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ABSTRACT

Introduction: Over 10 million thyroid function tests (TFTs) are carried out in England each year, most requests coming from
primary care. Our previous work showed that only 25% of results for patients being treated with Levothyroxine fell within the
TSH/FT4 boundary circumscribing 75% of untreated individuals. This study aimed to investigate further the differences in
thyroid hormone levels, taking into account both diagnostic code and amounts prescribed.

Methods: Using a city-wide population record, we analysed TSH/FT4 simultaneous results from 47,869 consecutive diagnosed
hypothyroid individuals by medication dose and 393,101 untreated/euthyroid individuals over 14 years. For those on medi-
cation, we only included those who were diagnosed over 2 years ago, had no more than two tests per year and more than 2 years
of test results available. For those not on medication, we included results from those patients who had a single test or two tests
with more than 4 years between tests.

Results: The FT4 distribution for Levothyroxine-treated individuals was similar in shape versus untreated individuals but shifted
towards higher FT4 even at the lowest dose of Levothyroxine, with an increasing separation of the distributions as Levothyroxine dose
increased (F value =1.5 increasing to F value =4.2). In contrast, the distribution of TSH was substantially different for untreated
individuals versus those on Levothyroxine, where the distribution was massively skewed to low or undetectable TSH with a ‘hockey
stick’ configuration, with increasing skewness as doses of Levothyroxine rose. For those not on thyroid hormone replacement, 90.3% of
individuals were within the TSH reference range and of these, 0.8% were recorded with a low FT4. For those on medication, only 43.8%
were within the TSH reference range. For men versus women, the median Levothyroxine dose was higher in all decades, with the
highest median daily dose at age 50-59 years (men: 107 mcg/day; women 93 mcg/day). Median T4 rose (women > men) and TSH fell
progressively (women > men) by age in treated individuals. The levels of TSH in treated and untreated populations were only similar at
around FT4 = 20pmol/L: below this treated patients have a higher TSH and above it, treated have a lower TSH for the same FT4.
Conclusion: We have here described that distribution of FT4/TSH is different in people on and off Levothyroxine treatment.
For those on Levothyroxine, only 43.8% were within the TSH reference range and the degree of difference increased in treated
individuals with Levothyroxine daily dose. The potential implication of our findings is that clinicians must be mindful as they
diagnose and treat hypothyroidism that the administration of Levothyroxine, while in most but not all individuals is clinically
beneficial does not return the individual to the same balance of TSH and FT4 as seen in euthyroid individuals.

This is an open access article under the terms of the Creative Commons Attribution License, which permits use, distribution and reproduction in any medium, provided
the original work is properly cited.
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1 | Introduction

Hypothyroidism affects around 3% of the population in Europe [1]
and nearly 5% of adult Americans (NIDDK) [2], being more com-
mon in females and older adults [3]. Clinically, hypothyroidism
presents with symptoms such as not being able to bear the cold,
tiredness and weight increase [4]. Biochemically, hypothyroidism is
diagnosed through measurement of thyroid-stimulating hormone
(TSH) and free thyroxine (FT4), with increased TSH and decreased
FT4 being the typical pattern seen in patients with overt hypo-
thyroidism. Additionally, there exists a subset of the population
with high TSH levels but normal FT4 and no or minimal symp-
toms; this is known as subclinical hypothyroidism [5]. The man-
agement of this has been discussed in a recent comprehensive
review [6] and is addressed in NICE Guidance [7].

There are differences between the management of hypothyroidism
in the United Kingdom versus the United States. In relation to
major differences exist between the two health systems. For ex-
ample, in the United States, many people with hypothyroidism will
see an endocrinologist, whereas in the United Kingdom, hypo-
thyroidism is largely managed by primary care physicians.

The most prescribed treatment for hypothyroidism is Le-
vothyroxine monotherapy [6, 7], with this medication being
converted into the more metabolically active thyroid hormone,
triiodothyronine (FT3) [8], by deiodinases within the body.
Levothyroxine is a very widely prescribed drug, with 33.8 mil-
lion prescriptions in the United Kingdom alone in 2022 [9, 10].
Other thyroid hormone treatments, such as natural desiccated
thyroid and Liothyronine, are available but are used much less
commonly in modern practice [11].

