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Purpose: Humans are living longer and may develop multiple chronic diseases in later life. The Better Health in Late Life cohort
study aims to improve our understanding of the risks and outcomes of multimorbidity in the Danish population.

Methods: A randomly-selected sample of Danish residents who were 50—65 years of age received a questionnaire and an invitation to
participate in this study. Respondents completed an online survey between October 2021 and January 2022 which addressed topics that
included self-assessed health, mental health, sleep, specific medical conditions, use of painkillers, diet, alcohol consumption, smoking,
physical activity, and body composition. This information was linked to the Danish health and social registries (some established in
1943 and onwards) that maintain data on filled prescriptions, hospital records, socioeconomic status, and health care utilization.
Results: Responses were received from 115,431 of the 301,244 residents invited to participate (38%). We excluded respondents who
answered none of the questions as well as those who provided no information on sex or indicated an age other than 50-65 years. Of the
114,283 eligible respondents, 54.8% were female, 30.3% were overweight, and 16.7% were obese. Most participants reported a weekly
alcohol consumption of less than seven units and 13.3% were current smokers; 5.2% had a history of hospitalization for solid cancer,
and 3.0%, 2.3%, 2.0%, and 0.9% reported chronic pulmonary disease, diabetes, stroke, and myocardial infarction, respectively. The
most frequently filled prescriptions were for medications used to treat the nervous system and cardiovascular diseases (38.1% and
37.4%, respectively).
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Introduction
During the past 200 years, the average human life expectancy in many developed countries has doubled.! Better health
experienced by people of all ages is largely the result of public health measures, including improved standards of living, the
availability of vaccinations, and improved medical care.' One immediate challenge facing health care systems in countries
such as Denmark is the need to care for an aging population while under significant pressure to encompass costs. The
proportion of people aged 65 years or more in Europe is expected to increase from 16% in 2012 to 27% by the year 2050.*
Given the recent improvements in the diagnosis and treatment of chronic disease, the threshold for initiating preventive
treatment of asymptomatic conditions has been reduced. However, as per the World Health Organization, the five-year
increase in life expectancy among those who were 65 years of age or older between 2000 and 2015 included only 4.6 years
of healthy life.’ In other words, 16-20% of one’s later life may be spent coping with disease.®

Population aging is transforming clinical medicine in several ways. The observed demographic transformation has
been accompanied by an epidemiological transition. Chronic diseases, such as cardiovascular disease, cancer, chronic
pulmonary disease, diabetes, and mental disorders are now among the major causes of death and contributors to disease
and disability in later life.” Age is a strong predictor of developing these chronic diseases, and a substantial fraction of the
population may ultimately develop multiple chronic diseases. Such multimorbidity has been defined as the coexistence of
two or more chronic conditions in a single individual.® Multimorbidity is associated with poor physical and psychological
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outcomes and impaired quality of life” '

and thus poses a critical challenge for those providing medical care and the
health care system as a whole.® As we prepare for the future, we will need to have a much better understanding of the
interactions and relationships among these chronic diseases. Of note, patients presenting with multimorbidity are often
excluded from randomized clinical trials and epidemiological studies, because most studies seek to maximize their
internal validity.'> Moreover, polypharmacy is prevalent among patients who have been diagnosed with chronic diseases.
Some reports have estimated that polypharmacy may be responsible for as many as 30% of hospital admissions among
older patients.'®"'®

Multimorbidity and polypharmacy are therefore among the greatest challenges to health in older age and the modern
health care system as a whole.'® Importantly, multimorbidity has been associated with socioeconomic deprivation
because many of these patients develop contemporary difficulties with both physical and psychological health. Most
clinical guidelines focus on treatments against single conditions and only rarely consider the impact of multimorbidity in
their decision pathways.?%*'

Denmark maintains an extensive network of health and social registries which together represent one of the best
sources of population-based data available for global aging research.”> However, at this time, these registries do not
provide data on disease symptoms nor any insight into lifestyle factors such as smoking, diet, or exercise. To address this
issue, the “Better Health in Late Life” cohort was created to add self-reported data that focuses on such factors and
combine questionnaire-based information with information already available from Danish population-based registries.
These registries maintain information on birth, employment, other social factors, health, morbidity, and mortality among
residents of Denmark for the past 50 years.”> > This cohort aims to improve our understanding of the risks and outcomes
of multimorbidity in the Danish population among those currently at 5065 years of age.

