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Abstract

Introduction: Studies in adults with hypothyroidism suggest an equal efficacy of bedtime versus early morning intake of levothyrox-
ine. There is limited data on timing of levothyroxine administration in children.

Methods: Children with hypothyroidism on early morning levothyroxine, and clinically and biochemically euthyroid, were assigned to
receive levothyroxine at bedtime (group A) or were continued on early morning levothyroxine intake (group B). Clinical, anthropomet-
ric and laboratory evaluation (thyroid and lipid profiles, liver enzymes and creatinine) was done at baseline, and at 3 and 6 months.
Results: Eighty-four children, 42 in each group, completed the study. The clinical and anthropometric parameters remained similar in
the two groups at baseline and at 3- and 6-month follow-up visits. There was no difference in the mean serum concentrations of triio-
dothyronine, thyroxine and thyrotropin at the 3 time-points in the study. In addition, mean serum aspartate transaminase, alanine trans-
aminase, creatinine and parameters of lipid profiles remained similar in the two groups. The requirement of levothyroxine was similar
at baseline (48.6 £16.9 ug vs. 49.6 £19.5 ug, p-value 0.80) and at the endpoint (48.3 £17.2 ug vs. 51.9 £18.0 ug, p-value 0.46)
in both groups. At the study end, 25 (60%) patients in group A and 17 (40%) in group B preferred bedtime dosing of levothyroxine.
Conclusions: We found an equal efficacy of bedtime intake compared to early morning intake of levothyroxine in maintaining an
euthyroid state in children with hypothyroidism. Further studies are required to see if bedtime levothyroxine administration improves
the quality of life of patients.
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Introduction

Hypothyroidism, whether congenital or acquired, is one of
the most common endocrine conditions in pediatric practice [1].
Congenital hypothyroidism occurs in 1 : 1500 to 1 : 3000 live
births whereas acquired hypothyroidism has a prevalence of
1-2% in the pediatric population [1, 2]. The treatment of hypo-
thyroidism consists of a life-long daily administration of levo-
thyroxine which is traditionally taken orally in early morning at
least 30-60 minutes before breakfast [2-4]. The empty stomach
intake of levothyroxine is considered to be an effective long-
term treatment of hypothyroidism due presumably to its better

absorption in the fasting state as compared to a non-fasting
state [2]. The early morning administration also helps to avoid
several other factors that may interfere in its absorption [5]. Un-
derstandably, the consensus guidelines formulated by several
prominent international pediatric endocrine societies empha-
size on adherence to empty stomach administration of levothy-
roxine in children [6].

Practically however, keeping the desired time gap between
levothyroxine intake and food intake during morning hours may
be difficult for patients with unpredictable or variable morning
schedules that cause problems of compliance with standard
recommendations [2, 6]. For school going children, the early
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school start times put extra pressure on their morning rou-
tines [7]. The distancing of levothyroxine administration from
food intake is often impossible due to rushed morning routines
and may result in poor control of hypothyroid state [8]. Although
new pre-dissolved formulations such as soft gel or liquid levo-
thyroxine may allow co-ingestion with food, the evidence for
their use in clinical practice is weak [9]. In addition, the new
formulations are not widely available. Alternative schedules of
levothyroxine administration have, therefore, been suggested
to improve compliance to therapy of hypothyroidism [10, 11].
Of all the alternative schedules, the evening or bedtime
administration of levothyroxine appears to be an attractive
option [12]. It offers several advantages such as the ease to
maintain the required time gap between levothyroxine and food
intake, choice of timing, convenience, and an improvement in
adherence to therapy and the quality of life (QoL) [12, 13]. In
addition, the bedtime administration is presumed to have better
bioavailability and absorption from the gut [11]. Several stud-
ies have indeed been conducted on bedtime or evening-time
dosing of levothyroxine in patients of hypothyroidism over the
past two decades [14]. A meta-analysis of 10 studies that com-
pared the effect of levothyroxine administration before break-
fast to administration at bedtime found no association with
serum concentrations of thyroid stimulating hormone (TSH) or
free triiodothyronine (FT3) in patients with hypothyroidism [15].
The bedtime administration showed better free thyroxine (FT4)
concentrations [15]. The meta-analysis concluded that admin-
istration of levothyroxine at bedtime is as effective as adminis-
tration before breakfast for patients with hypothyroidism [15].
However, a majority of the studies included in the meta-analysis
were conducted on adult or elderly patients with hypothyroid-
ism [15]. The only pediatric study included in the meta-analysis
was conducted on school children with acquired hypothyroid-
ism and the effect of shifting to bedtime dosing was studied
over a short duration of 3 months [13]. Another recent study
on bedtime intake of levothyroxine in children also evaluated its
short-term efficacy only [16]. Nevertheless, both these studies
showed that shifting the levothyroxine administration to bed-
time was beneficial in the short term [13, 16]. The longer-term
effectiveness of bedtime levothyroxine intake, however, re-
mains unevaluated in children with hypothyroidism. We there-
fore planned to study the efficacy of bedtime dosing of levothy-
roxine in maintaining an euthyroid state, and whether the shift
in timing from early morning to bedtime is associated with any
adverse effects at the tissue level over a longer duration.

