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Abstract

Aims It is uncertain whether subclinical thyroid dysfunction is associated with cardiovascular disease (CVD) events and
mortality in people with type 2 diabetes. The aim of this study was to determine whether undetected thyroid disease increases
the risk of incident CVD and death in type 2 diabetes.

Methods One thousand two hundred fifty participants with type 2 diabetes (mean age 65.3 years, 56.5% males, median
diabetes duration 8.0 years) without known thyroid disease and not taking medications known to affect thyroid function
were categorised, based on baseline serum free thyroxine (FT4) and thyrotropin (TSH) concentrations, as euthyroid, overt
hypothyroid (increased TSH, low FT4), subclinical hypothyroid (increased TSH, normal FT4), overt thyrotoxic (decreased
TSH, raised FT4) or subclinical thyrotoxic (decreased TSH, normal FT4). Incident myocardial infarction, incident stroke,
all-cause and cardiovascular mortality were ascertained during a mean 6.2—-6.7 years of follow-up.

Results Most participants with newly-detected thyroid dysfunction had subclinical hypothyroidism (77.2%) while overt/
subclinical thyrotoxicosis was infrequent. Compared to participants with TSH 0.34-2.9 mU/L, those with TSH> 5.1 mU/L
were not at increased risk of incident myocardial infarction (adjusted hazard ratio (95% confidence limits) 1.77 (0.71, 2.87)),
incident stroke (1.66 (0.58, 4.78)), all-cause mortality (0.78 (0.44, 1.37)) or cardiovascular mortality (1.16 (0.38, 3.58)).
Independent baseline associates of subclinical hypothyroidism included estimated glomerular filtration rate and systolic
blood pressure.

Conclusions Subclinical hypothyroidism was not independently associated with CVD events or mortality in community-
dwelling people with type 2 diabetes despite its associations with CVD risk factors, questioning strategies to identify and/
or treat mild thyroid dysfunction outside usual care.
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Introduction

Thyroid disease and biochemical thyroid dysfunction are
found frequently in diabetes. In the case of hypothyroid-
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Overt hypothyroidism affects multiple organ systems.
In particular it may cause or contribute to dyslipidaemia
[2], hypertension [3], renal dysfunction [4], and cardiac/
endothelial dysfunction [5], all of which increase cardio-
vascular disease (CVD) risk. Although representing rela-
tively mild thyroid dysfunction, subclinical hypothyroid-
ism is also associated with adverse CVD risk factors [4-6].
While general population studies of the incidence of CVD
in subclinical hypothyroidism have had variable results, an
individual participant data meta-analysis found significantly
increased risk of CVD and death in those with raised TSH
concentrations [7]. In the case of thyrotoxicosis, there is also
evidence of an association between overt thyrotoxicosis and
CVD events and cardiovascular death [8] and the balance
of evidence suggests that this is also the case for subclinical
thyrotoxicosis [9].

The CVD risk factors in people with thyroid dysfunction
are also frequently found in those with type 2 diabetes, sug-
gesting that mild thyroid disease may be an additional, and
potentially treatable, risk factor in this setting. In addition,
minor degrees of thyroid dysfunction can act in concert with
the insulin resistance that is characteristic of type 2 diabetes
to worsen dyslipidaemia [10]. However, the existing stud-
ies of the impact of subclinical hypothyroidism on CVD
risk in people with type 2 diabetes have been carried out in
clinic-based or selected samples of patients [11-13] and only
rarely in community-based cohorts [14], while there have
been no population-based studies of the prognostic impli-
cations of overt or subclinical thyrotoxicosis complicating
type 2 diabetes.

Given this background, the aim of the present study was
to examine whether overt and subclinical thyroid dysfunc-
tion detected in a community-based sample of well char-
acterised adults with type 2 diabetes were associated with
CVD risk factors, key CVD outcomes and mortality. We
hypothesised that thyroid dysfunction would influence CVD
risk and directly and/or indirectly increase macrovascular
complications and death.

Methods
Participants

The present study included a subset of 1,250 participants
with type 2 diabetes and no known history of thyroid disease
from Phase II of the Fremantle Diabetes Study (FDS2), a
prospective representative community-based study of peo-
ple living with diabetes in the primary catchment area of
Fremantle Hospital. The FDS2 cohort comprises 1,732 par-
ticipants with diabetes, including 1,483 (85.6%) with type 2
diabetes based on age at diagnosis, nature of first presenta-
tion, treatment history, body mass index and evidence of
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ketonaemia, and, where available, autoantibody positivity,
serum insulin/C-peptide concentrations, and genotyping for
those at high risk for monogenic forms [15]. Detailed infor-
mation regarding recruitment and classification of diabetes
has been published [15].

