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Abstract
Background Older adults are increasingly susceptible to prolonged illness, multiple chronic diseases, and 
disabilities, which can lead to the coexistence of multimorbidity and frailty. Multimorbidity may result in various 
noncommunicable disease (NCD) patterns or configurations that could be associated with frailty and death. Mortality 
risk may vary depending on the presence of specific chronic diseases configurations or frailty.

Methods The aim was to examine the impact of NCD configurations on mortality risk among older adults with 
distinct frailty phenotypes. The population was analyzed from the Costa Rican Longevity and Healthy Aging Study 
Cohort (CRELES). A total of 2,662 adults aged 60 or older were included and followed for 5 years. Exploratory factor 
analysis and various clustering techniques were utilized to identify NCD configurations. The frequency of NCD 
accumulation was also assessed for a multimorbidity definition. Frailty phenotypes were set according to Fried et al. 
criteria. Kaplan‒Meier survival analyses, mortality rates, and Cox proportional hazards models were estimated.

Results Four different types of patterns were identified: ‘Neuro-psychiatric’, ‘Metabolic’, ‘Cardiovascular’, and 
‘Mixt’ configurations. These configurations showed a higher mortality risk than the mere accumulation of NCDs 
[Cardiovascular HR:1.65 (1.07–2.57); ‘Mixt’ HR:1.49 (1.00-2.22); ≥3 NCDs HR:1.31 (1.09–1.58)]. Frailty exhibited a high 
and constant mortality risk, irrespective of the presence of any NCD configuration or multimorbidity definition. 
However, HRs decreased and lost statistical significance when phenotypes were considered in the Cox models [frailty 
+ ‘Cardiovascular’ HR:1.56 (1.00-2.42); frailty + ‘Mixt’:1.42 (0.95–2.11); and frailty + ≥ 3 NCDs HR:1.23 (1.02–1.49)].

Conclusions Frailty accompanying multimorbidity emerges as a more crucial indicator of mortality risk than 
multimorbidity alone. Therefore, studying NCD configurations is worthwhile as they may offer improved risk profiles 
for mortality as alternatives to straightforward counts.
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Background
As individuals age, their physiological responses tend to 
weaken [1, 2]. More importantly, the number of years in 
good health has not progressed at the same pace as for 
life expectancy. Aging is a complex process character-
ized by numerous physiological and functional declines, 
which in turn escalate the risk of adverse health out-
comes, including mortality [3, 4]. This decline in bodily 
functions contributes to the accumulation of syndromes 
and diseases, ultimately leading to a state of multimor-
bidity (MM) [5–7] or frailty [8]. Very often, MM goes 
along with frailty. Frailty is a consequence of multiple 
deficiencies in systems and a state of vulnerability charac-
terized by disabilities and poor resolution to physiologic 
stress [9]. Although frailty has been mainly related to cel-
lular senescence, oxidative stress, and cellular damage, 
new evidence points in the direction of MM to under-
stand the bridge between health and frailty [10].

The precise definition of MM remains subject to debate 
[11–13]; for example, it is understood as the presence of 
two or more chronic diseases or as any coexisting dis-
eases [14]. Nevertheless, one of the main difficulties of 
this scope is the possibility of numerous combinations 
for grouping the diseases [11]. Efforts have been made 
to condense multimorbidity into distinct patterns, yield-
ing varied outcomes that are often perceived as random. 
However, these patterns may be indicative of grouping 
based on risk factors or demographic characteristics. 
Some authors emphasize the crucial task of identifying 
and customizing these coexistence patterns and evaluat-
ing their relationship with specific outcomes [11–13, 15, 
16].

Scientific evidence suggests that 37.2% of the global 
population has multimorbidity [17]. This prevalence 
tends to increase with age, affecting approximately 65% of 
individuals aged 65 to 84 years and rising to 82% among 
those aged 85 years and older. Although around 70% of 
all deaths worldwide had been attributable to non-com-
municable diseases (NCDs) [18, 19], certain aggrega-
tions of NCD may have more negative impact on quality 
of life [20], increase the demand for specific health care 
services [21] and pose an even greater mortality risk [22] 
than others. In addition, multimorbidity has been related 
to accelerated ageing and to frailty [10, 23, 24], which in 
turn, has an impact on the burden of health systems and 
affects quality of ageing [25].