The therapeutic goal in hypothyroidism is to restore clinical and
biochemical euthyroidism via a physiologic thyroid hormone
replacement. In most patients, Levothyroxine treatment will
both normalise TSH levels and lead to symptom resolution.
However, it is estimated that around 5%-15% of patients taking
Levothyroxine still experience symptoms of hypothyroidism,
even with normalised TSH levels [12, 13]. This may be because
Levothyroxine monotherapy does not restore T3 levels to the
normal range in a subset of individuals [14, 15], perhaps due to
polymorphisms within the genes encoding peripheral deiodi-
nase enzymes [11, 16].

Additionally, multiple studies [17-19] suggest that between 20%
and 40% of patients taking Levothyroxine have TSH levels
outside of the normal range, indicating potential under- or over-
replacement of thyroid hormones. Certain patient factors, such
as sex, age and duration of treatment, may influence this under-
or over-treatment [20]. It is important to point out that both
under- and over-treatment of hypothyroidism are associated
with increased all-cause mortality [21, 22].

A better understanding of the relation between thyroid hor-
mone replacement therapy and actual levels of TSH, FT3 and
FT4 in patients could allow for a more tailored and effective
therapy for people with hypothyroidism.

Over 10 million thyroid function tests (TFTs) are carried out in
England each year, most requests coming from primary care with
at least 59 million TFTs performed per year in the USA [23]. Our
previous work showed that only 25% of results for patients being
treated in one area of England fell within the TSH/FT4 boundary
circumscribing 75% of untreated individuals [24].

This study aimed to investigate further the differences in thy-
roid hormone levels in people on thyroid hormone replacement
therapy, taking into account, prescribed thyroid hormone
replacement dose versus people being screened for thyroid
disorder and not taking any Levothyroxine or other form of
thyroid hormone replacement.

2 | Materials and Methods

Retrospective analyses of primary care electronic health record
(EHR) data from the Greater Manchester Care Record (GMCR)
[25, 26] were undertaken. The GMCR pools EHR data for 2.85
million citizens across 433 general practices (99.67%) spread
across the Greater Manchester conurbation. The base popula-
tion is nearly everyone who resides in Greater Manchester. All
primary care coded data including laboratory test results were
available for analysis including SNOMED, CTV3 and ReadV2
codes [27, 28]. Patient data were pseudonymised at source and
were extracted from the GMCR.

A) Laboratory results for TFT, patient ID, analysis date and
test type (FT4, FT3 and TSH).

B) Prescribing data including medication including size,
patient ID, prescription date and quantity.

C) Thyroid diagnosis data including the date and specific
diagnosis.

D) Demographic data (ID, sex, date of birth, ethnicity and
death) of those patients included above.

Data were coded using SNOMED, CTV3 and ReadV2 codes [27, 29].
The data were validated and cleaned prior to analysis by M. S.

2.1 | Data Consolidation

The data set was consolidated:

a) Records were used for years 2010-2022 as assays were
similar during this period.

b) Certain laboratories run a reflex testing strategy where
TSH was first tested, and if outside reference range, the
FT4 was then analysed. For this analysis, only those
results where both TSH and FT4 were measured from the
same sample were considered.

¢) For those on medication, we only included those who had
been diagnosed for more than 2 years and who had more
than 2 years of test results available.

d) Patients whose diagnosis record was classified as ‘hypo-
thyroid” were included; patients whose diagnosis was clas-
sed as ‘thyroid disorder’ were excluded.

These test results were separated into two classes:
Untreated who had:
« No diagnosis of hypothyroid or thyroid disorder.
« No record of prescriptions for Levothyroxine.

« Only a single test or two tests with more than 4 years
between tests (i.e., patients who were tested as part of a
regular panel or diagnosis event).
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Treated who had:

« First diagnosis for hypothyroidism more than 2 years ago,
avoiding initial dose adjustments.

« Had prescriptions for Levothyroxine during that year.

« Had <2 TFT tests in any calendar year (to exclude tests
following dose adjustments).

For those on medication, the total prescribed amount in any
calendar year was calculated by adding all prescription
quantities together multiplied by tablet dose and dividing by
365 to give an average daily dose (ADD). These were then
divided into four dose categories: lower 0-39/moderate 40-79/
high 80-129/highest 130 or more mcg/day to reflect possible
clinical need.

