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Abstract

Background and Objective The possible adverse or positive effects of levothyroxine treatment among patients with atrial
fibrillation have been debated. Atrial fibrillation, levothyroxine treatment, and dementia are common among older adults,
yet little is known about the effects of levothyroxine on the development of dementia.

Methods The study population included all adults (n=12,057) aged > 45 years with a diagnosis of atrial fibrillation at 75
primary care centers in Sweden during 2001-2007 without an earlier recorded dementia diagnosis. Patients with a diagnosis
of hypothyroidism and levothyroxine prescription (n="756; 180 men and 576 women), or with a prescription without this
diagnosis (n=415, 100 men and 315 women), were compared to patients without a diagnosis and prescription (n =10,886).
Cox regression was performed, with hazard ratios and 95% confidence intervals, with outcome defined as dementia of all
causes until 31 December, 2010.

Results During a mean 5.7 years (standard deviation 2.4 years) of follow-up, a total of 749 patients with atrial fibrillation
(6.2%) were diagnosed with dementia. Women with hypothyroidism and a levothyroxine prescription showed lower hazard
ratios (0.61; 0.41-0.90) in adjusted Cox regression models (age, socioeconomic factors, co-morbidity, and warfarin treat-
ment). Levothyroxine prescription without hypothyroidism was non-significant.

Conclusions We found that women with atrial fibrillation with levothyroxine treatment and hypothyroidism have a lower
risk of incident dementia than women with atrial fibrillation without levothyroxine treatment and no hypothyroidism. The
results should be confirmed in larger studies.

Electronic supplementary material The online version of this

article (https://doi.org/10.1007/s40261-018-0740-3) contains

supplementary material, which is available to authorized users.
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incident dementia than those without this treatment and
diagnosis.

The effect in women with levothyroxine treatment and
hypothyroidism was further exaggerated when removing
the youngest and oldest women from the analyses.

Levothyroxine without a diagnosis of hypothyroidism
showed no effect on incident dementia.
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1 Introduction

Earlier research regarding thyroid function and demen-
tia has shown conflicting results. In a review from The
Swedish Council on Health Technology Assessment in
Health Care, the conclusion was that there is lack of evi-
dence of the association between the cognitive impair-
ment due to disturbed thyroid function and the devel-
opment of dementia [1]. As dementia is not a single
diagnosis but rather a cluster of different diagnoses with
somewhat different risk factor patterns, a clear summary
of the research field is rather difficult, with some contra-
dictory findings. However, risk factor patterns are similar
between different types of dementia [2]. One older study
found hypothyroidism to be more common in patients
with Alzheimer’s dementia (AD) compared with those
without this diagnosis [3], while another found subclini-
cal hyperthyroidism but not subclinical hypothyroidism
to be associated with an increased risk of dementia [4,
5]. A recent study found hypothyroidism to be associated
with cerebrovascular diseases but not with AD pathol-
ogy [6]. Higher levels of free thyroxin have repeatedly
been shown to be associated with incident dementia [7,
8]. Animal models have shown hypothyroidism to induce
the amyloidogenic pathway of amyloid precursor protein
processing in the hippocampus [9].

Atrial fibrillation (AF) is increasingly common with
age and also associated with an increased risk of dementia
[10-12]. The most important factor behind the increased
risk of dementia is the increased risk of cardio-embolic
stroke [12], with anticoagulant treatment being the most
evidence-based treatment to prevent dementia in patients
with AF [13, 14]. In an AD animal model of mice, thy-
roid hormones have been shown to prevent cognitive
deficit [15], and in a similar way in an AD model of
rats to improve histological changes and memory [16].
The dementia risk in relation to the age of onset of AF
has shown conflicting results in studies of patients with
AF [12]. One study found an association between AF
and dementia for elderly individuals only [17], whereas
another large study found the highest association in sub-
jects younger than 70 years of age [18]. Another study
analyzing the onset of AD in relation to age, found the
most important factors for early onset of AD to be APOE
haplotypes, marital status, and history of depression,
whereas dementia risk in later life seemed to be influenced
by prevalent cerebrovascular risk factors [19].

