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Abstract

Purpose: Tamsulosin has been associated with dementia, but the results have been
inconsistent. Concerns have been raised about using exposure assessment time too
close to the outcome. We investigated the association between use of
al-adrenoceptor antagonists indicated for benign prostate hyperplasia and risk of
Alzheimer's disease (AD) using different exposure windows.

Methods: The study (24 602 cases and 98 397 matched controls) included men from
the Finnish nationwide nested case-control study on Medication and Alzheimer's dis-
ease (MEDALZ). Cases received clinically verified AD diagnosis during 2005-2011
and were community-dwelling at the time of diagnosis. Use of tamsulosin and alfuzo-
sin in 1995-2011 was identified from the Prescription Register and categorized
based on whether it had occurred within 3 years before AD diagnosis (lag time) or
before that. Dose-response analysis using defined daily doses of drug (DDDs) was
conducted. Associations were investigated with conditional logistic regression,
adjusted for confounders and mediators.

Results: The use of al-adrenoceptor antagonists before lag time associated with an
increased risk of AD (OR 1.24 [1.20-1.27]). After adjustment for comorbidities and
concomitant drug use throughout the assessment time (confounders) and healthcare
contacts within the lag period (mediators), the association weakened (aOR 1.10
[1.06-1.14]). We found no evidence of dose-response-relationship when comparing
the users of higher than median DDDs to the users of lower than median DDDs.
Conclusion: Our findings, especially the lack of dose-response-relationship and
attenuation after mediator adjustment, do not provide strong support for the previ-

ous hypothesis on al-adrenoceptor antagonists as a risk factor for dementia.

KEYWORDS
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Key Points

o al-adrenoceptor antagonists tamsulosin and alfuzosin were associated with an increased risk
of Alzheimer's disease in Finnish men, also when the analyses were restricted to use that had
occurred at least 3 years before AD diagnosis.

e The association reduced substantially when adjusted for confounders and mediators, indicat-
ing that the association may be explained by these factors.

o Similar risk between tamsulosin and alfuzosin users can also imply that the results merely
reflect the association between benign prostate hyperplasia and AD.

e We found no evidence of dose-response relationship as the risk of AD was comparable
between those with higher and lower exposure levels.

Plain Language Summary

al-adrenoceptor antagonists tamsulosin and alfuzosin are used to treat benign prostate hyper-
plasia, a condition which is common among older men. Earlier studies have linked tamsulosin to
higher risk of dementia but concerns have been raised about using exposure assessment time
too close to the outcome. In this study, tamsulosin associated with an increased risk of Alzhei-
mer's disease in Finnish men, also when medication use that had occurred at least 3 years
before Alzheimer's disease diagnosis was considered. However, the association reduced sub-
stantially when adjusted for comorbidities, and healthcare contact within 3 years before AD
diagnosis, indicating that the association with higher risk may be explained by these factors.
Similar risk between tamsulosin and alfuzosin users can also imply that the association of these
drugs merely reflects the previously reported association between benign prostate hyperplasia
and Alzheimer's disease, not that these medications themselves increase the risk. No evidence
of dose-response relationship was observed, as the risk of Alzheimer's disease was comparable
between those with higher and lower use of these medications. Taken together, our findings do

not provide strong support on the previous hypothesis on these medications as a risk factor for

dementia.

1 | BACKGROUND

Tamsulosin, an al-adrenoceptor antagonist, was recently linked to a
higher risk of dementia, but the results have been inconsistent.>3 Con-
cerns have been raised about the timing of the exposure in one® of the
earlier studies.*> The progression of cognitive disorders is slow,® which
should be taken into account in risk factor studies. Further, the prodro-
mal symptoms can lead to increased health care contacts, and thus
changes in drug use, including the initiation of new drugs, are more
likely to happen during this time. The median follow-up in the study by
Duan et al.! was less than 2 years, which has been criticized as being
too short to cause dementia.** In addition, in two studies®? the assess-
ment of drug exposure was continued until the diagnosis of cognitive
disorder. Hence, the results may be explained by reverse causality.
al,-receptor blockade in brain has been suggested as an explanation
for the possible association between tamsulosin and dementia, but fur-
ther studies are needed to demonstrate whether these putative effects of
tamsulosin  have clinical relevance. Exploration of the safety of

al-adrenoceptor antagonists is motivated by the large number of users.