Participants with known prevalent thyroid disease
(n=158), based on a history of hypothyroidism, Hashi-
moto’s thyroiditis, Graves’ disease, nodular goitre, taking
thyroxine, liothyronine and/or anti-carbimazole or pro-
pylthiouracil, or who had a history of thyroidectomy or *'I
therapy by self-report or ascertained from linkage with the
Hospital Morbidity Data Collection (HMDC) through the
Western Australia Data Linkage System (WADLS) [16],
were excluded from analyses. An additional 75 participants
were excluded, comprising those taking amiodarone or lith-
ium (n=135) with the risk of iatrogenic thyroid disease, those
with missing medication data (n=9), or without suitable
blood samples (n=9), and 52 who also participated in the
Fremantle Diabetes Study Phase I (FDS1) but who were
living outside the catchment area. The FDS2 protocol was
approved by the Southern Metropolitan Area Health Ser-
vice Human Research Ethics Committee. All subjects gave
informed consent before participation.

Clinical and biochemical data.

All participants underwent a detailed assessment at
study entry which provided a comprehensive range of clini-
cal, biochemical and questionnaire data. Each participant
was invited to return for biennial face to face assessments
interspersed with biennial postal questionnaires. Serum
TSH, FT4 and antibodies to thyroperoxidase (anti-TPO)
were measured in baseline samples at the nationally accred-
ited PathWest laboratories at Fremantle Hospital, Western
Australia, by automated electrochemiluminescence immu-
noassays using reagents from Roche Diagnostics Australia
(Castle Hill, NSW, Australia) and a Cobas E601 analyser.
Between-run imprecision, expressed as coefficients of vari-
ation, were <4.7% for FT4,<3.5% for TSH and <8.1% for
anti-TPO antibodies. Reference ranges were 0.34-5.1 mIU/L
for serum TSH, 12-22 pmol/L for serum FT4 (derived from
a study of blood donors in the Fremantle area) and <35 U/L
for anti-TPO (as recommended by the manufacturer). Stand-
ard care testing of serum glucose, HbA ., serum urea and
electrolytes, serum lipids, serum uric acid, liver function,
urine albumin and creatinine, and full blood count were
performed using standard automated methods at PathWest
Fremantle Hospital. Chronic complications were ascertained
using standard criteria [17].

The FDS2 cohort was followed from baseline
(2008-2011) until end-December 2016 for mortality
outcomes and to end-June 2016 for incident myocardial
infarction (MI) and stroke using linkage through the
WADLS. The WADLS includes all public and private hos-
pitalisations and death registrations within WA. Relevant
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International Classification of Disease (ICD)-9-CM and
ICD-10-AM diagnosis codes were used to identify preva-
lent and incident MI and stroke in the HMDC (MI: ICD-
9-CM codes 410 and ICD-10-AM codes 121, 122; stroke:
ICD-9-CM codes 430-432, 433.01, 433.11, 433.21,
433.31,433.81,433.91, 434.01, 434.11, 434.91 and, ICD-
10-AM codes 160-164). Causes of death specified on the
death certificate or in a coroner’s report were reviewed
independently by two study physicians (DGB and TMED)
and classified as cardiovascular (cardiac, cerebrovascular
or sudden death) or otherwise.

Undiagnosed prevalent hypo- and hyperthyroidism
at baseline were defined by an abnormal TSH. An ele-
vated TSH (> 5.1 mIU/L) defined overt hypothyroidism
in participants with a subnormal FT4 (<12 pmol/L),
and subclinical hypothyroid in those with normal FT4.
Those with a low TSH (< 0.34 mIU/L) and elevated FT4
(> 22 pmol/L) were considered overtly hyperthyroid, while
a low TSH and normal FT4 was categorised as subclinical
hyperthyroidism. Since thyroid function tests are not part
of usual-care biochemical screening in type 2 diabetes,
they were performed retrospectively in the present study
and were thus not used as the basis for clinical manage-
ment decisions.

