
Serum Thyroid-Stimulating Hormone Concentration
and Morbidity from Cardiovascular Disease and
Fractures in Patients on Long-Term Thyroxine Therapy

Robert W. Flynn, Sandra R. Bonellie, Roland T. Jung, Thomas M. MacDonald,
Andrew D. Morris, and Graham P. Leese

Ninewells Hospital and Medical School (R.W.F., R.T.J., T.M.M., A.D.M., G.P.L.), University of Dundee,
Dundee DD1 9SY, United Kingdom; and School of Accounting, Economics and Statistics (S.R.B.),
Edinburgh Napier University, Edinburgh EH14 1DJ, United Kingdom

Context: For patients on T4 replacement, the dose is guided by serum TSH concentrations, but some
patients request higher doses due to adverse symptoms.

Objective: The aim of the study was to determine the safety of patients having a low but not
suppressed serum TSH when receiving long-term T4 replacement.

Design: We conducted an observational cohort study, using data linkage from regional datasets
between 1993 and 2001.

Setting: A population-based study of all patients in Tayside, Scotland, was performed.

Patients: All patients taking T4 replacement therapy (n � 17,684) were included.

Main Outcome Measures: Fatal and nonfatal endpoints were considered for cardiovascular dis-
ease, dysrhythmias, and fractures. Patients were categorized as having a suppressed TSH (�0.03
mU/liter), low TSH (0.04–0.4 mU/liter), normal TSH (0.4–4.0 mU/liter), or raised TSH (�4.0 mU/liter).

Results: Cardiovascular disease, dysrhythmias, and fractures were increased in patients with a high
TSH: adjusted hazards ratio, 1.95 (1.73–2.21), 1.80 (1.33–2.44), and 1.83 (1.41–2.37), respectively;
and patients with a suppressed TSH: 1.37 (1.17–1.60), 1.6 (1.10–2.33), and 2.02 (1.55–2.62), respec-
tively, when compared to patients with a TSH in the laboratory reference range. Patients with a low
TSH did not have an increased risk of any of these outcomes [hazards ratio: 1.1 (0.99–1.123), 1.13
(0.88–1.47), and 1.13 (0.92–1.39), respectively].

Conclusions: Patients with a high or suppressed TSH had an increased risk of cardiovascular disease,
dysrhythmias, and fractures, but patients with a low but unsuppressed TSH did not. It may be safe
for patients treated with T4 to have a low but not suppressed serum TSH concentration. (J Clin
Endocrinol Metab 95: 186–193, 2010)

Thyroid dysfunction is one of the most common chronic
diseases, with the prevalence of primary hypothy-

roidism exhibiting a wide geographical variation but with
up to 4% of the population affected in some areas (1–3).
The prevalence of thyroid disease is increasing by 6% per
annum in Tayside, Scotland (2), and T4 was the sixth most
commonly prescribed medicine across Scotland in 2007–

2008 (4). Despite this, controversy still remains on the
optimal T4 replacement. The most widely accepted cur-
rent practice for treating patients with an underactive thy-
roid gland is to treat to achieve a biochemical objective of
a “normal” TSH concentration (5–8). However, a minor-
ity of patients seem to prefer being prescribed doses of T4

that result in a low or suppressed TSH (9, 10), and in
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practice many patients taking long-term T4 do have a low
TSH, despite guidelines (11, 12).

Guidelines are based on studies indicating that individ-
uals with a suppressed TSH have an increased risk of atrial
fibrillation (13–15), increased mortality (16, 17), and pos-
sibly an increased fracture risk (18, 19), although this re-
mains controversial (20). Other studies show an increased
risk in subclinical hypothyroidism (21, 22). However,
many of these studies have potential confounders, not the
least of which is that many included patients with endog-
enous subclinical disease who were not on T4 replacement.

In Tayside, Scotland, the Community Health Number
(CHNo) has been used since 1979 as the patient identifier
for all health care activities, with CHNo being assigned to
every person registered with a family doctor. The multiple
sources of electronic patient-specific data such as Scottish
Morbidity Records (SMR) allow records to be assimilated
through CHNo to create a highly detailed clinical record
for each of the 400,000 residents of Tayside. Detailed in-
formation on all dispensed prescriptions for all Tayside
residents is another data source, which has been active
since 1993 (23). These resources have previously been
combined in the creation of the Thyroid Epidemiology
Audit and Research Study (TEARS) (1) and other popu-
lation-based datasets.

This population-based study was designed to test the
hypothesis that TSH concentration was associated with
cardiovascular disease, dysrhythmias, and fractures in pa-
tients receiving long-term replacement T4 therapy as well
as which concentrations of TSH may be safe.

