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Abstract:  

Background 

As thyrotoxicosis is a risk factor for atrial fibrillation current 

guidelines recommend measuring a thyroid-stimulating hormone level in 

patients with this disorder. Hyperthyroidism may also be associated with 

other heart disease including cardiac ischaemia and cardiac failure. 

Currently the prevalence of thyrotoxicosis in cardiac admissions in the 

absence of a rhythm disorder is unknown.  

Aims: The aims of this study were: 1) to calculate the prevalence of 

admissions for thyrotoxicosis-associated cardiac disease, 2) determine 

the type of cardiac disease i.e. dysrhythmic, ischaemic or cardiac 

failure, and 3) to assess whether Māori are over-represented amongst 

patients admitted to hospital with cardiac complications of 

thyrotoxicosis. 

Methods 

A retrospective review of admissions with both thyrotoxicosis and cardiac 

disease from January 1st 2005 to December 31st 2012 inclusive. 

Results 

Seventy-two patients were identified as being admitted for a cardiac 

complication of thyrotoxicosis, giving a mean of 9 admissions per year. 

Dysrhythmia was the cause for admission in 32 patients, ischaemia in 12, 

cardiac failure in 11 and mixed cardiac disease in 17. Graves' disease 

and amiodarone-induced were the most common causes of the thyrotoxicosis 

(25 and 19 cases, respectively). Of the cohort 26 (36.1%) were Māori 

(compared to 16.8% of all cardiac admissions over the same period). Māori 

were more likely to present with cardiac failure than non-Māori (57.7% 

vs. 26.1%, p=0.008 respectively). 

Conclusions 

Māori are over-represented amongst patients admitted with cardiac 

complications of thyrotoxicosis and more often present with cardiac 

failure than non-Māori. Measurement of thyroid function should be 

considered in patients presenting not only with atrial fibrillation but 



also in patients presenting with cardiac failure, particularly if they 

are Māori. 
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Response to Reviewers 
 
Reviewer #1. 
 
Thank you for your comments. 
 
We have added the phrase “population-based” to the Methods (page4). 
 
Denominator for the prevalence measure… In our institution the majority of 
admissions for a cardiac cause are either admitted under or care is transferred to 
the cardiology service. In this cohort, 70.8% of the patients were admitted to the 
cardiology service. In order to be consistent with both denominator and 
numerator, for prevalence, only cardiac patients were included. As such it is 
most appropriate to use as the denominator all cardiac discharges.  
 
As this is a geographically defined population… We agree with the reviewer’s 
comments. We have used the census data from the time period studied. This is 
included in the results (proportion of Māori as per census for the region). While 
we could assess the rate of thyrotoxicosis-associated cardiac complications per 
10,000 population, as there will be people in the community who have cardiac 
complications of thyrotoxicosis who are not admitted this figure would be 
misleading and so instead we have used the rate as per cardiac hospitalisations 
which would seem more appropriate for this particular study. In addition, we 
know that cardiac conditions, both ischaemic heart disease and congestive heart 
failure, have higher prevalence in the Māori population, with increased 
admission rates for the same. In an attempt to control for this we used cardiac 
admissions as the denominator of prevalence. If the reviewer believes the 
incidence of thyrotoxic cardiac admissions for the general population would be 
of benefit to the reader, we would be happy to include it.  
 
By my calculations….As discussed in the earlier point, the numerator used for 
prevalence calculation was limited to those admitted to the cardiology service 
(i.e. 51 patients of the greater cohort of 72). It is from this that the prevalence of 
14 per 10,000 and 25.0 per 10,000 have come. We thank the reviewer for 
pointing out the difficulty in interpretation of this result. We have added to the 
description to clarify this important point made by the reviewer (page 6). The 
full 72 patient cohort was used in the analysis to describe the cohort. 
 
The prevalence rate ratio…We strongly agree with the reviewer, unfortunately 
this is a small cohort, making age, gender and SES –standardization difficult 
without producing very small cell sizes. A larger, prospective study with more 
information, would be better placed to answer this issue. To illustrate the 
important point, made by the reviewer, we have added age-stratified prevalence 
rates and ratios to the results (page 7).  
 
Were there any thyrotoxicosis admissions for other cardiac causes? Yes, you are 
correct there were no cases of thyrotoxicosis identified in the other cardiac 
diagnoses group as detailed in the discussion on page 10. We have added this to 
the results section as recommended (page 6). 

*Revision Notes



 
Mortality…Thank you for pointing this out. The mortality rate in the group with 
thyrotoxicosis and cardiac disease was so low it is difficult to comment further 
on this and so we have removed this from Table 1. The mortality was over the 
eight years of the study and was death within the hospitalization.  
 
The discussion could be enhanced…In terms of mechanistic suggestions for the 
disparity suggested this is difficult due to the retrospective nature of the study. 
We agree that it is possible that this may be at least in part due to disparity in 
rheumatic heart disease amongst Māori. We have added this to the discussion, 
page 9. We also have evidence of disparity in thyrotoxicosis from a recent 
prospective study assessing ethnic differences in the incidence of thyrotoxicosis 
with the incidence of thyrotoxicosis for Māori being double that of non-Māori. 
This work is currently in preparation for publication, which is why we have not 
cited this. As part of this prospective study we have also identified that the 
journey to specialist assessment is longer for Māori than non-Māori and it is 
possible that the chronicity of this untreated thyrotoxicosis may contribute to a 
higher rate of cardiac dysfunction. This we have detailed as a personal 
communication in the discussion page 9. Recent work has demonstrated that 
thyrotoxicosis is associated with an increased risk of mortality including that of 
cardiovascular mortality (HR 1.27) (Giesecke P et al Thyroid 2017). As most 
patients with thyrotoxicosis do not require admission it is difficult to know 
whether there is an ethnic difference in mortality amongst patients with 
thyrotoxicosis but we agree that this would be an important area for future 
study. 
Thank you for reminding us to avoid deficit interpretations. We have reviewed 
our discussion once more and are happy there are no deficit interpretations 
presented.  
 