These drugs are widely used as a first-line choice to treat lower urinary
tract symptoms (LUTS) in benign prostatic hyperplasia (BPH).” Addition-
ally, they are commonly used in management of LUTS due to causes not
related to the prostate, such as neurological disorders. As LUTS become
more frequent with age, majority of the users are older men.

Due to the global ageing, cognitive disorders, including Alzhei-
mer's disease (AD), are a significant health issue.® Therefore, identifi-
cation of modifiable risk factors is relevant, particularly when no
curative treatment is available. Even a small risk reduction could be
significant on a population level.

We investigated the association between al-adrenoceptor antag-
onists (tamsulosin and alfuzosin) and the risk of AD in a nested case-
control study of Finnish men with 16 years' exposure assessment,

using different exposure assessment windows.

2 | METHODS
21 | Study population

This study was restricted to men (24 602 AD cases and 98 397 con-
trols) from the Finnish nationwide MEDALZ study (Medication use
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and AD) that includes community-dwelling Finnish residents who
received clinically verified AD diagnosis during 2005-2011. Detailed
information of the MEDALZ study has been published earlier.® For
AD case, 1-4 comparison persons matched by age, sex and region of
residence on the date of AD diagnosis (index date) were obtained
using incidence density sampling. Linkage across registers was done

using personal identification numbers by the register maintainers.

2.2 | AD diagnosis

AD cases were identified from the Special Reimbursement Register.
All the AD diagnoses were clinically verified by specialists in NINCDS-
ADRDA and DSM-IV criteria.”° In Finland, anti-dementia drugs are
recommended to all patients with AD by Current Care guidelines for
cognitive disorders.** During the observation period the Social Insur-
ance Institution granted the special reimbursement for anti-dementia
drug purchases to patients in mild or moderate state of AD, and for
that a clinically verified diagnosis was required.

2.3 | Drugexposure

al-adrenoceptor antagonist purchases were identified from the Pre-
scription register from 1995 onwards (Table S1) using Anatomical
Therapeutic Chemical (ATC) classification system'? code GO4CA, and
included the following drugs: GO4CAO1 (alfuzosin), GO4CAQ2 (tamsu-
losin), and GO4CA52 (the combination of tamsulosin and dutasteride).
The few users of tamsulosin and dutasteride combination were
included as tamsulosin users. These were the only BPH-indicated
al-adrenoceptor antagonists used by our study population.

To avoid reverse causality we considered drug exposure that had
occurred at least 3 years before the index date as “true” exposure.
Exposure that had occurred within the 3-year lag time before the
index date was included as its own category. To investigate dose-
response relationship, we calculated the cumulative exposure from
DDDs and generated drug- and time window-specific exposure cate-
gories (higher vs. lower exposure based on median exposure within
each drug and time window stratum).

To compare the risk between different a1-adrenoceptor antagonists,
we categorized those who had purchased these drugs before lag time into
three categories depending on purchase history: alfuzosin use only, tam-

sulosin use only and purchases of both alfuzosin and tamsulosin.

24 | Confounders and mediators
The data on comorbidities and drug use were identified from the
national registers as described in Table S1. The data on occupational
social classes were from the Statistics Finland.

To control for confounding, following covariates were ascertained
from the beginning of applied data source until 3 years before the index

date: Cardiovascular diseases, stroke, diabetes, asthma or COPD, acute

cancer, cataract, inpatient care with psychiatric diagnoses, history of
substance abuse, and the use of benzodiazepines and related drugs
(BZDR), antidepressants and antipsychotics and 5-alpha reductase
inhibitors (5-ARI). The number of different ATC-codes in the first year
of exposure assessment (1995) was categorized as follows: none, 1-2,
3-4,5-7, and 8 or more, and used as a crude proxy of number of differ-
ent drugs at the beginning of exposure assessment.

