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Abstract 1 

Aim: Investigate birth cohort differences in associations between cardiovascular risk and fluid 2 

cognition between age 70 and 79. 3 

Method: Data were drawn from representative population-based cohort samples (H70), born 4 

1901-02, 1906-07, and 1930, measured at ages 70, 75, and 79 on fluid cognitive measures 5 

(spatial ability and logical reasoning). The Framingham Risk Score (FRS), derived from 6 

office-based non-laboratory predictors (age, gender, systolic blood pressure, BMI, smoking, 7 

diabetes status), was used to measure cardiovascular risk. Multiple-group latent growth curve 8 

models were fitted to the data. 9 

Findings: Estimates revealed small associations between the FRS and fluid cognition. These 10 

associations were slightly reduced in the 1930 cohort. 11 

Conclusion: Findings suggest diminishing adverse effects of cardiovascular risk on cognitive 12 

aging in later born cohorts. 13 

Keywords: Aging, cardiovascular risk, cognition, cognitive change, cohort differences  14 
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Introduction 1 

Cardiovascular health is thought to be one of the most important determinants of 2 

cognitive decline and dementia risk in old age (Grodstein, 2007; Qiu, Xu, & Fratiglioni, 3 

2010). Along with increasing age, risk factors of cardiovascular diseases tend to occur 4 

simultaneously, which has motivated the development of multivariable cardiovascular risk 5 

indices with the general purpose  of quantifying efficiently the overall vascular burden 6 

(D’Agostino et al., 2008; Harrison et al., 2014; Joosten et al., 2013; Luchsinger et al., 2005). 7 

One of the most commonly used of these indices is the Framingham Risk Score (FRS; 8 

Harrison et al., 2014). Several previous studies have shown that higher scores on the FRS are 9 

associated with poorer cognitive performance (Elias et al., 2004;  Llewellyn et al., 2008; 10 

Unverzagt et al., 2011), and a steeper cognitive decline in old age (Joosten et al., 2013; 11 

Kaffashian et al., 2011). Other studies demonstrate substantial birth cohort differences 12 

regarding the relative prevalence of cardiovascular risk factors (e.g. Harmsen, Wilhelmsen & 13 

Jacobsson, 2009; Rosengren et al., 2009; Rosengren et al., 2000; Wilhelmsen et al., 2008; Zhi 14 

et al., 2013). Although these studies show an increase in certain factors (e.g., diabetes and 15 

overweight), the overall risk tends to decrease in later born cohorts.  16 

Given the association between cardiovascular risk and cognitive aging, and the overall 17 

decrease in cardiovascular risk in later born cohorts, we may expect the strength of the 18 

association between cardiovascular risk and cognition to be attenuated in the later born 19 

cohorts. That is, even though the mechanisms linking cardiovascular risk and cognitive 20 

functioning have not changed at the individual level, cardiovascular risk may be of less 21 

relative importance, in comparison to other determinants, in relation to individual differences 22 

in cognitive functioning in later born cohorts as a result of the decreased prevalence. 23 

In this study, we tested this hypothesis using data from three cohorts, born in 1901-02, 24 

1906-07, and 1930, systematically selected from a Swedish population, and examined at ages 25 
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70, 75, and 79 with two fluid cognitive measurements (i.e. logical reasoning and spatial 1 

ability) as part of a longitudinal aging study (H70). We determined cardiovascular risk using 2 

the FRS based on non-laboratory, i.e., office-based, predictors (D’Agostino et al., 2008) and 3 

evaluated the moderating effect of birth cohorts on the associations between the FRS and 4 

level and change in the cognitive performances.  5 

Method 6 

Participants and sampling design 7 

Data from three representative population-based birth cohorts, born in 1901-02, 1906-07, and 8 

1930, with cognitive measurements at ages 70, 75, and 79, and measurements of 9 

cardiovascular risk at age 70, were drawn from the Gerontological and Geriatric Population 10 

studies in Gothenburg (H70; see Rinder, Roupe, Steen & Svanborg, 1975; Steen, 2002; 11 