To define frailty, several countries and organiza-
tions have adopted the approach outlined by the World 
Health Organization (WHO), as follows: “a progressive 
age-related decline in physiological systems that results 
in decreased reserves of intrinsic capacity, which confers 
extreme vulnerability to stressors and increases the risk of 
a range of adverse health outcomes” [26]. Frailty preva-
lence also relates to aging, ranging from 12% among 

60-69-year-old adults to 46% for those aged 90 [27], how-
ever, it is thought that the conformation of specific NCD 
patterns over age may contribute to this phenomenon 
[28, 29]. Healthcare systems face significant challenges 
in caring for older individuals [30]. The special needs and 
extended treatment regimens in this population under-
scores the importance of accurately identifying the root 
causes of health issues. Some authors suggest that frailty 
may have a more profound impact on disabilities and 
mortality than multimorbidity [31]. However, the debate 
calls for a broader perspective, acknowledging that health 
is a multidimensional phenomenon rather than to follow 
an independent line of causation [32, 33].

The risk of mortality in older adults varies based on the 
frailty phenotype and is influenced by specific diseases. 
However, this risk appears to differ when considering 
the cumulative effect of chronic diseases [32]. The gap in 
knowledge about the relationship of multimorbidity pat-
terns and frailty is still not well understood, and there 
might be an influence on how different configurations in 
accumulation of NCDs can influence mortality in older 
adults with distinct phenotypes of frailty.

The aim of this study is to examine the impact of 
multimorbidity and different NCDs configurations on 
mortality risk among older adults with distinct frailty 
phenotypes.

Methods
Data and participants
The study is a prospective analysis from the publicly 
available Costa Rican Longevity and Healthy Aging 
Study Cohort (CRELES),, which focused on investigat-
ing healthy aging in older adults born in 1945 or earlier in 
Costa Rica. The CRELES cohort comprised a nationally 
representative sample of 2,827 individuals aged 60 years 
or older was selected through a stratified probabilistic 
sampling design, with an over-sample of people aged 95 
and over. Data collection occurred through three waves 
of household standardized interviews conducted by 
specialized personnel. The follow-up intervals between 
waves were approximately 2 years. CRELES encompasses 
information on participants’ diverse aspects, includ-
ing self-reported physical and psychological health, liv-
ing conditions, health behaviors, health care utilization, 
social support, and socioeconomic status. Additionally, 
it includes health indicators like anthropometry, mobil-
ity, and biomarkers. Mortality events were monitored 
through linkages with the Costa Rican National Death 
Index, and details surrounding death were acquired 
through interviews with surviving family members. A 
detailed account of sampling methods, data collection, 
and objectives can be found elsewhere [34].

To be included in the analysis, the criteria required at 
least two assessments over the entire follow-up period. 
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Out of the initial 2,827 participants in the CRELES 
cohort, 165 subjects (5.8%) did not meet the inclusion 
criteria at baseline (1st wave). All subjects that were 
excluded from the analysis were individuals with only one 
assessment between the first and second waves, so there 
was no losses to follow-up between the baseline and the 
first follow-up (2nd wave), but 241 subjects (9.1%) were 
lost between the first and second follow-up (3rd wave). 
At the conclusion of the assessments, 1,855 older individ-
uals were still alive, while 566 (21.3%) had passed away. 
This resulted in a final dataset of 2,421 observations for 
the analysis (Fig. 1).

Analysis
To determine MM and NCDs configurations, two 
approaches were adopted. First, we identified those indi-
viduals without any NCD to conform a group of subjects 
with No NCDs, then we calculated the NCD frequency 
by adding up the number of chronic diseases at baseline. 
MM by accumulation was defined as having at least three 
chronic diseases because in this population, this distri-
bution relates to mortality more than the WHO defini-
tion of 2 or more. Second, we used an exploratory factor 
analysis (EFA) to identify NCD configurations at baseline 
based on presence/absence of the NCDs and operating 

under the assumption that some diseases co-occur selec-
tively with other diseases.

To determine NCD presence, we used structured ques-
tions from questionnaires to ascertain the diagnosis of a 
disease and medication use for each NCD. If in the ques-
tionnaires “Yes” had been answered to a question about 
previous diagnosis from a physician, then the referred 
disease was categorized as having it (e.g., Has a physi-
cian ever told you that you have high blood pressure?). 
Responding “Yes” for using medication to control a dis-
ease (e.g., Are you taking insulin injections to control 
your diabetes?) Selecting a medication from another spe-
cific structured instrument was the procedure used to 
evaluate medication consumption.