Materials and Methods

This study was conducted using data from the TEARS dataset
and the anonymized record linkage methodology developed at
the University of Dundee in Tayside, Scotland (1, 23). The CHNo
was used to link patient-level data from this dataset with out-
come data from SMR01 records, electronic death certification
data, and other data relating to potential confounding variables.

Study population
This study used a dynamic study population that consisted of

all patients registered with Tayside general practitioners between
January 1, 1993, and December 31, 2001. The study subjects
were all of those in the population who received prescriptions for
T4 in that period. Only subjects over 18 yr of age were included.
Patients who had their T4 stopped during follow-up were ex-
cluded from the study.

Data sources

CHNo master patient index
This defined the study population from which subjects were

identified, providing data on registered Tayside general practi-

tioners, dates registered with general practitioners, date of birth,
and date of death. This was also provided with Carstairs Depri-
vation Score—a postcode-linked summary measure of relative
deprivation based on the 2001 census findings that is commonly
used to examine the relationship between deprivation and health
in epidemiological studies (24). The Carstairs index is a z-score
derived from data on rates of male unemployment, houses with
more than one person per room, households with no cars, and
families of UK social classes IV and V. The score is then divided
into seven subcategories, with 7 being the most socially deprived.

The TEARS dataset
The TEARS dataset originally covered the period from 1993

to 1997 but was extended to 2001 (1, 25). It links records from
all dispensed prescriptions in Tayside, the regional thyroid follow-up
register, the radioactive iodine database, all biochemistry re-
sults performed in the region, and SMR01 hospital admission
data for all thyroid operations (see SMR01 records). It deter-
mined whether patients had primary hypothyroidism or were
originally hyperthyroid. We used data from the TEARS data-
set to describe disease type; this has been shown to be 98%
sensitive in predicting cases of hyperthyroidism and 96% for
hypothyroidism (1). Subjects known to have thyroid cancer or
who were receiving T4 for euthyroid goiter were excluded
from the analysis a priori.

SMR01 records
These data are routinely validated and collated by the Infor-

mation and Services Division of the National Health Service in
Scotland and were available for Tayside from January 1, 1980,
to December 31, 2001. These contained diagnostic codes relating
to all hospital in-patient episodes of care using the International
Classification of Diseases, ninth (ICD-9) or 10th (ICD-10) revi-
sion (26, 27). These data were used to provide details on nonfatal
events that resulted in hospital admission.

Death certification data
An electronic database was available from the General Reg-

ister Office, Scotland. Data used included date of death and un-
derlying cause of death, also coded according to the ICD-9 or
ICD-10 revisions. These data were supplied with names and ad-
dresses of the deceased, so CHNo were assigned using the vali-
dated MEMO methodology and were then record linked.

Diabetes Audit and Research in Tayside, Scotland
(DARTS) data

The DARTS dataset (28) includes validated information on
all people with type 1 and 2 diabetes in Tayside and provided
data on date of diagnosis. This was included because of estab-
lished associations between diabetes and thyroid dysfunction,
diabetes and cardiovascular disease (25), and diabetes and
fracture.

Statistical methods
The primary outcome for this study was fatal or first occur-

rence of a nonfatal cardiovascular disease (ICD9 codes 390–
429; and ICD10 codes I00–I52). Other endpoints considered
were dysrhythmias (ICD9 427; and ICD10 I47–I49)—a sub-
group of cardiovascular disease—and osteoporotic fracture
(ICD9 733.1, 805.4, 805.5, 806.4, 806.5, 813, 820, 821; and
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ICD10 S32, S52, S72, M80). These codes relate to all fractures
of lower back, forearm, hip, and “other” specifically coded os-
teoporotic fractures. We cannot be sure that they were neces-
sarily low trauma fractures, however, but these fracture sites are
classically viewed as sites related to osteoporotic fractures. Sur-
vival analysis was used to follow up patients until an event, until
they were censored, or until the end of the study. The data were
modeled using the Cox proportional-hazards model. The as-
sumption of proportional hazards was assessed by plotting log-
log plots for the baseline covariates and by modeling interaction
terms—in each case, the proportional hazards were found to be
supported. Two-way interaction terms between all covariates
were modeled and were included in the final model if they were
found to be significant.

Patients were followed up from the first TSH measurement
after their third T4 prescription. This was the definition of re-
quiring ongoing T4 therapy reflecting stabilized therapy, but also
reducing the risk of immortal time bias. Subjects whose TSH was
not recorded between their third T4 script and an event were
excluded from the analysis. Some data were missing for socio-
economic status. Because these represented less than 1% of the
whole dataset, it was assumed that these were missing completely
at random, and a complete case analysis was performed.

