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Abstract
Background: In the absence of a consensus on definition and measurement of healthy ageing, we created a
healthy ageing index tallying with the functional ability framework provided by the World Health Organization. To
create this index, we employed items of functional ability and intrinsic capacity. The current study aims to establish
the predictive validity and discrimination properties of this healthy ageing index in settings in Latin American, part
of the 10/66 cohort.
Methods: Population-based cohort studies including 12,865 people ≥65 years old in catchment areas of Cuba,
Dominican Republic, Venezuela, Mexico and Peru. We employed latent variable modelling to estimate the healthy
ageing scores of each participant. We grouped participants according to the quintiles of the healthy ageing score
distribution. Cox’s proportional hazard models for mortality and sub-hazard (competing risks) models for incident
dependence (i.e. needing care) were calculated per area after a median of 3.9 years and 3.7 years, respectively.
Results were pooled together via fixed-effects meta-analysis. Our findings were compared with those obtained from
self-rated health.
Results: Participants with lowest levels, compared to participants with highest level of healthy ageing, had
increased risk of mortality and incident dependence, even after adjusting for sociodemographic and health
conditions (HR: 3.25, 95%CI: 2.63–4.02; sub-HR: 5.21, 95%CI: 4.02–6.75). Healthy ageing scores compared to self-rated
health had higher population attributable fractions (PAFs) for mortality (43.6% vs 19.3%) and incident dependence
(58.6% vs 17.0%), and better discriminative power (Harrell’s c-statistic: mortality 0.74 vs 0.72; incident dependence
0.76 vs 0.70).
Conclusion: These results provide evidence that our healthy ageing index could be a valuable tool for prevention
strategies as it demonstrated predictive and discriminative properties. Further research in other cultural settings will
assist moving from a theoretical conceptualisation of healthy ageing to a more practical one.
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Background
The number of people aged 60 years old and over will
grow by 56% between 2015 and 2030; Latin American
countries are expected to experience the fastest increase
[1]. However, an increased life expectancy does not
entail that these additional years will be spent in good
health [2]. Old age has been associated with an increasing
demand for care, services and expertise to treat or prevent
the onset of non-communicable and chronic diseases [1].
In addition, the association between chronological age and
health status is characterised by variability as there are differences in the health and functional status of older people
[3]. People age with great diversity meaning that they
could reach old age by remaining robust, dependent or in
between [4]. Therefore, in this heterogeneous context,
having a tool to identify those who are at greater risk of
mortality or needing care will contribute to the establishment of effective policy interventions.
Research in healthy ageing, until recently, has been complicated by the lack of a consensus around its definition or
measurement [5, 6]. During the last few years, a growing
body of research has been shifted towards the creation of a
healthy/successful ageing index and how the latter can assist in the prediction of health-related outcomes or mortality [7–9]. Indexes have been created either by using solely
clinical biomarkers, [8] or a mixture of physiological, and
psychosocial components [7, 9]. In response to the latest report World Health Organization (WHO) report [4] and to
the “Global strategy and action plan on ageing and health
(2016-2020)” [10], we created a healthy ageing index
conceptualised upon the framework of functional ability
(BMRM-D-18-00329). This index was developed in a population cohort of older adults from Latin American countries
(Cuba, Dominican Republic, Mexico, Peru, Puerto Rico,
Venezuela), part of the baseline survey of the 10/66 cohort.
The index was checked for various psychometric properties,
including measurement invariance among countries and
gender, and concurrent convergent validity with self-rated
health (BMRM-D-18-00329). In the current study, we
aimed to investigate the predictive validity and the discrimination properties of this index on mortality and incident
dependence risk in the follow-up wave of the 10/66 cohort.
We also compare our findings with those of a measure of
self-rated health, as evidence suggested that the latter has
strong associations with mortality [11, 12] and with other
adverse health outcomes [13, 14].

follow-up surveys followed 3 to 5 years later. In cases
where the participant could not be traced, information
about vital status and current residence was sought from
friends or family members, whose contract details had
been recorded at baseline. In cases where participant’s
capacity to provide reliable information was in doubt,
the information was corroborated by an informant. The
current secondary analyses included data from catchment
areas in Latin America (Cuba, Dominican Republic, Peru,
Venezuela, Mexico and Puerto Rico). Local ethical committees and the ethical committee of the Institute of
Psychiatry of King’s College London approved the studies
[15, 16]. In this study, we will describe aspects directly
relevant to the presented analyses.

Methods

The structural validity of this index in the 10/66 cohort together with psychometric properties and measurement invariance tests among countries and between
men and women have been previously investigated
(BMRM-D-18-00329) [17]. Within that study, a bifactor
model emerged as the most appropriate one to conceptualise the latent construct of healthy ageing. More

Design and setting of the study

The 10/66 Dementia Research Group (10/66 DRG) is a
multicentre population-based study of ageing and dementia in low-and-middle income countries. Residents
aged 65 years old and over were interviewed in the baseline surveys which took place between 2003 and 2010;

Healthy ageing index

The healthy ageing index comprised 26 health questionindicators which were either self-reported or provided
by key informants from the following questionnaires and
questions.
 difficulty in: household responsibilities, walking a









kilometre, washing whole body, getting dressed,
carrying out work and everyday activities (World
Health Organization Disability Assessment Schedule
2.0, WHO-DAS II)
difficulty in: making decisions, using the toilet,
handling money, finding right word, completing
chores; change in daily activities and forgets where
he/she is (Community Screening Interview for
Dementia-Informant Scale, CSI’D’-RELSCORE)
sleep trouble or recent change in pattern; feeling of
not coping properly with everyday routine; getting
worn out or exhausted during daytime or evening
(Geriatric Mental State Interview, GMS)
delayed recall; long memory test; immediate
recall; verbal fluency; time orientation; praxis-fold
a piece of paper; story recall difficulty (Neurological
Examination and Community Screening Interview for
Dementia, CSI’D’)
word list learning; time in seconds taken to walk 10
m; hearing problem; sight problem. All interview
manuals and questionnaires are available, upon
request, on the official site of the study: https://
www.alz.co.uk/1066/population_based_study_
prevalence.php.
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specifically, healthy ageing was portrayed by the general
factor within the bifactor model framework, whereas
four other subdomain factors captured additional variability. For the purposes of the following analyses, we
extracted the factor scores of the general factor using
Mplus 7.4 [18]. Finally, we transformed scores in a 0 to
100 scale with higher values indicating participants in a
better level of health.
Mortality outcome

Mortality was ascertained through screening of all respondents from the baseline cohort. A verbal autopsy on
those deceased and a suitable informant interview were
completed to ascertain cause of death. Survival times
were calculated up to the date of death or were censored
to the date of follow-up survey for those participants
who were re-interviewed. For those who refused interview but were found alive the median date of follow-up
interview was used to calculate censor time.
Incident dependence outcome