 
Reviewer #2 
 
We agree it is possible that some appropriate acute cardiac admissions were 
missed due to lack of coding or that thyroid function was not checked. 
Unfortunately this is one of the limitations of a retrospective study. We have 
extended the discussion to elaborate on this page 9. As we mentioned in the 
discussion given the prevalence of thyrotoxicosis in the community it is 
surprising that none of the almost 15,000 patients in the other cardiac 
presentations were not identified as having thyrotoxicosis. However, we do 
believe that the findings from this study suggest that there may be an ethnic 
disparity and that a prospective study would be appropriate.  
 
Analysis of the 72 patients…We thank you for this point. We have added an age-
stratified prevalence rate ratio to the results to consider the implications of the 
younger age structure of the Māori population, as well as the point you raise, of 
younger age of cardiac admissions for Māori (in particular with heart failure) 
(page 7).   Unfortunately this study is limited by the small number of cases, 
making age-standardised prevalence rate ratio difficult to calculate without 
small cell numbers.  



 
More information regarding population and admission demographics…We do not 
have detailed information for the demographics for the whole population as this 
paper is not about the ethnic differences in cardiac disease as this has already 
been well described. We have detailed that Māori comprised 16.8% of the entire 
cohort which is consistent with the Waikato DHB adult population (17.3% Māori 
during this time period) and have given the breakdown by the main three 
cardiac diagnoses which, similar to the literature, shows that Māori are over-
represented amongst those presenting with heart failure. We do not have further 
demographic data (i.e. deprivation data) on this population easily available to us. 
 
Presentation of results in a graphic form…We have added a graph of the 
distribution of cardiac admissions between ethnicities, to help with 
understanding (Figure 1).  
 
Is there ongoing work? We have put together protocols to assess whether how 
often thyroid function tests are measured in patients presenting with an acute 
cardiac condition, and whether there are ethnic differences in measurement of 
thyroid function as well as that for a prospective study assessing thyroid 
function in all cardiac admissions however we currently do not have funding 
available to perform these as both studies are extremely resource intensive 
(particularly the prospective study due to the high throughput and rapid patient 
turnover). By identifying a need for further work in this area (i.e. publishing this 
paper in a reputable journal such as Heart, Lung and Circulation) this will help us 
in our efforts to source external funding to undertake this work. This is an 
important area to study further especially given the increased cardiovascular 
mortality associated with thyrotoxicosis. 
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Abstract 1 

Background 2 

As thyrotoxicosis is a risk factor for atrial fibrillation current guidelines recommend 3 

measuring a thyroid-stimulating hormone level in patients with this disorder. 4 

Hyperthyroidism may also be associated with other heart disease including cardiac ischaemia 5 

and cardiac failure. Currently the prevalence of thyrotoxicosis in cardiac admissions in the 6 

absence of a rhythm disorder is unknown.  7 

Aims: The aims of this study were: 1) to calculate the prevalence of admissions for 8 

thyrotoxicosis-associated cardiac disease, 2) determine the type of cardiac disease i.e. 9 

dysrhythmic, ischaemic or cardiac failure, and 3) to assess whether Māori are over-10 

represented amongst patients admitted to hospital with cardiac complications of 11 

thyrotoxicosis. 12 

Methods 13 

A retrospective review of admissions with both thyrotoxicosis and cardiac disease from 14 

January 1
st
 2005 to December 31

st
 2012 inclusive. 15 

Results 16 

Seventy-two patients were identified as being admitted for a cardiac complication of 17 

thyrotoxicosis, giving a mean of 9 admissions per year. Dysrhythmia was the cause for 18 

admission in 32 patients, ischaemia in 12, cardiac failure in 11 and mixed cardiac disease in 19 

17. Graves’ disease and amiodarone-induced were the most common causes of the 20 

thyrotoxicosis (25 and 19 cases, respectively). Of the cohort 26 (36.1%) were Māori 21 

(compared to 16.8% of all cardiac admissions over the same period). Māori were more likely 22 

to present with cardiac failure than non-Māori (57.7% vs. 26.1%, p=0.008 respectively). 23 

Conclusions 24 

Māori are over-represented amongst patients admitted with cardiac complications of 25 

thyrotoxicosis and more often present with cardiac failure than non-Māori. Measurement of 26 

thyroid function should be considered in patients presenting not only with atrial fibrillation 27 

but also in patients presenting with cardiac failure, particularly if they are Māori. 28 
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Introduction 33 

Thyrotoxicosis is a common endocrine disorder, which when untreated results in significant 34 

morbidity and premature mortality [1]. Cardiovascular disease is a common cause of 35 

admission to hospital and is associated with a significant health burden in the community. 36 

Hyperthyroidism is a known risk factor for cardiac failure and cardiac dysrhythmias, 37 

particularly atrial fibrillation [2-4]. 38 

 39 

A retrospective study assessing rates of thyroid dysfunction in 250 patients presenting to a 40 

New Zealand district hospital with atrial fibrillation reported that 5.2% of these patients had 41 

either overt or subclinical hyperthyroidism [5]. The ethnic distribution of patients presenting 42 

with atrial fibrillation was reported to be consistent with that expected for the population, 43 

although no ethnicity data was provided for those identified to have thyroid dysfunction. 44 

 45 

An Australian group reported that Māori presenting with cardiac complications of 46 

thyrotoxicosis comprised one-third of the cases presenting to their unit despite only 47 

representing 0.007% of their regional population [6]. It was suggested by these authors that 48 

Māori women might be at increased risk of cardiac complications of thyrotoxicosis.  Māori 49 

have previously been reported to have an increased rate of admission and mortality from 50 

cardiac failure when compared with the non-Māori population [7]. However, there is no data 51 

available on rates of thyrotoxicosis in Māori presenting with cardiac failure. 52 

