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Objectives: We assessed the impact of a recently reported nutritional quality improvement program (QIP) on healthcare
resource utilization and costs for older, community-living adults in Bogotá, Colombia.

Methods: The study included 618 community-dwelling, older adults (. 60 years) who were at risk or malnourished and
receiving outpatient clinical care. The intervention was a QIP that emphasized nutritional screening, dietary education,
lifestyle counseling, 60-day consumption of oral nutritional supplements, and 90-day follow-up. For economic modeling,
we performed 90-day budget impact and cost-effectiveness analyses from a Colombian third-party payer perspective. The
base-case analysis quantified mean healthcare resource use in the QIP study population. Analysis was based on mean
input values (deterministic) and distributions of input parameters (probabilistic). As the deterministic analysis provided a
simple point estimate, the cost-effectiveness analysis focused on the probabilistic results informed by 1000 iterations of a
Monte-Carlo simulation.

Results: Results showed that the total use of healthcare resources over 90 days was significantly reduced by . 40% (hospi-
talizations were reduced by approximately 80%, emergency department visits by . 60%, and outpatient clinical visits by
nearly 40%; P , .001). Based on economic modeling, total cost savings of $129740 or per-patient cost savings of $210 over 90
days could be attributed to the use of nutritional QIP strategies. Total cost savings equated to nearly twice the initial
investment for QIP intervention; that is, the per-dollar return on investment was $1.82.

Conclusions: For older adults living in the community in Colombia, the use of our nutritional QIP improved health outcomes
while lowering costs of healthcare and was thus cost-effective.

Keywords: community-living adults, health economics, nutrition, oral nutritional supplement, quality improvement program.
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Introduction

Among older adults living in communities worldwide, poor
nutritional status is distressingly common, and malnutrition risk is
increasingly recognized for its high toll on the health and well-
being of older people.1-4 In the older population, the prevalence
of malnutrition or its risk varies widely by location, age, and
chronic health conditions—a range reported as 1.3% to 47.8%.5

Overall, up to 1 in 3 community-dwelling older people may
have poor nutritional status, such as dietary protein-energy
shortfall or nutrient deficiencies.1,6-10 Malnutrition risk leads to
loss of muscle and bone mass; accordingly, poorly nourished older
people are at increased risk of falls and fractures, have mobility
limitations, and experience disabilities that lower their capacity
for independent living and even threaten survival.11-13

Among seniors with poor nutritional status, growing evidence
also shows high use of healthcare resources (eg, outpatient clinic
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care, hospitalizations, and emergency department [ED] visits) and
correspondingly high costs for such care.1,14,15 Numerous studies
have shown health and cost benefits of nutritional care for poorly
nourished patients who were hospitalized,16-22 but relatively few
have tested nutritional care strategies for older people living in the
community.23-25 If health and cost benefits of nutrition care are
confirmed and extended, healthcare providers have an enormous
opportunity to lessen the burden of care for older community-
living adults.12,26,27 Beyond cost, healthy aging with sustained
functionality and independence is important to older people.28-31

Despite the negative health concerns and excessive costs of
poor nutritional status among older people in the community,
public health strategies are not yet widely used to identify and
lessen such risk. Today’s health systems are designed to provide
episodic acute healthcare rather than to meet the more chal-
lenging needs of community-living older people with chronic
conditions.32 Moving forward, experts suggest that community-
d Outcomes Research. Published by Elsevier Inc. This is an open access article
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based health professionals can better support healthy aging by
increasing the awareness and use of nutrition screening tools,
prioritizing high-risk populations for screening, and following
screening with specific nutritional diagnoses and appropriate in-
terventions.29,33,34 To facilitate nutritional practice changes for
improved care, quality improvement programs (QIPs) can be
followed.35

