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ARTICLE INFO ABSTRACT

With increasing age, associations between traditional risk factors (TRFs) and cardiovascular disease (CVD) shift.
It is unknown which mid-life risk factors remain relevant predictors for CVD in older people.

We systematically searched PubMed and EMBASE on August 16th 2019 for studies assessing predictive ability
of > 1 of fourteen TRFs for fatal and non-fatal CVD, in the general population aged 60 +.

We included 12 studies, comprising 11 unique cohorts. TRF were evaluated in 2 to 11 cohorts, and retained in
0-70% of the cohorts: age (70%), diabetes (64%), male sex (57%), systolic blood pressure (SBP) (50%), smoking
(36%), high-density lipoprotein cholesterol (HDL) (33%), left ventricular hypertrophy (LVH) (33%), total cho-
lesterol (22%), diastolic blood pressure (20%), antihypertensive medication use (AHM) (20%), body mass index
(BMI) (0%), hypertension (0%), low-density lipoprotein cholesterol (0%). In studies with low to moderate risk of
bias, systolic blood pressure (SBP) (80%), smoking (80%) and HDL cholesterol (60%) were more often retained.
Model performance was moderate with C-statistics ranging from 0.61 to 0.77.

Compared to middle-aged adults, in people aged 60+ different risk factors predict CVD and current pre-
diction models perform only moderate at best. According to most studies, age, sex and diabetes seem valuable
predictors of CVD in old-age. SBP, HDL cholesterol and smoking may also have predictive value. Other blood
pressure and cholesterol related variables, BMI, and LVH seem of very limited or no additional value. Without
competing risk analysis, predictors are overestimated.

Keywords:

Systematic review
Older people
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Traditional risk factors
Reversed epidemiology

1. Introduction models (Piepoli et al., 2016). Decades of research in middle-aged in-

dividuals has created strong evidence supporting the value of tradi-

Improvements in cardiovascular disease (CVD) prevention have
contributed to a decline in cardiovascular mortality since the 1980s
(Nichols et al., 2014). However, CVD remains a major cause of dis-
ability and mortality, especially among older individuals (Timmis et al.,
2018). Timely identification of people at increased risk is required to
target effective preventive interventions to the right persons, thereby
improving CVD prevention. CVD risk may be estimated using prediction

tional risk factors (TRFs) including age, sex, systolic blood pressure
(SBP), diabetes mellitus (DM), smoking, and total cholesterol (TC), for
predicting CVD in midlife.

However, associations between TRFs and CVD seem to attenuate
with increasing age (sometimes referred to as ‘reversed epidemiology’)
(Ahmadi et al., 2015; Hamer et al., 2009; Koller et al., 2012a). Models
developed in middle-aged persons perform poorly in older populations

Abbreviations: AHM, antihypertensive medication; BMI, body mass index; CHD, coronary heart disease; CVD, cardiovascular disease; DM, diabetes mellitus; DBP,
diastolic blood pressure; HDL, high density lipoprotein cholesterol; LDL, low density lipoprotein cholesterol; LVH, left ventricular hypertrophy; PROBAST, Prediction
model Risk Of Bias ASsessment Tool; SBP, systolic blood pressure; TC, total cholesterol; TRF, traditional risk factor
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(Hamer et al., 2009; Koller et al., 2012a). Studies and clinical guidelines
often assume that mid-life risk factors are similarly applicable in old-
age, while it would be more appropriate to develop risk prediction
models specifically for older people (Cooney et al., 2016; de Ruijter
et al., 2009; Stork et al., 2006).

Although the pathophysiology underlying CVD is thought to be si-
milar in middle and old-age, it is unclear which mid-life TRFs are useful
predictors for CVD in older people (Cooney et al., 2016; de Ruijter
et al., 2009). Currently, there appears to be a paucity of evidence, with
only few studies specifically addressing CVD risk prediction in older
people (Damen et al., 2016).