The relationship between hypothyroidism, levothyrox-
ine, and survival has been elucidated in earlier research,
where hypothyroidism and levothyroxine treatment was
associated with a lower cardiovascular risk and mortal-
ity [20], even if the potential mechanism explaining the
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association between levothyroxine treatment and mortal-
ity is unknown. Women have a higher prevalence of hypo-
thyroidism and are more commonly treated with levothy-
roxine [21]. Women with AF also exert a higher relative
risk of stroke than men with AF [22]. Hence, we believe
that men and women should be analyzed separately. The
primary aim was to study the association between levo-
thyroxine treatment and dementia among patients with AF
and hypothyroidism in Swedish primary care.

2 Methods
2.1 Study Design

The study was based on individual-level patient data from
75 primary healthcare centers (PHCCs), 48 of which were
located in Stockholm County. Individuals attending any
of the participating PHCCs between 2001 and 2008 were
included in the study. We used Extractor software to
extract electronic patient records (EPRs) [23]. National
identification numbers were replaced with new unique
serial numbers to ensure anonymity. The files were linked
to a database constructed using the Swedish Total Popu-
lation Register, the Hospital Discharge Register, and
the Swedish Cause-of-Death Register, which contains
individual-level data on age, sex, education, hospital
admissions, mortality, and cause of death for all residents
registered in Sweden. Thus, a new research database con-
taining clinical data and information on socioeconomic
status (SES) on the individuals (n =1,098,420) registered
at the 75 PHCCs was created [24]. Ethical approvals were
obtained from regional boards at Karolinska Institute and
the University of Lund.

2.2 Study Population

The study included all patients with diagnosed AF, identi-
fied by the presence of the World Health Organization’s
International Classification of Diseases, 10th Revision for
AF (I148) in EPRs in primary healthcare, and who visited
any of the 75 participating PHCCs from 1 January, 2001,
until 31 December, 2007. We excluded patients with an
earlier diagnosis of dementia (n=187), and also patients
with a diagnosis of hypothyroidism without a prescription
of levothyroxine (n=39). Patients without data on neigh-
borhood SES were also excluded [Table 1 of the Electronic
Supplementary Material (ESM)]. In total, 12,057 individu-
als (6580 men and 5516 women) aged > 45 years at the
time of AF diagnosis were included. Prescription of levo-
thyroxine (HO3AAO1) in the EPR in at least one occasion
was recorded.
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2.3 Outcomes and Confounders

A diagnosis of dementia of any type according to the Inter-
national Classification of Diseases, 10th Revision classifica-
tion in EPRs from hospitals, or from the death register, was
used as the primary outcome (FOO Alzheimer’s dementia,
FO1 Vascular dementia, FO2 Dementia in other diseases clas-
sified elsewhere, FO3 Unspecified dementia, F10.7A Alco-
hol dementia, F10.97Alcohol use, unspecified with alcohol-
induced persisting dementia, or G30 Alzheimer’s disease).
For the primary outcome, time to diagnosis of dementia after
first AF diagnosis was registered (until 31 December, 2010).
Individuals were divided into the following pre-specified age
groups 45-54, 55-64, 65-74, 75-84, and > 85 years.

Educational level was categorized according to pre-
specification as <9 years (partial or complete compulsory
schooling), 10-12 years (partial or complete secondary
schooling), and > 12 years (college and/or university stud-
ies). Marital status was classified as married, unmarried,
divorced, or widowed. The neighborhood SES areas were
categorized into three groups according the neighborhood
index: > one standard deviation (SD) below the mean (high
SES or low deprivation level), >one SD above the mean
(low SES or high deprivation level), and within one SD of
the mean (middle SES or deprivation level).

