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Louis University, St. Louis, MO, United States, *College of Social Work & Criminal Justice, Florida
Atlantic University, Boca Raton, FL, United States

Approximately one in two older adults in the U.S. experiences multimorbidity,
defined as the coexistence of two or more chronic diseases. The consequences
of multimorbidity are significant, including increased vulnerability to acute illness,
exacerbation of existing conditions, frequent hospitalizations, and elevated
medical costs. Identifying the risk factors for multimorbidity in advance can guide
healthcare service decision-making and help prevent adverse outcomes. This
study examines the presence of multimorbidity (i.e., self-reported as having five
or more illnesses) and specific geriatric syndromes in older adults with the Rapid
Geriatric Assessment (RGA) tool. The RGA, which includes four geriatric syndromes:
frailty, sarcopenia, geriatric anorexia, and cognitive decline, was administered to
a total of 16,615 individuals aged 65 years and over across Missouri from 2015
to 2024. Nearly 40% of the participants (37.3%) reported having five or more
illnesses. After controlling for demographic characteristics, logistic regression
analysis showed that individuals with sarcopenia were over three times more likely
to have multimorbidity compared to those without sarcopenia (OR = 3.807; ClI:
3.488-4.156, p < 0.001). Similarly, the presence of geriatric anorexia and dementia
was significantly associated with a 33% (OR = 1.329; ClI: 1.224-1.443, p < 0.001)
and 27% (OR = 1.273; Cl: 1.158-1401, p < 0.001) higher probability of having
multimorbidity, respectively. This cross-sectional study provides evidence that
the RGA is a valid screening tool for identifying individuals with multimorbidity
across different practice settings. The findings underscore the importance of
early detection of geriatric syndromes to prevent further morbidity and disability
among older adult populations.

KEYWORDS

geriatric syndromes, multimorbidity, older adults, rapid geriatric assessment (RGA),
risk assessment

Introduction

Many older adults (65+) in the United States (U. S.) often experience multimorbidity,
defined as the coexistence of two or more chronic diseases. The prevalence of multimorbidity
significantly increased from 45.7% in 1988 to 59.6% in 2013-2014 (1). Recent data show that
this prevalence among adults aged 50 and older is 63.8 and 91.8% for adults aged 65 and older
in the U. S. (2). Systematic reviews report that the prevalence of multimorbidity among older
adults varies significantly across studies, ranging from 4.8 to 93.1%, depending on study
design, population, and operational definitions used to assess multimorbidity (3, 4). Despite
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these variations, the overall trend of increasing multimorbidity
associated with aging indicates the extensive impact and burden of
multimorbidity with significant implications for healthcare needs (1).
Older adults with multimorbidity are at heightened risk for acute
illnesses, which can lead to further deterioration of their health and
exacerbate existing conditions (5, 6). They also experience frequent
hospitalizations and medical visits, leading to increased healthcare
utilization and costs.

The increased prevalence of multimorbidity among older adults
is a growing concern globally. Using 126 peer-reviewed studies
including 15.4 million individuals across 54 countries, a recent
systemic review and meta-analysis reported an overall prevalence of
multimorbidity of 37.2% with regional estimates ranging from 35% in
Asia to 45.7% in South America (7). More than half of aging
population had multimorbidity (51.0%). Studies from specific
countries (e.g., India, Hong-Kong, Portugal, Brazil) also highlighted
the rising prevalence of multimorbidity among older adults (8-12).
However, a number of cross-sectional studies have found that
multimorbidity affects not only older adults but also a significant
proportion of younger adults. For example, recent cohort studies in
Spain, China, and the UK showed that younger adults, aged 18-65,
experienced significant multimorbidity, with distinct patterns
emerging early in adulthood (13, 14).

The overall aims of the United Nations Sustainable Development
Goals (SDGs) are to achieve global health by providing a framework
through multi-sectoral collaborations. Particularly, SDG 3 highlights
the importance of ensuring healthy lives and promoting well-being for
all, at all ages (15, 16), which aligns with addressing the challenges of
multimorbidity in aging populations. Identifying the risk of
multimorbidity at early life stage and its effective management directly
contributes to promoting healthy aging by addressing the complex
health needs of older adults. Thus, addressing the risk of
multimorbidity through risk assessment supports global health
priorities and the development of sustainable healthcare systems in
geriatric care (16, 17).

Certain risk factors can increase the prevalence of multimorbidity
among older adults. Age is consistently identified as one of the
primary risk factors, with older populations experiencing a
significantly higher incidence of multimorbidity. As individuals age,
the likelihood of developing multiple chronic conditions rises sharply,
a trend observed in numerous studies (18, 19). Socioeconomic status
further contributes to the prevalence of multimorbidity. Research has
shown that individuals living in areas of deprivation or those with
lower household incomes or low-skilled occupations are at a higher
risk of developing multiple chronic conditions (18-22). These
individuals often experience barriers to accessing healthcare systems
and resources or information for health-promoting, which may limit
their ability to manage chronic conditions effectively.

Previous research demonstrated a significant overlap between
geriatric syndromes and multimorbidity in older adults, with their
prevalence rising steadily with age (23). These overlapping conditions
are linked to increased healthcare utilization, such as more frequent
hospital admissions and longer hospital stays, as well as adverse health
outcomes, including functional decline, reduced quality of life, and
heightened mortality risks (23, 24).

