
dL and TSH between 0.4–4.78µIU/mL) and had stable 
TSH level (variation not more than 1.6 µIU/mL or 40%, 
whichever is lower) for at least 6 months prior to recruit-
ment on a fixed dose of LT4 (no change in dose or brand 

for at least 6 months) were then randomized into two 
groups (M and N) using random allocation table gener-
ated by MS Excel by AM (one of the authors) who was 
blind to the intervention type (Fig. 1). M group received 
morning dose (between 6:00–7:00 AM) of oral pantopra-
zole at empty stomach for 6 weeks (along with scheduled 
LT4 1-hour before breakfast), and N group received a 
night dose of oral pantoprazole for 6 weeks (30 minutes 
before dinner). TSH was repeated after the initial 6 weeks 
and pantoprazole was withheld for one week. Patients in 
the M group were then crossed over and took pantopra-
zole 30 minutes before dinner, and those in the N group 
were crossed over and took pantoprazole 40  mg in the 
morning for the next 6 weeks. TSH was rechecked again 
at that point of time (week 13) (Fig. 2).

The same brand of LT4 tablet was continued through-
out the study period, dose being the same as the one 
being used for the preceding 6 months. In both the 
groups (M and N), LT4 was consumed immediately 
after waking up at empty stomach as the first thing in 

Fig. 1 Patient flow diagram
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the morning and nothing was allowed for 1 hour except 
water. We used 40 mg of pantoprazole of the same brand 
(Pantodac® 40, Zydus Corza, Zydus Healthcare Ltd. Unit-
II, East-Sikkim, India). Both LT4 and pantoprazole were 
consumed under direct supervision of a family mem-
ber. A compliance/adherence chart was given to each of 
the participants, which was needed to be filled up with 
administrations of both the drugs. For facilitating adher-
ence patients were communicated daily through What-
sApp® along with weekly telephonic reminders. Good 
adherence was intake of 100% of the scheduled drugs 
(LT4 and PPI) on the designated time. Primary outcome 
measure was serum TSH concentration, measured after 
drawing 5 ml of peripheral venous blood in red-capped 
vial thrice during the study, first at baseline (TSH1), then 
at week 6 (± 2 days) after completing period 1 (TSH2), 
and the third at week 13 (± 2 days) corresponding to the 
end of period 2 (TSH3).

Laboratory methods
TFT was obtained from morning samples after an over-
night fast before the scheduled morning dose of LT4. FT4 
and TSH assays were performed by automated direct 
chemiluminescence method on ADVIA Centaur XP plat-
form (TSH3-Ultra assay, Siemens Healthcare Diagnos-
tics, Erlangen, Germany) using kits of a single batch. The 
assay range for the TSH3-Ultra assay was from limit of 
quantification (functional sensitivity: 0.008 µIU/mL) to 
150 µlU/mL with intra-assay variation of 1.4–2.4% and 
inter-assay imprecision of 0.9–2.9%. The intra-assay and 
inter-assay coefficient of variation (CV)s for FT4 were 
2.2–3.3% and 2.5-4.0%, respectively. The reference inter-
vals for TSH and FT4 were 0.4–4.78µIU/mL and 0.8–1.76 
ng/dL, respectively.

Statistical methods
The calculated sample size was 28 (for a level of signifi-
cance 5% and power of 80%) (vide supplementary file). 
Presuming a dropout rate of at least 10%, we recruited 
34 eligible subjects, 17 in each group. 4 participants in 
group M did not complete the study, hence data from 30 
patients, 13 in group M and 17 in group N were finally 
analysed.

Data were collected using a pretested questionnaire 
and entered in MS Excel. For statistical analysis, IBM 
SPSS Statistics for Windows, Version 20.0. was used 
(IBM Corp. Released 2011. IBM SPSS Statistics for Win-
dows, Version 20.0. Armonk, NY: IBM Corp.). Data were 
summarized as mean and standard deviation (SD) for 
numerical variables with normal distribution. A paired 
t-test was used to compare overall mean TSH at baseline 
and at week 6 (TSH2 vs. TSH1), and at baseline and at 
week 13 (TSH3 vs. TSH1). A p value of < 0.05 was taken 
as statistically significant using a two-tailed distribu-
tion. Repeated measure ANOVA test was used to assess 
the mean TSH concentration (primary outcome) in par-
ticipants before and after using pantoprazole. F-value 
with degrees of freedom was calculated. A p-value of 
< 0.05 was taken as statistically significant using a two-
tailed distribution. ANOVA were then analysed using 
post hoc tests to establish which changes in mean TSH 
concentrations were significant. Bonferroni corrected 
p-value for post-hoc test was calculated. Paired t-test 
was used to compare the changes in mean TSH concen-
tration between initial 6 weeks and subsequent 6 weeks 
separately for group M and group N. An unpaired t-test 
was used to compare the changes in TSH concentration 
between group M and group N. The changes in TSH 
from baseline at end of week 6 (TSH2-TSH1), and change 

Fig. 2 Study design
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of TSH from week 6 to week 13 (TSH3-TSH2) was used 
for both the paired and unpaired t-tests.