This study followed reporting instructions from RECORD
(REporting of studies Conducted using Observational Routinely-
collected Data) guidelines [10].

Reference ranges were applied that had clinical significance,
TSH reference range 0.4-4.0 miU/L and FT4 reference range
9-25pmol/L which covered all the local hospital FT4 reference
ranges.

Data were consolidated into a set of tables with Excel Power
Pivot and analysed, including the distribution of:

a) Numbers on T4 by Dose class mcg/day.

b) Numbers TSH and FT4 result values by those not on
medication and on medication by daily dose class.

¢) Variation of median values by sex and age class in treated
and untreated.

d) The relationship between TSH and FT4 is non-linear and
generally regarded as an inverse logarithmic. To capture this
effect we used the most commonly applied cutoff points (5%,
25%, 50%, 75% and 95%) to establish six ‘segments’ (< 5%,
5%—24%, 25%-49%, 50%-74%, 75%-94%, > 95%) in both TSH
and FT4 results and then examined how the other measure
varies across these buckets by median value.

2.2 | Ethics

The study was also reviewed and approved by the GMCR Expert
Research Group [29] reference Number R 2023 065. The data used
in the analyses presented were obtained with the permission of the

TABLE 1 | Hypothyroid diagnoses.

GMCR Board and were fully anonymised prior to being made
available to the investigators.

3 | Results

Thyroid disease diagnosis codes were allocated into two classes,
only those that had a diagnosis of hypothyroidism were included
into this analysis (Table 1).

A total of 87,673 individuals had a recorded diagnosis of
hypothyroidism and 44,662 had a recorded diagnosis of thyroid
disorder, that is, 3.8% of the total 2.3 million adult population of
Greater Manchester was diagnosed with hypothyroidism at
some point. In total, 485,074 results from 48,036 people were
included into this analysis.

A total of 447,657 results from 391,577 untreated/euthyroid
individuals who had been tested once or some twice with over
4 years between tests.

The Levothyroxine levels were divided into four categories
(Figure 1): 0-39 mcg, 19,834 patients with 77,526 results;
40-79 mcg, 190,136 results from 37,109 patients; 80-129 mcg,
131,066 results from 26,753 patients; and 130+ mcg, 13,076
results from 3149 patients. Overall, the most common
dose range was 90-99 mcg/day and the median dose was
92 mcg/day.

Table 2 highlights how the TSH and FT4 values vary by group
split by medication and diagnosis. It shows for the two groups of
interest:

a) No Diagnosis/No Levothyroxine/Infrequent testing 391,577
patients; 447,657 results median TSH 1.7 (1.2-2.4) miU/L,
FT4 median 14.4 (12.8-16.1) pmol/L ratio FT4/TSH 8.5.

b) Hypothyroid Diagnosis/Levothyroxine Medication/Stable
testing 48,036 patients; 485,074 tests median TSH 2.46
(0.53-5.7) miU/L, FT4 15.6 (12.9-18.6) pmol/L ratio FT4/
TSH 6.3.

Of the 447,657 results for untreated/euthyroid individuals,
90.3% (403,940) were within the TSH reference range (TSH-RR)
and 99.1% (443,461) in the FT4 reference range (FT4-RR). Of
the 406,311 results in the treated population, 177,957 (43.8%)
were in the TSH reference range and 94.6% (384,301) were in
the FT4 reference range. In treated hypothyroid individuals, the
level of TSH fell and of FT4 rose markedly with increasing
Levothyroxine dose (Figure 2).

INCLUDED Hypothyroidism

Acquired hypothyroidism, Subclinical hypothyroidism, Myxoedema, Postoperative

hypothyroidism (excluding thyroid cancer), Irradiation hypothyroidism, Iodine
hypothyroidism, Autoimmune hypothyroidism, Iatrogenic hypothyroidism, Post-ablative
hypothyroidism (excluding thyroid cancer), subclinical iodine deficiency hypothyroidism.