Svanborg, 1977). The H70 is a multidisciplinary research program based on longitudinal 12 

prospective studies of population-based samples of different birth cohorts. 13 

Cohort 1901-02. All 70-year old inhabitants in Gothenburg were identified using the 14 

Swedish Revenue Office Register. One thousand one hundred forty-eight, or about 30% of the 15 

population, born between July 1, 1901-June 30, 1902 on dates ending with 2, 5 or 8 where 16 

invited for participation in the H70 study. Baseline response rate was 85%, yielding a 17 

representative sample (Rinder et al., 1975). All participants were given a number from 1-5, 18 

and participants with numbers 1 and 2 were selected for psychometric testing (N=460). The 19 

participation rate in this subsample was 80% and non-mortality follow-up rates (i.e. follow-up 20 

rates of the non-deceased) were 88 % at age 75 and 72 % at age 79. All participants were 21 

invited to a medical examination, which included measurements of cardiovascular risk 22 

factors. A total of 371 participants in this cohort had measurements on the cognitive tests and 23 

the measurements of the cardiovascular risk factors at baseline age 70. Attrition rate due to 24 

mortality was 14% at age 75 and 21% at age 79 and attrition due to other reasons, such as 25 
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relocation, refusal to participate, or administrational reasons (e.g. shortage of time) was 10% 1 

at age 75 and 8% at age 79.   2 

Cohort 1906-07. A second cohort was selected for participation in the study in 1976. 3 

Twelve hundred eighty-one individuals, constituting about 30% of the 70-years-old living in 4 

Gothenburg, born between July 1, 1906-June 30, 1907, were selected in the same manner as 5 

the first cohort. The baseline response rate for this cohort was 81% (Jönsson, Rosenhall, 6 

Gause-Nilsson & Steen, 1998), constituting a representative sample (Dey, Rothenberg, Sundh, 7 

Bosaeus & Steen, 2002). Participants in this cohort were given a number from 6-10, and those 8 

with numbers 6 and 7 were selected for psychometric testing (N=513).  Participation rate for 9 

this subsample at age 70 was 75% and non-mortality follow-up rates 85% and 75% at ages 75 10 

and 79, respectively. A total of 381 participants in this cohort had measurements on the 11 

cognitive tests and the cardiovascular risk factors at baseline age 70. Attrition rate due to 12 

mortality was 13% at age 75 and 13% at age 79, and attrition due to other reasons was 13% at 13 

age 75 and 5% at age 79.   14 

Cohort 1930. In the year 2000, individuals born in 1930 on days 3, 6, 12, 18, 21, 24, 15 

or 30 in each month were sampled and invited to study participation (N=767). The baseline 16 

response rate for this cohort was 66%, constituting a representative sample. Assessments 17 

indicate that there were no differences between responders and non-responders (at baseline 18 

age 70 years) regarding gender, marital status, 3-year mortality rate, or inpatient psychiatric 19 

care (Sacuiu et al., 2010; Wiberg, Waern, Billstedt, Östling and Skoog, 2013). At the baseline 20 

measurements, at age 70, half of the responders were randomly selected for psychometric 21 

testing (N=254), but at the subsequent measurements at age 75 (N=768) and 79 (N=597) all 22 

responders were invited to such testing. Participation rate at age 70 for this subsample 23 

(n=254) was 90% and non-mortality follow-up rate was 88% at age 75 and 88% at age 79. For 24 

this study we only used data from participants with cardiovascular measurements at age 70 25 



6 

Cardiovascular risk and cognition 

 

whom also had participated at the cognitive measurements at age 70 and/or at subsequent 1 

measurement occasions, giving a total of 454 participants in this cohort. Attrition rate due to 2 

mortality was 4% at age 75 and 7% at age 79. Attrition due to other reasons was 29% at age 3 

75 and 29% at age 79.  4 

The H70 study was approved by the Ethics Committee of University of Gothenburg, 5 

and informed consent was obtained from all participants.    6 

 7 

Cognitive measures 8 

We measured logical reasoning through a Figure Logic test (see Dureman, Eriksson, 9 

