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Summary

Objective: Globally, the prevalence of individuals with dementia is increasing, and identification of 

risk factors is of paramount interest. Using population-based registers, we evaluated whether 

hypothyroidism is a risk factor for dementia.

Design: Register-based cohort study.

Patients and Methods: Risk of dementia was evaluated in two cohorts. The DNPR cohort comprises 

111,565 hypothyroid patients, diagnosed between 1995 and 2012, and 446,260 euthyroid age and 

sex matched individuals (median follow-up 6.2 years). The OPENTHYRO cohort comprises 233,844 

individuals with at least one measurement of serum thyrotropin (TSH) between 1995 and 2011, of 

whom 2,894 had hypothyroidism (median follow-up 7.2 years). Primary outcome was dementia 

defined as an International Classification of Diseases 10 code, or prescription of medicine for 

dementia. 

Results: In the DNPR cohort, risk of dementia was significantly increased in subjects with 

hypothyroidism (HR 1.22; 95% CI: 1.17-1.27), which attenuated after adjusting for pre-existing 

comorbidity (HR 0.82; 95% CI: 0.79-0.86). Stratification of age into ≤ 56 and > 56 years showed an 

inverse relationship between age and risk of dementia (HR≤ 56 yrs. 2.03; 95% CI: 1.62-2.53 and HR> 56 
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yrs. 1.00; 95% CI: 0.96-1.05). In the OPENTHYRO cohort, the risk of dementia was significantly 

increased for each 6 months of elevated TSH (HR 1.12; 95% CI: 1.07-1.16).

Conclusions:  Hypothyroidism is associated with increased risk of dementia. The association is 

influenced by co-morbidity and age. Every 6 months of elevated TSH increased the risk of 

dementia by 12%, suggesting that also the length of hypothyroidism influences the risk of 

dementia.

Introduction

Hypothyroidism is a common chronic endocrine disorder, with a multifactorial aetiology, a lifetime 

risk of 2-3%1, and female preponderance2. Irrespective of its cause, hypothyroidism has repeatedly 

been linked to various somatic morbidities3, especially cardiovascular diseases4, as well as 

psychiatric morbidities5, including cognitive impairment6. Whether this increased burden of co-

morbidities also includes dementia is currently debated7. Some studies indicate an increased risk 

of Alzheimer’s disease (AD)8,9, and while others found no association to AD, a significantly higher 

risk of vascular dementia has been found in hypothyroid individuals (VD)10. Nonetheless, others 

failed to show any association between dementia and hypothyroidism11. To further complicate 

interpretation, it has been indicated that slightly elevated levels of thyrotropin (TSH) might be 

beneficial in the elderly12. Whether this potential antagonistic pleiotropic effect13 of the thyroid 

hormones is at play with respect to dementia is unknown. The conflicting data concerning the 

relation between hypothyroidism and dementia may depend on lack of statistical power but also 

variations in the definition of thyroid dysfunction and dementia. This is additionally complicated 

by the fact that both hypothyroidism and dementia comprise a cluster of different diagnoses with 

different aetiologies2,14. This by itself highlights the need of large-scale and long-term follow-up 

cohort studies using clinical operational definitions of both hypothyroidism and dementia. 

Based on the aforementioned, we hypothesized that hypothyroid individuals have an 

increased risk of dementia compared to euthyroid individuals. We utilized population-based 

Danish health registers to determine this potential association. In addition, having access to 

longitudinal biochemical data from a subpopulation allowed evaluation of the cumulative effect of 

elevated serum TSH and risk of being diagnosed with dementia.

Materials and methods
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Data sources

Data were collected utilizing various Danish health registers. The Danish Civil Registration System 

(DCRS) and the Danish Demographic Database (DDB) cover information on demographics and date 

of death of all persons living or having lived in Denmark from 196815. The Danish National Patient 

Registry (DNPR) and The Danish National Prescription Registry (DNPrR) cover information on 

diagnoses from hospital treatments (both in- and outpatient visits) and prescriptions of drugs in all 

persons in Denmark since 199515. All databases are hosted at Statistics Denmark. Further details of 

each database used in the present study are described elsewhere16. Due to a unique personal 

identification number, assigned to all persons living in Denmark, records can be linked across the 

databases at the level of the individual. 

In addition to the above-mentioned registers, we used the Odense Patient data 

Explorative Network Thyroid Status and Register Outcomes (OPENTHYRO) register cohort, which 

has been described in detail previously17. In summary, the OPENTHYRO cohort includes all 

individuals on the Island of Funen with a TSH measurement analysed at the Department of Clinical 

Biochemistry, Odense University Hospital, between 1 January 1995 and 1 January 2011. The 

participants were followed from their first-ever TSH determination until death or end of study (30 

November 2012). In this period, 275,467 individuals had at least one serum TSH measurement. 

