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Objective: Our objective was to investigate the long-term outcomes for patients with endogenous

subclinical hyperthyroidism (SH).

Design: Population record-linkage technology was used retrospectively to identify patients with
SH and hospital admissions from January 1, 1993, to December 31, 2009.

Patients: All Tayside residents over 18 yr old with at least two serum TSH measurements below the
reference range for at least 4 months apart and normal free T,/total T, and normal total T; concen-
trations at baseline were included as potential cases. Using a unique patient identifier, data linkage
enabled a cohort of SH cases to be identified from biochemistry, prescription, admission, and radio-
active iodine treatment records matched to five comparators from the general population.

Outcome Measures: The association between endogenous SH and cardiovascular disease, fracture,
dysrhythmia, dementia, and cancer was assessed.

Results: Compared with the reference population, SH was associated with an increased risk of
nonfatal cardiovascular morbidity, osteoporotic fracture, dysrhythmia, and dementia, with ad-
justed hazard ratios (HR) of 1.39 (1.22-1.58), 1.25 (1.04-1.50), 1.65 (1.26-2.17), and 1.64 (1.20-
2.25), respectively. When SH patients who developed overt hyperthyroidism during follow-up were
excluded, SH patients were associated with an increased risk of cardiovascular morbidity [HR = 1.36
(1.19-1.57)], dysrhythmia [HR = 1.39 (1.02-1.90)], and dementia [HR = 1.79 (1.28-2.51)] but not

fracture and cancer.

Conclusion: Patients with endogenous SH have an increased risk of cardiovascular disease and
dysrhythmia. There is an association with fracture and dementia that is not related to TSH con-
centration and therefore is less likely to be causally related. No association was found between SH
and cancer. (J Clin Endocrinol Metab 96: 1344-1351, 2011)

ubclinical hyperthyroidism is defined by low or sup-
S pressed TSH with free T, (FT,) and FT5 concen-
tration within the reference range. It is more common in
women than men, and its incidence increases with ad-
vancing age. We have recently reported a prevalence of
subclinical hyperthyroidism in Tayside, Scotland, of
0.63% with an incidence of 29 per 100,000 (1). This is
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similar to other areas that reported a prevalence of 0.7-
12.4% (2-4).

Although individuals with overt hyperthyroidism are
known to have an increased risk of cardiovascular disease,
osteoporotic-related fractures, and cardiac dysrhythmia
(5), the clinical outcome of patients with subclinical hy-
perthyroidism remains unclear. The association between

Abbreviations: AUROC, Area under the Receiver Operating Characteristic; CHI, Com-
munity Health Index; Cl, confidence interval; FT,, free T,; HR, hazard ratio; ICD, In-
ternational Classification of Diseases; SIMD, Scottish Index of Multiple Deprivation;
SMRO1, Scottish morbidity record 1.
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subclinical hyperthyroidism and clinical outcomes differs
among studies. Some have reported that subclinical hy-
perthyroidism is associated with an increased risk for cor-
onary heart disease (6, 7). However, some others have
reported no association between cardiovascular risk and
subclinical hyperthyroidism (8, 9). Similarly, the reported
association between subclinical hyperthyroidism and frac-
ture in the literature is variable (10). Foldes et al. (11)
reported that endogenous subclinical hyperthyroidism re-
sulted in a significant decrease in bone mineral density
among postmenopausal women, but Bauer et al. (12) re-
ported that low TSH levels were not associated with bone
loss in older ambulatory women. The definitions of sub-
clinical hyperthyroidism and the follow-up of patients
vary between these studies and might explain some of the
differences.

The aim of this study was to investigate exclusively
patients with endogenous subclinical hyperthyroidism
who had not had previous thyroid disease and to exclude
patients who developed subsequent overt hyperthyroid-
ism. The aim was to see whether they had an increased risk
of nonfatal cardiovascular disease, osteoporotic fracture,
dysrhythmia, dementia, or cancer and whether there is a
difference between patients with differing levels of serum
TSH concentrations.