The need for frequent help that a healthy adult requires
has been described as dependence [19]. In the 10/66
dataset, dependence was coded in three categories: no
need for care, care some of the time and care much of
the time [20]. The interviewer assigned each participant
to these categories after asking the following questions
to an informant: who shares the home with the participant? what kind of help does the participant need inside
and outside the house? who, in the family, is available to
care for the participant? what help do you provide? do
you help to organise care and support for the participant? is there anyone else in the family more involved in
helping than you and what do they do? what about
friends and neighbours, what do they do? [21]. The same
approach was used in the baseline and follow-up surveys. Participants with no need for care at baseline were
at risk for the onset of dependence in the follow-up survey; participants who were rated as needing care some
or much of the time were considered as having incident
dependence. Incident dependence for deceased participants before death was extracted after informants’
interviews. “Time-at-risk” was calculated as the total
follow-up time (until follow-up interview or death); for
those participants that had a dependence event it was assumed that the onset of dependence occurred at the
midpoint of the follow-up period.
Covariates

We recorded participants’ age, sex, educational level
(none, did not complete primary, completed primary,
secondary or tertiary) and number of assets out of the
following seven: car, television, refrigerator, telephone,
mains water, mains electricity, plumbed toilet. We also
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measured and adjusted our models for physical impairments, stroke, dementia and depression as previous
studies showed that these are considerable contributors
of dependence and disability [22, 23]. The number of
self-reported limiting physical impairments was assessed
by the following list: arthritis or rheumatism, persistent
cough, breathlessness, difficulty breathing or asthma,
high blood pressure, heart trouble or angina, stomach or
intestine problems, faints or blackouts, paralysis, weakness or loss of one leg or arm, skin disorders such as
pressure sores, leg ulcers or severe burns. We then categorised participants as having: no, one to two and three
or more illnesses. Self-reported stroke was confirmed if
the interviewer or the informant confirmed that the
former had characteristic symptoms lasting more than
24 h [24]. Depression was assessed using ICD10 (International Classification of Diseases) criteria and dementia
was diagnosed by the cross-culturally developed, calibrated and validated 10/66 dementia diagnosis algorithm
[25] and the Diagnostic and Statistical Manual of Mental
Disorders (DSM-IV) manual [26]. For the needs of the
current study, we separately provide the baseline characteristics for those at risk of mortality (mortality cohort)
and for those with no need for care at baseline but for
risk of incident dependence later (dependence cohort).

Statistical analyses
We performed all statistical analyses in STATA 14.1
[27]. We used cohort-specific quintiles of the healthy
ageing factors scores and used them as cut-off points to
categorise participants in five groups of healthy ageing.
Q1-quintile participants were those with the lowest level
of healthy ageing “very low level” group in the baseline
assessment, whereas Q5-quintile participants were those
of the highest level “very high level” group. Q2-quintile
participants were characterised as “low level”, Q3 as
“moderate level” and Q4 as “high level”.1 Participants
belonging to the highest level were used as reference category for all analyses.
We examined unadjusted Kaplan-Meier curves and
employed a log-rank test to statistically test whether
there are differences in participants’ death rate among
the different healthy ageing levels. We constructed univariable and multivariable Cox’s proportional hazard
(PH) models to estimate hazard ratios (HR) with 95%
CIs and associations of mortality with healthy ageing in
each country. Cox’s PH models were implemented on
no missing data (< 2.5% of the data were excluded due
to missingness in the covariates). We tested the PH
1

Cut-off points of the mortality cohort: very low level: 0–47.80; low
level: 48.81–58.13; moderate level: 58.14–66.74; high level: 66.75–
78.08; very high level: 78.09–100. Cut-off points of the dependence cohort: very low level: 0–47.02; low level:47.03–56.53; moderate level:
56.54–65.12; high level: 65.13–73.83; very high level: 73.84–100.
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assumption by inspecting the Kaplan-Meier curves together with the Schoenfeld residuals global test [28].
We performed competing risk analysis to quantify the
risk of incident dependence by considering those participants who had the competing risk of dependence free
death. Participants, for the competing risk analysis, were
characterised as:
 Censored: survived and participated in the follow-up

survey with no need for care.
 Incident dependent: identified as dependent from

the follow-up interview or, if dead, from the
informant deceased interview.
 Having competing event: dead but with no incident
dependence as identified by the informant deceased
interview.
We modelled the effect of covariates on incident
dependence with a competing-risks regression derived
from Fine and Gray’s proportional sub-hazards model
[29]. This model (STATA stcrreg command) is based on
a cumulative incidence function, indicating the probability of failure (i.e. onset of dependence) before a specific
time but by considering the possibility of another
competing risk (i.e. dependence-free death). In a conventional Cox’s PH regression, deaths would be rightcensored, and those participants would be treated as no
more or less likely to fail from the cause of interest than
participants still at risk. However, this type of censoring
is inappropriate as after death, dependence is a nonpossible event. On the contrary, in the competing risk
regression model these participants with a competing
risk event are included in the analysis and are counted
as having no chance of failing the event of interest [28].
The sub-hazard ratios (sHR) reflect the incident dependence ratio among participants who were alive at the end
of the follow-up or experienced a death event free of incident dependence.
Cox’s PH models and sub-HRs models were calculated
with robust 95%CIs considering household clustering.
To combine and provide a pooled result among countries, we applied fixed-effects meta-analysis. We computed Higgins I2 to estimate the proportion of betweensite variability in estimates accounted for heterogeneity,
rather than sampling error [30]. Values of 50% are usually considered as moderate heterogeneity and values of
75% are considered as high [30]. We also calculated the
population attributable fraction (PAF) with 95%CIs for
mortality and incident dependence of a dichotomised
healthy ageing exposure in the sociodemographicadjusted model (STATA punaf command). This command estimates the attributable fractions under two
different scenarios for the exposure variable (i.e. healthy
ageing level). PAFs represent the proportion of mortality
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and incident dependence that could theoretically be
avoided if all exposure could be removed from the population, assuming causal relationships estimated free of
confounding. Furthermore, we calculated Harrell’s cstatistic to assess discrimination properties of the healthy
ageing index for death and dependence events (STATA
somersd command) [31]. Discrimination quantifies the
ability of a model to correctly classify participants within
the different groups of the outcome variable; a value of
0.5 indicates no predictive discrimination, whereas a
value of 1.0 indicates perfect separation [32]. We also
compared results of associated risks with regards to the
outcomes of mortality and incident dependence by using
as exposure the self-rated health of participants in the
past 30 days instead of the healthy ageing. Finally, we
performed a sensitivity analysis to examine the practical
usefulness of this healthy ageing. We investigated if our
conclusions would be affected, if a simple sum of items,
and not the healthy ageing scores of the latent variable
model, was employed.