Kebbon & Österberg, 1971). In this test participants are presented geometrical figures, 10 

organized in rows with five figures per row. Participants are asked to identify which figure 11 

differs in some specific aspect from the other figures. The test consists of 30 rows of figures, 12 

with an 8 minute time limit and maximum score of 30. 13 

We measured spatial ability through a Swedish version of the Block Design test 14 

(Dureman et al., 1971). In this test participants are asked to organize colored wooden blocks 15 

in accordance with seven different patterns presented on cards. The test has a 20 minute time 16 

limit and maximum score of 42. 17 

These tests were administered in a similar manner for all three cohorts at the same 18 

ages, except that the Figure Logic test was omitted at ages 75 and 79 for the 1906-07 cohort. 19 

Therefore, data from the 1906-07 cohort, on the Figure Logic test, was omitted from the 20 

analyses. 21 

To minimise bias due to floor effects on the change estimates for the cognitive 22 

measurements, produced by factors such as severe cognitive impairment or dementia, we 23 

omitted participants with a score of zero on the cognitive measures at baseline (i.e. age 70). 24 

For the same reason, we also omitted measurements at age 79 for all participants with a score 25 
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of zero on both the 75 and 79 year measures. This way the initial level of functioning and the 1 

decline for these participants could be included in the analyses but the risk of incorporating 2 

further measures from seriously demented participants decreased. Twenty-one participants 3 

were omitted from cohort 1901-02, 11 from cohort 1906-07, and 21 from cohort 1930, giving 4 

a total of 53 participants omitted from the analyses. 5 

 6 

Cardiovascular risk 7 

To assess cardiovascular risk, we used the FRS based on office-based non-laboratory 8 

predictors. This constitutes a weighted composite score measure of the risk of developing 9 

cardiovascular disease event within 10 years from the assessment (i.e. it represents a global 10 

assessment of cardiovascular risk rather than a measure of the risk for a specific type of 11 

cardiovascular disease event) (D’Agostino et al., 2008).  12 

The non-laboratory based composite score is based on predictors that do not require 13 

laboratory analyses. The variables included are age, sex, systolic blood pressure (SBP), body 14 

mass index (BMI), current smoking status (non-smoker=0, current smoker=1), diabetes status 15 

(non-diabetic=0, diabetic=1), and use of anti-hypertensive medication (D’Agostino et al., 16 

2008). The equations used for calculating the cardiovascular risk differ for females and males, 17 

and systolic blood pressure is weighted differently depending on use of anti-hypertensive 18 

medication (Framingham Heart Study, 2017). For females not using anti-hypertensive 19 

medication the FRS is calculated as 20 

  21 

1 − 0.94833exp([2.72107×log(𝐴𝑔𝑒)+0.51125×log(𝐵𝑀𝐼)+2.81291×log(𝑆𝐵𝑃)+0.61868×𝑆𝑚𝑜𝑘𝑖𝑛𝑔+0.77763×𝐷𝑖𝑎𝑏𝑒𝑡𝑒𝑠]−26.0145). 22 

 23 
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For females using anti-hypertensive medication, the systolic blood pressure beta weight 1 

is2.88267 × log(𝑆𝐵𝑃). For males not using anti-hypertensive medication the FRS is 2 

calculated as 3 

 4 

1 − 0.88431exp([3.11296×log(𝐴𝑔𝑒)+0.79277×log(𝐵𝑀𝐼)+1.85508×log(𝑆𝐵𝑃)+0.70953×𝑆𝑚𝑜𝑘𝑖𝑛𝑔+0.53160×𝐷𝑖𝑎𝑏𝑒𝑡𝑒𝑠]−23.9388) 5 