EXCLUDED Thyroid Disorder

Thyrotoxicosis, Hyperthyroidism, Graves disease, Thyroid nodule, Goitre, Disorder of

thyroid gland, Simple goitre, Malignant tumour of thyroid gland, Non-toxic multinodular
goitre, Subclinical hyperthyroidism, Hashimoto thyroiditis, Thyroiditis, Cyst of thyroid,
Non-toxic nodular goitre, Toxic multinodular goitre, Carcinoma in situ of thyroid gland,
Colloid goitre, Thyroid adenoma, Congenital hypothyroidism, Secondary hypothyroidism,
Hypothyroidism in pregnancy.
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FIGURE1 |

Distribution of Levothyroxine average daily dose (mcg) for 945,000 patient years split by diagnosis (note number of thyroid disorder

diagnosis are not prescribed Levothyroxine). [Color figure can be viewed at wileyonlinelibrary.com]

In treated individuals, for men versus women, the median Le-
vothyroxine dose was higher in all decades, with the highest
median daily dose at age 50-59 years (men: 107 mcg/day;
women 93 mcg/day). Median FT4 rose with age of the patient
(women > men) and TSH fell progressively (women > men) by
age in treated individuals. In untreated individuals, there was
much less variation by age decade for both men and women,
but TSH did rise slightly with age in both sexes (Table 3 and
Figure 3). In Table 3, the change in TSH and FT4 by age is seen
as the age decade columns progress to the right.

3.1 | Distribution of FT4 and TSH

The FT4 distribution for Levothyroxine-treated individuals
was similar in shape versus untreated individuals but shifted
towards higher FT4 even at the lowest dose of Levothyroxine
(Figure 4A), with an increasing separation of the distributions
as Levothyroxine dose increased (F value=1.5 increasing to
F value = 4.2). There was a slightly higher degree of kurtosis for
the untreated group. Of the 27% of individuals recording a low
TSH, 10% of these were showing high FT4 values, suggesting
overreplacement and potential for medication dose to be
reduced, while 6% of those 31% recording high TSH had low
FT4 values, with the potential to increase medication dose.

In contrast, the distribution of TSH was substantially different
for untreated individuals versus those on Levothyroxine
(Figure 4B). Specifically, the distribution of TSH for untreated
individuals was broadly Gaussian, whereas the distribution of
TSH for treated individuals was markedly skewed to the lower
end of TSH, even for those on low daily doses of Levothyroxine
with a ‘hockey stick’ configuration.

For those on medication, only 43.8% were within the TSH ref-
erence range. This effect was apparent even in lowest dose pa-
tients (52.3%) and was most apparent in highest dose patients
(32.0%). As the Levothyroxine dose increased, the proportion of
individuals below the TSH reference range increased (Figure 4B).
In the non-treated individuals, 90.3% of the TSH level were
within the reference range.

Of the 25.5% of individuals recording a low TSH, 10.0% of these
were showing high FT4 values suggesting overreplacement,
with the potential for the medication dose to be reduced, while
65.6% of those 31.0% recording high TSH had low FT4 values,
with the potential to increase medication dose.

Figure 5A shows how the mean TSH values vary between the
FT4 segments. It highlights that in the untreated population,
the TSH is very stable, falling from 2.4 to 1.7 miU/L over the 90
centiles of FT4, increasing from 9.5 to 20.1 pmnol/L. While in
the treated population, TSH falls from 23.7 to 0.6 miU/L as the
FT4 increases from 8.6 to 26.6 pmol/L. This is in keeping with a
substantially different balance of circulating FT4 versus TSH in
people being treated with Levothyroxine versus people not
taking Levothyroxine when TSH level is stratified by FT4.

The levels of TSH in treated and untreated populations were
only similar at around FT4 = 20 pmol/L: below this, treated have
higher TSH, and above it, treated have a lower TSH for the same
FT4. The untreated population has a restricted range of TSH with
a flat relation between FT4 and TSH. The treated population has
a wide range of TSH with both 5%-25% and 75%-95% median
values falling outside the <5% and >95% untreated medians,
and has a steeper inverse link between FT4 and TSH.

Figure 5B shows how the FT4 varies between the TSH segments
with a similar difference between treated and untreated to TSH.
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This is a ‘mirror image’ of Figure 5B and demonstrates the same
phenomenon but with stratification of FT4 by TSH.