Results
Sample study characteristics

Baseline characteristics of the mortality and dependence
free cohorts are provided per country and in aggregate
form (Tables 1 and 2). The mortality cohort comprised
12,734 individuals at baseline and for most of them
(87.9%) their vital status was available in the follow-up
wave. Mortality rates ranged from 28.4/1000 personyears (Peru) to 62.7/1000 person-years (Dominican
Republic). The dependence cohort comprised 11,040
individuals with no need for care at baseline and more
than 80% of those had their status ascertained in the
follow-up wave. Incident dependence ranged from 33.4/
1000 person-years (Cuba) to 64.8/1000 person-years
(Dominican Republic). Venezuela and Peru had the
highest number of participants with “very high level” of
healthy ageing while Dominican Republic and Mexico
had the lowest. The mean age ranged from 72.5 in
Venezuela to 76.3 in Puerto Rico for the mortality cohort and from 71.5 in Venezuela to 75.2 in Puerto Rico
for the incident dependence cohort. The majority of participants in both cohorts were females (> 63%), with six
assets (median number) and with no limiting impairments or diseases (i.e. stroke, depression, dementia).
Associations between healthy ageing and mortality

Kaplan-Meier failure (death) curves per healthy ageing
level are presented in Fig. 1. Log-rank test indicated a
significant difference in time to death among the five
levels of healthy ageing (p < 0.05). The Kaplan-Meier
failure probability estimates at four years were about
0.35 for “very low level” participants, 0.18 for “low level”,
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Table 1 Mortality cohort characteristics
Mortality Cohort

Cuba

Dominican
Republic

Mexico

Peru

Puerto Rico Venezuela

Total

Baseline sample (alive at baseline)

2813

2011

2003

1933

2009

1965

12,734

Vital status determined (% of baseline)

2635
(93.7%)

1706 (84.8%)

1844
(92.1%)

1752
(90.6%)

1563
(77.8%)

1697
(86.4%)

11,197
(87.9%)

Interviewed (% of baseline sample)

2007
(71.3%)

1197 (59.5%)

1459
(72.8%)

1311
(67.8%)

1265
(63.0%)

1257
(64.0%)

8496 (66.7%)

Deaths (% of those with vital status
determined)

608 (23.1%) 467 (27.4%)

Person years of follow-up

10,844.6

7448.6

5366.7

5356.8

6474.3

7031.0

42,521.9

Mortality rate per 1000 person-years

56.1

62.7

38.9

28.4

46.0

28.4

45.5

Median years of follow-up (25th and
75th centile)

4.2 (3.5–5.0) 5.0 (3.6–5.1)

3.0 (2.9–3.1) 3.0 (2.5–3.7) 4.3 (3.7–4.7) (4.0–4.8)

3.9 (3.0–4.8)

Mean age at baseline (SD)

75.2 (7.1)

75.3 (7.5)

74.3 (6.7)

74.8 (7.4)

76.3 (7.4)

72.5 (6.9)

74.8 (7.2)

Female Sex (%)

1836
(65.3%)

1325 (65.9%)

1268
(63.3%)

1183
(61.2%)

1347
(67.0%)

1252
(63.7%)

8211 (64.5%)

None did not complete primary
education (%)

692 (24.6%) 1414 (70.3%)

1418
(70.8%)

352 (18.2%) 461 (22.9%) 601 (30.6%) 4938 (38.8%)

Median number of assets (25th–75th centile)

6.0 (5.0–6.0) 5.0 (4.0–6.0)

6.0 (4.0–6.0) 6.0 (6.0–6.0) 7.0 (6.0–7.0) 6.0 (6.0–7.0) 6.0 (5.0–7.0)

No limiting physical impairment (%)

1207
(42.9%)

599 (29.8%)

835 (41.7%) 887 (45.9%) 708 (35.2%) 748 (38.1%) 4984 (39.1%)

No stroke (%)

2605
(92.6%)

1842 (91.6%)

1871
(93.4%)

1825
(94.4%)

1841
(91.6%)

1846
(93.9%)

11,830
(92.9%)

No ICD10 depressive episode (%)

2671
(95.0%)

1733 (86.2%)

1911
(95.4%)

1830
(94.7%)

1962
(97.7%)

1858
(94.6%)

11,965
(94.0%)

No dementia (%)

2517
(89.5%)

1769 (88.0%)

1823
(91.0%)

1767
(91.4%)

1765
(87.9%)

1820
(92.6%)

11,461
(90.0%)

Q1 of healthy ageing (highest level)

660 (23.5%) 199 (9.9%)

274 (13.7%) 482 (24.9%) 347 (17.3%) 576 (29.3%) 2538 (19.9%)

Self-rated health: very good

287 (10.2%) 272 (13.5%)

392 (19.6%) 409 (21.2%) 157 (7.8%)

209 (11.3%) 152 (8.7%)

298 (19.1%) 200 (11.8%) 1934 (17.3%)

288 (14.7%) 1805 (14.2%)

SD standard deviation, ICD International Classification of Diseases

0.12 for “moderate level” and less than 0.10 for “high
level” and “very high level”.
The Cox’s PH models for the healthy ageing index and
self-rated health are presented in Table 3. The Schoenfeld residuals global test indicated that in most of the
cases the proportional hazard assumption was met (pvalue> 0.05). In one case where the global test indicated
a significant result (in Puerto Rico for the fully adjusted
models), further inspection of the Kaplan-Meier curves
provided support that substantial deviations of the proportional hazard assumption were not detected. Table 3
shows that in the unadjusted model (model 1), “very low
level” participants had an increased risk of death compared to “very high level” participants (HR = 6.89,
95%CI = 5.81–8.17) with moderate heterogeneity among
countries (I2 = 53.40%). When we adjusted this model
for sociodemographic characteristics (model 2), the association remained strong with less heterogeneity of effect
among areas (HR = 4.23, 95%CI = 3.48–5.13; I2 =
17.10%). After further controlling for health conditions
(model 3), associations were attenuated but remained
significant (HR = 3.25, 95%CI = 2.63–4.02; I2 = 28.70%).