Because the majority of risk factors that account for approximately 37 million annual deaths worldwide from the most
common chronic diseases, ie cardiovascular disease, cancer, chronic pulmonary disease, diabetes, and mental disorders,
are potentially modifiable, an improved understanding of the interaction between risk factors, multimorbidity and
polypharmacy has a huge potential for preventive medicine.?® The aim of this publication is to provide the background
and the approach for establishing The Better Health in Late Life cohort study and to present the cohort characteristics so
that it can be a vital reference for researchers accessing the cohort to improve our understanding of the risks and
outcomes of multimorbidity in the Danish population. In this paper, we thus describe how the cohort was assembled,

present baseline data, and outline the potential for future research.

Materials and Methods
Setting

The Better Health in Late Life population cohort was developed from respondents to an online questionnaire survey that
was conducted in Denmark in late 2021 through early 2022. At that time, the total population in Denmark was 5.6 million
residents, of whom 1.2 million (21%) were 5065 years of age. The National Health Service in Denmark provides tax-
supported health care to all residents.”> All residents are assigned a unique 10-digit civil registration (CPR) number by the
Danish Civil Registration System.”” The CPR number is used across all registries and facilitates unambiguous linkage of
individual-level data both to and between all social and health registries. The Danish Civil Registration System is updated

daily and includes nationwide data on address of residence, mortality, and migration for all Danish residents since 1968.2

The Questionnaire

Developing the Questionnaire

We developed a comprehensive online questionnaire focused on lifestyle, health, and well-being that could be completed
using any type of electronic device (ie, desktop or laptop computers, tablets, or mobile phones). The main topics in the
questionnaire focused on self-assessed health, mental health, sleep, specific medical conditions, use of painkillers, diet,
alcohol consumption, smoking, physical activity, and body composition (Table 1). Some topics were addressed using
previously validated questionnaires (Supplementary Table 1). For example, self-assessed health was evaluated using the
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Table | Contents of the Better Health in Late Life Questionnaire

Topic Look-Back Period
Sex n/a
Age n/a

Self-assessed health*

Currently and the past four weeks

Mental health

Stress*

Past month

Depression*

Past two weeks

Loneliness

Currently

Sleep

Problems sleeping

Past four weeks

Hours of sleep

Past four weeks

Memory Currently
Self-reported medical conditions
Migraine Ever
Asthma Ever

Bowel problems*

Past three months

Hypertension

Ever

Blood pressure measured at home

Most recent measurement

Stroke or coronary thrombosis in parents/siblings

Before the age of 60 years

Varicose veins

Currently

Urination

Past four weeks

Menstrual period (females only)

Age at first menstrual period

Ever

Period within the last year

Past one year

Age at last menstrual period (if stopped)

Ever

Reason why menstrual period stopped (if stopped)

Ever

Diet

Average in the past year

Beverages

Breads and cereal products

Qils and fats

Dairy products

Meat

Fish

Vegetables, including legumes

(Continued)
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Table | (Continued).

Topic Look-Back Period

Fruit and unsalted nuts

Snack foods and fast foods

Alcohol consumption

Units per week Currently
Binge drinking Currently
Self-assessed drinking habits Currently
Desire to reduce alcohol consumption Currently
Smoking
Cigarettes, cheroots, cigars, pipe Currently and ever
E-cigarettes Currently
Drug abuse Past ten years

Physical activity

Moderate to hard physical activity Past seven days

Walking Past seven days

Body composition

Waist and hip circumference Currently
Height and weight Currently
Weight loss Past five years
Gain of any weight loss Past five years

Notes: *Based on responses to validated questionnaires.

