
2574-0954 Copyright © 2024 The Author(s). Published by Wolters Kluwer Health, Inc. DOI: 10.1097/XCE.0000000000000299

Original article 1

Thyroid dysfunction and mortality in cardiovascular 
hospitalized patients
Meir Frankela,c, Feras Bayyab,c, *, Gabriel Muntera,c, Arik Wolakb,c, Lior Tolkina,c, 
Orit Barenhoz-Goultschina,c, Elad Asherb,c and Michael Gliksonb,c

Background Thyroid dysfunction (TD) is associated 
with increased cardiovascular morbidity and mortality. 
Early detection may influence the clinical management.

Objective To determine the prevalence, predictors, 
and prognostic value of TD among hospitalized cardiac 
patients.

Methods A retrospective analysis of a 12-year 
database consisting of nonselectively adult patients 
admitted to a Cardiology Department and who were all 
screened for serum thyroid-stimulation-hormone (TSH) 
levels . Statistical analysis of demographic and clinical 
characteristics, mortality and length of hospital stay (LOS) 
was performed.

Results A total of 14369 patients were included in 
the study; mean age was 67 years, 38.3% females. 1465 
patients (10.2%) had TD. The most frequent type of 
TD was mildly elevated TSH (5.4%) followed by mildly 
reduced TSH (2.1%), markedly elevated TSH (1.5%), and 
markedly reduced TSH (1.2%). Female gender, history of 
hypothyroidism, heart failure, atrial fibrillation, renal failure 
and amiodarone use were significantly associated with TD. 
During follow-up 2975 (20.7%) patients died. There was 
increased mortality in the mildly reduced TSH subgroup 
(hazard ratio [HR] =1.44), markedly elevated TSH 

subgroup (HR=1.40) and mildly elevated TSH subgroup 
(HR=1.27). LOS was longer for patients with TD; the 
longest stay was observed in the markedly elevated TSH 
subgroup (odds ratio=1.69).

Conclusion The prevalence of TD in hospitalized 
cardiac patients is 10.2%. TD is associated with an 
increased mortality rate and LOS. Consequently, routine 
screening for thyroid function in this population is 
advisable, particularly for selected high-risk subgroups. 
Future studies are needed to determine whether 
optimizing thyroid function can improve survival in these 
patients. Cardiovasc Endocrinol Metab 13: 1–8 Copyright 
© 2024 The Author(s). Published by Wolters Kluwer 
Health, Inc.
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Introduction
Thyroid dysfunction (TD) is associated with an increased 
risk of cardiac arrhythmias, atherosclerotic vascular dis-
ease, and heart failure (HF) [1,2]. It has also been associ-
ated with a higher risk of premature morbidity and death 
[3–7] as well as with an increased incidence of CV risk 
factors such as hypertension, diabetes, and dyslipidemia 
[8,9]. Moreover, TD is now recognized as a CV risk factor 
[10]. Thus, undiagnosed TD may constitute additional 
risk in patients predisposed to cardiovascular diseases 
(CVDs). Accordingly, screening CVD high-risk patients 

for TD and treating them accordingly, seems to be jus-
tified [10].

Despite the frequent occurrence of CVD comorbidities 
in patients with TD, few studies have assessed the level 
of thyroid hormones in the general cardiac population 
at acute admittance. Moreover, the prevalence of TD 
among the population varies in different studies and can 
be influenced by several factors such as age, sex, ethnic-
ity, and iodine status [11]. It is estimated that the preva-
lence of TD globally is approximately 5% [12]. Data on 
the incidence of TD in Middle Eastern countries is lim-
ited [13].

To address this gap, we analyzed medical records of all 
hospitalized cardiac patients in a single tertiary medical 
center in Jerusalem, Israel, over 12 years. We sought to 
investigate the prevalence of TD and its association with 
CVD and other risk factors. We also sought to investi-
gate whether the thyroid stimulation hormone (TSH) 
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level on admission has a predictive value for long-term 
outcomes.

Materials and methods
Study population
This study was a single-center retrospective cohort 
study of consecutive adult patients who were admitted 
to the Cardiology Department and Cardiac ICU (CICU) 
of Jesselson Integrated Heart Center at Shaare Zedek 
Medical Center (SZMC), Jerusalem, Israel, over a 12-year 
period from 1 January 2005 to 1 May 2017.