 53 

Current guidelines recommend that patients presenting with atrial fibrillation should have 54 

thyroid function measured [8]. Whether thyroid testing should also be routinely performed in 55 

patients presenting with ischaemic heart disease and heart failure is less clear. 56 

 57 

The aims of this study were: 1) to calculate the prevalence of admission for documented 58 

thyrotoxicosis-associated cardiac disease, 2) determine the type of cardiac disease i.e. 59 

dysrhythmia, ischaemia or cardiac failure, and 3) to assess whether Māori are over-burdened 60 
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with cardiac complications of thyrotoxicosis. 61 

  62 

Methods 63 

In this retrospective, population-based cohort study, hospital coding using ICD10 codes was 64 

used to identify all hospital admissions to Waikato Hospital, a 600-bed tertiary New Zealand 65 

Hospital, in which both cardiac disease and thyrotoxicosis were treated during the same 66 

admission over the period January 1
st
 2005 to December 31

st
 2012, inclusive. Data was 67 

obtained from hospital notes, electronic health records, laboratory, and radiology records.  68 

 69 

Two searches were carried out. The first included all patients admitted and coded with 70 

thyrotoxicosis as the primary diagnosis during that period, identifying 561 admissions. For 71 

this search the following codes were used: 72 

E011 - Iodine-deficiency-related multinodular (endemic) goiter, 

E050 - Thyrotoxicosis with diffuse goitre 

E051 - Thyrotoxicosis with toxic single thyroid nodule 

E052 - Thyrotoxicosis with toxic multinodular goitre 

E054 - Thyrotoxicosis factitia 

E055 - Thyroid crisis or storm 

E058 - Other thyrotoxicosis 

E059 - Thyrotoxicosis, unspecified 

E079 - Disorder of thyroid, unspecified 

 73 

Of the 561 admissions, 215 patients were identified as having been admitted to cardiology, 74 

general medicine or endocrinology services with most of the remainder being admitted for 75 

thyroidectomy and so excluded. Following electronic review of the patient’s clinical records, 76 

71 patients were confirmed as having acute cardiac involvement contributing to their 77 

admission. A second search was undertaken of all the cardiac admissions during the same 78 

time period, where thyrotoxicosis (using the same codes as above) was coded as a secondary 79 
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diagnosis or complication. Following review of the electronic notes to determine patients who 80 

were thyrotoxic at the time of admission, 36 patients were identified. Patients who developed 81 

thyrotoxicosis secondary to treatment of their cardiac condition during that admission were 82 

excluded. This second search yielded only 1 additional patient who had not been identified by 83 

the first search and resulted in a total of 72 patients for analysis. 84 

 85 

The electronic notes of all 72 patients were reviewed in detail and data extracted including: 86 

age, gender, ethnicity, cause of thyrotoxicosis (based on clinical, laboratory and imaging 87 

results and classified as Graves’ disease, toxic multinodular goitre, amiodarone-induced, 88 

thyroiditis, and levothyroxine overuse), highest free thyroid hormone values, acute cardiac 89 

diagnosis resulting in the current hospitalisation (classified as cardiac failure, 90 

ischaemia/infarction, dysrhythmia or mixed). Prevalence of thyrotoxicosis within cardiac 91 

admissions was calculated using cardiac discharge data for the same period as the 92 

denominator and those patients in the cohort who were discharged by a cardiology team as 93 

the numerator. In all cases, ethnicity was taken from hospital records, with a prioritization 94 

approach used to classify a single ethnicity to individuals. Ethnicity was then classified into 95 

Māori and non-Māori groupings. 96 

 97 

This study was registered with the institutional review committee and was conducted in 98 

accordance with the New Zealand National Health Advisory Committee’s Ethical Guidelines 99 

for Observational Studies, and with permission of the Endocrine Department.   100 

 101 

Statistical analysis was performed using Stata v 13.1 (StataCorp. 2013. Stata Statistical 102 

Software: Release 13. College Station, TX: StataCorp LP.) Mann-Whitney tests were used for 103 

continuous variables (as all were non-parametric) and chi-square or Fisher's exact test for 104 

categorical variables (depending on cell frequencies). A p<0.05 was used to reject the null 105 

hypothesis, unless otherwise specified.  106 

 107 
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Results 108 

Overall there were 35,337 cardiac admissions during the period studied. Māori accounted for 109 

16.8% of the total cardiac admissions during this time period, which parallels the Māori 110 

population in the region (2013 census 17.3% of the Waikato DHB adult population were 111 

Māori) [9]. The breakdown of discharge (by coded ICD10 principal diagnosis) included: 112 

ischaemic heart disease – 12,352  (35.0%), tachyarrhythmias – 4,455 (12.6%), and heart 113 

failure and cardiomyopathies – 3,586 (10.1%). These 20,393 were used to investigate the 114 

prevalence of thyrotoxicosis within cardiac admissions. When looking by cardiac diagnosis 115 

Māori comprised 13.7% of patients presenting with ischaemic heart disease, 27.8% with 116 

cardiac failure and 16.8% of those with tachyarrhythmia. 117 

 118 

A total of 72 patients were identified as having thyrotoxicosis-associated cardiac disease 119 

giving an average of 9 admissions per annum. Details are shown in Table 1. Graves’ disease 120 

was the cause of the thyrotoxicosis in 25 patients (34.8%), amiodarone-induced 121 

thyrotoxicosis in 19 patients (26.4%), toxic multinodular goitre in 18 (25%), excess 122 

levothyroxine replacement in 5 (6.9%) and other causes comprised the remaining 5 cases. The 123 

majority (51, 70.8%) were admitted to a cardiology service, with the remaining 29.2% being 124 

treated by a medical team. 125 

 126 

Using the 51 patients admitted to the cardiology service, the prevalence of thyrotoxicosis 127 

within all cardiac hospitalisations was 14.4 per 10,000 admissions (95% CI 10.8, 19.0). When 128 

limited to hospitalisations for cardiac ischaemic, heart failure and tachyarrhythmia the 129 

prevalence of thyrotoxicosis was 25.0 per 10,000 admissions (95% CI 18.6, 32.9). There were 130 

no cases of thyrotoxicosis coded in the group of “other” cardiac diagnoses, which comprised 131 

