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ABSTRACT 
[bookmark: _Hlk531619237]Background: Studies from North America and Western Europe suggest stable or declining trends in impaired cognition across birth cohorts. 
Objective: We aimed to examine changes in the age-specific prevalence of cognitive impairment in the Czech Republic.
Methods: The study used two samples from the population-based Czech Survey on Health, Ageing and Retirement in Europe. Age-specific prevalence of cognitive impairment (defined based on scores in verbal fluency, immediate recall, delayed recall and temporal orientation) was compared between participants in wave 2 (2006/2007; n=1,107) and wave 6 (2015; n=3,104). Logistic regression was used to estimate the association between the wave and cognitive impairment, step-wise adjusting for sociodemographic and clinical characteristics. Multiple sensitivity analyses, focusing on alternative operationalisations of relative cognitive impairment, impact of missing cognitive data and survival bias, were carried out.
[bookmark: _Hlk531619281]Results: The most conservative estimate suggested that the age-specific prevalence of cognitive impairment declined by one fifth, from 11% in 2006/2007 to 9% in 2015. Decline was observed in all sensitivity analyses. The change was associated with differences in physical inactivity, management of high blood cholesterol and increases in length education.
Conclusion: Older adults in the Czech Republic, a country situated in the Central and Eastern European region, have achieved positive developments in cognitive aging. Longer education, better management of cardiovascular factors and reduced physical inactivity seem to be of key importance.
Key words (5): cognitive impairment, prevalence, epidemiology, Czech Republic, trends

INTRODUCTION
Population-based studies conducted during the past decade, predominantly in high-income countries, suggest stable or declining dementia incidence and age-specific prevalence [1, 2]. According to reviews of the available evidence, no single protective or risk factor can fully explain these trends [1, 2]. However, societal changes that resulted in improved socio-economic conditions and health care probably had a positive influence on cognitive health [1, 2]. In particular, the evidence suggests that increase in years of education, improved control of hypertension and hypercholesterolemia, and decreasing occurrence of stroke and ischemic heart disease, likely played an important role [3-6]. 

Evidence regarding developments in cognitive health from non-western settings is rarer and prevalence estimates vary substantially across countries [7]. Even in Europe, there is a gap in knowledge. For example, data on trends in cognitive health from Central and Eastern Europe (CEE) are largely lacking [1]. No study from CEE was added into the most recent review, which again included predominantly studies from Western Europe and Northern America [2]. Even less is known regarding factors associated with possible changes in cognitive health in non-western settings. Data from low- to middle-income countries suggest variability in factors associated with cognitive impairment and dementia [7, 8]. For example, cross-sectional data from low- to middle-income countries indicated that physical health, rather than socioeconomic factors predicted cognitive impairment [7]. Thus, it remains to be elucidated, which factors influence trends in cognitive health in non-western settings. 

With regards to Europe, a large morbidity and mortality gap between Western Europe and CEE is well known [9, 10]. For example, while cardiovascular morbidity and mortality have been declining since the 1970s in Western Europe, the rates have been increasing in CEE during the second half of the 20th century [9, 10]. These unfavourable trends have been attributed to socioeconomic disruptions at the national levels, leading to excessive alcohol consumption, poor nutrition, low physical activity, material hardship, psychosocial distress or high rates of depression [9-13]. These societal developments may influence trends and predictors of changes in cognitive health.  

Subsequently, this study aims to assess the change in the age-specific prevalence of cognitive impairment in the Czech Republic, and determine whether sociodemographic or clinical factors might explain the change. The Czech Republic is a good country in the CEE region for examining changes in cognitive health due to recent socio-economic and health shifts and an ongoing reform of mental health care [14-17]. It is a post-communist country that underwent a rapid social and economic transition into a westernized society. Recent studies suggest major improvements in the control of cardiovascular risk factors and declining mortality from ischemic heart disease and stroke [18-20]. We hypothesize that these changes could contribute to the improvement of cognitive health of older adults in the Czech Republic. 

MATERIALS AND METHODS
Source of data
Data from the Survey on Health, Ageing and Retirement in Europe (SHARE) were used. Modelled after the Health and Retirement Study from the United States of America and the English Longitudinal Study of Ageing, SHARE is a European prospective, multi-centre study of community-dwelling individuals aimed at providing comparative data on population ageing across Europe. SHARE collects information about participants´ health, social network and economic conditions using computer-assisted personal interviewing (CAPI), as previously described in detail [21]. The first wave was conducted in 2004, followed by wave 2 in 2006/2007, wave 3 in 2008/2009, wave 4 in 2011/2012, wave 5 in 2013 and wave 6 in 2015. 
 