The study was approved by the Institutional Ethical 
Committee of SZMC (Application number: 0035-
19-SZMC) at Jerusalem, Israel (Chairperson Prof A. 
Steinberg) on 26 February 2019.

The Statistical Package for the Social Sciences (SPSS) 
software (IBM, Armonk, NY) was used to analyze the 
medical records of patients ≥18 years of age who were 
acutely admitted during the study period. Patients were 
excluded from the analysis if the TSH data was missing. 
For patients who were admitted more than once over 
the study period, only the first admission was included 
in the analysis. The flowchart in Supplementary Figure 
S1, Supplemental digital content 1, http://links.lww.com/
CAEN/A56 shows the process followed to select and cate-
gorize the study population.

Data collection and outcomes
Data on demographic characteristics, medical history, 
conventional CV risk factors, medications, laboratory 
test results, and TSH measurements, were collected for 
analysis. In addition, the length of stay (LOS) in hospi-
tal, discharge diagnoses and procedures were abstracted 
from the discharge summaries of the patients’ electronic 
medical records by a single investigator. The primary 
admission diagnoses could not be determined. Data on 
survival after discharge from January 2005 to May 2017 
were derived from the National Population Registry of 
the Israel National Statistical Office by using unique 
identifiers.

Measurement and definitions of thyroid function
As part of the routine clinical procedure, the level of 
TSH was measured in blood collected on the day after 
admission. Free thyroxine (fT4) and free triiodothyro-
nine (fT3) were measured only in those patients with a 
markedly abnormal level of TSH or if the measurements 
were requested by the treating physician or senior endo-
crinologist. Serum TSH, fT4 and fT3 were measured by 
chemiluminescence immunoassay using the Architect 
i2000SR immunoassay analyzer. The reference values 
were 0.35–5.0 mIU/L for TSH, 0.7–1.48 ng/dl for fT4 and 
1.71–3.71 pg/ml for fT3.

In clinical routine, screening is frequently performed 
using TSH only [14]. Therefore, the patients were 

categorized retrospectively into five subgroups based on 
TSH level at admission as follows: normal TSH (0.35–5.0 
mIU/L), markedly reduced TSH (≤ 0.1 mIU/L), mildly 
reduced TSH (0.1 < TSH < 0.35 mIU/L), mildly elevated 
TSH (5.0 < TSH < 10.0 mIU/L), and markedly elevated 
TSH (> 10.0 mIU/L).

Statistical analysis
Using SPSS, baseline characteristics and outcomes 
including LOS and mortality rate were reported in num-
ber and percentage for categorical variables and in mean 
± SD or median (interquartile range [IQR]) for continu-
ous variables. Continuous variables were compared using 
one-way analysis of variance or the Kruskal–Wallis test, 
and the categorical variables were compared using the 
chi-square test. The TSH levels were analyzed as contin-
uous variables after natural logarithmic transformation to 
normalize distribution.

Stepwise multivariate logistic regression analysis was 
used with the normal TSH subgroup as the reference to 
calculate the odds ratio (ORs) to identify demographic 
and clinical factors associated with abnormal TSH level 
(TSH < 0.35 or > 5.0 mIU/L) and to examine the associ-
ation between prolonged LOS (defined as > 5 days) and 
TSH level. The regression model included variables that 
showed statistical significance or that were known to be 
clinically relevant such as age, sex, smoking status (current 
or previous), chronic kidney disease (CKD) and presence 
of diabetes (DM), dyslipidemia, pacemaker/implantable 
cardioverter defibrillator (ICD)/cardiac resynchroniza-
tion therapy (CRT), amiodarone use, levothyroxine use, 
hypertension (HTN), myocardial infarction (MI), HF 
and atrial fibrillation/flutter (AF). Results were presented 
as adjusted ORs (AdjORs) at a 95% confidence interval 
(CI). Long-term survival was estimated by Kaplan–Meier 
analysis, and differences in survival were assessed using 
the log-rank test. The Cox proportional hazards model 
was used to estimate the hazard ratio (HR) of each TD 
subgroup. The HRs were adjusted for the same clinically 
relevant covariates mentioned above, using normal range 
TSH as the reference. All analyses were two-tailed. A 
value of P < 0.05 was considered statistically significant.

