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. Noncommunicable diseases (NCDs)
are a growing global problem affecting
health systems.

. The research reveals a notable gap
in the scientific literature related to the
heterogeneous definition of indirect costs.
Understanding the relationship between
individuals dealing with chronic illnesses
and bringing an integrated perspective
on economic and public health decisions
is essential, as is implementing strategies
across various levels of prevention.

Background: Chronic non-communicable diseases (NCDs)
are a major public health challenge, representing the leading
cause of disability and premature mortality worldwide. Beyond
direct medical expenses, NCDs generate substantial indirect
costs through productivity losses and reduced workforce
participation. This study aims to identify the indirect costs
reported in scientific literature on NCDs in the economically
active population between 2012 and 2022.

Methods: A systematic literature review covering 2012 to
2025 was conducted in PubMed/MEDLINE, PubMed Central
(PMC), Embase, Web of Science, and Scopus. Only primary
studies in English or Spanish were included, and independent
reviews were conducted by two authors.

Results: Of 1980 identified articles, 42 met the inclusion criteria.
Indirect costs were mainly represented by productivity losses
(absenteeism and presenteeism) and disease burden measured
with Disability-Adjusted Life Years (DALYs). The highest
volume of research focused on ischemic heart disease, stroke,
and chronic obstructive pulmonary disease.

Conclusion: Evidence on indirect costs of NCDs remains
limited despite their significant economic and social impact.
These conditions reduce both the quality and availability of the
workforce and generate high indirect costs. Addressing these
challenges requires strategies across all levels of prevention,
not only within healthcare systems but also in workplaces, to
mitigate the economic burden of NCDs on the economically
active population.
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Introduction

Health systems have been forced to restructure their priorities
due to the rapid epidemiological transition, demographic
changes resulting from population aging, and the marked decline
in disease burden. This situation has shown the importance of
non-communicable diseases (NCDs) within the Sustainable
Development Goals (SDGs) framework, which has posed a
substantial challenge for the health sector.™*

NCDs remain a public health problem. Among the top ten
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causes of death worldwide, seven are NCDs:
ischemic heart disease (IHD), stroke, chronic
obstructive pulmonary disease (COPD), lung,
bronchus, and trachea cancer, Alzheimer’s and
other dementias, diabetes, and kidney diseases.
They make up seven out of the top ten causes of
death worldwide, accounting for 71% of the 56.9
million deaths in 2016. Handling NCDs globally
comes with many challenges, from ensuring
everyone is included in healthcare to dealing
with differences between rural and urban areas
and gender disparities.®

An estimated 17.0 million (57%) of the 29.8
million deaths occurred in people under 70
years of age (premature mortality), far from the
target set out in the SDGs in target 3.4, which
is to reduce mortality by one-third. Compared
to 2015 levels, it will only be achieved in 35
countries (19%) for women and 30 countries
(16%) for men, provided that these countries
maintain or exceed their rate of decline in NCD
mortality from 2010 to 2016.6

Globally, preventable premature mortality
from NCDs for both sexes decreased -1.3% per
year, from 12,855 years in 1990 to 9,008 years
in 2017. However, the slowdown in its decline is
worrying. Only the Pacific and Western European
regions and 25 countries (most high-income
countries) are on track to achieve the SDG target
of 3.4 (below —2.22%) in 2010 and 2017.":8

GivenNCDs’ pivotalimpactand consequences
amidst demographic shifts, increased investment
in research and diverse preventive strategies is
imperative. This involves economic assessments
for informed decision-making, emphasizing a
comprehensive approach. Decision-makers
must consider perspectives beyond payers,
encompassing patients and society. Aligning with
WHO recommendations, implementing cost-
effective interventions is crucial for reducing the
gap in universal health coverage and prioritizing
vulnerable populations.®"

Scientific production concerning economic
evaluations of the financial costs over time has
focused on analyzing direct expenses.”” The
Burden of Disease studies conducted by The
Institute for Health Metrics and subsequent
studies largely account for indirect costs. As
a result of the population changes mentioned
above, NCDs reduce the quality and quantity of the
labor force in the economically active population,
contributing to impoverishment and increasing
disparities in access to health, as households
with NCDs experience a significantly higher risk
of catastrophic expenditures, especially in low- to
middle-income countries.5 % 14