Comorbidity indices, such as the Charlson Comorbidity Index
and Elixhauser Comorbidity Index (25-28), are widely used to
quantify the burden of multiple chronic conditions. These indices have
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been associated with various geriatric syndromes, including frailty,
polypharmacy, and functional decline, which are critical markers of
vulnerability in older adults (29). Despite their utility, these indices
may not fully capture the multi-faceted nature of geriatric syndromes,
which often involve a broader range of factors like cognitive
impairment, mobility limitations, and certain social determinants of
health. This gap highlights the need for more comprehensive
assessment tools tailored to geriatric populations, tools that can better
account for the complexity of multimorbidity and its interaction with
geriatric syndromes (29, 30).

Multimorbidity, encompassing both chronic diseases and geriatric
syndromes, has been identified as a strong predictor of discharge
challenges in older patients admitted to acute care hospitals. Older
adults with multiple chronic conditions often face difficulties in
transitioning from hospital care to home or other care settings, which
complicates recovery and increases the likelihood of readmission (31).
This challenge further emphasizes the need for holistic and integrated
care approaches that consider the full scope of multimorbidity and
geriatric syndromes to improve overall outcomes in older adults.
Additionally, implementing a brief screening tool in regular wellness
visits for older adults would help fill this gap. As such, this project
utilized geriatric syndromes from the Rapid Geriatric Assessment
(RGA) tool to assess its association with multimorbidity.

Methods
Rapid geriatric assessment

The Rapid Geriatric Assessment (RGA) was developed through
initiatives on the Geriatric Workforce Enhancement Project (GWEP)
as a brief screening tool to identify geriatric syndromes with four areas
(frailty, sarcopenia, geriatric anorexia, and cognitive decline) (32-36).
The RGA is comprised of the four separate, validated tools that
collectively assess these syndromes (33, 35, 37-39). Administration
takes approximately 5 min to complete all four measures. Due to its
fair use, convenience, and user-friendly features, the RGA has been
implemented to assess geriatric syndrome for over 18,000 individuals
in various healthcare settings over the last 10 years.

Sample and settings

We administered RGA screenings to individuals from July 2015
to June 2024. The RGA screening was conducted at 19 sites across a
Midwestern state in the U.S. The sites include five types of locations:
(1) acute care hospitals such as urban hospitals and emergency
departments, a Veterans Administration Medical Center, and two
rural critical access hospitals, (2) physicians’ offices in rural, suburban,
and urban areas, (3) screening events occurring through community-
based aging service organizations or agencies, health fairs, and
educational events, (4) post-acute and long-term care settings, including
skilled care facilities, and (5) community programs, such as a Program
for All-Inclusive Care for the Elderly (PACE) (36, 40). More than
18,000 individuals were screened over the last 10 years and a total of
16,615 individuals who were 65 years and older were included in this
study. Although the screenings were conducted over a 10-year period,
no identifiers were collected. As a result, we were unable to track
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participants over time. Given this limitation, this study is based on a
cross-sectional design, and any potential repeated assessments were
treated as independent observations.

Measures

Measures used in this study include participants personal
characteristics and four geriatric syndrome measures from the RGA.

Personal characteristics

Participant’s variables included age, sex, race, and ethnicity. Age
was categorized into three groups: 65-74, 75-84, and 85+. For sex,
females were scored as 1. Race includes three categories: White/
Caucasian, Black/African American, and Other. Ethnicity was asked
whether a participant was Hispanic/Latino (=1) or non-Hispanic/
Latino (=0).

Multimorbidity

To assess frailty, the RGA includes five questions on fatigue (i.e.,
whether you are fatigued), resistance (i.e., whether you can walk up
one flight of stairs), aerobic capacity (i.e., whether you can walk one
block), illnesses (i.e., whether you have more than five illnesses), and
loss of weight (i.e., whether you have lost more than 5% of your weight
in the last 6 months). In this study, multimorbidity was defined as
having more than 5 illnesses using one question on illness from the
frailty (33, 35).

Sarcopenia

Sarcopenia was assessed using five items on the loss of muscle:
muscle strength, assistance in walking, rising from a chair, climbing a
flight of stairs, and overall falls within the past year. Participants were
asked about the level of difficulty when they performed four tasks, as
well as the number of falls they had. Responses were scored on a scale
of 0 (None), 1 (Some; 1-3 falls), and 2 (A lot or unable; 4 or more
falls). The total score ranged from 0 to 10, with a total score of 4 or
higher indicating sarcopenia (33, 37).

Geriatric anorexia

Geriatric anorexia was assessed using four simplified nutritional
assessment questions. These questions asked about participant’s
appetite, food tastes, feeling full when they eat, and the frequency of
daily meals. Responses were scored on a scale from 1 to 5, where “1”
indicated the poorest condition (e.g., very poor appetite, very bad food
tastes, feeling full after only a few mouthfuls or eating fewer than one
meal per day), and “5” indicated the best condition (e.g., very good
appetite, very good food tastes, hardly ever feeling full, or eating more
than three meals per day). The total score ranged from 4 to 20, with a
score of 14 or below indicating a significant risk of at least 5% weight
loss within 6 months (33, 39).

Cognitive decline

Cognitive decline was assessed using three items to screen for
cognition and recall. Participants were asked to recall five objects (e.g.,
apple, pen, tie, house, car) after answering the subsequent question on
a clock drawing. One point was scored for remembering each object
correctly. The clock-drawing task was scored out of four points, with
two points each for correctly indicating the time and hour. An
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additional point was given for correctly answering a story-based
memory question. The total score ranged from 0 to 10, with scores of
“8” or higher indicating normal cognitive function, “6 to 7” indicating
mild cognitive impairment, and “5” or below indicating dementia
(33, 38).