Statistical analysis

The statistical analyses were performed using SPSS for Win-
dows (version 25; SPSS Inc., Chicago, IL, USA). Data are
presented as proportions, mean + standard deviation (SD),
geometric mean (SD range) or median [interquartile range
(IQR)] as appropriate. For independent samples, two-way
comparisons for proportions were by Fisher’s exact test,
for normally distributed variables by Student’s #-test and
for non-normally distributed variables by Mann—Whitney
U-test. Serum TSH and FT4 were analysed using categories
based on the assay reference ranges (TSH < 0.34, 0.34-2.9,
3.0-5.1 and>5.1 mIU/L; FT4 < 12, 12-22 and >22 pmol/L).
A conservative Bonferroni approach was used to adjust for
multiple comparisons. All clinically plausible variables with
P <0.20 in bivariable analyses were considered for entry
into multivariable models. Multiple logistic regression
(backward conditional, variable entry and exit set at P <0.05
and P > 0.05, respectively) was used to identify independent
associates of prevalent hypothyroid disease. Determinants of
all-cause and cardiovascular mortality, incident MI, and inci-
dent stroke were determined using Cox proportional hazards
regression modelling (backward conditional, variable entry
and exit set at P <0.05 or P<0.01 and P>0.05 or P>0.01,
respectively, depending on the number of outcomes). In the
survival analyses, the lowest two TSH categories were com-
bined due to small cell numbers.

Results
Associates of baseline thyroid dysfunction

At baseline, the 1,250 participants with type 2 diabetes had a
mean=+ SD age of 65.3+11.5 (range 16.4-97.1) years, 56.5%
were males, and their median [IQR] diabetes duration was 8.0
[2.5-15.6] years. The baseline characteristics of participants
by biochemically defined thyroid disease are shown in Table 1.
Sixty-one participants had subclinical hypothyroidism had
four had a TSH> 10.0 mU/L, the highest being 12.0 mU/L.
In bivariable analyses, compared to those with normal serum
TSH, those with subclinical hypothyroidism were older at
baseline, more likely to be anti-TPO positive, had lower eGFR,
and higher systolic blood pressure. Independent associates
of subclinical hypothyroidism included anti-TPO positivity,
systolic blood pressure, and eGFR (negatively) (Table 2). In
bivariable analyses, the 15 participants with overt hypothy-
roidism had significantly higher prevalence of anaemia and
anti-TPO positivity than the euthyroid participants. There were
too few participants with overt hypothyroidism for multivari-
able analysis. There were no significant differences between
the hyperthyroid and euthyroid participants, but the numbers
of hyperthyroid participants were too low for any meaningful
comparisons.

Thyroid dysfunction and incident stroke
and myocardial infarction

Among the 1,219 participants with no known thyroid disease
and no stroke prior to enrolment, 42 had an incident stroke
during 7,603 person-years (mean=+SD 6.2+ 1.6 years) of
follow-up. Among 1,149 participants with no known thyroid
disease and no MI prior to enrolment, 103 had an incident
MI during 7,129 person-years (mean+SD 6.2 + 1.7 years) of
follow-up. There were no bivariable associations between inci-
dent stroke or MI and either TSH or FT4 categories (P >0.14;
Supplementary Table 2). The most parsimonious Cox models
of incident stroke and incident MI with TSH categories added
are shown in Table 3. TSH categories did not add significantly
to the models for either outcome (P >0.22). In particular, the
incidence of stroke for those with a TSH < 3.0 mU/L was
not statistically different to that for participants with a TSH
3.0-5.1 mU/L. No incident strokes or MIs occurred in those
with a high FT4, and only three incident strokes and four inci-
dent MIs were recorded in those with low FT4, so FT4 cat-
egories were not added to the respective most parsimonious
Cox models.
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Table 1 Baseline characteristics of 1,250 type 2 diabetes participants by biochemically defined thyroid disease