The following list of 13 diseases were considered NCDs: 
Parkinson’s disease, chronic nervous problems (being 
diagnosed with a nervous or psychiatric problem such as 
depression), chronic respiratory or pulmonary diseases 
(including emphysema, tuberculosis, asthma, or chronic 
bronchitis), arthritis (including rheumatism or arthrosis), 
osteoporosis, stroke (including the answer for how many 
strokes have you had in your life?), heart attack (included 
the answer for how many heart attacks have you had in 
your life?), other heart diseases (without having a heart 
attack), and cancer (including any cancer or a malignant 
tumor, but not small skin tumors) Questionnaire report 
assessments for cancer also included selecting which 
organ or part of the body cancer began (stomach, other 
digestive, urinary, leukemia, lung, other respiratory, pros-
tate, uterine/cervical, mammary, and other). Hyperten-
sion (HTA) was additionally defined as having a systolic/
diastolic pressure ≥ 140/90, diabetes (DM) as the levels 
of glycosylated hemoglobin (HbA1c ≥ 6.5%) in collected 
blood samples [35, 36], obesity as having a body mass 
index (BMI) ≥ 30 kg/m2) [37], and depression as assessed 
with the short version of the Geriatric Depression Scale 
[38, 39].

Frailty was assessed as phenotypes using a five-com-
ponent accumulation scale, as proposed by L. Fried et al. 
[40]. Two criteria from the L. Fried scale were adapted 
to the available data: poor endurance and energy (self-
reported exhaustion in the last week) [38], and low physi-
cal activity level [39].

To evaluate unintentional weight loss, participants 
were asked, “Have you experienced unintentional weight 
loss exceeding 5 kilograms in the last 6 months? (Yes/
No)” To assess fatigue/exhaustion, participants were 
asked, “Did you feel full of energy during the past week? 
(Yes/No)” Slow gait speed was determined by analyzing 
the distribution of walking time in seconds required to 
advance 3 m starting from a sitting position. Participants 
in the lowest quintile of this distribution, stratified by 
height and sex, were classified as having slow gait speed 
(cutoff point of 0.42  m/s for men and 0.37 for women). 

Fig. 1 Cohort follow-up procession: exclusion, inclusion, and follow-up 
of subjects with phenotype criteria throughout the time in the CRELES 
Cohort
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Weak handgrip strength was assessed using a dyna-
mometer, with measurements taken from the dominant 
hand. Participants in the lowest quintile of grip strength, 
stratified by quartiles of BMI distribution and sex, were 
identified as having weak handgrip strength (cutoff point 
of 18.8 kg for men and 11.0 kg for women). To evaluate 
low physical activity, participants were asked, “Have you 
engaged in regular exercise or other physically rigorous 
activities such as sports, jogging, dancing, or heavy work, 
at least three times a week in the past 12 months? (Yes/
No)” Individuals without any of these components were 
categorized as not frail (robust), those with 1 or 2 compo-
nents as pre-frail, and those with 3 or more components 
as frail [40, 41].

Statistical techniques
For the factor analysis, estimates were derived based on 
a tetrachoric correlation matrix, enabling the calcula-
tion of factor loadings for dichotomous variables (pres-
ence/absence). The feasibility of using EFA for identifying 
possible latent variables was assessed by studying and 
plotting the correlation between the NCDs at baseline. 
Additionally, the evaluation incorporated the Kaiser‒
Meyer‒Olkin factor adequacy test (KMO = 0.6), and the 
Bartlett variance homogeneity test (K-squared = 8,257.8; 
p < 2.2e-16). To determine the optimal number of fac-
tors for EFA, we assessed eigenvalues, conducted par-
allel analysis (bootstrap of 100 replications), and an 
optimal coordinate analysis. Four factors (clusters) were 
ultimately conserved based on Kaiser criterion (eigen-
value > 1), taking into consideration the etiological sense 
of the grouping after obtaining the factor values. A com-
parison with other clustering techniques, using the elbow 
rule, was conducted to aid in the decision-making pro-
cess regarding the total number of factors to retain. To 
obtain factor loadings a maximum likelihood estimation 
method was used, and a Varimax orthogonal rotation was 
performed to gain interpretability. The NCD configura-
tions were classified based on the highest factor loading 
values, and names were assigned relying on an etiologi-
cal sense between the diseases and physiological systems. 
Individuals were classified into specific disease configura-
tions based on the factor groups obtained if they met the 
selected condition of having the diseases included in each 
factor.

To test the robustness and reproducibility of these 
configurations, we compared the results from EFA with 
other clustering techniques, such as simple and multiple 
correspondence analysis (CA), k-means, fuzzy c-means, 
and hierarchical clustering. CA took into consideration 
the variance and contribution of each disease (52%) and 
were visually assessed with graphical methods. Moving 
on to fuzzy c-means, the diseases were grouped based 
on a membership matrix of probabilities. The assignment 

of diseases to clusters using the K-means technique was 
determined by evaluating the distances of the NCDs 
from a centromere. Both for K-means and for hierarchi-
cal clustering, the optimal number of clusters was deter-
mined by assessing stability using a Jaccard index of 0.75 
with 100 bootstrap repetitions (JB).