Participants with “low” and “moderate” healthy ageing
levels compared with participants of “very high” level
had increased HR in all three models; effect sizes were
progressively reduced after sequentially controlling for
sociodemographic characteristics and health conditions
but remained significant. “High level” participants compared to “very high level” had increased risk of mortality
in the unadjusted model which did not remain significant once we adjusted for the other covariates. Regarding self-rated health and mortality, participants with very
low and low self-rated health had an increased risk of
mortality even in the fully-adjusted models compared to
those reporting very good self-rated health (very low:
HR = 2.78, 95%CI = 2.05–3.76; low: HR = 1.68, 95%CI =
1.35–2.09). Participants of moderate and good self-rated
health had increased risk of death which did not remain
significant as we subsequently adjusted for more
covariates.
The model with only including healthy ageing scores
(i.e. unadjusted model) had better discrimination for
death compared to the model only including self-rated
health (c-statistic: 0.70 vs 0.58, p < 0.05). Healthy ageing
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Table 2 Dependence cohort characteristics
Dependence Cohort

Cuba

Dominican
Republic

Mexico

Peru

Puerto Rico

Venezuela

Total

Baseline sample (no needs for care at baseline)

2225

1770

1807

1770

1714

1754

11,040

Interviewed (% of baseline sample)

1679
(75.5%)

1103
(62.3%)

1352
(74.8%)

1234
(69.7%)

1174
(68.5%)

1154
(65.8%)

7696
(69.7%)

Deceased (% of baseline sample)

386 (17.3%)

345 (19.5%)

159 (8.8%)

97 (5.5%)

176 (10.3%)

139 (7.9%)

1302
(11.8%)

Refused (% of baseline sample)

12 (0.5%)

39 (2.2%)

164 (9.1%)

273 (15.4%)

5 (0.3%)

217 (12.4%)

710 (6.4%)

Lost (% of baseline sample)

148 (6.7%)

283 (16.0%)

132 (7.3%)

166 (9.4%)

359 (20.9%)

244 (13.9%)

1332
(12.1%)

Participants contribute to competing risk analysis 2065
(% of baseline sample)
(92.8%)

1448
(81.8%)

1511
(83.6%)

1331
(75.2%)

1350
(78.8%)

1293
(73.7%)

8998
(81.5%)

Incidence dependencea

271 (13.1%)

376 (26.0%)

209 (13.8%)

156 (11.7%)

276 (20.4%)

238 (18.4%)

1526
(17.0%)

Competing risk (dependence free death)

78 (3.8%)

202 (14.0%)

66 (4.4%)

55 (4.1%)

116 (8.6%)

80 (6.2%)

597 (6.6%)

Person-years at risk for competing risk analysis
(divided by two for incident dependence)

8106.6

5800.9

4132.9

3928.2

5196

4944.1

32,108.7

Incidence rate per 1000 person-years

33.4

64.8

50.6

39.7

53.1

48.1

47.5

Median person-years at risk for competing risk
analysis (25th and 75th centile)

4.1 (3.2–4.9) 4.9 (2.5–5.1) 3.0 (2.8–3.1) 3.0 (2.4–3.7) 4.2 (2.9–4.6) 4.2 (3.5–4.6) 3.7 (2.7–4.6)

Follow-up tracing

For those contributing in competing risk analysis
Mean age at baseline (SD)

74.4 (6.6)

74.5 (7.0)

73.9 (6.4)

74.3 (7.1)

75.2 (6.5)

71.5 (6.1)

74.0 (6.7)

Female Sex (%)

1296
(62.8%)

949 (65.5%)

957 (63.3%)

802 (60.3%)

903 (66.9%)

808 (62.5%)

5715
(63.5%)

None or did not complete primary
education (%)

479 (23.2%)

1028
(71.0%)

1051
(69.6%)

256 (19.2%)

265 (19.6%)

363 (28.1%)

3442
(38.3%)

Median number of assets (25th–75th centile)

6.0 (5.0–6.0) 5.0 (4.0–6.0) 6.0 (4.0–6.0) 6.0 (5.0–6.0) 7.0 (7.0–7.0) 6.0 (6.0–7.0) 6.0 (5.0–7.0)

No limiting physical impairment (%)

918 (44.5%)

448 (30.9%)

654 (43.3%)

614 (46.1%)

517 (38.3%)

520 (40.2%)

3671
(40.8%)

No stroke (%)

1945
(94.2%)

1347
(93.0%)

1432
(94.8%)

1279
(96.1%)

1271
(94.1%)

1231
(95.2%)

8505
(94.5%)

No ICD10 depressive episode (%)

1993
(96.5%)

1269
(87.6%)

1456
(96.4%)

1273
(95.6%)

1325
(98.1%)

1241
(96.0%)

8557
(95.1%)

No dementia (%)

1969
(95.4%)

1323
(91.4%)

1426
(94.4%)

1270
(95.4%)

1299
(96.2%)

1259
(97.4%)

8546
(95.0%)

Q1 of healthy ageing (highest level)

477 (23.1%)

148 (10.2%)

196 (13.0%)

324 (24.3%)

242 (17.9%)

409 (31.6%)

1796
(20.0%)

Self-rated health: very good

236 (11.4%)

207 (14.3%)

299 (19.8%)

284 (21.3%)

116 (8.6%)

215 (16.6%)

1357
(15.1%)

SD standard deviation, ICD International Classification of Diseases, aeither identified at follow-up interview or predicted from the informant deceased interview

also predicted more strongly mortality, compared to
self-rated health, even after sociodemographic adjustment (c-statistic: 0.74 vs 0.72, p < 0.05). Finally, addition
of the healthy ageing index significantly improved the
discrimination for death in a model already adjusted for
age, sex, education and number of assets (c-statistic:
mortality: 0.74 vs 0.70, p < 0.05).
Associations between healthy ageing and incident dependence

Table 4 shows the pooled meta-analysed sub-hazard ratios (sHR) for the association of healthy ageing and self-

rated health with incident dependence. Regarding
healthy ageing, the sub-hazard risk was considerably
higher for the “very low level” participants compared to
“very high level” in all models (model 1: sHR = 10.61,
95%CI = 8.38–13.43; model 2: sHR = 7.76, 95%CI = 6.04–
9.97; model 3: sHR = 5.21, 95%CI = 4.02–6.75). In
addition, participants in all other levels had increased
risk compared to “very high level” participants; strength
of association, in most of the cases, was lessened when
moving to higher levels and as we adjusted for more covariates. However, all associations remained significant
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Fig. 1 Kaplan-Meier failure estimates per healthy ageing level

with limited heterogeneity. Regarding self-rated health
and incident dependence, participants with low and
moderate self-rated health had increased sub-hazard risk
even in the fully-adjusted models (low: sHR = 1.70,
95%CI = 1.29–2.24; moderate: sHR = 1.29, 95%CI = 1.07–
1.55). Participants with very low self-rated health had
increased risk compared to participants of very good
self-rated health which did not remain significant once
we adjusted for more covariates. Finally, participants
with good self-rated health had no statistically different

sub-hazard risk compared to very good self-rated health
participants in all models.
Healthy ageing scores (unadjusted model) had better discrimination for the incident dependence risk compared to
self-rated health (c-statistic: 0.72 vs 0.56, p < 0.05). Healthy
ageing measure was a better predictor of incident dependence, compared to self-rated health, even after sociodemographic adjustment (c-statistic: 0.76 vs 0.70, p < 0.05).
Finally, addition of the healthy ageing index significantly
improved the discrimination for onset of dependence in the