12-item short-form health survey known as SF12v2 (Quality Metric Incorporated, license no. QM053156). We used the
Major Depression Inventory®® and the Perceived Stress Scale® to measure depression and stress, respectively.

Pilot Test of the Questionnaire

The questionnaire was initially pilot-tested among 1000 people who were 50-65 years of age. The pilot test included
a qualitative follow-up that analyzed both written comments provided by respondents and telephone interviews with 14 of
the participants who completed the entire questionnaire, seven respondents who completed only part of the questionnaire,
and nine non-respondents. The questionnaire was subsequently modified and the number of questions was reduced.

Recruitment and Data Collection

Data were collected by DST Survey, Statistics Denmark, on behalf of Aarhus University from October 2021 through
January 2022. An invitation to fill out the questionnaire was sent to 301,244 randomly selected Danish residents who
were 50—65 years of age, which corresponds to 25% of the total target population of 1,222,220 Danish residents within
this age group at that time. Invitations were sent through e-Boks, which is a secure digital mailing system introduced by
the Danish Government in 2014 to enhance communication between public institutions and residents. All residents aged
15 years or older are required to use e-Boks, unless granted an exemption, which identifies individuals by their CPR
number.*® The invitation letter included a hyperlink to the online survey as well as a unique log-in code that was linked to
the individual’s CPR number. A hyperlink to a website with more information about the project was also provided.*'
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To submit the questionnaire, the participant had to click through to the last page and either check “No further
comments” or write some text in the box provided. Apart from that, the questionnaire included no mandatory questions.
Reminders were sent two and four weeks after the initial invitation to those who had not yet responded. Individuals who
began the questionnaire but had not submitted it received as many as three reminders encouraging them to log in and
complete the questionnaire.

The participants provided informed consent through Statistics Denmark by accepting the following:

We treat your answers confidentially and use results in a way that no one can see the replies of individual participants. Your
answers cannot be linked to you and the collected data will be used for statistical and scientific purposes only. Participation is
voluntary, but the study will be better, if many people participate. Your link to participation should not be handed to someone
else. If you have any questions, please contact Statistics Denmark by email [...] or phone. [...]

Record Linkage to the Danish Health and Social Registries

Using their CPR numbers, we linked individual respondents in this cohort to information in several health and social
registries. This facilitates the use of cohort data in studies designed to improve our understanding of the impact of
lifestyle on health and multimorbidity. The cohort dataset was linked to the Danish National Patient Registry (DNPR),
which contains records of all inpatient hospitalizations since 1978 and all outpatient clinic and emergency room visits
since 1995.%* Each record contains the CPR number, one primary and up to 19 secondary diagnoses, procedures, and
selected treatments, and date and type of contact (ie, inpatient, outpatient, emergency room visit). Diagnoses were
recorded according to the World Health Organization’s International Classification of Diseases, Eighth Revision, until
1994 and according to the Tenth Revision (ICD-10) thereafter.”* We also linked the cohort to the Danish National
Prescription Database (DNPD), which lists medications sold at pharmacies and in retail stores as well as medications sold
to Danish hospitals.”> The DNPD was established in 1994 and is considered complete from 1997 onwards.** Individual
prescriptions issued by general practitioners, private practicing specialists, and hospital outpatient clinics were recorded,
although not medications used to treat hospitalized patients.>® In addition to the DNPR and the DNPD, the cohort was

linked to the Danish Cancer Registry,”* the Laboratory Information Systems,*

the Psychiatric Central Research
Registry,*® the Educational Attainment Register,”’ the Integrated Database for Labor Market Research,*® the National
Health Insurance Service Registry,>® the National Pathology Registry,** and the Registry of Causes of Death*' (Figure 1).

