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Introduction
   

The accrual of cardiovascular risk factors and declining 
physical performance is associated with the development of 
cardiovascular disease (CVD), loss of independence, disability 
and mortality, especially with advancing age (1). Studies have 
shown that lifestyle factors, particularly health behaviors, play 
a major role in the development of both CVD and functional 
impairment (2, 3). In order to promote cardiovascular health 
at the population level, the American Heart Association 
(AHA) established seven cardiovascular health (CVH) metrics, 
encompassing four health behaviors (diet, physical activity, 
smoking, body mass index) and three physiological health 
factors (blood pressure, blood glucose, total blood cholesterol) 
(4). Previous studies showed that a higher number of CVH 
metrics at an ideal level was associated with lower prevalence 
of CVD-related outcomes (5), lower odds for non CVD-related 
outcomes (6), reduced health care costs (7), and better overall 
health (8). The few studies that investigated the association of 
AHA’s CVH metrics and physical performance level highlights 
the importance of CVH behaviors (9), particularly physical 
activity (2, 10-12), which is recognized as a key factor in 

counteracting the decline of physical function (13).
The evaluation of AHA’s CVH factors and the assessment 

of physical performance (PP) require specific equipment, 
trained personnel, and are time-consuming, especially among 
older persons. In contrast, the evaluation of CVH behaviors 
is mostly based on self-report and can easily be done during 
a lifestyle interview. To the best of our knowledge, no study 
has investigated to what extent multiple, self-reported CVH 
behaviors provide information about objectively measured 
CVH factors and PP. Another easy-to-survey health parameter, 
self-rated health (SRH), has been more frequently examined 
in relation to AHA’s CVH metrics and PP. Better SRH is 
associated with a higher prevalence of ideal CVH metrics 
(iCVH), especially for those categorized as CVH behaviors (14, 
15). Notably, poor SRH is associated with decline in PP (16-
18). For instance, Brenowitz et al. (17) identified SRH lower 
than excellent as predictive for a reduction in physical function 
in terms of walking speed, upper and lower extremity muscle 
strength, and balance ability. 

Prior research justifies the assumption that combining CVH 
behaviors and SRH may provide an informative and cost-
effective appraisal of health factors relevant in older age. 
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Hence, the purpose of the present study was to explore the 
extent to which CVH behaviors and SRH are related to ideal 
CVH and PP factors in a large and relatively unselected sample 
of older community-living persons.

Methods

Study design and participants
The sample comprises participants of the Longevity Check-

up 7+ study, which is an ongoing initiative by the Department 
of Geriatrics of the Università Cattolica del Sacro Cuore 
(Rome, Italy). The project was designed to raise awareness 
in the general population on major lifestyle behaviors and 
cardiovascular risk factors. To accomplish this overarching 
objective, participants were recruited in unconventional 
settings, including public events, shopping malls, supermarkets, 
etc.  

The sample of this sub-study consists of 1415 community-
dwellers aged 65 years and older, for whom information on 
SRH was available. Participants were enrolled between March 
2017 and May 2018 in the following settings: Health Ministry 
Women´s Day (Rome, April 2017), CamBio Vita (Catania, 
May 2017), COOP shopping centers (Bologna, Modena, Genoa, 
Rimini, and Grosseto, May-June 2017), Conad supermarkets 
(Rome, Anzio, Terni, Perugia, Viterbo; November 2017), 
Tennis & Friends (Rome, October 2017), and Mese del Cuore 
(Rome, Milan, Naples, 2017 and 2018). Depending on the 
setting, the initiative was advertised in newspapers, magazines, 
and TV-broadcasting. Visitors were also invited to participate 
through direct contact by study personnel. Detailed descriptions 
of sampling methods and the objectives of the Lookup 7+ 
project are provided elsewhere (2,19-21).

Ethics, Consent and Permissions
The study protocol was approved by the Ethics Committee 

of the Università Cattolica del Sacro Cuore (protocol #A.1220/
CE/2011). Written informed consent was obtained from every 
participant prior to the enrolment. The manuscript was prepared 
in accordance with the “Strengthening the Reporting of 
Observational studies in Epidemiology” (STROBE) reporting 
guidelines (22). 