Statistical analysis

We conducted descriptive statistics to analyze participant’s
demographic characteristics and RGA measures. Specifically,
we reported means and standard deviations for continuous variables
and percentages within each category for nominal variable in the final
analytic sample. T-tests and Chi-square tests were used to compare
variability in RGA measures. A blockwise logistic regression model
was performed to examine the factors associated with having
5 + illnesses. In the first model, participant’s characteristics (i.e., age
group, sex, race, ethnicity) were included. Screening locations were
added to Model 2. In Model 3, three measures from the RGA (i.e.,
sarcopenia, geriatric anorexia, and cognitive decline) were added. All
analyses were done using IBM SPSS Statistics version 29.0. An IRB
exemption was obtained for the RGA screening data, which was
collected as anonymous data.

Results
Participant characteristics

Table 1 presents participant’s characteristics overall and by
multimorbidity status. Overall, participants aged from 65 to 74 years old
were 38.5, 36.1% for 75 to 84 years, and 25.4% for 85 years and older. A
significantly higher proportion of participants aged over 85 years and
older (28.8%) was observed in the group of having 5 + illnesses
()* = 118.08, p < 0.001) compared to the group of having fewer than 5
illnesses (23.4%). Most participants were female (64.4%) and White/
Caucasian (75.9%), while the group of having 5 + illnesses had a slightly
higher proportion of female (65.5%) (x> =5.78, p < 0.05) and Black/
African American participants (20.9%) (x> = 8.61, p < 0.05). Less than
1% were Hispanic. The screening location for the RGA was significantly
associated with multimorbidity status (> = 920.85, p < 0.001). The RGA
was screened in acute care settings the most (44.3%) and followed by
outpatient clinics (27.1%) in the group having 5 + illnesses while
outpatient clinics (41.7%) were the most frequent location followed by
acute care settings (36.4%) in the group having fewer than 5 illnesses.
All four measures of the RGA were significantly different by
multimorbidity status. Participants having 5 + illnesses had higher
scores in frailty (f = 96.18, p < 0.001), sarcopenia (¢ = 46.59, p < 0.001),
geriatric anorexia (f=21.24, p < 0.001), and cognitive impairment
status (= 17.47, p < 0.001) than those having fewer than 5 illnesses.

Correlates of multimorbidity status

Table 2 shows the results from the blockwise logistic regression. The
mid-old age group (75-84 years) was significantly more likely to report
having 5 + illnesses (OR = 1.200, 95% CI = 1.090-1.320, p < 0.001),
whereas the old-old age group (85 + years) was less likely to do so
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TABLE 1 Comparison of participant characteristics by multimorbidity status (5 + Illnesses vs. Fewer than 5 Illnesses).

Characteristics

Having 5 + illnesses

Not having 5 + illnesses

N (%) N (%)

Age group***

65-74 1,931 (33.2%) 4,074 (41.6%) 6,005 (38.5%)

75-84 2,211 (38.0%) 3,426 (35.0%) 5,637 (36.1%)

85+ 1,678 (28.8%) 2,296 (23.4%) 3,974 (25.4%)
Sex*

Male 1,993 (34.4%) 3,530 (36.3%) 5,523 (35.6%)

Female 3,802 (65.6%) 6,194 (63.7%) 9,996 (64.4%)
Race*

White/Caucasian 4,340 (74.6%) 7,508 (76.6%) 11,848 (75.9%)

Black/African American 1,218 (20.9%)

1,877 (19.2%) 3,095 (19.8%)

Other or not reported 262 (4.5%) 411 (4.2%) 673 (4.3%)
Hispanic 43 (0.8%) 87 (0.9%) 130 (0.9%)
Screening location***

Acute care settings 2,580 (44.3%) 3,570 (36.4%) 6,150 (39.4%)

Nursing homes 675 (11.6%)

184 (1.9%) 859 (5.5%)

Outpatient clinics 1,578 (27.1%)

4,084 (41.7%) 5,662 (36.3%)

(SNAQ)##*

Screening 902 (15.5%) 1,832 (18.7%) 2,734 (17.5%)

PACE 85 (1.5%) 126 (1.3%) 211 (5.5%)
Frailty*** 2.71 (£1.19) 0.91 (£1.09) 1.58 (£1.42)
Rapid Cognitive Screen (RCS)*** 6.45 (+£3.08) 7.35 (+£2.67) 6.98 (+2.89)
SARC-F for Sarcopenia*** 4.40 (£3.09) 2.20 (£2.65) 3.06 (+£3.03)
Simplified Nutritional Appetite Questionnaire 14.13 (+£2.69) 15.04 (+2.44) 14.69 (+2.57)

N =16,615. Total N varies due to missing cases; *p < 0.05, **¥p < 0.001; PACE: Programs of All-Inclusive Care for the Elderly.

(OR =0.892, 95% CI =0.798-0.997, p = 0.044). Female participants
were less likely to report having 5 + illnesses compared to male
participants (OR =0.913, 95% CI = 0.838-0.995, p = 0.037). Black/
African American participants were significantly more likely to report
having 5 + illnesses compared to White/Caucasians (OR = 1.270, 95%
CI = 1.145-1.409, p < 0.001). The odds of having 5 + illnesses were also
higher for screenings administered at nursing homes (OR = 3.040, 95%
CI =2.498-3.699, p < 0.001) and lower at physician offices (OR = 0.545,
95% CI = 0.498-0.598, p < 0.001), community screening (OR = 0.505,
95% CI=0.446-0.571, p<0.001), and PACE (OR=0.670, 95%
CI =0.458-0.979, p =0.039), compared to being screened in acute
care settings.