Considering the above, it is believed that
there is a gap in the literature about the other
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costs unrelated to medical care, such as lost
productivity, which includes absenteeism and
presenteeism, income loss, and costs related
to caregivers, among others. Additionally, there
has yet to be a consensus on the definition of
indirect cost, and to date, no review considers
the barriers mentioned above. Consequently,
this research identifies the indirect costs
included in the scientific evidence of chronic
non-communicable diseases in the economically
active population from 2012-2022.

Materials and Methods

The procedural framework  for  this
comprehensive review was documented in
the International Prospective Registry of
Systematic Reviews (PROSPERO, CRD
42023362203). The findings were subsequently
articulated under the Preferred Reporting
Elements for Systematic Reviews and Meta-
Analyses (PRISMA) guidelines. The PECOT
question included the following components:
economically active population (15-64 years),
exposure to the seven NCDs included in the
top 10 causes of mortality globally (IHD, stroke,
chronic obstructive pulmonary disease, lung,
bronchus, and trachea cancer, Alzheimer’s and
other dementias, diabetes, and kidney disease).
The established result was indirect costs (costs
of the condition unrelated to medical care) and
temporality between 1/01/2012 — 30/06/2025.
The precise keywords used as the foundation
for the systematic literature review are explicitly
listed in table 1 of the Supplementary material.
We carried out an initial exploratory
investigation to determine suitable search terms
and the probable availability of relevant studies.
The research team discussed and approved the
list of words, then were reviewed by one of the
authors (L.H.R.), a library science professional
who conducted a structured literature search in
PubMed/ MEDLINE, PubMed Central (PMC),
Embase, Scopus, and Web of Science (WoS).
We included studies on economically active
populations, economic evaluations with indirect
costs, observational and burden-of-disease
studies, systematic reviews, and selected
noncommunicable diseases. The language of the
articles was English and Spanish. In this review,
we did notinclude gray literature. This decision was
prespecified to maintain a consistent appraisal of
peer-reviewed evidence. Narrative reviews, letters,
conference proceedings, qualitative studies,
and predictive modeling studies were excluded.
Search strategy is specifically detailed in table 1
of the Supplementary material. The search terms
were customized for each database included.
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Table 1: Study Characteristics

ID Author/ year Country Publication Perspective EE NCD Indirect cost
1 Adeniji and Nigeria Cross- Caregiver/ NA CVD Caregiver: loss of work/
colleagues, 2021% sectional Patient productivity/income

Person: number of days absent
from work multiplied by the
patient’s earnings per day

2 Aoun and Lebanon Cross- Social NA CKD Productivity losses or
colleagues, sectional opportunity costs due to
2022% morbidity

3 Banerjeeand India Prospective  Patient NA Stroke DALYS
colleagues, 2013% cohort

4 Catala-Lépez and Spain Cross- Patient NA Stroke DALYS
colleagues, 2015% sectional

5 Chenand China Cross- Patient NA Stroke DALYS
colleagues, 20133 sectional

6 Dierick and Spain Cross- Patient NA COPD Absenteeism
colleagues, 2021% sectional

7 Dray-Spira and France Cohort Patient NA Diabetes  Absenteeism (days)
colleagues, 20134°

8 Endo and Japan Cohort Patient NA Stroke Return to work
colleagues, 2016%

9 Fayet-Moore and  Australia Economic Patient COl CVD, Productivity cost savings from
colleagues, 2018% evaluation diabetes fibre intake

10 Fernandez de Spain Cross- Patient NA CVvD DALYS
Larrea-Baz and sectional
colleagues, 20154

11 Finkelstein and GCC Economic Patient/Social COI CHD, Absenteeism, presenteeism,
colleagues, 202143 evaluation stroke, and productivity costs