Mann Whitney U-test was utilized to compare the 
median changes in serum TSH concentrations in those 
who took pantoprazole in the morning (TSH2-TSH1 
in group M, and TSH3-TSH2 group N) with those who 
took pantoprazole at night (TSH3-TSH2 in group M, and 
TSH2-TSH1group N). A p value of < 0.05 was considered 
significant.

Post-hoc analysis to look for ‘clinically meaningful’ 
elevation of TSH at the ends of each treatment phase 
were dichotomized to any significant elevation and no 
change/decrement, and between-group treatment differ-
ences were determined using McNemar’s test with Yates 
correction. A p value of < 0.05 was taken as statistically 
significant. The results were then rechecked and repre-
sented appropriately for better understanding.

Results
From February 2020 to July 2022, a total of 34 cases were 
recruited for the study. Four participants in the M group 
did not come for subsequent follow-up due to prevailing 
SARS-Cov2 pandemic, hence per-protocol analysis was 
done using data from 30 patients with 100% adherence 

and complete follow-up. The mean age for the study pop-
ulation was 38.57 (± 12.56) years and 76.7% (n = 23) were 
women. The mean duration of primary hypothyroidism 
was 6.01 (± 4.86) years. The baseline characteristics of the 
study population have been summarized in Table 1 (and 
supplementary file-Table 1).

Baseline TSH was normally distributed (skew = -0.06) 
and platykurtic (-1.16). The mean TSH concentrations 
of all the study participants (n = 30) at baseline (TSH1), 
week 6 (TSH2), and at week 13 (TSH3) were 2.42 (± 1.2) 
µIU/mL, 3.51 (± 3.11) µIU/mL, and 4.2 (± 3.86) µIU/mL, 
respectively. Mean changes in TSH concentrations of all 
the study participants at week 6 from baseline (TSH2 – 
TSH1), and at week 13 from baseline (TSH3-TSH1) were 
1.09 (± 3.33) µlU/mL (p = 0.04) and 1.78 (± 4.05) µIU/ mL 
(p = 0.01), respectively (Fig. 3A). There was a rise in TSH 
of 35.53% in the entire cohort at the end of week 13.

Mean TSH1 for group M and group N was 2.70 (± 1.36) 
µlU/mL and 2.20 (± 1.06) µlU/mL, respectively. Mean 
TSH2 in group M and group N were 3.78 (± 4.29) µlU/
mL and 3.30 (± 1.90) µlU/mL, and mean TSH3 were 
3.76 (± 2.77) µlU/mL 4.53 (± 4.59) µlU/mL, respectively 
(Table 2; Fig. 3B). There was a significant rise in TSH con-
centrations across the study period (F2, 58 = 3.87, p = 0.03). 

Table 1 Descriptive statistics of demographics and thyroid function tests among groups at baseline
Characteristics of variables Group M

N = 13
Group N
N = 17

p-value

mean ± SD
Age (years) 37.23 ± 11.28 39.59 ± 13.71 0.62

Female, n (%) 12 (92.3) 11 (64.7) 0.18

BMI (Kg/ m2) 26.71 ± 5.16 24.92 ± 4.76 0.33

Duration of disease (years) 5.08 ± 3.01 6.88 ± 5.87 0.32

FT4 (ng/ dL) 1.22 ± 0.28 1.34 ± 0.30 0.32

TSH (µIU/mL) 2.70 ± 1.36 2.20 ± 1.06 0.27

LT4 dose (µg/ day) 88.58 ± 24.18 85.35 ± 28.73 0.75

Fig. 3 Mean TSH concentration of the entire cohort (n = 30) at different time points during the study (A) and mean TSH concentration in groups M 
(n = 13) and N (n = 17) at different time points during the study (B) (week 6–7 is the washout period where participants were off pantoprazole; week 7: 
cross-over)
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Post hoc tests revealed significant difference between 
TSH1 and TSH3 concentrations (p = 0.04) (Table  2). 
However, changes between TSH2 and TSH1, and 
between TSH3 and TSH2 were not significant (Table 2).