Material and methods

The study was conducted in the Endocrinology Clinic
of a large pediatric tertiary care teaching hospital located in
Northwest India from January 2019 to June 2020. Children of
either sex, aged between 4 and 12 years and diagnosed with
either congenital or acquired hypothyroidism were enrolled into
the study if they were clinically and biochemically euthyroid for
at least 6 months and had no other known endocrinopathy. In-
ability to come for regular follow up visits, problems with adher-

ence to medications in the past, and intake of drugs known to
interfere with thyroxine metabolism e.g.; antiepileptics, were the
exclusion criteria.

After recruitment into the study, children were assigned to
receive levothyroxine (oral tablets) at bedtime (group A, study
group) or were continued with their early morning levothyroxine
(oral tablets) dosing (group B, control group). The allocation
to either group was done by a computer generated random
number table. The time gap between dinner and levothyroxine
administration was at least one hour.

At inclusion, all children underwent a thorough clinical
assessment specifically targeted at symptoms and signs of
hypo- or hyperthyroid state. The anthropometric evaluation
comprised of recording weight (kg) and height (cm), and cal-
culation of body mass index (BMI) as kg/mz2. Laboratory evalu-
ation consisted of estimation of serum concentrations of total
T3, total T4, TSH, total cholesterol (TC), total triglyceride (TG),
high-density lipoprotein cholesterol (HDL-C), low-density lipo-
protein cholesterol (LDL-C), serum creatinine, aspartate (AST)
and alanine transaminase (ALT). All children were followed up
at 3 monthly intervals for 6 months. At the follow up visit, each
patient underwent clinical, anthropometric and laboratory eval-
uation. Adjustments in levothyroxine doses in both groups were
done as per the previous routine to keep serum concentrations
of total T4 in upper half of normal range and TSH in low normal
range. No change in the levothyroxine formulation and route of
administration was allowed throughout the study period. The
study was approved by the Institute’s Ethics Committee.

Statistical analysis

The data were analysed using Statistical Package for the
Social Sciences (SPSS, version 23.0, IBM Corp., Armonk, NY,
USA). The continuous data was first checked for its normalcy
by Kolmogorov Smirnov test. For normally distributed data, the
comparison between study and control group was made by
Student’s t-test. For skewed data, the distribution of the two
groups was compared using Mann-Whitney test. McNemar test
was applied for the significance of changes from visit to visit.
Repeated measure ANOVA was applied to find the trend of the
measurable data over visits. A p-value of less than 0.05 was
considered significant.

Results

The study population comprised of 84 children; each group
had 42 children. The mean age in the two groups was similar
(7.6 =2.3 yearvs. 7.1 £3.1 year, p = 0.43). Two thirds (n = 28)
were girls in each group. A majority of patients (n = 57, 67.8%)
had acquired hypothyroidism; the proportion of children with
acquired hypothyroidism was more (80.9%, 34 out of 42) in
group A as compared to group B (54.7%, 23 out of 42).