Patients and Methods

Patients

All Tayside residents registered with a general practice in
Scotland are assigned to a unique 10-digit health index, known
as a Community Health Index (CHI). CHI is used as a patient
identifier that facilitates the linkage of all health care-related
records. All such records are held and linked at the Health In-
formatics Centre (http://www.dundee.ac.uk/hic) of the Univer-
sity of Dundee (1, 13, 14). We have previously identified patients
between January 1993 and December 2009 with endogenous
subclinical hyperthyroidism using eight principle anonymous
patient-level datasets, and the patient selection and classification
process is described in detail in Vadiveloo et al. (1). In brief,
patients were identified from the Tayside population based on at
least two measurements of TSH below the reference range (0.4
mU/liter) with a minimum of a 4-month interval between mea-
surements. In addition, cases had normal FT /T, (FT, = 10-25
pmol/liter; total T, = 65-155 nmol/liter) and total T; (0.9-2.6
nmol/liter) concentrations at baseline. Exclusion criteria in-
cluded 1) any patient younger than 18 yr old at baseline; 2) any
patient taking T,, carbimazole, propylthiouracil, amiodarone,
and liothyronine before and during the first year after the first
abnormal TSH result; 3) any patient taking amiodarone, liothy-
ronine, and thyroxine (without carbimazole or propylthiouracil)
during the study period; 4) any patient treated with radioactive
iodine before and during the first year after the first abnormal
TSH results; 5) any patient who had previously undergone thy-
roid surgery before and during the first year after the first ab-
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normal TSH results (OPCS code B08/B09); and 6) any patient
who was pregnant at the time of the first abnormal TSH result.

In this study, cases with pituitary disorder were also excluded
from the study by excluding any patients on long-term low-dose
hydrocortisone treatment. Patients were then classified into two
categories: those with TSH measurements between 0.1 and 0.4
mU/liter (group 1) and those with TSH measurements less than
0.1 mU/liter (group 2) based on their TSH concentrations over a
6-month duration. All patients had subclinical hyperthyroidism
at baseline, but some patients may have developed overt hyper-
thyroidism or reverted to normal during the follow-up period.
Thus, the long-term outcome of patients who remained subclin-
ical hyperthyroid during the study period was also investigated.
In this subgroup, patients were also excluded if they 1) were
taking any antithyroid treatments (drugs and radioactive iodine)
during the study period; 2) had low TSH (<0.4 mU/liter) and
high FT,/T, and T5 measurements indicating hyperthyroidism;
or 3) had normal TSH (0.4-4.0 mU/liter), FT, (10-25 pmol/
liter), T, (65-155 nmol/iter), and T; (0.9-2.6 nmol/liter)
concentrations.

Databases and data validity

Tayside population demographic database

This served as a master index to provide information on gen-
der, date of birth, date of death, and dates registered with general
practitioner. This information was obtained from the National
CHI register and contained 99 % of the population. There was a
validation done by the external systems before it reached the
Health Informatics Centre.

Biochemistry database

This contained all thyroid function tests, TSH, FT,, total T,
and total T during our study period. Each entry comprised the
patient’s anonymized CHI, the test performed, date, and the
results. These data were received directly from the lab systems
and were validated routinely.

Scottish morbidity record 1 (SMR01)

The SMRO1 dataset was used to obtain information on mor-
bidity. This dataset consisted of hospital admission data rou-
tinely validated and collated by the Information and Statistics
Division of the National Health Service in Scotland (http:/
www.isdscotland.org/isd/2737.html). The International Classi-
fication of Diseases (ICD) ninth and 10th revision codes are used
in the SMRO1 to classify all hospital inpatient episodes.

Tayside prescription database

This contained all prescriptions dispensed from all commu-
nity pharmacies in Tayside. Each entry comprised the patient’s
anonymized CHI, prescription date, drug name, formulation,
dosage, frequency, and duration. These data were received from
Practitioner Services Divisions.

Statistical methods

The following outcomes of all patients with subclinical
hyperthyroidism were identified: nonfatal cardiovascular dis-
ease (ICD9: 390-429; ICD10: 100-152), osteoporotic frac-
tures (ICD9:733.1,805.4,805.5,806.4,806.5,813, 820, and
821; ICD10: S32, S52, S72, and M80), dysrhythmia (ICD9:
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427; 1ICD10: 147-149), dementia (ICD9: 290; ICD10: F0O0,
FO1, FO2, and F03), and cancer (ICD9: 140-209; ICD10:
C00-C99). The ICD codes for osteoporotic fractures relates to
all fractures of lower back, forearm, hip, and other. These are
the classic fracture sites for osteoporotic-related fractures for
our definition, but we are aware that these may differ from an
osteoporotic diagnosis. Survival analysis was used to follow
up patients until an event occurred or they were censored or
the end of the study. Cox proportional hazards model was
used to model the data, and the assumption of proportional
hazards was assessed by plotting log minus log plots for the
baseline covariates and fitting time interactions. There was no
violation of the assumption of proportional hazards in each
covariate. Kaplan-Meier curves were produced to compare
risk of subclinical hyperthyroid patients with the Tayside
population.