To evaluate whether the increased health care contacts within the
3 years before index date explained the results, we adjusted for the fol-
lowing mediators: number of hospital admissions (categorized as 0, 1,
2, 3,4-5, and 6 or more), outpatient visits in specialized healthcare (cat-
egorized as 0, 1-2, 3-4, 5-6, 7-11, and 12 or more) and the number of
different purchased prescription drugs excluding the al-adrenoceptor
antagonists (categorized as 0, 1, 2-3, 4-6, and 7 or more). These media-
tors were measured in the lag time window only (and occurred between
the main exposure assessment and outcome, that is, were part of the
hypothesized “causal” pathway). These analyses evaluate whether the
possibly increased risk of AD among the exposed is explained by higher
likelihood of being diagnosed with AD due to increased contact with
healthcare professionals among them. Because the mediation analysis is
conceptually correct only for the main exposure assessment, it was not
performed for exposure in lag time only. The results for total exposure
in DDDs were adjusted for the mediators, but the partially overlapping
assessment period for exposure and mediators should be borne in mind
when interpreting those results.

2.5 | Statistical analysis

The differences between cases and controls and users and non-users
were compared by using the two-sample T test for continuous vari-
ables and Pearson's chi-squared test for categorical variables. The
association between drug exposure and AD were assessed by using
the conditional logistic regression and adjusted for confounders and
mediators. The results are presented as odds ratios (OR) and adjusted
odds ratios (aOR) with 95% confidence intervals. Analyses were per-
formed using Stata MP14.0.

First, we investigated the risk of AD between users and non-users of
al-adrenoceptor antagonists, and for all tamsulosin and alfuzosin users
separately. Second, the risk was investigated according to type of
al-adrenoceptor antagonist use. In addition, we evaluated the risk sepa-
rately based on timing of exposure (before lag time, lag time only, or
both). In the dose-response analyses risk of AD was compared between
those with higher than median cumulative DDDs and lower than median

cumulative DDDs within each time window and drug-specific stratum.

3 | RESULTS

3.1 | Characteristics

The mean age of the study population was 78.7 years (Table 1). The
mean age at the first al-adrenoceptor antagonist purchase was
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TABLE 1 Characteristics of the study population including cases with Alzheimer's disease (AD) and controls without AD, assessed to 3 years

before AD diagnosis (the index date)

Age at index date, mean, (95% Cl)

Age at first al-adrenoceptor antagonist purchase,
mean, (95% Cl)

Highest occupational social class before AD, n, (%)
Managerial/professional
Office
Farming, forestry
Sales, industrial, cleaning
Unknown
Cardiovascular disease, n, (%)
Stroke, n, (%)
Diabetes, n, (%)
Asthma/COPD, n, (%)
Cataract, n, (%)
Acute cancer, n, (%)
Inpatient care with psychiatric diagnoses, n, (%)
Substance abuse, n, (%)
Benzodiazepine and related drug use, n, (%)
Antidepressant use, h, (%)
Antipsychotic drug use, n, (%)
5-ARI drug use, n, (%)
Use of any al-adrenoceptor antagonist?, n, (%)
Sum of prescribed ATC-codes®, median (IQR)
Categorized drug sum®, n, (%)
None
1-2
3-4
5-7
8 or more
Hospital admissions during lag time, n, (%)
0
1
2
3
4-5
6-or more
Outpatient visits during lag time, n, (%)
0
1-2
3-4
5-6
7-11
12 or more
New drugs® during lag time, n, (%)
0
1

AD cases N = 24 602
78.7 (78.7-78.8)
73.2(73.1-73.3)

6613 (26.9)
775(3.2)
5470 (22.2)

11 214 (45.6)

530(2.2)

11 950 (48.6)

2418 (9.8)
3306 (13.4)
2303 (9.4)
4068 (16.5)
2109 (8.6)
1279 (5.2)
1643 (6.7)
7298 (29.7)
4176 (17.0)
1385 (5.6)
634 (2.6)

10 531 (42.8)

2(0-4)

7052 (28.7)
6738 (27.4)
4840 (19.7)
3788 (15.4)
2184 (8.9)

8256 (33.6)
4797 (19.5)
3465 (14.1)
2303 (9.4)

2739 (11.1)
3042 (12.4)

3965 (16.1)
5268 (21.4)
3990 (16.2)
2941 (12.0)
4458 (18.1)
3980 (16.2)

2049 (8.3)
2480 (10.1)

Controls N = 98 397 p Value

78.7 (78.7-78.7)
73.2(73.1-73.2)