Previous study results have shown that QIP-based changes can
be effectively applied to nutritional care in US hospitals to show
benefits such as reduced length of stay and lower likelihood of 30-
day readmissions.36-38 For older adults using home health services
or attending outpatient clinics in the United States, nutritional QIP
use decreased risk of hospitalization, ED visits and outpatient
clinic visits, thus yielding corresponding cost savings.23,39 In this
article, we report health economic impact of using a QIP that
guided nutritional care for older adults who were receiving
outpatient care in Bogotá, Colombia, and were identified to be
malnourished or at risk. This study aimed to assess effects of the
QIP on healthcare resource use (hospitalizations, ED visits, and
outpatient clinic visits), and we also performed an economic
analysis to demonstrate the nutritional QIP’s ability to generate
economic benefits reflected as cost savings and cost-effectiveness.
Although previous QIPs have demonstrated cost savings,37-39 no
other studies to date have investigated the cost-effectiveness of
nutrition-focused QIPs in a population of older, community-
dwelling adults.
Methods

Study Population and Design

The current study design was a real-world, observational QIP
conducted in Bogotá, Colombia; the population has been
described previously.40 The full Colombian study was compre-
hensive, including evaluation of the nutrition-related outcomes,40

along with measures of physical and cognitive function, affective
disorder status or psychological wellness, and quality of life.41

This study population included many individuals considered to
be “transitional,” that is, people with long-term conditions who
are recovering from acute disease or hospital stays; many require
additional homecare or assistance from caregivers.41 In this pop-
ulation, nutritional status becomes an important risk factor for
hospital readmissions, greater use of healthcare resources, disease
relapses, longer recovery times or incomplete recovery, and even
death.

Older patients (. 60 years) with malnutrition or its risk ac-
cording to the Mini Nutritional Assessment Short Form (MNA-SF)
tool (a score of 0-7 indicates malnourished and 8-11 indicates at
risk of malnutrition) were recruited at the outpatient clinical
setting of the Hospital Universitario San Ignacio, in Bogotá,
Colombia, between September 2019 and March 2020. A total of
618 patients completed the nutritional QIP, and full anthropo-
metric outcome data (calf circumference, weight, and body mass
index) were available for 565 patients (91.4%). Recruited in-
dividuals participated in a 60-day nutrition-focused QIP that
included follow-up through 90 days; the study was completed in
July 2020. Patients were excluded from participation if they had
advanced dementia (Global Deterioration Scale $ 6), delirium,
intolerance or allergy to oral nutritional supplements (ONS), or life
expectancy of , 90 days.

Study Ethics and Clinical Trials Registration

The study protocol was approved by the Ethics and Research
Committee of the Hospital Universitario San Ignacio, in Bogotá,
Colombia. Each participant (or the caregiver) signed the informed
consent form.

This study is registered in ClinicalTrials.gov under identifier
NCT04042987.

QIP Intervention

The multidimensional, nutrition-focused QIP consisted of (1)
nutritional screening at baseline study visit; (2) education of pa-
tients and caregivers about the importance of good nutrition and
physical exercise; (3) nutritional intervention, including dietary
counseling promoting optimization of food intake and provision of
ONS as standard formula (Ensure®, Abbott, USA) or diabetes-
specific formula (Glucerna®, Abbott, USA) (1 bottle per day for
60 days) according to patient’s dietary needs; and (4) follow-up to
reinforce education and compliance with the recommended
nutrition regimen throughout the QIP. Patients were followed up
to 90 days after QIP enrollment.

Statistical Analyses

We used descriptive analyses for sociodemographic and clin-
ical characteristics at baseline. We determined proportions for
categorical variables and calculated means 6 standard deviations
for quantitative variables. To assess statistical differences in health
outcomes and healthcare resource use comparing results before
and after QIP intervention, we used paired-sample t tests. Partic-
ipants with missing data in the variables of interest were excluded
from the analysis. The significance level was defined as a P value of
, .05. Statistical analyses were performed using STATA 14® (Sta-
taCorp LLC, College Station, TX, USA).

Economic Analysis: General Modeling Methodology

The economic model was developed to perform a budget
impact analysis (BIA) and a cost-effectiveness analysis (CEA) from
a Colombian third-party payer perspective. The model was based
on healthcare resource use and health outcomes informed by
previously reported clinical study findings.40 The model enabled
simulations for a 90-day base-case time horizon, according to the
observation period of the underlying study; therefore, no cost
discounting was applied.