14, 944 discharges. 132 

 133 

Patients with concurrent thyrotoxicosis were more likely to present with a tachyarrhythmia - 134 

47 cases (65.3%), compared to heart failure (27 cases [37.5%]) or cardiac ischaemia (16 cases 135 
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[22.2%]). Mixed disease was present in 17/72 patients (>2 diagnoses). All patients with 136 

levothyroxine over-replacement presented with a tachyarrhythmia (atrial fibrillation in four 137 

and ventricular tachycardia in one patient) and varied in severity of thyrotoxicosis with an 138 

FT4 level up to 49 pmol/L. 139 

 140 

Māori comprised 36.1% of those with thyrotoxicosis-associated cardiac admissions. The 141 

prevalence of thyrotoxicosis within Māori admitted with cardiac ischaemic, heart failure and 142 

tachyarrhythmia was higher than that seen in non- Māori with the same diagnoses, 143 

particularly in those under the age of 65 (overall 46.7 per 10,000 admissions vs. 20.6 per 144 

10,000 admissions; aged 65 and under prevalence rate ratio 1.1 [95% CI 0.1, 4.5; p 0.8573]; 145 

aged over 65 prevalence rate ratio 2.3 [95%CI 1.0, 4.9; p0.0271]). Māori admitted with 146 

thyrotoxicosis-associated cardiac disease were younger than non-Māori (median age 56.5 vs. 147 

65.5 years, p=0.003) and presented with less dysrhythmia and more cardiac failure (53.9% vs. 148 

71.7%, p=0.126 and 57.7% vs. 26.1%, p=0.008 respectively, Figure 1). There was no 149 

difference in severity of thyrotoxicosis between Māori and non-Māori (p=0.568) unless 150 

patients with AIT were excluded.  AIT accounted for 11/16 cases of severe thyrotoxicosis in 151 

non-Māori whereas Māori were no more likely to have AIT than expected for the population 152 

demographics (3/19 Māori). 153 

 154 

155 
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Discussion 156 

 157 

Admissions for cardiac complications of thyrotoxicosis were relatively infrequent, averaging 158 

just less than one admission per month compared to 368 monthly cardiac admissions over the 159 

same time period. Amongst admissions for cardiac conditions that were potentially 160 

thyrotoxicosis-related (cardiac ischaemia, tachyarrhythmias and heart failure) the prevalence 161 

of thyrotoxicosis was 25.0 per 10,000 admissions. Tachyarrhythmias were the most common 162 

thyrotoxicosis-associated cardiac admissions but over one-third of hyperthyroid patients 163 

admitted had heart failure and almost one-quarter experienced an acute ischaemic cardiac 164 

event. In 23.6% of patients more than one of these cardiac complications were present. 165 

Approximately one-third of the cases of thyrotoxicosis were iatrogenic with over one-quarter 166 

of the cohort having amiodarone-induced thyrotoxicosis. This is a much higher proportion of 167 

amiodarone-induced thyrotoxicosis than would normally be expected in a general thyrotoxic 168 

cohort and is likely to reflect the underlying cardiac disease in this cohort. Interestingly, while 169 

often considered relatively benign, levothyroxine over-replacement comprised almost 7% of 170 

the thyrotoxic cohort, particularly affecting older non-Māori and all had tachyarrhythmias 171 

(atrial fibrillation or ventricular tachycardia). 172 

 173 

From this retrospective study, Māori appear to have a greater burden of disease than non- 174 

Māori when admitted with thyrotoxicosis-associated cardiac disease. Māori patients were 175 

younger when compared with non-Māori, reflective of the Māori population demographic, 176 

although there was no difference in severity of thyrotoxicosis between the two groups. In 177 

addition, the type of cardiac involvement differed between the two groups with Māori patients 178 

more commonly experiencing cardiac failure than non-Māori. This parallels the known 179 

increased rate of admissions for heart failure in Māori as compared to non-Māori [7], which 180 

was also seen within this study period. 181 

 182 

A significant limitation of this study is that being retrospective, the reasons for the ethnic 183 
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disparity could not be identified. Possible contributors to these ethnic differences include the 184 

concepts that both the cardiac and/or thyroid disease in Māori is more severe, or that Māori 185 

have higher rates of underlying cardiac disease, such as the known higher rate of rheumatic 186 

heart disease when they develop thyrotoxicosis, or that both conditions are more prevalent. It 187 

was not clear from the notes as to the duration of thyrotoxicosis prior to presentation, 188 

treatment duration, and whether the treatment of their thyrotoxicosis was optimal. The 189 

duration of untreated disease during initial work up of thyrotoxicosis is longer in Māori than 190 

non-Māori (unpublished observations) and barriers to care in other areas have been shown to 191 

contribute to more severe presentations and outcomes for Māori [10]. In addition, there are 192 

likely social factors contributing to the discrepancy. Māori are overrepresented in lower 193 

socioeconomic deciles [11], which reduces access to medical care. It is possible that a delay 194 

in receiving treatment, or under-treatment of thyrotoxicosis may result in a higher rate of 195 

cardiac dysfunction. 196 

 197 

This health disparity seen for Māori can also be adversely affected by other important 198 

comorbidities such as obesity, hypertension, rheumatic heart disease, metabolic syndrome and 199 

diabetes mellitus, also known to disproportionately affect Māori [12,13]. Prospective work in 200 

this area, accurately quantifying the disparity and reviewing the individual, social and 201 

healthcare factors that influence it, is needed to identify areas to make improvements.  202 