The outcomes of subclinical hyperthyroid patients were
compared with five matched controls (age and gender) from
the Tayside population. Each comparator’s start date was
assigned the date of diagnosis of subclinical hyperthyroidism
as defined above. The age and gender were included as strata
in the model. Some data for social deprivation were missing in
the dataset. These data were assumed to be missing completely
at random because it represented less than 2% of the whole
dataset.

Binomial logistic regression was used to examine the effects of
demographic, biochemical, and clinical variables on risk of de-
veloping nonfatal cardiovascular disease, osteoporotic fractures,
dysrhythmia, and dementia in subclinical hyperthyroid patients
after 5 yr of diagnosis. Predictor variables considered were TSH
and FT, concentrations at baseline, age, gender, Scottish Index
of Multiple Deprivation (SIMD), diabetes, and previous history
of cardiovascular disease, any fracture, dysrhythmia, dementia,
cerebrovascular disease, cancer, hypertension, and renal failure.
Interactions between the factors were also included. Predictive
model discrimination was assessed using area under the receiver
operating characteristic (AUROC) curve, which was computed
using a nonparametric method. An AUROC curve of 0.5 indi-
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cates no ability to discriminate, and an area of 1.0 indicates
perfect discrimination.

Other confounders

Apart from gender and age, other covariates adjusted for in
the survival analysis were socioeconomic deprivation, diabetes
mellitus, history of previous circulatory disease (SMRO1: ICD9
390-459; ICD10 100-199), history of any fracture (SMRO1:
ICD9: 733.1, 800-829; ICD10 S02, S12, S22, S32, S42, S52,
S62,S72, 582,592, M80, T02, TOS8, T10, T12), history of dys-
rhythmia, history of dementia, history of cancer, history of hy-
pertension, history of renal failure, and history of psychiatric
disease. Some covariates such as ethnic origin and smoking status
could not be included due to lack of data available.

Ethical approval

The study was approved by the Tayside Medical Ethics Com-
mittee and data protection by the Tayside Caldicott Guardians.
All analyses were performed on anonymized datasets.

Results

There were a total of 2004 patients with subclinical
hyperthyroidism, of which 1491 cases had serum TSH
concentrations from 0.1-0.4 mU/liter (group 1) and
414 cases had TSH concentrations below 0.1 mU/liter
(group 2). The total follow-up period was 76,124 yr
with a median of 2051 d (5.6 yr). Overall, 77.4% of the
cases were female, and the mean age was 66.5 yr (sp
15.9). The baseline characteristics of subclinical hyper-
thyroid cases and reference population are shown in
Table 1. At baseline, significantly higher percentages of
subclinical hyperthyroid patients had diabetes (P <
0.001), preexisting cardiovascular disease (P < 0.001),

TABLE 1. Baseline characteristics of subclinical hyperthyroid cases and comparators

SH with SH with
Covariate All SH low TSH suppressed TSH Comparators?® P value®

Patients (n) 2004 1491 414 10111
Mean age [yr (sp)] 66.5 (15.9) 66.1 (16.0) 67.7 (15.6) 66.2 (16.5) 0.177
Female [n (%)] 1552 (77.4) 1136 (76.2) 342 (82.6) 7828 (77.4) 0.022
Diabetic [n (%)] 328 (16.4) 255(17.1) 53(12.8) 991 (9.8) <0.001
SIMD category [n (%)]

1-3 (deprived) 501 (25.0) 386 (25.9) 93 (22.5) 2104 (20.8)