With this systematic literature review, we aim to collate and syn-
thesize the evidence on the predictive value of traditional risk factors in
persons aged 60 years and over.

2. Methods
2.1. Search strategy and procedures

We included fourteen TRFs that are commonly reported in well-
known midlife prediction models: age, sex, race, body mass index
(BMI), SBP, diastolic blood pressure (DPB), hypertension, anti-
hypertensive medication use (AHM), DM, smoking, TC, high density
lipoprotein cholesterol (HDL), low density lipoprotein cholesterol
(LDL), and left ventricular hypertrophy (LVH). (Anderson et al., 1991;
Conroy et al., 2003; D'Agostino Sr. et al., 2008; Hippisley-Cox et al.,
2010)) We searched for studies that evaluated the predictive value of at
least two TRFs for first incident CVD in people aged 60 or older, in
population based longitudinal cohorts or registry data. The outcome
had to be fatal or non-fatal coronary heart disease (CHD), non-CHD
CVD or all CVD (further referred to as CVD).

Predictive ability of variables had to be evaluated through predic-
tion-model development by univariable and/or multivariable model
selection procedures. PRISMA reporting guidelines were followed
(Liberati et al., 2009), and the protocol was published in PROSPERO on
January 31, 2019 (Van Bussel et al., 2019b) [https://www.crd.york.ac.
uk/PROSPERO, registration number CRD42019103004].

We conducted a systematic literature search in PubMed and
EMBASE on August 16, 2019. The search syntax was developed in
collaboration with a clinical librarian, and included synonyms and
MeSH/Emtree terms for ‘CVD’ and ‘older persons’ and synonyms for
‘prediction’ (see Table S1 for full syntax). The search was limited to
humans, English language and articles published since 1998, since in-
terest for and research into CVD prediction models for older people
mostly started after this date (Anderson et al., 1991; Damen et al.,
2016). Results were deduplicated in EndNote X8.2. Titles and abstracts,
and full-texts of potentially relevant articles, were independently
screened by two authors (MH, EB) using predefined in- and exclusion
criteria (Box S1). Reference lists and citations of the included articles
were searched to identify additional potentially relevant studies.

2.2. Data extraction

The list of extracted items was based on the Cochrane guidance for
data extraction and critical appraisal for systematic reviews of predic-
tion models (CHARMS checklist) (Moons et al., 2014), supplemented by
items obtained from a recent systematic review on this topic (Damen
et al., 2016). The full list can be found in the study protocol (Van Bussel
et al., 2019b). Two reviewers (EB, MH) extracted data independently.
Discrepancies were resolved through discussion (with a third author
(EMQ)). In case of missing information study authors were contacted.

2.3. Quality assessment

Risk of bias (ROB) was assessed using the ‘Prediction model Risk Of
Bias ASsessment Tool’ (PROBAST), which comprises 19 signalling
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questions to facilitate structured judgment of the ROB in four domains:
participants, predictors, outcomes and analysis (Moons et al., 2019).
Based on these questions, overall ROB and concerns regarding applic-
ability were assessed. The rationale for the bias score for each domain is
provided in text S1.

Study screening, data extraction and quality assessment were per-
formed independently by two authors (MH, EB). Disagreements were
resolved by discussion, with involvement of a third reviewer (EMC) if
necessary. Since MH, EB and EMC were involved in one of the included
studies, RP and JG assessed its quality (van Bussel et al., 2019c).

2.4. Statistical analyses

Risk factors were considered ‘retained’ either if they were included
in the final CVD prediction model following an algorithmic selection
procedure or were forced in and significantly predicted the outcome.

For retained risk factors, the effect sizes were extracted and stan-
dardized, synchronizing reference groups and units. When only p-values
were reported, 95% confidence intervals (95%CI) were calculated
(Altman and Bland, 2011). Next, meta-analyses were performed for
each retained TRF. When effect sizes were given for men and women
separately, both were included in the meta-analyses. When results were
reported for CHD and non-CHD CVD, results were pooled and the re-
sulting effect size was included in the meta-analyses. Statistical analyses
were performed using the “meta” package in R 3.5.1(Schwarzer, 2007).