26755 (27.2)
2825 (2.9)
22 686 (23.1)
41389 (42.1)
4742 (4.8)
45 439 (46.2)
7932 (8.1)
9693 (9.9)
8892 (9.0)
14 571 (14.8)
8205 (8.3)
4261 (4.3)
5602 (5.7)
26 118 (26.5)
12 485 (12.7)
3927 (4.0)
2179 (2.2)
35932 (36.5)

2 (0-4)

32896 (33.4
26 233 (26.7,
18 375 (18.7,
13 590 (13.8

7303 (7.4)

)
)
)
)

46 539 (47.3)

18 864 (19.2)

11 439 (11.6)
6921 (7.0)
7318 (7.4)
7316 (7.4)

28 294 (28.8)
19 497 (19.8)
14 153 (14.4)

9874 (10.0)
13 759 (14.0)
12 820 (13.0)

13 620 (13.8)
11 516 (11.7)

matched

0.628

<0.001

<0.001
<0.001
<0.001

0.114
<0.001

0.237
<0.001
<0.001
<0.001
<0.001
<0.001

0.001
<0.001
<0.001
<0.001

<0.001

<0.001

(Continues)
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TABLE 1 (Continued)
AD cases N = 24 602 Controls N = 98 397 p Value
2-3 5843 (23,8) 23 652 (24.0)
4-6 7065 (28.7) 25911 (26.3)
7 or more 7165 (29.1) 23 698 (24.1)

#Assessment to the index date.
BIn year 1995.
“Excluding a1-adrenoceptor antagonists.

73.2 years in cases and controls. Comorbidities, especially cardiovas-
cular diseases and diabetes were more common in AD cases than in
controls. The use of drugs was more common in cases, both when
indicated by specific categories such as psychotropic drugs, or number
of different ATC codes purchased during the first year of exposure
assessment. The cases also had more health care contacts including
hospital admissions, outpatient visits and new drug purchases in the
3-year time window before the index date.

The characteristics of users of different al-adrenoceptor antago-
nists and non-users are shown in Table 2. The mean age at the index
date was higher in the user groups than in the non-users. Comorbid-
ities and concomitant drug use before the lag time were more com-
mon in user groups, and the median number of drugs in use in the
beginning of the exposure was higher. The prevalence of cardiovascu-
lar diseases and use of BZDRs were higher in only tamsulosin users
than in only alfuzosin users. The users with purchases of both

TABLE 2 Characteristics of al-adrenoceptor antagonist users by type of exposure before lag time (exposure at least 3 years before the index

date), including individuals with and without AD

No use
N =87 546

Age at index date mean, (95% Cl)

Age at first al-adrenoceptor antagonist purchase,
mean, (95% Cl)

Highest occupational class before AD, n, (%)

Managerial/professional 23132 (26.4)

Office 2605 (3.0)

Farming, forestry 19 843 (22.7)

Sales, industrial, cleaning 37 455 (42.8)

Unknown 4511 (5.2)
Cardiovascular disease, n, (%) 38 792 (44.3)
Stroke, n, (%) 6627 (7.6)
Diabetes, n, (%) 8747 (10.0)
Asthma/COPD, i, (%) 7034 (8.0)
Cataract, n, (%) 11 734 (13.4)
Acute cancer, n, (%) 6168 (7.1)
Inpatient care with psychiatric diagnoses, n, (%) 3648 (4.2)
Substance abuse, n, (%) 4902 (5.6)
Benzodiazepine & related drug use, n, (%) 19 961 (22.8)
Antidepressant use, n, (%) 9743 (11.1)
Antipsychotic use, n, (%) 3300 (3.8)
5-ARI drug use, n, (%) 1279 (1.5)
Sum of purchased ATC-codes?, median (IQR) 1(0-4)
Categorized drug sum?, n, (%)

None 32 056 (36.3)

78.1 (64.4-88.9)

Purchases of both
alfuzosin and
tamsulosin

N = 3867

80.5 (70.3-89.4)

71.0(70.8-71.2)

Only alfuzosin
use Only tamsulosin use
N = 3869 N =27 717

79.6 (68.8-89.3) 80.4 (70.3-89.4)
73.2(73.0-73.4) 72.1(72.0-72.29)