The BIA enabled the simulation of the cost consequences of the
nutritional QIP intervention (after QIP) compared with baseline
(before QIP). The base-case analysis was performed with the mean
healthcare resource use observed in the study, and the potential
variation of the results was reflected by analysis based on the
upper and lower 95% confidence intervals. The CEA enabled the
simulation of cost-effectiveness using the health outcomes
described below. Analysis was based on the mean input values
(deterministic) and input parameter distributions (probabilistic).
As the deterministic analysis provided a simple point estimate, the
visual presentation of CEA results in this article focuses on the
probabilistic results informed by 1000 iterations of a Monte-Carlo
simulation. The incremental cost-effectiveness outcomes are
presented in the incremental cost-effectiveness plane on a per-
patient basis.

Health Outcomes Variables

According to a recently published systematic review of cost-
effectiveness studies on nutrition intervention in adults, most
studies used quality-adjusted life-years (QALYs) as the central
outcome.42 Therefore, we used QALYs as the primary cost-
effectiveness indicator. Furthermore, the model enabled CEA de-
terminations based on health outcome variables (adverse events
avoided as hospitalization, ED visits, and outpatient clinic visits)
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Table 1. Healthcare resource utilization before and after QIP.

Variable 30 days* 60 days* 90 days*

Pre-QIP
Mean (SD)

Post-QIP
Mean (SD) RRR

Pre-QIP
Mean (SD)

Post-QIP
Mean (SD) RRR

Pre-QIP
Mean (SD)

Post-QIP
Mean (SD) RRR

Overall healthcare resource use 1.39 (1.24) 0.57 (0.84)
59%

2.11 (1.82) 1.26 (1.36)
40.3%

2.6 (2.15) 1.48 (1.55)
43.1%

Hospitalizations 0.07 (0.27) 0.01 (0.15)
85.7%

0.14 (0.39) 0.03 (0.21)
78.6%

0.17 (0.45) 0.03 (0.22)
82.4%

ED visits 0.10 (0.32) 0.03 (0.20)
70%

0.22 (0.52) 0.09 (0.32)
59.1%

0.28 (0.6) 0.1 (0.33)
64.3%

Outpatient visits 1.25 (1.13) 0.56 (0.8)
55.2%

1.73 (1.51) 1.18 (1.25)
31.8%

2.16 (1.85) 1.35 (1.41)
37.5%

ED indicates emergency department; QIP, quality improvement program; SD, standard deviation; RRR, relative risk reduction.
*P , .001.
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and previously reported clinical changes (body weight, MNA-SF
scores, and calf circumference).40

Cost Calculations

All costs were calculated from the perspective of a third-party
payer, corresponding to costs generated for care in the Colombian
health system and reported in year 2019 US dollars. Categories of
costs included in the model were QIP implementation costs and
healthcare resource utilization costs.

QIP implementation costs (fixed and variables costs) were
estimated based on records of professional staff time for
completing QIP training and other QIP related tasks including
patient nutrition screening/assessment, patient education provi-
sion, delivery of ONS, follow-up calls, and follow-up data collec-
tion. The cost categories reported are similar to those reported for
other QIP studies.37-39 Hourly wage rates for staff positions (eg,
clinicians and administrative and research staff) were taken from
publicly available, Colombian wage statistics.43 Healthcare
resource utilization costs were estimated based on the costs
incurred from hospitalizations, ED visits, and outpatient visits
using multiple data sources outlined in Appendix Table 1 in
Supplemental Materials found at https://doi.org/10.1016/j.vhri.2
022.08.005.
Results

Patients who participated in the real-world study were older
(. 60 years), living in Bogotá communities, and attending Hospital
Table 2. Budget impact analysis results: cost savings based on redu

Variable

Hospitalization costs

Outpatient visit costs

ED visit costs

Total healthcare resource costs

Total QIP intervention cost

Savings for QIP population (N = 618)