Measures
In the Lookup 7+ study, adapted versions of the ideal 

cardiovascular health (iCVH) metrics originally defined by 
Lloyd et al. (4) were used to assess CVH behaviors and CVH 
factors. People who agreed to be screened underwent individual 
assessments in a consistent order: informed consent acquisition, 
lifestyle interview, collection of SRH, measurement of blood 
pressure, body weight and standing height, blood glucose and 
blood cholesterol, handgrip strength test and 5-repetition chair 
stand test. Procedures of assessments are described in more 
detail elsewhere (2, 19). 

Ideal cardiovascular health (iCVH) behavior and self-
rated health (SRH)

Ideal cardiovascular health (iCVH) behaviors (no smoking, 
regular physical activity, healthy diet) were assessed through a 
lifestyle interview with closed questions. Smoking status was 
defined as follows: current smoker (has smoked 100+ cigarettes 
in lifetime and currently smoked cigarettes), never smoker (has 
never smoked or has smoked <100 cigarettes in lifetime) and 
former smoker (has smoked at least 100 cigarettes in lifetime, 
but had quit at least 28 days before interview). In this study, 
never smokers or former smokers were combined as ideal 
smoking status (iSmoking). To meet the ideal physical activity 
criterion (iPA), participants had to be involved in leisure 
time activity at least twice a week during the past year. The 
following activities were considered: light walking for at least 
30 min per session, cycling, swimming, running, or practicing 
resistance training for at least 20 min per session, respectively. 
Ideal dietary behavior (iDiet) was defined as the consumption 
of at least three portions of fruit and/or vegetables per day. 
Reference tables from the Italian Society of Nutrition (SINU) 
were used to calculate daily intake of fruit and vegetables 
(http://www.sinu.it/html/cnt/larn.asp). 

Based on prior research, SRH was assessed with a question 
on general health status (“How would you rate your health in 
general?”). Responses were given on a 4-point scale graded 1 
”excellent”, 2 ”good”, 3 ”not so good”, 4 ”poor”. 

Cardiovascular health and functional performance
Ideal Cardiovascular Health (iCVH) factors
Body height was measured through a standard stadiometer, 

while an analogue medical scale was used to measure body 
weight. In contrast to the original AHA definition of CVH 
metrics (4), BMI was classified as a CVH factor because it 
must be measured and can be seen as a consequence of lifestyle 
behaviors. BMI was calculated as the weight (kg) divided 
by the square of height (m). Ideal BMI (iBMI) corresponds 
to normal BMI defined by WHO (<25.0 kg/m2), whereas the 
other categories were considered as not meeting iBMI (25.0-
29.9 overweight, ≥30 obesity) (http://apps.who.int/bmi/index.
jsp?introPage=intro_3.html). Systolic and diastolic blood 
pressure was measured with a clinically validated Omron 
M6 electronic sphygmomanometer (Omron, Kyoto, Japan). 
In addition, participants were asked whether they received 
blood pressure therapy. Among these older participants, an 
untreated blood pressure of <140/<90mmHg was considered 
as iBP (23). Total cholesterol was measured from capillary 
blood samples using disposable strips based on a reflectometric 
system with a portable devise (MultiCare-In, Biomedical 
Systems International srl, Florence Italy) (24). Lipid-lowering 
drug use, defined as cholesterol treatment, was also recorded. 
Participants with untreated total blood cholesterol <200 mg/dl 
met the criterion for ideal Cholesterol (iCholesterol). Finally, 
ideal blood glucose criteria (iDiabetes) was defined as the 
absence of diabetes without accordance to AHA´s definition 
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(fasting plasma glucose <100mg/dL), because glycaemia 
was determined in random capillary blood samples (using 
disposable strips based on an amperometric system with a 
MultiCare-In portable device). Therefore, those without self-
reported diabetes, no antidiabetic treatment, and those with 
a measured random blood glucose level ≤200mg/dl were 
considered to meet iDiabetes. In addition, the iCVH factors 
score represents the sum of the single iCVH factors.  

Ideal Physical Performance (iPP) factors
PP of lower extremities was assessed via the 5-repitition 

chair stand test, a sub-task of the well-validated Short Physical 
Performance Battery (SPPB) (25). For detailed test procedure 
descriptions see Landi et al. (2018c). Briefly, participants 
were instructed to stand up from a chair five times in a row 
as quickly as possible, with arms folded across the chest. 
Participants completing the test in <10s were considered as 
meeting the criterion for iSittostand (26).