1148 (29.7) 7831 (28.3) 1257 (32.5)
111 (2.9) 773 (2.8 111 (2.9)
857 (22.2) 6647 (24.0) 809 (20.9)

1687 (43.6) 11 848 (42.8) 1613 (41.7)

66 (1.7) 618 (2.2) 77 (2.0

1867 (48.3) 14 679 (53.0) 2051 (53.0)
342(8.8) 2923 (10.6) 458 (11.8)
449 (11.6) 3335 (12.0) 468 (12.1)
401 (10.4) 3287 (11.9) 473(12.2)
722 (18.7) 5346 (19.3) 837 (21.6)
393(10.2) 3308 (11.9) 445 (11.5)
204 (5.3) 1455 (5.3) 233 (6.0)
232 (6.0) 1827 (6.6) 284 (7.34)

1314 (34.0) 10 415 (37.6) 1726 (44.6)
690 (17.8) 5234 (18.9) 994 (25.7)
185 (4.8) 1556 (5.6) 271 (7.0)
104 (2.7) 1212 (4.4) 218 (5.6)

2(0-5) 3(1-5) 3(1-6)

1053 (27.2) 6122 (22.1) 717 (18.5)
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TABLE 2 (Continued)

Outpatient visits during lag time, n, (%)
0

No use

N =87 546
1-2 23702(27.1)
3-4 15 667 (17.9)
5-7 10 908 (12.5)
8 or more 5213 (6.0)

Hospital admissions during lag time, n, (%)

0 42 246 (48.3)
1 16 550 (18.9)
2 10 060 (11.5)
2 6025 (6.9)
4-5 6430 (7.3)
6 or more 6235 (7.1)

26 483 (30.3)

1-2 18 096 (20.7)
3-4 12 685 (14.5)
5-6 8439 (9.6)

7-11 11 642 (13.3)
12 or more 10 201 (11.7)

New drugs® during lag time, n, (%)

0 13 727 (15.7)
1 10 862 (12.4)
2-3 21711 (24.8)
4-6 22 346 (25.5)
7 or more 18 900 (21.6)

Only alfuzosin

Purchases of both
alfuzosin and

use Only tamsulosin use  tamsulosin
N = 3869 N=27717 N = 3867
1027 (26.5) 7291 (26.3) 951 (24.6)
810 (20.9) 5942 (21.4) 796 (20.6)
624 (16.1) 5048 (18.2) 798 (20.6)
355(9.2) 3314 (12.0) 605 (15.7)
1494 (38.6) 9853 (35.6) 1202 (31.1)
808 (20.9) 5539 (20.0) 764 (19.8)
513(13.3) 3771 (13.6) 560 (14.5)
338(8.7) 2477 (8.9) 384 (9.9)
354 (9.2) 2.849 (10.3) 424 (11.0)
362(9.4) 3228 (11.7) 533(13.8)
669 (17.3) 4654 (16.8) 453 (11.7)
747 (19.3) 5278 (19.0) 644 (16.7)
610 (15.8) 4306 (15.5) 542 (14.0)
480 (12.4) 3421 (12.3) 475 (12.3)
707 (18.3) 5075 (18.3) 793 (20.5)
656 (17.0) 4983 (18.0) 960 (24.8)
224 (5.8) 1581 (5.7) 137 (3.5)
365 (9.4) 2543 (9.2) 226 (5.8)
896 (23.2) 6161 (22.2) 727 (18.8)
1188 (30.7) 8321 (30.0) 1121 (29.0)
1196 (30.9) 9111 (32.9) 1656 (42.8)

2ln year 1995.
PExcluding al1-adrenoceptor antagonists.

tamsulosin and alfuzosin used substantially more often antidepres-
sants and BZRDs than users in other groups or non-users. Regardless
of the type of exposure, the users had more health care contacts

within the 3 years before the index date than the non-users.