 6 

For males using anti-hypertensive medication, the systolic blood pressure weight 7 

is1.92672 × log(𝑆𝐵𝑃). 8 

Blood pressure was measured using a mercury sphygmomanometer in the right arm in 9 

a seated position after a five minute rest and registered to the nearest 5 mmHg. The same 10 

measurement procedure was used across all three cohorts.  11 

 BMI was calculated as weight (kg) divided by height squared (m²). Standing height 12 

was recorded to the nearest centimeter and weight to the nearest 0.1 kg. Measurements were 13 

taken in the morning with participants wearing light clothing. In order to minimize 14 

methodological differences regarding the measurements, all investigators simultaneously 15 

received the same training and instructions. 16 

 Data regarding smoking and diabetes status, as well as use of anti-hypertensive 17 

medication, was obtained through self-report during the examinations. 18 

  19 

Statistical analyses 20 

In order to evaluate the moderating effects of birth cohorts on the associations 21 

between the FRS and both level and change in cognitive performance from age 70 to 79, we 22 

used multiple groups latent growth curve models (LGCM) within structural equation 23 

modelling (SEM) (McArdle & Anderson, 1990; McArdle & Nesselroade, 2002) using the 24 

statistical program AMOS 20.0 (Arbuckle, 2011). In all models we included gender and 25 
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education as covariates and in order to reduce model complexity the effects of these 1 

covariates were assumed constant across the birth cohorts. Gender was coded as women = 0 2 

and men = 1, and education was coded as compulsory education (i.e. 6 years or less for 3 

cohorts 1901-02 and 1906-07, 7 years or less for the 1930 cohort) = 0 and more than 4 

compulsory education = 1. We note that 6 years of education (7 years for the 1930 cohort) 5 

refers to “Folkskola”, which was the compulsory level of education for these birth cohorts. 6 

The FRS variable was grand mean centered and scaled such that the estimates would refer to 7 

change in the outcome per 10 percent increase in the cardiovascular risk. 8 

We fitted three types of LGCM to the data from each of the two cognitive outcomes 9 

(see Figure 1). In all models we estimated average level of performance at age 70, and 10 

average linear rate of change (in years) between ages 70 and 79, as unique parameters for 11 

each of the three birth cohorts. In Model 1 we constrained all the FRS effects to zero (this 12 

model was mainly used for comparative purposes). In Model 2, we freed (i.e., estimated) the 13 

FRS effects on both the level and the change factor but we constrained these parameters as 14 

equal across the birth cohorts. In Model 3, we further released these parameter constraints 15 

across the birth cohorts such that the effects of FRS on both the level and change factor were 16 

free parameters. Occasional missing data was handled using full information maximum 17 

likelihood estimation based on the assumption of missing at random, as conventionally 18 

defined (Little & Rubin, 1987). 19 

As noted in Figure 1, we specified the slope factor component loadings as 0, 5, and 9 20 

in all models. The between-person differences in time intervals between the measurements 21 

were small in all birth cohorts. For the 1901-02 cohort between T1 and T2: M=5.02 years, 22 

SD=0.22, min = 4.42, max=5.95; and between T2 and T3: M=4.11 years, SD=0.24, min=3.31, 23 

max=4.90. For the 1906-07 cohort between T1 and T2: M=5.02 years, SD=0.22, min=3.98, 24 

max=5.87; and between T2 and T3: M=4.05 years, SD=0.14, min=3.32, max=4.43. For the 25 
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1930 cohort between T1 and T2: M=4.88 years, SD=0.18, min=4.40, max=5.78); and between 1 

T2 and T3: M=4.69 years, SD=0.30, min=3.38, max=5.56.  2 

 3 

Figure 1 about here. 4 

 5 

Results 6 

Sample characteristics stratified by cognitive measure, birth cohort, gender, education, and 7 

measurement occasions, are presented in Table 1 and the sample characteristics regarding the 8 

cardiovascular risk factors, stratified by cohort, are presented in Table 2. There were 9 

significant cohort differences concerning the FRS (F2, 1128=17.50, p<.001), systolic blood 10 

pressure (F2, 1128=47.15, p<.001), and BMI (F2, 1128=7.29, p=.001). Post hoc tests (Games-11 

Howell) indicate that the 1930 cohort had lower mean FRS and systolic blood pressure 12 

(ps<.001), but higher mean BMI (ps<.05), compared to the 1901-02 (Cohen’s d=0.39, d=0.58, 13 

and d=0.22 respectively) and 1906-07 cohorts (d=0.33, d=0.60, and d=0.24 respectively). 14 