A description of each of these registries is available in Supplementary Table 2. Data are stored on a secure server

maintained by Statistics Denmark and all personal information in the survey has been de-identified.

The Registry of The Civil
Causes of Death Registration System

The National The National
Pathology Registry Patient Registry

The Better Health in
Late Life The Cancer Registry
Data Set
The Integrated Database The Register of Medicinal
for Labor Market Product Statistics

The Educational The Laboratory
Attainment Register Information Systems

The Psychiatric Central
Research Registry

The National Health

Insurance Service Registry)|

Figure | The cohort and linked registries.
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Results

Cohort Characteristics

Of the original 301,244 individuals who were invited to participate, 115,431 responded, yielding a response rate of
38.3%. Some respondents were identified as “straightliners”; these were individuals who logged in, clicked through the
entire questionnaire, and then clicked “No comments” or wrote a comment at the end to submit the questionnaire, but
without answering any questions. These individuals were excluded (n=876). We also excluded respondents who stated
that they were less than 50 or more than 65 years of age (n=205) as well as those who did not respond to the question on
sex (n=67). Thus, our final study cohort included 114,283 eligible respondents (Figure 2). Among respondents, 96,423
answered all questions (32.0% of those invited). These individuals spent an average of 33 minutes on this task.

Target group:
People aged 50-65 years*
N = 1,222,220
No response
n = 185,202

Received an invitation
n = 301,244 Did not want to or was unable to

participate”®
n =611

Excluded
Responded Did not answer any questionst
n = 115,431 n = 876

Excluded
Provided invalid age or no sex”

Responded and were n =272

found eligible
n = 114,283

Answered all questions Answered some questions
n = 96,423 n=17,860

*Danish residents with a civil registration number
*The recipient or a relative contacted DST Survey
SUnable to participate due to iliness, disability, death, or language barrier

£Logged in, clicked through the entire questionnaire, and ticked “No
comments” or left a comment at the end in order to submit the questionnaire

~Age and sex can be tracked in the Danish Civil Registration System

Figure 2 Flowchart.
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Demographics

We divided the respondents into four age categories and found that the likelihood of filling out the questionnaire was
associated with age. The response rates for individuals who were 50-53, 54-57, 58-61, and 62—65 years of age were 27.0%,
30.2%, 33.9%, and 38.0%, respectively (Supplementary Table 3). As expected, a larger proportion of the invitees who reported

higher education (41.3%) responded compared to those who reported that their highest level of education was primary school
(20.3%). Likewise, women, persons without children, Danish as ethnic origin and high income were overrepresented in the
survey. We identified no variation in the response rates across regions of residence (Supplementary Table 3).

Lifestyle and Health-Related Factors

Self-reported BMI data revealed that 0.7% of respondents were underweight (BMI <18.5 kg/m?), 30.9% were normal
weight (BMI from 18.5 to <25 kg/m?), 30.3% were overweight (BMI from 25 to <30 kg/m?), and 16.7% were obese
(BMI >30 kg/m?) (Table 2).

Table 2 Distribution of the Respondents by Age, Lifestyle Factors, and Health-Related Factors