Euthyroidism Subclinical hypothyroidism Overt hypothyroidism Subclinical/overt P-value
hyperthyroidism
Number (%) 1,171 (93.7) 61 (4.9) 15(1.2) 3(0.2)
Age (years) 65.1+11.5 69.3+10.0* 645+11.8 60.5+7.5 0.042
Male (%) 56.5 574 53.3 333 0.88
Ethnic background (%) 0.42
Anglo-Celt 514 49.2 60.0 100.0
Southern European 13.5 13.1 0.0 0.0
Other European 7.3 8.2 6.7 0.0
Asian 4.8 33 0.0 0.0
Aboriginal 7.0 6.6 26.7 0.0
Mixed/other 16.0 19.7 6.7 0.0
Not fluent in English (%) 11.4 13.1 6.7 0.0 0.87
Education beyond primary level (%) 86.8 83.1 100.0 100.0 0.42
Currently married/de facto relationship (%) 63.6 59.0 60.0 100.0 0.61
Daily alcohol consumption (standard 0.1 [0.0-1.5] 0.1 [0.0-0.8] 0.1 [0.0-0.6] 0.0 [0.0-0.0] 0.081
drinks)
Smoking status (%): 0.23
Never 432 50.0 46.7 66.7
Ex- 454 45.0 26.7 333
Current 11.4 5.0 26.7 0.0
Age at diabetes diagnosis (years) 55.2+12.1 58.4+10.3 53.8+16.1 52.8+124 0.22
Diabetes duration (years) 8.0 [2.3-15.4] 10.0 [4.0-17.8] 8.0 [3.0-17.2] 1.0,9.0, 13.0" 0.59
Diabetes treatment (%): 0.89
Diet/exercise alone 23.9 19.7 26.7 333
Oral hypoglycaemic agents 54.4 54.1 46.7 66.7
Insulin +oral hypoglycaemic agents 21.6 26.2 26.7 0.0
Fasting serum glucose (mmol/L) 7.2 [6.2-8.9] 6.7 [5.7-8.6] 7.3 [6.0-9.2] 7.5,7.9,797 0.32
HbA,, (%) 6.8 [6.2-7.7] 6.8 [6.3-7.6] 7.2 [6.2-7.6] 5.9,6.7,7.7" 0.98
HbA ;. (mmol/mol) 51 [44-61] 51 [45-60] 55 [44-60] 41, 50, 61 0.98
ABSIT (m!!/6 kg=23) 0.081+0.005 0.082+0.005 0.083+0.005 0.080+0.008 0.72
Body mass index (kg/m?) 31.1+5.9 31.9+6.6 32.0+5.7 35.7+10.4 0.36
Centrally obese (defined by waist circum- ~ 70.3 72.1 73.3 100.0 0.89
ference (%))

Pulse rate (beats/min) 70+12 T1+12 T0+12 69+15 0.75
Systolic blood pressure (mmHg) 145+21 155 +25%* 160+30 147+19 0.001
Diastolic blood pressure (mmHg) 80+12 82+15 86+13 81+3 0.18
Blood pressure-lowering medication (%) 74.1 70.5 66.7 100.0 0.66
Atrial fibrillation (%) 3.9 9.8 0.0 0.0 0.16
Left ventricular hypertrophy (%) 2.1 1.6 0.0 0.0 >0.99
Lipid-lowering medications (%) 69.2 72.1 60.0 100.0 0.65
Total serum cholesterol (mmol/L) 43+1.1 43+1.0 48+1.2 39+14 0.44
Serum HDL-cholesterol (mmol/L) 1.22+0.33 1.25+0.35 1.40+0.51 1.43+0.47 0.15
Serum triglycerides (mmol/L) 1.5 (0.9-2.6) 1.7 (1.1-2.6) 1.6 (0.8-2.9) 1.0 (0.8-1.2) 0.15
High sensitivity C-reactive protein (mg/L) 2.4 (0.8-7.3) 3.0 (0.9-10.6) 2.8 (1.4-5.5) 2.3(0.9-6.4) 0.42
Serum vitamin B-12 (pmol/L) 333 (211-525) 336 (202-559) 294 (161-537) 461 (375-566) 0.45
Serum bicarbonate (mmol/L) 2442 2442 24+4 26+3 0.40
Plasma NT-proBNP (pmol/L) 75 (18-308) 114 (18-734) 97 (20-468) 82 (53-126) 0.16
Serum albumin (g/L) 441429 43.4+3.8 41.1 £6.4%* 43.3+4.2 0.001
Serum gamma glutamyltransferase (U/L) 32 (15-65) 30 (16-57) 34 (12-91) 17 (14-21) 0.47
Aspirin use (%) 37.0 42.6 46.7 66.7 0.44
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Table 1 (continued)

Euthyroidism Subclinical hypothyroidism Overt hypothyroidism Subclinical/overt P-value
hyperthyroidism
Proton pump inhibitor use (%) 20.5 29.5 333 333 0.14
Serum uric acid (mmol/L) 0.33 (0.25-0.43) 0.34 (0.27-0.41) 0.35 (0.29-0.44) 0.34 (0.33-0.35) 0.80
¢GFR (CKD-EPI) (ml/min/1.73m?) 73.2+22.8 61.0£23.3%** 67.0+21.7 73.9+30.3 0.001
eGFR (CKD-EPI) (%): 0.029
>90 mL/min/1.73m? 26.3 115 6.7 333
60-89 mL/min/1.73m? 44.3 41.0 53.3 333
45-59 mL/min/1.73m? 17.5 24.6 13.3 333
30-44 mL/min/1.73m? 7.6 14.8 26.7 0.0
<30 mL/min/1.73m? 4.4 8.2 0.0 0.0
Urinary albumin:creatinine ratio (mg/ 3.1 (0.8-11.6) 4.6 (0.7-29.2) 4.9 (0.7-34.6) 1.9 (0.8-4.5) 0.92
mmol)