Table 3 Meta-analysed effects of healthy ageing and self-rated health on mortality, controlling sequentially for sociodemographic
and health conditions
Hazard Ratios (HR) and 95%CI
Healthy Ageing
Model 1

Model 2

Model 3

Self-rated health
Model 1

Model 2

Q1 quintile

Q2 quintile

Q3 quintile

Q4 quintile

Q5 quintile

6.89 (5.81–8.17)

2.61 (2.16–3.14)

1.89 (1.55–2.29)

1.26 (1.02–1.56)

reference

I2 = 53.4%, p = 0.057

I2 = 0.0%, p = 0.431

I2 = 0.0%, p = 0.615

I2 = 29.8%, p = 0.212

4.23 (3.48–5.13)

2.03 (1.67–2.48)

1.60 (1.31–1.95)

1.16 (0.94–1.44)

I2 = 17.1%, p = 0.304

I2 = 0.0%, p = 0.585

I2 = 0.0%, p = 0.714

I2 = 22.6%, p = 0.264

3.25 (2.63–4.02)

1.88 (1.53–2.30)

1.56 (1.27–1.91)

1.15 (0.93–1.43)

I2 = 28.7%, p = 0.220

I2 = 0.0%, p = 0.524

I2 = 0.0%, p = 0.726

I2 = 26.0%, p = 0.239

reference

very low

low

moderate

good

very good

4.65 (3.53–6.13)

2.36 (1.94–2.88)

1.33 (1.14–1.55)

1.06 (0.91–1.25)

reference

I2 = 68.0%, p = 0.008

I2 = 73.5%, p = 0.002

I2 = 30.4%, p = 0.207

I2 = 57.0%, p = 0.040

4.12 (3.07–5.54)

2.09 (1.71–2.57)

1.24 (1.06–1.45)

0.99 (0.85–1.17)

I = 64.6%, p = 0.015

I = 74.5%, p = 0.001

I = 61.7%, p = 0.023

I = 67.6%, p = 0.009

2.78 (2.05–3.76)

1.68 (1.35–2.09)

1.16 (0.98–1.36)

0.98 (0.83–1.15)

I = 51.3%, p = 0.068

I = 69.9%, p = 0.005

2

Model 3

reference

I = 55.0%, p = 0.049
2

2

2

I = 73.9%, p = 0.002

2

2

reference

2

reference

2

HR hazard rate, CI confidence intervals, Q1: lowest level of healthy ageing; Q5: highest level of healthy ageing; Model 1: no adjustments; Model 2: adjusted for
age, sex, education level, number of assets; Model 3: Model 2 + physical impairments, stroke, depression, dementia
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Table 4 Meta-analysed effects of healthy ageing and self-rated health on incident dependence, controlling sequentially for
sociodemographic and health conditions
Incident dependence sub-HR (95% CI)
Healthy Ageing
Model 1

Model 2

Q1 quintile

Q2 quintile

Q3 quintile

Q4 quintile

Q5 quintile

10.61 (8.38–13.43)

4.38 (3.42–5.61)

2.85 (2.20–3.68)

1.86 (1.42–2.45)

reference

I2 = 0.0%, p = 0.468

I2 = 0.0%, p = 0.696

I2 = 0.0%, p = 0.663

0.0%, p = 0.670

7.76 (6.04–9.97)

3.63 (2.80–4.70)

2.52 (1.94–3.27)

1.72 (1.30–2.27)

Model 3

I = 0.0%, p = 0.949

I = 0.0%, p = 0.915

I = 0.0%, p = 0.904

I = 0.0%, p = 0.830

3.53 (2.71–4.59)

2.60 (2.00–3.35)

1.74 (1.32–2.29)

I = 0.0%, p = 0.735

I = 0.0%, p = 0.819

I = 0.0%, p = 0.889

I = 0.0%, p = 0.799

very low

low

moderate

good

very good
reference

2

Self-rated health
Model 1

Model 2

Model 3

reference

5.21 (4.02–6.75)

2

2

2

2

2

2

reference

2

2.18 (1.30–3.64)

2.33 (1.84–2.94)

1.54 (1.30–1.83)

1.14 (0.96–1.35)

I2 = 47.4%, p = 0.107

I2 = 65.1%, p = 0.014

I2 = 54.6%, p = 0.051

I2 = 24.1%, p = 0.253

1.77 (0.99–3.18)

2.03 (1.60–2.57)

1.37 (1.15–1.62)

1.02 (0.85–1.22)

I2 = 1.3%, p = 0.399

I2 = 54.6%, p = 0.051

I2 = 59.2%, p = 0.031

I2 = 39.6%, p = 0.141

1.51 (0.77–2.94)

1.70 (1.29–2.24)

1.29 (1.07–1.55)

1.01 (0.84–1.21)

I2 = 0.0%, p = 0.529

I2 = 0.0%, p = 0.616

I2 = 19.7%, p = 0.285

I2 = 4.1%, p = 0.390

reference

reference

sub-HR sub-hazard rates of competing risk analysis, CI confidence intervals, Q1: lowest level of healthy ageing; Q5: highest level of healthy ageing; Model 1: no
adjustments; Model 2: adjusted for age, sex, education level, number of assets; Model 3: Model 2 + physical impairments, stroke, depression, dementia

adjusted model (adjusted for age, sex, education and number of assets) (c-statistic: 0.76 vs 0.69, p < 0.05).
Population attributable fraction

We compared PAFs of healthy ageing and self-rated
health as dichotomous exposures (i.e. participants of “very
high” and “high” healthy ageing level versus all other; participants of very good and good self-rated health versus all
other) for their contribution to mortality and onset of dependence. For both outcomes, the contribution of the
dichotomised healthy ageing exposure exceeded that of
the dichotomised self-rated health exposure (Table 5).
PAFs of healthy ageing scores among countries ranged
from 32.4% (Mexico) to 52.5% (Peru) (weighted mean
43.6%) for death risk and from 51.3% (Venezuela) to
64.8% (Peru) (weighted mean 58.6%) for incident dependence. PAFs of self-rated health ranged from 9.4%
(Dominican Republic) to 31.1% (Venezuela) (weighed
mean 19.3%) for mortality and from 6.7% (Puerto Rico) to
29.8% (Venezuela) (weighted mean 17.0%) for incident dependence. This means that, by assuming residual free confounding, if we were able to have people in the two higher
levels of healthy ageing only (Q4 and Q5 quintiles) then
mortality would have been avoided by 43.6% and incident
dependence by 58.6%. Accordingly, if all participants were
of very good or good level of self-rated health, mortality
and dependence would have been avoided by 18.4 and
17.0%, respectively.
Sensitivity analysis