At follow-up visits, no patient in either group showed any
hypo- or hyperthyroid symptoms such as changes in sleep,
appetite, sweating, activity, stooling pattern etc. There was
no difference in the mean BMI in the two groups at inclusion
(14.8 £6.5vs. 16.1 £8.3, p = 0.53) and at the study endpoint
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Table I. Laboratory characteristics of study population at different time-points during the study

Variables Time-point Group A (n = 42) Group B (n = 42) P-value
(mean =SD) (mean =SD)
Triiodothyronine (ng/ml) Baseline 1.40 =0.44 1.31 =0.38 0.36
3 months 1.45 +0.39 1.34 +0.43 0.21
6 months 1.33 £0.49 1.20 =0.31 0.14
Thyroxine (ug/dl) Baseline 9.01 291 9.45 £2.43 0.45
3 months 9.05 =2.03 9.71 =1.90 0.12
6 months 9.12 =1.65 8.89 £1.97 0.56
Thyroid stimulating hormone (mIU/I) Baseline 3.39 =2.75 3.40 =2.08 0.98
3 months 3.52 =2.04 3.41 =1.92 0.78
6 months 3.56 =2.16 3.77 =2.16 0.65
Aspartate transaminase (U/l) Baseline 31.50 £7.24 31.20 +£7.90 0.85
3 months 29.77 +6.73 29.91 +6.67 0.92
6 months 30.65 £9.25 31.47 £7.21 0.65
Alanine transaminase (U/l) Baseline 31.09 £7.41 29.83 £8.24 0.46
3 months 31.71 =6.81 29.57 +6.81 0.15
6 months 32.37 £6.85 29.18 =7.57 0.06
High-density lipoprotein cholesterol (mg/dl) Baseline 51.48 =13.16 47.61 =9.12 0.07
3 months 52.39 =11.04 48.46 =7.50 0.07
6 months 51.69 +£10.96 48.65 =8.34 0.15
Low-density lipoprotein cholesterol (mg/dl) Baseline 96.87 =17.54 96.87 =17.64 0.45
3 months 96.90 +18.06 96.77 £14.56 0.97
6 months 97.68 =16.19 97.73 =17.38 0.99
Triglycerides (mg/dl) Baseline 87.26 +14.18 91.21 =11.00 0.15
3 months 86.16 =15.57 91.22 £11.55 0.09
6 months 87.86 £15.99 93.18 =11.26 0.07
Total cholesterol (mg/dl) Baseline 158.07 =18.84 165.91 =15.33 0.40
3 months 155.14 =15.73 165.49 =13.06 0.21
6 months 156.90 +17.99 162.99 +17.06 0.1
Serum creatinine (mg/dl) Baseline 0.35 +0.10 0.33 +=0.10 0.37
3 months 0.47 =0.77 0.34 =0.09 0.29
6 months 0.36 =0.09 0.34 =0.90 0.42
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(17.4+8.1vs. 17.8 £8.8, p = 0.70). The laboratory parameters
of the study population at baseline, and at the time of follow-up
visits are shown in Table |. The requirement of levothyroxine was
similar at baseline (48.6 =16.9 ug vs. 49.6 +19.5 ug, p = 0.80)
and at the endpoint (48.3 +17.2ugvs. 51.9 =18.0ug, p = 0.46)
in both groups. There were no dropouts from the study. At the
end of the study, 25 (60%) patients in group A and 17 (40%) in
group B showed their preference for bedtime dosing of levo-
thyroxine.

