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Abstract

Background Life-long health inequalities exert enduring impacts and are governed by social determinants crucial
for achieving healthy aging. A fundamental aspect of healthy aging, intrinsic capacity, is the primary focus of this
study. Our objective is to evaluate the social inequalities connected with the trajectories of intrinsic capacity, shed-
ding light on the impacts of socioeconomic position, gender, and ethnicity.

Methods Our dynamic cohort study was rooted in three waves (2009, 2014, 2017) of the World Health Organization’s
Study on Global AGEing and Adult Health in Mexico. We incorporated a nationally representative sample compris-
ing 2722 older Mexican adults aged 50 years and over. Baseline measurements of socioeconomic position, gender,
and ethnicity acted as the exposure variables. We evaluated intrinsic capacity across five domains: cognition, psy-
chological, sensory, vitality, and locomotion. The Relative Index of Inequality and Slope Index of Inequality were used
to quantify socioeconomic disparities.

Results We discerned three distinct intrinsic capacity trajectories: steep decline, moderate decline, and slight
increase. Significant disparities based on wealth, educational level, gender, and ethnicity were observed. Older adults
with higher wealth and education typically exhibited a trajectory of moderate decrease or slight increase in intrinsic
capacity. In stark contrast, women and indigenous individuals were more likely to experience a steeply declining
trajectory.

Conclusions These findings underscore the pressing need to address social determinants, minimize gender and eth-
nic discrimination to ensure equal access to resources and opportunities across the lifespan. It is imperative for poli-
cies and interventions to prioritize these social determinants in order to promote healthy aging and alleviate health
disparities. This approach will ensure that specific demographic groups receive customized support to sustain their
intrinsic capacity during their elder years.
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Background

Inequalities in health are expressed throughout the life
course, and it is known that the social determinants
that affect health in early stages can also affect it in later
stages of life so that they could impact the achievement
of healthy aging [1, 2]. According to the World Health
Organization (WHO), healthy aging refers to develop-
ing and maintaining functional capacity that allows older
adults to have well-being in old age. It includes all the
multidimensional attributes of human health, includ-
ing the ability to be and do what they consider most rel-
evant to their lives [3]. In this definition, the emphasis is
no longer on the absence of disease or disability but on
the ability to maintain independence to carry out their
daily activities and highlights the synergies between the
individual and its environment. It also stands out the
importance of considering that the specific environment
in which individuals live depends on society’s social and
economic resources during the entire life course. Thus,
the functional capacity is determined by individual and
environmental characteristics from the early stages of life
[4].

The 2015 WHO World Report on Ageing and Health
also introduced the concept of intrinsic capacity (IC) to
refer to the composite of physical and mental abilities
that individuals may draw upon as they age [5]. Within
the framework of healthy aging, IC represents individual
characteristics determined by genetic inheritance, physi-
ological changes associated with aging, health status,
and health-related behaviors. The IC is a holistic concept
and positive health measure (rather than an indicator of
disease or deficiencies) that makes it possible to meas-
ure and monitor health comprehensively and thus better
guide healthy aging policies and programs, including pre-
ventive strategies at the individual level and public health
policies [6].

It is well-established that aging is a dynamic and het-
erogeneous process. Previous studies have shown that
there is no single profile or trend associated with aging,
but that healthy aging is expressed in different trajec-
tories because individuals’ socioeconomic and health
conditions are not constant but vary during life [7-9].
In contrast, IC trajectories have been less explored,
although recent studies have reported a highly heteroge-
neity among IC trajectories [10-12].

Considering that IC is not constant but is shaped
throughout life, specifically by personal and health char-
acteristics, and these attributes cannot be separated from
the social context, it is expected that the social determi-
nants of health influence, directly or indirectly, the con-
figuration of IC trajectories. Additionally, the differences
(economic, ethnic, or by gender) between social groups
associated with the IC and its trajectories could generate
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health inequities since they are unfair inequalities that
would be avoidable through public health interventions
and the reduction of structural inequities.

However, evidence on the association between healthy
aging trajectories and socioeconomic inequalities in
health with longitudinal data is scarce and null for
intrinsic capacity. Few previous studies in high-income
countries have shown that a better economic position
is associated with successful aging [13] or that a lower
socioeconomic status is related to the acceleration of
aging [14]. In that sense, our study adds to the current
body of knowledge in at least two ways. First, no studies
have longitudinally explored health inequalities related
to intrinsic capacity. Second, studies that have analyzed
socioeconomic inequalities in health (cross-sectionally
or longitudinally) have focused on economic indicators
(income, wealth, education, etc.) and have not explored
inequalities associated with gender or ethnicity.

Due to the above, it is essential to identify the poten-
tial social determinants of healthy aging trajectories in
general and of intrinsic capacity in particular [15]. It is
known that social determinants shape socioeconomic
inequalities in health, which refer to systematic differ-
ences in the health of groups that occupy unequal posi-
tions in society [16, 17]. So, determinants like wealth,
education, gender, and ethnicity configure inequalities in
access to psychosocial, cognitive, economic, and nutri-
tional resources and health services. These differences
also influence living conditions and lifestyles and imply
greater exposure to environmental risks [18]. All of these
elements together affect functional capacity through-
out life and create unfair disparities that may inhibit the
achievement of healthy aging and the maintenance of IC
for some specific groups defined by wealth, ethnicity, or
gender. Therefore, this study aimed to analyze the social
inequalities associated with IC trajectories in a repre-
sentative national sample of older Mexican adults. We
hypothesize that socioeconomic inequalities in health are
still reflected in the most inherent component of healthy
aging, namely the intrinsic capacity.