3.2 | Association between use of al-adrenoceptor
antagonists and AD

The use of al-adrenoceptor antagonists before the index date was
more prevalent in cases than controls (Table 3). Before lag time 32.3%
(7938) of cases and 28.0% (27515) of controls had used
al-adrenoceptor antagonists. Tamsulosin use was more common
(28.8%, n = 7090 in cases and 24.9%, n = 24 494 in controls) than alfu-
zosin use (7.3%, n = 1799 of cases and 6.0%, n = 5937 of controls).
al-adrenoceptor antagonist use that had occurred at least 3 years
before the index date was associated with increased risk of AD
(OR 1.24 [1.20-1.27], Table 3). Adjustment for confounders slightly

weakened the association, and additional adjustment for mediators
further decreased it, but the association was still evident (aOR 1.10
[1.07-1.14]). Comparable results were obtained in separate analyses
for tamsulosin and alfuzosin. Mediator adjustment had the largest
effect on the OR, but the association with increased risk was
observed also after this adjustment (aOR 1.10 [1.06-1.14] and aOR
1.12 [1.06-1.18] for tamsulosin and alfuzosin, respectively).

In the analyses based on time of exposure for a specific
al-adrenoceptor antagonist, stronger associations were observed
with drug use during the lag time than use before lag time, especially
for tamsulosin (Table 3). Smaller differences between time categories
were observed for alfuzosin. These associations were also partially
explained by confounders, and adjustment for mediators decreased
the association, albeit it was still observed after adjusting for con-
founders and mediators.

In the comparative analysis of type of al-adrenoceptor antago-
nist used before the lag time, stronger association in comparison to

nonusers was observed for those with purchases of both tamsulosin
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TABLE 3 Characteristics of AD cases and controls and associations between AD and a1-adrenoceptor antagonist use categorized by timing

of exposure, compared with non-use

AD cases Controls
N = 24 602 N =98 397

al-adrenoceptor antagonist use before lag time

Any 7938 (32.3) 27 515 (28.0)

Tamsulosin 7090 (28.8) 24 494 (24.9)

Alfuzosin 1799 (7.3) 5937 (6.0)
Categorized al-adrenoceptor antagonist use, n, (%)

No use 14 071 (57.2) 62 465 (63.5)

Lag time only 2593 (10.5) 8417 (8.6)

Before lag time 3282 (13.3) 11 627 (11.8)

Before & at lag time 4656 (18.9) 15 888 (16.2)
Categorized tamsulosin use, n, (%)

No use 15 390 (62.6) 67 128 (68.2)

Lag time only 2122 (8.6) 6775 (6.9)

Before lag time 3382 (13.8) 11 802 (12.0)

Before & at lag time 3708 (15.1) 12 692 (12.9)
Categorized alfuzosin use, n, (%)

No use 21 641 (88.0) 88 614 (90.1)

Lag time only 1162 (4.7) 3846 (3.9)

Before lag time 1028 (4.2) 3455 (3.5)

Before & at lag time 771(3.1) 2482 (2.5)
Type of exposure before lag time, n, (%)

None 16 664 (67.7) 70 882 (72.0)

Only tamsulosin 6139 (25.0) 21578 (21.9)

Only alfuzosin 848 (3.5) 3021 (3.1)

Purchases of both alfuzosin and 951 (3.9) 2916 (3.0)

Unadjusted OR
(95% Cl)

1.24 (1.20-1.27)
1.23(1.19-1.27)
1.23(1.17-1.30)

1.00 (reference)
1.37 (1.31-1.44)
1.26 (1.21-1.32)
1.31(1.26-1.36)

1.00 (reference)
1.37 (1.30-1.44)
1.26 (1.20-1.31)
1.28 (1.23-1.34)

1.00 (reference)
1.24 (1.16-1.32)
1.22(1.14-1.32)
1.28 (1.18-1.39)

1.00 (reference)
1.22(1.18-1.26)
1.21(1.11-1.30)
1.40 (1.30-1.51)

Adjusted OR
(95% CI)?