Cognitive status, sarcopenia, and geriatric anorexia were also
significantly associated with the odds of having 5 + illnesses.
Participants having sarcopenia were more than three times as likely to
report having 5+ illnesses (OR =3.480, 95% CI=3.180-3.807,
P <0.001) than those without sarcopenia. Compared to participants
with normal cognitive status, those having mild cognitive impairment
(MCI) (OR = 1.113, 95% CI = 1.000-1.237, p = 0.049) and dementia
(OR =1.128, 95% CI =1.022-1.245, p =0.017) were significantly
more likely to report having 5 + illnesses. Lastly, participants who
were at risk of weight loss were more likely to report having
5 + illnesses (OR = 1.355, 95% CI = 1.246-1.474, p < 0.001) than those
without the risk of weight loss.

Frontiers in Public Health

Discussion

Around half of the older adult population in the U. S. struggles with
managing multiple chronic conditions, having two or more chronic
illnesses simultaneously. As previously introduced, the impact of
multimorbidity is significant, including increased vulnerability to
sudden illnesses, worsening of pre-existing conditions, frequent hospital
stays, and high healthcare costs (5, 6). Early identification of the risk
factors associated with multimorbidity can help healthcare planning
and potentially prevent adverse health outcomes (19). Using a brief
geriatric syndrome assessment across different practice settings in a
Midwestern state, this study provides evidence that the RGA is a valid
screening tool that is associated with the presence of multimorbidity in
older adults. The higher odds of having 5 + illnesses were significantly
associated with the prevalence of sarcopenia, geriatric anorexia, and
neurocognitive disorders after adjusting demographic characteristics.

This study is unique in using a screening tool administered over
10 years to detect geriatric issues. The RGA was developed in 2015 to
identify treatable geriatric syndromes, which would help clinicians’ early
detection of certain conditions and help improve patient-centered care
(35, 36). We found significant associations among the prevalence of
sarcopenia, geriatric anorexia, neurocognitive disorders, and having five
or more illnesses, which extend previous findings from data examining
the RGA from 2015 to 2019 (36). The results emphasize the importance
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Having 5 + illness

OR (95% Cl)

Age group

65-74 (reference group) -

75-84 1.200 (1.090-1.320) <0.001

85+ 0.892 (0.798-0.997) 0.044
Female (vs. male) 0.913 (0.838-0.995) 0.037
Race

White/Caucasian (reference group) -

Black/African American 1.270 (1.145-1.409) <0.001

Other or not reported 0.956 (0.750-1.219) 0.716
Hispanic (vs. no Hispanic) 0.766 (0.493-1.190) 0.236
Screening location

Acute care settings -

Nursing homes 3.040 (2.498-3.699) <0.001

Outpatient clinics 0.545 (0.498-0.598) <0.001

Screening 0.505 (0.446-0.571) <0.001

Programs of All-Inclusive Care for the Elderly (PACE) 0.670 (0.458-0.979) 0.039
Rapid cognitive screen (RCS)

Normal (reference group) -

Mild cognitive impairment (MCI) 1.113 (1.000-1.237) 0.049

Dementia 1.128 (1.022-1.245) 0.017
SARC-F for sarcopenia

No sarcopenia (reference group)

Sarcopenia 3.480 (3.180-3.807) <0.001
Simplified nutritional appetite questionnaire (SNAQ)

No risk of weight loss (reference group) -

Risk of weight loss 1.355 (1.246-1.474) <0.001

N=12,035.

of routinely identifying geriatric syndromes in clinical practice and
highlight the benefit of the RGA not only as an effective brief screener
but also a significant predictor of potential geriatric conditions that need
more in-depth follow-up in geriatric patient care.

A key takeaway from this study is that we identified demographic
characteristics associated with a higher likelihood of reporting
multimorbidity. Participants in the mid-old age group (74-84 years),
males, Black/African Americans, and those residing in nursing homes
had significantly greater odds of having 5 + illnesses compared to other
groups. In other words, compared to the groups aged 65 to 74, the
mid-old group (74-84 years) showed 20% more likely to report having
multiple chronic conditions, whereas the oldest-old group (85 + years)
had 10.8% lower odds. Further, females had 8.7% lower odds of
reporting multimorbidity than males. The survivor effect may explain
these significant findings: women and those who aged 85 years and
older might have been in better physical condition than men and those
who died earlier, respectively (41). Moreover, cumulative disadvantage
related to healthcare access resulting from social and structural forces
may explain why Black/African Americans showed 27% higher odds of
having multimorbidity than White/Caucasians. Highlighting the need
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to improve access to geriatric care for vulnerable patient populations
and reduce disparities in providing better care, these findings call for
targeted community-based programs, culturally tailored interventions
and expanded geriatric services in high-risk settings. Early and ongoing
assessment of common geriatric syndromes has important implications
for both practice interventions and policy development. While
identifying the presence of the four common geriatric syndromes (i.e.,
sarcopenia, geriatric anorexia, frailty, and cognitive decline) included in
the RGA does not ensure reversal, cure, or delayed disease progression,
early detection would provide opportunities for ethical and effective
responses. For those syndromes that will continue to progress (e.g.,
dementia), early assessment would enable the person experiencing
cognitive impairment to be actively engaged in planning for their future.
As a secondary preventive strategy, the RGA can enable older adults,
their caregivers, and the healthcare team to implement pharmacologic
to delay disease progression and non-pharmacologic interventions to
modify lifestyle and improve quality of life.