T2DB

12 Ford and United Economic Societal/ Costof COPD Absenteeism
colleagues, 2015*" States evaluation Patient illness

13 Frederix and Belgium Economic Patient/Social Cost- Acute Costs related to productivity
colleagues, 20184 evaluation benefit coronary losses due to premature

analysis syndrome mortality

14 Geelhoed- Austria, Cross- Patient/Social Costof T1DB, 1. Meantime loss in working
Duijvestijn and Denmark, sectional illness T2DB time after a NSHE
colleagues, 2013% Finland, 2. Mean time spent doing

Netherlands, something about the NSHE

Norway, 3. Mean time to function at the

Sweden, and usual level

Switzerland 4. Unable to complete work
tasks in a timely manner

15 Geénova-Maleras  Spain Cross- Patient/Social NA all DALYS
and colleagues, sectional diseases
2012

15 Grisales-Romero Colombia Cross- Patient/Social NA Dementia, DALYs
and colleagues, sectional Alzheimer
20204 descriptive

16 Guariguata and Namibia Cross- Patient NA Diabetes  Incidence rate ratio of sick days
colleagues, 20124 sectional (IRR)

17 Henriques and Portugal Burden Patient NA IHD DALYs
colleagues, 20174 disease

18 Igbal and Pakistan Cohort Patient/ NA COPD Absenteeism
colleagues, caregiver Patient / Caregivers (income
2020%° lost)

19 Jiang and United Cross- Patient/Social NA all DALYs
colleagues, 2012%  States sectional diseases

20 Kimura and Japan Cross- Patient/Social NA CAD, Absenteeism
colleagues, sectional stroke Presenteeism
2020% analytic

21 Cicin and Turkey Economic Patient/ COl Lung Value of lost productivity due to
colleagues, 2012% evaluation caregivers cancer time spent in the hospital

23 Malinowski and Poland Economic Patient/Social Costof T1DB Absenteeism
colleagues, 2015% evaluation illness

24 Maredza and South Africa Cross- Patient NA Stroke DALYS
colleagues, 2015% sectional
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ID Author/ year Country Publication Perspective EE NCD Indirect cost
25 Marthias and Indonesia Cross- Patient/Social NA NCD (>2 productivity outcomes by the
colleagues, 2021% sectional diseases) number of NCDs
analytic
26 Martinez Betancur Colombia Cross- Patient/Social NA Stroke DALYS
0, 2016%* sectional
27 McGrath and United Cross- Patient/Social NA Diabetes, DALYS
colleagues, 2019% States sectional COPD,
myocardial
infarction
28 Mori and Japan Cross- Patient NA Diabetes  presenteeism
colleagues, 2021%° sectional
29 Najafi and Iran Economic Patient/Social Costof NCD: Years of potential productive
colleagues, 2016 evaluation illness myocardial life lost (YPPLL)
infarction,
cerebral
vascular
diseases
30 Nexg and Denmark Retrospective Patient NA T1DB, Absenteeism
colleagues, cohort T2DB
2020%¢
31 Ngeugoue and Cameroon Economic Patient/Social COI CKD Income loss
colleagues, evaluation
20205
32 Nhung and Vietnam Cross- Patient/Social NA NCD DALYS
colleagues, 20148 sectional
33 Paalanen and Finland Burden Patient/Social NA IHD, DALYS
colleagues, disease COPD
2020%°
34 Ramachandran India Economic Patient COl CKD Income lost
and colleagues, evaluation
20133
35 Rizk and Lebanon Economic Patient/ COl CKD Costs to patient and family:
colleagues, 2016°° evaluation Caregivers informal care, productivity
losses
36 Ronne-Engstrom  Sweden Cohort Patient/Social NA Stroke Absenteeism, DP
and colleagues,
2012%
37 Souliotis and Greece Economic Patient/ COl COPD Cost of work loss days, Cost of
colleagues, 2017° evaluation Caregiver nonpaid caregivers’ time
38 Sudharsanan N, India Cross- Patient/Social NA Stroke DALYS
201932 sectional
39 Valsa Jose and India Cross- Patient/Social NA CKD Income lost
colleagues, sectional
2022%
40 Voss and Sweden Cross- Patient/Social NA CHD Absenteeism
colleagues, 2012% sectional
analytic
41 Vuong and United Sates Cross- Patient/Social NA Diabetes, Absenteeism, loss income
colleagues, 2015 sectional COPD,
stroke
42 Zaghloul and United Cross- Patient/Social NA Diabetes  Presenteeism
colleagues, 20185 Kingdom sectional