Study sample
The Czech Republic joined SHARE study in wave 2, when 2,877 households were sampled. To maintain the original age structure and because of attrition due to death and loss to follow-up, SHARE replenishes its sample between waves. Refreshment samples were recruited and added 4,371 new households in wave 4 and 1,361 in wave 5. The response rate in wave 2 was 60% and retention of participants was 72% (wave 2 to 3), 82% (wave 3 to 4), 88% (wave 4 to 5) and 89% (wave 5 to 6) of the surviving respondents from the previous waves (Figure 1). 

To assess the change in age-specific prevalence of cognitive impairment, we identified two similar nationally representative cohorts that were examined with the same cognitive tests. We selected the wave 2 (2006/2007), when the Czech Republic joined SHARE, and wave 6 (2015), which provided the most recent data. This allowed examination of a change over the 8-9 years period. In wave 2 (2006/2007), 2,750 individuals (on average 63 years old; 57% women) were interviewed. We restricted the analysis to participants aged 65 years and older (n=1,107). We excluded 36 observations due to missing data on covariates, leaving 1,071 persons in sample for wave 2 (57% women, mean age 73 years, range 65-95). 

The wave 6 included predominantly individuals recruited from the refreshment samples (n=2,757). However, 347 participants from the wave 2 also participated in wave 6, resulting in total 3,104 respondents. We excluded 124 observations due to missing data on covariates, leaving 2,980 in wave 6 for the analytical sample (58% women, mean age 73 years, range 65-103). In the present study, we consider the individuals in wave 2 as “cohort 1” and those in wave 6 as “cohort 2”.  

Definition of cognitive impairment
Cognition was assessed using four measures: verbal fluency, immediate recall, delayed recall and temporal orientation. We re-coded each cognitive measure to a binary variable indicating impaired vs. normal performance. First, we pooled together the scores from wave 2 and wave 6 and transformed them into z-scores, using the mean and standard deviation (SD) of this pooled population. Second, the cut-off for impaired performance was set at z score 1.5 SD below the mean, which is a generally used criterion for relative cognitive impairment [22]. The thresholds corresponded to the following scores: impaired verbal fluency <9 animals; impaired immediate recall <3 words; impaired delayed recall <1 word; impaired temporal orientation <3 points. Participants with impaired performance in at least 2 measures were considered as having cognitive impairment. 
In cohort 1, 1.5% (n=16) individuals did not have complete data on cognitive measures compared to 4.2% (n=126) in cohort 2. Participants with missing data on cognition may be more likely to have cognitive impairment [23], which can bias our results. Therefore, we present 3 scenarios (cognitive impairment 1-3), where we handle missing data in different ways. Cognitive impairment 1 was the most extreme scenario, as we classified all individuals with any missing data on cognition as having cognitive impairment. Cognitive impairment 2 used two proxy variables to define cognitive impairment in individuals with incomplete data (see Supplement for details). For cognitive impairment 3, we executed a complete case analysis by excluding individuals with any missing data on cognition. Further, cognitive impairment 4 is defined based on a summary scale from individual cognitive tests. 
Covariates
Covariates were chosen based on the existing literature as sociodemographic factors or variables related to cardiovascular and overall health that could explain the change in the prevalence of cognitive impairment [24-28]. 

Statistical analysis
We present participants´ characteristics as frequency (n, %), mean ± standard deviation (SD) or median and interquartile range (IQR) and compared them between the two waves with a χ2 test, independent sample t-test and Mann-Whitney test, where appropriate. The characteristics of cohort 2 except for age and gender were sex- and age-standardized to cohort 1. For multivariable analysis, we used analytical framework utilized by Langa et al, in a similar analysis based on the Health and Retirement Study [29]: We pooled data from cohort 1 and 2 and performed logistic regression with a dependent variable indicating whether an individual had cognitive impairment. A binary variable “cohort” that took the value of 0 for cohort 1, and the value 1 for cohort 2, was the independent variable. Odds ratio (OR) with 95% confidence interval (CI) were estimated for the association of the cohort with cognitive impairment. An OR lower than 1 indicates a lower prevalence of cognitive impairment in cohort 2. We ran models, which step-wise added groups of covariates. Model 1 was adjusted for age, gender and birth cohort; Model 2 added education and cardiovascular and overall health measures were included in Model 3. We assessed the potential multicollinearity using variance inflation factors (VIF). All covariates included in Model 3 had VIF less than 4 and were thus kept in the final model. In order to examine to what extent our predictors explain the differences in prevalence of cognitive impairment between cohort 1 and 2 we used a multivariate decomposition for nonlinear models [30].