Lastly, the findings underscore the value of early diagnosis and
treatment of age-related issues in geriatric patient care across
diverse practical settings. The RGA is an effective and efficient tool
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not only for screening common geriatric syndromes, which often
go overlooked or under-assessed, but also for identifying and
developing care plans for older adults experiencing multimorbidity.
Because administering the RGA does not require clinical training,
incorporating it into routine appointments with older patients can
be effective, given the short period of time needed to administer
the screening. Furthermore, this brief screening tool can be easily
integrated into practice and electronic healthcare records (EHR),
which can also strengthen the interprofessional healthcare team,
as the tool can be completed and shared with the various disciplines
comprising the interprofessional team for monitoring older
patients’ risk factors or indicators of higher healthcare use. As the
geriatric syndromes included in the RGA are often under-assessed,
thus missing opportunities for treatment or intervention, it is
critical for providers of all disciplines to be aware of and trained to
competently administer such screening tools, particularly in light
of the findings of this study related to identification of
multimorbidity. Moreover, utilizing information embedded in
EHR would serve as a basis for active geriatric care and contribute
to the recognition of an age-friendly healthcare system. Early
assessment and intervention can have significant implications for
healthcare costs and system-level planning. Preventing or
managing chronic conditions in their early stages has the potential
cost-savings when compared to treatment at a later stage. For
example, medical annual wellness visits have been associated with
a 5.7% reduction in total healthcare costs (42), and primary care-
adapted comprehensive geriatric assessment is cost-effective (43).
In alignment with the goals of the Medicare Annual Wellness Visit,
healthcare organizations and insurers could adopt the RGA as a
standardized protocol to identify at-risk older adults, guide
preventive care, and inform equitable resource allocation.

While the RGA is a useful and convenient tool for assessing
multimorbidity in geriatric patients, some limitations should
be considered. First, we assessed multimorbidity based on a single self-
reported item from the RGA, asking whether participants had more than
five illnesses. Incorporating clinical data such as medical diagnoses (e.g.,
ICD-10 codes) would provide a comprehensive estimation of disease
burden by enhancing the accuracy and validity of the multimorbidity
assessment. Second, the RGA screening tool does not cover all risk factors
practitioners should be mindful of when evaluating geriatric patients.
Including other assessment measures to examine behavioral risk factors
(e.g., physical activity, smoking) and mental health (e.g., depression,
anxiety) would provide a more comprehensive understanding of a
patients complex needs. While the RGA can provide considerable
information related to multimorbidity and risk factors, it is a screening
tool rather than a diagnostic tool and should be interpreted accordingly.
Furthermore, the dataset collected over a 10-year period did not include
participant identifiers for participants, which prevented us from tracking
individuals over time. A longitudinal design would allow for follow-up
assessments to examine the progress of geriatric syndromes and the
development of multimorbidity. Moreover, future longitudinal studies
would contribute to establishing causal directions between geriatric
syndromes and multimorbidity. Additional limitations include that the
data was collected from one geographic area, Missouri, which is
overwhelmingly composed of White participants. While older Black/
African American adults represent nearly a fifth of this sample, it lacks
representation from other races and ethnicities. Environmental factors
play a significant role in one’s health (44, 45), and Missouri is primarily a
rural, Midwestern state with four larger urban cities (St. Louis, Kansas
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City, Springfield, and Columbia). This study did not include patient’s
educational level or household income, which are important determinants
of multimorbidity. A recent cross-sectional study across 33 countries
found that individuals with lower levels of education and income had
higher odds of experiencing multimorbidity (46). To address these social
inequalities in multimorbidity, future research should incorporate
education and income levels, which will provide evidence that can inform
health policies. Such evidence would support implementing resource
redistribution and targeting health resources and interventions for less
advantaged patient populations. Finally, the nursing home sample is very
small, which suggests findings for this population are not generalizable.
Future research is needed to understand multimorbidity among this
segment of the aging population.

In addition to conducting further research with geriatric patients in
post-acute and long-term care settings, which was a relatively
underrepresented group in this study, more examination should
be conducted about the return on investment for organizations or
practitioners using valid, efficient geriatric assessment tools. For example,
studies should examine whether the early identification and treatment of
common geriatric syndromes reduce hospitalizations, length of stay and
placement, and healthcare costs. There is also a need to establish best
practices for transforming current geriatric assessment methods into
more evidence-based, age-friendly strategies. Policies and resources at the
national level are needed to support age-related assessments and the
management of multimorbidity. As an example, the new CMS Final Rule
mandates that acute care organizations incorporate the Age-Friendly
Health Systems (AFHS) 4Ms framework into the workflow for inpatient
care, representing a step in the right direction. The RGA could be a
valuable tool adopted throughout systems to promote consistency in
measuring older adults’ physical and cognitive health.

Conclusion

Overall, the RGA is a valid and efficient screening tool for
identifying individuals with high levels of multimorbidity across
different practice settings. Future research should explore whether it
can also identify those at risk of developing multimorbidity. Older
adults with sarcopenia, geriatric anorexia, and cognitive decline were
significantly more likely to have five or more chronic conditions.
Integrating the RGA into routine care may help identify older adults
with high levels of multimorbidity and inform care planning, which
ultimately contributes to global health priorities by promoting healthy
aging. With the growing number of older adults experiencing
increased chronic and life-threatening conditions, detecting these
health issues earlier for this population is critical in the coming years.

Data availability statement

The original contributions presented in the study are included in
the article/supplementary material, further inquiries can be directed
to the corresponding author/s.

Author contributions

JC: Writing - original draft, Writing - review & editing. AG:
Writing - original draft, Writing - review & editing. MZ:

frontiersin.org


https://doi.org/10.3389/fpubh.2025.1600779
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org

Choetal.

Writing - original draft, Writing — review & editing. WW: Data
curation, Writing - review & editing. EN: Writing - review & editing.
AS: Writing - review & editing. MB-W: Writing - review & editing.