Peripheral sensory neuropathy (%) 57.9 63.9 533 333 0.63
Any diabetic retinopathy (%) 372 43.9 40.0 333 0.79
Peripheral arterial disease (%) 21.8 18.0 20.0 333 0.79
Cerebrovascular disease (%) 7.9 4.9 13.3 0.0 0.55
Stroke (%) 2.6 0 6.7 0.0 0.26
Coronary heart disease (%) 27.3 29.5 46.7 66.7 0.14
Myocardial infarction (%) 7.9 9.8 13.3 333 0.19
Heart failure (%) 5.6 13.1 0.0 0.0 0.12
Anemia (%) 10.2 13.1 40.0* 0.0 0.010
Charlson Comorbidity Index (%) 0.61
0 76.3 75.4 66.7 100.0
1-2 16.6 16.4 13.3 0.0
>3 7.1 8.2 20.0 0.0
Anti-TPO positivity (%) 5.0 19.7%%* 33.3% 0.0 <0.001

Data are presented as percentages, mean+SD (standard deviation), geometric mean (SD range), or median [IQR — interquartile range]. » The
data for the three individuals in this group are shown. 1A Body Shape Index is a more robust index of obesity than body mass index [32].
*P<0.05, **P<0.01, ***P<0.001 vs euthyroid group, adjusted for multiple comparisons using Bonferroni correction. NT-proBNP, N-terminal
pro B-type natriuretic peptide; eGFR, estimated glomerular filtration rate by CKD Epidemiology Collaboration equation; TPO, thyroid peroxi-

dase antibody

Table 2 Multiple logistic regression model of independent associates
of undiagnosed prevalent subclinical hypothyroidism in 1,232* par-
ticipants with type 2 diabetes

Variable OR (95% CI) P-value

Anti-TPO-positivity 5.04 (2.50, 10.16) <0.001

Systolic blood pressure 1.15 (1.03, 1.29) 0.017
(increase of 10 mmHg)

eGFR (increase of 1 mL/ 0.98 (0.97, 0.99) <0.001

min/1.73m?)

*Subclinical hypothyroidism (n=61) vs euthyroidism (n=1171); all
clinically plausible variables with bivariable P <0.20 considered for
entry into the most parsimonious model using backward conditional
logistic regression (P <0.050 for entry, P >0.050 for removal)

All-cause and cardiovascular mortality

Of 1,250 participants with type 2 diabetes and no known
thyroid disease at baseline, 215 (17.2%) died, including 37
(17.2%) from cardiovascular causes during 9,520 person-
years (mean+SD: 6.7 + 1.7 years) of follow-up. Baseline
characteristics by vital status are summarised in Supplemen-
tary Table 1. There was no significant relationship between
baseline serum TSH categories and subsequent all-cause
and cardiovascular mortality (P=0.12 and P=0.18, respec-
tively). Kaplan—Meier survival analysis (data not shown)
showed borderline statistical significance for the effect of
serum TSH categories on all-cause and cardiovascular mor-
tality (log rank test, P=0.057 and 0.044, respectively), but
TSH categories did not add to the most parsimonious Cox
model in each case (Table 4).
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Table 3 TSH category added to most parsimonious Cox proportional
hazards models of independent predictors of incident stroke and myo-
cardial infarction, using time as the timeline, in participants with type
2 diabetes and no known history of thyroid disease, and of stroke or
myocardial infarction, respectively

HR (95% CI) P-value
Stroke:
Age (increase of 10 years) 2.02(1.46,2.80) <0.001
HbA,_ (increase of 1%/11 mmol/mol)  1.44 (1.20, 1.74) <0.001
Serum uric acid (increase of 1.77 (1.29, 2.42) <0.001

0.1 mmol/L)