There were no significant differences between the 1901-02 and 1906-07 cohorts regarding 15 

these measures (d=0.18, d=0.03, and d=0.02 respectively). Further, there were significant 16 

cohort differences regarding smoking status (χ²2, N=1131=23.51, p<.001, Cramer’s V=.14), with 17 

a larger proportion of current smokers in the 1901-02 cohort compared to the later born 18 

cohorts. There were no significant cohort differences concerning gender distribution (χ²2, 19 

N=1131=1.25, p=.54, Cramer’s V=.03), diabetes (χ²2, N=1131=5.35, p=.07, Cramer’s V=.07) or 20 

antihypertensive medication status (χ²2, N=1131=1.50, p=.47, Cramer’s V=.04). There were 21 

significant cohort differences in educational attainment, with a larger proportion of 22 

participants with more than compulsory education in the 1930 cohort compared to earlier born 23 

cohorts (χ²2, N=1131=94.86, p<.001, Cramer’s V=.29). 24 

 25 
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Table 1 about here 1 

 2 

Table 2 about here 3 

 4 

Estimates from the multiple groups LGCM fitted to the spatial ability and reasoning 5 

data are shown in Tables 3 and 4, respectively. In all the presented models we constrained the 6 

variability and covariability components equal across birth cohorts, as releasing these 7 

constraints did not significantly improve the model fit (spatial ability: Δχ2(6) = 2.26, p = .90, 8 

and  reasoning: Δχ2(3) = 4.56, p = .21). As indicated by the differences between Models 1 and 9 

2, releasing constraints on the FRS effects on both the level and the change factors improved 10 

the model fit (spatial ability: Δχ2 (2) = 11.14, p = 0.004, and logical reasoning: Δχ2 (2) = 6.17, 11 

p = 0.046), indicating associations of the FRS index with both cognitive outcomes. For the 12 

spatial ability test, a 10 percent increase in cardiovascular risk was related to an average 13 

increase in decline by 0.04 points (standardized estimate= -0.01, 95% CI [-0.02, -0.002]) per 14 

year. For the reasoning test, there was a significant negative effect of FRS on baseline 15 

performance, where a 10 percent increase in cardiovascular risk was related to an average 16 

decrease in baseline performance by 0.29 points (standardized estimate= -0.10, 95% CI [-17 

0.18, -0.01]). 18 

As indicated by the comparisons of Models 2 and 3, including separate FRS effects, 19 

for each birth cohort, on both the level and the change factors improved the model fit when 20 

using the reasoning ability test as outcome (Δχ2(2) = 7.72  p=0.021) but not spatial ability 21 

(Δχ2(4) = 1.31  p = 0.86). For the reasoning test, there was a negative effect of FRS on 22 

baseline performance in the 1901-02 cohort, where a 10 % increase in the risk of 23 

cardiovascular disease was associated with a decrease in expected baseline performance of 24 

0.54 points (standardized estimate= -0.18, 95% CI [-0.29, -0.08]). For the 1930 birth cohort, a 25 
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comparable estimate was a, non-significant, increase in baseline performance by 0.05 points 1 

(standardized estimate= 0.02, 95% CI [-0.10, 0.14]). The fixed effect estimates from Models 3 2 

are plotted in Figure 1 and indicate that the relative influence of the FRS index is somewhat 3 

stronger in the 1901-02 birth cohort in comparison to the 1930 cohort, particularly on the 4 

reasoning test.  5 

 6 

Tables 3 and 4 about here 7 

Figure 2 about here 8 

 9 

Discussion 10 

We investigated the moderating role of birth cohorts on the associations between the 11 

FRS index and levels and rates of change in fluid cognition between age 70 and 79 in a 12 

Swedish population-based sample. Our main findings indicate a relatively small association 13 

between the FRS and both level and rate of change. However, these associations were 14 

somewhat larger in the first birth cohort, providing at least a partial support for the notion of 15 

the moderating effects of birth cohorts.  16 

A potential explanation for the relatively small effect sizes found in this study could 17 

be that the FRS index used, i.e., based on non-laboratory predictors, is not well enough suited 18 

for quantification of cardiovascular burden when assessed at age 70. This may be due to that 19 

the beta weights, as generated from the original Framingham cohort and used in the 20 

computation of the FRS, are not completely generalizable to the observed sample at this age. 21 