All analyses were performed both with and without calibrated cross-sectional sampling weights. Several sensitivity analyses, focusing on alternative operationalisations of relative cognitive impairment, impact of missing cognitive data and survival bias, tested the robustness of our findings. Data was analysed using STATA, version 15.1 and IBM SPSS Statistics for Windows, Version 23.0 (IBM Corp. Armonk, NY). See Supplement for details related to fieldwork, sampling, cognitive measures, operationalization of cognitive impairment 1-4, definition of covariates, sampling weights, sensitivity analyses and ethical considerations.     

RESULTS
Characteristics of participants
The study sample included 1,071 individuals in cohort 1 and 3,104 in cohort 2, of those 318 individuals took part in both. Table 1 presents characteristics of the two cohorts (age- and sex-standardized to the cohort 1, and weighted using individuals sampling weights). The raw data (unweighted and not standardized) are presented in Supplement Table S1. Those in cohort 2 were more educated, more often lived with a spouse and had a higher net worth (Table 1). They less frequently reported stroke and myocardial infarction, but more often reported having been diagnosed with high blood pressure, high blood cholesterol and diabetes mellitus and to be taking cardiovascular drugs. In addition, they were less frequently depressed and physically inactive, but more commonly obese. 

Cognitive health of participants
Cohort 2 had higher scores on all cognitive tests. When classifying individuals with missing data as cognitively impaired, we observed that the age- and sex- standardized frequency of cognitive impairment in cohort 2 was 1.2 times lower than in cohort 1 (cognitive impairment 1: 11% vs. 9%; Table 1). When we used proxy-variables to indicate cognitive impairment, its frequency was 1.6 times lower in cohort 2, compared to cohort 1 (cognitive impairment 2: 11% vs. 7%). In the complete case analysis, the prevalence of cognitive impairment was 2.3 times lower in cohort 2 than in cohort 1 (cognitive impairment 3: 9% vs. 4%). An alternative definition of cognitive impairment using a summary scale resulted in 1.8 times lower frequency of cognitive impairment in cohort 2 than in cohort 1 (cognitive impairment 4: 31% vs. 17%).

Multivariable analysis
In multivariable analysis, cohort 2 was significantly associated with lower odds of cognitive impairment 1, adjusting for age, gender and birth cohort (Table 2, not weighted OR 0.59; 95% CI 0.37 to 0.95; Model 1). This association was attenuated and lost statistical significance, when education was added into the model (not weighted OR 0.67; 95% CI 0.41; to 1.08; Model 2). The association was further attenuated by adding all other covariates (not weighted OR 0.72; 95% CI 0.43 to 1.21; Model 3). Cognitive impairment 1 was associated with higher age, stroke, high blood cholesterol, drugs for coronary heart diseases, depression, excessive alcohol consumption and physical inactivity. Being a woman, higher education and use of drugs for cholesterol were all associated with lower odds of cognitive impairment (Supplemental Table S2). 
The multivariate decomposition indicated that the difference in prevalence was predominantly (88%) attributable to differences in characteristics of the two cohorts. The changes in prevalence of cognitive impairment 1 could be explained through reduction in physical inactivity, receiving medication for high blood cholesterol, increases in length of education and reduction in stroke (Supplemental Table S3). Increases in proportion of individuals with high blood cholesterol has negatively influenced the observed prevalence changes. 

The trends were similar for cognitive impairment 2, 3 and 4. Nevertheless, the associations remained statistically significant even after the progressive adjustments. We have also observed analogous trends for individual cognitive domains (Supplemental Table S4). The weighted analyses provided similar trends in the estimates, but all associations were statistically significant due to a large sample size generated by the sampling weights. After excluding the 318 survivors from 2015 sample from the analyses, the results did not differ (Supplemental Table S5). 