Savings per patient

ED indicates emergency department; QIP, quality improvement program; USD, US do
Universitario San Ignacio (Bogotá, Colombia) outpatient clinics for
care. Participants were at a particular risk of poor nutrition
because of their older age. In addition, many were attending the
clinic for follow-up after hospitalization for an acute illness or
condition. Study participants were recruited after being identified
as malnourished or at risk of malnutrition when they underwent
nutritional screening via the MNA-SF. Such patients were enrolled
in the nutrition-focused QIP intervention, and a total of 618
completed the 90-day study. As reported previously, the partici-
pant population had a mean age of 74.1 6 8.7 years, an average of
2.6 comorbidities, and a high proportion of females (69.4%) and
were of medium socioeconomic status (76%).40

Healthcare Resource Use

Overall healthcare resource use was significantly reduced;
changes correspond to relative risk reductions of 59%, 40%, and
43%, respectively, at the timepoints of 30, 60, and 90 days (each at
P , .001) (Table 1). By specific healthcare resource (hospitaliza-
tions, ED visits, and outpatient visits), utilization was significantly
lowered across the 90-day study interval, that is, hospitalizations
by 82%, ED visits by 64%, and outpatient visits by 38% (P , .001 for
each) (Table 1).

BIA Results

QIP intervention resulted in cost savings for each category of
healthcare resource use, and the total savings related to the 618
patients included in the study were higher than the costs of the
QIP intervention (pre-QIP healthcare resource costs of $301980 vs
post-QIP costs of $100808). Consequently, the budget impact was
ced healthcare resource utilization (at 90 days).

Pre-QIP
Amount, USD

Post-QIP
Amount, USD

$222 282 $55571

$53359 $35844

$26302 $9394

$301 980 $100808

$0 $71431

$129 740

$210

llar.
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Table 3. CEA results: mean per-patient QIP CEA outcomes.

CE outcome Variables Pre-QIP Post-QIP Incremental

Cost per QALY gained Total costs $489 $279 2$210

Total effectiveness 0.1785 0.1865 0.008

Cost-effectiveness $2.739 $1.496 Dominated

Cost per adverse event avoided Total costs $489 $279 2$210

Total effectiveness 2.6 1.59 1.01

Cost-effectiveness $188 $175 Dominated

Cost per unit calf circumference (cm) gained Total costs $489 $279 2$210

Total effectiveness 30.29 32.01 1.72

Cost-effectiveness $16 $9 Dominated

Cost per unit body weight (kg) gained Total costs $489 $279 2$210

Total effectiveness 59.94 60.74 0.8

Cost-effectiveness $8 $5 Dominated

Cost per point improvement in nutritional status (MNA-SF score) Total costs $489 $279 2$210

Total effectiveness 9.3 11.42 2.12

Cost-effectiveness $53 $24 Dominated

CEA indicates cost-effectiveness analysis; CE, cost-effectiveness; MNA-SF, Mini Nutritional Assessment Short Form; QALY, quality-adjusted life-year; QIP, quality
improvement program.

ECONOMIC EVALUATION 73
reflected by total cost savings of $129740 or $210 per patient over
the 90-day study period (Table 2). Total cost savings equated to
nearly twice the initial investment for QIP intervention; that is,
the per-dollar return on investment was $1.82.

CEA Results

After the 90-day intervention program (Table 3), the scenario
post-QIP intervention dominated the scenario pre-QIP interven-
tion, which is shown by cost savings combined with a higher ef-
ficacy, for all effectiveness outcomes studied. Based on cost
savings in combination with improved health outcomes, the
nutritional QIP was notably a cost-effective treatment strategy.
The improvements in nutritional health measures, as described in
a companion Colombian QIP study report,40 are summarized in
Appendix Table 2 in Supplemental Materials found at https://doi.
org/10.1016/j.vhri.2022.08.005. These include significant im-
provements in MNA-SF score (nutritional status in an older per-
son), calf circumference (a proxy for leg muscle mass), body
weight, and body mass index, with postintervention improve-
ments at the level of P , .001.