Two cohorts were identified – the DNPR cohort and the OPENTHYRO cohort. In the DNPR cohort, 

we identified all hypothyroid patients evaluated within the secondary health care system in 

Denmark. This offered a cohort with a high number of cases with complete follow-up, at the 

expense of having no information on biochemical variables. In the OPENTHYRO cohort we 

identified hypothyroid patients evaluated within the primary health care system on the Island of 

Funen, Denmark. This offered a cohort of patients with biochemical verification of 

hypothyroidism, and information on duration of thyroid dysfunction, but at the expense of a lower 

number of patients. In both cohorts, we lacked information as to the severity of hypothyroidism 

(overt and/or subclinical) and the dose of levothyroxine. 

Definition and identification of hypothyroidism and dementia

All incident cases above the age of 18 with primary hypothyroidism diagnosed after December 31, 

1995 were eligible for this study. Excluded were individuals diagnosed with malignant thyroid 
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diseases, congenital hypothyroidism or pituitary hypothyroidism, represented by the International 

Classification of Diseases 10th revision (ICD-10) codes C73, E00.0-E00.9, E03.0-E03.1, E22.0-E22.9, 

E23.0-E23.7 and E24.0. Furthermore, hypothyroid individuals diagnosed with hyperthyroidism 

(defined by ICD-10: E05.0 to E05.9 ), or having filled prescriptions of antithyroid drugs (Anatomical 

Therapeutic Chemical Classification System (ATC)=H03B)), prior to the diagnosis of 

hypothyroidism, were excluded. Excluded were also individuals diagnosed with dementia before 

the diagnosis of hypothyroidism. If a hypothyroid individual was excluded due to dementia prior to 

a diagnosis of hypothyroidism, all corresponding matched reference individuals were excluded as 

well. In case of a reference individual being diagnosed with dementia before the index date (date 

of the diagnosis of hypothyroidism), this individual was excluded from further analyses. Table 1 

covers data sources and codes used in the identification and classification of individuals with 

hypothyroidism and the reference population.

In the DNPR cohort individuals were classified as hypothyroid if they had a ICD-10 

code for hypothyroidism (E03.9) in the DNPR or  at least two dispensed prescriptions of thyroid 

hormone (ATC = H03A),  recorded in the DNPrR. In all, 111,565 individuals with a diagnosis of 

hypothyroidism were identified and matched, 1:4 according to age and gender, with 446,260 non-

hypothyroid reference individuals. The reference individuals had to be alive on the index date of 

the hypothyroid individuals. All included individuals were followed prospectively from the index 

date until migration, death, a registered diagnosis of dementia in the DNPR or a relevant drug to 

treat dementia was dispensed and registered in the DNPrR, or December 31, 2013, whichever 

came first.

In the OPENTHYRO cohort individuals were classified as hypothyroid if they had a 

minimum of two consecutive elevated TSH values (>4.0mIU/L) within a period of 6 months from 

the first ever measurement, with at least 14 days between measurements. In all, we identified 

2,894 individuals with hypothyroidism. The reference population for the OPENTHYRO cohort 

included 230,950 individuals with initial TSH measurements within the reference range.

The identification of dementia was based on relevant ICD-10 codes and ATC codes 

(Table 1).

Pre-existing morbidity
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Pre-existing morbidity was evaluated by the Charlson Comorbidity Index (CCI) (Table 1) as 

described by Christensen et al.18.  For subjects with hypothyroidism and reference individuals, the 

CCI reflects the maximum CCI on the index-date. 

Statistical Analyses

Group frequencies were compared with the Pearson X2 test, whereas group means and medians 

were compared by a t-test and the Wilcoxon Rank Sum Test, respectively. In case of paired 

comparisons, the paired t-test was used. Significant differences were defined as a p-value below 

0.05, using two-tailed tests. All analyses were conducted using Stata version 16.0 (2013; Stata 

Corporation, College Station, TX, USA) and SAS version 9.4 (SAS Institute, Inc., Cary, NC, USA).

In the DNPR cohort, the risk of dementia was evaluated by a Cox Proportional Hazards 

regression model. Age was chosen as the underlying time variable. In both hypothyroid as well as 

reference individuals, person years of follow-up were accumulated from the index-date of the 

hypothyroid individual and terminated on the date of diagnosis of dementia, migration, death, or 

end of follow-up, whichever came first. All Cox Proportional Hazards model regression analyses 

were adjusted for the degree of pre-existing morbidity, using the CCI. In order to evaluate a 

potential effect of age, the data were stratified into being younger than or 56 years or older, 

corresponding to the median age at diagnosis of hypothyroidism. The assumption of proportional 

hazards was evaluated by the log-log plot of survival for each group within each used model, 

accepting that the proportionality assumption held if the plots did not cross.