2.5. Subgroup and sensitivity analyses

Subgroup analyses were performed for different outcomes, by sex,
low vs high ROB and the subgroup without any form of CVD at baseline.
Subgroup analyses for frailty and age groups (dichotomized at 80 years)
were predefined in the protocol but could not be performed due to
insufficient data.

Since blood pressure related variables show high collinearity, they
tend to compete with each other in models when added to the same
backward selection procedure. The same is true for and cholesterol
related variables. Therefore, all blood pressure related variables (SBP,
DBP, hypertension and AHM) and all cholesterol related variables (TC,
HDL and LDL) were combined into the umbrella terms ‘blood pressure’
and ‘cholesterol’ respectively. When one or more of the variables were
retained in a model, the umbrella term was counted as retained.

CVD, cardiovascular disease; TRF, traditional risk factors.

3. Results

After screening 8745 abstracts, 85 full-texts were evaluated, even-
tually yielding 12 relevant articles, reporting on 11 unique cohorts
(Fig. 1). Two articles reporting different outcomes (CHD and non-CHD
CVD) from the Cardiovascular Health Study cohort, were both included
(Lumley et al., 2002; Psaty et al., 1999). Reference screening yielded no
additional relevant studies.

3.1. Characteristics of studies

Cohorts originated from Europe (n = 6), North America (n = 2) and
Australia (n = 3). Mean baseline age ranged from 69 to 85 years.
Outcome events were identified from health records and/or death
certificates (n = 6), self-report verified by health records (n = 2), a
combination of self-report and health records, or diagnosed by a panel
(n = 2). Outcome events were fatal (n = 5) or combined fatal and non-
fatal (n = 6) CHD, non-CHD CVD, or CVD. Studies had a median of
1957 (range 302 to 40,825) participants and 290 (range 28 to 4144)
outcome events. The median follow-up duration was 6.5 (range 4 to 12)
years. All study cohorts were population based. Study details are given
in Table 1.

Included studies evaluated four to 11 TRFs for CVD. Most studies
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Fig. 1. Flow diagram of selected articles for predictors for CVD in older persons. August 16, 2019.

evaluated the predictive performance of component variables of well-
known prediction models (e.g. Framingham, SCORE). Other motiva-
tions for evaluated risk factors were generally not given. Two studies
did not evaluate age and sex since their cohort consisted of participants
all aged 85 years (de Ruijter et al., 2009) or men only (Beer et al.,
2011), respectively. Three studies stratified by sex, and thus did not
evaluate sex as a predictor (Ahto et al., 2007; Cooney et al., 2016; Noto
et al., 2002).

All information in this table applies to the (sub) analyses of in-
dividual studies that are appropriate for this systematic review. Studies
are chronologically ordered based on baseline year.

3.2. Quality assessment

For the 12 selected studies, overall risk of bias was rated low for
one, moderate for five, and high for six (Table 2 and S2). All studies had
low risk of bias in the ‘participants’ and ‘predictors’ domains of the
quality assessment, meaning that participants were recruited using
appropriate data sources and inclusion criteria, and definitions and
assessment of the evaluated predictors were adequate and similar for all
participants. In the ‘outcome’ domain, risk of bias was high for one
study because one evaluated predictor (hypertension) also featured
prominently in the fatal CVD outcome (hypertension as cause of death
in 8/28 = 29% of cases) (Muscari et al., 2013). In the ‘analysis’ domain,
risk of bias was low for one, moderate for five, and high for six studies.
The most common source of bias was inappropriate handling of com-
plexities in the data (n = 11): two studies did not use survival analyses
for longitudinal data (Noto et al., 2002; Simons et al., 2003), and all but
one accounted for competing risks. (van Bussel et al., 2019¢) Other
common sources of bias in analyses included absence of adjustment for
overfitting (n = 11) (Ahto et al., 2007; Beer et al., 2011; Cooney et al.,
2016; Jamrozik et al., 2000; Lumley et al., 2002; Muscari et al., 2013;
Noto et al., 2002; Psaty et al., 1999; Rodondi et al., 2012; de Ruijter
et al., 2009; Simons et al., 2003) and optimism in model performance