The following related disorders were used as covariates
(International Classification of Diseases, 10th Revision codes
in the ESM): hypertension, coronary heart disease, cerebrovas-
cular diseases, congestive heart failure (CHF), obesity, diabe-
tes mellitus, chronic obstructive pulmonary disease (COPD),
depression, or anxiety disorders (see the ESM). Patients with
a prescription of levothyroxine without a registered diagno-
sis of hypothyroidism (n=415) were identified and analyzed
separately. Furthermore, CHA,DS,-VASc was used, i.e., an
instrument for predicting ischemic stroke in patients with AF,
including congestive heart failure, hypertension, age between
65 and 74 years yields one point, and 75 years and above two
points, diabetes mellitus, a history of stroke or previous tran-
sient ischemic attacks and thromboembolism two points, and
the presence of any cardiovascular disease is credited with one
point (recorded as myocardial infarction, peripheral artery dis-
ease, or plaque in the aorta) [25].

2.4 Statistics

Descriptive data were shown as mean with SD for age, oth-
erwise by numbers and percentages. Logistic regression with
odds ratios and 95% confidence intervals was performed,
comparing patients with hypothyroidism and levothyroxine
prescription, or patients with levothyroxine prescription
without a registered diagnosis of hypothyroidism, to patients
with neither a hypothyroidism diagnosis nor a levothyroxine
prescription.

Cox regression with hazard ratios and 95% confidence
intervals, using time to dementia as the outcome, was used
in follow-up analyses for patients with hypothyroidism
and levothyroxine treatment, or patients with levothyrox-
ine prescription without a registered diagnosis of hypothy-
roidism, compared to patients without both a hypothyroid-
ism diagnosis and a levothyroxine prescription. We used
regression models with full adjustment, i.e., for age (and
sex, when applicable), socioeconomic factors (educational
level, marital status, neighborhood SES, and change of SES
neighborhood), co-morbidity (hypertension, coronary heart
disease, CHF, cerebrovascular diseases, obesity, diabetes,
COPD, depression, and anxiety), and warfarin treatment
(BO1AAO3). Furthermore, as risk factors for dementia differ
over age, we also analyzed patients with the lowest and high-
est quartile of age at first recorded diagnosis of AF excluded,
thus including patients aged 77-85 years (25th—75th percen-
tile). As a supplementary analysis, we also studied incident
dementia in relation to CHA,DS,-VASc scores. A two-sided
p value of <0.05 was considered statistically significant for
variables in the regression analyses. All analyses were per-
formed in STATA 15.2 (StataCorp, 4905 Lakeway Drive,
College Station, Texas 77845 USA).

3 Results

Characteristics of the study population (n= 12,057 individu-
als) are shown separately for men (n=6580) and women
(n=5516) and also divided into individuals with a diagno-
sis of hypothyroidism and levothyroxine treatment, patients
with levothyroxine prescription without a registered diag-
nosis of hypothyroidism, and those without a diagnosis of
hypothyroidism and no levothyroxine treatment (Table 1).
Median age for dementia was 79 years among men and
81 years among women. The mean follow-up time was
5.7 years (SD 2.4), and hazard ratios were calculated based
on 68,977 person-years at risk (38,141 person-years among
men and 30,836 person-years among women). The incidence
rate of all types of dementia per 100 patient-years was 0.84
(95% confidence interval 0.76-0.94) in men, and 1.38 (95%
confidence interval 1.26—1.52) in women.

Multivariate logistic regression models for subjects with
levothyroxine prescription with a diagnosis of hypothyroid-
ism, or patients with levothyroxine prescription without a
registered diagnosis of hypothyroidism, vs. subjects with-
out hypothyroidism or levothyroxine treatment are shown in
Table 2. Hypothyroidism among women was more associ-
ated with obesity and depression, and less associated with
cerebrovascular diseases and new dementia. Levothyroxine
treatment without a registered diagnosis of hypothyroid-
ism among women was associated with a higher frequency
of CHF, diabetes, and COPD, and associated with a lower
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Table 1 Characteristics for patients aged >45 years with diagnoses
of atrial fibrillation, categorized into patients with neither a diagnosis
of hypothyroidism nor a prescription of levothyroxine, patients with
a diagnosis of hypothyroidism and a prescription of levothyroxine, or

patients with a prescription of levothyroxine but without a registered
diagnosis of hypothyroidism (n=12,057), in primary care attend-
ing 75 primary healthcare centers between 1 January, 2001 and 31
December, 2007