CHD: Coronary heart disease; COI: Cost of illness; COPD: Chronic pulmonary disease; DALY: Disability-adjusted life years;
CVD: Cardiovascular diseases; CKD: Chronic kidney disease; EE: Economic evaluation; NA: Not available; NCD: Non-
communicable diseases; NSHE: Non-severe hypoglycemic Event; T1DB: Type 1 diabetes; T2DB: Type 2 diabetes

The Covidence tool was used for the review
and extraction of data through the following
stages: initially, the results of the search
equation were extracted, and the information
was uploaded to the platform; the duplicate
information was removed from the four
databases to continue the process of reviewing
titles and abstracts, with the filtered articles the
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next stage was carried out, which consisted of
the review of the full text. After each step, both
authors (ALC and FPS) autonomously reviewed
and contrasted the outcomes with any lingering
disparities deliberated by a third author (MRC) to
reach a conclusive decision.”™

The data extraction stage was carried out
with an information synthesis matrix designed
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after the working group’s consensus. Data
extraction matrix included Authors, Year of the
study, Country, Publication, Perspective, type
of Economic Evaluation (EE), type of NCD and
Indirect cost. Data extraction was performed
in pairs, mirroring the approach employed in
earlier phases. Scheduled meetings addressed
any questions or challenges arising during the
extraction process. The complete version of
the data extraction file can be provided upon
request.

Quality of the information reporting (A) and
the risk of bias (B) of the articles were evaluated
according to the type of publication: Cross-
sectional studies (A and B: Appraisal tool for
Cross-Sectional Studies),'® Cohort studies (A:
Strengthening the Reporting of Observational
Studies in Epidemiology' and B: Risk Of Bias
in Non-randomized Studies - of Exposure,'®
Economic Evaluations (A: Consolidated Health
Economic Evaluation Reporting Standards'® and
B: ECOBIAS??) The manual of each tool was

followed to qualify the articles, and the score
was divided into tertiles that correspond to high,
medium, and low quality.

Articles with access restrictions were
searched on ResearchGate, and at least two
attempts were made to contact the corresponding
author. A qualitative analysis of the information
presented in categories corresponding to NCDs
and indirect cost subgroups included in this
review was conducted. Heterogeneity between
studies, mainly given by the definition of indirect
cost, was the reason for not completing a
meta-analysis.

According to the search equation, an initial
result of 1980 articles was obtained from the
four databases. We included 42 articles for data
extraction and assessment of the quality of the
evidence. The selection process is shown in
figure 1.

Studies included in review
(n=42)

)
Records identified from:
= (n=1980)
] Pubmed (n=548)
S Embase (n=407) _
= WoS (n=735) v
S Scopus (n=290)
O,
!
—\
Records screened
-
(n=1586)
Reports sought for retrieval
= (n=451) ’
=
@
e
& v
Reports assessed for eligibility
(n=451) ’
—

Records removed before
screening:
Duplicate records removed
(n=369)
Records marked as ineligible
by automation tools (n=0)
Records removed for other
reasons (n=25)

Records excluded
(n=1135)

Reports not retrieved
(n=0)

Reports excluded: (n=409)
Global Burden Disease (n=72)
Time (n=1)
Language (n=11)
Wrong setting (n=5)
Wrong outcomes (n=30)
Short article (n=4)
Systematic review (n=17)
Wrong intervention (n=68)
Wrong study design (n=15)
Elderly population (n=9)
Pregnancy population (n=1)
Full text not available (n=15)
Wrong patient population (n=1)
Not included indirect cost (n=90)
Healthcare system perspective only (n=26)

Figure 1: The PRISMA flow diagram illustrates the study selection process for the systematic review covering the period

2012-2022.
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Study Characteristics