4-7 814 (40.6) 603 (40.4) 168 (40.6) 4041 (40.0) <0.001

8-10 (affluent) 655 (32.7) 478 (32.1) 146 (35.3) 3783 (37.4)
History of CVD [n (%)] 422 (21.1) 327 (21.9) 69 (16.7) 1182 (11.7) <0.001
History of fracture [n (%)] 77 (3.8) 59 (4.0) 15 (3.6) 302 (3.0) 0.112
History of dysrhythmia [n (%)] 52 (2.6) 40 (2.7) 12(2.9) 137 (1.4) <0.001
History of dementia [n (%)] 7(0.3) 5(0.3) 2(0.5) 40 (0.4) 0.898
History of cancer [n (%)] 10 (0.5) 8(0.5) 2 (0.5) 39(0.4) 0.674

SH, Subclinical hyperthyroidism.
2 All cases are matched with controls based on age and gender.

b ANOVA for age, x? test for the other categorical variables. Differences between the three groups (SH with low TSH, SH with suppressed TSH and

controls) were classified as significant if P value < 0.05.
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TABLE 2. Unadjusted and adjusted HR for inpatient admissions for cardiovascular, osteoporotic fracture,
dysrhythmia, dementia, and cancer for all subclinical hyperthyroid patients
Events Unadjusted Adjusted
Population n % HR 95% ClI HR 95% CI
Nonfatal cardiovascular®
All SH cases 2,004 324 16.2 1.697 1.49-1.92 1.39° 1.22-1.58
SH with low TSH 1,491 238 16.0 1.67° 1.45-1.92 1.37¢ 1.18-1.58
SH with suppressed TSH 414 70 16.9 1.74° 1.36-2.21 1.45°7 1.14-1.86
Comparators 10,111 943 9.3 1.00 1.00
Osteoporotic fracture®
All SH cases 2,004 152 7.6 1.37° 1.14-1.64 1.25° 1.04-1.50
SH with low TSH 1,491 112 7.5 1.367 1.11-1.67 1.29° 1.05-1.58
SH with suppressed TSH 414 36 8.7 1.557 1.10-2.17 1.23 0.88-1.73
Comparators 10,111 532 5.3 1.00 1.00
Dysrhythmias
All SH cases 2,004 77 3.8 2.07¢ 1.58-2.70 1.657 1.26-2.17
SH with low TSH 1,491 53 3.6 1.91° 1.40-2.59 1.52° 1.11-2.08
SH with suppressed TSH 414 20 4.8 2.58° 1.63-4.10 2.07° 1.30-3.29
Comparators 10,111 179 1.8 1.00 1.00
Dementia®
All SH cases 2,004 53 2.6 1.67° 1.22-2.29 1.64° 1.20-2.25
SH with low TSH 1,491 39 2.6 1.707 1.20-2.42 1.77¢ 1.24-2.52
SH with suppressed TSH 414 10 2.4 1.37 0.72-2.60 1.12 0.59-2.14
Comparators 10,111 151 1.5 1.00 1.00
Cancer”
All SH cases 2,004 44 2.2 1.14 0.82-1.58 0.93 0.67-1.30
SH with low TSH 1,491 32 2.1 1.12 0.77-1.62 0.90 0.61-1.33
SH with suppressed TSH 414 9 2.2 1.1 0.57-2.16 0.94 0.48-1.84
Comparators 10,111 184 1.8 1.00 1.00

SH, Subclinical hyperthyroidism.

2 Significant differences between the three groups (SH with low TSH, SH with suppressed TSH, and controls) and two groups (all SH cases and

controls) (P < 0.05).

b Adjusted for history of cardiovascular disease, history of cerebrovascular disease, history of renal failure, socioeconomic status, diabetic status,

and age X gender interaction.

€ Adjusted for history of dysrhythmia, history of cerebrovascular disease, history of fracture, diabetic status, and age X gender interaction.

9 Adjusted for history of cardiovascular disease, history of dysrhythmia, diabetic status, and age X gender interaction.

¢ Adjusted for history of dementia, history of psychiatric, and age X gender interaction.

f Adjusted for history of cardiovascular disease, history of cancer, diabetic status, socioeconomic status, and age X gender interaction.

and preexisting dysrhythmia (P < 0.001) compared
with the reference population.