Methods

Study design and sample

We used data from three waves of the World Health
Organization (WHO) Study on global AGEing and adult
health (SAGE) in Mexico. SAGE, a multi-country study,
was based on nationally representative samples of indi-
viduals aged 50+ years in China, Ghana, India, Mexico,
Russia, and South Africa. The study aims and design
have been published elsewhere [19]. The SAGE-Mexico
study and sample (cross-sectional and longitudinal) have
been previously described [20, 21]. Briefly, Wave 1 (base-
line data) was collected in 2009 with a sample of 2,404
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respondents. Wave 2 was carried out in 2014, with 618
new interviews, and Wave 3, in 2017, with 2,937 partici-
pants (including 255 new interviews). 3,277 individuals
were interviewed during the three waves. The analytical
sample consisted of 2,722 older adults in whom IC tra-
jectories could be estimated because they have at least
two longitudinal measurements (Supplemental Fig. 1).
Baseline differences between included and excluded
participants were observed. The latter were older with a
higher prevalence of frailty, disability, and multimorbidity
(p<0.05).

Outcome

The construction of the metric for measuring IC and esti-
mating its longitudinal trajectories have been described
in detail previously [10]. In summary, we applied the Item
Response Theory (IRT) to generate a global score for IC
(assessing its five domains: cognition, psychological sen-
sory, vitality, and locomotion). The specific variables we
used to generate the IC score are described in detail in
Supplemental file (Supplemental S1). Three trajecto-
ries were identified using the growth mixture models
(GMM): low baseline IC with a steep decrease, medium
baseline IC with a slightly decreasing, and high baseline
IC with a mild increase.

Main exposures

We used three domains to characterize health inequi-
ties: socioeconomic position (SEP), gender, and ethnicity,
measured at baseline.

SEP Educational level and wealth were the indicators
for this domain. A household wealth index was derived
using the WHO standard approach to estimate perma-
nent income from the ownership of durable goods, dwell-
ing characteristics (type of floors, walls, and cooking
stove), and access to water, sanitation, and electricity ser-
vices [22]. Supplemental Table 1 shows the complete list
of durable goods, dwelling characteristics, and services
we include in calculating the household wealth index.
The index was transformed into quintiles, with the low-
est quintile (Q1), indicating the poorest households and
the highest quintile (Q5) the richest. We used the years of
formal education to estimate the educational level. This
variable was also categorized into quintiles (cut points:
0, 3, 6, 9), where Q1 indicates the lowest education level,
and Q5 the highest.

Gender A dichotomous variable was formed, with the
female being the reference category.

Ethnicity According to the definition of Mexican
National Indigenous Institute, the older adults who
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reported that their mother spoke an indigenous language
or defined themselves as belonging to one of the 56 eth-
nic groups in the country, were considered indigenous,
and the rest as non-indigenous.

Covariates 'The following health and socioeconomic
variables were used as potential confounders: age, mari-
tal status (with couple=1), having a paid job, and health
insurance (yes=1). Multimorbidity was included as a
dichotomous variable defined as the presence of two
or more chronic non-communicable conditions from
the list of nine chronic diseases in the SAGE study. The
operational definitions of these diseases have been pub-
lished elsewhere [23]. Physical activity was assessed with
the Global Physical Activity Questionnaire (GPAQ), clas-
sifying older adults into three categories (low, moderate,
and high physical activity) based on reported time spent
in moderate or vigorous activities during work, recrea-
tional/leisure time, and transportation [24]. Sedentary
behavior was measured as a continuous variable consid-
ering the daily sitting hours. Tobacco use (never; ever
smoked, no longer; current smoker, not daily; current
smoker, daily), alcohol consumption (never; ever drinker,
no longer; current drinker, low risk; current drinker, high
risk), and intake of fruits/vegetables (daily portions: 0-2,
3-4, 5-6 and > 7) were self-reported.

Statistical analysis

The baseline characteristics of the participants were
described using arithmetic means, standard devia-
tions (SD), and proportions where appropriate. We used
Chi-square or ANOVA tests to compare the health and
sociodemographic characteristics according to the IC
trajectories.

We used two indices to estimate the magnitude of
socioeconomic inequalities related to IC trajectories
(absolute and relative): The relative Index of Inequal-
ity (RII) and the Slope Index of Inequality (SII). RII and
SII are continuous measures, with higher values indi-
cating greater socioeconomic inequalities in health. We
applied generalized linear models with a logarithmic link
function to calculate RII and an identity link function to
calculate SII In the first case, the estimated parameters
are interpreted as rate ratios and rate differences in the
second [25, 26]. For each indicator, the RII and SII were
estimated as follows: wealth, quintile 5 (richest) vs. quin-
tile 1 (poorest); educational level, quintile 5 (highest) vs.
quintile 1 (lowest); gender, male vs. female; and ethnicity,
non-indigenous vs. indigenous. In all cases, comparisons
for the IC trajectories were moderate decreasing ver-
sus steep decreasing, and slight increasing versus steep
decreasing. The specification of these models included



Salinas-Rodriguez et al. International Journal for Equity in Health

the baseline values of the exposure variables (SEP, gender,
ethnicity) and the IC trajectories generated from the lon-
gitudinal measurements of 3 waves of the SAGE-Mexico
study.