To evaluate variability of results, probabilistic sensitivity ana-
lyses were performed and plotted in the incremental cost-
effectiveness coordinate plane (Fig. 1). Such scatterplots provide
density visualization; that is, darker areas represent a higher
concentration of outcomes in this range. Irrespective of the cost-
effective outcome, most cost-per-outcome results plotted in the
lower-right corner of the incremental cost-effectiveness plane,
indicating an incremental effectiveness gain accompanied by cost
savings. In case that not all results are located in the lower-right
corner, the probability of the QIP intervention being the domi-
nant option could be assessed by the number of results located in
the specific area of the coordinate plane. This is the case for the
cost-effectiveness outcomes QALYs gained, adverse events avoi-
ded, and calf circumference gained, with a related probability of
being the dominant option of 92.7%, 87.7% and 96.5%, respectively.
In case that all results are located in the lower-right corner, there
is a 100% probability that the QIP intervention is the dominant
option, as it is seen for the cost-effectiveness body weight gain
and nutritional status improvement.
Discussion

Taken together, the findings of our economic model showcased
how nutrition-focused care in community healthcare settings in
Colombia could yield health improvements at the patient level
along with considerable cost savings at the healthcare-system
level. Our model accounted for QIP costs incurred to train
healthcare professionals for nutrition-focused care for older adults
and to sustain such a program. Across the 90-day study timeline,
we found that the use of healthcare resources (hospitalizations, ED
visits, and outpatient clinic visits) was significantly reduced by .

40%. In particular, hospitalizations were significantly reduced by
approximately 80%, ED visits by more than 60%, and outpatient
clinical visits by nearly 40%. Our model estimated a per-patient
cost savings of $210 attributable to the nutritional QIP. In terms
of cost-effectiveness, we found that irrespective of the cost-
effectiveness outcome, the QIP intervention resulted in cost sav-
ings accompanied by a higher efficacy. Probabilistic sensitivity
analyses have shown that these results are robust for modeling
parameter-related uncertainties.

As seen in our current study in Colombia, previous studies have
also shown that QIP-based changes can be effectively applied to
nutrition care in clinical settings, including outpatient clinics,39,40

home health service programs,23 and hospital inpatients.36,38

Notably, such nutrition-focused QIP programs yielded marked
cost savings and were consistent with other studies that showed
nutrition interventions to be cost-effective.44-46

Evidence supporting economic benefits of improving the
quality of nutritional care is abundant and growing based on
studies across the continuum of care. A study in 3 US healthcare
outpatient clinics found that patients who participated in a
nutrition-focused QIP program (N = 600) had lower healthcare
resource utilization (hospitalizations, ED visits, and outpatient

https://doi.org/10.1016/j.vhri.2022.08.005
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Figure 1. CEA results: probabilistic QIP cost-effectiveness outcomes per patient.
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clinic visits), which was associated with per-patient cost savings of
$485 (compared with non-QIP controls).39 In a nutrition-focused
QIP conducted for older patients receiving home-healthcare,
hospitalization rates were reduced by approximately 20%, and
total cost savings from reduced 90-day healthcare resource utili-
zation were $1500 per patient treated.23 In a US multi-hospital
study by Sriram et al,38 30-day readmissions and lengths of hos-
pital stays were significantly lowered for at-risk and malnourished
inpatients by the use of medical record-cued nutrition screening,
prompt provision of ONS when needed, patient/caregiver
education on the importance of nutrition, and sustained nutrition
support; such reductions in the use of hospital resources were
associated with savings of almost $4000 per patient.21 In a ran-
domized trial involving older patients in UK nursing homes, the
use of ONS for patients with malnutrition or its risk was cost-
effective compared with dietary advice alone.47 Another study of
168 community-dwelling older adults used a 12-week intensive
support program that included consultations with dietitians along
with resistance exercise guided by physiotherapists.48 Results
showed improvements in Short Physical Performance Battery
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scores, and the intervention met the criteria for being
cost-effective.48 Altogether, these findings indicate that nutrition-
focused QIPs are feasible across the continuum of care and provide
a rationale for merging patient care and financial modeling to
make the delivery of value-based medicine possible in malnour-
ished or at-risk patient populations.