The mean change in serum TSH (TSH2-TSH1) after 
consumption of morning dose of pantoprazole for initial 
6 weeks in group M was 1.07 (± 3.89) µlU/mL. After the 
end of study period, i.e. after 6 weeks of bed time pan-
toprazole use, the mean change in TSH (TSH3-TSH2) in 
this group was − 0.01(± 4.08) µlU/mL. There was no sta-
tistical significance between the changes in TSH during 
these two periods (p = 0.61). In the N group, the mean 
changes in TSH after 6 weeks (following bed time pan-
toprazole use) and after 13 weeks (following morning 
dose of pantoprazole) were 1.10 (± 1.70) µlU/mL and 1.22 
(± 3.93) µlU/mL, respectively. Once again, the changes 
during these two periods were not statistically signifi-
cant (p = 0.91) (Table  3). The changes in TSH between 
the two groups during the initial 6 weeks (p = 0.98) and 
the subsequent 6 weeks (p = 0.40) were also insignificant 
(Table 3). The mean changes in TSH from baseline to the 
end of the study, i.e., TSH3-TSH1 were 1.06 (± 3.09) µlU/
mL, 2.33 (± 3.21) µlU/mL in the M group and N group, 
respectively.

Median change in serum TSH concentrations with 
morning administration of pantoprazole (TSH2-TSH1 in 
group M, and TSH3-TSH2 in group N) was 0.21 (− 0.98, 
1.14), and with night-time administration (TSH3-TSH2 
in group M, and TSH2-TSH1 in group N) was 0.69 
(− 0.57, 1.99). The difference was statistically insignificant 
(p = 0.40).

We also looked at ‘clinically meaningful’ changes, as 
defined by absolute value of TSH more than 4.78 µIU/
mL, upper limit of our reference range, or an increase 
of TSH by more than 1.6 µIU/mL and/or more than 40% 
from baseline. 26.7% patients (n = 8) had TSH of more 

than 4.78 µIU/mL following initial 6 weeks of pantopra-
zole use. Among these 8 patients, 3 (23%) patients were 
in group M and 5 (29.4%) were in group N. After the end 
of study period, 33.3% (n = 10) had TSH of more than 
4.78 µIU/mL of which 6 were in group M (46.1%), and 4 
(23.5%) in group N. When we looked at the changes in 
TSH from baseline, a total of 12 (40%) patients (Group 
M: 4, Group N:8) had noticed TSH elevation of more 
than 1.6 µIU/mL and/or more than 40% after 6 weeks and 
15 (50%) patients (Group M: 6, Group N: 9) had similar 
changes at the end of the study. However, such ‘clinically 
meaningful’ changes in TSH that we found in our study 
were not statistically significant in either groups both at 
week 6 and week 13 (McNemar’s test with Yates correc-
tion = 0.19, p = 0.67).

Discussion
The mean age of participants in our study was 38.57 
(± 12.56) years with a mean duration of hypothyroid-
ism of 6.01 (± 4.86) years suggesting that the study par-
ticipants were already on LT4 for a substantial period 
of time before recruitment. There was a female gender 
preponderance in our study group that conforms to the 
results from the Indian prevalence data showing higher 
prevalence of hypothyroidism in females as compared 
to males [1]. The gender distribution is also consistent 
with other studies which have looked at the prevalence 
of hypothyroidism [15]. Though a combination of sub-
normal FT4 and elevated TSH, usually above 10 µIU/mL, 
characterizes overt primary hypothyroidism, we took a 
TSH cut-off of 20 µIU/mL as TSH may increase up to 20 
µIU/mL during the recovery phase of thyroiditis or non-
thyroidal illnesses.

Injudicious PPI use is exceedingly common in clini-
cal practice either prescribed by general physicians or as 
OTC agent, particularly for functional dyspepsia [16]. In 

Table 2 TSH concentrations in three different time periods
Groups TSH1 TSH2 TSH3

Mean (± SD) Mean (± SD) Mean (± SD)
Total study population (n = 30) 2.42 (± 1.20) 3.51 (± 3.11) 4.20 (± 3.86)

Group M (n = 13) 2.70 (± 1.36) 3.78 (± 4.29) 3.76 (± 2.77)

Group N (n = 17) 2.20 (± 1.06) 3.30 (± 1.90) 4.53 (± 4.59)
Repeated measure ANOVA shows a significant effect for the within-subject factor “time” (F2, 58 = 3.87, p = 0.03). Post hoc-test shows the following p values: TSH1 vs. 
TSH2 (p = 0.13), TSH2 vs. TSH3 (p = 1.0) and TSH1 vs. TSH3 (p = 0.04).