Characteristic All Men with

‘Women with

No hypothyroidism  Hypothyroidism

Levothyroxine only No hypothyroidism Hypothyroidism Levothyroxine

only
No. of patients 12,057 6293 (95.7) 180 (2.7) 100 (1.5) 4593 (83.8) 576 (10.5) 315 (5.7)
Incident dementia 749 (6.2) 304 (4.8) 15(8.3) 33.0) 367 (8.0) 33 (5.7) 27 (8.6)
Deaths 3799 (31.5) 1842 (29.3) 46 (25.6) 44 (44.0) 1610 (35.1) 147 (25.5) 109 (34.6)
Age (years), mean 74.3 (10.1) 72.0 (10.1) 73.9 (10.1) 73.1(10.4) 76.9 (9.4) 76.8 (8.8) 77.3 (8.5)
(SD)
Age groups (years)
45-54 474 (3.9) 352 (5.6) 11(6.1) 6 (6.0) 94 (2.1) 9(1.6) 2 (0.6)
55-64 1736 (14.4) 1.179 (18.7) 22 (12.2) 18 (18.0) 439 (9.6) 51(8.9) 27 (8.6)
65-74 3291 (27.3) 1969 (31.3) 45 (25.0) 21 (21.0) 1034 (22.5) 144 (25.0) 78 (24.8)
75-79 2382 (19.8) 1173 (18.6) 42 (23.3) 23 (23.0) 950 (20.7) 127 (22.1) 67 (21.3)
80-84 2387 (19.8) 993 (15.8) 40 (22.2) 24 (24.0) 1118 (24.3) 131 (22.7) 81 (25.7)
>85 1787 (14.8) 627 (10.0) 20 (11.1) 8(8.0) 958 (20.9) 114 (19.8) 60 (19.1)
Educational level
Compulsory 4982 (45.1) 2350 (39.4) 74 (43.8) 31(33.3) 2127 (52.7) 263 (50.6) 137 (49.1)
schooling
Secondary school- 3940 (35.6) 2253 (37.8) 51(30.2) 41 (44.1) 1325 (32.9) 173 (33.3) 97 (34.8)
ing
College and/ 2136 (19.3) 1360 (22.8) 44 (26.0) 21 (22.6) 582 (14.4) 84 (16.2) 45 (16.1)
or university
studies
Marital status
Married 5544 (46.2) 3752 (59.8) 104 (58.4) 55 (55.0) 1370 (30.0) 176 (30.6) 87 (27.7)
Unmarried 1017 (8.5) 599 (9.6) 13 (7.3) 13 (13.0) 332(7.3) 41(7.1) 19 (6.1)
Divorced 1784 (14.9) 965 (15.4) 29 (16.3) 18 (18.0) 630 (13.8) 92 (16.0) 50 (15.9)
Widowed 3665 (30.5) 955 (15.2) 32 (18.0) 14 (14.0) 2240 (49.0) 266 (46.3) 158 (50.3)
Neighborhood socioeconomic status
High 4518 (37.5) 2510 (39.9) 76 (42.2) 38 (38.0) 1557 (33.9) 212 (36.8) 125 (39.7)
Middle 5697 (47.3) 2873 (45.7) 80 (44.4) 44 (44.0) 2290 (49.9) 263 (45.7) 147 (46.7)
Low 1842 (15.3) 910 (14.5) 24 (13.3) 18 (18.0) 746 (16.2) 101 (17.5) 43 (13.7)
Diagnosis
Hypothyroidism 756 (6.3) 0(0.0) 180 (100.0) 0(0.0) 0(0.0) 576 (100.0) 0(0.0)
Hypertension 5375 (44.6) 2580 (41.0) 86 (48.8) 35 (35.0) 2251 (49.0) 296 (51.4) 127 (40.3)
Coronary heart 3170 (26.3) 1624 (25.8) 47 (26.1) 31 (31.0) 1216 (26.5) 160 (28.8) 92 (29.2)
disease
Congestive heart 5550 (46.0) 2688 (42.7) 72 (40.0) 58 (58.0) 2265 (49.3) 281 (48.8) 186 (59.1)
failure
Cerebrovascular 2507 (20.8) 1197 (19.0) 31(17.2) 20 (20.0) 1075 (23.4) 103 (17.9) 81 (25.7)
disease
Obesity 610 (5.1) 338 (5.4) 9 (5.0) 33.0) 199 (4.3) 42(7.3) 19 (6.0)
Diabetes mellitus 2327 (19.3) 1216 (19.3) 44 (24.4) 22 (22.0) 860 (18.7) 110 (19.1) 75 (23.8)
COPD 1395 (11.6) 675 (10.7) 16 (8.9) 12 (12.0) 5598 (12.2) 79 (13.7) 54 (17.1)
Depression 1011 (8.4) 383 (6.1) 16 (8.9) 4 (4.0 489 (10.7) 90 (15.6) 29 (9.2)
Anxiety disorders 482 (4.0) 172 (2.7) 8(44) 1(1.0) 253 (5.5) 31(54) 17(5.4)
Levothyroxine 1171 9.7) 0 (0.0) 180 (100.0) 100 (100.0) 0 (0.0) 576 (100.0) 315 (100.0)
Warfarin 6356 (52.7) 3542 (56.3) 97 (53.9) 58 (58.0) 2205 (48.0) 285 (49.5) 169 (53.7)