Results
There were 31 909 acute admissions to the Cardiology 
Department and CICU between 1 January 2005 to 1 May 
2017. Among them, 14369 met the inclusion criteria.

Baseline characteristics
Table 1 shows the baseline characteristics of the study 
population as a whole and by TSH subgroup. The mean 
(± SD) age was 67 ± 15 years, 38.3% of patients were 
women and 48.5% were older than 70 years. The mean 
(median) level of TSH at admission was 2.42 (3.54) 
mIU/L.
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A total of 12 904 (89.8%) individuals had a TSH level 
within the normal range and 1465 (10.2%) had TD. 
Among the 1465 patients with TD, the mildly elevated 
TSH subgroup was the largest (n = 776; 5.4%) followed 
by the mildly reduced TSH (n = 303; 2.1%), markedly 
elevated TSH (n = 220; 1.5%) and markedly reduced 
TSH (n = 166; 1.2%) subgroups.

Table 1 shows that compared with the reference group 
(normal TSH of 0.35–5.0 mIU/L), patients with TD were 
more likely to be female (P < 0.001), older than 70 years 
(P < 0.001), to have a history of smoking (P < 0.001), 
essential HTN (P = 0.03), dyslipidemia (P = 0.01), HF 
(P < 0.001), AF (P < 0.001), pulmonary hypertension 
(P < 0.001), CKD (P < 0.001) and cardiac pacemaker/
ICD/CRT (P < 0.001). TD patients were also more likely 
to be taking levothyroxine or amiodarone (P < 0.001).
On the other hand, no significant association was found 
between TD and a history of coronary artery disease 
(CAD), DM or stroke/transient ischemic attack.

The data analysis also revealed that a small num-
ber of patients were taking other medications than 
Amiodarone and thyroid preparations that could inter-
fere with thyroid function tests, namely, glucocorti-
coids (n = 264; 1.9%), carbamazepine (n = 65; 0.5%), 

phenytoin (n = 23; 0.2%), and lithium (n = 14; 0.1%). 
In addition, a small number of patients had supraven-
tricular tachycardia (n = 207; 1.5%) or ventricular tach-
ycardia/fibrillation (n = 168; 1.2%). However, due to the 
small numbers, the differences between the subgroups 
were statistically insignificant For other related clinical 
and laboratory characteristics see Supplementary Table 
S1, Supplemental digital content 2, http://links.lww.com/
CAEN/A57.

Figure 1 shows the levels of TSH by age group (≤ 50, 
51–60, 61–70 and > 70 years). It can be seen that there 
was a significant increase in TSH level with increas-
ing age, with a higher prevalence of TD in patients 
aged > 70 years compared to those aged < 70 years 
(P < 0.001), particularly among the markedly elevated 
TSH subgroup.

The association between thyroid dysfunction and 
cardiovascular diseases
Table 2 shows the results of the multivariate logistic 
regression analysis performed to identify the associa-
tions between an abnormal TSH level (TSH < 0.35 or 
> 5 mIU/L) and clinical characteristics. After adjusting 
for potential confounders, female gender (OR = 1.25), 

Table 1  Baseline characteristics of study population by TSH level

Characteristic

Overall

TSH, mIU/L

P-value

Markedly 
reduced
(≤ 0.1)

Mildly reduced
(0.1 < TSH < 0.35)

Normal range
(0.35–5.0)

Mildly elevated
(5.0 < TSH < 10.0)

Markedly 
elevated
(> 10.0)

(n = 14369, 
100%) (n = 166, 1.2%) (n = 303, 2.1%)

(n = 12904, 
89.8%) (n = 776, 5.4%)

(n = 220, 
1.5%)