Table 3 Changes in TSH concentration in both the groups with relation to timing of pantoprazole intake
Groups TSH2-TSH1 TSH3-TSH2 TSH3-TSH1 p

Mean (± SD) Mean (± SD) Mean (± SD)
Study population (n = 30) 1.09 ± 3.33 0.69 ± 4.96 1.78 ± 4.05

Group M (n = 13) 1.07 ± 3.89 -0.01 ± 4.08 1.06 ± 3.09 0.61*

Group N (n = 17) 1.10 ± 1.70 1.22 ± 3.93 2.33 ± 3.21 0.91*

p 0.98** 0.40** 0.36**
* Paired t-test between TSH2-TSH1 and TSH3-TSH2 in Group M and Group N

** Unpaired t-test between Group M and Group N for TSH2-TSH1, TSH3-TSH2 and TSH3-TSH1
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India, pantoprazole is the most commonly prescribed PPI 
[17]. Of the available PPIs, lansoprazole and omeprazole 
have been found to interfere with LT4 absorption, and 
thus increase TSH in individuals who are biochemically 
euthyroid on stable dose of LT4. Two retrospective stud-
ies have documented a median increase of TSH by 0.69 
(± 1.9) µIU/mL and 0.18 µIU/mL after 2–6 months of PPI 
intake in such patients (p = 0.035 and 0.001, respectively) 
[11, 18]. Retrospective review of the Italian general prac-
tice HSD also showed increased TSH levels with con-
comitant PPI intake (adjusted incidence ratio rate: 1.02; 
95% CI: 1.01–1.03) [10]. Participants in our study were 
given daily PPI for initial 6 weeks and then for another 6 
weeks following a washout period of 1 week. With morn-
ing dose of pantoprazole TSH rose from 2.70 µIU/mL to 
3.78 µIU/mL, and with night dose TSH increased from 
2.20 µIU/mL to 3.30 µIU/mL during the initial 6 weeks. 
We documented that daily intake of PPI even for 6 weeks 
also lead to significant impairment in LT4 absorption 
irrespective of time of administration, as evidenced by a 
TSH elevation of 1.07 µIU/mL in group M, 1.10 µIU/ mL 
in group N and 1.09 µIU/ml in the entire study popula-
tion. With longer duration of PPI therapy (12 weeks), the 
changes were even more pronounced. The mean incre-
ment in TSH from baseline was 1.06 µIU/mL in M group, 
2.33 µIU/mL in N group and 1.78 µIU/mL overall at the 
end of the study (Table 2; Fig. 3A and B).

Co-prescription of LT4 and usual dose of PPI also leads 
to clinically significant elevation in TSH due to inade-
quate LT4 absorption, which resulted in 35–37% higher 
dose of LT4 to achieve target TSH in different cohorts of 
patients with euthyroid nodular thyroid disease or hypo-
thyroidism [6, 18]. However, we did not look into the per-
centage increase in LT4 dosage to achieve biochemical 
euthyroidism in our patients.

The effect of PPIs on LT4 absorption, however, has been 
discordant. While some studies documented reduced 
absorption of LT4 tablet with lansoprazole (30 mg daily), 
omeprazole (40 mg per day) or intravenous esomeprazole 
(80 mg) [6, 18, 19], others did not find similar effects with 
omeprazole, esomeprazole or pantoprazole. Potential 
dose dependent reduction in LT4 absorption with two 
different doses of omeprazole (20  mg and 40  mg) were 
studied in primary hypothyroid subjects who were bio-
chemically euthyroid on LT4 tablets for at least 1 year 
(n = 19). There was no statistically significant difference 
in TSH levels before and 3 months after 20 mg (median 
levels: 2.24 vs. 2.42 µIU/ml, p = 0.62) or 40  mg (median 
level: 2.28 and 2.30 µIU/mL, p = 0.82) of omeprazole 
therapy [20]. Similar observation was noted in serum 
thyroid hormone concentrations after 600  µg of LT4 
administration following 1-week therapy with esome-
prazole (and famotidine) [21]. However, this study was 
biased by a short sampling time (8 hour), which is much 