As hypothyroidism is associated with increased mortality16, hypothyroid individuals, á 

priori, have a shorter observation period than the reference individuals and, at least theoretically, 

a lower risk of being diagnosed with dementia. To account for a potential influence of competing 

risk of death, the risk of dementia was re-evaluated by the competing risk regression model 

described by Fine and Gray19. 

Additionally, we performed a sensitivity analysis evaluating only cases diagnosed with 

dementia at least one year after the diagnosis of hypothyroidism, in order to take Berkson’s bias 

into account20. Berkson’s bias may be present when the diagnosis of one disease influences the 

risk of being diagnosed with another disease at the same time20. 
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For the OPENTHYRO cohort the TSH level as a time-dependent covariate was used. The 

number of 6-month periods with a TSH level > 4.0 mIU/L was incorporated as a cumulative time-

dependent covariate in a Cox Proportional Hazards regression model, thereby taking alterations in 

thyroid status over time into account. Any 6-month period in which no TSH measurement had 

been performed was considered a period with normal TSH.

Ethical considerations

The study has been approved by the Danish Data Protection Agency (project 704047).  

Results

Baseline characteristics

The baseline characteristics from the DNPR cohort are given in table 2A. Females comprised 82% 

of the included individuals and the median age at diagnosis of hypothyroidism was 56 years 

[interquartile range (IQR) 43-69]. Median time of follow-up was 6.2 years (IQR 3.1-10.4), 

corresponding to 747,906 person years of observation for the hypothyroid cohort and 3,068,041 

person years for the reference population. Overall, the hypothyroid individuals had a higher 

burden of pre-existing morbidity, as evaluated by CCI (Table 2A).

The baseline characteristics of the OPENTHYRO cohort are presented in table 2B. 

79.3% were females and the mean age at time of the first TSH measurement was 56.4 years (IQR 

42.6-69.2) for hypothyroid individuals and 50.3 years (IQR 36.4-64.2) for the reference population. 

Individuals were followed for a median of 7.2 years (IQR 4.3-10.6), corresponding to 22,461 person 

years of observation for the hypothyroid cohort and 1,703,167 person years for the reference 

population. The hypothyroid individuals and the reference population had similar burden of 

morbidity prior to the index date, as determined by CCI.

Risk of dementia in hypothyroid individuals in the DNPR cohort

Risk of dementia is summarized in table 3. The cumulative hazard estimates (risk of dementia, at a 

certain point in time) is shown in figure 1. Overall, there was a higher prevalence of dementia 

among hypothyroid individuals, as compared to the reference population (3.7% vs. 2.7%, p<0.001).  

The risk of dementia over time was significantly increased among the hypothyroid individuals 
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compared to the reference population (HR 1.22; 95% CI: 1.17-1.27), which did not change 

significantly after stratification for gender. Neither did adjusting for competing risk of death nor 

did Berkson’s bias change the risk estimates significantly. However, when adjusting for degree of 

pre-existing morbidity the association between hypothyroidism and dementia was significantly 

reduced (HR 0.82; 95% CI: 0.79-0.86).

Stratification of age of the cases into ≤ 56 and > 56 years demonstrated a higher 

prevalence of dementia in both age groups as compared with the reference population (0.3% vs. 

0.1%, p<0.001 and 5.4% vs 4.7%, p<0.001, in age groups ≤ 56  and >56 years old, respectively). 

There was a significantly higher risk of dementia among the younger hypothyroid individuals, 

which persisted after adjusting for CCI (HR 2.03; 95% CI: 1.62-2.53). Among the older individuals, 

there was an increased risk of dementia in the crude analysis (HR 1.21; 95% CI: 1.16-1.26) which 

regressed towards the null when adjusting for CCI (HR 1.00; 95% CI: 0.96-1.05). 

Although the risk estimates became imprecise, subdividing dementia into AD or VD 

yielded essentially similar results (Table 3). The cumulative hazard estimates stratified for age are 

shown in figure 2.

Effect of cumulative exposure to increased TSH

In the OPENTHYRO cohort the prevalence of dementia was higher among the hypothyroid 

individuals than among the reference population (3.7% vs. 2.7%, p < 0.001). Compared to the 

reference population, hypothyroid individuals demonstrated a significantly increased risk of being 

diagnosed with dementia for each 6 months of elevated TSH (HR 1.12; 95% CI: 1.07-1.16), which 

illustrates the effect of the cumulative exposure of elevated TSH. Due to lack of power, these data 

did not allow further stratification into gender, age or severity of hypothyroidism.