Figure 6A shows that even at the lower Levothyroxine doses the
TSH values stratified by FT4 intervals are different from
untreated individuals and that the slope for the curve increasing
by Levothyroxine dose. A ‘mirror image’ of this pattern for FT4
stratified by TSH intervals is demonstrated in Figure 6B.

Tables 4 and 5 show how the combined FT4 and TSH values for
each patient's results fell within the respective reference ranges.
In Table 4, the contrast is between those on and off Levothyr-
oxine treatment and in Table 5, we report the association with
Levothyroxine daily dose.

In patients not being treated, 0.9% of patients had FT4 results
outside the reference range (with 0.1% > 25 and 0.8% <9).
In 87% of these cases, their TSH was within reference range
(0.4-3.9 miU/L).

In treated patients who only had single test in that year, that is,
had no retests or dose adjustments:

« In total, 5.4% of patients had FT4 results outside the
reference range (3.3% FT4 >25pmol/L and 2.1%
< 9pmol;/L). In 19% of these cases, their TSH values were
within the TSH reference range (0.4-3.9 miU/L), that is,
not concordant.

« In patients on lowest dose <40 mcg/day Levothyroxine,
5.3% of patients had FT4 outside the reference range (0.9%
> 25pmol/L and 4.4% <9pmol/L) and in 28% of these
cases, their TSH was within the reference range, that is,
not concordant.

« In patients on the highest dose > 130 mcg/day Levothyroxine,
7.1% had FT4 outside the reference range (6.2% > 25pmol/L
and 1.9% < 9pmol/L) 14% of these also had TSH outside the
reference range, that is, not concordant.

Population analysis linking average medication dose to median TSH and FT4 results. [Color figure can be viewed at

« The proportion of patients with both normal range TSH and
normal range FT4 was less in treated hypothyroid versus
euthyroid individuals with the difference increasing with
increasing LT4 dose.

4 | Discussion

We have described here that the distribution of FT4/TSH is different
in people on and off Levothyroxine treatment and that the degree of
difference increases in treated individuals with Levothyroxine
daily dose. The distribution of TSH is ‘unphysiological’ even at low
Levothyroxine dose. Most Levothyroxine-treated patients have an
off-target TSH level; this raises the question of how appropriate
the Levothyroxine dose in many individuals is. For those on
Levothyroxine, only 43.8% were within the TSH reference range
and the degree of difference increased in treated individuals with
Levothyroxine daily dose.

The data that we have been able to analyse do not take into
account the circulating and tissue FT3 levels. FT3 levels are
lower in the Levothyroxine-treated patients. It is thought that a
high FT4 (20 pM) may be needed to equate TSH levels in treated
versus untreated individuals, possibly because at these FT4 lev-
els, the FT3 levels are normal because of D1 activation [30]. With
increasing LT4 dose, the ratio of FT4 to TSH rises. Furthermore,
median TSH levels fell with increasing age in treated individuals.

The finding of lower median TSH and higher FT4 with
increasing age in treated individuals may relate to a progressive
increase in Levothyroxine dose in the years post-diagnosis with
hypothyroidism, which is not in accordance with recommended
guidance. This runs counter to the principles of management of
older people with treated hypothyroidism.

We also suggest that, given the unphysiological relation
between TSH and FT4 in treated hypothyroid individuals,
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both FT4 and TSH should be measured for those being treated
with Levothyroxine in order to enable effective clinical
decision making. Notably, of the treated hypothyroid popu-
lation, 2.5% of people had both a high TSH and high FT4,
and 25.5% of individuals recorded a low TSH. This may be
because of lower FT3 levels in these individuals [30]. In total,
10.0% of these were showing high FT4 values suggesting
overreplacement.

The analyses in Figures 5 and 6, which look at the relation
between FT4 and TSH in a reciprocal way by statistically
dividing up the respective distributions and then looking at the
effect of Levothyroxine dose on this relationship, provide fur-
ther evidence for the very different relationship between FT4
and TSH in treated hypothyroid individuals versus untreated
individuals with some modulation of the relationship by
increasing Levothyroxine dose.