lower than the half-life of LT4, making a reliable assess-
ment of the pharmacokinetic profile somewhat difficult. 
The differences in dose, route of administration or in 
PPI molecule might explain, at least partly, this discrep-
ancy in TSH changes. Though gastric acid suppression is 
attributed to a class effect of PPIs, differences in potency 
and pharmacokinetic profile among different molecules 
may lead to variable effect on LT4 absorption. We used 
a single dose of 40 mg of pantoprazole. A crossover study 
involving 20 healthy subjects, however, found that panto-
prazole had no effect on LT4 absorption. TSH was mea-
sured following a single dose of LT4 (4 µg/kg) at baseline 
and after 1 week of 40 mg pantoprazole therapy [13]. An 
important drawback of both these studies (esomepra-
zole & pantoprazole) was the short course (1 week) of 
PPI therapy. Steady state is usually achieved after 4–6 
weeks of LT4 therapy; hence, any alteration in circula-
tory TSH concentration may not become apparent after 
1 week of PPI therapy. Though a plateau in gastric acidity 
has been described following 4 days of PPI use in some 
studies, and suppression of gastric acid secretion was 
documented through increased gastrin level in the pan-
toprazole study, the investigators used a very high dose of 
LT4 (4 µg/kg), which is much higher than the usual dose 
required in athyreotic individual (1.6–1.8  µg/kg/day) 
[13]. Such an unusual high dose may overcome PPI inter-
ference on LT4 absorption. Long-term PPI treatment is 
likely to alter gastrointestinal transit time, mucosal archi-
tecture, and local milieu along with alteration in entero-
hepatic metabolism of orally administered LT4. The other 
potential confounders of this study were short sampling 
time (10 hour), which is insufficient to alter TSH, and to 
accurately determine T4 kinetics profile, and dose of LT4; 
a dose of 600 µg (which is much higher than 4 µg/kg) is 
needed for accurate assessment of LT4 pharmacokinetics 
and precise discrimination in potential differences in LT4 
absorption. We did not find any difference between time 
of administration of pantoprazole as far as increase in 
serum TSH were concerned (Table 3). Serum TSH con-
centrations were equally elevated both with morning and 
bed time dose of pantoprazole.

Oral pantoprazole has a bioavailability of 77% and 
its absorption is not affected by food or antacids. It is 
absorbed from the small bowel, resulting in a maximum 
serum concentration 2 to 3 hours post-ingestion. Unlike 
other PPIs, the serum concentration of pantoprazole 
is not dose-dependent; serum concentration after the 
first dose is similar to that following multiple doses. The 
metabolism of pantoprazole is independent of route of 
administration, with a half-life of approximately 1  hour 
[22]. Gastric acid suppression is a class effect of the PPIs. 
Though the half-life of the available PPIs (other than 
tenatoprazole) is 1–2 hours, the duration of acid inhibi-
tion is almost 48 hours because of irreversible binding to 
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the H+K+-ATPase [23]. Once the steady sate is achieved, 
the duration of action of pantoprazole lasts for about a 
week. Duration of acid suppression with ranitidine, a 
H2RB is 4–6  hours. LT4-treated patients, who require 
gastric acid suppressive therapy, thus, should better be 
offered H2RB after 3–4  hours of LT4 administration to 
avoid elevation in TSH. PPI use even for 6 weeks, irre-
spective of timing of administration, is likely to result in 
increment in ongoing LT4 dosage to maintain the TSH 
level.

Intra-individual fluctuation in serum TSH is physiolog-
ical and differences in TSH values, measured in two dif-
ferent time points does not necessarily indicate abnormal 
test result. Individual reference ranges of TSH is much 
narrow than the population-specific reference intervals, 
and it has been suggested that changes in serum TSH of 
as low as 0.75µIU/ml (range: 0.2–1.6 µIU/ml) may take 
a particular individual out of their ‘personal reference 
range’ [24]. However, a ‘true difference’ between two 
TFTs is said to be present if there is 40% variation in TSH 
and 15% in FT4 [25]. It needs to be remembered that 
these cut-offs were derived from longitudinal follow-up 
of patients with stable untreated subclinical hypothyroid-
ism for 1 year. The intra-individual variations in TFT in 
patients with LT4-treated overt hypothyroidism within 
13 weeks are expected to be much lower. Following lan-
soprazole initiation, 19% patients noticed TSH of more 
than 5 µIU/mL, which necessitated LT4 dose increment 
[18]. In our cohort, TSH went up the upper limit of the 
reference range (and also more than 5µIU/ml) in 26.7% 
after 6 weeks, and in 33.3% after 12 weeks of pantopra-
zole therapy. In addition, a large proportion of our cohort 
(40% at 6 weeks and 50% at end of study) had increment 
in TSH, beyond the upper limit of expected intra-individ-
ual variation, described earlier. Though the findings were 
not statistically significant, our study was not powered 
to look for such changes in serum TSH concentrations. 
Duration of PPI therapy could possibly result in ‘clinically 
meaningful’ elevation in serum TSH as well.