In the search period, the years 2015, 2020,
and 2021 were highlighted. Literature production
was concentrated in the United States,?"-?
Sweden,? 26 Japan,?”?° and India,**-** while in
Latin America, Colombia®** was the only one.
The type of publication was distributed between
cross-sectional studies (n=23), economic
evaluations (n=11), cohort studies (n=6) and
descriptive studies of burden of disease (n=2).
The NCDs with the most publications were
diabetes (n=10) and IHD (n=8). Indirect costs
measured as DALYs that were not sub-analyses
of Global Burden Disease were 14, and the
perspective in most studies was from the
patient’s point of view. Only two of the included
articles were published in Spanish, while the
remaining studies were in English. A summary
of study characteristics can be found in table 1.

Indirect cost results were organized by
category. The first corresponds to the cost
of productivity mainly due to measures that
reflected absenteeism (absence of working
hours because of the disease) and presenteeism
(decrease in the productivity of the working day
secondary to the consequences of the disease).
The second category is represented by DALYS,
which reflects the combined measure of years of
life lost due to premature death and years lived
with disability.

Ischemic Heart Disease

Indirect costs were divided into productivity
cost #8 and DALYs #4 using the burden of
disease studies, as can be found in table 2 and
table 3.

In the first category (table 2), it was reported
that individuals with moderate risk (0.5%-2%)
and high risk of coronary artery disease (>2%)
at 10 years had a significantly higher rate of
presenteeism (OR 1.18; 1Q 1.00-1.40 and OR
1.46; 1Q 1.18-1.81 respectively) and absenteeism
(OR 1.29; CI 1.08-1.53 and OR 2.11; 1Q: 1.69-
2.63 respectively) than low-risk workers.?

In Iran, it was found that acute myocardial
infarction between 2006 — 2020 was the leading
cause of potential life loss (YPLL) and years of
possible productive life loss (YPPLL). Additionally,
related productivity costs per YPPLL caused by
heart attack ($29.5/YPPLL) ranked second in
men after those caused by traffic accidents and
first in women ($7.6/YPPLL).%®

Regarding the indirect costs related to
diagnostic and therapeutic interventions for IHD,
it was. (2012) found that the prevalence ratio
(PR) of short-term (<90-day absenteeism) (PR
1.50, CI 1.40-1.60) and long-term (>90 days)
(PR 1.36, CI 1.23—1.51) after coronary bypass
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surgery and short-term after percutaneous
coronary intervention (PCI) is higher in women
(PR 1.30, CI 1.25-1.36), it was associated with
older age, self-employment, or unemployment.2®

Two studies reported indirect costs as a
primarily monetary outcome variable. In the
Gulf Cooperation Council countries, the indirect
costs of IHD were estimated at $2,616 million in
2019 corresponding to absenteeism and $6,353
million to presenteeism.** In Nigeria, annual
indirect costs from the perspective of patients and
caregivers were estimated at ($52.87+148.05)
and outpatient ($40.60+191.37) setting. This
may be attributed to the fact that only 5% of the
population is covered by the National Health
Insurance Plan health insurance.?®

In Belgium, Frederix and others conducted
a cost-benefit study that included three cardiac
rehabilitation scenarios, demonstrated that
increasing rehabilitation coverage can decrease
the disease burden as the benefits exceed
the costs (cost-benefit ratio of 1.52 and 1.43
for scenarios one and two, respectively) and
additionally, indirect costs related to premature
mortality were reduced as coverage increases
in each system (€461,991,541; €437,917,299;
€437,917,299, respectively).*

In the second category (table 3), five articles
included DALYs as an indirect cost. In Spain,
Génova-Maleras and others reported that IHD
was in third place among the leading causes of
DALYs (4.7/1000 population) after dementia and
unipolar depression in 2008,%¢ while Fernandez
de Larrea-Baz and others found a crude rate
of 11.8/1,000 for the same year. Still, in the
age-adjusted sensitivity analysis, DALYs were
reduced by 44%, the opposite when adjusted
for the weight of disability according to the GBD
(2004), which increased by 11%.? In Finland,
Paalanen and others measured DALYs for
IHD using the administrative health registry
and data from the 2012 FINRISK survey. They
found a notable difference between men (42.8
DALYs/1000 population) and women (11.6
DALYs/1000 population).’® The previously
mentioned difference was also presented in
Portugal in the study by Henriques and others,
7.3-11.8 DALYs/1000 population in men and 2.6-
4.6 DALYs/1000 population in women.*°