Discussion

The relationship between hypothyroidism and subsequent dementia is currently under debate. 

Based on population-based register data we found a significantly increased risk of dementia in 

patients with hypothyroidism. Unique to our investigation, we showed a 12% increased risk of 

dementia for each 6 months of TSH above 4.0 IU/L. Since the levels of thyroid hormones are 

important for the distribution of amyloid-β as well as of the regulation of the amyloid-β precursor 

A
u
th

o
r 

M
a
n
u
s
c
ri
p
t



This article is protected by copyright. All rights reserved

genes within the brain, both suggested contributing to the development of AD21, the observed 

association between hypothyroidism and dementia is biologically plausible. Furthermore, thyroid 

hormones regulate hippocampal function and neurogenesis which have been suggested as one 

explanation for the reduced learning ability, cognitive performance and memory function 

observed in patients with thyroid dysfunction22,23.  

A major strength of our study is the inclusion of two cohorts (DNPR and OPENTHYRO) 

with validated definitions of both hypothyroidism and dementia but with different ascertainment 

procedures, thereby limiting some of the shortcomings of other studies 8-11, 24. In the DNPR cohort, 

we identified all hypothyroid patients evaluated within the secondary health care system in 

Denmark. This offered a cohort with a high number of cases with complete follow-up, at the 

expense of having no information on biochemical variables. Therefore, we also included a cohort 

based on availability of biochemical data, including patients evaluated within the primary health 

care system on the Island of Funen (OPENTHYRO). This offered a cohort of patients with 

biochemical verification of hypothyroidism, and duration of thyroid dysfunction, but at the 

expense of a lower number of patients. By including patients and controls evaluated and managed 

in the primary (OPENTHYRO) as well as in the secondary health care system (DNPR), our study 

sample, unlike many other studies, covers the entire clinical spectrum of patients with 

hypothyroidism.

While our finding of an increased risk of dementia in overtly hypothyroid individuals 

is in line with the observations of George et al.24 other studies have been less clear. The 

Framingham Study, evaluating a slightly older study population with a mean age of 71, found an 

increased risk of AD associated with high TSH levels in women, but not in men8. In contrast, Chaker 

et al. failed to demonstrate an association between elevated levels of TSH and risk of dementia 

among individuals with a mean age of 6511. This discrepancy may be due to the fact that these 

studies only used a single point estimate of thyroid status8,11. Up to 50% of abnormal thyroid 

function tests will be normalized when re-tested after 3 months25. In the present study, the 

hypothyroid diagnoses were based on a relevant ICD-10 diagnosis or at least two prescriptions of 

levothyroxine in the DNPR-cohort, or at least two measurements of TSH > 4 MIU/l in the 

OPENTHYRO cohort, thereby reducing the risk of erroneous classification.
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Accepting that the influence of thyroid hormones on brain function may differ over a 

lifetime11, we performed sub-analyses stratifying for age at diagnosis.  The difference in the 

relative risk between the two groups, being younger or older than 56 years, was especially evident 

after adjusting for comorbidity. Thus, the increased risk of dementia persisted among individuals 

≤56 years, but went towards the null among persons >56 years of age. However, it is important to 

point out that the relative effect of hypothyroidism on the risk of a given disease decreases when 

the probability of the disease increases with age. In other words, the huge relative risk of 

dementia in the young is partly due to the otherwise very low probability of being diagnosed with 

dementia before the age of 56 years. This finding is in analogy with what has been observed with 

respect to risk of cardiovascular disease in diabetes26, where the absolute risk of cardiovascular 

events is increased by age, but the relative excess decreases by age.   Although our results are 

based on observational register data, making it impossible to make any firm conclusions regarding 

causality, this observation indicates that hypothyroidism is an independent modifiable risk factor 

for dementia in young persons, whereas the effect of hypothyroidism on dementia in older 

persons is diluted by the higher burden of comorbidity. Unfortunately, due to lack of power, we 

could not meaningfully stratify our biochemical data according to age. 

Hypothyroidism1 as well as dementia27 have multifactorial aetiologies, and represent 

a number of different diseases with distinct pathology and risk factors13. A wide range of 

environmental factors (e.g. smoking-, drinking- and physical activity-habits) are involved in the 

development of dementia27. Some of these factors have also been shown to influence the 

development of hypothyroidism28, implying that an association between the two could be due to 

common exposure(s). Hence, residual confounding may be present to some extent. However, 

since we have adjusted for lung and liver diseases, mirroring exposure to smoking and alcohol, 

respectively, the impact of this is most likely minimized. 