To test the practical usefulness of this healthy ageing
measure, we also examined if a simple sum of the 26

items, and not factor scores, could be employed without
meaningfully affect our conclusions. Cox’s models and
competing risk analyses showed similar strength and direction of associations when sum of items was used as
exposure (Additional file 1). Calculation of the relevant
Table 5 Population attributable fractions (PAFs) for the
contribution of healthy ageing and self-rated health to mortality
and incident dependence
Population attributable fraction (95% CI)
Healthy ageing

Self-rated health

Mortality
Cuba

44.0% (34.7–52.0%)

19.2% (11.3–26.5%)

Dominican Republic

33.6% (17.2–46.8%)

6.1% (−4.5–15.6%)

Mexico

32.4% (4.8–52.0%)

18.5% (4.6–30.4%)

Peru

52.5% (31.2–67.3%)

17.0% (−0.3–31.3%)

Puerto Rico

51.0% (34.5–63.3%)

19.8% (7.7–30.3%)

Venezuela

49.1% (33.7–60.9%)

30.0% (16.3–41.4%)

Weighted Mean

43.6%

18.4%

Incident dependence
Cuba

57.7% (44.5–67.7%)

16.8% (5.2–27.0%)

Dominican Republic

58.0% (43.8–68.6%)

7.4% (−3.6–17.3%)

Mexico

61.4% (40.4–75.0%)

18.3% (4.5–30.1%)

Peru

64.8% (44.6–77.6%)

24.6% (8.2–38.1%)

Puerto Rico

58.6% (45.8–68.4%)

6.7% (−5.2–17.3%)

Venezuela

51.3% (38.2–61.6%)

29.8% (18.1–39.9%)

Weighted Mean

58.6%

17.0%

CI Confidence Interval, Results are adjusted for age, sex, education level,
number of assets; weighted mean is calculated by considering the number of
participants in each country
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population attributable fractions also indicated overall
good prediction of mortality and onset of dependence
(but not better than the results where factor scores -and
not simple sum of the 26 items- were considered).

Discussion
In this study, we aimed to examine the predictive validity and the discrimination properties regarding mortality
and incident dependence risk of a healthy ageing index
constructed in the 10/66 cohort. We found that the
healthy ageing index, tallying with the WHO framework
of functional ability, can predict mortality and onset of
dependence in the follow-up wave, even after adjusting
for sociodemographic and health conditions. Relevant
comparative analyses indicated that this measure had
stronger associations with death risk and incident
dependence compared to a measure of self-rated health.
C-statistic also confirmed higher discrimination ability
and calculation of PAFs showed that the healthy ageing
scores provided a better overall prediction of mortality
and incident dependent risk compared to self-rated
health. Nevertheless, PAF calculations require the strong
assumptions that the study is free of bias and that removing the exposure does not affect any other factors.
The practical use of this index, as a population screening
tool, was reinforced by the sensitivity analysis which
revealed that a more simplistic version, easily used by
health practitioners and care givers, can lead to similar
conclusions.
Our findings are in accordance with those from other
studies in which similar health metrics have been created. For instance, healthy ageing metrics conceptualised
within the functional ability framework have been created in the English Longitudinal Study of Ageing (ELSA)
[33] and the Health and Retirement Study (HRS) [34].
Both those metrics also showed good predictive ability
against mortality and other adverse health outcomes (i.e.
institutionalisation over 10 years). In addition, in comparison with another study in the same 10/66 populations, which examined the predictive ability of various
frailty phenotypes, this healthy ageing index showed
higher PAFs both for dependence and for mortality [20].
From our analyses, it is worth mentioning that participants in “high” or “very high” levels of healthy ageing
did not differ in the prediction of mortality when
adjusted for sociodemographic and health conditions.
However, they did differ in the incident dependence risk.
Future research could elucidate if these participants who
did not differ in their mortality risk could be characterised as ‘survivors’ (living with an age-related disease
diagnosed before old age), ‘delayers’ (living with an agerelated disease diagnosed after their average life expectancy) or ‘escapers’ (living in old age without
major disease) [35]. This finding reinforces even more
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the cruciality of ‘adding life to years as well as years
to life’ mantra in policy interventions [4, 36, 37].
Considering, the heterogeneity in the ageing process,
this index could potentially constitute a valuable tool
in screening and identifying those who are at higher
risk of incident dependence, but only after further
testing and abbreviation.
Among the strengths of our study is the fact that to
create this index respondents and key-informants’ data
were employed and even individuals who were unable to
provide information due to severe mental conditions or
death were included in the sample. In agreement with
the WHO report, which does not define healthy ageing
by the absence or not of a disease [4], health conditions
and diseases were not included in the conceptualisation
of it. As a result, our healthy ageing tool provides great
confidence that a broad spectrum of health was captured
and that bias towards healthier participants was limited.
In addition, our analyses were conducted on large
population-based samples in Latin American countries,
hence we were able to assess the consistency of the
observed associations across different sites within this
specific geographic area. Strength of associations did not
differ among the different countries contributing to the
generalisability of our findings. Furthermore, even
though the study design was prospective and hence
prone to attrition, modest attrition was observed which
limited any potential information bias.
Limitations include that even though catchment areas
were selected to be as representative as possible of the
wider geographical region, our findings may not be
generalisable beyond those specific areas. Cross-cultural
differences in the conceptualisation of certain questions
cannot be eliminated, even though interviewers underwent substantial training to ensure that questionnaires
and procedures were implemented in the same way
among countries. In addition, assessments were done in
the baseline assessment and in people 65 years old and
over. As a result, this healthy ageing index was not calculated in younger participants limiting the investigation
of a life-course approach [38]. Future research should
focus on the construction of this index in other longitudinal studies or in harmonised datasets of various
cohorts. Building and validating indexes, which are composed by the same or similar items of functional ability,
will assist in a better understanding of the ageing
process and in the identification of the different ageing
pathways that may exist.

Conclusions
The results of our study support that this healthy ageing
index, built within the functional ability framework of
WHO, can predict mortality and incident dependence
after a median of four years in subset of Latin America
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countries, part of the 10/66 population cohort. Given
the rapid increase of older people’s population and the
fact that the proportion of dependent people 60 years
old and over is expected to almost double in between
2000 and 2050 in Latin America, [23] infrastructures for
health and social care should be strengthened. An effective healthy ageing measure could be a valuable tool in
developing and targeting effective primary and secondary
prevention strategies.