Demographics
  Age, (mean 67 ± 15), >70 years 6967 (48.5) 86 (51.8) 164 (54.1) 6126 (47.5) 457 (58.9) 134 (60.9) < 0.001
  Gender (female), n (%) 5504 (38.3) 84 (50.6) 120 (39.6) 4807 (37.3) 371 (47.8) 122 (55.5) < 0.001
Medical history, n (%)
  Smoking 4226 (29.4) 52 (31.3) 99 (32.7) 3867 (30) 162 (20.9) 46 (20.9) < 0.001
  Hypertension 9714 (67.6) 109 (65.7) 216 (71.3) 8675 (67.2) 557 (71.8) 157 (71.4) 0.03
  Diabetes 4838 (33.7) 56 (33.7) 122 (40.3) 4349 (33.7) 240 (30.9) 71 (32.3) 0.07
  Dyslipidemia 7463 (51.9) 65 (39.2) 155 (51.2) 6741 (52.2) 397 (51.2) 105 (47.7) 0.01
  Myocardial infarction 2551 (17.8) 27 (16.3) 55 (18.2)  2306 (17.9) 125 (19.1) 38 (17.3) 0.76
  PCI at admission 3535 (24.6) 30 (18.1) 62 (20.5)  3216 (24.9) 177 (22.8) 50 (22.7) 0.06
  Prior CABG 1458 (10.1) 21 (12.7) 37 (12.2) 1287 (10) 86 (11.1) 27 (12.3) 0.31
  Congestive heart failure 1717 (11.9) 24 (14.5) 54 (17.8) 1467 (11.4) 120 (15.5) 52 (23.6) < 0.001
  LV diastolic dysfunction 270 (1.9) 0 (0.0) 7 (1.5) 242 (1.9) 16 (2.1) 5 (2.3) 0.87
  Atrial fibrillation/flutter 4483 (31.6) 69 (43.4) 96 (30.8) 3874 (30.4) 341 (44.5) 106 (48.8) < 0.001
  Pulmonary hypertension 1953 (13.6) 27 (16.3) 51 (16.8) 1683 (13.0) 139 (17.9) 53 (24.1) < 0.001
  Chronic kidney disease 2050 (14.3) 19 (11.4) 66 (21.8) 1761 (13.6) 148 (19.1) 56 (25.5) < 0.001
  Peripheral arterial disease 536 (3.7) 4 (2.4) 14 (4.6) 477 (3.7) 30 (3.9) 11 (5.0) 0.64
  Stroke or transient ischemic attack 1274 (8.9) 17 (10.2) 34 (11.2) 1132 (8.8) 68 (8.8) 23 (10.5) 0.51
Admission medications, n (%)
  Levothyroxine 1276 (9.0) 21 (13.2) 43 (14.3) 917 (7.2) 212 (28.0) 83 (38.6) < 0.001
  Amiodarone 718 (5.1) 14 (8.8) 18 (6.0) 546 (4.3) 94 (12.4) 46 (21.4) < 0.001
  Beta blockers 2140 (15.2) 23 (14.5) 54 (17.9) 1905 (15.0) 126 (16.7) 32 (14.9) 0.49
  Mercaptizol 33 (0.2) 4 (2.5) 6 (2.0) 21 (0.2) 2 (0.3) 0 (0) < 0.001
  Presence of pacemaker/ICD/CRT 1492 (10.4) 0 (0.0) 56 (11.9) 1291 (10.0) 108 (13.9) 37 (16.8) < 0.001

Data are presented as means ± standard deviations or as median (interquartile ranges [IQRs]) for continuous variables and as numbers with proportions for categorical 
variables.
P-values are derived from one-way ANOVA models for continuous variables and from chi-square tests for categorical variables.
Valid cases for variables (n = 14369; 100%) with exception for medications (n = 14113; 98.2%).
A P-value of < 0.05 indicates a significant difference when compared with normal TSH level (0.3501–5.0 mIU/L).
CABG, coronary artery bypass graft; CRT, cardiac resynchronization therapy; ICD, implantable cardioverter defibrillator; LV, left ventricle; PCI, percutaneous coronary 
intervention; TSH, thyroid stimulating hormone.
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levothyroxine use (OR = 3.55), amiodarone use 
(OR = 1.96), history of HF (OR = 1.28), AF (OR = 1.24), 
and CKD (OR = 1.291) were significantly associated with 
abnormal TSH levels.

Outcomes

Mortality rates based on TSH levels
Among the 14369 patients, 2975 (20.7%) died over a 
mean follow-up of 1012 days (quartiles: 415–2008 days). 
Supplementary Figure S2, Supplemental digital content 
1, http://links.lww.com/CAEN/A56 shows the Kaplan–Meier 
survival curves for mortality in the five TSH subgroups, 
with normal range TSH as the reference. It can be seen 
that there were significant differences in mortality among 
the five subgroups with the markedly elevated TSH 
group having the worst prognosis (P < 0.001; by the log-
rank test).