All subclinical hyperthyroid cases

Table 2 shows the unadjusted and adjusted hazard ra-
tios (HR) for inpatient admissions due to cardiovascular
disease, osteoporotic fractures, dysrhythmia, dementia,
and cancer. In total, there were 1267 episodes of nonfatal
cardiovascular disease, 684 of osteoporotic fracture, 256
of dysrhythmia, 204 of dementia, and 228 of cancer. Com-
pared with the reference population, subclinical hyper-
thyroid patients were associated with an increased risk of
cardiovascular morbidity, osteoporotic fracture, dys-
rhythmia, and dementia. There were no significant differ-
ences in the risk of cancer between subclinical hyperthy-
roid patients and the matched reference population. The
presence of diabetes was associated with an increased risk
of cardiovascular morbidity [HR = 1.88; 95 % confidence
interval (CI) = 1.63-2.15], dysrhythmia admissions

(HR = 2.22; 95% CI = 1.65-2.97), and cancer admis-
sions (HR = 1.89; 95% CI = 1.35-2.58).

When the subclinical hyperthyroid patients were grouped
into two categories based on their TSH measurements for 6
months from baseline, those in group 1 (TSH 0.1-0.4 mU/
liter) and those in group 2 (TSH < 0.1 mU/liter) had signif-
icantly increased risk of cardiovascular morbidity compared
with the reference population; however, the risk was higher
among those in group 2. Similarly, those in groups 1 and 2
had increased risk of dysrhythmia, but the risk was higher
among those in group 2. Those in group 1 had significantly
increased risk of osteoporotic fracture and dementia,
whereas the risk of those in group 2 was only marginally
increased compared with the reference population. Again,
there were no significant differences in risk of cancer between
patients in both groups and the reference population. Figure
1 shows Kaplan-Meier curves for each outcome stratified by
patient groups.
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FIG. 1. Kaplan-Meier survival curve showing the risk of cardiovascular disease, osteoporotic fracture, dysrhythmia, and dementia in subclinical
hyperthyroid patients. Subclinical hyperthyroid patients had significantly increased risk of cardiovascular disease (P < 0.001), osteoporotic fracture
(P < 0.001), dysrhythmia (P < 0.001), and dementia (P = 0.001) but not cancer (P = 0.44).

Subclinical hyperthyroid cases that remained
subclinical

The long-term outcomes of subclinical hyperthyroid
patients who remained as subclinical during the study pe-
riod were investigated (Table 3). Subclinical hyperthyroid
patients were associated with an increased risk of cardio-
vascular morbidity, dysrhythmia. and dementia. There
were no significant differences in risk of osteoporotic frac-
tures and cancer between subclinical hyperthyroid pa-
tients and the matched reference population.

When the patients were divided into two groups, those
in group 1 (TSH = 0.1-0.4 mU/liter) and those in group
2 (TSH < 0.1 mU/liter) had significantly increased risk of
cardiovascular morbidity compared with the reference
population. Those in group 1 had significantly in-
creased risk of osteoporotic fracture, dysrhythmia, and
dementia, whereas the risk of those in group 2 was not
significantly different compared with the reference pop-

ulation. There were no significant differences in risk of
cancer between patients in both groups and the refer-
ence population (Table 3).

Predictive model for cardiovascular disease

A predictive risk model for cardiovascular disease after
5 yr of diagnosis of subclinical hyperthyroidism was de-
veloped because the results showed a strong association
between subclinical hyperthyroidism and nonfatal cardio-
vascular morbidity. A predictive model was developed for
the cases, and the following variables were identified as
significant predictors of nonfatal cardiovascular event:
age, gender, SIMD, diabetes, and history of cardiovascu-
lar disease, cerebrovascular disease, and renal failure. TSH
and FT, concentrations at baseline did not predict cardio-
vascular morbidity in this model. The AUROC curve ob-
tained from this model was 0.74 (95% CI = 0.73-0.76),
which reflects moderate to good predictability.