The decision to employ EFA for identifying latent 
variables was primarily driven by the interest in explor-
ing the underlying structure of the relationship between 
variables and uncovering non-observed latent variables. 
Imputations were performed at the time of death for 60 
subjects. This occurred in cases where information about 
the occurrence of death was available for each follow-up, 
but the specific date of death was not reported. The pro-
cedure for allocating time involved analyzing the distri-
bution of lifespan among those who died. Subsequently, 
the median lifespan among deceased individuals was 
determined. Imputed values were 10.1 months (n = 16) 
during the first follow-up and 19.5 months (n = 44) during 
the second.

To assess the association of NCDs and frailty on early 
mortality, mortality rates by all cause death (per 1,000 
person-years) were estimated for age (quinquennial dis-
tribution), sex, the accumulation of NCDs and frailty 
phenotypes. The calculations were made for all the 
populations (without any stratification), for those with-
out NCDs and stratified by NCD configurations. Then, 
a Kaplan‒Meier survival analysis was performed to 
evaluate the death risk of MM, NCD configurations and 
frailty stratified by sex. A log-rank test was used to assess 
for significant differences between groups within this 
analysis.

Models were constructed with a stepwise approach 
starting from simpler models to examine the relation-
ship between third variables and mortality by all causes. 
Variables with a potential role as confounders, includ-
ing various sociodemographic factors, biomarkers, and 
health-related conditions, were directly selected from the 
database. The selection was based on their recognized 
roles in the literature concerning frailty, multimorbidity, 
and mortality. The variables of sex, age, marital status, 
C-reactive protein (CRP), educational level, wealth level, 
cognitive disability according to the Folstein Mini-Mental 
State Examination (MMSE), and basic functional dis-
ability (standardized values) were selected on the basis of 
contributions to statistical significance of the final mod-
els, as assessed by a decrease in the Bayesian Information 
Criterion (BIC) estimator. To ensure comparability and 
facilitate interpretation of the COX analyses, the set of 
covariates contributing to the best statistical models was 
identified and maintained consistently within the same 
set for all models.

Cox proportional hazards models [42] were used 
to analyze the mortality risk for each multimorbidity 
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configuration and frailty phenotype. The influence 
between the exposure variables and mortality was per-
formed by independently testing each exposure variable 
in a single adjusted model and then by comparing the 
HRs when considering adding frailty phenotypes.

Losses to follow-up or subjects who finalized the time 
in the study without dying were considered right censor-
ing. To verify the proportionality of the risk over time 
assumption, all models were evaluated by proportional 
hazards tests and diagnostics based on weighted residu-
als. Schoenfeld and Martingale residuals were plotted for 
visual evaluations. The results are presented as hazard 
ratios (HRs).

A sensitivity analysis was conducted both with and 
without the imputed values. Despite the low n for impu-
tations, these values draw a decline in the Kaplan-Meier 
survival curves and contributed to enhancing the preci-
sion of the estimates.

All statistical analyses were performed with RStudio for 
Windows or Stata/IC 15.1 for Windows (64-bit x86-64) 
software as needed.

Results
The average age for the whole population at baseline was 
76.5 ± 10.4 years, 54% of the population was female, and 
87% had basic or lower levels of education (Table 1).

To evaluate potential dropout bias, baseline char-
acteristics were compared between the follow-up and 
lost-to-follow-up groups. The follow-up group showed 
higher age (76.8 vs. 73.6), lower body weight (62.7 vs. 
65.2), less hand grip strength (23.0 vs. 24.4), lower wealth 
level (poor-middle vs. high), lower academic attainment 
(elementary vs. secondary or more), and a higher prev-
alence of rural residence (rural vs. urban). However, no 
differences were observed in the prevalence of frailty 
phenotypes, multimorbidity, or NCD configurations 
(Supplementary Table 1).

At baseline, the prevalence of not having any chronic 
diseases was low and stable with age (∼ 9%), and 22% 
and 26% of the subjects had 1 and 2 NCDs, respectively 
(Table 1). When looking solely at the proportions of indi-
viduals with a particular disease in Fig. 2, we can see that 
Parkinson’s disease was low (1.4%; n = 38) and hyperten-
sion was high (60%; n = 1,591) (Fig. 2).

Due to these factors, the co-occurrence of NCDs can 
be either less or more likely to occur. When comparing 
1-on-1 NCDs, the highest value observed was between 
obesity and HTA (34%) during baseline. For most of 
the combinations, the prevalence ranged between 1% 
and 5%, except for obesity and HTA, which concurred 
with other NCDs, such as DM and HTA (17%), obesity 
and HTA (15%), nervous diseases and HTA (11.2%) and 
HTA with other heart diseases (11%), arthritis (11%), and 
respiratory diseases (10%) (Supplementary Fig. 1).