50-59
Age Group

50-59
Age Group

82

92

20

107

60-69 70-79 80-89

Male Treated
- Female Treated
Male Untreated
=== Female Untreated

107
90

107 99

92 92

60-69 70-79 80-89

Variation difference in sex and age group between treated and untreated (A) FT4 and (B) TSH. n = average dose Levothyroxine mcg/

In a previous paper, Gullo et al. [14] reported that T4 levels were
significantly higher and FT3 levels were significantly lower in
1811 Levothyroxine-treated athyreotic patients (all had under-
gone total thyroidectomy) than in 3875 matched euthyroid con-
trols. It was concluded that there is a highly heterogeneous T3
production capacity from orally administered Levothyroxine. In
total, 20% of the people studied, despite normal TSH levels, did
not maintain FT3 or FT4 values in the reference range. We have
shown here similar findings at a larger population level, looking
at 10.3 million TFTs in 1.1 million people over 14 years.

Tables 4 and 5 indicate the marked differences in the proportion in
different categories of FT4/TSH—between hypothyroid-treated and
euthyroid individuals with implications for longer-term thyroid-
related complications. We suggest that those patients who had
discrepancies between TSH and FT4 classification should be
carefully evaluated, as their condition could be more complex.
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Timely Levothyroxine dose titration requires checking of thyroid
hormone levels at recommended intervals. It is of note that previ-
ously, in a UK study, it was reported that the majority of TFTs that
were checked were requested outside recommended intervals and
that within-general practice variability in test interval was high [31].

Specifically median re-test interval was much lower than recom-
mended (52 weeks) for those with normal TFTs at 31.3 weeks.

It is possible that our findings at a population level in relation to
TSH and FT4 profile for Levothyroxine-treated individuals
reflect the inadequacy of peripheral deiodination to FT3 to

Clinical Endocrinology, 2025


http://wileyonlinelibrary.com

(A) 100.0

FT4 <5%ile, 8.6, 23.7

—e—No Diagnosis /No LT4

—e— Hypothyroid Diagn & LT4

FT475%-94%ile, 20.8,
1.4

<
g 100 4%ile, 12.1,6.6
5 FT4 25%-49%ile, 14.7,
] 4.1
o A
2 FT4 50%-74%ile, 17.3,
e 26
= — -
) 9.5,2.4 o >
= 11.7,2.1 13.6,2.015.2,1.9 17.1.1.9
S 1.
a 1.0
0
o
T
wn
=4
()
0
o
(]
z

0.1

8 13

18 23 28

Average in six FT4 Segments

22 .
(B) TSH <5%ile, 0.0,21.1

TSH 5%-24%ile, 0.2,

&0 19.1

18

16

14

Average FT4in TSH segments

12

10
0.0 0.1

FIGURE 5 |

H 25%-49%ile, 1.2,

—e—No Diagnosis / No LT4

—e—Hypothyroid Diagn & LT4

1.0 10.0
Average in six TSH Segment (log Scale)

100.0

TSH linked to FT4 in treated and untreated population (A) FT4 segments segment with average TSH (B) TSH segments with average

FT4. The relationship between TSH and FT4 is non-linear and generally regarded as an inverse logarithmic. To capture this effect we used the most
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75%-94%, > 95%) in both TSH and FT4 results and then examined how the other measure varies across these buckets by median value. [Color figure
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compensate for the absence of Liothyronine endogenous produc-
tion in Levothyroxine-treated hypothyroid individuals. While most
patients on Levothyroxine monotherapy will reach normal TSH
serum levels, a normal FT3/FT4 ratio and also full improvement of
signs and symptoms, a subset of patients is unable to convert the
ingested Levothyroxine into an adequate amount of T3. This may
happen for a variety of reasons, including congenital or acquired
deficiency of deiodinase function [32-34] and also abnormal thy-
roid hormone metabolism independent from deiodination [35].
This can occur to different degrees in peripheral tissues and cen-
trally in the hypothalamus, with the consequence that there may
be ‘appropriate’ downregulation of TSH production at the anterior

pituitary through downregulation of thyrotropin-releasing hor-
mone (TRH) while suboptimal peripheral deiodination occurs in
the periphery [34].

The long-term effects of chronic tissue exposure to an un-
physiological T3/T4 ratio are unknown but the corollary would
be that a more physiological treatment than Levothyroxine
monotherapy may be required in some hypothyroid patients.