Sex Total
Male Female
N % N % N %
All 51,643 100.00 62,640 100.00 114,283 100.00
Age group
50-53 years 10,733 20.8 13,703 21.9 24,436 21.4
54-57 years 13,641 26.4 16,865 26.9 30,506 26.7
58-61 years 13,346 25.8 15,758 25.2 29,104 25.5
62-65 years 13,923 27.0 16,314 26.0 30,237 26.5
Body mass index (BMI)
Missing 9921 19.2 14,588 233 24,509 21.5
Underweight (<18.5 kg/m?) 94 0.2 755 1.2 849 0.7
Normal (18.5 to <25 kg/m?) 12,670 245 22,622 36.1 35,292 30.9
Overweight (25 to <30 kg/m?) 19,794 383 14,807 23.6 34,601 30.3
Obese (230 kg/m?) 9164 17.7 9868 15.8 19,032 16.7
Smoking status*
Missing 7809 15.1 7973 12.7 15,782 13.8
Current smoker 7030 13.6 8129 13.0 15,159 133
Former smoker 11,127 21.6 13,941 223 25,068 21.9
Non-smoker 25,677 49.7 32,597 52.0 58,274 51.0
Weekly alcohol consumption, units
Missing 7798 15.1 7975 12.7 15,773 13.8
0 7193 13.9 16,562 26.4 23,755 20.8
1-7 21,049 40.8 30,287 484 51,336 44.9
8-14 8865 17.2 6132 9.8 14,997 13.1
15-21 4534 838 1297 2.1 5831 5.1
222 2204 43 387 0.6 2591 23
Self-rated health
Missing 16 0.0 27 0.0 43 0.0
Excellent 4817 9.3 4883 7.8 9700 8.5
Very good 19,214 372 22,355 357 41,569 36.4
Good 19,535 37.8 24,380 389 43,915 384
Less good 6850 133 9471 15.1 16,321 14.3
Bad 1211 23 1524 24 2735 24
(Continued)
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Table 2 (Continued).

Sex Total
Male Female
N % N % N %
Feeling lonely
Missing 2986 5.8 2992 4.8 5978 5.2
No 33,764 65.4 39,324 62.8 73,088 64.0
A bit 10,268 19.8 14,325 229 24,593 21.5
Somewhat 2791 5.4 3609 5.8 6400 5.6
Quite a lot 1374 2.7 1837 29 3211 28
Very much 460 0.9 553 0.9 1013 0.7
Sleep, hours per day
Missing 4367 8.5 4193 6.7 8560 7.5
<3 hours 253 0.5 201 0.3 454 0.4
3—4 hours 815 1.6 1056 1.7 1871 1.6
4-5 hours 2915 5.6 4300 6.9 7215 6.3
5-6 hours 9812 19.0 12,805 20.4 22,617 19.8
6-7 hours 19,459 377 22,364 35.7 41,823 36.6
7-8 hours 12,361 23.9 15,480 247 27,841 244
>8 hours 1661 32 2241 3.6 3902 34
Wake up unintentionally at night or early
in the morning
Missing 4609 8.9 4521 72 9130 8.0
No 9203 17.8 9110 14.5 18,313 16.0
Fewer than 3 times a week 19,648 38.1 24,296 388 43,944 385
3 times or more times a week 18,183 352 24,713 395 42,896 375

Notes: *Cigarettes, cheroots, cigars, or pipe.

Thirteen percent of the respondents reported that they currently smoked cigarettes, cigars, cheroots, or pipes; 21.9%
were former smokers and 51.0% reported that they never smoked. The distribution did not vary substantially between
males and females (Table 2).

At the time of the survey, the Danish health authorities recommended that females should consume a maximum of seven units
and males a maximum of 14 units of alcohol per week. Among male respondents, 71.9% reported an average weekly intake of 14
units of alcohol or fewer. Similarly, 74.8% of the females stated that they consumed 7 units or fewer per week (Table 2).

Based on the SF-12v2, 8.5% of the respondents provided excellent health self-ratings, with 36.4% and 38.4%
reporting very good and good health, respectively. Another 14.3% described their current state of health as fair, while
2.4% reported poor health (Table 2). Similarly, 64.0% of respondents reported that they did not feel lonely at all, while
21.5% and 5.6% stated that they felt a bit or somewhat lonely, respectively. Only 2.8% reported that they felt lonely “a
lot” and slightly less than 0.7% felt lonely “very much” (Table 2).

With respect to the average duration of sleep, 19.8% of the respondents reported that they slept for 5-6 hours each
night during the past four weeks. By contrast, 36.6% reported that they slept for 67 hours while 24.4% slept for 7-8
hours per night during this interval. While 38.5% of the respondents reported that they had awakened unintentionally at
night or early in the morning fewer than three times per week in the past four weeks, 37.5% reported that they had
awakened unintentionally three or more times each week and 16.0% stated that they had not awakened unintentionally at
all during the past four weeks (Table 2).