TSH control measurement
Patients were categorized into one of four groups according

to their mean serum TSH concentration over the study period. A
time-weighted mean was calculated that took into account dif-
fering lengths of time between tests. This was done in the expec-
tation that there would be clustering of abnormal results because
an abnormal result will likely be followed by T4 dose adjustment
and early TSH rechecks. Without time-weighting, the impor-
tance of abnormal TSH results would be overemphasized. Using
a time-weighted mean that gives a greater weight to those tests
when the frequency of testing is low gives a better indication of
TSH control over the whole study period, akin to area under the
curve. Because TSH values are known to follow a log-normal
distribution (29), this was expressed as a geometric mean (i.e.
expressed as the back-transformed mean of the logarithmic val-
ues of TSH value). Each patient’s time-weighted geometric mean
TSH was then classified as follows: “suppressed” (�0.03 mU/
liter), “low” (0.04–0.4 mU/liter), “normal” (0.4–4.0 mU/liter),
and “high” (�4.0 mU/liter). Because TSH values are known to
be affected during episodes of severe acute illness, TSH measure-
ments made while hospitalized for circulatory diseases were ex-
cluded (30). Free T4 concentrations were not available, and
therefore were not included in the analysis.

As an exploratory analysis, we modeled TSH concentration
as a fractional polynomial in a Cox model for both the cardio-
vascular and osteoporotic fracture endpoints. This approach al-
lows for the flexible nonlinear modeling of continuous variables
such as TSH concentration (31). We use the %mpg8 macro in
SAS described by Sauerbrei et al. (32) using the closed test pro-
cedure (RA2) to achieve a best fit for the fractional polynomial
terms. The data were modeled as for the primary analysis, using
a log-transformed TSH concentration and the same covariates,
but with the TSH categories replaced by log TSH. The resulting
functions, describing the association between TSH concentra-
tion and outcome, are displayed as plots of the log relative hazard
against the TSH concentration expressed. This log relative haz-
ard describes the partial effect of TSH concentration and is scaled

by a constant to allow comparison with the “step function”
calculated in the primary analysis.

Other confounders
Other covariates adjusted for were sex, etiology of T4 re-

placement (i.e. treated hyperthyroidism, primary hypothyroid-
ism), whether the patient had diabetes mellitus, socioeconomic
deprivation as measured by the Carstairs index, and history of
relevant morbidity. Some covariates could not be accommo-
dated due to lack of data, and this included smoking where re-
liable data were not available. For the cardiovascular disease
outcomes, we considered whether or not the subject had a history
of previous circulatory disease (taken from any such admissions
on the SMR01 records: ICD-9 codes 390–459; ICD-10 codes
I00–I99), and for the osteoporotic fracture outcome we consid-
ered history of osteoporotic fracture. For the dysrhythmias end-
point we considered history of dysrhythmias and history of other
circulatory disease.

Ethical approval
In accordance with standard operating procedure, approval

for the study was granted by the Tayside Medical Ethics Com-
mittee, permission to access medical records was granted by the
Tayside Caldicott Guardians, and all analyses were performed
on anonymized datasets (33, 34).

Results

There were a total of 17,684 T4-treated patients with a
total follow-up of 78,518 yr after the index serum TSH
measurement. The median follow-up was 1,651 d (4.5 yr).
Overall, 85.9% of the subjects were female with a mean
age of 60.3 yr, whereas 14.1% of the subjects were male
with a mean age of 61.8 yr.

In total, there were 2,144 episodes of cardiovascular
disease, 367 of dysrhythmias, and 562 osteoporotic frac-
tures. The baseline characteristics of the cohort by TSH
category are shown in Table 1. Of all patients on T4,
61.7% had a TSH in the laboratory reference range,
11.2% had a raised TSH, 6.1% had a fully suppressed
TSH, and 21.1% had a TSH that was low but not sup-
pressed (between 0.04 and 0.4 mU/liter). At baseline, pa-
tients with a raised TSH were more likely to be male, have
diabetes, have primary hypothyroid, and have preexisting
morbidity, compared with patients with a TSH in the ref-
erence range. Patients with a suppressed TSH were more
likely to have primary hypothyroidism but were less likely
to have diabetes, preexisting cardiovascular disease, or
dysrhythmias than patients with a TSH in the reference
range. Overall, the median rate of TSH tests per patient
was 1.35 per year. Patients in the high TSH category had
the highest rate, and those in the suppressed category had
the lowest rate (Table 1).