The finding that a proportion of individuals have both a high
TSH and high FT4 may in some cases relate to ‘loading’ of
Levothyroxine prior to the blood test for TFTs if people have not
been fully concordant with Levothyroxine in the weeks before,
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leading to a high TSH (secondary to under replacement in the
previous weeks) along with a high FT4 secondary to dose
‘loading’ prior to the TFT check. Furthermore, the time of Le-
vothyroxine administration versus the time of the blood test can
vary greatly [36].

There is also the potential for some individuals to be treated
unnecessarily with Levothyroxine. We previously described the
observation that a proportion of patients in the study that were on
lithium treatment do return to euthyroidism if simply monitored
[37]. There is, therefore, a case for not jumping to Levothyroxine
treatment straight way but rather waiting to see the trend in TFTs
over time, unless the patient is highly symptomatic.

We suggest that the implication of our findings is that clinicians
must be mindful as they diagnose and treat hypothyroidism that
the administration of Levothyroxine, while in most but not all
individuals is clinically beneficial does not return the individual
to the same balance of TSH and FT4 as seen in euthyroid
individuals.

4.1 | Limitations

We were not able to access sufficient FT3 data for the FT3 level
to be factored into the analysis. Furthermore, the data are based
exclusively on TFT results held in primary care and are from a

Clinical Endocrinology, 2025

11


http://wileyonlinelibrary.com

TABLE 4 | Link individual TSH and FT4 results each falling into respective reference range split by untreated and treated and by dose (% of total
results/% TSH sub-total/% FT4 sub-total).

High TSH: >4

Mid TSH: 0.4-3.9

Low TSH: < 0.4

Total

Untreated (no diagnosis/no medication/few tests)

Total 30,603 (6.8%/100%/6.8%) 403,940 (90.3%/100%/90.3%)
Low FT4: <9 395 (0.1%/1.3%/10.7%) 3263 (0.7%/0.8%/88.2%)
Mid FT4: 9-24.9 30,203 (6.8%/98.7%/6.8%) 400,508 (89.5%/99.2%/90.3%)
High FT4: >5 5 (0%/0%/2%) 169 (0%/0%/68.1%)

Treated (diagnosis hypothyroidism/prescribed levothyroxine/only annual test)

Total 124,858 (30.7%/100%/30.7%) 177,957 (43.8%/100%/43.8%)
Low FT4: <9 7015 (1.7%/5.6%/82.2%) 1342 (0.3%/0.8%/15.7%)
Mid FT4: 9-24.9 117,536 (28.9%/94.1%/30.6%) 173,737 (42.8%/97.6%/45.2%)
High FT4: > 25 307 (0.1%/0.2%/2.3%) 2878 (0.7%/1.6%/21.4%)

12,864 (2.9%/100%/2.9%)
40 (0%/0.3%/1.1%)
12,750 (2.8%/99.1%/2.9%)
74 (0%/0.6%/29.8%)

103,496 (25.5%/100%/25.5%)
180 (0%/0.2%/2.1%)
93,028 (22.9%/89.9%/24.2%)
10,288 (2.5%/9.9%/76.4%)

447,407 (100%/100%/100%)
3698 (0.8%/0.8%/100%)
443,461 (99.1%/99.1%/100%)
248 (0.1%/0.1%/100%)

406,311 (100%/100%/100%)
8537 (2.1%/2.1%/100%)
384,301 (94.6%/94.6%/100%)
13,473 (3.3%/3.3%/100%)

TABLE 5 | Link treated individual TSH and FT4 results each falling into respective reference range split by Levothyroxine average daily dose (%

of total results/% TSH sub-total/% FT4 sub-total).