Surprisingly, we found a decreased risk of dementia in hypothyroid individuals after 

adjusting for pre-existing morbidity. A potential explanation could be an indirect link, driven by 

comorbidities such as cardiovascular disease or presence of unmeasured environmental exposures 

more or less accounted for in the CCI. As cardiovascular disease increases the risk of both 

hypothyroidism and dementia4,29, cardiovascular disease may actually act as a mediator of the risk 

between hypothyroidism and dementia. In other words, controlling for conditions that may occur 
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on the pathophysiological pathway for both hypothyroidism and dementia, may introduce 

excessive correction not in line with the study design. 

The present study has some limitations. First, the risk of Berkson’s bias, that is the 

diagnosis of one disease (dementia) leading to the risk of being diagnosed with another 

(hypothyroidism), is high in the present study, as according to current guidelines the diagnosis of 

dementia is based on excluding other causes of cognitive failure, such as hypothyroidism30. 

However, this was addressed and ruled out as a confounding factor by applying a 365 day 

censoring window demonstrating no significant influence on our findings. Second, we were unable 

to stratify our analyses according to overt versus subclinical hypothyroidism, and therefore cannot 

shed light on any potential relationship between degree of hypothyroidism and dementia. Third, 

we did not have statistical power to stratify for cause of hypothyroidism (autoimmune versus 

iatrogenic hypothyroidism, as induced by radioiodine therapy, thyroid surgery or treatment with 

amiodarone or lithium), which would have been of interest in order to discuss the specificity of the 

association. Fourth, all included patients were diagnosed with hypothyroidism but Information on 

treatment, including dose of thyroid hormone, is lacking. Thus it is impossible to explore whether 

treatment influences the risk of dementia in patients with hypothyroidism as has been suggested 

previously31. Fifth, the fact that both hypothyroidism and dementia are conditions that typically 

progress over time challenges our possibility to define the exact time of onset of disease. 

However, applying a 365 day censoring window did not significantly influence our findings 

indicating that the impact of this potential misclassification is negligible. Finally, register based 

research in general depends highly on correct diagnoses by the clinicians, and a potential high 

degree of misclassification would be a major limitation. However, the validity of the diagnoses of 

both the dementia syndrome and hypothyroidism have been evaluated in Denmark and shown to 

be high, and therefore found suitable for epidemiological research32,33. 

In conclusion, investigation of two large population based Danish cohorts of 

hypothyroid individuals demonstrate an increased risk of dementia associated with 

hypothyroidism. This association was influenced by pre-existing morbidity and age. However, even 

though pre-existing morbidity impacted our findings, a cumulative effect of elevated TSH on the 

risk of development of dementia.

A
u
th

o
r 

M
a
n
u
s
c
ri
p
t



This article is protected by copyright. All rights reserved

Declaration of interest

The authors declare that there is no conflict of interest that could be perceived as prejudicing the 

impartiality of the research reported.

Funding

The research did not receive any specific grant from any funding agency in the public, commercial 

or not-for-profit sector.

Author contributions

MT, FB, LF, MLJ, TB and LH designed the study. MT, FB, LF and MLJ carried out the calculations. All 

authors provided critical feedback and helped shape the research, analysis and manuscript.

Availability of data

The data that support the findings of this study are available on request from the corresponding 

author. The data are not publicly available due to privacy or ethical restrictions.

References

1. Brix TH, Kyvik KO, Hegedüs L. A population-based study of chronic autoimmune hypothyroidism 

in Danish twins. Journal of Clinical Endocrinology and Metabolism 2000 85 536-539. 

2. Carle A, Laurberg P, Pedersen IB, Knudsen N, Perrild H, Ovesen L, Rasmussen LB, Jorgensen T. 

Epidemiology of subtypes of hypothyroidism in Denmark. European Journal of Endocrinology 2006 

154 21-28. A
u
th

o
r 

M
a
n
u
s
c
ri
p
t



This article is protected by copyright. All rights reserved

3. Thvilum M, Brandt F, Almind D, Christensen K, Brix TH, Hegedus L. Type and extent of somatic 

morbidity before and after the diagnosis of hypothyroidism. a nationwide register study. PLoS One 

2013 8 e75789.

4. Lillevang-Johansen M, Abrahamsen B, Jorgensen HL, Brix TH, Hegedus L. Duration of over- and 

under-treatment of hypothyroidism is associated with increased cardiovascular risk. European 

Journal of Endocrinology 2019 180 407-416.

5. Thvilum M, Brandt F, Almind D, Christensen K, Brix TH, Hegedus L. Increased Psychiatric 

Morbidity Before and After the Diagnosis of Hypothyroidism: A Nationwide Register Study. Thyroid 

2014 24 802-808.