The FRS was developed using a sample ranging from  30 to 74 years of age at baseline, with a 22 

mean age of 49 (D’Agostino et al., 2008), which only partly overlaps with the age range in 23 

this study. Another potential explanation may relate to the non-linearity of the associations 24 

between some of the ingredients of the FRS index and cognitive performance and dementia 25 



13 

Cardiovascular risk and cognition 

 

risk, such as blood pressure (Kennelly & Collins, 2012; Skoog et al., 1996; Thorvaldsson et 1 

al., 2012) and BMI (Sabia, Kivimaki, Shipley, Marmot, & Singh-Manoux, 2009), as the FRS 2 

is based on assumed linear associations. Also, smoking status was dichotomized (i.e., as non-3 

smoker or current smoker) and this may constitute an over-simplification of the relationship 4 

between smoking and cognition, as some studies indicate differences in cognitive decline 5 

between former smokers and never smokers (Sabia et al., 2012; Anstey, von Sanden, Salim & 6 

O’Kearney, 2007). We note however that, although the reported effects sizes in this study 7 

seem relatively small, they are comparable to effect sizes from a recent meta-analysis (i.e., 8 

DeRight et al., 2015).     9 

Our findings indicate that cardiovascular risk, measured by the FRS index, seems to 10 

be of less relative importance for cognitive functioning in later born cohorts. In line with 11 

previous studies (e.g. Harmsen, Wilhelmsen & Jacobsson, 2009; Rosengren et al., 2009, Zhi 12 

et al., 2013) we found that the overall cardiovascular risk load was significantly lower in the 13 

1930 cohort compared to the two earlier born cohorts. Thus, it is therefore perhaps not 14 

surprising to find that cardiovascular risk is less influential on cognitive functioning in the 15 

later born cohorts. However, it is important to keep in mind that the FRS is a weighted 16 

aggregate score based on several risk factors. Even though the overall cardiovascular risk load 17 

has decreased over time, there has been an increase in risk factors such as BMI and diabetes 18 

prevalence (e.g. Harmsen et al., 2009; Rosengren et al., 2009). In line with this, we found that 19 

the 1930 cohort had a significantly larger average BMI compared to the earlier born cohorts, 20 

and a slightly higher diabetes prevalence (although not significant). A large body of research 21 

has indicated that diabetes and being overweight, or obese, is related to worse cognitive 22 

functioning and increased risk of developing dementia (e.g. Cheng, Huang, Deng & Wang, 23 

2012; Gunstad, Lhotsky, Wendell, Ferrucci & Zonderman, 2010; Gustafson, Rothenberg, 24 
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Blennow, Steen & Skoog, 2003; Hassing, Dahl, Pedersen & Johansson, 2010; McCrimmon, 1 

Ryan & Frier, 2012).  2 

Some of the strengths of our study are related to the design of the H70 that allows 3 

comparisons of cognitive performances in representative population-based samples, born 30 4 

years apart, followed over nine years with measurements at the same chronological ages (i.e. 5 

70, 75, and 79 years), using the same cognitive tests and physiological measures across time 6 

and cohorts. Another strength is that the birth cohorts were age-homogenous, i.e. all 7 

participants in each cohort were born at most only 12 months apart.  8 

Several limitations should also be acknowledged, such as that we only analyzed two 9 

fluid cognitive tests in this study. This entails limitations to the types of cognitive domains we 10 

can generalize our findings to. Also, we only had three measurement waves, a detailed 11 

modelling of cohort differences in non-linear trajectory shapes would optimally require more 12 

waves of data. Yet another limitation relates to the lower baseline response rate in the 1930-13 

cohort (66 %) compared to the 1901-02 and 1906-07 cohorts (85 % and 81 % respectively). A 14 

lower response rate is likely to be associated with a more selective sample. Further, to the 15 

extent that attrition compromises the representativeness of the cohorts, reasons for attrition 16 

may differ between the cohorts. As an example, attrition due to mortality was higher in the 17 

earlier born cohorts compared to the 1930 cohort, while attrition due to other reasons (e.g. 18 

relocation, refusal to participate) was higher in the 1930 cohort. A final limitation relates to 19 

the fact that we do not have access to data regarding cardiovascular events. Therefore we 20 

were unable to investigate whether the FRS predicts cardiovascular events equally well for the 21 

different cohorts. To the extent that the FRS works less well for later born cohorts this could 22 

attenuate the association between cardiovascular risk and cognitive functioning and decline.   23 