Interestingly, absorption of LT4 formulations, other 
than tablet, seems unaffected by PPIs. LT4 absorption 
kinetics were assessed following intravenous esome-
prazole (80 mg), and coadministration of 600 µg of LT4 
either in tablet form or in gel capsule form [19]. Under 
esomeprazole infusion, Cmax of LT4 decreased by 13.0% 
with the tablet, but only 2.6% with the gel capsule. Gela-
tine coating of the gel capsules possibly helped in absorp-
tion and obliviated the need for low intra-gastric pH [19].

Compared to tablets, absorption of liquid formulation 
of LT4 seems to be unaffected by simultaneous PPI use. 
In an earlier study, LT4 dose requirement decreased when 
patients were switched to liquid formulation from tablets 
while on any of the 4 different PPI molecules (omepra-
zole, pantoprazole, lansoprazole, esomeprazole) [14]. As 

discussed earlier, aqueous form of LT4 is required for its 
effective absorption. Impaired gastric acid secretion fol-
lowing PPI use interfere with the aqueous formation of 
administered LT4 tablets resulting in reduced absorp-
tion. Gel-capsule and liquid formulations of LT4 do not 
require low intra-gastric pH for absorption, hence unaf-
fected by coadministration of PPI. However, these formu-
lations are not widely available.

This study was conducted in a prospective, 2-arms, ran-
domized, cross-over pattern, which is inherently a strong 
study design. To the best of our knowledge, this is the 
first prospective study in the literature, which assessed 
the effect of PPI administration in two different point of 
times on change in TSH concentration in a cross-over 
pattern. We opted for a very strict inclusion criteria as 
far as variation in TSH was concerned (variation not 
more than 1.6 µIU/mL or 40% whichever is lower for at 
least 6 months). The baseline characteristics were simi-
lar between both the groups. Furthermore, medications 
which are known to affect LT4 absorption or metabolism 
were excluded; thus, removing any potential confounder. 
We ensured 100% compliance both for PPI and LT4. 
In addition, we tried to look at ‘clinically meaningful’ 
changes in serum TSH concentrations with PPI use.

Our study had certain limitations. Due to the Covid-19 
pandemic, we could recruit only 30 patients. This may 
have been enough to render the study adequately pow-
ered; however, more number of participants should have 
been enrolled to provide further strength. Four patients 
were lost to follow-up in group M, which led to a female 
gender predominance in group M. This was addressed 
by assessing the changes in TSH between the two groups 
after removing all male participants in both the groups. 
The results from this analysis were concordant with our 
overall findings. The study participants were under strict 
vigilance of the investigators and their relatives to ensure 
compliance with study medications (LT4 and pantopra-
zole). This may have inadvertently led to the Hawthorne 
effect leading to enhanced adherence. This also explains 
decreased in TSH concentration from baseline in some 
of the participants. Such strict adherence is often not 
seen in clinical practice. A placebo arm to the cross-over 
design could have further strengthened the study. How-
ever, we could not arrange for ‘matching placebo’ tab-
lets. One potential limitation might be a short wash-out 
period of 1 week for pantoprazole. The duration of acid 
inhibition following PPI use is 48 hours; one week, thus, 
seems sufficient for wash-out [23]. Another limitations of 
the study is single centre recruitment of patients. We did 
not assess anti-thyroid antibodies in the study partici-
pants. Patients with chronic lymphocytic thyroiditis may 
require progressive increment of LT4 doses during fol-
low-up, as remaining thyroid function gradually declines. 
However, the duration of hypothyroid was 6 years before 
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recruitment and participants had stable TSH during the 
preceding 6 months. It is unlikely that the residual gland 
function declined during that 13 weeks of the study 
resulting in increased TSH with stable dose of LT4.

Conclusion
Concomitant use of pantoprazole and LT4 tablets leads 
to significant elevation of serum TSH concentration in 
LT4-treated hypothyroid patients who are biochemically 
euthyroid. Such increment in TSH is encountered even 
after 6 weeks of co-therapy and develops irrespective of 
timing of pantoprazole use, either with early morning 
or with bed time administration. The degree of incre-
ment in TSH does not differ between early morning or 
night-time use of pantoprazole. We noticed a trend in 
‘clinically meaningful’ increase in TSH with pantopra-
zole use. Though, statistically insignificant in our study, 
increase in TSH might be ‘clinically meaningful’ in a 
group of patients, and further studies with larger cohort 
are needed to look at such changes in serum TSH con-
centrations with PPI co-prescription.