DISCUSSION
[bookmark: _Hlk531619384]This study suggests a decline in age-specific prevalence of cognitive impairment in the Czech Republic over the period between 2006/2007 and 2015. The most conservative estimate suggests that the prevalence of cognitive impairment decreased by one fifth, from 11% in 2006/2007 to 9% in 2015. The reduction in physical inactivity, more intensive control of high blood cholesterol and increases in the length of education were the main predictors related to the decline in cognitive impairment. The findings were robust to different ways of accounting for missing data and to several sensitivity analyses. To the best of our knowledge, this is the first study conducted in the region of CEE that reports on trends in cognitive health of older adults.

In high income countries trends in prevalence of dementia varied across regions [1]. In Sweden, dementia prevalence remained relatively stable. On the other hand, a study from France and Spain yielded mixed results and studies from the United States and the United Kingdom reported declines in age-specific prevalence. The magnitude of the declines ranged from 12% to 21% per 10 years [1]. An American analysis based on data from the Health and Retirement Study, which is similar to SHARE, focused specifically on cognitive impairment and found a larger decrease of almost 29% [31]. The decline observed in our study, where our definition of cognitive impairment may indicate a spectrum of neurocognitive disorders, is similar in magnitude to the western countries and corresponds approximately to 20% for almost 10 years. 

The downward trend in cognitive impairment co-occurred with several changes in the prevalence of risk and protective factors. In high income countries, the factors that influence changes in prevalence and incidence of dementia varied [1]. For example, education explained 6-10% of the dementia prevalence changes in France and USA, but did not explain the trends observed in the Netherlands [1]. Similarly, the importance of cardiovascular factors varied across locations. In our study, the majority of the lower cognitive impairment prevalence in 2015 was explained by reductions in physical inactivity, improved control of high blood cholesterol and increases in length of education. However, increased proportion of individuals with high blood cholesterol may be slowing down the improvements in cognitive health in the Czech Republic. Although causation cannot be assumed due to the observational design of this study, our findings are in line with those found in other Western European countries and the United States [3-6].

Several methodological issues should be considered when interpreting our results. Our definition of cognitive impairment was based on scores from brief cognitive tests; the clinically established diagnosis of dementia was not a part of SHARE. Unlike clinical diagnoses, our definition is not subject to shifts in clinical practice, which influences prevalence estimates [32]. However, we acknowledge that trends in the prevalence of clinically diagnosable forms of cognitive impairment (mild cognitive impairment, dementia and Alzheimer´s disease) may not parallel those observed in our study. As there is no information about history of cognitive decline from a previous premorbid level, we may have included also cognitively healthy individuals in our definition of cognitive impairment. More specifically, our definition is based on a threshold derived from a relative comparison. First, we used impairment in two out of four individual domains as a criterion. This approach should be less sensitive to the relative nature of our definition. However, the cognitive tests used tap mainly into three cognitive areas and subsequently some other aspects of cognition, such as executive and visuospatial ability, were not measured. Memory complaints are typical in cognitive impairment, but it is possible that we may have missed the relatively smaller proportion of individuals with atypical cognitive impairment. Second, we used the relative threshold on a summary scale. The second definition suggested more pronounced decrease, yet the overall pattern was the same. 

Non-participation and missing data are validity threats in ageing studies [33, 34]. In our study, there were more missing data on cognition in 2015 than in 2006/2007 (4.2% compared to 1.5%), which prevents us from having an accurate estimate of the magnitude of change in cognitive impairment. The observed decline in prevalence could be an artefact if non-response was higher among those with cognitive impairment. To address this issue, we presented three alternative scenarios of dealing with missing data. In the most extreme scenario, we assumed all individuals with missing data on cognitive measures had cognitive impairment. Even with this assumption, we have observed that the prevalence of cognitive impairment decreased by one fifth. Decline in the alternative scenarios, using proxy variables for defining cognitive impairment and complete case analysis, had a larger magnitude. 

In addition, a form of selection into the sample is survival bias, which could decrease the validity of our estimates. Due to the SHARE panel design, 318 participants from the wave 2 (2006/2007) were part of the wave 6 (2015). These survivors had higher cognition, however, their exclusion from the analysis did not alter the results. Further, the use of weights, which were created to reduce potential selection bias due to non-response and attrition, did not alter our main findings. Another limitation is that the exclusion of institutionalized individuals from the sampling frame likely underestimates prevalence of cognitive impairment at both time points. It is not known how many older adults are institutionalized in the Czech Republic, but we assume they have a higher prevalence of cognitive impairment in comparison with the general population. If the proportion of institutionalized individuals increased from 2006/2007 to 2015, the observed decline may be overestimated. Finally, we acknowledge that participants in our analytical sample were more educated than the general population of the Czech Republic, which could underestimate the burden of cognitive impairment in both cohorts.  