Table 3 shows the results of the multivariate logistic 
regression model, which was adjusted for age, sex, smok-
ing, CKD, presence of DM, dyslipidemia, pacemaker/
ICD/CRT, amiodarone use, levothyroxine use, CVD, 
HTN, MI, HF, and AF, with normal range TSH as the 
reference. The analysis revealed a statistically significant 
highest mortality rate with mildly reduced TSH sub-
group (HR = 1.44), followed by the markedly elevated 
TSH subgroup (HR = 1.40) and the mildly elevated 
TSH subgroup (HR = 1.27). Furthermore, the markedly 
reduced TSH had a lower mortality rate (HR = 0.79) 
than the normal TSH subgroup. However, this result 
was NS.

Length of hospital stay based on TSH level
The median LOS was 5 days (IQR 4–7 days). Figure 2 
shows the association between LOS and TSH level. It 
can be seen that the markedly elevated subgroup had 
the longest LOS (9.2 ± 8.05 days) followed by the mildly 
reduced TSH subgroup (8.1 ± 8.8 days).

In multivariate logistic regression for the association 
between prolonged LOS (> 5 days) and TSH level, 
there was an association between TD and prolonged 
LOS, with the longest LOS among those with markedly 
elevated TSH (adjOR = 1.69), followed by those with 
mildly reduced (adjOR = 1.38) and mildly elevated TSH 
(adjOR = 1.18). A markedly reduced TSH had no signif-
icant impact on prolonged LOS (Supplementary Table 
S2, Supplemental digital content 2, http://links.lww.com/
CAEN/A57).

Discussion
TD is common in the general population and the heart 
is a major target for thyroid hormone action. The most 
important findings of the study are: (a) TD prevalence 
is 10.2% in critically ill patients admitted to the cardiol-
ogy department and CICU; (b) cardiac patient subgroups 
with a particularly increased incidence of TD, include 
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Fig. 1

TSH distribution by age group.

Table 2  Associations between abnormal TSH levels and patient 
characteristics by multivariate logistic regression model

Covariate AdjOR 95% CI for OR P-value

Age, >70 years 1.00 0.99–1.01 0.01
Gender (female) 1.25 1.09–1.41 0.001
Smoking 1.01 0.88–1.17 0.88
Hypertension 0.95 0.83–1.09 0.49
Diabetes 1.02 0.90–1.16 0.72
Dyslipidemia 0.85 0.76–0.96 0.01
Myocardial infarction 1.17 1.00–1.37 0.047
Congestive heart failure 1.28 1.09–1.50 0.003
Atrial fibrillation/flutter 1.24 1.09–1.41 0.001
Renal failure 1.29 1.10–1.50 0.001
Presence of pacemaker/ICD/CRT 1.14 0.96–1.36 0.14
Levothyroxine use 3.55 3.07–4.11 < 0.001
Amiodarone use 1.96 1.60–2.41 < 0.001

Notes: Adjusted for age, sex, smoking, hypertension, diabetes, dyslipidemia, 
myocardial infarction, congestive heart failure, atrial fibrillation/flutter, renal failure, 
presence of pacemaker/ICD/CRT, levothyroxine use, and amiodarone use.
Abnormal TSH level defined as TSH < 0.35 or >5 mIU/L.
Significance level defined as P < 0.05 at 95% CI.
AdjOR, adjusted odds ratio; CI, confidence interval; CRT, cardiac resynchroniza-
tion therapy; ICD, implantable cardioverter defibrillator; TSH, thyroid stimulating 
hormone.
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females, patients with HF, CKD or AF, and patients taking 
amiodarone or levothyroxine; (c) TSH at admission was a 
predictor of mortality and LOS in these patients, and the 
association was independent of traditional risk factors.