J Clin Endocrinol Metab, May 2011, 96(5):1344-1351 jcem.endojournals.org 1349
TABLE 3. Unadjusted and adjusted HR for inpatient admissions for cardiovascular, osteoporotic fracture,
dysrhythmia, dementia, and cancer for subclinical hyperthyroid patients who remained subclinical throughout the
study
Events Unadjusted Adjusted
Population n % HR 95% ClI HR 95% ClI
Nonfatal cardiovascular®
All SH cases 1,353 202 14.9 1.70° 1.46-1.98 1.36° 1.17-1.59
SH with low TSH 1,056 158 15.0 1.687 1.42-1.99 1.357 1.13-1.60
SH with suppressed TSH 236 38 16.1 1.90° 1.37-2.62 1.587 1.14-2.19
Comparators 10,081 926 9.2 1.00 1.00
Osteoporotic fracture®
All SH cases 1,353 95 7.0 1.397 1.12-1.73 1.19 0.96-1.49
SH with low TSH 1,056 79 7.5 1.47° 1.16-1.86 1.30° 1.03-1.65
SH with suppressed TSH 236 14 5.9 1.20 0.70-2.03 0.90 0.53-1.53
Comparators 10,081 527 5.2 1.00 1.00
Dysrhythmias
All SH cases 1,353 44 3.3 1.95 1.40-2.72 1.507 1.07-2.09
SH with low TSH 1,056 36 3.4 2.02° 1.41-2.89 1.55° 1.07-2.23
SH with suppressed TSH 236 5 2.1 1.31 0.54-3.19 1.01 0.42-2.47
Comparators 10,081 174 1.7 1.00 1.00
Dementia®
All SH cases 1,353 36 2.7 1.967 1.36-2.82 1.95° 1.35-2.82
SH with low TSH 1,056 29 2.7 2.01° 1.35-2.99 2.03° 1.36-3.03
SH with suppressed TSH 236 6 2.5 1.84 0.81-4.15 1.74 0.77-3.96
Comparators 10,081 150 1.5 1.00 1.00
Cancer”
All SH cases 1,353 30 2.2 1.26 0.86-1.85 0.98 0.66-1.46
SH with low TSH 1,056 25 2.4 1.33 0.88-2.02 1.03 0.67-1.59
SH with suppressed TSH 236 4 1.7 0.99 0.37-2.66 0.82 0.30-2.20
Comparators 10,081 182 1.8 1.00 1.00

SH, Subclinical hyperthyroidism.

2 Significant differences between the three groups (SH with low TSH, SH with suppressed TSH, and controls) and two groups (all SH cases and

controls) (P < 0.05).

b Adjusted for history of cardiovascular disease, history of cerebrovascular disease, history of renal failure, socioeconomic status, diabetic status,

and age X gender interaction.

€ Adjusted for history of dysrhythmia, history of cerebrovascular disease, history of fracture, diabetic status, and age X gender interaction.

9 Adjusted for history of cardiovascular disease, history of dysrhythmia, diabetic status, and age X gender interaction.

¢ Adjusted for history of dementia, history of psychiatric, and age X gender interaction.

f Adjusted for history of cardiovascular disease, history of cancer, diabetic status, socioeconomic status, and age X gender interaction.

Discussion

This was a large population-based study that included all
patients in Tayside who had at least two TSH measure-
ments below the reference range (=0.4 mU/liter) with nor-
mal FT,/T, and T; measurements for at least 4 months.
There was an association between subclinical hyperthy-
roidism and increased risk of cardiovascular disease and
dysrhythmia, and possibly fracture and dementia, but not
with cancer. After excluding patients who developed hy-
perthyroidism and those who reverted to normal during
the follow-up period, subclinical hyperthyroidism was
still associated with an increased risk of cardiovascular
disease and dysrhythmia, and possibly dementia, but not
with osteoporotic fracture or cancer.

These results are consistent with Sawin et al. (15) who
reported that patients with TSH concentrations of 0.1 mU/
liter or less had an increased risk of developing atrial fibril-

lation even after excluding those who were receiving thyroid
hormone therapy. Leese et al. (16) demonstrated that pa-
tients under the age of 65 yr taking 1-T, had a higher inci-
dence of ischemic heart disease than the general population.
In contrast, Cappola et al. (9) reported no association be-
tween subclinical hyperthyroidism and atherosclerotic car-
diovascular disease or cardiovascular mortality, but Parle ez
al. (6) reported an increase in cardiovascular mortality in
patients with subclinical hyperthyroidism. A metaanalysis
of five population-based cohort studies demonstrated that
for subclinical hyperthyroidism, the relative risk for cor-
onary heart disease was 1.21 (95% CI = 0.88-1.68) and
cardiovascular mortality was 1.19 (95% CI = 0.81-
1.76) (17). The current results showed an association
between subclinical hyperthyroid patients and in-
creased risk of nonfatal cardiovascular disease (HR =
1.39) and dysrhythmia (HR = 1.63), especially in pa-
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tients with TSH measurements below 0.1 mU/liter.
There appears to be a dose-response effect because the
risk increased with decreasing TSH measurement, sug-
gestive of a possible causal association.