Table 1 
Main characteristics of the study population as a whole and according to gender

Total
(N=1415)

Women
(n=826)

Men
(n=589)

N/M (SD/P) N/M (SD/P) N/M (SD/P)

   Age** 72.2 ± 5.4 71.9 ± 5.3 72.7 ± 5.4

iCVH behaviors

   iSmoking 1249 (88.3%) 735 (89%) 514 (87.3%)

   iDiet* 1093 (77.2%) 655 (79.3%) 438 (74.4%)

   iPA 660 (46.6%) 386 (46.7%) 274 (46.5%)

   SRH (1 excellent – 4 poor)*** 2.4 ± 0.7 2.5 ± 0.7 2.3 ± 0.6

       excellent 72 (5.1%) 37 (4.5%) 35 (5.9%)

       good*** 741 (52.4%) 389 (47.1%) 352 (59.8%)

       not so good*** 511 (36.1%) 330 (40%) 181 (30.7%)

       poor*** 91 (6.4%) 70 (8.4%) 21 (3.6%)

   BMI (kg/m2)*** 26.5 ± 4.1 26.2 ± 4.5 27.0 ± 3.5

   Systolic BP (mmHg)* 129.8 ± 16.0 129 ± 16.7 130.9 ± 14.9

   Diastolic BP (mmHg) 75.1 ± 9.6 74.8 ± 9.7 75.6 ± 9.3

   Cholesterol (mg/dl)a*** 211.5 ± 32.3 215 ± 31.4 206.7 ± 32.8

   Glucose (mg/dl)b** 103.1 ± 24.8 101.6 ± 19.8 105.2 ± 30.3

   Grip strength (kg)*** 26.5 ± 10.0 20.3 ± 5.8 35.2 ± 8.0

   Chair stand test (s)*** 9.4 ± 2.9 9.6 ± 3.3 9.0 ± 2.4

iCVH factors score** 1.8 ± 0.9 1.9 ± 0.9 1.7 ± 0.9

   0 63 (4.5%) 20 (2.4%) 43 (7.3%)

   1 512 (36.2%) 289 (35.0%) 223 (37.9%)

   2 532 (37.6%) 318 (38.5%) 214 (36.3%)

   3 261 (18.4%) 174 (21.1%) 87 (14.8%)

   4 47 (3.3%) 25 (3%) 22 (3.7%)

iCVH factors

   iBMI*** 530 (37.5%) 354 (42.9%) 176 (29.9%)

   iBP** 452 (31.9%) 288 (34.9%) 164 (27.8%)

   iCholesterol*** 300 (21.2%) 133 (16.1%) 167 (28.4%)

   iDiabetes*** 1265 (89.4%) 772 (93.5%) 493 (83.7%)

iPP factors

   iGrip* 946 (66.9%) 530 (64.2%) 416 (70.6%)

   iSittostand** 979 (69.2%) 547 (66.2%) 432 (73.3%)

Abbreviations: N, number; M, mean; SD, standard deviation; P, percentage; SRH, self-rated health; iBMI, ideal body mass index; iBP, ideal blood pressure; iCVH, ideal cardiovascular 
health; iPP, ideal functional performance; Note: *p < .05, **p <0.01, ***p < 0.001, chi-square-test or t-test, a n=1407 (f=824; m=583), b n=1414 (f=826; m=588)
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Handgrip strength as an indicator of upper extremity 
performance was evaluated by using a North Coast handheld 
hydraulic dynamometer (North Coast Medical, Morgan Hill, 
CA), as described previously (2). Gender- and BMI-adjusted 
cut-offs for ideal grip strength (iGrip) were defined according to 
Fried et al. (27). 

Statistical analysis
Demographics, main clinical characteristics, iCVH metrics 

and iPP factors are reported as mean and standard deviation for 
continuous variables or absolute numbers and percentages for 
dichotomous and categorical variables. T-tests or χ2-statistics 
were used to assess differences between genders. 

Linear and logistic regression analysis were used to examine 
the association of CVH behaviors and SRH with iCVH factors 
score, single iCVH factors, and iPP factors as dependent 
variables, respectively. Pearson correlation coefficients (r) of 
independent variables < .21 (see supplementary material)) and 
VIF with a range of 1.01 - 1.07 indicate a very low level of 
multicollinearity. First, univariate models were calculated to 
identify whether CVH behaviors and SRH were independently 
associated with the main variables of interests. In a second 
step, multivariable models were estimated including all CVH 
behaviors variables and SRH. Finally, model 3 was adjusted for 
age and gender as possible confounding factors. 