This study also has several major strengths. It is based on a large cohort of community-dwelling older adults, which was obtained via random sampling. The SHARE data collection was consistent across waves and included substantial training and quality back-checks. So far, no other country from the region of CEE has been able to contribute to the current literature concerning the world-wide trends in cognitive health [1, 2], due to the lack of directly comparable studies of population representative samples using the same methods across time. More studies from CEE are needed as individuals in these countries have a worse mental health profile than their counterparts in Western Europe and Scandinavia [27, 28]. To the best of our knowledge, no other country used SHARE data to analyse changes in the occurrence of cognitive impairment. An analysis similar to ours would be possible for Poland, which joined SHARE also in the Wave 2. Other CEE countries entered the SHARE project later, which precludes studying changes across time. 
 

In conclusion, due to worldwide demographic aging we need to anticipate social and healthcare needs, thus understanding of the trends in cognitive impairment is crucial. Even though there is not sufficient evidence from randomized controlled trials, a large body of observational studies suggests that increase in lengths of education and reduction in cardiovascular diseases could postpone the onset of cognitive impairment [35]. The present study provides indirect evidence that this could be achieved in a country situated in CEE. However, the full set of social, biological and clinical factors contributing to the downward trend in cognitive impairment is still unknown. Further population-based research is needed across CEE, which has poorer risk profiles across different countries, and if possible, the outcomes should be clinically validated. Future studies should also address aspects of incidence and survival.
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Table 1 Characteristics of the cohorts

	
	Cohort 1 
(n=1,071)
	Cohort 2 
(n=2,980)

	Sociodemographic characteristics
	
	

	     Age, median (IQR) 
	73 (10)
	72 (10)

	     Female gender, n (%)
	643 (60)
	1 699 (57)

	     Education: 13 years and more, n (%)**
	332 (31)
	1103 (37)

	     Living with a spouse, n (%)*
	536 (50)
	1669 (56)

	     Currently working, n (%)
	12 (1)
	30 (1)

	     Highest decile of household net worth, n (%)**
	75 (7)
	358 (12)

	Cardiovascular health, n (%)
	
	

	     Stroke*
	96 (9)
	149 (5)

	     Myocardial infarction**
	236 (22)
	447 (15)

	     High blood pressure*
	589 (55)
	1728 (58)

	     High blood cholesterol**
	214 (20)
	834 (28)

	     High blood sugar*
	214 (20)
	745 (25)

	     Drugs for high blood pressure**
	610 (57)
	1907 (64)

	     Drugs for cholesterol**
	214 (20)
	983 (33)

	     Drugs for diabetes mellitus**
	161 (15)
	656 (22)

	     Drugs for coronary heart disease*
	96 (9)
	358 (12)

	Overall health, n (%)
	
	

	     Depression*
	364 (34)
	775 (26)

	     Excessive alcohol consumption
	32 (3)
	89 (3)

	     Obesity**
	236 (22)
	894 (30)

	     Physical inactivity**
	225 (21)
	417 (14)

	Cognitive functions, n (%)
	
	

	     Verbal fluency impairment**a
	96 (9)
	60 (2)

	     Immediate recall impairment**b
	118 (11)
	149 (5)

	     Delayed recall impairment**c
	161 (15)
	298 (10)

	     Orientation impairment**d
	86 (8)
	89 (3)

	     Cognitive impairment 1*
	118 (11)
	268 (9)

	     Cognitive impairment 2**
	118 (11)
	209 (7)

	     Cognitive impairment 3**
	96 (9)
	119 (4)

	     Cognitive impairment 4**
	332 (31)
	507 (17)



All presented characteristics are weighted, using individuals sampling weights. Except for age and sex, characteristics in wave 6 were age- and sex-standardized to the wave 2 cohort, using direct standardization. 