Funding

The author(s) declare that financial support was received for the
research and/or publication of this article. This project is supported by
the Health Resources and Services Administration (HRSA) of the
U.S. Department of Health and Human Services (HHS) under grant
number U1Q53678 Geriatrics Workforce Enhancement Program for
$1,000,000. This information or content and conclusions are those of
the author and should not be construed as the official position or
policy of, nor should any endorsements be inferred by HRSA, HHS,
or the U.S. Government.

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.

References

1. King DE, Xiang J, Pilkerton CS. Multimorbidity trends in United States adults,
1988-2014. | Am Board  Fam Med. (2018) 31:503-13. doi:
10.3122/jabfm.2018.04.180008

2. Lee JE, Haynes E, DeSanto-Madeya S, Kim YM. Social determinants of health and
multimorbidity among adults 50 years and older in the United States. Nurs Res. (2024)
73:126-37. doi: 10.1097/nnr.0000000000000708

3. Griffith LE, Gruneir A, Fisher KA, Nicholson K, Panjwani D, Patterson C, et al.
Key factors to consider when measuring multimorbidity: results from an expert
panel and online survey. J Comorb. (2018) 8:2235042X18795306. doi:
10.1177/2235042X18795306

4. Nicholson K, Liu W, Fitzpatrick D, Hardacre KA, Roberts S, Salerno J, et al.
Prevalence of multimorbidity and polypharmacy among adults and older adults: a
systematic  review. Lancet Healthy —Longevity. (2024) 5:287-96. doi:
10.1016/S2666-7568(24)00007-2

5. Marengoni A, Fratiglioni L, Onder G. Improving public awareness of
multimorbidity. ]  Am  Med Dir Assoc. (2017) 18:372-3. doi:
10.1016/j.jamda.2017.01.010

6. Wastesson JW, Morin L, Tan ECK, Johnell K. An update on the clinical
consequences of polypharmacy in older adults: a narrative review. Expert Opin Drug Saf.
(2018) 17:1185-96. doi: 10.1080/14740338.2018.1546841

7. Chowdhury SR, Chandra Das D, Sunna TC, Beyene J, Hossain A. Global and
regional prevalence of multimorbidity in the adult population in community settings: a
systematic review and meta-analysis. EClinicalMedicine. (2023) 57:101860. doi:
10.1016/j.eclinm.2023.101860

8. Dolui M, Sarkar S, Hossain M, Manna H. Demographic and socioeconomic
correlates of multimorbidity due to non-communicable diseases among adult men in
India: evidence from the nationally representative survey (NFHS-5). Clin Epidemiol
Global Health. (2023) 23:101376. doi: 10.1016/j.cegh.2023.101376

9. Hong SN, Lai FTT, Wang B, Choi EPH, Wong ICK, Lam CLK, et al. Age-specific
multimorbidity patterns and burden on all-cause mortality and public direct medical
expenditure: a retrospective cohort study. J Epidemiol Glob Health. (2024) 14:1077-88.
doi: 10.1007/544197-024-00256-y

10. Kumar M, Kumari N, Chanda S, Dwivedi LK. Multimorbidity combinations and
their association with functional disabilities among Indian older adults: evidence from
longitudinal ageing study in India (LASI). BMJ Open. (2023) 13:€062554. doi:
10.1136/bmjopen-2022-062554

11. Prazeres E. Nationwide study on multimorbidity prevalence: 7.64 million primary
healthcare users in Portugal with multiple chronic conditions. Public Health. (2025)
240:18-20. doi: 10.1016/j.puhe.2025.01.005

12. Teixeira SC, Flores TR, Xavier MO, Nunes BP, Tomasi E, Bertoldi AD, et al.
Trajectory of multiple chronic conditions and associated factors among

Frontiers in Public Health

10.3389/fpubh.2025.1600779

The author(s) declared that they were an editorial board member
of Frontiers, at the time of submission. This had no impact on the peer
review process and the final decision.

Generative Al statement

The authors declare that Gen Al was used in the creation of this
manuscript. This manuscript was edited for grammar and readability
using a generative Al tool. The Al-assisted revisions focused on
improving clarity, coherence, and conciseness while preserving the
original meaning of the text. All intellectual contributions, analyses,
and interpretations remain the sole work of the authors.

Publisher’'s note

All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or claim
that may be made by its manufacturer, is not guaranteed or endorsed
by the publisher.

noninstitutionalized adults aged 60 years or older in southern Brazil. Prev Chronic Dis.
(2024) 21:E91. doi: 10.5888/pcd21.240082

13.Bao Y, Lu P, Wang M, Zhang X, Song A, Gu X, et al. Exploring multimorbidity
profiles in middle-aged inpatients: a network-based comparative study of China and the
United Kingdom. BMC Med. (2023) 21:495. doi: 10.1186/s12916-023-03204-y

14. Toakeim-Skoufa I, Gonzalez-Rubio F, Aza-Pascual-Salcedo M, Laguna-Berna C,
Poblador-Plou B, Vicente-Romero J, et al. Multimorbidity patterns and trajectories in
young and middle-aged adults: a large-scale population-based cohort study. Front Public
Health. (2024) 12:1349723. doi: 10.3389/fpubh.2024.1349723

15. Kerry VB, Rosa W, Rosa W, Beck D-M, Rosa W, Shaw HK, et al. A new era in
global health: nursing and the United Nations 2030 agenda for sustainable development.
Ist ed. Springer Publishing Company (2017).