1.16 (1.12-1.19)
1.15(1.11-1.19)
1.16 (1.10-1.23)

1.00 (reference)
1.32 (1.25-1.38)
1.19 (1.14-1.24)
1.22 (1.17-1.26)

1.00 (reference)
1.32(1.25-1.39)
1.18(1.13-1.23)
1.19 (1.14-1.24)

1.00 (reference)
1.20(1.12-1.28)
1.16 (1.07-1.24)
1.20(1.11-1.31)

1.00 (reference)
1.14 (1.10-1.18)
1.14 (1.06-1.24)
1.29 (1.19-1.39)

Adjusted OR
(95% CI)°

1.10(1.07-1.14)
1.10(1.06-1.14)
1.12(1.06-1.18)

1.00 (reference)
Not applicable

1.14 (1.09-1.20)
1.12(1.08-1.17)

1.00 (reference)
Not applicable

1.14 (1.09-1.19)
1.11(1.06-1.16)

1.00 (reference)
Not applicable

1.12 (1.04-1.20)
1.13(1.04-1.23)

1.00 (reference)
1.09 (1.06-1.13)
1.09 (1.01-1.18)
1.21(1.12-1.31)

tamsulosin

Note: Lag time refers to 0-3 years before the index date.

2Adjusted for highest occupational class, cardiovascular disease, stroke, diabetes, asthma or COPD, cataract, acute cancer, inpatient care with psychiatric
diagnoses, substance abuse, use of benzodiazepines and related drugs, antidepressants, antipsychotics and 5-alpha reductase inhibitors, and categorized

sum of purchased drugs in 1995.

PAdjusted for abovementioned confounders and mediators (categorized sum of hospital admissions, outpatient visits and new drugs [excluding

al-adrenoceptor antagonists] during the lag time).

and alfuzosin, than for use on just one al-adrenoceptor antagonist
(Table 3). Tamsulosin and alfuzosin use had similar associations, and
the impact of adjustment for confounders and mediators was identical
to the other analyses.

3.3 | Dose-response analysis

We found no evidence of a dose-response relationship in analyses
comparing high and low exposure categories during the entire expo-
sure period or exposure that had occurred at least 3 years before the
analysis. When cumulative exposure in lag time was compared, there
was no difference in alfuzosin exposure categories, while those with
higher exposure to tamsulosin had lower risk of AD than the low

exposure category (Table 4).

4 | DISCUSSION

Use of tamsulosin and alfuzosin were associated with an increased
risk of AD in Finnish men, also when the analyses were restricted to
drug exposure that had occurred at least 3 years before AD diagnosis.
This 3-year lag time was used to minimize the impact of protopathic
bias. This has been previously demonstrated to be essential for the
outcomes with long latency period, including AD.*® The association
reduced substantially after adjusting for comorbidities and concomi-
tant drug use throughout the assessment time (confounders) and
healthcare contacts within the lag period (mediators), indicating that
the association may be explained by these factors. Furthermore, we
found no evidence of dose-response relationship. Therefore, our
results do not strongly support the earlier finding® on these drugs as

risk factor for dementia.
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On the grounds of the baseline characteristics and our sensitivity
analysis, the al-adrenoceptor antagonist users had more comorbid-
ities, which are also known risk factors for AD, such as diabetes,
stroke and cardiovascular diseases.**"1¢ Psychiatric diagnoses and the
use of antipsychotics, antidepressants and BZDRs before the lag time
were also more common among the users than non-users. The associ-
ation between use of anticholinergic antipsychotics, BZDRs and anti-

depressants and disorders have

d’17719

cognitive previously been

demonstrate: and these drugs may be used to treat prodromal
symptoms of AD.2° After adjustment for these confounders, the
strength of the associations notably reduced for both tamsulosin and
alfuzosin. Taken together, the observation that morbidities and con-
comitant drugs were more common among the exposed indicate that
they had higher initial risk of AD per se regardless of al-adrenoceptor
antagonist exposure.

Interestingly, men with BPH were recently shown to have higher
risk of AD.?* The relative risk estimates for AD among men with BPH
from that Danish cohort study were in the same range as those
observed for al-adrenoceptor antagonist use occurring at least
3 years before outcome assessment in our study. The authors pro-
posed that nocturia, leading to fragmented sleep, sleep deprivation
and disruptions in glymphatic flow as the reason for their findings.?*
Supportive of the hypothesis of BPH itself being the risk factor, the
ORs for alfuzosin and tamsulosin were of similar magnitude in our
study. If one of these drugs was a risk factor, one would expect to
observe different ORs for tamsulosin and alfuzosin in comparison to
nonusers. In addition, the highest ORs were observed among men
who had used both tamsulosin and alfuzosin. It is possible that these
switches from one drug to another indicate poorer control and more
severe symptoms of BPH, ultimately leading to more severe disrup-
tions in glymphatic system and increased risk of AD as proposed by
Norgaard et al.2?