Supplementary information
Supplementary information accompanies this paper at https://doi.org/10.
1186/s12874-019-0850-5.
Additional file 1: Table S1. Meta-analysed effects of healthy ageing as
sum of items† on mortality and incident dependence, sequentially
controlling for sociodemographic and health conditions. Table S2.
Population attributable fractions (PAFs) for the contribution of healthy
ageing as sum of items† to mortality and incident dependence.
Abbreviations
CI: Confidence Intervals.; CSI’D’-RELSCORE: Community Screening Interview
for Dementia-Informant Scale; df: degrees of freedom; DRG: Dementia
Research Group; DSM-IV: Diagnostic and Statistical Manual of Mental
Disorders IV; GMS: Geriatric Mental State Interview; HR: Hazard Ratio;
ICD10: International Classification of Diseases 10th edition; PAF: Population
Attributable Fraction; PH: Proportional Hazard; sHR: sub-Hazard Ratio;
WHO: World Health Organization; WHO-DAS II: World Health Organization
Disability Assessment Schedule 2.0
Acknowledgements
ATHLOS (Ageing Trajectories of Health: Longitudinal Opportunities and
Synergies) project, funded by the European Union’s Horizon 2020 Research
and Innovation Programme under grant agreement number 635316.
Authors’ contributions
CD planned the study, performed all statistical analyses and wrote the paper.
MP helped to plan the study, provided insight to the 10/66 cohort in
general and to specific technical parts (i.e. incident dependence calculation).
AK supervised the data analysis and contributed to writing the paper. JMH
and DP contributed to paper writing. AMP planned the study, supervised the
data analysis, provided insight to the 10/66 cohort and contributed to
writing the paper. All authors reviewed the draft versions of this manuscript,
read and approved the final version of it.
Funding
The 10/66 Dementia Research Group’s research has been funded by the
Wellcome Trust Health Consequences of Population Change Programme
(GR066133 – Prevalence phase in Cuba and Brazil; GR080002- Incidence
phase in Peru, Mexico, Cuba, Dominican Republic, Venezuela and China), the
World Health Organization (India, Dominican Republic and China), the US
Alzheimer’s Association (IIRG – 04 – 1286 - Peru, Mexico and Argentina), and
FONDACIT (Venezuela). On-going data collection and analysis is supported
by the European Research Council (ERC-2013-ADG 340755 LIFE2YEARS1066).
This work is also supported by the ATHLOS (Ageing Trajectories of Health:
Longitudinal Opportunities and Synergies) project, funded by the European
Union’s Horizon 2020 Research and Innovation Programme under grant
agreement number 635316. A. M. P. was supported by the MRC MR/
K021907/1.
Funders had no role in the design of the study and collection, analysis, and
interpretation of the data and in writing the manuscript.
Availability of data and materials
The 10/66 Dementia Research Group dataset is available upon request via
the official site of the study: https://www.alz.co.uk/1066. All data generated
in this study are available from the corresponding author on reasonable
request.

Page 10 of 11

Ethics approval and consent to participate
The study protocol, the consent procedures, including the witnessed (verbal)
consent procedure, and all studies were approved by the King’s College
London research ethics committee and all local ethical committees: the
Memory, Depression Institute and Risk Diseases (IMEDER) Ethics Committee
(Peru); Finlay Albarran Medical Faculty of Havana Medical University Ethical
Committee (Cuba); Hospital Universitario de Caracas Ethics Committee
(Venezuela); Consejo Nacional de Bioética y Salud (CONABIOS, Dominican
Republic); Instituto Nacional de Neurología y Neurocirugía Ethics Committee
(Mexico); Oficina para la Protección de Participantes Humanos en
Investigación (OPPHI, Puerto Rico).
All participation has been on the basis of individual informed signed
consent. Persons with dementia who lacked capacity for consent were
recruited on the basis of a next of kin signed agreement. The study
information sheet was read to the older person, and if at that stage or
subsequently they seemed to show distress or dissent from participation
they were not included regardless of whether assent by next of kin had
been provided. The next of kin was informed of this together with the
reason for withdrawal from the study. Illiterate persons were read the
information sheet and consent form and asked for their verbal consent. An
independent, literate witness would then sign their attestation that this
process had occurred, and that verbal consent had been provided.
Consent for publication
Not applicable.
Competing interests
Co-author Demosthenes B. Panagiotakos is a member of the editorial board
(Section Editor) but had no role in the editorial process of this manuscript.
All other authors have no conflicts of interest to declare.
Author details
Department of Health Service and Population Research, King’s College
London, Institute of Psychiatry, Psychology and Neuroscience, David
Goldberg Centre, De Crespigny Park, London SE5 8AF, UK. 2Department of
Infectious Disease Epidemiology, London School of Hygiene & Tropical
Medicine, Faculty of Epidemiology and Population Health, London WC1E
7HT, UK. 3Parc Sanitari Sant Joan de Déu, Fundació Sant Joan de Déu,
CIBERSAM, Universitat de Barcelona, Barcelona, Spain. 4Department of
Nutrition and Dietetics, School of Health Science and Education, Harokopio
University, Athens, Greece.
1

Received: 18 February 2019 Accepted: 14 October 2019

References
1. United Nations. World population ageing 2015. New York: United Nations,
Department of Economic and Social Affairs, Population Division; 2015.
2. Passarino G, De Rango F, Montesanto A. Human longevity: genetics or
lifestyle? It takes two to tango. Immun Ageing. 2016;13:12.
3. Lloyd-Sherlock P, McKee M, Ebrahim S, Gorman M, Greengross S, Prince M,
Pruchno R, Gutman G, Kirkwood T, O'Neill D, et al. Population ageing and
health. Lancet. 2012;379(9823):1295–6.
4. World Health Organization. World Report on Ageing and Health.
Luxembourg: World Health Organization; 2015.
5. Cosco TD, Prina AM, Perales J, Stephan BC, Brayne C. Operational
definitions of successful aging: a systematic review. Int Psychogeriatr.
2014;26(3):373–81.
6. Depp CA, Jeste DV. Definitions and predictors of successful aging: a
comprehensive review of larger quantitative studies. Am J Geriatr Psychiatry.
2006;14(1):6–20.
7. Cosco TD, Stephan BC, Brayne C. Validation of an a priori, index model of
successful aging in a population-based cohort study: the successful aging
index. Int Psychogeriatr. 2015;27(12):1971–7.
8. Wu C, Smit E, Sanders JL, Newman AB, Odden MC. A modified healthy
aging index and its association with mortality: the National Health and
nutrition examination survey, 1999-2002. J Gerontol A Biol Sci Med Sci.
2017;72(10):1437–44.
9. Young Y, Fan MY, Parrish JM, Frick KD. Validation of a novel successful aging
construct. J Am Med Dir Assoc. 2009;10(5):314–22.