TSH category* (mIU/L): 0.62
< 3.0 (reference) 1.00
3.0-5.1 1.17 (0.58, 2.36) 0.67
>5.1 1.66 (0.58, 4.78) 0.35
Myocardial infarction:
Aboriginal 2.20 (1.20, 4.02) 0.011
Current smoking habit 2.38(1.43,3.96) <0.001
Diabetes duration (increase of 5 years) 1.22 (1.09, 1.36) <0.001
Ln(plasma NT-proBNP (pmol/L))T 1.32 (1.14, 1.51) <0.001
Peripheral arterial disease 1.66 (1.09, 2.54) 0.019
Coronary heart disease 1.53 (0.996, 2.36) 0.052
Heart failure 1.96 (1.04, 3.72) 0.038
TSH category* (mIU/L): 0.22
< 3.0 (reference) 1.00
3.0-5.1 1.14 (0.74, 1.91) 0.58
>5.1 1.77 (0.71, 2.87) 0.084

All clinically plausible variables with bivariable P <0.20 in Supple-
mentary Table 2 were considered for entry into a parsimonious model
(Cox proportional hazards model with backward conditional selection
(entry P<0.050 at entry and removal P >0.050)) with one-by-one
removal of variables for consideration, the least significant first, until
all variables remaining in the model had P <0.050. TSH category
was then entered. *The lowest TSH category (<0.34 mIU/L) was
combined with the low-normal category (0.34-2.9 mIU/L) due to low
cell numbers. A 2.72-fold increase in x corresponds to an increase of
1 in the natural log (Ln) of x

FT4 categories were bivariably associated with all-
cause mortality (P =0.024; Supplementary Table 1).
After adjustment for the most parsimonious Cox model
of all-cause mortality (Table 4), FT4 categories added
significantly (trend P=0.001). Compared with FT4 of
12-22 pmol/L (reference category; 197 deaths in 1188
participants (16.6%)), a low FT4 was associated with
a 76% increased risk of death (15 deaths in 55 partici-
pants (27.3%)) and high FT4 with a greater than sixfold
increased risk. However, there were only seven partici-
pants with high FT4, three (42.9%) of whom died, and so
the data need to be interpreted with caution. As there were
no cardiovascular deaths in those with a high FT4 and only
one in those with low FT4, FT4 categories were not added
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to the most parsimonious Cox model for cardiovascular
mortality.

Discussion

In this study of well characterised, community-based people
with type 2 diabetes and no known thyroid disease, we found
that previously undiagnosed subclinical hypothyroidism was
significantly and independently associated with a higher sys-
tolic blood pressure and impaired renal function. Despite
these relationships, there were no independent statistically
significant associations between serum TSH concentrations
and incident stroke, MI, or cardiovascular or all-cause mor-
tality over a more than six-year average follow-up period.
Undetected thyrotoxicosis, whether overt or subclinical, was
rare in our cohort. These findings have potential implications
for type 2 diabetes management in that they do not support
attempts to identify and/or treat mild thyroid dysfunction
outside usual care.

The association of diastolic hypertension with overt hypo-
thyroidism in the general population is well recognised [3].
Reports of a similar association in subclinical hypothyroid-
ism have been inconsistent, with evidence of a modest asso-
ciation driven by studies in which the subclinically hypo-
thyroid participants were significantly older than those who
were euthyroid [18]. In the present study, participants with
subclinical hypothyroidism were also older than those who
were euthyroid, but the association of systolic blood pressure
with subclinical hypothyroidism was robust after adjustment
for age, suggesting that age is not the driver of this associa-
tion in people with type 2 diabetes. Impaired renal function
was also independently associated with subclinical hypo-
thyroidism in the present study, as has been seen in other
studies in diabetes [12, 19, 20]. In people with chronic kid-
ney disease, there is evidence that those with persistent sub-
clinical hypothyroidism have a greater rate of eGFR decline
and a greater incidence of end-stage renal disease compared
to those with transient subclinical hypothyroidism or who
remain euthyroid [21]. If chronic subclinical hypothyroid-
ism has a similar adverse impact on renal function in type
2 diabetes, which is itself a strong risk factor for chronic
kidney disease, its detection and possible treatment may be
more important than in the general population.