All statistical analyses were performed using IBM SPSS 25. 

Results were considered statistically significant at a p-value of 
< 0.05 and two-sided tests were applied.

Results

Sample characteristics and prevalence of iCVH and iPP 
factors

The main characteristics of the study participants are 
listed in Table 1. Mean age of participants was 72 ± 5.4 years 
(range 65-97) with 58.1% women. Less than half of enrollees 
demonstrated iPA, with no differences between women and 
men. The vast majority of participants met the ideal criterion for 
smoking status and more than three quarters followed a healthy 
diet, with a higher prevalence among women. More than half of 
participants rated their health as excellent or good (57.6%), with 
better rates in men than in women.

The average iCVH factors score (iBMI, iBP, iCholesterol, 
iDiabetes) was 1.8, with women having slightly but 
significantly higher scores than men. The most prevalent iCVH 
factor was iDiabetes (89.4%), while the least prevalent was 
iCholesterol (21.2%). Analysis of gender differences revealed 
that women more frequently had iBMI, iBP and iDiabetes, 
whereas men met more often the iCholesterol criterion. Finally, 
more than half of the participants showed iPP in their upper and 
lower extremities (iGrip, iSittostand), with a larger proportion 
in men. 

Figure 1
Percentage of participants having iCVH and iPP factors according to compliance with iCVH behaviors and SRH- categories

Note: *p < .05, **p <0.01, ***p < 0.001, chi-square-test 
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Table 2
Estimated linear and logistic regression models for iCVH factors sumcsore, single iCVH factors and single iPP factors (N=1415)

Variables Model 1 Model 2a Model 3b

β- coefficient p β- coefficient p β- coefficient p

iCVH factors

     iDiet 0.08 ** 0.07 ** 0.07 **

     iPA 0.12 *** 0.12 *** 0.11 ***

     iSmoking -0.03 -0.04 -0.04

     SRH -0.05 -0.02 -0.04

Model 1 Model 2a Model 3b

OR (95%CI) p OR (95%CI) p OR (95%CI) p

Single iCVH factors

  iBMI

     iDiet 1.39 (1.07-1.81) * 1.30 (0.99-1.70) 1.25 (0.95-1.64)

     iPA 1.90 (1.53-2.37) *** 1.84 (1.47-2.31) *** 1.83 (1.46-2.30) ***

     iSmoking 0.92 (0.66-1.28) 0.84 (0.60-1.18) 0.82 (0.58-1.16)

     SRH – poor [Ref.]

        excellent 1.50 (0.78-2.90) 1.11 (0.56-2.17) 1.29 (0.65-2.56)

        good 1.63 (1.01-2.62) * 1.23 (0.75-2.01) 1.43 (0.87-2.36)

        not so good 1.42 (0.87-2.31) 1.17 (0.71-1.93) 1.27 (0.77-2.10)

  iBP 

     iDiet 1.20 (0.92-1.58) 1.19 (0.90-1.56) 1.23 (0.93-1.63)

     iPA 1.35 (1.08-1.69) ** 1.33 (1.05-1.67) * 1.29 (1.02-1.64) *

     iSmoking 0.78 (0.56-1.10) 0.75 (0.53-1.05) 0.79 (0.56-1.13)

     SRH – poor [Ref.]

        excellent 1.41 (0.73-2.74) 1.21 (0.62-2.37) 1.35 (0.68-2.68)

        good 1.23 (0.76-2.00) 1.08 (0.66-1.76) 1.20 (0.73-1.98)

        not so good 1.09 (0.67-1.78) 0.99 (0.60-1.63) 1.05 (0.63-1.74)

  iDiabetes

     iDiet 1.42 (0.97-2.07) 1.35 (0.92-1.98) 1.31 (0.89-1.94)

     iPA 1.35 (1.96-1.91) 1.34 (0.93-1.91) 1.27 (0.88-1.83)

     iSmoking 0.96 (0.56-1.63) 0.89 (0.52-1.52) 0.90 (0.52-1.56)