 203 

Current recommendations are to screen for hyperthyroidism in patients with atrial fibrillation. 204 

Given the potential role of thyrotoxicosis in heart failure, and the prevalence of 205 

thyrotoxicosis, particularly in Māori, noted in this study it might be suggested that these 206 

patients should also be assessed for hyperthyroidism. As this study is retrospective and notes 207 

based, it only illustrates the hyperthyroidism that was identified and coded, not what existed, 208 

as there may have been additional patients with undiagnosed thyrotoxicosis.  There is the 209 

potential to under-count thyrotoxicosis in this population, particularly in Māori if there was a 210 

bias in testing. This could be avoided with a well-designed prospective cohort study. 211 
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Interestingly, there were no cases of thyrotoxicosis in any of the other cardiac diagnoses 212 

despite this group being almost 15,000 patients and a background prevalence of 213 

thyrotoxicosis in our community of 0.2% [14]. This suggests that a significant number of 214 

cases of thyrotoxicosis were missed in these cardiac patients. This is important as not only is 215 

thyrotoxicosis very treatable, but thyrotoxicosis is also associated with an increased risk of 216 

cardiovascular mortality [15]. In addition, development of a euthyroid state should be 217 

expected to improve the cardiac status. 218 

  219 

Conclusions 220 

Māori are over-represented amongst patients admitted with cardiac complications of 221 

thyrotoxicosis and more often present with cardiac failure than non-Māori. Measurement of 222 

thyroid function should be considered in patients presenting not only with atrial fibrillation 223 

but patients presenting with cardiac failure, particularly if they are Māori. Further work is 224 

needed to understand this disparity, determine whether it also occurs in other indigenous 225 

populations and identify effective interventions.  226 
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Table 1. Characteristics of patients with thyrotoxicosis-associated cardiac admissions 277 

Median age (range)  59.5 (23-88) 

Gender Female 48 (66.7%) 

Ethnicity Māori 26 (36.1%) 

Non-Māori 46 (63.9%) 

Median length of stay (range)  5 days (0-30) 

- Māori 5 (1-23)                     p=0.6334 

- Non- Māori 5 (0-30) 

Thyrotoxicosis cause Graves’ disease 25 (34.8%) 

AIT 19 (26.4%) 

TMNG 18 (25%) 

Thyroxine 5 (6.9%) 

Other 5 (6.9%) 

Cardiac diagnosis
a
 Tachyarrhythmia 47/72 (65.3%) 

- Māori 14/26 (53.8%)           p=0.126
b
 

- Non- Māori 33/46 (71.7%) 

Heart failure 27/72 (37.5%) 

- Maori 15/26 (57.7%)           p=0.008
b
 

- Non-Maori 12/46 (26.1%) 

Cardiac ischaemia 16/72 (22.2%) 

- Maori 5/26 (19.2%)             p=0.646
b
 

- Non-Maori 11/46 (23.9%) 

Severity of thyrotoxicosis 

FT4 (RR 12-22 pmol/L) 

Mild 

- FT4 <30 pmol/L 

28/72 (38.9%) 

- Māori 8/26 

- Non- Māori 20/46 

Moderate 

 - FT4 31-50 pmol/L 

17/72 (23.6%) 

- Māori 7/26                              p=0.543 

- Non- Māori 10/46 

Severe 

- FT4 >51 pmol/L 

27/72 (37.5%) 

- Māori 11/26                    

- Non- Māori 16/46 
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AIT = amiodarone-induced thyrotoxicosis; TMNG = toxic multinodular goitre; FT4 = free thyroxine level; RR = reference range; 
a
Patients may have more 278 

than one diagnosis so total adds up to more than the total number of patients. 
b
Bonferroni adjustment used to recognise multiple diagnoses, p<0.017 used to 279 

reject the null hypothesis. 280 

 281 
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Figure Legends 285 

 286 

Figure 1. Percentage of patients presenting with tachyarrhythmia, heart failure or cardiac 287 

ischaemia, by ethnicity 288 

 289 
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Abstract 1 

Background 2 

As thyrotoxicosis is a risk factor for atrial fibrillation current guidelines recommend 3 

measuring a thyroid-stimulating hormone level in patients with this disorder. 4 

Hyperthyroidism may also be associated with other heart disease including cardiac ischaemia 5 

and cardiac failure. Currently the prevalence of thyrotoxicosis in cardiac admissions in the 6 

absence of a rhythm disorder is unknown.  7 

Aims: The aims of this study were: 1) to calculate the prevalence of admissions for 8 

thyrotoxicosis-associated cardiac disease, 2) determine the type of cardiac disease i.e. 9 

dysrhythmic, ischaemic or cardiac failure, and 3) to assess whether Māori are over-10 

represented amongst patients admitted to hospital with cardiac complications of 11 

thyrotoxicosis. 12 

Methods 13 

A retrospective review of admissions with both thyrotoxicosis and cardiac disease from 14 

January 1
st
 2005 to December 31

st
 2012 inclusive. 15 

Results 16 

Seventy-two patients were identified as being admitted for a cardiac complication of 17 

thyrotoxicosis, giving a mean of 9 admissions per year. Dysrhythmia was the cause for 18 

admission in 32 patients, ischaemia in 12, cardiac failure in 11 and mixed cardiac disease in 19 

17. Graves’ disease and amiodarone-induced were the most common causes of the 20 

thyrotoxicosis (25 and 19 cases, respectively). Of the cohort 26 (36.1%) were Māori 21 

(compared to 16.8% of all cardiac admissions over the same period). Māori were more likely 22 

to present with cardiac failure than non-Māori (57.7% vs. 26.1%, p=0.008 respectively). 23 