Values are expressed as n (%) unless specified otherwise

Patients with earlier registered dementia excluded, n=187, and with a registered diagnosis of hypothyroidism without a prescription of levothy-
roxine, n=39. Information on educational level (n=999) and marital status (n=47) is missing for some individuals

COPD chronic obstructive pulmonary disease, SD standard deviation
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Table 2 Multivariate logistic regression for the association for dif-
ferent background factors for dementia, and also newly diagnosed
dementia, in AF patients, firstly for patients with hypothyroidism
with levothyroxine treatment, and secondly for patients with levothy-

roxine treatment without a diagnosis of hypothyroidism, vs. patients
with neither dementia diagnosis nor levothyroxine treatment, in pri-
mary care patients attending any of the 75 primary healthcare centers
between 1 January, 2001 and 31 December, 2007

Characteristic Hypothyroidism and levothyroxine treatment Levothyroxine treatment without a diagnosis of hypo-
thyroidism
All Women Men All Women Men
n=10,657 n=4541 n=6116 n=10,342 n=4301 n=6041
OR (95% CI) OR (95% CI) OR (95% CI) OR (95% CI) OR (95% CI) OR (95% CI)
Age (years) 1.02 (1.01-1.03) 1.02 (1.00-1.03) 1.02 (1.00-1.04) 1.01 (0.99-1.02) 1.00 (0.99-1.02) 1.01 (0.99-1.03)

Educational level
Compulsory schooling
Secondary schooling

College and/or university
studies

Marital status
Married
Unmarried
Divorced
Widowed
Neighborhood SES
High
Middle
Low
Diagnosis
Hypertension
Coronary heart disease
Congestive heart failure
Cerebrovascular diseases
Obesity
Diabetes mellitus
COPD
Depression
Anxiety
New dementia

Warfarin treatment

1 (ref)
0.97 (0.81-1.17)
1.18 (0.93-1.48)

1 (ref)

0.94 (0.69-1.30)
1.16 (0.92-1.47)
0.91 (0.74-1.11)

1.10 (0.91-1.32)
1 (ref)
1.17 (0.91-1.51)

1.06 (0.91-1.25)
1.07 (0.89-1.29)
0.90 (0.76-1.06)
0.74 (0.60-0.91)
1.51 (1.09-2.09)
1.09 (0.89-1.34)
0.98 (0.76-1.25)
1.54 (1.21-1.95)
1.01 (0.71-1.45)
0.86 (0.62-1.20)
1.00 (0.85-1.18)

1.06 (0.86-1.31)
1.18 (0.89-1.56)

0.96 (0.65-1.41)
1.15 (0.87-1.53)
0.90 (0.72-1.14)

1.12 (0.90-1.40)