Discussion

The results of our study indicate that the intake of levothy-
roxine at bedtime was as efficacious as the early morning intake
in maintaining an euthyroid status in children with hypothyroid-
ism. The results are consistent with the only two previous stud-
ies in children [13, 16]. Similar efficacy of bedtime levothyroxine
has also been demonstrated in several studies in adults [15].
However, two previous studies in adult patient populations of
hypothyroidism found a slightly lower efficacy of levothyroxine
when administered in a non-fasting state [17, 18]. In one such
study by Bach-Huynh et al., serum TSH concentrations were
found to be more variable and higher when levothyroxine was
taken at bedtime but still remained in the normal range at most
occasions (2.19 =2.66 mlU/l). The authors suggested that fast-
ing ingestion of levothyroxine should be advised when a spe-
cific serum TSH goal is desired [17]. Specific serum TSH goal
is usually desirable during initial 3—4 years of age to avoid any
compromise with early brain growth and other developmental
issues [6, 19, 20]. For this reason, we did not include children
below 4 years of age. In another study, the therapeutic efficacy
of levothyroxine was shown to decrease slightly when the tim-
ing of intake was shifted to before dinner [18]. However, main-
taining a gap of at least one hour between dinner and levothy-
roxine administration probably helped to maintain the efficacy
of levothyroxine in our patients.

Similar to observations by others, we also found a tendency
towards better serum T4 concentrations as well as a tendency
towards a lower levothyroxine requirement in patients taking
bedtime levothyroxine [13, 16]. Both these findings, however, did
not reach statistical significance. The slightly higher serum T4
concentrations in patients on bedtime levothyroxine may be ex-
plained by a better absorption of levothyroxine [5]. Levothyroxine
absorption is enhanced by a lower gastric pH probably by an
alteration in the ionization of the levothyroxine sodium salt in an
acidic environment [5, 11]. The gastric acid secretion is greater
in the evening than in the morning and reaches its circadian peak
during the night-time [21]. In addition, decreased gastrointestinal

movement during night time may also contribute to higher se-
rum T4 concentrations [16]. A shorter time interval between bed-
time levothyroxine and blood collection for thyroid testing is also
thought to result in some increase the serum T4 concentrations
in patients on bedtime levothyroxine. However, levothyroxine
pharmacokinetic studies indicate that the serum T4 concentra-
tions remain constant for upto 50 hours following an initial peak
between 4 and 6 hours of oral levothyroxine intake [22].

A reassuring finding in our study was the lack of adverse
effects of shifting of levothyroxine timing at the tissue level, as
reflected by normal serum concentrations of liver enzymes,
lipids and creatinine at the follow-up visits. Elevation of liver
enzymes, specifically ALT, is a marker of uncontrolled hypothy-
roidism [23, 24]. Similarly, dyslipidemia, is often a reflection of
poor control of hypothyroid state even when the serum TSH is
apparently in the normal ranges [25-27]. An increase in serum
creatinine and a decrease in glomerular filtration rate is also as-
sociated with hypothyroid state [28]. The finding that all these
markers of hypothyroid state remained normal in children on
bedtime levothyroxine, is therefore important, and reflects the
efficacy of this schedule in maintaining an euthyroid state even
at the tissue level. The concerns that the timing of levothyroxine
administration may affect the TSH circadian rhythm, have been
addressed in earlier studies [11].

There are two limitations of our study. First, the recruitment
of patients had to be prematurely stopped due to the onset
of COVID-19 pandemic, and the announcement of a nation-
wide lockdown since March 25, 2020 that severely disrupted
the non-COVID-19 patient care services at our hospital [29].
The submission of research work was time-bound as it was the
thesis project of a postgraduate student, limiting the sample
size to 42 and not the originally planned 63 in each group. Sec-
ondly, we did not perform the QoL studies, although majority of
the parents and patients expressed their preference to continue
with the bedtime schedule. Nevertheless, our study adds to the
scarce literature on bedtime dosing of levothyroxine in children,
and helps to assure the practicing pediatricians and pediat-
ric endocrinologists to alter their levothyroxine prescriptions
confidently. To best of our knowledge, our study is the longest
observation on the bedtime administration of levothyroxine in
children with hypothyroidism.

In conclusion, the administration of levothyroxine at bedtime
was found to be as efficacious as the traditional administration
before breakfast in maintaining an euthyroid state in children
with hypothyroidism. Larger studies are needed to document if
the change in the timing of levothyroxine administration to bed-
time translates to improved QoL of patients while maintaining
an effective control of hypothyroidism.
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