Conclusions 24 

Māori are over-represented amongst patients admitted with cardiac complications of 25 

thyrotoxicosis and more often present with cardiac failure than non-Māori. Measurement of 26 

thyroid function should be considered in patients presenting not only with atrial fibrillation 27 

but also in patients presenting with cardiac failure, particularly if they are Māori. 28 

*Manuscript (Marked and excluding author details)
Click here to view linked References

http://eeslive.elsevier.com/hlc/viewRCResults.aspx?pdf=1&docID=12838&rev=1&fileID=201092&msid={75B1ABE4-4B7C-405E-BF44-78EFE9E15F28}
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Introduction 33 

Thyrotoxicosis is a common endocrine disorder, which when untreated results in significant 34 

morbidity and premature mortality [1]. Cardiovascular disease is a common cause of 35 

admission to hospital and is associated with a significant health burden in the community. 36 

Hyperthyroidism is a known risk factor for cardiac failure and cardiac dysrhythmias, 37 

particularly atrial fibrillation [2-4]. 38 

 39 

A retrospective study assessing rates of thyroid dysfunction in 250 patients presenting to a 40 

New Zealand district hospital with atrial fibrillation reported that 5.2% of these patients had 41 

either overt or subclinical hyperthyroidism [5]. The ethnic distribution of patients presenting 42 

with atrial fibrillation was reported to be consistent with that expected for the population, 43 

although no ethnicity data was provided for those identified to have thyroid dysfunction. 44 

 45 

An Australian group reported that Māori presenting with cardiac complications of 46 

thyrotoxicosis comprised one-third of the cases presenting to their unit despite only 47 

representing 0.007% of their regional population [6]. It was suggested by these authors that 48 

Māori women might be at increased risk of cardiac complications of thyrotoxicosis.  Māori 49 

have previously been reported to have an increased rate of admission and mortality from 50 

cardiac failure when compared with the non-Māori population [7]. However, there is no data 51 

available on rates of thyrotoxicosis in Māori presenting with cardiac failure. 52 

 53 

Current guidelines recommend that patients presenting with atrial fibrillation should have 54 

thyroid function measured [8]. Whether thyroid testing should also be routinely performed in 55 

patients presenting with ischaemic heart disease and heart failure is less clear. 56 

 57 

The aims of this study were: 1) to calculate the prevalence of admission for documented 58 

thyrotoxicosis-associated cardiac disease, 2) determine the type of cardiac disease i.e. 59 

dysrhythmia, ischaemia or cardiac failure, and 3) to assess whether Māori are over-burdened 60 
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with cardiac complications of thyrotoxicosis. 61 

  62 

Methods 63 

In this retrospective, population-based cohort study, hospital coding using ICD10 codes was 64 

used to identify all hospital admissions to Waikato Hospital, a 600-bed tertiary New Zealand 65 

Hospital, in which both cardiac disease and thyrotoxicosis were treated during the same 66 

admission over the period January 1
st
 2005 to December 31

st
 2012, inclusive. Data was 67 

obtained from hospital notes, electronic health records, laboratory, and radiology records.  68 

 69 

Two searches were carried out. The first included all patients admitted and coded with 70 

thyrotoxicosis as the primary diagnosis during that period, identifying 561 admissions. For 71 

this search the following codes were used: 72 

E011 - Iodine-deficiency-related multinodular (endemic) goiter, 

E050 - Thyrotoxicosis with diffuse goitre 

E051 - Thyrotoxicosis with toxic single thyroid nodule 

E052 - Thyrotoxicosis with toxic multinodular goitre 

E054 - Thyrotoxicosis factitia 

E055 - Thyroid crisis or storm 

E058 - Other thyrotoxicosis 

E059 - Thyrotoxicosis, unspecified 

E079 - Disorder of thyroid, unspecified 

 73 

Of the 561 admissions, 215 patients were identified as having been admitted to cardiology, 74 

general medicine or endocrinology services with most of the remainder being admitted for 75 

thyroidectomy and so excluded. Following electronic review of the patient’s clinical records, 76 

71 patients were confirmed as having acute cardiac involvement contributing to their 77 

admission. A second search was undertaken of all the cardiac admissions during the same 78 

time period, where thyrotoxicosis (using the same codes as above) was coded as a secondary 79 
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diagnosis or complication. Following review of the electronic notes to determine patients who 80 

were thyrotoxic at the time of admission, 36 patients were identified. Patients who developed 81 

thyrotoxicosis secondary to treatment of their cardiac condition during that admission were 82 

excluded. This second search yielded only 1 additional patient who had not been identified by 83 

the first search and resulted in a total of 72 patients for analysis. 84 

 85 

The electronic notes of all 72 patients were reviewed in detail and data extracted including: 86 

age, gender, ethnicity, cause of thyrotoxicosis (based on clinical, laboratory and imaging 87 

results and classified as Graves’ disease, toxic multinodular goitre, amiodarone-induced, 88 

thyroiditis, and levothyroxine overuse), highest free thyroid hormone values, acute cardiac 89 

diagnosis resulting in the current hospitalisation (classified as cardiac failure, 90 

ischaemia/infarction, dysrhythmia or mixed). Prevalence of thyrotoxicosis within cardiac 91 

admissions was calculated using cardiac discharge data for the same period as the 92 

denominator and those patients in the cohort who were discharged by a cardiology team as 93 

the numerator. In all cases, ethnicity was taken from hospital records, with a prioritization 94 

approach used to classify a single ethnicity to individuals. Ethnicity was then classified into 95 

Māori and non-Māori groupings. 96 

 97 

This study was registered with the institutional review committee and was conducted in 98 

accordance with the New Zealand National Health Advisory Committee’s Ethical Guidelines 99 

for Observational Studies, and with permission of the Endocrine Department.   100 

 101 

Statistical analysis was performed using Stata v 13.1 (StataCorp. 2013. Stata Statistical 102 