Table 2 shows the number of cardiovascular admis-
sions, dysrhythmia admissions, and osteoporotic fractures
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with adjusted and unadjusted hazard ratios (HRs). For all
endpoints, there was increased risk with increased age.
Females were at increased risk of fracture, and males were
at increased risk of cardiovascular endpoints and dys-
rhythmias. Compared with a normal TSH, suppressed se-
rum TSH was associated with a modest increase in car-
diovascular morbidity and mortality, whereas high TSH
was associated with a near doubling in risk. There was no
significant difference between low and normal TSH levels.
Lower socioeconomic status, as measured by the
Carstair’s score, was associated with an increased risk of
cardiovascular morbidity and mortality [Carstairs cate-
gories 5, 6, and 7 vs. 1 and 2; HR, 1.36; 95% confidence
interval (CI), 1.21–1.53], as was the presence of diabetes
at baseline (HR, 1.69; 95% CI, 1.48–1.94). A similar sit-

uation existed for dysrhythmia admissions, although the
risk associated with a suppressed TSH was nearly as large
as with a high TSH concentration. Again, there was no
significant difference in outcomes between patients with a
low TSH and a TSH in the reference range. Suppressed
TSH was associated with a doubling of the risk of osteo-
porotic fracture, whereas the risk of a high TSH was only
marginally less. There was no significant increased risk
associated with a low TSH. Figure 1 shows adjusted sur-
vival curves derived from the Cox model for each outcome
stratified by TSH concentration, which show similar re-
sults for long-term follow-up.

Figure 2 shows the estimated functional relationship
between TSH concentration and outcome. For both car-
diovascular disease and osteoporotic fracture, the best

TABLE 2. Unadjusted and adjusted HRs for in-patient admissions and death due to cardiovascular disease,
osteoporotic fracture, and dysrhythmias by TSH control

Population Events (%) Unadjusted HR (95% CI) Adjusted HR (95% CI)
Cardiovascular admission/deatha

Suppressed TSH 1,070 180 (16.8) 1.21 (1.04–1.42) 1.37 (1.17–1.60)
Low TSH 3,731 478 (12.8) 0.99 (0.89–1.11) 1.10 (0.99–1.23)
Normal TSH 10,908 1,141 (10.5) 1.00 1.00
High TSH 1,975 345 (17.5) 2.36 (2.09–2.67) 1.95 (1.73–2.21)

Dysrhythmia admission/deathb

Suppressed TSH 1,006 32 (3.2) 1.32 (0.91–1.91) 1.60 (1.10–2.33)
Low TSH 3,752 84 (2.2) 1.02 (0.79–1.32) 1.13 (0.88–1.47)
Normal TSH 11,014 196 (1.8) 1.00 1.00
High TSH 1,912 55 (2.9) 2.25 (1.67–3.04) 1.80 (1.33–2.44)

Osteoporotic fracture admission/deathc

Suppressed TSH 1,020 70 (6.9) 1.86 (1.43–2.42) 2.02 (1.55–2.62)
Low TSH 3,741 135 (3.6) 1.08 (0.88–1.33) 1.13 (0.92–1.39)
Normal TSH 11,012 284 (2.6) 1.00 1.00
High TSH 1,911 73 (3.8) 2.21 (1.71–2.86) 1.83 (1.41–2.37)

a Adjusted for age, sex, history of hyperthyroidism, history of cardiovascular disease, socioeconomic status, diabetic status, and age�sex
interaction.
b Adjusted for age, sex, history of hyperthyroidism, history of (nondysrhythmia) cardiovascular disease, history of dysrhythmias, age�sex interaction.
c Adjusted for age, sex, history of hyperthyroidism, history of osteoporotic fracture, diabetic status.

TABLE 1. Baseline characteristics stratified by TSH control for primary outcome

Covariatea Suppressed TSH Low TSH Normal TSH High TSH P valueb

Patients, n (%) 1,070 (6.1) 3,731 (21.1) 10,908 (61.7) 1,975 (11.2)
Mean age (yr) 61.6 60.8 60.0 62.1 �0.0001
Female, n (%) 959 (89.6) 3,313 (88.8) 9,377 (86.0) 1,547 (78.3) �0.0001
Diabetics, n (%) 43 (4.0) 185 (5.0) 663 (6.1) 156 (7.9) �0.0001
Carstair’s category, n (%)