Older people who are not well nourished are at increased risk
of infections, falls and fractures, mobility limitations, and other
physical and mental disabilities that lower their capacity for in-
dependent living—in turn increasing the risk of frailty, lowering
quality of life, and negatively affecting survival.11-13,49-51 Main-
taining quality of life with functional independence is important
to older adults,31 so health policy and decision makers, along with
healthcare professionals, are now called upon to harness the po-
tential of maintaining nutritional health and preventing or
delaying the onset of archetypal age-related diseases and the
frailty condition.29 Such strategies are also a way to achieve
affordable healthcare for older people in Colombia. Working
together, public health and healthcare professionals can help
extend the years people live in good health,52 as highlighted in the
World Health Organization’s Decade of Healthy Aging 2020 to
2030 proposal.53

In terms of health and the overall population, Colombia and
other Latin American countries are experiencing growth in the
proportion of older people. In Colombia, the proportion of people
older than 60 years old is expected to increase from 10% to 20% by
2050. Therefore, it is important for health policy makers in
Colombia to build a healthcare system that promotes healthy ag-
ing.54 A strength of Colombian healthcare is that it covers more
than 95% of the population. For 2022, Colombia was 35th of nearly
100 ranked systems around the world.55 In perspective, Australia
ranked 6th, Germany 17th, Canada 23rd, the United States 30th,
Uruguay 39th, and Brazil 63rd.55 For such rankings, healthcare
quality was determined by many factors—the care process (pre-
ventative care, safe care, coordinated care, and patient engage-
ment), access (affordability and timeliness), administrative
efficiency, equity, and healthcare outcomes (population health,
mortality responsive to healthcare, and disease-specific health
outcomes).55

Strengths and Limitations of This Study

This is a first-of-its-kind study assessing the impact of a
nutrition-focused QIP on cost-effectiveness for at-risk and
malnourished patients receiving care in Colombian outpatient
clinics. By using a real-world study design, we were able to assess
endpoints that supported the development of a BIA and CEA. As
such, our study findings provided evidence supporting both health
and economic benefits of improving nutritional care via QIP for
older adults living in the community.

The study has several limitations. It used an observational QIP
methodology, so the study had limitations inherent to trials that
are not randomized controlled trial designs. Second, the results of
this study may not be generalizable to all outpatient populations
in Colombia or other. Third, administrative institution-level and
patient survey data were mainly used to confirm healthcare
resource utilization, so it is possible that healthcare visits outside
of the institution or its network were not fully captured. Finally,
we used a time horizon of 90 days. A recent study conducted
among community-dwelling adults in Singapore demonstrated
that the positive impact of a nutritional intervention could be
sustained over 180 days.56 It is unclear how long the positive ef-
fects of a nutritional QIP could be sustained in our population, so
we invite longer-term nutritional QIP investigations on health
outcomes and healthcare resource use.
To confirm and extend our findings on health and cost benefits
of nutrition-focused care for older, community-living adults in
Colombia, we propose the use of prospective randomized study
designs among patients who are attending outpatient clinics or
are receiving care in home health-assistance programs. With
randomized assignment to treatments, such studies could be used
to assess designated health and cost benefits of (1) dietary food
counseling, (2) physical exercise, and (3) provision of ONS, with
study treatments used singly or in combination.
Conclusions

For older, community-living adults, nutritional care—screening
for malnutrition risk, provision of nutrition education and inter-
vention when needed, and follow-up—can improve nutritional
outcomes while lowering costs of healthcare. Results showed
overall use of healthcare resources (hospitalizations, ED visits, and
outpatient clinic visits) was significantly reduced by more than
40% equating to a total savings of $210 per patient over 90-day
period. Total cost savings equated to nearly twice the initial in-
vestment for QIP intervention; that is, the per-dollar return on
investment was $1.82.

For cost-effectiveness, the post-QIP nutritional intervention
was favored over pre-QIP care, with differences expressed as cost
savings combined with a higher efficacy. Such findings underscore
the opportunities for implementing nutritional care programs to
lessen the increasing burden of costs for healthcare in the aging
population of Colombia and worldwide.
Supplemental Material

Supplementary data associated with this article can be found
in the online version at https://doi.org/10.1016/j.vhri.2022.08.005.
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