Software: Release 13. College Station, TX: StataCorp LP.) Mann-Whitney tests were used for 103 

continuous variables (as all were non-parametric) and chi-square or Fisher's exact test for 104 

categorical variables (depending on cell frequencies). A p<0.05 was used to reject the null 105 

hypothesis, unless otherwise specified.  106 

 107 
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Results 108 

Overall there were 35,337 cardiac admissions during the period studied. Māori accounted for 109 

16.8% of the total cardiac admissions during this time period, which parallels the Māori 110 

population in the region (2013 census 17.3% of the Waikato DHB adult population were 111 

Māori) [9]. The breakdown of discharge (by coded ICD10 principal diagnosis) included: 112 

ischaemic heart disease – 12,352  (35.0%), tachyarrhythmias – 4,455 (12.6%), and heart 113 

failure and cardiomyopathies – 3,586 (10.1%). These 20,393 were used to investigate the 114 

prevalence of thyrotoxicosis within cardiac admissions. When looking by cardiac diagnosis 115 

Māori comprised 13.7% of patients presenting with ischaemic heart disease, 27.8% with 116 

cardiac failure and 16.8% of those with tachyarrhythmia. 117 

 118 

A total of 72 patients were identified as having thyrotoxicosis-associated cardiac disease 119 

giving an average of 9 admissions per annum. Details are shown in Table 1. Graves’ disease 120 

was the cause of the thyrotoxicosis in 25 patients (34.8%), amiodarone-induced 121 

thyrotoxicosis in 19 patients (26.4%), toxic multinodular goitre in 18 (25%), excess 122 

levothyroxine replacement in 5 (6.9%) and other causes comprised the remaining 5 cases. The 123 

majority (51, 70.8%) were admitted to a cardiology service, with the remaining 29.2% being 124 

treated by a medical team. 125 

 126 

Using the 51 patients admitted to the cardiology service, the prevalence of thyrotoxicosis 127 

within all cardiac hospitalisations was 14.4 per 10,000 admissions (95% CI 10.8, 19.0). When 128 

limited to hospitalisations for cardiac ischaemic, heart failure and tachyarrhythmia the 129 

prevalence of thyrotoxicosis was 25.0 per 10,000 admissions (95% CI 18.6, 32.9). There were 130 

no cases of thyrotoxicosis coded in the group of “other” cardiac diagnoses, which comprised 131 

14, 944 discharges. 132 

 133 

Patients with concurrent thyrotoxicosis were more likely to present with a tachyarrhythmia - 134 

47 cases (65.3%), compared to heart failure (27 cases [37.5%]) or cardiac ischaemia (16 cases 135 
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[22.2%]). Mixed disease was present in 17/72 patients (>2 diagnoses). All patients with 136 

levothyroxine over-replacement presented with a tachyarrhythmia (atrial fibrillation in four 137 

and ventricular tachycardia in one patient) and varied in severity of thyrotoxicosis with an 138 

FT4 level up to 49 pmol/L. 139 

 140 

Māori comprised 36.1% of those with thyrotoxicosis-associated cardiac admissions. The 141 

prevalence of thyrotoxicosis within Māori admitted with cardiac ischaemic, heart failure and 142 

tachyarrhythmia was higher than that seen in non- Māori with the same diagnoses, 143 

particularly in those under the age of 65 (overall 46.7 per 10,000 admissions vs. 20.6 per 144 

10,000 admissions; aged 65 and under prevalence rate ratio 1.1 [95% CI 0.1, 4.5; p 0.8573]; 145 

aged over 65 prevalence rate ratio 2.3 [95%CI 1.0, 4.9; p0.0271]). Māori admitted with 146 

thyrotoxicosis-associated cardiac disease were younger than non-Māori (median age 56.5 vs. 147 

65.5 years, p=0.003) and presented with less dysrhythmia and more cardiac failure (53.9% vs. 148 

71.7%, p=0.126 and 57.7% vs. 26.1%, p=0.008 respectively, Figure 1). There was no 149 

difference in severity of thyrotoxicosis between Māori and non-Māori (p=0.568) unless 150 

patients with AIT were excluded.  AIT accounted for 11/16 cases of severe thyrotoxicosis in 151 

non-Māori whereas Māori were no more likely to have AIT than expected for the population 152 

demographics (3/19 Māori). 153 

 154 

155 
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Discussion 156 

 157 

Admissions for cardiac complications of thyrotoxicosis were relatively infrequent, averaging 158 

just less than one admission per month compared to 368 monthly cardiac admissions over the 159 

same time period. Amongst admissions for cardiac conditions that were potentially 160 

thyrotoxicosis-related (cardiac ischaemia, tachyarrhythmias and heart failure) the prevalence 161 

of thyrotoxicosis was 25.0 per 10,000 admissions. Tachyarrhythmias were the most common 162 

thyrotoxicosis-associated cardiac admissions but over one-third of hyperthyroid patients 163 

admitted had heart failure and almost one-quarter experienced an acute ischaemic cardiac 164 

event. In 23.6% of patients more than one of these cardiac complications were present. 165 

Approximately one-third of the cases of thyrotoxicosis were iatrogenic with over one-quarter 166 

of the cohort having amiodarone-induced thyrotoxicosis. This is a much higher proportion of 167 

amiodarone-induced thyrotoxicosis than would normally be expected in a general thyrotoxic 168 

cohort and is likely to reflect the underlying cardiac disease in this cohort. Interestingly, while 169 

often considered relatively benign, levothyroxine over-replacement comprised almost 7% of 170 

the thyrotoxic cohort, particularly affecting older non-Māori and all had tachyarrhythmias 171 

(atrial fibrillation or ventricular tachycardia). 172 

 173 

From this retrospective study, Māori appear to have a greater burden of disease than non- 174 