Abbreviations
BMI  Body mass index
FDA  Food and Drug Administration
FT4  Free tetraiodothyronine
GERD  Gastroesophageal reflux disease
GI  Gastrointestinal
H2RB  H2 receptor blocker
LT4  Levothyroxine sodium
NSAID  Non-steroidal anti-inflammatory drug
OTC  Over the counter
PPI  Proton pump inhibitor
SARS-Cov2  Severe acute respiratory syndrome coronavirus 2
SD  Standard deviation
T3  3,5,3′-l-triiodothyronine
T4  3,5,3′5′-l-tetraiodothyronine
TFT  Thyroid function test
TPO  Thyroid peroxidase
TSH  Thyroid stimulating hormone
μIU  Micro international unit
μg  Microgram

Supplementary Information
The online version contains supplementary material available at https://doi.
org/10.1186/s13044-023-00156-6.

Supplementary Material 1: Calculation of sample size and characteristics 
of individual participants and their TSH values

Author Contribution
Concept and design of the study: PPC, AA, AM; Data Collection and analysis: 
AA, NA, AKP; Management of patients: AA, NA, PPC, AS, AM; Literature search 
and preparation of manuscript: AA, PPC; Guidance: AS, AM. All authors read 
and approved the final manuscript. All authors read and approved the final 
manuscript.

Funding
None.

Data Availability
Authors are ready to produce all relevant data, if required at any point of time. 
The data that support the findings of the study are available on request from 
the corresponding author. The data are not publicly available due to privacy or 
ethical restrictions.

Declarations

Ethics approval
The study was approved by the Intuitional Ethical Committee of Medical 
College, Kolkata. This has been mentioned in the ‘Materials and methods’ 
section. (Ref. No. MC/KOL/IEC/NON-SPON/701/03/2020).

Consent for publication
All the authors provided consent for publication of the study findings and 
agreed to the authors’ list mentioned above.

Competing interests
None to declare.

Author details
1Department of Endocrinology, Kasturba Medical College, Manipal, 
Karnataka, India
2Department of Endocrinology & Metabolism, Medical College, Kolkata, 
MCH 4th floor, 88 College Street, Kolkata, West Bengal 700073, India
3Department of Paediatrics, King George’s Medical University, Lucknow, 
Uttar Pradesh, India

Received: 4 January 2023 / Accepted: 12 April 2023

References
1. Unnikrishnan AG, Kalra S, Sahay RK, Bantwal G, John M, Tewari N. Prevalence 

of hypothyroidism in adults: an epidemiological study in eight cities of India. 
Indian J Endocrinol Metab. 2013;17(4):647–52.

2. Mithal A, Dharmalingam M, Tewari N. Are patients with primary hypothyroid-
ism in India receiving appropriate thyroxine replacement? An observational 
study. Indian J Endocrinol Metab. 2014;18(1):83–8.

3. Caron P, Grunenwald S, Persani L, Borson-Chazot F, Leroy R, Duntas L. 
Factors influencing the levothyroxine dose in the hormone replacement 
therapy of primary hypothyroidism in adults. Rev Endocr Metab Disord. 
2022;23(3):463–83.

4. Liwanpo L, Hershman JM. Conditions and drugs interfering with thyroxine 
absorption. Best Pract Res Clin Endocrinol Metab. 2009;23(6):781–92.

5. Won CM. Kinetics of degradation of levothyroxine in aqueous solution and in 
solid state. Pharm Res. 1992;9(1):131–7.

6. Centanni M, Gargano L, Canettieri G, Viceconti N, Franchi A, Delle Fave G. 
Thyroxine in goiter, Helicobacter pylori infection, and chronic gastritis. N Engl 
J Med. 2006;354(17):1787–95.

7. Sheikh I, Waghray A, Waghray N, Dong C, Wolfe MM. Consumer use of over-
the-counter proton pump inhibitors in patients with gastroesophageal reflux 
disease. Am J Gastroenterol. 2014;109(6):789–94.

8. Daher R, Yazbeck T, Jaoude JB, Abboud B. Consequences of dysthyroidism on 
the digestive tract and viscera. World J Gastroenterol. 2009;15(23):2834–38.

9. Ebert EC. The thyroid and the gut. J Clin Gastroenterol. 2010;44(6):402–6.
10. Trifirò G, Parrino F, Sultana J, Giorgianni F, Ferrajolo C, Bianchini E. Et. Al. Drug 

interactions with levothyroxine therapy in patients with hypothyroidism: 
observational study in general practice. Clin Drug Investig. 2015;35(3):187–95.