1.27 (0.95-1.70)

1.01 (0.83-1.22)
1.09 (0.88-1.35)
0.95 (0.78-1.16)
0.72 (0.57-0.92)
1.78 (1.23-2.58)
0.99 (0.78-1.26)
1.02 (0.77-1.34)
1.53 (1.17-2.00)
0.90 (0.60-1.35)
0.67 (0.44-1.00)
1.03 (0.85-1.24)

0.73 (0.50-1.07)
1.06 (0.71-1.59)

0.94 (0.52-1.72)
1.21 (0.79-1.86)
1.07 (0.68-1.67)

1.06 (0.74-1.53)

0.87 (0.50-1.53)

1.25 (0.91-1.71)
1.00 (0.70-1.43)
0.77 (0.55-1.07)
0.76 (0.50-1.15)
0.87 (0.41-1.82)
1.38 (0.95-1.99)
0.82 (0.48-1.41)
1.53 (0.88-2.64)
1.66 (0.78-3.55)
1.72 (0.98-3.01)
0.94 (0.69-1.29)

1 (ref)
1.22 (0.96-1.55)
1.24 (0.90-1.69)

1 (ref)

1.18 (0.78-1.77)
1.19 (0.87-1.64)
1.12 (0.86-1.47)

1.16 (0.91-1.49)

0.92 (0.64-1.31)

0.73 (0.59-0.91)
1.05 (0.82-1.34)
1.48 (1.18-1.86)
1.10 (0.85-1.41)
1.17 (0.74-1.87)
1.33 (1.03-1.71)
1.38 (1.04-1.84)
0.75 (0.50-1.11)
0.98 (0.59-1.64)
0.82 (0.53-1.26)
1.18 (0.95-1.47)

1.15(0.87-1.52)
1.25 (0.86-1.81)

1.00 (0.58-1.70)
1.18 (0.80-1.74)
1.18 (0.86-1.61)

1.23 (0.92-1.63)

0.81 (0.53-1.25)

0.69 (0.54-0.89)
1.03 (0.78-1.37)
1.39 (1.07-1.82)
1.15 (0.87-1.53)
1.46 (0.87-2.44)
1.40 (1.04-1.88)
1.46 (1.06-2.02)
0.74 (0.48-1.15)
1.07 (0.63-1.84)
0.91 (0.57-1.43)
1.24 (0.96-1.59)

1.53 (0.94-2.50)
1.37 (0.75-2.48)

1.61 (0.84-3.07)
1.24 (0.70-2.18)
0.76 (0.38-1.53)

1.00 (0.61-1.63)

1.26 (0.65-2.43)

0.86 (0.56-1.33)
1.15 (0.72-1.83)
1.70 (1.10-2.64)
0.95 (0.55-1.62)
0.55 (0.17-1.78)
1.17 (0.70-1.95)
1.13 (0.61-2.11)
0.75 (0.27-2.10)
0.43 (0.06-3.15)
0.41 (0.10-1.70)
1.03 (0.67-1.57)

ORs and 95% CI, for patients aged >45 years with diagnoses of AF (n=11,209 patients). Information on educational level (n = 1042) and mari-
tal status (n = 51) was missing for some individuals, giving lower numbers than in Table 1

Bold values are statistically significant

AF atrial fibrillation, CI confidence interval, COPD chronic obstructive pulmonary disease, ORs odds ratios, ref reference, SES socioeconomic

status

frequency of hypertension. In men, levothyroxine treatment
without a registered diagnosis of hypothyroidism was associ-
ated with a higher frequency of CHF.

Table 3 shows Cox regression models for incident demen-
tia for subjects with hypothyroidism and levothyroxine treat-
ment, or levothyroxine treatment without a registered diag-
nosis of hypothyroidism, vs. subjects with neither diagnosis
nor treatment. The hazard ratio was decreased in women,
and also further decreased when excluding women in the

lowest and highest quartiles of age. In women and men com-
bined, the relative risk was also significantly lower but only
when excluding the lowest and highest quartiles of age. In
the group with levothyroxine without a registered diagnosis
of hypothyroidism, no such effect was seen (results for men
and women combined only shown).