16. United Nations (2018) The sustainable development agenda. Available online at:
https://www.un.org/sustainabledevelopment/development-agenda-retired/

17. Ferrando MR, Proietti E, Demontis M, Montecucco F, Pisciotta L. Sustainable
development goals: a call for future internal medicine. Intern Emerg Med. (2025). doi:
10.1007/s11739-025-03941-3

18. Shakoori IS, Aslam F, Ashraf G, Akram H. Understanding chronic disease risk
factors and multimorbidity. Int ] Community Med Public Health. (2020) 7:1990-3. doi:
10.18203/2394-6040.ijcmph20201556

19. Tazzeo C, Zucchelli A, Vetrano DL, Demurtas J, Smith L, Schoene D, et al. Risk
factors for multimorbidity in adulthood: a systematic review. Ageing Res Rev. New York,
NY: Springer (2023) 91:102039. doi: 10.1016/j.arr.2023.102039

20. Ashworth M, Durbaba S, Whitney D, Crompton J, Wright M, Dodhia H. Journey
to multimorbidity: longitudinal analysis exploring cardiovascular risk factors and
sociodemographic determinants in an urban setting. BMJ Open. (2019) 9:¢031649. doi:
10.1136/bmjopen-2019-031649

21. Katikireddi SV, Skivington K, Leyland AH, Hunt K, Mercer SW. The contribution
of risk factors to socioeconomic inequalities in multimorbidity across the lifecourse: a
longitudinal analysis of the Twenty-07 cohort. BMC Med. (2017) 15:152. doi:
10.1186/512916-017-0913-6

22.Low LL, Kwan YH, Ko MSM, Yeam CT, Lee VSY, Tan WB, et al. Epidemiologic
characteristics of multimorbidity and sociodemographic factors associated with
multimorbidity in a rapidly aging Asian country. JAMA Netw Open. (2019)
2:€1915245-5. doi: 10.1001/jamanetworkopen.2019.15245

23. Cheung JTK, Yu R, Wu Z, Wong SYS, Woo J. Geriatric syndromes, multimorbidity,
and disability overlap and increase healthcare use among older Chinese. BMC Geriatr.
(2018) 18:147. doi: 10.1186/s12877-018-0840-1

24.Benraad CEM, Oude Voshaar RC, Melis RJE, Olde Rikkert MGM, Spijker J.
Geriatric syndromes, multimorbidity and geriatric psychiatry; an integrated perspective.
Tijdschr Psychiatr. (2022) 64:450-6.

frontiersin.org


https://doi.org/10.3389/fpubh.2025.1600779
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org
https://doi.org/10.3122/jabfm.2018.04.180008
https://doi.org/10.1097/nnr.0000000000000708
https://doi.org/10.1177/2235042X18795306
https://doi.org/10.1016/S2666-7568(24)00007-2
https://doi.org/10.1016/j.jamda.2017.01.010
https://doi.org/10.1080/14740338.2018.1546841
https://doi.org/10.1016/j.eclinm.2023.101860
https://doi.org/10.1016/j.cegh.2023.101376
https://doi.org/10.1007/s44197-024-00256-y
https://doi.org/10.1136/bmjopen-2022-062554
https://doi.org/10.1016/j.puhe.2025.01.005
https://doi.org/10.5888/pcd21.240082
https://doi.org/10.1186/s12916-023-03204-y
https://doi.org/10.3389/fpubh.2024.1349723
https://www.un.org/sustainabledevelopment/development-agenda-retired/
https://doi.org/10.1007/s11739-025-03941-3
https://doi.org/10.18203/2394-6040.ijcmph20201556
https://doi.org/10.1016/j.arr.2023.102039
https://doi.org/10.1136/bmjopen-2019-031649
https://doi.org/10.1186/s12916-017-0913-6
https://doi.org/10.1001/jamanetworkopen.2019.15245
https://doi.org/10.1186/s12877-018-0840-1

Choetal.

25. Charlson M, Peterson JC. Medical comorbidity and late life depression: what is
known and what are the unmet needs? Biol Psychiatry. (2002) 52:226-35. doi:
10.1016/s0006-3223(02)01422-1

26. Charlson ME, Pompei P, Ales KL, MacKenzie CR. A new method of classifying
prognostic comorbidity in longitudinal studies: development and validation. J Chronic
Dis. (1987) 40:373-83. doi: 10.1016/0021-9681(87)90171-8

27. Elixhauser A, Steiner C, Harris DR, Coffey RM. Comorbidity measures for use with
administrative data. Med Care. (1998) 36:8-27. doi: 10.1097/00005650-199801000-00004

28. Quan HD, Sundararajan V, Halfon P, Fong A, Burnand B, Luthi JC, et al. Coding
algorithms for defining comorbidities in ICD-9-CM and ICD-10 administrative data.
Med Care. (2005) 43:1130-9. doi: 10.1097/01.mlr.0000182534.19832.83

29. Canaslan K, Ates Bulut E, Kocyigit SE, Aydin AE, Isik AT. Predictivity of the
comorbidity indices for geriatric syndromes. BMC Geriatr. (2022) 22:440. doi:
10.1186/s12877-022-03066-8

30. Kojima T, Mizokami F, Akishita M. Geriatric management of older patients with
multimorbidity. Geriatr Gerontol Int. (2020) 20:1105-11. doi: 10.1111/ggi.14065

31. Berthelsen C, Moller N, Bunkenborg G. Transitional care model for older adults
with multiple chronic conditions: an evaluation of benefits utilising an umbrella review.
J Clin Nurs. (2024) 33:481-96. doi: 10.1111/jocn.16913

32. Little MO, Morley JE. Healthcare for older adults in North America: challenges,
successes and opportunities. Age Ageing. (2022) 51:1-6. doi: 10.1093/ageing/afac216

33. Morley JE, Adams EV. Rapid geriatric assessment. ] Am Med Dir Assoc. (2015)
16:808-12. doi: 10.1016/j.jamda.2015.08.004