1 and 2 287 (26.8) 1,038 (27.8) 2,862 (26.2) 475 (24.1)
3 and 4 443 (41.4) 1,700 (45.6) 4,935 (45.2) 901 (45.6) 0.0013
5, 6, and 7 340 (31.8) 993 (26.6) 3,111 (28.5) 599 (30.3)

Previously hyperthyroid, n (%) 192 (17.9) 812 (21.8) 1,458 (13.4) 194 (9.8) �0.0001
History of CVD, n (%) 111 (10.4) 418 (11.2) 1,531 (14.0) 428 (21.7) �0.0001
History of dysrhythmia, n (%) 18 (1.8) 105 (2.8) 385 (3.5) 120 (6.3) �0.0001
History of fracture, n (%) 41 (4.0) 86 (2.3) 321 (2.9) 100 (5.2) �0.0001
Frequency of TSH tests per year 0.95 1.21 1.40 1.80

a Values are shown for the �cardiovascular� disease endpoint, except for �history of dysrhythmia� and �history of fracture� which relate to these
specific endpoints.
b ANOVA for ages, �2 test for the other categorical variables. Differences between the four groups were classified as significant if P value �0.01.
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fit was a second-degree fractional polynomial (Fig. 2),
with the highest level of risk associated with extremes of
TSH concentration (i.e. “suppressed” and “high”) and
the lowest risk associated with TSH at the lower end of
normal.

Discussion

The current study was large and population-based, in-
cluding all patients in Tayside, Scotland, who were taking
thyroid medication and eligible for analysis (n � 17,684).
At least 70% of subjects in this cohort had received at least
6 months of treatment before commencement of follow-
up, so that the effect of any previous thyroid condition
could be minimized. This is because previous studies have
shown an increased death rate after radioiodine therapy
for hyperthyroidism, which diminishes with time and is
not sustained (35, 36). We have previously shown that
including only patients after they are well established on
T4 eliminates any time dependent effect on cardiovascular
and other outcomes (25). Thus, our results are likely to
reflect the long-term effects of T4 replacement, in the main,
rather than any short-term impact of previous thyroid
conditions.

Our data indicate that patients taking long-term T4

replacement are at greatest risk of cardiovascular disease
if they have a serum TSH greater than 4.0 mU/liter. Such
patients were more likely to be male. It is possible that such
patients were poorly concordant with their T4 medication,
as reflected by their TSH, and by inference this might imply
less concordance with other coprescribed medication such
as statins and angiotensin-converting enzyme inhibitors,
as well as lifestyle advice, all of which would adversely
impact on their risk of cardiovascular events. Raised se-
rum TSH is also associated with raised serum cholesterol
(37), which may be another contributing factor over the
long term. Patients with a suppressed TSH also had in-
creased risk of cardiovascular events, but not to the same
degree. This may be due to a direct effect of hyperthyrox-
inemia on cardiac myocytes resulting in dysrhythmias,
such as atrial fibrillation, which can cause thromboem-
bolic disease.

Patients with a high TSH and those with a suppressed
TSH were both at increased risk of fracture, although on
this occasion the risk of a suppressed TSH was greatest.
This may be because hyperthyroxinemia associated with a
suppressed TSH is more likely to be detrimental to bone
health than poor concordance with medications, which
was thought to contribute to raised TSH concentrations.

Interestingly, patients with a serum TSH below the ref-
erence range, but not suppressed (0.04–0.4 mU/liter), had
no increased risk of cardiovascular disease, dysrhythmias,
or fractures. It is unfortunate that we did not have access
to serum free T4 concentrations in these patients to ascer-
tain whether they were above or within the laboratory
reference range. However, our data indicate that it may be
safe for patients to be on a dose of T4 that results in a low
serum TSH concentration, as long as it is not suppressed

FIG. 1. A, Adjusted survival curve showing time to cardiovascular
admission or death (adjusted for age, sex, history of hyperthyroidism,
history of cardiovascular disease, socioeconomic status, diabetic
status). There were increased events for patients with a high TSH (P �
0.0001) and those with a suppressed TSH (P � 0.0001) compared with
a normal TSH, but no difference between normal and low TSH (P �
0.084) groups. B, Adjusted survival curve for dysrhythmia-related
admission or death. There were increased events for patients with a
high TSH (P � 0.0002) and those with a suppressed TSH (P � 0.0146)
compared with a normal TSH, but no difference between normal and
low TSH (P � 0.34) groups. C, Adjusted survival curve showing time to
fracture-related admission or death. There were increased events for
patients with a high TSH (P � 0.0001) and those with a suppressed
TSH (P � 0.0001) compared with a normal TSH, but no difference
between normal and low TSH (P � 0.24) groups.
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at less than 0.03 mU/liter. Many patients report that they
prefer such T4 doses (9, 10). Figure 2 indicates that the best
outcomes appear to be associated with having a TSH
within the lower end of the reference range.