*p<0.05; **p<0.001

a wave 2: 16 missing cases (1.5%); wave 6: 112 missing cases (3.8%)
b wave 2: 13 missing cases (1.2%); wave 6: 118 missing cases (4.0%)
c wave 2: 13 missing cases (1.2%); wave 6: 122 missing cases (4.1%)
d wave 2: 0 missing cases; wave 6: 106 missing cases (3.6%) 



Table 2 Association of cohort 2 (relative to cohort 1) with cognitive impairment 

	
	OR (95% CI)

	


	Not weighted
	Weighted

	Cognitive impairment 1

	Model 1
	0.59 (0.37; 0.95)*
	0.70 (0.69; 0.71)**

	Model 2
	0.67 (0.41; 1.08)
	0.72 (0.71; 0.73)**

	Model 3
	0.72 (0.43; 1.21)
	0.74 (0.73; 0.75)**

	Cognitive impairment 2

	Model 1
	0.40 (0.24; 0.66)**
	0.48 (0.47; 0.49)**

	Model 2
	0.45 (0.27; 0.75)*
	0.49 (0.48; 0.50)**

	Model 3
	0.46 (0.27; 0.80)*
	0.48 (0.47; 0.49)**

	Cognitive impairment 3

	Model 1
	0.31 (0.18; 0.53)**
	0.32 (0.31; 0.32)**

	Model 2
	0.36 (0.20; 0.62)**
	0.33 (0.32; 0.33)**

	Model 3
	0.38 (0.21; 0.68)*
	0.34 (0.33; 0.35)**

	Cognitive impairment 4

	Model 1
	0.28 (0.19; 0.42)**
	0.42 (0.41; 0.42)**

	Model 2
	0.33 (0.22; 0.50)**
	0.43 (0.43; 0.44)**

	Model 3
	0.34 (0.22; 0.53)**
	0.42 (0.42; 0.43)**


[bookmark: _GoBack]*p<0.05; **p<0.001; OR, odds ratio; CI, confidence interval

Model 1: age, gender, birth cohort
Model 2: age, gender, birth cohort, education
Model 3: age, gender, birth cohort, education, living with a spouse, net worth, currently working, stroke, myocardial infarction, high blood pressure or hypertension, high blood cholesterol, high blood sugar or diabetes mellitus, drugs for high blood pressure, drugs for cholesterol, drugs for diabetes mellitus, drugs for coronary heart disease, depression, alcohol, obesity, physical inactivity
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Figure 1 Flowchart