     SRH – poor [Ref.] * *

        excellent 0.90 (0.40-2.03) 0.76 (0.33-1.76) 1.03 (0.44-2.42)

        good 1.68 (0.92-3.06) 1.43 (0.77-2.66) 2.02 (1.06-3.85) *

        not so good 2.09 (1.11-3.95) * 1.88 (0.99-3.57) 2.31 (1.19-4.47) *

  iCholesterol

     iDiet 1.14 (0.83-1.55) 1.17 (0.86-1.61) 1.21 (0.88-1.67)

     iPA 0.89 (0.69-1.15) 0.87 (0.66-1.13) 0.89 (0.68-1.17)

     iSmoking 0.97 (0.65-1.43) 0.98 (0.66-1.45) 0.97 (0.65-1.45)

     SRH – poor [Ref.]

        excellent 1.47 (0.73-2.95) 1.54 (0.76-3.13) 1.26 (0.61-2.59)

        good 0.88 (0.52-1.48) 0.91 (0.54-1.55) 0.73 (0.42-1.25)

        not so good 0.83 (0.49-1.42) 0.84 (0.49-1.45) 0.74 (0.43-1.29)
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Relation of iCVH behaviors and SRH with iCVH and iPP 
factors

Figure 1 depict the prevalence of iCVH and iPP factors 
according to iCVH behaviors and SRH-categories, respectively. 
Associations between iCVH behaviors, SRH, and iCVH and 
iPP factors are presented in Table 2.  More detailed values of 
the regression analysis with indication of the exact p-values are 
shown in the supplementary material.

A positive correlation between iDiet and iCVH factors score 
was determined, indicating that participants meeting the iDiet 
criterion had higher means of iCVH factors compared with 
those not meeting iDiet criterion. Furthermore, participants with 
iDiet had higher odds of iBMI in the crude model 1; however, 
this association was no longer evident in adjusted models 2 and 
3. Regarding iPP factors, participants with an iDiet were more 
likely to meet the iGrip criterion in adjusted model 3.

Consistent with findings on iDiet, iPA was positively related 
to iCVH factors score. Furthermore, participants with iPA were 
more likely to meet iBMI than those who did not meet iPA. In 
addition, participants with iPA demonstrated higher odds of 
having iBP. In terms of iPP factors, fulfilling iPA criterion was 
linked to higher odds of iSittostand and iGrip in crude model 1. 
For iSmoking, no association with any variable of interest was 
observed.

Participants who rated their SRH as “good” and “not so 
good” were more likely to meet iDiabetes criterion compared 

with those with poor SRH in crude model 1 and adjusted model 
3. Stronger and almost linear graded associations were found 
between SRH and iPP factors. For instance, participants with 
excellent SRH were more than 3-fold and 4-fold likely to meet 
iSittostand and iGrip criteria, respectively, than those with poor 
SRH. 

Discussion

The results of our study show that iCVH behaviors and SRH 
provide information on objectively measured cardiovascular 
and functional health factors in a relatively unselected, 
community-dwelling study sample outside of conventional 
health care settings. Although all participants are mobile and 
independently-living, this “real world” sample cover a broad 
range of older age (65-97 years) and represent heterogeneity 
in terms of cardiovascular health and functional status. With 
73.8% of the participants meeting only one or two favourable 
CVH factors and with half of the participants having at least 
one limitation in physical function, our results underline the 
importance of identifying these health risk factors as easily 
as possible to prevent cardiovascular events and to counteract 
functional decline. The higher prevalence of CVH factors such 
as BMI, cholesterol and blood pressure at non-ideal levels 
compared with younger samples (19) might be explained by 
age-related changes in body composition with an increase 

Table 2 (continued)
Estimated linear and logistic regression models for iCVH factors sumcsore, single iCVH factors and single iPP factors (N=1415)

Model 1 Model 2a Model 3b

OR (95%CI) p OR (95%CI) p OR (95%CI) p

iPP factors 

  iSittostand 

     iDiet 1.05 (0.81-1.38) 0.93 (0.70-1.23) 1.02 (0.77-1.37)

     iPA 1.88 (1.49-2.37) *** 1.65 (1.30-2.10) *** 1.63 (1.27-2.10) ***

     iSmoking 0.93 (0.65-1.33) 0.88 (0.61-1.27) 1.02 (0.70-1.48)