We found no evidence that an increased TSH was inde-
pendently associated with subsequently increased cardio-
vascular or all-cause mortality. Both low and high FT4 were
significantly associated with all-cause mortality in multivari-
able analyses but the numbers in these groups were very low
(only seven participants had high FT4) which questions the
clinical significance of this observation. Subclinical hypo-
thyroidism was associated with neither all-cause nor car-
diovascular mortality after adjustment for other variables
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Table 4 Most parsimonious HR (95%CI)  P-value HR (95% CI) P-value
Cox proportional hazards
models of independent All-cause mortality:
predictors of all-cause and Age (increase of 10 years) 186 (1.58,2.19)  <0.001 1.95(1.66,2.30)  <0.001
cardiovascular mortality, using
time as the timeline, in 1,250 Male sex 2.03 (1.49, 2.76) <0.001 2.04 (1.50,2.77) <0.001
participants* with type 2 Married/de facto 0.71 (0.53,0.95) 0.023 0.71 (0.53, 0.96) 0.024
diabetes and no known history Current smoking habit 244 (1.65,3.61)  <0.001 2.46 (1.66, 3.66) <0.001
of thyroid disease, with TSH Systolic blood pressure (10 mmHg increase)  0.93 (0.88,0.98)  0.010 0.92 (0.87, 0.98) 0.006
categories and FT4 categories
added separately Pulse rate (10 beats/min increase) 1.31 (1.18, 1.45) <0.001 1.31(1.18,1.45) <0.001
Ln(hsCRP (mg/L))" 1.18 (1.04, 1.35) 0.012 1.19 (1.04, 1.36) 0.009
Ln(NT-proBNP (pmol/L))’ 1.38 (1.23,1.55)  <0.001 1.38(1.23, 1.55) <0.001
Serum albumin (increase of 1 g/L) 0.43 (0.27, 0.67) <0.001 0.48(0.31,0.74) 0.001
Anemia 1.64 (1.17,2.32) 0.005 1.65(1.18,2.33) 0.004
eGFR < 30 ml/min/1.73m> 1.98 (1.18, 3.33) 0.010 1.95 (1.16, 3.25) 0.011
Peripheral arterial disease 1.37 (1.01, 1.85) 0.044 1.33(0.98, 1.80) 0.072
TSH category** (mIU/L): 0.64
<3.0 (reference) 1.00
3.0-5.1 0.92 (0.67, 1.28) 0.63
>5.1 0.78 (0.44, 1.37) 0.38
Serum free T4 (pmol/L): 0.001
<12 1.76 (1.003, 3.09) 0.049
12-22 (reference) 1.00
>22 6.54 (2.03,21.07) 0.002
Cardiovascular mortality:
ABSIT (0.001 m'"6 kg=%? increase) 1.10 (1.03, 1.18) 0.005
Pulse rate (10 beats/min increase) 1.42 (1.13, 1.80) 0.003
Ln(NT-proBNP (pmol/L))’ 1.90 (1.50,2.41)  <0.001
Peripheral arterial disease 2.57 (1.32,5.01) 0.006
TSH category** (mIU/L): 0.45
< 3.0 (reference) 1.00
3.0-5.1 1.59 (0.77, 3.27) 0.21
>5.1 1.16 (0.38, 3.58) 0.79

*Five individuals who died from unknown causes were omitted from the analysis of cardiovascular mortal-
ity. All clinically plausible variables with bivariable P <0.20 in Supplementary Table 1 were considered
for entry into a parsimonious model (Cox proportional hazards model with backward conditional selec-
tion; entry P <0.050, removal P >0.050 for all-cause mortality and entry P <0.010, removal P >0.010 for
cardiovascular mortality) with one-by-one removal of variables for consideration, the least significant first,
until all variables remaining in the model had P <0.050 for all-cause mortality and P <0.010 for cardiovas-
cular mortality. TSH or FT4 category was then entered. **The lowest TSH category (<0.34 mIU/L) was
combined with the low-normal category (0.34-2.9 mIU/L) due to low cell numbers. TA Body Shape Index
is a more robust index of obesity than body mass index [32]. TA 2.72-fold increase in x corresponds to an
increase of 1 in the natural log (Ln) of x

in female participants with type 2 diabetes enrolled in the
earlier FDS Phase I (FDS1) [14], in a clinic-based sample of
people with type 2 diabetes [19], and in a small-scale study
of patients with type 2 diabetes undergoing renal dialysis
[11]. Taken together, these findings questions whether sub-
clinical hypothyroidism has prognostic implications in type
2 diabetes.