6. Osterweil D, Syndulko K, Cohen SN, Pettler-Jennings PD, Hershman JM, Cummings JL, 

Tourtellotte WW, Solomon DH. Cognitive function in non-demented older adults with 

hypothyroidism. Journal of American Geriatrics Society 1992 40 325-335.

7. Rieben C, Segna D, da Costa BR, Collet TH, Chaker L, Aubert CE, Baumgartner C, Almeida OP, 

Hogervorst E, et al. Subclinical Thyroid Dysfunction and the Risk of Cognitive Decline: a Meta-

Analysis of Prospective Cohort Studies. Journal of Clinical Endocrinology and Metabolism 2016 101 

4945-4954.

8. Tan ZS, Beiser A, Vasan RS, Au R, Auerbach S, Kiel DP, Wolf PA, Seshadri S. Thyroid function and 

the risk of Alzheimer disease: the Framingham Study. Archives of Internal Medicine 2008 168 

1514-1520.

9. Wandell P, Carlsson AC, Sundquist J, Sundquist K. Effect of Levothyroxine Treatment on Incident 

Dementia in Adults with Atrial Fibrillation and Hypothyroidism. Clin Drug Investig. 2019; 39:187-

195.

10. Brenowitz WD, Han F, Kukull WA, Nelson PT. Treated hypothyroidism is associated with 

cerebrovascular disease but not Alzheimer's disease pathology in older adults. Neurobiol Aging. 

2018; 62:64-71.

11. Chaker L, Wolters FJ, Bos D, et al. Thyroid function and the risk of dementia: The Rotterdam 

Study. Neurology. 2016; 87:1688-1695.

12. Gussekloo J, van Exel E, de Craen AJ, Meinders AE, Frolich M, Westendorp RG. Thyroid status, 

disability and cognitive function, and survival in old age. JAMA. 2004; 292:2591-2599.

A
u
th

o
r 

M
a
n
u
s
c
ri
p
t



This article is protected by copyright. All rights reserved

13. Austad SN, Hoffman JM. Is antagonistic pleiotropy ubiquitous in aging biology? Evol Med Public 

Health. 2018; 2018:287-294.

14. Hugo J, Ganguli M. Dementia and cognitive impairment: epidemiology, diagnosis, and 

treatment. Clin Geriatr Med. 2014; 30:421-442.

15. Thygesen LC, Daasnes C, Thaulow I, Bronnum-Hansen H. Introduction to Danish (nationwide) 

registers on health and social issues: structure, access, legislation, and archiving. Scand J Public 

Health. 2011; 39:12-16.

16. Thvilum M, Brandt F, Almind D, Christensen K, Hegedus L, Brix TH. Excess mortality in patients 

diagnosed with hypothyroidism: a nationwide cohort study of singletons and twins. J Clin 

Endocrinol Metab. 2013; 98:1069-1075.

17. Lillevang-Johansen M, Abrahamsen B, Jorgensen HL, Brix TH, Hegedus L. Excess Mortality in 

Treated and Untreated Hyperthyroidism Is Related to Cumulative Periods of Low Serum TSH. J Clin 

Endocrinol Metab. 2017; 102:2301-2309.

18. Christensen S, Johansen MB, Christiansen CF, Jensen R, Lemeshow S. Comparison of Charlson 

comorbidity index with SAPS and APACHE scores for prediction of mortality following intensive 

care. Clin Epidemiol. 2011; 3:203-211.

19. Fine JP, Gray RJ. A proportional hazards model for subdistribution of competing risk. J Am Stat 

Assoc. 1999; 94:496-509.

20. Berkson J. Limitations of the application of fourfold table analysis to hospital data. Biometrics. 

1946; 2;47-53.

21. Tan ZS, Vasan RS. Thyroid function and Alzheimer's disease. J Alzheimers Dis. 2009; 16:503-

507.

22. Kapoor R, Fanibunda SE, Desouza LA, Guha SK, Vaidya VA. Perspectives on thyroid hormone 

action in adult neurogenesis. J Neurochem. 2015; 133:599-616. 

23. Folkestad L, Brandt F, Lillevang-Johansen M, Brix TH, Hegedüs L. Graves' Disease and toxic 

nodular goiter, aggravated by duration of hyperthyroidism, are associated with Alzheimer's and 

vascular dementia: A registry-based long-term follow-up of two large cohorts. Thyroid. 2020; 

30:672-680. A
u
th

o
r 

M
a
n
u
s
c
ri
p
t



This article is protected by copyright. All rights reserved

24. George KM, Lutsey PL, Selvin E, Palta P, Windham BG, Folsom AR. Association Between Thyroid 

Dysfunction and Incident Dementia in the Atherosclerosis Risk in Communities Neurocognitive 

Study. J Endocrinol Metab. 2019; 9:82-89. 