34. Morley JE, Little MO, Berg-Weger M. Rapid geriatric assessment: a tool for primary
care physicians. ] Am Med Dir Assoc. (2017) 18:195-9. doi: 10.1016/j.jamda.2016.11.017

35. Morley JE, Malmstrom TK, Miller DK. A simple frailty questionnaire (FRAIL)
predicts outcomes in middle aged African Americans. ] Nutr Health Aging. (2012)
16:601-8. doi: 10.1007/s12603-012-0084-2

36. Sanford AM, Morley JE, Berg-Weger M, Lundy J, Little MO, Leonard K, et al. High
prevalence of geriatric syndromes in older adults. PLoS One. (2020) 15:0233857. doi:
10.1371/journal.pone.0233857

Frontiers in Public Health

08

10.3389/fpubh.2025.1600779

37. Malmstrom TK, Morley JE. SARC-F: a simple questionnaire to rapidly diagnose
sarcopenia. ] Am Med Dir Assoc. (2013) 14:531-2. doi: 10.1016/j.jamda.2013.05.018

38. Malmstrom TK, Voss VB, Cruz-Oliver DM, Cummings-Vaughn LA, Tumosa N,
Grossberg GT, et al. The rapid cognitive screen (RCS): a point-of-care screening for
dementia and mild cognitive impairment. ] Nutr Health Aging. (2015) 19:741-4. doi:
10.1007/s12603-015-0564-2

39. Wilson M-MG, Thomas DR, Rubenstein LZ, Chibnall JT, Anderson S, Baxi A, et al.
Appetite assessment: simple appetite questionnaire predicts weight loss in community-
dwelling adults and nursing home residents2. Am J Clin Nutr. (2005) 82:1074-81. doi:
10.1093/ajcn/82.5.1074

40. Lach HW, Berg-Weger M, Washington S, Malmstrom TK, Morley JE. Falls across
health care settings: findings from a geriatric screening program. J Appl Gerontol. (2023)
42:67-75. doi: 10.1177/07334648221124912

41. ChoJ, Allore H, Rahimighazikalayeh G, Vaughn I. Multimorbidity patterns, hospital
uses and mortality by race and ethnicity among oldest-old patients. J Racial Ethn Health
Disparities. (2024) 12:919-928. doi: 10.1007/s40615-024-01929-x

42. Beckman AL, Becerra AZ, Marcus A, DuBard CA, Lynch K, Maxson E, et al.
Medicare annual wellness visit association with healthcare quality and costs. Am ] Manag
Care. (2019) 25:¢76-82.

43. Nord M, Lyth J, Marcusson J, Alwin J. Cost-effectiveness of comprehensive geriatric
assessment adapted to primary care. ] Am Med Dir Assoc. (2022) 23:2003-9. doi:
10.1016/j.jamda.2022.04.007 (Accessed June 10, 2025)

44, Rahman M, White EM, Mills C, Thomas KS, Jutkowitz E. Rural-urban differences in
diagnostic incidence and prevalence of Alzheimer's disease and related dementias.
Alzheimers Dement. (2021) 17:1213-30. doi: 10.1002/alz.12285

45. Zahnd WE, James AS, Jenkins WD, Izadi SR, Fogleman AJ, Steward DE, et al. Rural-
urban differences in cancer incidence and trends in the United States. Cancer Epidemiol
Biomarkers Prev. (2018) 27:1265-74. doi: 10.1158/1055-9965.EPI-17-0430

46.NiY, Zhou Y, Kivimiki M, Cai Y, Carrillo-Larco RM, Xu X, et al. Socioeconomic
inequalities in physical, psychological, and cognitive multimorbidity in middle-aged and
older adults in 33 countries: a cross-sectional study. Lancet Healthy Longevity. (2023)
4:¢618-28. doi: 10.1016/S2666-7568(23)00195-2

frontiersin.org


https://doi.org/10.3389/fpubh.2025.1600779
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org
https://doi.org/10.1016/s0006-3223(02)01422-1
https://doi.org/10.1016/0021-9681(87)90171-8
https://doi.org/10.1097/00005650-199801000-00004
https://doi.org/10.1097/01.mlr.0000182534.19832.83
https://doi.org/10.1186/s12877-022-03066-8
https://doi.org/10.1111/ggi.14065
https://doi.org/10.1111/jocn.16913
https://doi.org/10.1093/ageing/afac216
https://doi.org/10.1016/j.jamda.2015.08.004
https://doi.org/10.1016/j.jamda.2016.11.017
https://doi.org/10.1007/s12603-012-0084-2
https://doi.org/10.1371/journal.pone.0233857
https://doi.org/10.1016/j.jamda.2013.05.018
https://doi.org/10.1007/s12603-015-0564-2
https://doi.org/10.1093/ajcn/82.5.1074
https://doi.org/10.1177/07334648221124912
https://doi.org/10.1007/s40615-024-01929-x
https://doi.org/10.1016/j.jamda.2022.04.007
https://doi.org/10.1002/alz.12285
https://doi.org/10.1158/1055-9965.EPI-17-0430
https://doi.org/10.1016/S2666-7568(23)00195-2

	Identifying multimorbidity risks in older adults: a cross-sectional study using the RGA screening data
	Introduction
	Methods
	Rapid geriatric assessment
	Sample and settings
	Measures
	Personal characteristics
	Multimorbidity
	Sarcopenia
	Geriatric anorexia
	Cognitive decline
	Statistical analysis

	Results
	Participant characteristics
	Correlates of multimorbidity status

	Discussion
	Conclusion

	References