There is a long-standing debate regarding how T4 re-
placement should be managed. The reason for this is that
there is a lack of clear evidence to guide clinicians. Most
guidelines recommend trying to achieve a “normal” TSH
(5–8), although some commentators recommend a greater
emphasis on clinical symptoms when deciding the correct
T4 dose and will lower the TSH concentration (38),
whereas others adjust L-T4 replacement to achieve a higher
TSH for some patients, e.g. those with dysrhythmias.

There are problems with previous studies re-
lating TSH concentration in patients taking T4

to clinical endpoints. Some studies included
populations entirely with endogenous subclin-
ical thyroid disease and not taking T4 tablets
(14), whereas others have examined groups
containing patients both with endogenous dis-
ease and taking T4 (13, 37). Other studies have
relied on recruiting patients referred to hospi-
tal and may reflect a bias in referral pattern
(36). Additionally, most groups have based
their outcomes on one or two baseline serum
TSH concentrations, although it is known that
serum TSH can change with time and changing
dose of T4 replacement.

Our study has a number of strengths. The
data are from a large and representative pop-
ulation base of 400,000 subjects with low mi-
gration, and as such the findings will have high
external validity. The long-term nature of fol-
low-up for patients routinely treated in pri-
mary care is also a key strength. The data on
which this study is based are well established
and are of proven high quality (1, 2, 25). All
patients were taking T4, and the study used
virtually all TSH measurements, and not just
one or two baseline measurements.

The observational nature of the study is a
weakness because the findings could be the re-
sult of residual confounding by unknown fac-
tors. However, our data have been adjusted to
account for age, sex, history of previous thy-
roid condition, history of cardiovascular dis-
ease, socioeconomic status, and presence of di-
abetes. Also, some TSH tests will have been
performed at times of acute severe illness. Al-
though we excluded all TSH recordings made
on patients while they were in-patients to min-
imize the impact of sick-euthyroid syndrome,
we have not accounted for intercurrent ill-

nesses in outpatients. Summary statistics based on peri-
odic and possibly irregular TSH serum measures to de-
scribe TSH control were used over the period of the study.
However, given the long-term nature of the mechanisms
underlying both cardiovascular disease due to dyslipi-
demia and fracture due to reduced bone mineral density,
the use of such a statistic is an appropriate measure and
is likely to be more sensitive than using baseline TSH
measurements.

In summary, patients on long-term T4 with either an
increased serum TSH (�4 mU/liter) or a suppressed TSH
(�0.03 mU/liter) have an increased risk of cardiovascular

FIG. 2. Plot showing the association between TSH concentration on log relative risk
of cardiovascular disease (plot A) and osteoporotic fracture (plot B) for both the
fractional polynomial (solid line) and the primary analysis “step function” (dashed
line). The fractional polynomial functions fitted are: cardiovascular endpoint (plot A),
[�0.0443 � (ln(tsh)�7)2 � 0.00489 � (ln(tsh)�7)3 � 0.442]; and osteoporotic
fracture (plot B), [�0.0561 � (ln(tsh)�7)2 � 0.00555 � (ln(tsh)�7)3 � 0.805]. The
“step functions” are cardiovascular endpoint (plot A) 0.312, 0.0949, 0, and 0.670;
and osteoporotic fracture (plot B), 0.701, 0.124, 0, and 0.604.
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disease, dysrhythmias, and fractures when compared with
patients with a TSH within the laboratory reference range.
Patients with a low, but not suppressed, TSH (0.04–0.4
mU/liter) had no increased risk of these outcomes in this
study. Although most current guidelines do not generally
recommend this, it may be safe for patients on T4 to have
a low but nonsuppressed TSH concentration. Further
work is required to confirm this finding.

Acknowledgments

We thank Chest Heart Stroke Scotland and the Anonymous
Trust, University of Dundee, for providing grants to support
this work.

Address all correspondence and requests for reprints to:
Graham Leese, Ward 1 and 2, Ninewells Hospital and Med-
ical School, Dundee DD1 9SY, United Kingdom. E-mail:
graham.leese@nhs.net.

R.W.F. and G.P.L. had full access to the data and take re-
sponsibility for the integrity of the data and the accuracy of the
data analysis. They were involved in the study design, data anal-
ysis, and manuscript writing. S.R.B. was involved in the data
analysis. R.T.J. was involved in the study design and the manu-
script writing. T.M.M. and A.D.M. were involved in writing the
manuscript.