25. Karmisholt J, Andersen S, Laurberg P. Variation in thyroid function in subclinical 

hypothyroidism: importance of clinical follow-up and therapy. Eur J Endocrinol. 2011; 164:317-323.

26. Hirakawa Y, Ninomiya T, Kiyohara Y, et al. Age-specific impact of diabetes on the risk of 

cardiovascular mortality: An overview from the evidence for Cardiovascular Prevention from 

Observational Cohorts in  theJapan Research Group (EPOCH-JAPAN). J Epidemiol. 2017; 27:123-

129. 

27. Beydoun MA, Beydoun HA, Gamaldo AA, Teel A, Zonderman AB, Wang Y. Epidemiologic studies 

of modifiable factors associated with cognition and dementia: systematic review and meta-

analysis. BMC Public Health. 2014; 14:643.

28. Brix TH, Hegedüs L. Twin studies as a model for exploring the aetiology of autoimmune thyroid 

disease. Clin Endocrinol (Oxf). 2012; 76:457-464.

29. Tariq S, Barber PA. Dementia risk and prevention by targeting modifiable vascular risk factors. J 

Neurochem. 2018; 144:565-581.

30. Waldemar G, Dubois B, Emre M, et al. Recommendations for the diagnosis and management of 

Alzheimer's disease and other disorders associated with dementia: EFNS guideline. Eur J Neurol. 

2007; 14:e1-26.

31. Correia N, Mullally S, Cooke G, et al. Evidence for a specific defect in hippocampal memory in 

overt and subclinical hypothyroidism. J Clin Endocrinol Metab. 2009; 95:3789-2797.

32. Phung TK, Andersen BB, Hogh P, Kessing LV, Mortensen PB, Waldemar G. Validity of dementia 

diagnoses in the Danish hospital registers. Dement Geriatr Cogn Disord. 2007; 24:220-228.

33. Thomsen AF, Kvist TK, Andersen PK, Kessing LV. Increased risk of affective disorder following 

hospitalisation with hyperthyroidism - a register-based study. Eur J Endocrinol. 2005; 152:535-43.

Table 1: Variables of exposure and outcome

Data source Codes Variables
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Exposure

DNPRa ICD-10b E03.2-E03.9

DNPrRc ATCd H03AHypothyroidism

OPENTHYROe - TSH contration

Primary outcome

DNPR ICD-10

F0.00-F0.02, 

F0.09-F0.13, 

F0.18-F0.20, 

F0.39, G3.00, 

G3.01, G3.08, 

G3.09

All cause dementia

DNPrR ATC

N06DA02-

N06DA04, 

N06DX01

Secondary outcomes 

DNPR ICD-10

F0.00-F0.02, 

F0.09, G3.00, 

G3.01, G3.08, 

G3.09Alzheimer’s disease

DNPrR ATC

N06DA02-

N06DA04, 

N06DX01

Vascular dementia DNPR ICD-10
F0.10-F0.13, 

F0.18-F0.19, 

Variables adjusted for

Charlson Comorbidity Index DNPR ICD-10

As described by 

Christensen et 

al.(18)

a The Danish National Patient Registry. bInternational Classification of Diseases 10th revision. cThe Danish National 

Prescription Registry. dAnatomical Therapeutic Chemical Classification System. eOdense Patient data Explorative 

Network Thyroid Status and Register Outcomes.A
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Table 2A: Participant characteristics in the DNPRa cohort

Hypothyroid individuals Reference individuals p-value

Number 111,565 446,260 -

Females (%) 91,891 (82) 371,224 (82) -

Median age at diagnosis (IQR) 55.8 (43.3-68.5) 55.8 (43.3-68.5) -

Median follow-up time (IQR) 6.0 (2.9-10.2) 6.2 (3.1-10.5) <0.001

Number with dementia (%)

Vascular dementia (%)

Alzheimer’s dementia (%)

Other dementia

4,110 (3.7)

379 (0.3)

823 (0.7b)

2,908 (2.5)

14,828 (3.3)

1281 (0.3)

3209 (0.7c)

10,338 (2.3)

<0.001

0.329

0.009

<0.001

Charlson Comorbidity Index = 0 (%) 18,909 (16.9) 178,260 (39.9) <0.001

Charlson Comorbidity Index = 1 (%) 39, 873 (35.7) 160,955 (36.1) 0.04

Charlson Comorbidity Index = 2 (%) 25,978 (23.3) 65,864 (14.8) <0.001

Charlson Comorbidity Index  3 (%) 26,805 (24.1) 40,576 (9.2) <0.001

Table 2B: Participant characteristics in the OPENTHYROd cohort

Hypothyroid individuals Reference individuals p-value

Number 2,894 230,950 -

Females (%) 2295 (79) 128,711 (55) < 0.001

Median age at first TSH-measurement (IQR) 56.4 (42.6-69.2) 50.3 (36.4-64.2) < 0.001