     SRH – poor 

        excellent 3.89 (1.99-7.60) *** 3.17 (1.61-6.26) ** 3.24 (1.60-6.56) **

        good 4.16 (2.66-6.52) *** 3.52 (2.22-5.56) *** 3.69 (2.28-5.98) ***

        not so good 2.61 (1.66-4.11) *** 2.34 (1.48-3.71) *** 2.45 (1.51-3.95) ***

  iGrip 

     iDiet 1.24 (0.96-1.61) 1.18 (0.91-1.54) 1.37 (1.03-1.81) *

     iPA 1.32 (1.06-1.65) * 1.16 (0.92-1.47) 1.11 (0.87-1.42)

     iSmoking 0.93 (0.65-1.33) 0.79 (0.55-1.14) 0.92 (0.64-1.35)

     SRH – poor [Ref.]

        excellent 4.27 (2.14-8.53) *** 3.91 (1.94-7.88) *** 4.21 (2.01-8.79) ***

        good 2.96 (1.90-4.61) *** 2.74 (1.74-4.31) *** 2.91 (1.80-4.71) ***

        not so good 2.11 (1.35-3.32) ** 1.99 (1.26-3.15) ** 2.11 (1.30-3.41) **

Abbreviations: β, standardized coefficient; OR, odds ratio; CI, confidence interval; Note: *p < .05, **p <0.01, ***p < 0.001,  a adjusted for CVH behaviors, SRH, b adjusted for CVH 
behaviors, SRH, age, gender
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in visceral body fat as well as shifts in hormone regulation 
effecting glucose and lipid metabolism (28). The gender-
specific differences in the prevalence of CVH factors could 
be explained by the fact that these changes occur differently 
between men and women (29). Of special interest is the 
relatively high prevalence of poor physical performance metrics 
in our community-dwelling older participants. This finding 
is a “call to action”, as declining physical function is clearly 
associated with frailty and a high risk for mobility disability 
(30, 31). 

Our results provide evidence that two of the considered 
CVH behaviors, regular exercise and healthy diet, are related 
to higher iCVH factors score and therefore to a lower overall 
cardiovascular risk profile. Regular physical activity was 
revealed as an indicator for favorable, untreated blood pressure 
in accordance to evidence of regular exercise as blood pressure-
lowering factor (32). Furthermore, consistent with prior 
findings including longitudinal studies (33), regular physical 
activity was associated with a higher likelihood of having a 
BMI in the normal range compared to inactive participants. 
Besides that, only few associations between iCVH behaviors 
and single iCVH factors were revealed. Healthy diet was 
identified as an indicator for a BMI in the normal range, in line 
with previous findings indicating a possible inverse association 
between the amount of fruit/vegetable intake and weight (34, 
35). However, this association diminishes in adjusted models, 
which may be related to changes in dietary requirements with 
increasing age (36).

The value of evaluating CVH behaviors as indicators for 
objectively measurable health factors was particularly evident 
with regard to physical performance level. As expected, 
engagement in regular physical activity was associated with 
good muscle strength and muscle function in lower and 
upper extremities. Regular fruit/vegetable consumption, on 
the other hand, was associated with better strength in upper 
extremities when gender and age effects were kept constant. 
This is consistent with previous studies showing that the 
consumption of plant foods may be associated with better 
physical performance (37). Especially in this sample, which 
is still mobile but already shows a relatively high prevalence 
of limitations in functional domains, nutrition and exercise 
behavior serve as early indicators for the necessity of 
prevention and intervention approaches (38).

Surprisingly, no significant association of smoking 
status with iCVH and iPP factors was revealed. From a 
methodological perspective, the low prevalence of smokers in 
this sample could obscure statistically significant differences 
between smokers and non-smokers. On the other hand, 
although smoking is a well-established detrimental factor of 
cardiovascular health (39,40), this pathway may be masked by 
the fact that smoking in prior studies was related to better single 
iCVH factors, for instance lower blood pressure (41) and BMI 
among adults (42). 