(n = 10) (Ahto et al., 2007; Beer et al., 2011; Cooney et al., 2016;
Jamrozik et al., 2000; Lumley et al., 2002; Muscari et al., 2013; Noto
et al., 2002; Psaty et al., 1999; de Ruijter et al., 2009; Simons et al.,
2003), excluding cases with missing values when multiple imputation
would have been preferable (n 10) (Ahto et al., 2007; Beer et al.,
2011; Cooney et al., 2016; Jamrozik et al., 2000; Muscari et al., 2013;
Noto et al., 2002; Psaty et al., 1999; Rodondi et al., 2012; de Ruijter
et al., 2009; Simons et al., 2003), and not reporting any calibration or
discrimination measures (n 6) (Ahto et al., 2007; Jamrozik et al.,
2000; Muscari et al., 2013; Noto et al., 2002; Psaty et al., 1999; Simons
et al., 2003) or only a measure for discrimination (n = 2) (Lumley
et al., 2002; Rodondi et al., 2012). Uncommon sources of bias were few
outcome events compared to the number of variables tested (n = 5)
(Ahto et al., 2007; Jamrozik et al., 2000; Muscari et al., 2013; Noto
et al., 2002; de Ruijter et al., 2009), categorization of continuous pre-
dictors, reducing their predictive value (n = 4) (Ahto et al., 2007; Beer
et al., 2011; Muscari et al., 2013; Noto et al., 2002), and exclusion
of > 20% of the original population (n = 1) (Beer et al., 2011), or not
reporting numbers excluded from the analyses (n 3) (Noto et al.,
2002; Psaty et al., 1999; Simons et al., 2003). Finally, two studies did
not follow fully appropriate predictor selection procedures, because
variables were not tested individually (de Ruijter et al., 2009), or only
univariable analysis was used (Ahto et al., 2007).

Overall, the applicability of the studies to the research question of
this review was rated high for all studies except for four. In three stu-
dies, this was due to risk of bias in the ‘participants’ domain because of
only excluding participants with selected CVDs that were similar to the
outcome, but not all forms of CVD (Ahto et al., 2007; Cooney et al.,
2016; Lumley et al., 2002). In the other, this was due to high risk of bias
in the ‘outcome’ domain because the predictor ‘hypertension’ also fea-
tured prominently in the fatal CVD outcome (Muscari et al., 2013).
(Table 2).
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Table 2
Tabular presentation for PROBAST results.
Study ROB Applicability Overall
Participants Predictors Outcome Analysis Participants Predictors Outcome ROB Applicability
Cooney et al. (2016) + + + +/- - + + +/— -
Simons et al. (2003) + + + +/— + + + +/— +
Psaty et al. (1999) + + + +/- + + + +/- +
Lumley et al. (2002) + + + +/= - + + +/- +
Noto et al. (2002) + + + - + + + - +
Jamrozik et al. (2000) + + + - + + + — +
Ahto et al. (2007) + + + - - + + — +
de Ruijter et al. (2009) + + + - + + + - +
Rodondi et al. (2012) + + + +/- + + + +/- +
Beer et al. (2011) + + + - + + + +
Muscari et al. (2013) + + - — + + - — _
van Bussel et al. (2019a) + + + + + + + + +

PROBAST = Prediction model Risk Of Bias ASsessment Tool; ROB = risk of bias.