11. Irving SA, Vadiveloo T, Leese GP. Drugs that interact with levothyroxine: an 
observational study from the thyroid epidemiology, audit and Research 
Study (TEARS). Clin Endocrinol (Oxf ). 2015;82(1):136–41.

12. Müssig S, Witzel L, Lühmann R, Schneider A. Morning and evening adminis-
tration of pantoprazole: a study to compare the effect on 24-hour intragastric 
pH. Eur J Gastroenterol Hepatol. 1997;9(6):599–602.

13. Dietrich JW, Gieselbrecht K, Holl RW, Boehm BO. Absorption kinetics of levo-
thyroxine is not altered by proton-pump inhibitor therapy. Horm Metab Res. 
2006;38(1):57–9.

http://dx.doi.org/10.1186/s13044-023-00156-6
http://dx.doi.org/10.1186/s13044-023-00156-6


Page 10 of 10Awasthi et al. Thyroid Research           (2023) 16:15 

14. Vita R, Saraceno G, Trimarchi F, Benvenga S. Switching levothyroxine from the 
tablet to the oral solution formulation corrects the impaired absorption of 
levothyroxine induced by proton-pump inhibitors. J Clin Endocrinol Metab. 
2014;99(12):4481–6.

15. Taylor PN, Albrecht D, Scholz A, Gutierrez-Buey G, Lazarus JH, Dayan CM. Et. 
Al. Global epidemiology of hyperthyroidism and hypothyroidism. Nat Rev 
Endocrinol. 2018;14(5):301–16.

16. Heidelbaugh JJ, Kim AH, Chang R, Walker PC. Overutilization of proton-
pump inhibitors: what the clinician needs to know. Th Adv Gastroenterol. 
2012;5(4):219–32.

17. Verma N, Tayal V, Roy V. Proton Pump inhibitors: prescribing Practices, 
appropriateness of Use, and cost incurred in a Tertiary Care, Public, Teaching 
Hospital in New Delhi, India. MAMC J Med Sci. 2019;5:113–20.

18. Sachmechi I, Reich DM, Aninyei M, Wibowo F, Gupta G, Kim PJ. Effect of 
proton pump inhibitors on serum thyroid-stimulating hormone level in 
euthyroid patients treated with levothyroxine for hypothyroidism. Endocr 
Pract. 2007;13(4):345–9.

19. Seng Yue C, Benvenga S, Scarsi C, Loprete L, Ducharme MP. When Bioequiva-
lence in healthy volunteers may not translate to bioequivalence in patients: 
Differential Effects of increased gastric pH on the pharmacokinetics of 
Levothyroxine Capsules and Tablets. J Pharm Pharm Sci. 2015;18(5):844–55.

20. Abi-Abib Rde C, Vaisman M. Is it necessary to increase the dose of levo-
thyroxine in patients with hypothyroidism who use omeprazole? Arq Bras 
Endocrinol Metabol. 2014;58(7):731–6.

21. Ananthakrishnan S, Braverman LE, Levin RM, Magnani B, Pearce EN. The effect 
of famotidine, esomeprazole, and ezetimibe on levothyroxine absorption. 
Thyroid. 2008;18(5):493–8.

22. Mathews S, Reid A, Tian C, Cai Q. An update on the use of pantoprazole as 
a treatment for gastroesophageal reflux disease. Clin Exp Gastroenterol. 
2010;3:11–6.

23. Shin JM, Sachs G. Pharmacology of proton pump inhibitors.Curr Gastroen-
terol Rep. 2008Dec;10(6):528–34.

24. Andersen S, Pedersen KM, Bruun NH, Laurberg P. Narrow individual variations 
in serum T(4) and T(3) in normal subjects: a clue to the understanding of 
subclinical thyroid disease. J Clin Endocrinol Metab. 2002;87(3):1068–72.

25. Karmisholt J, Andersen S, Laurberg P. Variation in thyroid function tests 
in patients with stable untreated subclinical hypothyroidism. Thyroid. 
2008;18(3):303–8.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in 
published maps and institutional affiliations. 


	﻿Effect of morning versus night-time administration of proton pump inhibitor (pantoprazole) on thyroid function test in levothyroxine-treated primary hypothyroidism: a prospective cross-over study
	﻿Abstract
	﻿Introduction
	﻿﻿Materials and methods
	﻿Laboratory methods
	﻿Statistical methods

	﻿Results
	﻿Discussion
	﻿Conclusion
	﻿References