We also depicted graphically the inequalities related
to IC trajectories for each exposure variable. Firstly, we
adjusted a multinomial logistic regression with the IC
trajectories as the outcome variable and estimated the
conditional probability of being in each trajectory given
the groups defined by the categories of wealth, education
level, gender, and ethnicity. Secondly, we graphed these
results in an equiplot, which shows the distance between
groups and represents the absolute inequality between
them [27].

We further explored interactions between our four
exposure variables to identify possible subgroups of the
most vulnerable older adults (women and indigenous,
lower wealth and lower education, etc.). We assessed
the statistical significance of these potential synergies
by including a term for the two-way interaction between
these variables in the regression models. All models were
adjusted by baseline covariates. RII, SII and 95% confi-
dence intervals were reported. The statistical analysis was
performed using Stata v18.0 [28].

Results

The final sample was constituted of 2,722 older adults.
At baseline, 60.6% were female, the mean age was 64.9
(SD=9.4), 9.4% were indigenous, and 55.0% had mul-
timorbidity. Table 1 shows the distribution of our
main exposures by IC trajectories. In comparison to

(2024) 23:48

Page 4 of 10

individuals in class 1 (steep decreasing) and class 2 (mod-
erate decreasing), older adults with a slightly increasing
trajectory had higher levels of wealth (p-value <0.01) and
education (p-value<0.01), and also displayed a lower
proportion of women (p-value <0.01). There were no sig-
nificant differences in ethnicity.

Health and sociodemographic characteristics by IC
trajectories are shown in Table 2. Older adults in class
3 (slight increase) were younger (p-value<0.01), mostly
with a couple (p-value<0.01), paid job (p-value<0.01),
and health insurance (p-value <0.01) than their counter-
parts in classes 1 and 2. They also displayed a significantly
lower prevalence of multimorbidity (p-value<0.01),
higher levels of physical activity (p-value<0.01), and
lower sedentarism (p-value <0.01).

Table 3 shows the estimated inequalities in the IC tra-
jectories for the three domains analyzed: SEP, gender,
and ethnicity. Significant inequalities were observed
in wealth and education. Individuals with the high-
est wealth and education level (quintile 5) were like-
lier to have moderately decreasing (wealth: SII=0.09,
CI95%:0.02-0.17; RII=1.11, C195%:1.02—1.19; education:
SII=0.18, CI195%:0.09-0.28; RII=1.20, CI95%:1.09-1.32)
or slightly increasing (wealth: SII=0.13, CI95%:0.06—
0.19; RII=1.14, CI95%:1.07-1.21; education: SII=0.31,
C195%:0.24—0.38; RII=2.98, CI95%:2.47-3.60) trajecto-
ries than older adults with the lowest wealth and educa-
tion (quintile 1), who were also more likely to be on the
worst trajectory -steep decreasing.

There were also significant inequalities by gender
and ethnicity. Men and non-indigenous people were

Table 1 Distribution of wealth, education, gender, and ethnicity by intrinsic capacity trajectories

Steep decreasing
n=463 (17%)

Moderate decreasing
n=1361(50%)

Slight increasing P-value
n=2898 (33%)

Exposures
Wealth (permanent income quintiles)
Q1 (poorest) 33.1
Q2 20.8
Q3 206
Q4 16.8
Q5 (richest) 86
Educational level (quintiles)
Q1 (lowest) 49.0
Q2 224
Q3 20.8
Q4 45
Q5 (highest) 34
Gender (female=1) 773
Ethnicity (indigenous=1) 1.3

23.0 14.5

20.6 13.1

215 19.0 <0.01
20.7 24.2

14.3 292

256 9.9

248 16.2

321 31.2 <0.01
8.9 176

8.6 252

66.5 427 <0.01
9.7 8.0 0.13

P-value for Chi-square test
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Table 2 Sociodemographic and health characteristics by intrinsic capacity trajectories
Steep decreasing Moderate decreasing Slight increasing P-value
n=463 (17%) n=1361(50%) n=2898 (33%)
Sociodemographics
Age 73.6 (8.3) 65.5 (84) 59.6 (7.7) 0.02
Union status (with couple=1) 476 634 76.2 <0.01
Paid job 11.1 284 455 <0.01
Health insurance 734 816 81.8 <0.01
Health and Lifestyle behaviors
Multimorbidity (=2 chronic conditions) 644 59.2 452 <0.01
Physical activity
Low 53.8 444 36.2
Moderate 230 256 26.7 <0.01
High 232 30.0 371
Sedentary behavior (daily sitting hours) 2829 24(2.0) 262.1) <0.01
Sufficient fruits and vegetables intake 156 16.9 212 0.01
Tobacco
Never 72.0 714 61.3
Ever smoker, no longer 15.2 15.6 19.3
Current smoker, not daily 57 39 6.1 <0.01
Current smoker, daily 7.2 92 134
Alcohol consumption
Never 624 51.8 331
Ever drinker, no longer 32.2 410 46.0
Current drinker (low risk) 46 49 15.1 <0.01
Current drinker (high risk) 0.9 22 59
P-value for ANOVA or Chi-square tests
more likely to have moderately decreasing (gender: Discussion

SII=-0.17, CI95%: -0.23; -0.11; RII=0.84, C195%:0.79—
0.90; ethnicity: SII=-0.08, CI95%: -0.15; -0.01;
RII=0.92, CI95%:0.86-0.99) or slightly increasing
trajectories (gender: SII=-0.26, CI95%: -0.31; -0.20;
RII=0.77, CI95%:0.73-0.82; ethnicity: SII=-0.06,
CI95%: -0.13; -0.01; RII=0.94, C195%:0.89-0.99) than
women and indigenous people, implying that the lat-
ter were concentrated primarily in the steep declining
trajectory.