References
[1]	Wu YT, Fratiglioni L, Matthews FE, Lobo A, Breteler MM, Skoog I, Brayne C (2016) Dementia in western Europe: epidemiological evidence and implications for policy making. Lancet Neurol 15, 116-124.
[2]	Wu YT, Beiser AS, Breteler MMB, Fratiglioni L, Helmer C, Hendrie HC, Honda H, Ikram MA, Langa KM, Lobo A, Matthews FE, Ohara T, Peres K, Qiu C, Seshadri S, Sjolund BM, Skoog I, Brayne C (2017) The changing prevalence and incidence of dementia over time - current evidence. Nat Rev Neurol 13, 327-339.
[3]	Cermakova P, Szummer K, Johnell K, Fastbom J, Winblad B, Eriksdotter M, Religa D (2017) Management of Acute Myocardial Infarction in Patients With Dementia: Data From SveDem, the Swedish Dementia Registry. J Am Med Dir Assoc 18, 19-23.
[4]	Subic A, Cermakova P, Norrving B, Winblad B, von Euler M, Kramberger MG, Eriksdotter M, Garcia-Ptacek S (2017) Management of acute ischaemic stroke in patients with dementia. J Intern Med 281, 348-364.
[5]	Secnik J, Cermakova P, Fereshtehnejad SM, Dannberg P, Johnell K, Fastbom J, Winblad B, Eriksdotter M, Religa D (2017) Diabetes in a Large Dementia Cohort: Clinical Characteristics and Treatment From the Swedish Dementia Registry. Diabetes Care 40, 1159-1166.
[6]	Cermakova P, Fereshtehnejad SM, Johnell K, Winblad B, Eriksdotter M, Religa D (2014) Cardiovascular medication burden in dementia disorders: a nationwide study of 19,743 dementia patients in the Swedish Dementia Registry. Alzheimers Res Ther 6, 34.
[7]	Sosa AL, Albanese E, Stephan BC, Dewey M, Acosta D, Ferri CP, Guerra M, Huang Y, Jacob K, Jimenez-Velazquez IZ (2012) Prevalence, distribution, and impact of mild cognitive impairment in Latin America, China, and India: a 10/66 population-based study. PLoS medicine 9, e1001170.
[8]	Prince M, Acosta D, Ferri CP, Guerra M, Huang Y, Rodriguez JJL, Salas A, Sosa AL, Williams JD, Dewey ME (2012) Dementia incidence and mortality in middle-income countries, and associations with indicators of cognitive reserve: a 10/66 Dementia Research Group population-based cohort study. The Lancet 380, 50-58.
[9]	Bobak M, Marmot M (1996) East-West mortality divide and its potential explanations: Proposed research agenda BMJ 312 (7028): 421–425. Find this article online.
[10]	Peasey A, Bobak M, Kubinova R, Malyutina S, Pajak A, Tamosiunas A, Pikhart H, Nicholson A, Marmot M (2006) Determinants of cardiovascular disease and other non-communicable diseases in Central and Eastern Europe: rationale and design of the HAPIEE study. BMC Public Health 6, 255.
[11]	Boylan S, Welch A, Pikhart H, Malyutina S, Pajak A, Kubinova R, Bragina O, Simonova G, Stepaniak U, Gilis-Januszewska A, Milla L, Peasey A, Marmot M, Bobak M (2009) Dietary habits in three Central and Eastern European countries: the HAPIEE study. BMC Public Health 9, 439.
[12]	Kozela M, Bobak M, Besala A, Micek A, Kubinova R, Malyutina S, Denisova D, Richards M, Pikhart H, Peasey A, Marmot M, Pajak A (2016) The association of depressive symptoms with cardiovascular and all-cause mortality in Central and Eastern Europe: Prospective results of the HAPIEE study. Eur J Prev Cardiol 23, 1839-1847.
[13]	Enache D, Fereshtehnejad SM, Kareholt I, Cermakova P, Garcia-Ptacek S, Johnell K, Religa D, Jelic V, Winblad B, Ballard C, Aarsland D, Fastbom J, Eriksdotter M (2016) Antidepressants and mortality risk in a dementia cohort: data from SveDem, the Swedish Dementia Registry. Acta Psychiatr Scand 134, 430-440.
[14]	Pikhart H, Bobak M, Malyutina S, Pajak A, Kubínová R, Marmot M, Kubínová R (2007) Obesity and education in three countries of the Central and Eastern Europe: the HAPIEE study. Central European journal of public health 15.
[15]	Winkler P, Formanek T, Mlada K, Cermakova P (2018) The CZEch Mental health Study (CZEMS): Study rationale, design, and methods. Int J Methods Psychiatr Res 27, e1728.
[16]	Formanek T, Kagstrom A, Cermakova P, Csemy L, Mlada K, Winkler P (2019) Prevalence of mental disorders and associated disability: Results from the cross-sectional CZEch mental health Study (CZEMS). Eur Psychiatry 60, 1-6.
[17]	Kagstrom A, Alexova A, Tuskova E, Csajbok Z, Schomerus G, Formanek T, Mlada K, Winkler P, Cermakova P (2019) The treatment gap for mental disorders and associated factors in the Czech Republic. Eur Psychiatry 59, 37-43.
[18]	Cifkova R, Skodova Z, Lanska V, Adamkova V, Novozamska E, Petrzilkova Z, Jozifova M, Plaskova M, Hejl Z, Palous D, Galovcova M (2004) Trends in blood pressure levels, prevalence, awareness, treatment, and control of hypertension in the Czech population from 1985 to 2000/01. J Hypertens 22, 1479-1485.