In conclusion, our findings indicate that cardiovascular risk, calculated using the FRS 24 

as derived from office-based non-laboratory predictors, was negatively associated with 25 
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cognitive functioning and rate of decline from age 70 to 79. The effect sizes were small and 1 

almost non-existing in the latest born cohort.  2 

 3 

 4 
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 10 
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Table 1. Sample characteristics in the H70 study stratified by cognitive test, birth cohort, gender, education, and measurement occasions 1 

      Gendera Educationa Measurement occasions 

Cognitive test Na Women  

(%) 
 

Compulsory 

or less   

(%) 

 
Age 70 

 M (SD) 

Age 75  

M (SD) 

Age 79  

M (SD) 

Spatial Ability           

Cohort 1901 313 58.50  85.30  13.38 (6.64) 12.87 (6.43) 11.73 (7.28) 

Cohort 1906 381 55.90  82.20  15.95 (6.91) 14.61 (6.84) 11.59 (7.45) 

Cohort 1930 437 59.70  57.40  19.89 (6.82) 17.23 (6.98) 15.80 (6.86) 

Total 1131 58.10  73.50  16.45 (7.21) 15.02 (7.00) 13.26 (7.44) 

Logical Reasoningb         

Cohort 1901 371 58.20  85.70  12.61 (4.60) 12.57 (5.15) 12.41 (4.93) 

Cohort 1930 454 58.60  58.60  16.82 (4.51) 14.87 (5.13) 14.66 (5.36) 

Total 825 58.40  70.80  14.17 (5.00) 13.85 (5.26) 13.76 (5.31) 

Note. a Data refers to baseline measurement at age 70. b Data for cohort 1906 on the Logical Reasoning test was not collected at ages 75 and 79 2 

and therefore omitted from the present analyses. 3 

 4 

 5 

 6 
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Table 2. Baseline (age 70) descriptives for the variables included in the computation of the Framingham Risk Score as stratified by birth cohort. 1 

 
Cohort 

 
1901-02 1906-07 1930 

Framingham Risk score, M (SD)* 39.22 (16.41) 38.21 (17.81) 32.68 (15.89) 

Systolic blood pressure, M (SD)* 168.47 (25.24) 169.07 (22.16) 155.16 (22.04) 

Antihypertensive medication, n (%) 76 (24.30) 92 (24.10) 120 (27.50) 

Body mass index, M (SD)* 25.97 (3.81) 25.89 (3.64) 26.83 (4.17) 

Diabetes, n (%) 16 (5.10) 25 (6.60) 41 (9.40) 

Current smoker, n (%)* 83 (26.50) 60 (15.70) 58 (13.30) 

Gender, women n (%) 183 (58.5) 213 (55.9) 261 (59.7) 

Note. *Significant cohort differences. See the main text for further details. 2 

 3 

 4 

 5 

 6 

 7 

 8 

 9 

 10 
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Table 3. Parameter estimates from multiple group latent growth curve models fitted to the spatial ability (Block Design test) data  (N=1131) 1 

 Model 1 Model 2 Model 3 

Parameters Estimates SE Estimates SE Estimates SE 

Intercept       

Cohort 1901 12.60*** 0.44 12.56*** 0.45 12.61*** 0.45 

Cohort 1906 14.73*** 0.38 14.65*** 0.39 14.65*** 0.39 

Cohort 1930 17.31*** 0.44 17.15*** 0.47 17.19*** 0.47 

Gender 1.33*** 0.41 1.55*** 0.48 1.56*** 0.48 

Education 4.64*** 0.49 4.65*** 0.49 4.62*** 0.49 

FRS   -0.12 0.14   

Cohort 1901 x FRS     -0.32 0.26 

Cohort 1906 x FRS     -0.13 0.20 

Cohort 1930 x FRS     0.06 0.24 

       