Figures 1 and 2 depict the equiplot for wealth, edu-
cational level, gender, and ethnicity. A clear gradient is
observed for all indicators according to the multino-
mial logistic regression results (Supplemental Table 2).
The data shows that older adults with a lower level of
wealth or education, who are women or indigenous
people, have a greater likelihood of having an IC steeply
decreasing trajectory concerning those with higher
wealth, education, or who are men and non-indigenous.
The results of the regression models evaluating interac-
tions are shown in Supplemental Table 3. None of the
interaction terms were significant.

Our findings corroborate the well-established evidence
about the role of social factors in shaping socioeconomic
health inequities. Based on a nationally representative
sample of older Mexican adults, we observed that SEP,
gender, and ethnicity were associated with different IC
trajectories. In summary, we found that older adults with
higher wealth and education, being men or non-indig-
enous, were more likely to have better trajectories than
individuals with lower levels of wealth and education,
being women or indigenous people. To the best of our
knowledge, this study is the first attempt to examine the
contribution of SEP, gender, and ethnicity to the socioec-
onomic health inequities associated even with the most
inherent component of healthy aging: intrinsic capacity.
Our results suggest that SEP, using wealth and educa-
tion as proxies, is a significant contributor to the process
of healthy aging, reinforcing existing literature’s findings
that these socioeconomic factors play crucial roles in
determining health outcomes in later life and influencing
the overall process of healthy aging [18, 29, 30]. However,
previous studies have mainly evaluated the impact on
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Table 3 Inequality measures: absolute gap, relative gap, slope inequality index (SI), and relative inequality index (RIl)

Moderate decreasing versus Steep decreasing Slight increasing versus Steep

decreasing
Estimator Confidence interval 95% Estimator Confidence
interval 95%

Wealth

Absolute gap (Q5-Q1) 0.16 0.10 022 041 0.34 048

Relative gap (Q5/Q1) 1.24 1.14 135 191 1.67 218

Slope Inequality Index (SII) 0.09 0.02 017 0.13 0.06 0.19

Relative Inequality Index (RIl) 1.11 1.02 1.19 1.14 1.07 1.21
Educational level

Absolute gap (Q5-Q1) 0.27 0.21 0.34 0.65 0.59 0.71

Relative gap (Q5/Q1) 145 1.32 1.58 327 273 391

Slope Inequality Index (SI1) 0.18 0.09 0.28 031 0.24 038

Relative Inequality Index (RIl) 1.20 1.09 132 2.98 247 3.60
Gender

Absolute gap (Female-Male) -0.10 -0.14 -0.06 -0.32 -0.36 -0.27

Relative gap (Female/Male) 092 084 1.01 0.62 0.57 0.69

Slope Inequality Index (SI1) -0.17 -0.23 -0.11 -0.26 -0.31 -0.20

Relative Inequality Index (RIl) 0.84 0.79 0.90 0.77 0.73 0.82
Ethnicity

Absolute gap (Indigenous-non-Indigenous) -0.03 -0.10 0.03 -0.09 -0.18 0.01

Relative gap (indigenous/non-indigenous) 095 0.87 1.05 0.87 0.74 1.01

Slope Inequality Index (SI1) -0.08 -0.15 -0.01 -0.06 -0.13 -0.01

Relative Inequality Index (RII) 092 0.86 0.99 0.94 0.89 0.99

RIl and Sl were estimated using generalized linear models with a logarithmic link function and an identity link function, respectively

functional capacity as a measure of successful aging. In
contrast, we found that these disparities are even observ-
able in the more comprehensive construct of intrinsic
capacity.

In this study, we have used the novel concept of intrin-
sic capacity proposed by the WHO to reorient clini-
cal practice and public policies associated with aging,
and we have identified some degree of heterogeneity in
their trajectories. The application of this concept rep-
resents several advantages for research and health poli-
cies in aging. First, intrinsic capacity is a comprehensive
measure of health, which can be monitored throughout
the life course and advocates for maintaining functional
capacity in older adults, regardless of the presence of dis-
eases [31]. Second, it focuses on functional capacity and
its preservation rather than on the deficiencies of old
age or the deterioration of bodily functions [32]. Third,
it emphasizes identifying individual attributes associ-
ated with functionality and the influence of the envi-
ronment in which people live [33]. These characteristics
favor comparisons between countries and cultures about
healthy aging and identifying contextual attributes that
affect intrinsic capacity [34]. In this latter sense, custom-
ary monitoring of intrinsic capacity through longitudinal

trajectories, for example, could help in early warning
about a decline in functionality and inform potential pre-
ventive interventions.