[19]	Cifkova R, Skodova Z, Bruthans J, Adamkova V, Jozifova M, Galovcova M, Wohlfahrt P, Krajcoviechova A, Poledne R, Stavek P, Lanska V (2010) Longitudinal trends in major cardiovascular risk factors in the Czech population between 1985 and 2007/8. Czech MONICA and Czech post-MONICA. Atherosclerosis 211, 676-681.
[20]	Cifkova R, Skodova Z, Bruthans J, Holub J, Adamkova V, Jozifova M, Galovcova M, Wohlfahrt P, Krajcoviechova A, Petrzilkova Z, Lanska V (2010) Longitudinal trends in cardiovascular mortality and blood pressure levels, prevalence, awareness, treatment, and control of hypertension in the Czech population from 1985 to 2007/2008. J Hypertens 28, 2196-2203.
[21]	Borsch-Supan A, Brandt M, Hunkler C, Kneip T, Korbmacher J, Malter F, Schaan B, Stuck S, Zuber S (2013) Data Resource Profile: the Survey of Health, Ageing and Retirement in Europe (SHARE). Int J Epidemiol 42, 992-1001.
[22]	Albert MS, DeKosky ST, Dickson D, Dubois B, Feldman HH, Fox NC, Gamst A, Holtzman DM, Jagust WJ, Petersen RC (2011) The diagnosis of mild cognitive impairment due to Alzheimer’s disease: Recommendations from the National Institute on Aging-Alzheimer’s Association workgroups on diagnostic guidelines for Alzheimer's disease. Alzheimer's & dementia 7, 270-279.
[23]	Cermakova P, Formanek T, Kagstrom A, Winkler P (2018) Socioeconomic position in childhood and cognitive aging in Europe. Neurology 91, e1602-e1610.
[24]	Cermakova P, Muller M, Armstrong AC, Religa D, Bryan RN, Lima JAC, Launer LJ (2017) Subclinical Cardiac Dysfunction and Brain Health in Midlife: CARDIA (Coronary Artery Risk Development in Young Adults) Brain Magnetic Resonance Imaging Substudy. J Am Heart Assoc 6.
[25]	Cermakova P, Nelson M, Secnik J, Garcia-Ptacek S, Johnell K, Fastbom J, Kilander L, Winblad B, Eriksdotter M, Religa D (2017) Living Alone with Alzheimer's Disease: Data from SveDem, the Swedish Dementia Registry. J Alzheimers Dis 58, 1265-1272.
[26]	Cermakova P, Ding J, Meirelles O, Reis J, Religa D, Schreiner PJ, Jacobs DR, Bryan RN, Launer LJ (2019) Carotid intima-media thickness and markers of brain health in a bi-racial middle-aged cohort: CARDIA Brain MRI Sub-study. J Gerontol A Biol Sci Med Sci.
[27]	Horackova K, Kopecek M, Machu V, Kagstrom A, Aarsland D, Motlova LB, Cermakova P (2019) Prevalence of late-life depression and gap in mental health service use across European regions. Eur Psychiatry 57, 19-25.
[28]	Formanek T, Kagstrom A, Winkler P, Cermakova P (2019) Differences in cognitive performance and cognitive decline across European regions: a population-based prospective cohort study. Eur Psychiatry 58, 80-86.
[29]	Langa KM, Larson EB, Crimmins EM, Faul JD, Levine DA, Kabeto MU, Weir DR (2017) A comparison of the prevalence of dementia in the United States in 2000 and 2012. JAMA Internal Medicine 177, 51-58.
[30]	Powers DA, Yoshioka H, Yun M-S (2011) mvdcmp: Multivariate decomposition for nonlinear response models. The Stata Journal 11, 556-576.
[31]	Langa KM, Larson EB, Karlawish JH, Cutler DM, Kabeto MU, Kim SY, Rosen AB (2008) Trends in the prevalence and mortality of cognitive impairment in the United States: is there evidence of a compression of cognitive morbidity? Alzheimer's & Dementia 4, 134-144.
[32]	Grasset L, Brayne C, Joly P, Jacqmin-Gadda H, Peres K, Foubert-Samier A, Dartigues JF, Helmer C (2016) Trends in dementia incidence: Evolution over a 10-year period in France. Alzheimers Dement 12, 272-280.
[33]	Chatfield MD, Brayne CE, Matthews FE (2005) A systematic literature review of attrition between waves in longitudinal studies in the elderly shows a consistent pattern of dropout between differing studies. Journal of clinical epidemiology 58, 13-19.
[34]	Bhamra S, Tinker A, Mein G, Ashcroft R, Askham J (2008) The retention of older people in longitudinal studies: a review of the literature. Quality in Ageing and Older Adults 9, 27-35.
[35]	Qiu C, Fratiglioni L (2018) Aging without Dementia is Achievable: Current Evidence from Epidemiological Research. J Alzheimers Dis 62, 933-942.

21

image1.png
Wave New New Total
households participants participants
2 2877 2850 2850
3 0 4 2013
I T
4 4371 4357 5925
5 1361 1382 6350
6 0 16 5250

71 dead (2.5%)
770 lost (27%)

103 dead (5%)
342 lost (17%)

281 dead (5%)
676 lost (11%)

.| 324 dead (5%)
792 lost (12%)

36 individuals with missing data on
covariates: current work situation
(n=13): stroke (n=2): obesity (n=21)

124 individuals with missing data
on covariates: current work situation
(n=62): stroke (n=4): drugs for high

blood pressure (n=1): obesity

Completed Aged > 65
interviews ears
2750 1107
1835
5539
5643
4858 3104 ‘

(n=535): physical inactivity (n=2)

Analytical
sample

1071

2980