Almost half of the population (43%) accumulated 3 or 
more NCDs. Cardiovascular (CVD) and ‘Mixt’ configu-
rations had the largest proportion of individuals with 3 
or more diseases (62% and 68%, respectively), followed 
by ‘Neuro-psychiatric’ (52%) and ‘Metabolic’ (13%) 
(Table 1).

Four NCD configurations were obtained after the EFA. 
Obesity, HTA and DM formed the ‘Metabolic’ configura-
tion; heart attack, other heart diseases and stroke formed 
the ‘CVD’ configuration; chronic pulmonary diseases, 
arthritis, osteoporosis, and cancer formed the ‘Mixt’ con-
figuration; and chronic nervous problems, depression, 
and Parkinson’s disease formed the ‘Neuro-psychiatric’ 
configuration.

Overall, high heterogeneity across cluster conforma-
tions was observed with the other techniques, but some 
patterns could be detected. Obesity, hypertension, and 
diabetes exhibit consistent patterns when comparing EFA 
with correspondence analysis, while obesity and hyper-
tension consistently emerge when comparing all tech-
niques. The optimal cluster quantity, regardless of the 
technique employed, was consistently identified as either 
three or four (Supplemental Table 2).

Frailty subjects showed a higher accumulation of NCDs 
compared to other phenotypes, constituting 57% of the 
observed cases. As the cumulative NCD count decreased 
to two or less, the phenotypes exhibited reduced frailty, 
as shown in Fig. 3.

Finally, we sought to assess the individual and com-
bined associations of MM, NCD configurations and 
frailty on early mortality. Overall, mortality rates were 
higher for individuals in the ‘CVD’ and ‘Mixt’ clusters 
and were higher with age. These rates increase substan-
tially in subjects from 85 years and older, where the esti-
mations stand out in individuals with at least 90 years old 
in the ‘Neuro-psychiatric’ and ‘No NCDs’ groups. Mor-
tality is higher when compared to those who have 2 or 
fewer NCDs, but these rates shift when looking at a spe-
cific cluster such as ‘CVD’. Mortality increases as frailty 
is reached. Within frailty phenotypes, those with frailty 
who had not reported any NCD had the highest rate 
(Table 2).

The Kaplan‒Meier analysis results indicate reduced 
survival time in frail subjects compared to individuals 
with a robust or pre-frail phenotype definition (Supple-
mental Figs.  3 and 5). Survival projections exhibit vari-
ability based on the profiles of NCD configurations. 
Among frail subjects, no differences were observed in 
survival time across various NCD configurations; how-
ever, the group with no reported NCD showed less sur-
vival time than any NCD configuration (Supplemental 
Fig.  3). Higher survival time is observed when assess-
ing mortality with disease accumulation as opposed to 
NCD configurations (Supplemental Figs.  3 and 4). No 
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significant differences were found in survival time when 
comparing individuals with 3 or more diseases to those 
with less than 3 diseases (Supplemental Fig. 4).

Table  3 shows 5 models, each adjusted by the same 
confounders (see description at the bottom of the table). 
Each of the models shows the role of distinct chronic 
NCD configurations in changing frailty risk estimates 
in the assessed population. The initial three models, 

presented in the left-to-right columns, depict the inde-
pendent effects of NCD configurations and frailty on 
mortality risk. Progressing to the right hand-side of the 
table, illustrate alterations in mortality risk estimates 
upon including multimorbidity based on NCD configura-
tions or disease accumulation alongside frailty

The ‘Cardiovascular’ and ‘Mixt’ NCD configura-
tions, having more than three NCDs, and the frailty 

Table 1 Overall description of population characteristics during baseline and by distinct disease clusters
n (% [n]) All* NCD configurations (n = 2,607)

No NCDs Neuro-Psychiatric Metabolic Cardiovascular Mixt
236 (9%)** 242 (9%)** 806 (31%)** 296 (11%)** 1,027 (39%)**