Linear slope       

Cohort 1901 -0.27*** 0.05 -0.30*** 0.05 -0.30*** 0.05 

Cohort 1906 -0.46*** 0.04 -0.48*** 0.05 -0.48*** 0.05 

Cohort 1930 -0.52*** 0.06 -0.56*** 0.06 -0.56*** 0.06 

Gender -0.05 0.05 0.03 0.06 0.03 0.06 

Education -0.11 0.06 -0.11 0.06 -0.11 0.06 

FRS   -0.04** 0.02   

Cohort 1901 x FRS     -0.03 0.03 

Cohort 1906 x FRS     -0.04 0.02 

Cohort 1930 x FRS     -0.05 0.03 

       

Variability components       

   Intercept 28.82 2.04 28.77 2.04 28.73 2.04 

   Slope 0.04 0.03 0.03 0.03 0.03 0.03 

   Covariance 0.11 0.19 0.12 0.19 0.12 0.19 

   Residual 12.05 0.72 12.08 0.72 12.08 0.72 

       

Model fit indices  

   χ2(df) 69.54(40) 58.41(38) 57.10(34) 

   CFI 0.98 0.99 0.98 

   RMSEA [90% CI] 0.03(0.02-0.04) 0.02(0.01-0.03) 0.03(0.01-0.04) 

Note. * p < .05. ** p < .01. *** p < .001. 2 
 3 
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Table 4. Parameter estimates from multiple group latent growth curve models fitted to the reasoning ability (Figure Logic test) data  (N=825) 1 

 Model 1 Model 2 Model 3 

Parameters Estimates SE Estimates SE Estimates SE 

Intercept       

Cohort 1901 11.94*** 0.28 11.84*** 0.29 11.90*** 0.29 

Cohort 1930 15.23*** 0.36 15.00** 0.37 15.01*** 0.37 

Gender 1.06** 0.36 1.53*** 0.42 1.58*** 0.41 

Education 2.12*** 0.43 2.12*** 0.42 2.08*** 0.42 

FRS   -0.29* 0.13   

Cohort 1901 x FRS     -0.54*** 0.15 

Cohort 1930 x FRS     0.05 0.18 

       

Linear slope       

Cohort 1901 -0.08 0.05 -0.08 0.05 -0.08 0.05 

Cohort 1930 -0.28*** 0.06 -0.28*** 0.06 -0.27*** 0.06 

Gender -0.05 0.06 -0.07 0.07 -0.07 0.07 

Education -0.03 0.07 -0.02 0.07 -0.02 0.07 

FRS   0.01 0.02   

Cohort 1901 x FRS     0.03 0.03 

Cohort 1930 x FRS     -0.02 0.02 

       

Variability components       

   Intercept 6.77 1.47 6.58 1.46 6.36 1.45 

   Slope 0.04 0.04 0.04 0.04 0.04 0.04 

   Covariance 0.21 0.19 0.22 0.19 0.23 0.19 

   Residual 13.95 0.94 13.96 0.94 13.94 0.94 

       

Model fit indices 

   χ2(df) 74.03 (24) 67.86 (22) 60.14 (20) 

   CFI 0.90 0.91 0.92 

   RMSEA [90% CI] 0.05(0.04-0.06) 0.05(0.04-0.06) 0.05(0.04-0.06) 

Note. * p < .05. ** p < .01. *** p < .001. 2 
  3 

 4 
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Figure caption 1 

 2 

Figure 1. Graphical representation of the Latent growth Curve models fitted to the data. 3 

 4 

Figure 2. Estimated change trajectories from multiple group LGCMs, conditioned on 5 

cardiovascular risk (FRS), and fitted to reasoning and spatial ability data from the H70. 6 

Groups are defined by birth cohorts. 7 
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Figure 1.4 
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