Low TSH: < 0.4

Total

High TSH: >4 Mid TSH: 0.4-3.9
<40 meg/day 16,268 (40.5%/100%/40.5%) 20,978 (52.3%/100%/52.3%)
Low FT4: <9 1250 (3.1%/7.7%/71.3%) 479 (1.2%/2.3%/27.3%)
Mid FT4: 9-24.9 14,999 (37.4%/92.2%/39.5%) 20,388 (50.8%/97.2%/53.6%)
High FT4: > 25 19 (0%/0.1%/5%) 111 (0.3%/0.5%/29.1%)
40-79 mcg/day 40,692 (33.8%/100%/33.8%) 63,178 (52.5%/100%/52.5%)
Low FT4: <9 2081 (1.7%/5.1%/78.6%) 504 (0.4%/0.8%/19%)

Mid FT4: 9-24.9
High FT4: > 25
80-129 mcg/day

38,541 (32%/94.7%/33.3%)
70 (0.1%/0.2%/3.5%)
43,890 (27.4%/100%/27.4%)

62,124 (51.6%/98.3%/53.7%)
550 (0.5%/0.9%/27.6%)
66,399 (41.5%/100%/41.5%)

Low FT4: <9 2195 (1.4%/5%/87%) 268 (0.2%/0.4%/10.6%)
Mid FT4: 9-24.9 41,575 (26%/94.7%/27.4%) 64,822 (40.5%/97.6%/42.7%)
High FT4: > 25 120 (0.1%/0.3%/2.1%) 1309 (0.8%/2%/22.7%)

130+ mcg/day

24,008 (28%/100%/28%)

27,402 (32%/100%/32%)

2896 (7.2%/100%/7.2%)
25 (0.1%/0.9%/1.4%)
2620 (6.5%/90.5%/6.9%)
251 (0.6%/8.7%/65.9%)
16,471 (13.7%/100%/13.7%)
63 (0.1%/0.4%/2.4%)
15,037 (12.5%/91.3%/13%)
1371 (1.1%/8.3%/68.9%)
49,812 (31.1%/100%/31.1%)
61 (0%/0.1%/2.4%)
45,416 (28.4%/91.2%/29.9%)
4335 (2.7%/8.7%/75.2%)
34,317 (40%/100%/40%)
31 (0%/0.1%/1.9%)
29,955 (34.9%/87.3%/38%)
4331 (5.1%/12.6%/81.2%)

40,142 (100%/100%/100%)
1754 (4.4%/4.4%/100%)
38,007 (94.7%/94.7%/100%)
381 (0.9%/0.9%/100%)
120,341 (100%/100%/100%)
2648 (2.2%/2.2%/100%)
115,702 (96.1%/96.1%/100%)
1991 (1.7%/1.7%/100%)
160,101 (100%/100%/100%)
2524 (1.6%/1.6%/100%)
151,813 (94.8%/94.8%/100%)
5764 (3.6%/3.6%/100%)
85,727 (100%/100%/100%)
1611 (1.9%/1.9%/100%)
78,779 (91.9%/91.9%/100%)
5337 (6.2%/6.2%/100%)

Low FT4: <9 1489 (1.7%/6.2%/92.4%) 91 (0.1%/0.3%/5.6%)
Mid FT4: 9-24.9 22,421 (26.2%/93.4%/28.5%) 26,403 (30.8%/96.4%/33.5%)
High FT4: > 25 98 (0.1%/0.4%/1.8%) 908 (1.1%/3.3%/17%)

heterogeneous group of hypothyroid patients, not just athyr-
eotic individuals, some of whom may have had residual en-
dogenous thyroid hormone secretion. We were able to analyse
TFT results from 1.1 million individuals. We accept that this is
from a subset of the England population. However, the popu-
lation of Greater Manchester is representative of the population
mix of England as a whole [38].

We did not have information about the timing of LT4 admin-
istration in relation to the blood test performed. Furthermore,
we were not able to take account of specific patient-level edu-
cation at diagnosis and subsequently or concordance of the
treated patients.

5 | Conclusion

We have described here that the distribution of FT4/TSH is dif-
ferent in people on and off Levothyroxine treatment. For those
on Levothyroxine, only 43.8% were within the TSH reference

range and that the degree of difference increases in treated in-
dividuals with Levothyroxine daily dose. The distribution of TSH
could be described as ‘unphysiological’ even at low Levothyrox-
ine dose, highlighting the need for testing both TSH and fT4 to
monitor efficacy of levothyroxine therapy. Furthermore, lower
median TSH noted in older individuals suggests possible over-
replacement and a need to further examine the initial diagnosis
leading to levothyroxine prescription. We hope that these
observations will be helpful to clinicians.
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