General characteristics
Age (N) 2,662 236 242 806 296 1,027
Years 76.5 (± 10.4) 76.2 (± 10.6) 74.8 (± 10.1) 74.3 (± 9.3) 78.4 (± 9.5) 77.2 (± 10.3)
p10 - p90 64–90 63–90 63–87 63–86 65–90 64–90
Sex
N 2,662 236 242 806 296 1,027
Male 1,217 (46%) 165 (70%) 93 (38%) 422 (52%) 155 (52%) 354 (35%)
Female 1,445 (54%) 71 (30%) 149 (62%) 384 (48%) 141 (48%) 673 (66%)
Marital status
N 2,653 233 241 805 295 1,026
No sentimental partner 1,350 (51%) 109 (47%) 123 (51%) 357 (44%) 154 (52%) 565 (55%)
Married 1,303 (49%) 124 (53%) 118 (49%) 448 (56%) 141 (48%) 461 (45%)
Education
N 2,662 236 242 806 296 1,027
Elementary - 2,315 (87%) 199 (84%) 212 (88%) 693 (86%) 266 (90%) 891 (87%)
Secondary + 347 (13%) 37 (16%) 30 (12%) 113 (14%) 30 (10%) 136 (13%)
Health characteristics
NCD Frequency
N 2,607 236 242 806 296 1,027
0 236 (9%) 100% - - - -
1 564 (22%) - 51 (21%) 383 (48%) 23 (8%) 107 (10%)
2 689 (26%) - 66 (27%) 315 (39%) 90 (30%) 218 (21%)
>= 3 1,118 (43%) - 125 (52%) 108 (13%) 183 (62%) 702 (68%)
C-reactive protein
N 2,463 199 228 758 267 960
< 10 mg/dl 2,128 (86%) 178 (89%) 206 (90%) 670 (88%) 236 (88%) 796 (83%)
>=10 mg/dl 335 (14%) 21 (11%) 22 (10%) 88 (12%) 31 (12%) 164 (17%)
Frailty characteristics
Frailty phenotype
N 2,658 234 241 806 296 1,026
Robust 423 (16%) 67 (29%) 29 (12%) 190 (24%) 34 (12%) 103 (10%)
Pre-frail 1,786 (67%) 151 (65%) 165 (69%) 531 (66%) 202 (68%) 698 (68%)
Frail 449 (17%) 16 (7%) 47 (20%) 85 (11%) 60 (20%) 225 (22%)
ADL scalea(N) 2,658 233 242 805 296 1,027
Basic disability
(0-100)

15.9 (± 26.9) 9.1 (± 23.0) 16.3 (± 28.0) 8.4 (± 17.8) 21.4 (± 31.3) 19.7 (± 28.7)

p10 - p90 0–62 0–25 0–62 0–18 0–78 0–78
Cognitive scaleb(N) 2,659 235 242 805 295 1,027
MMSE (0-100) 84.1 (± 12.8) 84.4 (± 13.2) 83.6 (± 12.4) 86.3 (± 11.8) 81.9 (± 13.1) 83.9 (± 13.0)
p10 - p90 64–96 65–96 64–96 68–96 63–96 64–96
* N = 2,662 (including losses to follow-up). **: Mean (± SD); n (%)

a: Activity of Daily Living standardized scores; b: Mini-Mental State Examination standardized scores
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phenotypes, are associated with an elevated mortality 
risk. However, only frailty phenotypes maintain their 
heightened risk and statistical significance even after the 
consideration of NCD configurations or disease accu-
mulation in the models. This observation suggests that 
frailty phenotypes may play a role in absorbing a portion 
of the risk when evaluating mortality in the population 
(Table 3).

In isolated models, ‘Cardiovascular’ and ‘Mixt’ NCD 
configurations displayed the highest hazards with statis-
tical significance (HR 1.65 [CI 1.07–2.57] and HR 1.49 
[CI 1.00–2.22], respectively), surpassing the risk associ-
ated with having three or more NCDs alone (HR 1.31 [CI 

1.09–1.58]). However, in subsequent models, all NCD 
configurations lost statistical significance, except for the 
‘Cardiovascular’ group, which achieved marginally statis-
tical significance. A similar pattern was observed for the 
group with more than three NCDs, where statistical sig-
nificance was attenuated but maintained (Table 3).

NCD configurations
Frailty is a strong risk factor for mortality, regardless of 
the presence of any multimorbidity configuration. For 
frailty phenotypes, the multimorbidity state does not 
add a significant impact in terms of mortality outcomes, 

Fig. 3 NCD’s accumulation by frailty phenotype (N = 2,603)

 

Fig. 2 Prevalence of Non-communicable diseases over the basal period (n = 2,662)
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whereas for the disease classifications, the frailty state is 
important for prognosis (Table 3).

Discussion
Multimorbidity and NCD configurations were related to 
frailty, and frailty was evidently related to mortality. When 
taking both multimorbidity and frailty as predictors of 

mortality, frailty was the dominant predictor, irrespective of 
multimorbidity or how NCD configurations were defined. 
In general, specific configurations, i.e. ‘cardiovascular’ and 
‘ mixt’ had a more distinct and higher risk related to mor-
tality than when adding up the number of diseases into an 
NCD frequency score.