The association between subclinical hyperthyroidism
and osteoporotic fracture remains controversial. In this
study, subclinical hyperthyroid patients were associated
with an increased risk of osteoporotic fracture; however,
when patients who developed hyperthyroidism and those
who reverted to normal during the follow-up were ex-
cluded, there was no significant increase in risk of fracture.
When the patients were divided into two groups based on
their TSH measurement, there was no dose-response ef-
fect, suggesting that the association is less likely to be
causal. Confounding factors such as menopausal status,
which is associated with fracture, may have affected the
results of this study, but this information was not avail-
able. In this study, the mean age of female patients was
66.7 yr and 61% were over 65 yr. A metaanalysis on 13
cross-sectional studies reported no significant reduction in
bone mass during prolonged subclinical hyperthyroidism
in premenopausal women (18). Similarly, Foldes et al. (11)
reported that endogenous subclinical hyperthyroidism re-
sulted in a significant decrease in bone mineral density
among postmenopausal women but not among premeno-
pausal women. In contrary, Bauer et al. (12) reported that
low TSH concentrations were not associated with bone
loss in older ambulatory women. Leese et al. (16) reported
no increased fracture risk in L-T,-treated patients with
TSH concentrations lower than 0.05 mIU/liter or in those
with TSH concentrations between 0.05 and 4.0 mIU/liter.
Murphy and Williams (10) reported that endogenous sub-
clinical hyperthyroidism has no effect on the bone mass
density of premenopausal women.

A recent study from Brazil reported a positive associ-
ation between subclinical hyperthyroidism and dementia
in men (19). A Rotterdam study reported that subclinical
hyperthyroid patients had more than a 3-fold increased
risk of dementia especially in those who were positive for
thyroid peroxidase antibodies (20). However, Gussekloo
et al. (21) failed to show any association between TSH,
disability and cognitive function and survival in old age.
The current study was consistent with previous studies
that identified an association between subclinical hyper-
thyroidism and dementia. However, there was no rela-
tionship with TSH concentration, suggesting the possibil-
ity that dementia is causing a lowered serum TSH rather
than the reverse. This finding might also be due to the small
number of dementia cases (10 cases) among those in group
2 (TSH < 0.1 mU/liter). This is the first study to report a
lack of association between subclinical hyperthyroidism
and cancer.

Long-Term Outcome of Subclinical Hyperthyroidism
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The strength of the current study is that the data are
from a large and representative population with long-term
follow-up, and as such, the findings will have high validity.
One important feature of this study is that diagnosis of
subclinical hyperthyroidism was made when at least two
TSH concentrations were low (=0.4 mU/liter) for at least
4 months and not with just a single baseline measurement.
This was done to ensure that the cases had stable subclin-
ical hyperthyroidism and not in the early stage of devel-
oping overt hyperthyroidism and were unlikely to have
sick euthyroid syndrome. We also undertook a subanaly-
sis that excluded all patients who developed overt hyper-
thyroidism and those who reverted to normal during fol-
low-up and were thus able to identify the true effects of
pure subclinical hyperthyroidism. Patients with preexist-
ing hyperthyroidism were excluded. Also excluded were
patients with exogenous subclinical hyperthyroidism and
those with pituitary disorder. A limitation, however, is
that this is an observational study. Therefore, the findings
could be the result of residual confounding by unknown
factors. However, data were adjusted to account for age,
gender, social deprivation, presence of diabetes, and his-
tory of other morbidities including cancer. Also, the rel-
atively small sample size in group 2 (TSH < 0.1 mUl/liter)
restricted the power and minimized the precision in this
study.

In summary, patients with subclinical hyperthyroidism
appear to be associated with an increased risk of cardio-
vascular disease and dysrhythmia. There is an association
with osteoporotic fracture and dementia that is not related
to serum TSH concentration and therefore is less likely to
be causally related. No association was found between
subclinical hyperthyroidism and cancer.
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