The results of this study must be framed in the con-
text of a middle-income country such as Mexico. Aging
in Mexico has occurred amid a fragile economy marked
by high levels of poverty and limited access to health ser-
vices and resources [35]. This situation is further aggra-
vated by the high prevalence of chronic conditions such
as hypertension, diabetes, and hypercholesterolemia,
but also by the presence of health conditions that mainly
affect older adults, such as frailty, sarcopenia, and func-
tional dependence, combined with conditions related to
nutritional status like overweight/obesity and anemia
[36]. Additionally, evidence shows that Mexican older
adults from the most disadvantaged socioeconomic
groups have worse health and nutritional conditions [37].
Despite these circumstances, our data show that 33%
of older adults in Mexico maintained or even improved
their intrinsic capacity over an 8-year observation period
(2009 to 2017). This fact could be partially explained
because, during the last 40 years, Mexico has imple-
mented programs at the national level to alleviate poverty
through conditional transfers [38], increase the coverage



Salinas-Rodriguez et al. International Journal for Equity in Health (2024) 23:48 Page 7 of 10
Wealth
® Q1 (poorest) @ Q2 Q3 @ Q4 @ Qb5 (richest)
Shght increasing ..................................................... .‘ .............. . ............ . ...........
Moderate dedining ......................................................... ‘ ...... . o . bo . ......................
Steep declining .................................... . coo . 5o .. ....... . ........................................
I T T T T
0 2 4 .6 8
Educational level
® Q1 (lowest) @ Q2 Q3 ® Q4 @ Q5 (highest)
Slight increasing [ <<+« -+« -« s xesereresranreae i (Oposecacaoans (Y005505( $000000000000000 Moooasoa O
Moderate declining ................................................ . ...... . ............. “ ........................
Steep declining ............ . ................ . .......... .. ............ . ......................................
I T T T T
0 2 4 .6 .8

Fig. 1 Socioeconomic inequalities in intrinsic capacity trajectories. Conditional probability for each intrinsic capacity trajectory given the wealth

and educational level quintiles

of health services [39], reduce food insecurity [40], and
improve older people’s income through non-contributory
pensions [41]. All in all, the results of our study show that
significant inequalities (economic, gender, and ethnicity)
associated with intrinsic capacity persist.

The beneficial effects of wealth and education can
be attributed to several socio-biological mechanisms.
Higher levels of education are generally linked to better
health literacy and healthier behaviors during the entire
life [42, 43], with variable impacts throughout the life
course [44], which jointly affect health outcomes in late
life. In addition, higher wealth and income (both related
to education) may enable older adults to access better
healthcare services and maintain healthier lifestyles [45].
In contrast to previous studies, our study notably under-
scores the role of socioeconomic factors in shaping the
inherent potential for healthy aging. Our findings sug-
gest that disparities, when manifested as differences in
resources and opportunities, could profoundly affect this
potential for aging healthily.

Gender and ethnic disparities in IC trajectories
observed in our study further highlight the presence of
health inequities in older adults. Women and indig-
enous individuals were found to be more likely to fol-
low a steeply declining IC trajectory. This finding could

be due to several factors, including differential access to
resources, cultural barriers to healthcare, and systemic
discrimination. Evidence has shown that women around
the globe have a lower power position, less wealth and
property, a higher burden of work of informal caring,
less education, are employed in lower-paid jobs, and have
less access to retirement benefits. Indigenous people
have been systematically marginalized and isolated; they
are poorer, with fewer years of education, less access to
healthcare services, and higher unemployment rates [46—
49]. These findings echo other studies that have reported
gender and ethnic disparities in health-related outcomes.
For instance, women lose more Disability Adjusted Life
Years (DALYs) than men in reproductive infections, HIV,
cancers, migraine, mental health, eye disorders, demen-
tias, nutritional disorders, and muscle and bone condi-
tions. Indigenous peoples have a lower life expectancy,
higher infant mortality rates, infectious diseases like
tuberculosis, diabetes, cancer, malnutrition, and a higher
risk of mental illness like post-traumatic stress disorder
and social phobia [50-53]. Our results underscore the
need for targeted interventions to address these health
inequities in early life and emphasize the need to identify
the determinants of these gender and ethnic inequities,
which can be modifiable by reducing gender and ethnic
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Fig. 2 Gender and ethnicity inequalities in intrinsic capacity trajectories. Conditional probability for each intrinsic capacity trajectory given gender

and ethnicity

discrimination, that affect participation in the overall
structure of opportunities and access to resources (edu-
cation, healthcare services, etc.) throughout life [54].

Aside from the mechanisms just described, it has
recently been suggested that health inequities are mani-
fested in worse health through intermediate biological
processes. Specifically, socioeconomic disadvantages
associated with SEP, gender, and ethnicity may be related
to chronic stress that impacts chronic conditions modu-
lated by physiological wear and tear due to inflammatory
responses, impaired immune function, and epigenetic
acceleration of aging [55]. Furthermore, research sug-
gests that SEP could be associated with allostatic load (a
composite measure of overall physiological strain), a sig-
nificant result since it has been suggested that allostatic
load could represent the biological substrate of intrinsic
capacity [56].

This study has some limitations that warrant considera-
tion when interpreting findings. First, we could not exam-
ine the trajectories of intrinsic capacity before the onset
of old age. Future studies should investigate its behavior
throughout the lifespan, identifying the effects of inequi-
ties at different stages of life. Second, our analysis did not
consider other social determinants, such as occupation,
geographical location, and access to healthcare services.

Third, we focused on gender and ethnicity because we
know that they do not change over time, and wealth
captures the accumulation by the time individuals reach
older adulthood. However, this social determinant would
likely change over time. Forth, exploring the impact of
other individual and collective social determinants on
intrinsic capacity, and identifying their mechanisms, is a
pending task that likely requires more prolonged periods
of observation, considering cohorts from youth and con-
ducting more measurements over time.