There is a huge variability in the epidemiology of TD 
worldwide [11]. The National Health and Nutrition 
Examination Survey III identified a prevalence of 4.6% 
and 1.3% for hypothyroidism and hyperthyroidism, 
respectively [15]. The Framingham study reported that 
13.6% of women older than 60 years have TSH concen-
trations above 5.0 mIU/L [16]. A study in Israel evaluat-
ing 422 242 outpatients reported a TD prevalence of 5% 
[17], while another study in Israel assessing 17 440 indi-
viduals (average age 83 years, majority women) reported 
a higher prevalence of TD at 14.3%, 11% with subclin-
ical hypothyroidism [18]. However, these studies used 
population-based samples. It is well known that both 
TD and CVD are common in the aging population and 
often coexist in the same individual. Lervasi et al. inves-
tigated 3121 patients admitted with acute forms of CVD 
and reported a prevalence of subclinical hypothyroidism 
(6.6%), subclinical hyperthyroidism (3.1%), and low T3 
(29.2%) [19]. In a study among 963 patients with dilated 
cardiomyopathy, 7.1% had subclinical hyperthyroidism, 
84.7% had euthyroidism, and 8.2% had subclinical hypo-
thyroidism [20]. In our study, we found that almost half of 
the patients with TD were aged > 70 years, and there was 

Table 3  Hazard ratios for mortality rate by TSH level according to 
multivariate survival analysis

TSH subgroup No. of deaths (%) AdjHR
95% CI for 

HR P-value

Normal TSH 2531/12904 
(19.6%)

Refer-
ence

Reference

Thyroid dysfunction
  Markedly reduced TSH 41/166 (24.7%) 0.79 0.58–1.08 0.14
  Mildly reduced TSH 100/303 (35%) 1.44 1.18–1.75 < 0.001
  Mildly elevated TSH 206/776 (26.5%) 1.27 1.09–1.46 < 0.001
  Markedly elevated TSH 91/220 (41.4%) 1.40 1.13–1.74 < 0.001

Each predictor was separately entered in a Cox regression model, adjusted for 
age, sex, smoking, hypertension, diabetes, dyslipidemia, myocardial infarction, 
congestive heart failure, atrial fibrillation/flutter, renal failure, presence of pace-
maker/ICD/CRT, levothyroxine use, and amiodarone use.
Cox survival analysis was taken with the normal range TSH (0.3501–5.0) as the 
reference group.
Significance was defined as P < 0.05 at 95% CI.
AdjHR, adjusted hazard ratio; CI, confidence interval; TSH, thyroid stimulating 
hormone.

Fig. 2

Length of hospital stay (LOS) by TSH level. Notes: Multivariate analysis was taken with the normal range TSH (0.3501–5.0) as the reference group. 
Adjusted for age, sex, hypertension, smoking, hypertension, diabetes, dyslipidemia, myocardial infarction, congestive heart failure, atrial fibrillation/
flutter, renal failure, presence of pacemaker/ICD/CRT, levothyroxine use and amiodarone use. *Significant difference between this group and the 
reference group. Significance was defined as P < 0.05.
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an age-related increase in TD prevalence. Furthermore, 
TD was more common in women, and a mildly elevated 
TSH level was the most frequent dysfunction (5.4%). 
Our findings support previous evidence that TD is a 
common condition and is particularly prevalent in older 
women [21–23].

Several studies have examined the relationship between 
thyroid function and the incidence of CVD and its risk 
factors [1–9]. Among the many known comorbidities and 
risk factors, our study identified female sex, a diagnosis 
of HF, CKD or AF, amiodarone and levothyroxine usage 
as significantly associated with abnormal TSH levels. 
Furthermore, the associations remained statistically sig-
nificant even after adjusting for the baseline CV risk pro-
files. This observation is in accordance with other studies 
showing a strong correlation between TD and these var-
iables [24–30].

Previous studies on the association of TSH levels 
with the incidence of CAD and stroke found conflict-
ing findings. Some studies showed that there is an 
increased incidence of CAD and stroke In patients with 
TD [4,5,31–34], others did not [35–38]. In our study, 
we failed to find a statistically significant association 
between the incidence of CAD or stroke with TD. 
Concordant with our study, Mendelian randomization 
studies found no indication of an association between 
TD and CAD [35,37]. Langen et al. [37] found no associ-
ation between hyperthyroidism or hypothyroidism with 
stroke. Furthermore, the meta-analysis by Møllehave 
et al. [38] found no evidence of a harmful effect of 
decreased or increased TSH on CAD or stroke in the 
general population, as in our study.