Among the missing values for the lifestyle and health-related factors, at the lowermost end, we identified <0.1%
among the questions that addressed self-rated health, reaching a maximum of 21.5% for BMI (Table 2). The distribution

of demographic, lifestyle, and health-related factors in the respondent cohort are described in Table 3.
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Table 3 Distribution of demographics, Lifestyle Factors, and Health-Related Factors

Variable N Sex
Male Female

Median IQR* Median IQR
Age, years 114,283 58 54-62 58 54-62
Age at menopause, years 37,458 n/a n/a 50 48-53
Perceived Stress Scale score 103,030 10 5-I5 I 6-16
Major Depression Inventory score | 103,283 5 2-9 6 311
Height, cm 94,588 181 176-186 168 163-172
Weight, kg 90,256 88 80-98 71 63-82
BMI, kg/m? 89,774 27 25-29 25 23-29
Waist circumference, cm 50,869 97 90-105 86 80-95
Hip measurement, cm 50,543 100 95-105 101 95-109

Abbreviation: *IQR, interquartile range.

Morbidity

We retrieved individual diagnosis codes assigned to each respondent that were registered in the DNPR for the five years
immediately preceding their responses to the Better Health in Late Life questionnaire. Based on the ICD-10 codes of the
19 conditions included in the Charlson Comorbidity Index, we identified the somatic diseases that were the most
prevalent in our cohort. The category “Solid cancer” ranked highest, at 5.2% (6.2% of female and 3.9% of male
respondents). This was followed by “Chronic pulmonary disease” at 3.0% (3.2% of female and 2.7% of male
respondents), and “Diabetes type I/II” at 2.3% (1.8% of female and 2.9% of male respondents) (Table 4).

Table 4 Hospital Diagnoses Among 114,283 Respondents (Grouped According to the
Charlson Comorbidity Index) Recorded Up to Five Years Before the Date of the Questionnaire

Charlson Category Sex Total
Male Female
N % N % N %

Myocardial infarction 777 1.5 280 0.5 1057 0.9
Congestive heart failure 594 1.2 212 0.3 806 0.7
Peripheral vascular disease 760 1.5 431 0.7 1191 1.0
Cerebrovascular disease 1267 2.5 995 1.6 2262 2.0
Dementia 37 0.1 31 0.1 68 0.1
Chronic pulmonary disease 1405 27 1992 32 3397 3.0
Connective tissue disease 625 1.2 1414 2.3 2039 1.8
Ulcer disease 187 0.4 173 0.3 360 0.3
Mild liver disease 327 0.6 412 0.7 739 0.7
Diabetes type I/1l 1516 29 1155 1.8 2671 23
Hemiplegia 72 0.1 57 0.1 129 0.1
Moderate to severe renal disease 499 1.0 390 0.6 889 0.8
Diabetes with end organ damage 861 1.7 470 0.8 1331 1.2
Solid cancer 2030 39 3861 6.2 5891 5.2
Leukemia 134 03 74 0.1 208 0.2
Lymphoma 228 0.4 193 0.3 421 0.4
Moderate to severe liver disease 68 0.1 52 0.1 120 0.1
Metastatic solid tumor 294 0.6 396 0.6 690 0.6
*AIDS 151 0.3 35 0.1 186 0.2

Notes: Diagnoses were obtained from the Danish National Patient Registry.
Abbreviation: *AIDS, acquired immune deficiency syndrome.
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Medication Use

Medication use is another factor that can help us to map the health profile of the population under study. Using the
DNPD, we identified prescriptions filled by respondents within the year immediately preceding their responses to the
questionnaire. 38.1% (43.5% of female and 31.7% of male respondents) filled prescriptions for medications used to treat
nervous system disorders, while 37.4% (35.6% of female and 39.6% of male respondents) filled prescriptions for
medications for cardiovascular disease (Table 5). The 10 most commonly dispensed prescription medications recorded
up to one year before each individual completed the questionnaire are reported in Table 6.