Conclusions

Although our objective was not to establish causality,
differences in intrinsic capacity among social groups
may partly be causal. Nevertheless, beyond identify-
ing causal associations, evidence about differences
in intrinsic capacity between social groups is already
significant from a Public Health perspective, regard-
less of the causal mechanisms involved. In that vein,
the findings of this study emphasize the need for poli-
cies and interventions addressing social determinants
of health to promote healthy aging. Previous stud-
ies have highlighted effective interventions in reduc-
ing inequalities in aging, in particular, greater access
to health services and pension programs, contributory



Salinas-Rodriguez et al. International Journal for Equity in Health

and non-contributory. Even so, there is a knowledge
gap to determine if interventions such as universal
healthcare, formal education, and social and employ-
ment support effectively reduce health inequalities [57].
The health inequities identified in this study should
also be considered in the planning and implement-
ing of policies aimed at maintaining IC in older adults.
Future research is needed to understand better the
mechanisms through which these social determinants
influence IC trajectories and to develop and test inter-
ventions to mitigate these disparities.

Supplementary Information

The online version contains supplementary material available at https://doi.
org/10.1186/512939-024-02136-0.

[ Supplementary Material 1. }

Acknowledgements
Not applicable.

Authors’ contributions

ASN, BME and ARA carried out the coordination and design of the study; ASR
performed the statistical analysis; ASR and JAFN carried out the manuscript
writing. All authors took part in the writing and final editing of the manuscript.
All authors have been given a copy of the manuscript, all have approved the
final version of the manuscript, and all are prepared to take public responsibil-
ity for the work and share responsibility and accountability for the results.

Funding

SAGE is supported by WHO and the US National Institute on Aging through
Interagency Agreements (OGHA04034785, YA1323-08-CN-0020, and Y1-AG-
1005-01) and a competitive grant: ROTAG034479. However, it should be
clarified that this specific analysis conducted for this study did not receive any
particular funding for the researchers. Moreover, we affirm that the funders of
SAGE did not have any role in the conceptualization, design, data collection,
analysis, decision to publish, or preparation of the manuscript.

Availability of data and materials

Data can be procured through a formal request to the World Health Organiza-
tion Multi-Country Studies Data Archive via its online platform (http://apps.
who.int/healthinfo/systems/surveydata/index.php/catalog).

Declarations

Ethics approval and consent to participate

This investigation was conducted in accordance with the ethical standards
laid down in the 1964 Declaration of Helsinki and its later amendments

(as revised in 1983). The study was approved by the research and ethics
committees of the National Institute of Public Health, Cuernavaca, Mexico
(C1/2013/550). All subjects gave a written informed consent.

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Author details

!Center for Evaluation and Surveys Research, National Institute of Public
Health, Cuernavaca , Morelos, Mexico. >Department of International Health,
Johns Hopkins Bloomberg School of Public Health, 615 N. Wolfe Street, Room
E8532, Baltimore, MD 21205, USA. *Department of Public Health, Universidad
del Norte, Barranquilla, Atldntico, Colombia.

(2024) 23:48

Page 9 of 10

Received: 2 August 2023 Accepted: 25 February 2024
Published online: 11 March 2024

References

1. Marengoni A, Calderon-Larrafiaga A. Health inequalities in ageing:
towards a multidimensional lifecourse approach. Lancet Public Health.
2020;5:e364-5.

2. Bennett HQ, Kingston A, Spiers G, et al. Healthy ageing for all? Compari-
sons of socioeconomic inequalities in health expectancies over two
decades in the Cognitive Function and Ageing Studies I and Il. Int J
Epidemiol. 2021;50:841-51.

3. World Health Organization. World report on ageing and health. Geneva:
WHO Press; 2015.

4. Beard JR, Officer A, de Carvalho IA, et al. The World report on ageing and
health: a policy framework for healthy ageing. Lancet. 2016;387:2145-54.

5. Michel J-P, Leonardi M, Martin M, et al. WHO's report for the decade of
healthy ageing 2021-30 sets the stage for globally comparable data on
healthy ageing. Lancet Healthy Longev. 2021;2:121-2.

6. ZhouY, Ma L. Intrinsic capacity in older adults: recent advances. Aging
Dis. 2022;13:353.

7. Ferrucci L, Kuchel GA. Heterogeneity of aging: individual risk fac-
tors, mechanisms, patient priorities, and outcomes. J Am Geriatr Soc.
2021,69:610-2.

8. Tian YE, Cropley V, Maier AB, et al. Heterogeneous aging across multiple
organ systems and prediction of chronic disease and mortality. Nat Med.
2023;29:1221-31.

9. Daskalopoulou C, Koukounari A, Wu Y-T, et al. Healthy ageing trajectories
and lifestyle behaviour: the Mexican Health and Aging Study. Sci Rep.
2019,9:11041.

10. Salinas-Rodriguez A, Gonzalez-Bautista E, Rivera-Almaraz A, et al. Longitu-
dinal trajectories of intrinsic capacity and their association with quality of
life and disability. Maturitas. 2022;161:49-54.

11. YuR, Lai D, Leung G, et al. Trajectories of intrinsic capacity: determinants
and associations with disability. J Nutr Health Aging. 2023;27:174-81.

12. Liu S, Kang L, Liu X, et al. Trajectory and correlation of intrinsic capac-
ity and frailty in a Beijing elderly community. Front Med (Lausanne).
2021;8:751586. https://doi.org/10.3389/fmed.2021.751586.