+ Indicates low ROB/low concern regarding applicability; — indicates high ROB/high concern regarding applicability; and +/— indicates moderate ROB/

moderate concern regarding applicability.
3.3. Traditional risk factors

TRF definitions varied between studies. An overview of how risk
factors were defined and handled in studies is given in Table S3. Age
was evaluated as continuous (n = 8), dichotomized (n = 2), or cate-
gorized (n = 1) predictor. Race as black vs other (n = 2); BMI con-
tinuous (n = 2), categorized (n = 1), or dichotomized (n = 2); SBP
continuous (n = 8) or categorized (n = 1); DBP continuous (n = 4) or
dichotomized (n = 1); hypertension dichotomized based on SBP, DBP,
AHM use and/or self-report (n = 6); and AHM use dichotomized
(n = 6). Diabetes was dichotomous, defined based on fasting plasma
glucose levels, self-report and/or taking anti-diabetic drugs (n = 11).
Smoking was categorized as current/former vs never (n = 3), current vs
former/never (n = 5), or current, former, never separately (n = 4). TC,
HDL and LDL were evaluated continuously (n = 7; 8; 3 respectively),
dichotomized (n = 2; 1; 1) or categorized (n = 1; 1; 1). One study
defined hypercholesterolemia based on TC (=5.1 mmol/L) or lipid
lowering treatment (Muscari et al., 2013). This variable was included in
our analyses as TC. LVH was dichotomized (n = 3).

Table 3 gives an overview of TRFs from studies, with standardized
effect sizes for TRFs that were retained. Fig. 2 gives the number and
percentage of retained and disregarded TRFs.

Age, DM and sex were retained in most studies. SBP was retained in
half. Smoking, HDL, TC, LVH, DBP and AHM were selected in a min-
ority of the studies in which they were tested. Race, LDL, hypertension
and BMI were never retained. When combined, blood pressure related
variables were retained in 50%, and cholesterol related variables in
30% of studies in which they were tested. The retention of smoking was
not clearly influenced by the categorization used (Table S4).

Fig. S1 presents the pooled effect sizes for each risk factor. Note that
these were only reported by studies that retained them in the final model.

For some cohorts, multiple models relevant to our research question
were reported. One model per cohort was chosen in counting frequencies
of risk factors tested and retained, and to use in the meta-analyses, to
prevent too much weight from one cohort. Ahto et al., Cooney et al.,
Lumley et al., and Noto et al. reported models for men and women. A risk
factor was counted as retained if it was retained in one or both genders,
and both were included in the meta-analyses. Simons et al. presented two
models with different follow-up durations, the one with the longest
follow-up (10 years) was used. When models for CHD and non-CHD CVD
were reported, results were pooled into CVD (Cooney et al., 2016;
Lumley et al., 2002; Psaty et al., 1999). Rodondi et al. reported three
models for different methods of variable selection, the method most
frequently used in other studies (backward selection based on p-value)
was used in this review, to increase comparability.

3.4. Additional risk factors

All but one study, tested the incremental predictive ability of ad-
ditional factors (Cooney et al., 2016). In total 55 additional variables
were tested, with little overlap among studies. Twelve of these were
tested in two or more cohorts (Fig. S3). Triglycerides were disregarded
in all four studies, and C-reactive protein in 75% (3 of 4 studies).
‘Number of drugs’ and homocysteine were evaluated in 2 studies, and
retained in both (100%).

3.5. Performance

Discriminatory performance of models with TRFs only, and models
with relevant TRFs enhanced with additional risk factors, was reported
in six studies (Table S5). C-statistics ranged from 0.53 (95% CI
0.42-0.63) to 0.74 (95% CI not reported) for TRF-only models, and
from 0.61 (95% CI not reported) to 0.77 (95% CI not reported) for
enhanced models. C-statistics of the enhanced models were generally
slightly higher than those of the TRF-only models. Number of included
variables for the TRF-only models ranged from 6 to 9, and from 1 to 12
for the enhanced models (Table S5). Only four out of 12 studies re-
ported calibration measures.