There have been a range of studies of the association
between subclinical hypothyroidism and mortality in the
general population, the results of which have been incon-
sistent. One individual participant data meta-analysis found

that subclinical hypothyroidism, although not associated
with all-cause mortality, was associated with incident coro-
nary heart disease (CHD) and with CHD mortality at TSH
concentrations > 10 mU/L, especially if those starting thy-
roid replacement were omitted from the analysis [7]. More
recent study-level meta-analyses found significant associa-
tions between overt or subclinical hypothyroidism and both
all-cause mortality and incident CVD [22, 23]. These reports
revealed a modest increased mortality risk associated with
persistent subclinical hypothyroidism in the general popu-
lation. Our observation that this is not the case in type 2
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diabetes may reflect that people with diabetes managed in
a well-resourced health system such as in Australia may be
both screened and treated relatively intensively for comor-
bidities such as thyroid disease and more rigorously man-
aged for CVD risk factors than people without diabetes.

We similarly found that an increased TSH was not a
determinant of incident stroke or MI. A systematic review
of general population studies found no association between
stroke and either subclinical hypothyroidism or subclinical
hyperthyroidism [24]. A subsequent individual participant
data meta-analysis used the same studies as in the system-
atic review but included unpublished data from other studies
which substantially increased the number of participants and
thus study power. There was still no association overall, but
younger participants with subclinical hypothyroidism were
at significantly increased risk of stroke [25]. More recent,
large population-based studies from Scandinavia have also
found no independent association between subclinical
hypothyroidism and stroke [26, 27]. Our observations are
therefore in accord with larger studies involving predomi-
nantly participants without diabetes. Interestingly, reports of
reduced stroke risk at higher TSH concentrations within the
reference interval have been published [13], but we found no
indication of a differential incidence of stroke in those with
TSH < 3.0 mU/L or 3.0-5.1 mU/L.

Our observation that an increased TSH was not a deter-
minant of incident MI is consistent with our previous obser-
vation from FDS1 of CHD in women with type 2 diabetes
[28], as well as other studies of people with type 2 diabetes
[11, 19] and the results from participants with diabetes and
a TSH within the conventional reference interval in the Sec-
ond Manifestations of ARTerial disease study [13]. General
population studies have produced inconsistent results, but
there may be an association between subclinical hypothy-
roidism and CHD at TSH levels > 10 mU/L [7, 27, 29, 30].
We interpret our results and those of other authors as indi-
cating that the excess risk of CHD due to subclinical hypo-
thyroidism in type 2 diabetes is minimal, if present at all.

The present study had limitations. The low numbers with
subclinical hypothyroidism in our cohort may have limited
our ability to draw conclusions regarding its relationship
with endpoints, especially for the less common outcomes.
We also had limited power to examine independent asso-
ciates of overt hypothyroidism and the associated risk of
death. Thyroid function was performed only at baseline and
so we were unable to assess the mortality risk for those with
transient versus persistent subclinical hypothyroidism. We
did not measure serum free T3, a variable which may have
clarified the status of the few participants with a high FT4.
We were unable to adjust our analyses for incident thyroid
replacement therapy or other interventions with implications
for thyroid function as this information was not available
to us for all participants. Such additional data may have

@ Springer

strengthened associations with mortality, as shown in one
meta-analysis [7]. There were too few participants with posi-
tive TPO antibodies among those with raised TSH to allow
a meaningful analysis of the effect of this variable on mor-
tality and cardiovascular outcomes, and too few Aboriginal
people to assess the possible consequences of concomitant
thyroid disease and type 2 diabetes in this vulnerable sub-
group. The uptake of the glucagon-like peptide 1 receptor
agonists and sodium-glucose co-transporter-2 inhibitors,
classes of blood glucose-lowering therapies with glucose-
independent benefits for cardiovascular disease, was rela-
tively low in the FDS2 cohort (< 5% in each case at the end
of the follow-up period) given that they were first introduced
into Australia when the study was in progress. The strengths
of the study are its representative, community-based sample
and the comprehensive prospective data collection.

Although thyroid dysfunction affects a third or more of
people with type 2 diabetes [1], routine biochemical screen-
ing for thyroid disease is not mentioned in many major
national and international guidelines, and a recent thyroid-
specific position paper recommends against screening in
patients with type 2 diabetes [31]. This may be appropriate
given that most of our patients in whom thyroid disease was
newly detected (77.2%) had subclinical hypothyroidism, a
condition without a clear relationship to CVD events and
all-cause mortality in type 2 diabetes and for which there
are no trial data indicating benefit of replacement therapy
in preventing these outcomes [1]. Nevertheless, even in a
relatively resource rich healthcare environment such as Aus-
tralia, the present data suggest that in people with type 2
diabetes and coincident hypertension and/or renal impair-
ment, a possible contribution of thyroid disease should be
considered as part of clinical assessment.

Supplementary Information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s00592-022-01969-x.
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