Māori when admitted with thyrotoxicosis-associated cardiac disease. Māori patients were 175 

younger when compared with non-Māori, reflective of the Māori population demographic, 176 

although there was no difference in severity of thyrotoxicosis between the two groups. In 177 

addition, the type of cardiac involvement differed between the two groups with Māori patients 178 

more commonly experiencing cardiac failure than non-Māori. This parallels the known 179 

increased rate of admissions for heart failure in Māori as compared to non-Māori [7], which 180 

was also seen within this study period. 181 

 182 

A significant limitation of this study is that being retrospective, the reasons for the ethnic 183 
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disparity could not be identified. Possible contributors to these ethnic differences include the 184 

concepts that both the cardiac and/or thyroid disease in Māori is more severe, or that Māori 185 

have higher rates of underlying cardiac disease, such as the known higher rate of rheumatic 186 

heart disease when they develop thyrotoxicosis, or that both conditions are more prevalent. It 187 

was not clear from the notes as to the duration of thyrotoxicosis prior to presentation, 188 

treatment duration, and whether the treatment of their thyrotoxicosis was optimal. The 189 

duration of untreated disease during initial work up of thyrotoxicosis is longer in Māori than 190 

non-Māori (unpublished observations) and barriers to care in other areas have been shown to 191 

contribute to more severe presentations and outcomes for Māori [10]. In addition, there are 192 

likely social factors contributing to the discrepancy. Māori are overrepresented in lower 193 

socioeconomic deciles [11], which reduces access to medical care. It is possible that a delay 194 

in receiving treatment, or under-treatment of thyrotoxicosis may result in a higher rate of 195 

cardiac dysfunction. 196 

 197 

This health disparity seen for Māori can also be adversely affected by other important 198 

comorbidities such as obesity, hypertension, rheumatic heart disease, metabolic syndrome and 199 

diabetes mellitus, also known to disproportionately affect Māori [12,13]. Prospective work in 200 

this area, accurately quantifying the disparity and reviewing the individual, social and 201 

healthcare factors that influence it, is needed to identify areas to make improvements.  202 

 203 

Current recommendations are to screen for hyperthyroidism in patients with atrial fibrillation. 204 

Given the potential role of thyrotoxicosis in heart failure, and the prevalence of 205 

thyrotoxicosis, particularly in Māori, noted in this study it might be suggested that these 206 

patients should also be assessed for hyperthyroidism. As this study is retrospective and notes 207 

based, it only illustrates the hyperthyroidism that was identified and coded, not what existed, 208 

as there may have been additional patients with undiagnosed thyrotoxicosis.  There is the 209 

potential to under-count thyrotoxicosis in this population, particularly in Māori if there was a 210 

bias in testing. This could be avoided with a well-designed prospective cohort study. 211 
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Interestingly, there were no cases of thyrotoxicosis in any of the other cardiac diagnoses 212 

despite this group being almost 15,000 patients and a background prevalence of 213 

thyrotoxicosis in our community of 0.2% [14]. This suggests that a significant number of 214 

cases of thyrotoxicosis were missed in these cardiac patients. This is important as not only is 215 

thyrotoxicosis very treatable, but thyrotoxicosis is also associated with an increased risk of 216 

cardiovascular mortality [15]. In addition, development of a euthyroid state should be 217 

expected to improve the cardiac status. 218 

  219 

Conclusions 220 

Māori are over-represented amongst patients admitted with cardiac complications of 221 

thyrotoxicosis and more often present with cardiac failure than non-Māori. Measurement of 222 

thyroid function should be considered in patients presenting not only with atrial fibrillation 223 

but patients presenting with cardiac failure, particularly if they are Māori. Further work is 224 

needed to understand this disparity, determine whether it also occurs in other indigenous 225 

populations and identify effective interventions.  226 
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Table 1. Characteristics of patients with thyrotoxicosis-associated cardiac admissions 277 

Median age (range)  59.5 (23-88) 

Gender Female 48 (66.7%) 

Ethnicity Māori 26 (36.1%) 

Non-Māori 46 (63.9%) 

Median length of stay (range)  5 days (0-30) 

- Māori 5 (1-23)                     p=0.6334 

- Non- Māori 5 (0-30) 

Thyrotoxicosis cause Graves’ disease 25 (34.8%) 

AIT 19 (26.4%) 

TMNG 18 (25%) 

Thyroxine 5 (6.9%) 

Other 5 (6.9%) 

Cardiac diagnosis
a
 Tachyarrhythmia 47/72 (65.3%) 

- Māori 14/26 (53.8%)           p=0.126
b
 

- Non- Māori 33/46 (71.7%) 

Heart failure 27/72 (37.5%) 

- Maori 15/26 (57.7%)           p=0.008
b
 

- Non-Maori 12/46 (26.1%) 

Cardiac ischaemia 16/72 (22.2%) 

- Maori 5/26 (19.2%)             p=0.646
b
 

- Non-Maori 11/46 (23.9%) 

Severity of thyrotoxicosis 

FT4 (RR 12-22 pmol/L) 

Mild 

- FT4 <30 pmol/L 

28/72 (38.9%) 

- Māori 8/26 

- Non- Māori 20/46 

Moderate 

 - FT4 31-50 pmol/L 

17/72 (23.6%) 

- Māori 7/26                              p=0.543 

- Non- Māori 10/46 

Severe 

- FT4 >51 pmol/L 

27/72 (37.5%) 

- Māori 11/26                    

- Non- Māori 16/46 
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AIT = amiodarone-induced thyrotoxicosis; TMNG = toxic multinodular goitre; FT4 = free thyroxine level; RR = reference range; 
a
Patients may have more 278 

than one diagnosis so total adds up to more than the total number of patients. 
b
Bonferroni adjustment used to recognise multiple diagnoses, p<0.017 used to 279 

reject the null hypothesis. 280 

 281 
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Figure Legends 285 

 286 

Figure 1. Percentage of patients presenting with tachyarrhythmia, heart failure or cardiac 287 

ischaemia, by ethnicity 288 
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