3.6. Subgroup and sensitivity analyses

Subgroup results were consistent with the main analyses, with age,
sex, and DM having the highest retention rates (Fig. S2). Compared to
studies with fatal CVD as outcome (5 studies), in studies with combined
fatal and non-fatal CVD (6 studies) the risk factors DM, sex, SBP and
smoking were more often retained. Subgroup analysis in studies with a
moderate to low risk of bias, (6 studies representing 5 cohorts) yielded
similar results, although retaining rates for SBP, smoking, and HDL
were somewhat higher (60-80%) than for all studies combined
(=50%). In the subgroup of studies that included participants without a
history of CVD at baseline (9 studies), results were essentially the same
as for the main analyses. The subgroups for CHD, non-CHD CVD, men,
and women were too small to interpret.

4. Discussion

In this systematic review, based on 12 studies from 11 unique co-
horts, the main predictors for first incident CVD in people aged 60+
were age, sex and diabetes in the majority of cohorts. Based on studies
with moderate to low risk of bias including SBP, HDL cholesterol and
smoking seem to have predictive value. Other blood pressure and
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Fig. 2. Traditional risk factors — frequency retained and disregarded.
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The total length of the bar represents the frequency a TRF was tested. The percentage that a TRF was retained is given at the right side of each bar.

*Blood pressure, composite of SBP, DBP, hypertension and AHM. Cholesterol, composite of TC, HDL and LDL cholesterol.

SBP, systolic blood pressure; HDL, high density lipoprotein cholesterol; LVH, left ventricular hypertrophy; TC, total cholesterol; DBP, diastolic blood pressure; AHM,
antihypertensive medication use; BMI, body mass index; LDL, low density lipoprotein cholesterol.

cholesterol related variables, BMI, race and LVH seem of very limited or
no additional value. Model performance was with C-statistics ranging
from 0.61 to 0.77 moderate at best. Studies were heterogeneous in
terms of era, number and kind of TRFs that were tested, the outcome
event, follow-up duration, and risk of bias, which limited comparability
of the results.

In middle aged adults CVD prediction models generally perform
slightly better, median C-statistics of validated well-known models
ranging from 0.66 to 0.79 (Damen et al., 2016). Though there is much
overlap, this supports previous findings that risk factors better predict
CVD in middle aged than in older persons.

4.1. Traditional risk factors

The predictive value of DM seems to attenuate with increasing age,
but may remain relevant up to high age. In this review DM appeared a
relevant predictor, but mostly in cohorts with a relatively low mean age
(75% retained in cohorts with a mean age < 75 vs 30% in =75).
Moreover, the effect size for DM in this review (HR 1.75 (95%CI
1.52-2.01)) was lower than that for middle-aged persons, e.g. in the
QRISK cohort a hazard ratio of 2.95 (95%CI 2.76-3.15) was reported
for persons aged 43 years (Hippisley-Cox et al., 2010). While the as-
sociation of SBP with CVD has been reported to decrease or reverse with
increasing age (Ahmadi et al., 2015; Hippisley-Cox et al., 2010; Lind
et al.,, 2018), conflicting results have been reported for cholesterol
(Houterman et al., 2000; Lind et al., 2018). The predictive value of
cholesterol might depend on type of cholesterol, study outcome, par-
ticipant age at evaluation and comorbidities (Ahmadi et al., 2015). This
review suggests that SBP and HDL might be valuable for CVD