Despite the high prevalence of CVH risk factors, limitations 

in physical performance, and physical inactivity, SRH were 
mainly rated as good. This seemingly contradictory finding 
supports the assumption that SRH represents far more than 
objectively measurable health states. SRH may be generated 
by a variety of other factors such as personal traits, peer-
comparisons, social environment, knowledge of one´s own 
health, and emotional states (43,44). This might also explain 
why, in comparison to other studies (45,46), relatively few 
associations between SRH and CVH factors occur.  First, 
advancing age seems to be accompanied by a decoupling 
and increasing discrepancy between SRH and objectively 
measurable health factors. People tend to evaluate their health 
better than might be expected, despite suffering from clinically-
relevant diseases/chronic diseases (47). Second, most studies 
to date treated health behaviors as dependent variables in the 
investigation of SRH-CVH metrics score relation, which could 
have strengthened the superficially apparent link between 
them (8,15). In a similar vein, when Boehm et al. (48) used 
behavioral factors as explanatory variables, the association of 
SRH with cholesterol, glucose and blood pressure at ideal levels 
was attenuated. Third, only those health determinants may be 
included in the assessment of SRH that cause restrictions in 
everyday activities or pain and thus directly affect well-being. 
In support of this assumption, our investigation revealed the 
only link between SRH and CVH factors in terms of diabetes 
criterion. Participants reporting poor SRH were less likely to 
meet the ideal diabetes criterion (absence of diabetes) than 
those rating SRH as “not so good” or “good”. Poor SRH 
level may be accompanied by low capacities and resources to 
compensate for diabetes related burden in daily living such 
as dietary restrictions and medication use. In contrast, as high 
blood pressure and high cholesterol levels do not provoke 
directly remarkable symptoms or restrictions in daily living, 
they seem not to be perceived as health-impairing conditions 
even if they are known. 

In line with our view of SRH being mainly associated 
with health factors that have a noticeable impact on everyday 
life, SRH was revealed as a powerful indicator of physical 
performance in both lower and upper extremities. This easily 
assessable parameter may enable the identification of functional 
losses at an early stage and provide a possible starting point for 
tailored interventions to counteract further decline. Especially 
lower extremity dysfunction represents an early stage in the 
disablement process preceding loss of physical function and 
independence (49,50). Taken together, our results contribute to 
a growing body of literature revealing an association of SRH 
with physical function parameters (18). 

Limitations 
Several limitations apply to this study. Due to the cross-

sectional design, no causal relations between health relevant 
behaviors, SRH, and cardiovascular as well as functional health 
factors can be determined. Furthermore, as the assessment of 
health behaviors is based on self-report, potential information 
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bias of participants must be considered. Although the easy 
collection of modified AHA-CVH-metrics is a considerable 
advantage for the largest possible population-based recruitment 
in the Lookup 7+ project, this also risks a loss of information. 
With regard to the recording of nutrition, fruit/vegetable 
consumption is an important part of the “Dietary Approaches 
to Stop Hypertension (DASH)” diet (51), but also other factors 
such as the consumption of red meat, salt or saturated fat 
consumption play a role for nutrition-effected cardiovascular 
health. Although the procedure of cholesterol and glucose levels 
evaluation was previously validated (24), portable devices are 
more prone to measurement error than stationary equipment. 
Furthermore, the study setting with random cholesterol and 
glucose level determination could cause an overestimation of 
both parameters. Similarly, the setting may have influenced 
the measurement of blood pressure and physical performance 
level, because evaluations were performed throughout the 
day, so some participants may have walked or eaten before 
the assessments. To limit this potential bias, participants were 
allowed to rest until they felt comfortable with the performance 
tests. Another limitation of the study design is that no 
information about cardiovascular conditions such as stroke, 
myocardial infarct, or heart failure was collected. However, due 
to the recruitment in public places, it can be assumed that no 
acute illnesses were present at the time of the assessment.

Conclusion 

In this Longevity 7+ sample aged 65+, three major 
conclusions can be drawn. First, the assessment of CVH health 
behaviors (diet and physical activity) provides information 
on physiological CVH risk factor profile, highlighting regular 
physical activity as an indicator for blood pressure and BMI in a 
health-promoting range. Second, the survey of self-rated health, 
physical activity and diet allows a rapid screening for physical 
performance level in older persons. Third, since CVH factors do 
not appear to be identifiable by self-reported health behaviors, 
particular attention should be paid to the evaluation of these 
factors by performing objective measurement, regardless of 
good CVH behavior profile and good SRH.

In order to obtain a cost-effective, yet comprehensive picture 
of cardiovascular and functional health factors in a population 
aged 65 years and older, it is therefore advisable to evaluate 
exercise and dietary behavior as well as self-rated health.  
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