13. Kok AAL, Aartsen MJ, Deeg DJH, et al. Socioeconomic inequalities in a
16-year longitudinal measurement of successful ageing. J Epidemiol
Community Health. 1978;2016(70):1106-13.

14. Steptoe A, Zaninotto P. Lower socioeconomic status and the accel-
eration of aging: an outcome-wide analysis. Proc Natl Acad Sci.
2020;117:14911-7.

15. American Public Health Association. Healthy aging through the social
determinants of health. In: Jurkowski ET, Aaron Guest M, editors. NW, DC:
APHA PRESS, 2021.

16. Berkman L, Epstein AM. Beyond health care — socioeconomic status and
health. N Engl J Med. 2008;358:2509-10.

17. Adler NE, Boyce WT, Chesney MA, et al. Socioeconomic inequalities in
health. No easy solution. JAMA. 1993;269:3140-5.

18. AbudT, Kounidas G, Martin KR, et al. Determinants of healthy ageing:

a systematic review of contemporary literature. Aging Clin Exp Res.
2022;34:1215-23.

19. He W, Muenchrath MN, Kowal P. Shades of gray: a cross-country study
of health and well-being of the older populations in SAGE countries,
2007-2010. Washington, DC: US Government Printing Office; 2012.

20. Miu J, Negin J, Salinas-Rodriguez A, et al. Factors associated with cogni-
tive function in older adults in Mexico. Glob Health Action. 2016;9:30747.

21. Salinas-Rodriguez A, Manrique-Espinoza B, Palazuelos-Gonzélez R, et al.
Physical activity and sedentary behavior trajectories and their associa-
tions with quality of life, disability, and all-cause mortality. Eur Rev Aging
Phys Act. 2022;19:13.

22. Howe LD, Galobardes B, Matijasevich A, et al. Measuring socio-economic
position for epidemiological studies in low- and middle-income coun-
tries: a methods of measurement in epidemiology paper. Int J Epidemiol.
2012;41:871-86.

23. Arokiasamy P, Uttamacharya U, Jain K, et al. The impact of multimorbid-
ity on adult physical and mental health in low- and middle-income


https://doi.org/10.1186/s12939-024-02136-0
https://doi.org/10.1186/s12939-024-02136-0
http://apps.who.int/healthinfo/systems/surveydata/index.php/catalog
http://apps.who.int/healthinfo/systems/surveydata/index.php/catalog
https://doi.org/10.3389/fmed.2021.751586

Salinas-Rodriguez et al. International Journal for Equity in Health

24.

25.

26.

27.
28.

29.

30.

31

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.
43.

44,

45

46.

countries: what does the study on global ageing and adult health (SAGE)
reveal? BMC Med. 2015;13:178.

Keating XD, Zhou K, Liu X, et al. Reliability and concurrent validity of
global physical activity questionnaire (GPAQ): a systematic review. Int J
Environ Res Public Health. 2019;16:4128.

Kakwani N, Wagstaff A, van Doorslaer E. Socioeconomic inequalities in
health: measurement, computation, and statistical inference. J Econom.
1997,77:87-103.

Khang Y-H, Yun S-C, Lynch JW. Monitoring trends in socioeconomic
health inequalities: it matters how you measure. BMC Public Health.
2008;8:66.

Victora C, Boerma T, Requejo J, et al. Analyses of inequalities in RMNCH:
rising to the challenge of the SDGs. BMJ Glob Health. 2019;4:e001295.
StataCorp. Stata statistical software: release 18. College Station: StataCorp
LLG; 2023.

White CM, St. John PD, Cheverie MR, et al. The role of income and
occupation in the association of education with healthy aging: results
from a population-based, prospective cohort study. BMC Public Health.
2015;15:1181.

Wu Y-T, Daskalopoulou C, Muniz Terrera G, et al. Education and wealth
inequalities in healthy ageing in eight harmonised cohorts in the
ATHLOS consortium: a population-based study. Lancet Public Health.
2020;5:e386-94.

Wu W, Sun L, Li H, et al. Approaching person-centered clinical practice: a
cluster analysis of older inpatients utilizing the measurements of intrinsic
capacity. Front Public Health. 2022;10:1045421. https://doi.org/10.3389/
fpubh.2022.1045421.

Belloni G, Cesari M. Frailty and intrinsic capacity: two distinct but related
constructs. Front Med (Lausanne). 2019;6:133. https://doi.org/10.3389/
fmed.2019.00133.

Stolz E, Mayerl H, Freidl W, et al. Intrinsic capacity predicts negative health
outcomes in older adults. J Gerontol A. 2022;77:101-5.

Prince MJ, Acosta D, Guerra M, et al. Intrinsic capacity and its associations
with incident dependence and mortality in 10/66 Dementia Research
Group studies in Latin America, India, and China: a population-based
cohort study. PLoS Med. 2021;18(9):e1003097. https://doi.org/10.1371/
journal.pmed.1003097.

CONEVAL.Pobreza y personas mayores en México 2020 (Poverty and
older people in Mexico 2020). Available in https://www.coneval.org.mx/
Medicion/MP/Documents/adultos_mayores/Pobreza_personas_mayor
es_2020.pdf. Accessed 27 Jan 2024.