We also analyzed incident dementia in relation to
CHA,DS,-VASc scores (Table 1 of the ESM), with exclu-
sion of subjects with levothyroxine treatment without a
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Table 3 Cox regression models for newly diagnosed dementia among
patients with atrial fibrillation (n=12,057) aged 45-104 years with
a diagnosis of hypothyroidism and prescribed levothyroxine or with
prescribed levothyroxine without this diagnosis, compared with those
without a diagnosis of hypothyroidism or prescribed levothyroxine
only

All ages Age 77-85 years
HR (95% CI) HR (95% CI)
Hypothyroidism and prescribed levothyroxine
All 0.74 (0.54-1.01) 0.49 (0.31-0.78)
Women 0.61 (0.41-0.90) 0.41 (0.23-0.73)
Men 1.11 (0.66-1.89) 0.76 (0.35-1.66)
Levothyroxine without a registered diagnosis of hypothyroidism
All 0.94 (0.76-1.15) 0.97 (0.76-1.23)

Estimates are shown for all ages, and also stratified by omitting
patients below the 25th percentile and above the 75th percentile

Fully adjusted estimates are shown: adjusted for age, sex, socioeco-
nomic factors (with interaction term between age and marital sta-
tus), co-morbidity (with interaction terms between age and conges-
tive heart failure, and age and cerebrovascular disease), and warfarin
treatment

HR in Cox regression models and 95% CI are shown
Bold values are statistically significant

CI confidence interval, HR hazard ratio

registered diagnosis of hypothyroidism. Among men, a sig-
nificant trend was found, both with regard to individuals
without hypothyroidism (p <0.001), and with hypothyroid-
ism and levothyroxine treatment (p =0.021), while no such
association was found among women.

4 Discussion
4.1 Main Findings

The main finding of this study was that women with AF
and hypothyroidism and prescribed levothyroxine treatment
had a lower risk of dementia than women with AF without
hypothyroidism and prescribed levothyroxine treatment.
No effect on incident dementia in patients with prescribed
levothyroxine treatment without a registered diagnosis of
hypothyroidism was seen.

4.2 Comparison with Earlier Research

Earlier studies have shown conflicting results, with an ear-
lier review concluding that there is no association between
cognitive disturbances and dementia due to thyroid dysfunc-
tion [1]. However, in some studies, thyroid dysfunction is
described as a risk factor for dementia, both with regard
to hyper- and hypothyroidism, and even in subclinical dis-
orders [4, 5]. Furthermore, there are studies showing an
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increased risk of cerebrovascular diseases associated with
treated hypothyroidism [3, 6], which contrasts our findings
of a lower risk of dementia, and a lower association with
cerebrovascular diseases, in women with AF and hypothy-
roidism. In an earlier study, we found cerebrovascular dis-
eases to be associated with prevalent dementia among men
in all ages and among women aged younger than 75 years,
while cerebrovascular diseases were negatively associated
with incident dementia among women [26].

We also chose to perform analyses with exclusion of the
lowest and highest quartile of age of onset of AF, as types
of dementia differ during life, with unusual diseases leading
to special forms of dementia being more common among
younger subjects [27, 28]. If an effect by levothyroxine
should be expected to be seen, it should most probably be
in the ages between the youngest and the oldest age groups,
which also was the case in the present study.

Thus, we can only conclude that there are different find-
ings regarding the association between hypothyroidism, cer-
ebrovascular diseases, and dementia for which we have no
good explanation, and this needs to be further explored. It
is possible that the role of AF is limited in the present study,
and that it should be viewed as a study of high-risk patients
for dementia. Thus, our results, in general, may also be valid
in patients with thyroid dysfunction.

4.3 Possible Mechanism of Levothyroxine Effect
on Dementia Development

Thyroid hormones are important in the development of the
brain in early life, with otherwise deleterious effects such as
in congenital hypothyroidism [29, 30]. Thyroid hormones
are also positively related to memory even in euthyroid men
[31]. In addition, hypothyroidism is associated with depres-
sion in a bi-directional manner [32], and depression is a risk
factor in itself for dementia [33]. Furthermore, an improve-
ment of oxidative status in women with hypothyroidism is
shown [34]. Results from animal models show different pos-
sible mechanisms, e.g., improvement in hippocampus func-
tion [35], and possibly also an augmentation of cholinergic
activity [36].