Table 2 Description of the different all-cause mortality rates over categories of NCD configurations for multimorbidity
All No NCDs Neuro-Psychiatric Metabolic CVD Mixt

n 2,367 216 219 726 279 927
% (n) 9.1 9.3 30.7 11.8 39.2

Mortality rates *
Overall 71 59 63 44 99 81
Age (quinquennial)
60–64 years 14 - 25 5 27 24
65–69 years 25 - 24 17 33 41
70–74 years 40 47 44 24 88 34
75–79 years 47 36 29 42 53 55
80–84 years 89 83 102 63 111 96
85–89 years 118 61 108 109 154 126
≥ 90 years 292 395 387 235 237 287
Sex
Male 75 55 63 49 92 105
Female 67 68 63 38 107 70
Frailty phenotype
Robust 17 19 44 13 45 9
Pre-frail 65 58 46 45 100 77
Frail 135 258 147 111 131 136
Accumulation of NCDs
0–2 NCDs 64 59 77 45 119 83
≥ 3 NCDs 73 - 51 32 86 80
* Per 1,000 person-years; 566 deaths at the end of follow-up

Table 3 Comparison of frailty and multimorbidity definitions in predicting early mortality: Cox-Regression analyses for disease cluster 
configurations and frailty phenotypes with 5-Year all-cause mortality (N = 2,189)

NCD configuration 
only

NCD frequency only Frailty only NCD configuration + frailty NCD frequency + frailty

HR (95% CI) HR (95% CI) HR (95% CI) HR (95% CI) HR (95% CI)
NCD 
configurations
 No NCDs 1 - - 1 -
 Neuro-Psychiatric 1.30 (0.80–2.11) - - 1.23 (0.76–2.00) -
 Metabolic 1.22 (0.80–1.86) - - 1.22 (0.80–1.85) -
 Cardiovascular 1.65 (1.07–2.57) * - - 1.56 (1.00–2.42) † -
 Mixt 1.49 (1.00–2.22) † - - 1.42 (0.95–2.11) -
NCD Frequency
 0 to 2 NCDs - 1 - - 1
 ≥ 3 NCDs - 1.31 (1.09–1.58) ** - - 1.23 (1.02–1.49) *
Frailty Phenotype
 Robust - - 1 1 1
 Pre-frail - - 2.01 (1.29–3.14) ** 1.97 (1.26–3.08) ** 1.97 (1.26–3.08) **
 Frail - - 2.45 (1.53–3.93) *** 2.39 (1.48–3.84) *** 2.35 (1.46–3.79) ***
All models were adjusted by sex, age (continuous), civil status (with or without a sentimental partner/married) C-reactive protein (≥ 10  mg/dl), cognitive scale 
(normalized distribution), education level (≤ basic and ≥ secondary), basic functional disability (normalized distribution) and wealth level (≤ medium/low and 
≥ high).†P = 0.05; * P < 0.05; ** P < 0.01; *** P < 0.001
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Our study concurs with the findings of a systematic 
review that explored MM analysis using various cluster-
ing methods. In line with our study, the review revealed 
significant variability in MM patterns depending on the 
employed methodology. However, the authors of the review 
also emphasized that the inclusion of different disease types 
(acute, chronic, or ailments) and the chosen classification 
approach (categorical, nominal, or continuous) influenced 
the resulting patterns to some extent. Notably, the review 
identified three primary groups of MM: cardiovascular and 
metabolic diseases (such as angina, hypertension, choles-
terol, diabetes, edema, and gout); mental health problems 
(including anxiety, depression, and mood disorders); and 
allergy-related diseases (such as hay fever, sinusitis, and food 
allergies) [43].

Chronic diseases have far-reaching impacts across inter-
connected systems within the human body, surpassing the 
boundaries of individual systems. The clustering results 
obtained in this study provide a glimpse into the intricate 
interdependencies and impacts between diseases and sys-
tems. Consequently, relying solely on co-occurrence to 
assess a patient’s health may fail to capture the complete pic-
ture. Adopting comprehensive approaches that consider the 
dynamic interplay among diseases and systems is indispens-
able for gaining a more holistic understanding of patient 
health.

It was found that NCD frequency, NCD configurations 
and frailty phenotype are related to mortality risk, indicating 
that there may be a relationship between these two factors. 
Similar results to those shown in this research were found in 
another study conducted with a similar analysis and a larger 
dataset of 92,640 participants but with a different definition 
of frailty. The researchers determined up to 10 disease con-
figurations to assess for MM and found that the frailty index 
was an important predictor of mortality regardless of the 
disease clusters, particularly for those with endocrine, lung, 
or heart diseases [44].