Discussion

The Better Health in Late Life cohort is one of the largest and most comprehensive sources of information that can be
used to address late-life morbidity. While the opportunity to live a long and healthy life is universally valued, important
inequalities exist. It will be important to know how to predict the number of years of disability-free life that might remain
for those currently at 65 years of age.** The relation between multimorbidity and mortality depends not only on the

Table 5 Distribution of Dispensed Prescription Medication Among 114,283 Respondents According to the 12 Main Anatomical,
Therapeutic, Chemical (ATC) Classification Groups Recorded Up to One Year Before the Date of the Questionnaire

Main Group | Description Sex Total
(ATC)
Male Female
N % N % N %

A Alimentary tract and metabolism 11,776 228 15,037 24.0 26,813 235
B Blood and blood-forming organs 7671 14.9 6133 9.8 13,804 12.1
C Cardiovascular system 20,444 39.6 22,313 35.6 42,757 374
D Dermatologicals 8336 16.1 11,182 17.9 19,518 17.1
G Genito-urinary system and sex hormones 6508 12.6 12,449 19.9 18,957 16.6
H Systemic hormonal preparations, excluding sex hormones and insulins 2330 4.5 6867 11.0 9197 8.1
] Anti-infectives for systemic use 9595 18.6 16,846 26.9 26,441 23.1
L Antineoplastic and immunomodulating agents 488 0.9 705 1.1 1193 1.0
M Musculoskeletal system 10,840 21.0 15,514 248 26,354 23.1
N Nervous system 16,375 317 27,217 435 43,592 38.1
R Respiratory system 4270 83 6213 9.9 10,483 9.2
S Sensory organs 4292 83 6788 10.8 11,080 9.7

Table 6 ATC Codes of the 10 Most Commonly Dispensed Prescription Medications Among | 14,283 Respondents
Recorded Up to One Year Before the Date of the Questionnaire

Rank | Therapeutic Group ATC Sex Total
Male Female
N % N % N %
| Analgesics NO2 12,733 247 21,816 348 34,549 30.2
2 Agents acting on the renin-angiotensin system co9 12,493 242 11,447 18.3 23,940 21.0
3 Antibacterials for systemic use Joli 8552 16.6 14,328 229 22,880 20.0
4 Anti-inflammatory and antirheumatic products | MO0/ 9100 17.6 12,908 20.6 22,008 19.3
5 Lipid modifying agents clo 11,386 22.1 9791 15.6 21,177 18.5
6 Drugs for acid-related disorders A02 7326 14.2 10,314 16.5 17,640 15.4
7 Calcium channel blockers o8 7342 14.2 6129 9.8 13,471 11.8
8 Corticosteroids, dermatological preparations D07 4830 9.4 7210 1.5 12,040 10.5
9 Sex hormones G03 150 0.3 11,668 18.6 11,818 10.3
10 Ophthalmologicals sol 4292 83 6788 10.8 11,080 9.7
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number of diseases but also their severity and potential responses to treatment combined with lifestyle and associated
social factors, as well as other exposures. A life-course approach as a means to understand determinants of health in later
life may provide us with the critical insight needed in our attempt to minimize the number of years lived with a physical
or psychological disability. Findings from the Better Health in Late Life cohort offers the possibility of elucidating and
evaluating the impact of these determinants, as supplementing the registries with self-reported data increases the value of
the health registries as a research tool, in particular with respect to multimorbidities.

We chose to focus on the age group 50—65 years due to the challenges of global aging. The United Nations’ Population
Division predicts that the number of individuals aged 60+ will more than double from about 900 million in 2015 (~12% of the
world’s population) to 2.1 billion by 2050 (21.5%).** The population changes and the burden of non-communicable diseases
have raised concern about a surge in health expenditure, reduced labor force participation, and lack of social security.