4.4 Results in Patients with Levothyroxine
but Without Hypothyroidism

Around 35% of patients treated with levothyroxine were
not registered with a diagnosis of hypothyroidism. This
group showed a different pattern compared with patients
with hypothyroidism and subsequent levothyroxine treat-
ment. The reason for levothyroxine treatment in this group
is unknown. One possibility is that the patients were not
taken care of in primary care, which could be the reason why
we could not confirm a diagnosis of hypothyroidism, even if
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this seems unlikely as they were prescribed levothyroxine.
It is also unclear why this group was not found to exhibit a
lower risk of incident dementia. CHF was more common in
both men and women with levothyroxine prescription but
without a diagnosis of hypothyroidism. In an earlier study,
we found CHF positively associated with prevalent dementia
but negatively with incident dementia [26]. Furthermore,
being registered with a diagnosis of hypothyroidism has
been shown to be associated with a lower mortality risk
compared with only a levothyroxine prescription among
both men and women with AF [20].

A major strength of this study was that we were able to
link clinical data from individual EPRs to data from national
demographic and socioeconomic registers with < 1% of
information missing. As already mentioned, we also sup-
plied diagnoses from primary health care EPRs with hospital
diagnoses of dementia, CHF, coronary heart disease, and
cardiovascular disease. Moreover, randomized controlled
trials often exclude individuals with co-morbidities such as
patients with AF with concomitant diabetes and CHF. In
the current study, we were able to include these patients in
the analyses, which means that the findings are more rep-
resentative of the variety of patients encountered in clinical
practice today.

5 Conclusions and Limitations

We found women with hypothyroidism and levothyroxine
treatment to have a lower risk of dementia than women with
AF without hypothyroidism and no levothyroxine treatment.
Levothyroxine treatment without a registered diagnosis of
hypothyroidism showed no such effect. Although the results
are interesting, they have to be confirmed in larger studies.
There are several limitations of this study that must be
kept in mind when interpreting the results. The number of
men with AF and levothyroxine treatment was low, limit-
ing possible conclusions in men. However, the number
of female patients was considerably larger. We included
patients with AF registered in primary care, and another
study showed that 36% of all registered patients with AF
in Stockholm County were not registered with a diagnosis
in primary healthcare [37]. Clinical diagnoses were mostly
taken from EPRs in primary care, however, with the addition
of diagnoses from hospital for dementia, CHF, myocardial
infarction, and stroke. Furthermore, we did not have access
to the use of sedative, hypnotic, or anticholinergic drugs.
Another limitation is the study design, i.e., an observational
study. Like in every observational cohort study, there may
have been residual confounding present. The findings may
have been subject to survival treatment selection bias [38],
meaning that those treated live longer and may thus have a
higher risk of developing dementia. We have earlier found

that CHF and cerebrovascular diseases in patients with AF
are associated with an increased mortality [39].

As dementia is not a single diagnosis, grouping all
separate diagnoses into an overall dementia diagnosis is
questionable, especially as risk factors for the different
dementia diagnoses differ. In the present study, we grouped
all dementia diagnoses together to be able to have enough
statistical power for the analyses. However, this is also
performed in other studies as well [4, 8, 10], and in the
clinical situation this is more relevant for doctors as well
as patients. As dementia is a cluster of disorders develop-
ing over many years, patients may die as a result of other
causes before getting a dementia diagnosis, i.e., because
of a competing risk, which could affect the results. We did
not have access to whether levothyroxine treatment was
used on a long-term basis, although in most cases treat-
ment with levothyroxine is lifelong. Moreover, AF could
not be classified as paroxysmal, persistent, or permanent
and heart rhythm could not be classified as sinus rhythm
or fibrillation rhythm. Additionally, we had no access to
kidney function.
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