prediction, whereas other blood pressure and cholesterol related vari-
ables seem of limited value. Interpretation of the predictive value of
blood pressure and cholesterol is complicated because treatment of
these factors initiated after baseline could have reduced their predictive
ability (Sperrin et al., 2018). Studies included in this review generally
failed to report or account for treatment at baseline or during follow-up.
In daily practice this is not problematic since persons with and without
cardiovascular medication receive (repeated) risk assessments. How-
ever, the predictive value of hypertension and dyslipidaemia in these
models is uninformative of the risk that untreated hypertension or
dyslipidaemia may convey in older people and, crucially, the lack of
association with adverse outcomes does not mean these conditions
should not be treated or that treatment can safely be discontinued
(Pajouheshnia et al., 2017; Sperrin et al., 2018). In this review BMI had
no predictive value. However, the relation between BMI and CVD may
follow a U-shaped curve, inadvertently leading to the conclusion that
BMI conveys no predictive value (Ahmadi et al.,, 2015; Lind et al.,
2018). Previous studies found a higher risk of CVD among African-
Americans compared to others, which was fully attributable to the
burden of cardiovascular risk factors among African-Americans
(Feinstein et al., 2012; Safford et al., 2012). This is in line with the lack
of predictive ability for race in this review. However, this does not
exclude that other definitions of race/ethnicity may yield more ap-
propriate predictors for CVD, either through genetic or environmental
factors (Agyemang et al., 2005). Though not demonstrated through
exploration of different operationalisations (Table S4), specific defini-
tions of smoking may have masked any predictive value of smoking in
this review. Ideally, future research should use ‘ex-smoker’ as a separate
category and take into account time since cessation (Mons et al., 2015).
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Associations of TRFs with CVD may be different for CHD and non-
CHD CVD. In a study with 32 years of follow-up, the relation of SBP
with stroke was stronger than with myocardial infarction, in all age
categories between 50 and 77 (Lind et al., 2018). Differences in pre-
dictive value between CHD and non-CHD CVD outcomes could not be
studied in this review, due to insufficient information. Although the
greater predictive value of risk factors in the combined fatal/non-fatal
CVD subgroup may reflect a higher number of events and more statis-
tical power, risk factors may truly have higher predictive value for the
combined outcome event compared to fatal CVD only.

4.2. Why associations shift in older people

Age itself may merely reflect exposure time to the other risk factors.
Atherosclerosis and thrombosis cause vascular damage throughout life,
possibly decreasing relative contributions of the TRFs with increasing
age (Vliegenthart et al., 2005). Because all included studies report re-
lative risk rather than absolute risk differences, diminished associations
may partly be explained by the a-priori risks of CVD which also increase
with aging. Although statistical power increases with higher baseline
risk, the potential for a large relative risk decreases (Text S2, Table S6)
(Hochman and McCormick, 2011). Furthermore, part of the population
that is sensitive to the TRFs may already have developed CVD, leaving
the CVD free population with inherent inherently lower susceptibility to
cardiovascular risk factors, in which associations are diminishing or
even reversed (Kannel and Vasan, 2009). Finally, older persons form a
heterogeneous group regarding multi-morbidity, life-expectancy, and
frailty, diluting predictive value of TRFs and complicating general-
izability (Ahmadi et al., 2015; Jansen et al., 2015).

4.3. Additional CVD predictors in old age

Potential non-traditional CVD predictors in older people have been
widely explored. Of these, homocysteine, coronary calcium score and
frailty seem promising predictors (de Ruijter et al., 2009; Vaes et al.,
2017; Veronese et al., 2017; Vliegenthart et al., 2005). Including the
coronary calcium score demonstrated improved accuracy of currently
applied risk scores for predicting CVD outcomes (Yeboah et al., 2012).
Moreover, both the coronary calcium score and homocysteine levels
may help to identify patients likely to benefit from statin therapy
(Drewes et al., 2014; Mitchell et al., 2018). Previous meta-analysis
identified frailty and pre-frailty as significant predictors for CVD, and
interestingly, in frail persons the association between TRFs and mor-
tality diminished (Vaes et al., 2017; Veronese et al., 2017). From the
potential non-traditional risk factors evaluated in included studies,
homocysteine and ‘number of drugs’ seemed most propitious, being
retained in both studies in which they were tested. However, numbers
were too low to draw conclusions.