Disclosure Summary: All of the authors have nothing to
declare as a conflict of interest and have no financial interests
in this work.

References

1. Flynn RW, MacDonald TM, Morris AD, Jung RT, Leese GP 2004
The thyroid epidemiology, audit, and research study: thyroid dys-
function in the general population. J Clin Endocrinol Metab 89:
3879–3884

2. Leese GP, Flynn RV, Jung RT, Macdonald TM, Murphy MJ, Morris
AD 2008 Increasing prevalence and incidence of thyroid disease in
Tayside, Scotland: the Thyroid Epidemiology Audit and Research
Study (TEARS). Clin Endocrinol (Oxf) 68:311–316

3. Laurberg P 2005 Global or Gaelic epidemic of hypothyroidism?
Lancet 365:738–740

4. 2008 Top ten drugs by volume 2007/08. http://www.isdscotland.org/
isd/information-and-statistics.jsp?pContentID�2229&p_applic�
CCC&p_service�Content.show&) (accessed February 2009)

5. Singer PA, Cooper DS, Levy EG, Ladenson PW, Braverman LE,
Daniels G, Greenspan FS, McDougall IR, Nikolai TF 1995 Treat-
ment guidelines for patients with hyperthyroidism and hypothyroid-
ism. JAMA 273:808–812

6. Ladenson PW, Singer PA, Ain KB, Bagchi N, Bigos ST, Levy EG,
Smith SA, Daniels GH, Cohen HD 2000 American Thyroid Asso-
ciation guidelines for detection of thyroid dysfunction. Arch Intern
Med 160:1573–1575

7. Baskin HJ, Cobin RH, Duick DS, Gharib H, Guttler RB, Kaplan
MM, Segal RL 2002 American Association of Clinical Endocrinol-
ogists medical guidelines for clinical practice for the evaluation and
treatment of hyperthyroidism and hypothyroidism. Endocr Pract
8:457–469

8. Association for Clinical Biochemistry, British Thyroid Association,
British Thyroid Foundation 2006 UK guidelines for the use of thyroid

function tests. http://www.british-thyroid-association.org/info-for-
patients/Docs/TFT_guideline_final_version_July_2006.pdf (last
viewed 20 July 2009)

9. Toft AD, Beckett GJ 2003 Thyroid function tests and hypothyroid-
ism. BMJ 326:295–296

10. O’Reilly DS 2000 Thyroid function tests—time for a reassessment.
BMJ 320:1332–1334

11. Leese GP, Jung RT, Guthrie C, Waugh N, Browning MCK 1992
Morbidity in patients on L-thyroxine: a comparison of those with a
normal TSH to those with a suppressed TSH. Clin Endocrinol (Oxf)
37:500–503

12. Somwaru LL, Arnold AM, Joshi N, Fried LP, Cappola AR 2009
High frequency of and factors associated with thyroid hormone over
replacement and under-replacement in men and women aged 65 and
over. J Clin Endocrinol Metab 94:1342–1345

13. Sawin CT, Geller A, Wolf PA, Belanger AJ, Baker E, Bacharach P,
Wilson PW, Benjamin EJ, D’Agostino RB 1994 Low serum thyro-
tropin concentrations as a risk factor for atrial fibrillation in older
persons. N Engl J Med 331:1249–1252

14. Gammage MD, Parle JV, Holder RL, Roberts LM, Hobbs FD,
Wilson S, Sheppard MC, Franklyn JA 2007 Association between
serum free thyroxine concentration and atrial fibrillation. Arch
Intern Med 167:928 –934

15. Cappola AR, Fried LP, Arnold AM, Danese MD, Kuller LH, Burke
GL, Tracy RP, Ladenson PW 2006 Thyroid status, cardiovascular
risk, and mortality in older adults. JAMA 295:1033–1041

16. Parle JV, Maisonneuve P, Sheppard MC, Boyle P, Franklyn JA 2001
Prediction of all-cause and cardiovascular mortality in elderly peo-
ple from one low serum thyrotropin result: a 10-year cohort study.
Lancet 358:861–865

17. Ochs N, Auer R, Bauer DC, Nanchen D, Gussekloo J, Cornuz J,
Rodondi N 2008 Meta-analysis: subclinical thyroid dysfunction and
the risk for coronary heart disease and mortality. Ann Intern Med
148:832–845

18. Bauer DC, Ettinger B, Nevitt MC, Stone KL 2001 Risk for fracture
in women with low serum levels of thyroid-stimulating hormone.
Ann Intern Med 134:561–568