Salinas-Rodriguez A, De la Cruz-Géngora V, Manrique-Espinoza B. Condi-
ciones de salud, sindromes geridtricos y estado nutricional de los adultos
mayores en México. Salud Publica Mex. 2020;62:777-85.
Salinas-Rodriguez A, Manrique-Espinoza B, De la Cruz-Géngora V, et al.
Socioeconomic inequalities in health and nutrition among older adults in
Mexico. Salud Publica Mex. 2019;61:898.

Salinas-Rodriguez A, Manrique-Espinoza BS. Effect of the conditional
cash transfer program Oportunidades on vaccination coverage in older
Mexican people. BMC Int Health Hum Rights. 2013;13:30.
Rivera-Hernandez M, Galarraga O. Type of insurance and use of preven-
tive health services among older adults in Mexico. J Aging Health.
2015;27:962-82.

Barquera S, Rivera-Dommarco J, Gasca-Garcia A. Politicas y programas de
alimentacion y nutricion en México [Policies and programs of food and
nutrition in Mexico). Salud Publica Mex. 2001;43:464-77.
Salinas-Rodriguez A, Torres-Pereda MaDP, Manrique-Espinoza B, et al.
Impact of the non-contributory social pension program 70 y mas on
older adults’mental well-being. PLoS One. 2014;9:e113085.

Goldman D, Smith JP. The increasing value of education to health. Soc Sci
Med. 2011;72:1728-37.

Krueger PM, Dehry IA, Chang VW. The economic value of education for
longer lives and reduced disability. Milbank Q. 2019,97:48-73.

Olshansky SJ, Antonucci T, Berkman L, et al. Differences in life expectancy
due to race and educational differences are widening, and many may not
catch up. Health Aff. 2012;31:1803-13.

McMaughan DJ, Oloruntoba O, Smith ML. Socioeconomic status and
access to healthcare: interrelated drivers for healthy aging. Front Public
Health. 2020;8:231. https://doi.org/10.3389/fpubh.2020.00231.

Mindell JS, Knott CS, Ng Fat LS, et al. Explanatory factors for health
inequalities across different ethnic and gender groups: data from

(2024) 23:48 Page 10 of 10

a national survey in England. J Epidemiol Community Health.
1978;2014(68):1133-44.

47. Veenstra G. Race, gender, class, and sexual orientation: intersecting
axes of inequality and self-rated health in Canada. Int J Equity Health.
2011;10:3.

48. Sen G, Ostlin P. Gender inequity in health: why it exists and how we can
change it. Glob Public Health. 2008;3:1-12.

49. LaVeist TA, Lebrun LA. Cross-country comparisons of racial/ethnic
inequalities in health. J Epidemiol Community Health. 1978;2010(64):7-7.

50. Hawkes S, Buse K. Gender and global health: evidence, policy, and incon-
venient truths. Lancet. 2013;381:1783-7.

51. Westergaard D, Moseley P, Serup FKH, et al. Population-wide analysis
of differences in disease progression patterns in men and women. Nat
Commun. 2019;10:666.

52. Stephens C, Nettleton C, Porter J, et al. Indigenous peoples’ health—why
are they behind everyone, everywhere? Lancet. 2005;366:10-3.

53. Stephens C, Porter J, Nettleton C, et al. Disappearing, displaced, and
undervalued: a call to action for Indigenous health worldwide. Lancet.
2006;367:2019-28.

54. Hand MD, lhara ES. Ageism, racism, sexism, and work with older health-
care clients: why an intersectional approach is needed in practice, policy,
education, and research. Int J Aging Hum Dev. 2023:009141502311718.

55 Vineis P, Avendano-Pabon M, Barros H, et al. Special report: the biology
of inequialities in health: the Lifepath Consortium. Front Public Health.
2020;8:118. https://doi.org/10.3389/fpubh.2020.00118.

56. Gutiérrez-Robledo LM, Garcfa-Chanes RE, Pérez-Zepeda MU. Allostatic
load as a biological substrate to intrinsic capacity: a secondary analysis of
CRELES. J Nutr Health Aging. 2019;23:788-95.

57 MacGuire FAS. Reducing health inequalities in aging through policy
frameworks and interventions. Front Public Health. 2020;8:315. https://
doi.org/10.3389/fpubh.2020.00315.

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


https://doi.org/10.3389/fpubh.2022.1045421
https://doi.org/10.3389/fpubh.2022.1045421
https://doi.org/10.3389/fmed.2019.00133
https://doi.org/10.3389/fmed.2019.00133
https://doi.org/10.1371/journal.pmed.1003097
https://doi.org/10.1371/journal.pmed.1003097
https://www.coneval.org.mx/Medicion/MP/Documents/adultos_mayores/Pobreza_personas_mayores_2020.pdf
https://www.coneval.org.mx/Medicion/MP/Documents/adultos_mayores/Pobreza_personas_mayores_2020.pdf
https://www.coneval.org.mx/Medicion/MP/Documents/adultos_mayores/Pobreza_personas_mayores_2020.pdf
https://doi.org/10.3389/fpubh.2020.00231
https://doi.org/10.3389/fpubh.2020.00118
https://doi.org/10.3389/fpubh.2020.00315
https://doi.org/10.3389/fpubh.2020.00315

	Intrinsic capacity trajectories and socioeconomic inequalities in health: the contributions of wealth, education, gender, and ethnicity
	Abstract 
	Background 
	Methods 
	Results 
	Conclusions 

	Background
	Methods
	Study design and sample
	Outcome
	Main exposures

	Statistical analysis

	Results
	Discussion
	Conclusions
	Acknowledgements
	References