Median follow-up time (IQR) 7.6 (4.6-11.2) 7.2 (4.3-10.6) < 0.001

Number with dementia (%) 108 (3.7) 6,420 (2.7) 0.002

Charlson Comorbidity Index = 0 (%) 2,297 (79.4) 184,830 (80.3) 0.376

Charlson Comorbidity Index = 1 (%) 403 (13.9) 31,707 (13.7) 0.760

Charlson Comorbidity Index = 2 (%) 105 (3.6) 8,083 (3.5) 0.709

Charlson Comorbidity Index  3 (%) 89 (3.1) 6,330 (2.7) 0.274

a)The Danish National Patient Registry b) Round off from 0.74, c) Round off from 0.72, d) Odense Patient data 
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Explorative Network Thyroid Status and Register Outcomes
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Table 3: Hazard ratios with 95% confidence intervals for being diagnosed with dementia in patients with hypothyroidism, in the DNPRa cohort

Risk of dementia,  all types
Risk of Alzheimer’s disease Risk of vascular dementia

All Females Males All Females Males All Females Males

Crude 1.22(1.17-1.27) 1.21(1.16-1.26) 1.30 (1.18-1.43) 1.19 (1.09-1.30) 1.16 (1.05-1.28) 1.35 (1.09-1.67) 1.32 (1.16-1.51) 1.29(1.12-1.50) 1.46 (1-09-1.94)

Adjustedb 0.82(0.79-0.86) 0.82(0.79-0.86) 0.82(0.74-0.91) 0.87(0.79-0.95) 0.82(0.77-0.94) 0.96 (0.77-1.22) 0.71(0.62-0.82) 0.72(0.62-0.85) 0.96(0.77-1.22)

365 days 

censoring
1.05 (1.01-1.10) 1.05 (1.00-1.10) 1.07 (0.96-1.20) 1.02 (0.93-1.13) 1.01 (0.91-1.12) 1.09 (0.86-1.39) 1.11 (0.96-1.29) 1.11 (0.94-1.31) 1.14 (0.81-1.59)

 56 yrc 1.21 (1.16-1.26) 1.19 (1.14-1.25) 1.29 (1.17-1.42) 1.20 (1.10-1.31) 1.16 (1.05-1.28) 1.39 (1.12-1.73) 1.36 (1.19-1.55) 1.31 (1.12-1.52) 1.60 (1.20-2.13)

Adjustedb 

56 yr

1.00 (0.96-1.05) 1.00 (0.95-1.04) 1.03 (0.93-1.15) 1.05 (0.96-1.16) 1.02 (0.92-1.13) 1.23 (0.98-1.56) 0.91 (0.79-1.05) 0.89 (1.76-1.04) 0.99 (0.72-1.36)

<56 yr 2.69 (2.20-3.29) 2.46 (1.95-3.10) 3.58 (2.39-5.35) 1.65 (1.00-2.71) 1.56 (0.89-2.73) 2.08 (0.71-6.07) 0.90 (0.37-2.18) 1.34 (0.53-3.39) ed

Adjustedb 

<56 yr
2.03 (1.62-2.53) 1.79 (1.39-2.31) 2.90 (1.83-4.59) 1.34 (0.78-2.28) 1.27 (0.70-2.32) 1.49 (0.45-4.94) 0.42 (0.16-1.08) 0.67 (0.24-1.84) ed

Competing 

risk
1.12 (1.05-1.20) 1.21 (1.16-1.26) 1.30(1.18-1.43)

a) The Danish National Patient Registry, b) adjusted for Charlson Comorbidity Index, c) Years of age at diagnosis of hypothyroidism, d) Too few outcomes to perform Cox Proportional 
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Legends to figures

Legends figure 1.

Cumulative hazard estimates, comparing the hypothyroid individuals in the DNPR Cohort with the 

reference population. The cumulative hazard estimates depict the likelihood of having the event 

(dementia) at a given time. The data arise from the Nelson-Aalen cumulative hazard estimate 

model. The y-axis indicates the probability of dementia at a given analysis time (x-axis).

Legends figure 2.

Cumulative hazard estimates, comparing the hypothyroid individuals in the DNPR Cohort with the 

reference population, stratified for age. The cumulative hazard estimates illustrate the likelihood 

of having the event (dementia) at a given time. The data arise from the Nelson-Aalen cumulative 

hazard estimate model. The y-axis indicates the probability of dementia at a given analysis time (x-

axis). 
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