Daskalopoulou et al. BMC Medical Research Methodology

(2019) 19:225

10. World Health Organization. The Global strategy and action plan on ageing
and health (2016–2020). In: World Health Organization; 2016.
11. DeSalvo KB, Bloser N, Reynolds K, He J, Muntner P. Mortality prediction with
a single general self-rated health question. A meta-analysis. J Gen Intern
Med. 2006;21(3):267–75.
12. Falk H, Skoog I, Johansson L, Guerchet M, Mayston R, Horder H, Prince M,
Prina AM. Self-rated health and its association with mortality in older adults
in China, India and Latin America-a 10/66 dementia research group study.
Age Ageing. 2017;46(6):932–9.
13. DeSalvo KB, Fan VS, McDonell MB, Fihn SD. Predicting mortality and healthcare
utilization with a single question. Health Serv Res. 2005;40(4):1234–46.
14. DeSalvo KB, Jones TM, Peabody J, McDonald J, Fihn S, Fan V, He J, Muntner
P. Health care expenditure prediction with a single item, self-rated health
measure. Med Care. 2009;47(4):440–7.
15. Prina AM, Acosta D, Acosta I, Guerra M, Huang Y, Jotheeswaran AT,
Jimenez-Velazquez IZ, Liu Z, Llibre Rodriguez JJ, Salas A, et al. Cohort Profile:
The 10/66 study. Int J Epidemiol. 2017;46(2):406–406i.
16. Prince M, Ferri CP, Acosta D, Albanese E, Arizaga R, Dewey M, Gavrilova SI,
Guerra M, Huang Y, Jacob KS, et al. The protocols for the 10/66 dementia
research group population-based research programme. BMC Public Health.
2007;7:165.
17. Daskalopoulou C, Koukounari A, Ayuso-Mateos JL, Prince M, Prina AM.
Associations of Lifestyle Behaviour and Healthy Ageing in Five Latin
American and the Caribbean Countries-A 10/66 Population-Based Cohort
Study. Nutrients. 2018;10(11):E1593.
18. Muthén LK, Muthén BO. Mplus User’s Guide. 7th ed. Los Angeles: Muthén &
Muthén; 1998-2015.
19. Harwood RH, Sayer AA, Hirschfeld M. Current and future worldwide
prevalence of dependency, its relationship to total population, and
dependency ratios. Bull World Health Organ. 2004;82(4):251–8.
20. Jotheeswaran AT, Bryce R, Prina M, Acosta D, Ferri CP, Guerra M, Huang Y,
Rodriguez JJ, Salas A, Sosa AL, et al. Frailty and the prediction of
dependence and mortality in low- and middle-income countries: a 10/66
population-based cohort study. BMC Med. 2015;13:138.
21. Acosta D, Rottbeck R, Rodriguez G, Ferri CP, Prince MJ. The epidemiology of
dependency among urban-dwelling older people in the Dominican
Republic; a cross-sectional survey. BMC Public Health. 2008;8(1):285.
22. Sousa RM, Ferri CP, Acosta D, Albanese E, Guerra M, Huang Y, Jacob KS,
Jotheeswaran AT, Rodriguez JJ, Pichardo GR, et al. Contribution of chronic
diseases to disability in elderly people in countries with low and middle
incomes: a 10/66 dementia research group population-based survey.
Lancet. 2009;374(9704):1821–30.
23. Sousa RM, Ferri CP, Acosta D, Guerra M, Huang Y, Jacob K, Jotheeswaran AT,
Hernandez MA, Liu Z, Pichardo GR, et al. The contribution of chronic
diseases to the prevalence of dependence among older people in Latin
America, China and India: a 10/66 dementia research group populationbased survey. BMC Geriatr. 2010;10:53.
24. Ferri CP, Schoenborn C, Kalra L, Acosta D, Guerra M, Huang Y, Jacob KS,
Llibre Rodriguez JJ, Salas A, Sosa AL, et al. Prevalence of stroke and related
burden among older people living in Latin America, India and China. J
Neurol Neurosurg Psychiatry. 2011;82(10):1074–82.
25. Prince M, Acosta D, Chiu H, Scazufca M, Varghese M, Group DR. Dementia
diagnosis in developing countries: a cross-cultural validation study. Lancet.
2003;361(9361):909–17.
26. American Psychiatric Association: Diagnostic and Statistical Manual of
Mental Disorders IV. 1994.
27. Stata Corporation. Stata Statistical Software: Release 14. College Station:
StataCorp LP; 2015.
28. Kleinbaum DG, Klein M. Survival analysis: a self-learning text. 3rd ed. New
York: Springer; 2012.
29. Fine JP, Gray RJ. A proportional hazards model for the subdistribution of a
competing risk. J Am Stat Assoc. 1999;94(446):496.
30. Higgins JP, Thompson SG, Deeks JJ, Altman DG. Measuring inconsistency in
meta-analyses. BMJ. 2003;327(7414):557–60.
31. Caetano SJ, Sonpavde G, Pond GR. C-statistic: a brief explanation of its
construction, interpretation and limitations. Eur J Cancer. 2018;90:130–2.
32. Harrell FE Jr, Lee KL, Mark DB. Multivariable prognostic models: issues in
developing models, evaluating assumptions and adequacy, and measuring
and reducing errors. Stat Med. 1996;15(4):361–87.
33. Caballero FF, Soulis G, Engchuan W, Sanchez-Niubo A, Arndt H, AyusoMateos JL, Haro JM, Chatterji S, Panagiotakos DB. Advanced analytical

34.

35.

36.
37.
38.

Page 11 of 11

methodologies for measuring healthy ageing and its determinants, using
factor analysis and machine learning techniques: the ATHLOS project. Sci
Rep. 2017;7:43955.
de la Fuente J, Caballero FF, Sanchez-Niubo A, Panagiotakos DB, Prina AM,
Arndt H, Haro JM, Chatterji S, Ayuso-Mateos JL. Determinants of health
trajectories in England and the United States: an approach to identify
different patterns of healthy aging. J Gerontol A Biol Sci Med Sci. 2018;
73(11):1512–8.
Kuh D, Richards M, Cooper R, Hardy R, Ben-Shlomo Y. Life course
epidemiology, ageing research, and maturing cohort studies: a dynamic
combination for understanding healthy ageing. In: A Life Course Approach
to Healthy Ageing. Edn. Great Britain: Oxford University Press; 2014.
Brayne C. The elephant in the room - healthy brains in later life,
epidemiology and public health. Nat Rev Neurosci. 2007;8(3):233–9.
Prina AM. Ageing, resilience and depression: adding life to years as well as
years to life. Epidemiol Psychiatr Sci. 2017;26(6):571–3.
Moffitt TE, Belsky DW, Danese A, Poulton R, Caspi A. The longitudinal study
of aging in human Young adults: knowledge gaps and research agenda. J
Gerontol A Biol Sci Med Sci. 2017;72(2):210–5.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