The users of al-adrenoceptor antagonists had more contacts to
specialized health care during the lag time. This is in line with previous
observation on steep increase in the hospital and total medical care
costs, starting 6 months before AD diagnosis.??> Furthermore, based
on the initiations of new drug therapies, it seems that the users also
had more contacts with primary health care during the lag time. These
findings indicate that due to the more frequent contacts with doctors
or examinations of other conditions, the users of «l-adrenoceptor
antagonists may have also been more likely to be diagnosed with
AD. The additional adjustment for these mediators weakened the
associations substantially, which supports the effects of comorbidities.
It should be noted that using the number of initiated new drug thera-
pies as an indicator for primary health care contacts may underesti-
mate the real number of contacts. Therefore, we were unable to fully
address the mediation via increased healthcare contacts and in reality
this indirect association may be even larger than observed in our
study.

The association between tamsulosin use during lag time and
increased risk of AD more likely reflects reversal causality than true
risk factor. In the dose-response analysis the majority of

al-adrenoceptor antagonist purchases were made during the lag time,

which possibly reflects frequent health care contacts and initiations of
new drug therapies due to oncoming dementia diagnosis. Because of
the investigation of prodromal symptoms of AD, the LUTS have also
become more likely to be diagnosed and treated.

The incoherence of the dose-response was observed especially
for tamsulosin. To strengthen the causal nature of association
between tamsulosin use and AD, an increased risk would have been
expected in users with higher compared to lower exposure during the
lag time. Instead, we found a decreased risk. These results were con-
trary to the previous findings of Duan et al.! and do not support the
causal nature of the association.

The biological explanation for the possible association between
cognitive decline and al-adrenoceptors is still uncertain. Tamsulosin
and alfuzosin both cause similar al-adrenoceptor inhibition, and
therefore it is logical that the results in our study were quite parallel
to both drugs. The hypothesis proposed by Duan et al.* suggests, that
tamsulosin inhibits the a1A-adrenoceptors in the central nervous sys-
tem and therefore has higher risk of cognitive adverse effects than
other al-adrenoceptor antagonists. Based on animal studies tamsulo-
sin should not pass the blood brain barrier?>2* but there are also
opposite observations.?> However, aging and especially neurodegen-
erative processes such as AD are known to increase the permeability

of the blood brain barrier,?%?”

so the al-adrenoceptor antagonists
might affect brains.

The strength of our study was the long-term exposure assess-
ment, enabled by comprehensive registers, and the use of lag time in
analysis, that ensured the reliable assessment of drug exposure. The
nationwide cohort, which covers Finnish citizens with the clinically
verified diagnoses of AD, ensured the reliable definition of the out-
come. The MEDALZ study also includes mixed dementia cases having
symptoms mainly due to AD. We used an unexposed comparison
group, because this indirectly enables the assessment of indication for
drug use as a risk factor, but also the comparison of different expo-
sure categories. Use of an active comparison typically requires exclu-
sion of persons with multiple types of drug exposure (e.g., tamsulosin
and alfuzosin), while our design retains the information also from this
exposure group. Use of 5-ARI was very low in our study, and there-
fore it was not used as a comparison group. Further, many users of
5-ARI were exposed to tamsulosin and/or alfuzosin, meaning that dif-
ferentiating the risk estimates for individual drugs would likely not
have been possible.

Our study has its limitations relating to restricted information
about the register-based data. The data on primary care visits were
not available in our study and the data on lifestyle confounders were
absent. The Prescription Register does not cover data on non-
reimbursed drugs. This does not impact the drug exposure assess-
ment, but may have a minor effect on the drug-based confounder and
mediator data as, for example, benzodiazepines, that are also pre-
scribed for small package sizes.

In conclusion, our findings do not provide strong support on the
previous hypotheses on al-adrenoceptor antagonists as a risk factor
for dementia, or higher risk of AD in tamsulosin users compared to

alfuzosin users. The association between these drugs and AD is partly
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explained by increased health care contacts 3 years before diagnosis,
and the lack of meaningful dose-response relationship does not sup-

port the causality.
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