Strengths and Weaknesses
We developed the Better Health in Late Life cohort as a data source that contains comprehensive life course information
focusing on lifestyle and self-rated health. We have linked the data collected from this cohort to both health and social
registries which provided us with the opportunity to obtain additional information on morbidity, prescriptions that have been
filled, educational level, income, and health care utilization at an individual level. These registries also provide a virtually
complete follow-up of all individuals within this prospective cohort. Of note, the study sample was drawn at random from all
residents of Denmark who were 50—65 years of age at that time. Thus, the cohort has the potential to represent individuals from
a variety of different sociodemographic segments and all regions of Denmark. Nonetheless, certain limitations need to be
considered. We were unable to ensure that the person to whom the invitation was directed was the one who actually filled out
the questionnaire. The first questions asked the respondents to state their sex and age. We excluded those who reported an age
outside that of the target group (50—65 years) and those who did not answer the question on sex. It is also critical to note that the
questionnaire responses were not validated. The participants may have underreported certain behaviors such as alcohol
consumption and smoking that have known detrimental effects. However, we assume that these are self-reported data that are
independent of later disease outcome. Such non-differential misclassification tends to produce conservative estimates closer to
the null or no effect value than the real effect. If there is no real effect, there will be no bias.***°

Likewise, the questionnaire required the participant to have a clear recollection of symptoms and lifestyle behaviors.
Questions that focus on longer recall periods may ultimately have more inaccurate responses. However, the recall period
was relatively short for many of the questions (typically 2—4 weeks). Finally, although the invitation was sent out to
a random sample of the population, our analysis of the cohort characteristics revealed that persons who were older and
reported higher educational backgrounds may be overrepresented in this sample.

The response rate of 38% may be associated with bias of absolute risk estimates if the study participation only reach
a selected subgroup of the target population.*® The most important issues for etiological studies is to get a sufficient
number of exposed individuals in each category. Our large cohort size seems to have sufficient variance and therefore, the
generalization of associations between risk factors and outcomes is most likely assured.*’” For example, the UK Biobank
has an analytic sample of 499,701 persons based on a response rate as low as 5.5%. A comprehensive analysis showed
similar risk factor associations in the UK Biobank as in other large cohorts with a much higher response rate.**

Perspectives

Humans are living longer and experiencing a higher prevalence of late-in-life illnesses. Thus, many key issues
confronting clinical medicine and health policies related to this concern might be best investigated using longitudinal
data from large, population-based cohorts. The Better Health in Late Life cohort was developed to address this need and
will build on an important array of existing health-related social resources in Denmark. The Better Health in Late Life
cohort will provide Denmark with an outstanding database and infrastructure for conducting clinical research at the
highest level and has the potential to follow medical events on an individual and population basis from a lifelong
perspective. This will not be possible in most other countries. Of particular interest, many people experience little illness
throughout life and into old age. This trait might be identified, evaluated, and explored over a much larger proportion of
the population.
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Non-communicable diseases, including mental disorders, are largely preventable The disease burden and the
associated economic burden can therefore be effectively reduced in many countries by implementing strategies to reduce

risk factors, improve health care, and strengthen surveillance and monitoring.***

Data Sharing Statement

The data collection has been supported by a personal grant to Henrik Toft Sgrensen from the Novo Nordisk Foundation
(the Hagedorn Award). A steering committee, chaired by Professor Henrik Toft Serensen, Principal Investigator and
initiator of the study, was appointed by Aarhus University. Interested scientists can apply for access to the data presented
in this manuscript by contacting the chair of the committee via e-mail (hks@clin.au.dk or hts@clin.au.dk).
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The study was reported to the Danish Data Protection Agency (record number 2016-051-000001) by Aarhus University.
According to Danish legislation, informed consent and approval from an ethics committee are not required for registry-
based studies, but the participants provided informed consent through Statistics Denmark by accepting a statement.
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