4.4. Methodological considerations of included articles

The quality of studies included in this review varied. The most
frequent sources of bias generally cause overestimated effect sizes, or
increased uncertainty of the outcomes. Lower quality scores are partly
explained by setting high statistical standards, including more recent
developments such as multiple imputation and accounting for com-
peting risks, which were not widely adopted at the time of those studies
(Koller et al., 2012b; Selmer et al., 2017). Since in older people non-
cardiovascular mortality increasingly precludes CVD events, not con-
sidering competing risks may cause overestimation of CVD risk and
effect sizes (Koller et al., 2012a; Selmer et al., 2017).

4.5. Strength and limitations of this study

A strength of this systematic review is the focus on predictors spe-
cifically identified in older people, since literature and clinical
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knowledge are biased by a history of extrapolating risk factors in
middle aged persons to older persons.

A limitation is that included studies evaluated different sets of tra-
ditional and non-traditional risk factors, which influences the predictive
value of individual risk factors in multivariable models, and their
chance of being retained. For example, homocysteine was tested in two
studies, and in those studies, zero and two TRFs were retained in the
model (Beer et al., 2011; de Ruijter et al., 2009). Theoretically,
homocysteine is such a strong predictor that it offsets the predictive
value of other risk factors and inclusion of homocysteine into all other
studies could have led to disregarding more TRFs in those models.

The meta-analyses presented in this review should be interpreted
with some caution. They represent the selection of effect sizes for TRFs
that were retained during the variable selection process — and thus may
overestimate the true association (Heinze et al., 2018). Substantial
heterogeneity exists between models of which risk factor estimates
were pooled (Riley et al., 2019). Further, different types of prognostic
effect measures (HR and OR) were pooled, some estimates lacked
standard errors and could not be pooled, estimates relate to various
follow-up durations, and different methods of measurements and vari-
able definition and approaches to handling continuous prognostic
variables were applied. In conclusion, pooled effect sizes of TRFs are
likely overestimations, and may best be interpreted as an optimistic
estimate of the effect size for the TRFs, in the older population.

4.6. Implications for clinical practice and further research

Since model performance of most models is moderate at best, cur-
rent CVD prediction models for older people can assist clinical practice
by broadly classifying patients into risk categories. For subsequent
treatment decisions patient preferences and concerns should be taken
into account (van Bussel et al., 2019a). To improve model performance,
relevant TRFs found in this review should be supplemented with yet to
be evaluated, relevant non-traditional risk factors. Further, adequate
statistical methods such as accounting for competing risks of death and
inflated confidence, should be employed to prevent overestimation of
risks. Such a model should be derived and validated in a large cohort of
community dwelling older persons.

Alternatives to common prediction practices may be considered to
improve risk communication. Predicting short term relative risk (i.e. 5-
year instead of 10-year risk), heart age, or absolute risk difference after
initiation of treatment might be preferable in older populations (Hill
et al., 2010; Jackson, 2014; van der Leeuw et al., 2014; Tabaei et al.,
2019; Wells et al., 2010).

With the widespread implementation of treatment of hypertension,
dyslipidaemia, and other risk factors throughout health care, little is
known about the natural course and associations of these conditions in
old age. Since obtaining such information in a randomized setting by
withholding treatment is ethically and practically challenging, com-
prehensive observational cohort studies with sufficient information and
detail to account for the myriad of possible biases may still offer im-
portant opportunities to explore these relations, despite the limitations
to infer true causal pathways from such studies.

5. Conclusion

This review recommends CVD risk prediction in people aged 60 + to
be based on age, sex and diabetes, and to further evaluate the incre-
mental predictive value of SBP, HDL cholesterol, smoking and non-
traditional risk factors such as homocysteine, frailty and coronary cal-
cium score. Other blood pressure and cholesterol related variables, BMI,
and LVH hardly seem of any additional predictive value and can be
disregarded in CVD prediction in older people.
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