In our study, we found an association between TSH and 
mortality. The highest mortality occurred among patients 
with mildly reduced TSH levels (0.1 < TSH < 0.35 
mIU/L). This is in good agreement with the results of 
recent updated meta-analyses which found an increased 
mortality risk in overt and subclinical hypothyroidism 
[32,39].

With respect to decreased serum TSH levels, our 
study found that patients with overt hyperthyroid-
ism (TSH ≤ 0.1 mIU/L) had a lower mortality risk 
than those with normal TSH levels; however, these 
results were NS. These findings are surprising and 
may, at first, appear to be counterintuitive. Yet, inter-
estingly, these findings are consistent with studies that 
showed no association between overt hyperthyroidism 
and mortality [23,35,40–42]. In a study comparable to 
ours, Langen et al. [37] found no association between 
lower levels of TSH and mortality or CV morbidity 
among 5211 participants from the general population. 
Furthermore, a study by Qari et al. [43] that evaluated 
502 ICU patients found a lower mortality risk with 
TSH < 0.1 mIU/L compared to those with normal 

thyroid function. Conversely, Parle et al. [40] found an 
association between overt hyperthyroidism and the risk 
of total mortality in their large study. In another study 
by Collet et al., subclinical hyperthyroidism has been 
linked to an increased risk for total and CAD mortality 
[5].

In addition to mortality, our retrospective cohort study 
showed that baseline TSH had a U-shaped longitu-
dinal association with LOS. TSH levels higher than 
10 mIU/L are associated with a LOS. A potential rela-
tionship was observed for reduced TSH (< 0.1) but was 
diminished after adjusting to variables. There are only 
a few published articles which have investigated this 
association, our study supports these findings. A study 
by Omelyanenko et al. [44] evaluated 40 ICU patients 
with pneumonia and found that longer in-hospital stay 
was associated with higher TSH and lower fT4 values on 
admission. In contrary, Qari et al. [43] found that the ICU 
length of stay was the longest for hyperthyroid patients, 
while those with hypothyroidism had the shortest stay.

Strengths and limitations of the study
Our study has many strengths, including the use of a very 
large database, extensive statistical and sensitivity analy-
ses contributing to the validity of the data and a careful 
assessment of longitudinal outcomes.

It should be noted that this study has some limitations. 
First, the study is a retrospective analysis of data from 
a single medical center and is therefore subject to all 
the limitations that apply to this type of study. Second, 
TSH data was missing for some of the patients, possibly 
due to laboratory errors and incomplete or missing blood 
samples. Third, in this study population, TSH tests 
were performed at times of acute illness and this may 
have affected the laboratory results due to the impact 
of euthyroid sick syndrome (ESS), which is character-
ized mainly by low T3 levels with low or normal TSH 
levels. However, a close examination of patients with 
low TSH levels (< 0.1) tested for ft3 as well showed that 
only 3.3% had low free T3 levels (Supplementary Table 
S3, Supplemental digital content 2, http://links.lww.com/
CAEN/A57), suggesting that ESS cannot explain the 
majority of low TSH level results in this cohort. Fourth, 
this study focused mainly on the results of a single 
screening TSH test. Thus the number of patients whose 
thyroid function may have normalized spontaneously or 
progressed to overt hypothyroidism or hyperthyroidism 
is unknown. Finally, the lack of data regarding the spe-
cific cause of death renders it impossible to determine 
related mechanism.

Conclusion
This study revealed that among patients hospitalized 
with acute CVD, there is a prevalence of TD amounting 
to 10.2%. Notably, TD is more prevalent in patients with 

http://links.lww.com/CAEN/A57
http://links.lww.com/CAEN/A57
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a history of hypothyroidism, those undergoing levothy-
roxine treatment, females, individuals diagnosed with 
HF, AF, and CKD, as well as those receiving amiodarone 
therapy. Furthermore, cardiac patients with TD exhib-
ited poorer overall survival rates and longer hospital stays 
in comparison to individuals with normal TSH levels. 
These findings suggest that assessing TSH levels could 
serve as a potent tool for predicting mortality and deter-
mining the length of hospitalization in cardiac patients. 
Consequently, it is advisable for cardiology departments, 
particularly for high-risk groups, to consider implement-
ing routine screening for TD. This screening is both 
cost-effective and readily accessible, and further research 
is warranted to explore whether optimizing thyroid func-
tion can provide benefits to these patients.
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