19. Uzzan B, Campos J, Cucherat M, Nony P, Boissel JP, Perret GY 1996
Effects on bone mass of long term treatment with thyroid hormones: a
meta-analysis. J Clin Endocrinol Metab 81:4278–4289

20. Murphy E, Williams GR 2004 The thyroid and the skeleton. Clin
Endocrinol (Oxf) 61:285–298

21. Razvi S, Shakoor A, Vanderpump M, Weaver JU, Pearce SH 2008
The influence of age on the relationship between subclinical hypo-
thyroidism and ischemic heart disease: a metaanalysis. J Clin En-
docrinol Metab 93:2998–3007

22. Rodondi N, Bauer DC, Cappola AR, Cornuz J, Robbins J, Fried LP,
Ladenson PW, Vittinghoff E, Gottdiener JS, Newman AB 2008 Sub-
clinical thyroid dysfunction, cardiac function, and the risk of heart
failure. The Cardiovascular Health Study. J Am Coll Cardiol 52:
1152–1159

23. Wei L, Parkinson J, MacDonald TM 2005 The Tayside medicines
monitoring unit (MEMO). In: Strom BL, ed. Pharmacoepidemiol-
ogy. 4th ed. Chichester, UK: Wiley; xvii, 889

24. Morgan O, Baker A 2006 Measuring deprivation in England and
Wales using 2001 Carstairs scores. Health Stat Q 31:28–33

25. Flynn RW, Macdonald TM, Jung RT, Morris AD, Leese GP 2006
Mortality and vascular outcomes in patients treated for thyroid dys-
function. J Clin Endocrinol Metab 91:2159–2164

26. World Health Organization 1977 Manual of the international
classification of diseases, injuries and causes of death. 9th revi-
sion. Geneva: World Health Organization

27. World Health Organization 1992 International classification of dis-
eases, related health problems. 10th revision. Geneva: World Health
Organization

28. Morris AD, Boyle DI, MacAlpine R, Emslie-Smith A, Jung RT,
Newton RW, MacDonald TM 1997 The diabetes audit and research
in Tayside Scotland (DARTS) study: electronic record linkage to

192 Flynn et al. TSH Concentration and Morbidity J Clin Endocrinol Metab, January 2010, 95(1):186–193



create a diabetes register. DARTS/MEMO Collaboration. BMJ 315:
524–528

29. Toft AD, Beckett GJ 2005 Measuring serum thyrotropin and thyroid
hormone and assessing thyroid hormone transport. In: Braverman LE,
Utiger RD, eds. Werner, Ingbar’s the thyroid: a fundamental and clin-
ical text. Philadelphia: Lippincott Williams, Wilkins; 329–344

30. Wehmann RE, Gregerman RI, Burns WH, Saral R, Santos GW 1985
Suppression of thyrotropin in the low-thyroxine state of severe non-
thyroidal illness. N Engl J Med 312:546–552

31. Sauerbrei W, Royston P, Bojar H, Schmoor C, Schumacher M 1999
Modelling the effects of standard prognostic factors in node-positive
breast cancer. German Breast Cancer Study Group (GBSG). Br J
Cancer 79:1752–1760

32. Sauerbrei W, Meier-Hirmer C, Benner A, Royston P 2006 Multi-
variable regression model building by using fractional polynomials:
description of SAS, STATA and R programs. Comp Stat Data Anal-
ysis 50:3464–3485

33. Evans JM, McNaughton D, Donnan PT, MacDonald TM 2001
Pharmacoepidemiological research at the Medicines Monitoring
Unit, Scotland: data protection and confidentiality. Pharmacoepi-
demiol Drug Saf 10:669–673

34. Wilson P 2004 Legal issues of data anonymisation in research. BMJ
328:1300–1301

35. Franklyn JA, Maisonneuve P, Sheppard MC, Betteridge J, Boyle P
1998 Mortality after the treatment of hyperthyroidism with radio-
active iodine. N Engl J Med 338:712–718

36. Franklyn JA, Sheppard MC, Maisonneuve P 2005 Thyroid function
and mortality in patients treated for hyperthyroidism. JAMA 294:
71–80

37. Biondi B, Palmieri EA, Lombardi G, Fazio S 2002 Effects of
subclinical thyroid dysfunction on the heart. Ann Intern Med
137:904 –914

38. Toft AD, Beckett GJ 2003 Thyroid function tests and hypothyroid-
ism: authors’ reply. BMJ 326:1087

J Clin Endocrinol Metab, January 2010, 95(1):186–193 jcem.endojournals.org 193