Different results have been found in other studies, includ-
ing a cohort study of 7,197 older adults, which identified 
five different MM patterns with high variability in mortal-
ity between frailty states (phenotypes) [28]. The scientific 
evidence may suggest that regardless of the method used to 
define the frailty spectrum, MM may be related to promot-
ing changes in these states. A meta-analysis also revealed a 
bidirectional association between MM and frailty, with 72% 
(95% IC: 63–81%; I2 = 91.3%) of frail individuals having MM 
and 16% (95% IC: 12–21%; I2 = 96.5%) of multimorbid indi-
viduals being frail [29]. The results obtained from the pres-
ent analysis revealed that the mortality hazard ratios (HRs) 
and their statistical significance decreased when frailty phe-
notypes and MM or any NCD configuration were included 
together in the Cox model. However, the risk associated 
with the phenotypes remains relatively stable, regardless of 
the presence of any NCD type of grouping. Nevertheless, it 

is essential to acknowledge that these estimates might vary 
when enhancing the statistical power of the conformed 
groups.

Definition for MM based on adding diseases may not 
capture a spectrum of the damage inflicted by specific NCD 
combinations to the equilibrium in physiological systems 
[28]. Constant attacks diminish the response capacity, push-
ing each time more toward a state of fragility and to a con-
sequent collapse. However, certain combinations of chronic 
diseases may have an effect on hindering responses for 
recovery [11, 45]. An understanding of this would be very 
useful to take quick and precise actions before attaining a 
state of frailty or death. In the present analysis, only chronic 
diseases were included, which is relevant to the concept of 
resilience mechanisms [46]. This said, compensation mech-
anisms could reduce the reserves of system networks in the 
organism and lead to a state of fragility and consequently to 
death [29].

One important consideration is the potential influence of 
ongoing treatments on the development of MM and mor-
tality. In our analysis, receiving pharmacological treatment 
for each specific NCD when constructing the NCD configu-
rations was part of the definition of the disease. However, 
it is worth noting that subjects in the study may have also 
been undergoing a wide variety of alternative treatments, 
following special diets, or taking supplements that could 
potentially impact their health status, either through a pla-
cebo or a genuine therapeutic response. For future studies 
on multimorbidity, it could be informative to also take poly-
pharmacy into account.

Given the nature of the study, it possesses certain limi-
tations that should be considered when interpreting the 
results. First Given the unique life expectancy of this cohort, 
we cannot guarantee that mortality events will not occur 
shortly after the last assessment. However, this is less likely 
to have significantly impacted the results due to Costa Rica’s 
public health insurance system and the high-quality rating 
of healthcare, comparable to many developed countries.

The presence for chronic diseases, ADL disabilities, and 
frailty were constructed using self-report information, rely-
ing on self-reported definitions of NCDs and conditions 
without medical diagnoses during the survey, although self-
reporting a diseases assumes a prior diagnosis by a health 
professional.

Multimorbidity was defined in two distinct ways in this 
study: as configurations and as the accumulation of diseases. 
Although the proportion of people with two or more NCDs 
was highest, indicating the coexistence of morbidities in the 
configurations, a fraction of the population belonging to a 
NCD configuration has only 1 chronic disease.

Another aspect to take into consideration is that two of 
the criteria for determining frailty involve an adaptation 
based on the availability of information. While an exhaustive 
exploration of the data was conducted to mitigate potential 
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misclassification, it is essential to emphasize that further 
statistical validation is required. However, the selected vari-
ables are proxies closely aligned with what the model of 
phenotypes suggests including [38]. One limitation is the 
question used to assess low activity. It may overestimate 
the number of people with low activity as some classified as 
inactive may engage in strenuous activities once or twice a 
week.

Having considered the above, one advantage of this anal-
ysis is the use of a unique nationally representative cohort 
of Costa Rican older residents [47]. This group underwent 
comprehensive disease evaluations and detailed phenotyp-
ing. In addition to previous reports showing that the associ-
ation of frailty with mortality is stronger than the association 
of multimorbidity with mortality in highly developed coun-
tries [48–50], the current study confirms this findings in a 
LMIC with a very different cultural and socioeconomic 
context.

In this analysis, we utilized EFA and five other clustering 
techniques to uncover potential latent variables of multi-
morbidity. However, alternative statistical approaches, such 
as latent class analysis, may also be suitable for exploring 
possible latent variables. Additionally, in this analysis, mul-
timorbidity was determined at baseline, but we strongly rec-
ommend exploring multimorbidity trajectories to compare 
the obtained results.

Conclusions
Frailty accompanying multimorbidity emerges as a more 
crucial indicator of mortality risk than multimorbidity 
alone. Therefore, studying NCD configurations is worth-
while as they may offer improved risk profiles for mortality 
compared to merely using NCD frequency.
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