Stroke

We included five articles about stroke-related
loss of productivity. In the first category, Kimura
and others also measured absenteeism and
presenteeism related to stroke risk. The results also
showed that moderate- and high-risk individuals
had a significantly higher rate of presenteeism and
absenteeism than low-risk workers.?®
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Table 2: Ischemic heart disease productivity costs

1D Author/ year Country NCD

Productivity cost

Results

31 Vuong and United Heart
colleagues, States disease

Absenteeism, loss of income

Mean workdays lost (SD)/ loss of income
per year: heart disease:

2015% 12.66 (2.17)/433,810.7
35 Najafi and Iran Myocardial Years of potential productive Years: 2006-2010
colleagues, Infarction life lost (YPPLL) Men: 12,592,092 12,571,810
2016% Women: 6,618,507 6,481,836
1 Voss and Sweeden CHD Absenteeism Prevalence ratio:
colleagues, CABG
2012% <90 days: W vs. M: 1.50, IC 1.40—1.60***
>90 days: M 1.22, IC 1.03—-1.44**** W 1.36,
Cl 1.23-1.51***
PCI
<90 days: W vs M: 1.30, IC 1.25-1.36***
>90 days: M 1.21, IC 1.11-1.32***
7 Finkelstein GCC CHD Absenteeism, presenteeism, Estimated annual absenteeism costs:
and and productivity costs $2,616 million
colleagues, Estimated annual presenteeism costs:
20214 $6,353 million
2 Frederix and Belgium ACS Costs related to productivity #1 scenario: 20% CRH /80% no CRH
colleagues, losses due to premature #2 scenario: 40 % CRH /60 % no CRH
20184 mortality #3 scenario: 20% CRH /20% CRH+ tele
CRH/ 60 % no CRH
Indirect costs related to initial cardiac
hospitalisation:
#1. €306,548,193/ #2. €306,548,193/#3.
€306,548,193
Indirect costs related to premature mortality
#1. €461,991,541/ #2. €437,917,299/# 3.
€437,917,299 €
6 Kimuraand  Japan CAD Absenteeism probability of incident coronary artery
colleagues, Presenteeism disease within ten years:
2020% #1: low risk (LR) <0.5% #2 moderate(MR):

22 Adeniji and Nigeria CVD

Caregiver: loss of work/

0.5-2% #3 high ris k(HR)> 2%

CAD presenteeism: MR (OR: 1.18; CI: 1.00-
1.40)*** HR (OR: 1.46; Cl: 1.18-1.81)***
CAD absenteeism: MR (OR: 1.29; Cl: 1.08-
1.53)*** HR (OR: 2.11; Cl: 1.69-2.63)***

Annualized indirect outpatient cost:

colleagues, productivity/income #419,146.5+853,610.1 ($52.87+$148.05)

20213%° Person: number of days Annualized indirect cost per hospitalization:
absent from work multiplied by #14,700.8+# 69,297.1 ($40.60+$191.37)
the patient’s earnings per day

23 Fayet- Australia  CVD Productivity cost savings from  $134.8 million for a 10% higher intake

Moore and fibre intake $278.8 million for the adequate intake (30 g

colleagues, M-25 g W)

201841 $609.5 million for the target intake (38 g

M-28 g W), 0.04% of the GDP

N: Nigerian pesos

Vuong and others reported that over two
years in the United States, working-age workers
experienced an average loss of 20 days due
to functional limitations linked to this NCD.
This situation led to annual economic losses
estimated at $209284% Finkelstein and others
also measured the previous outcome in the Gulf
Cooperation Council countries with a marked
difference in both absenteeism ($1.413 billion)
and presenteeism ($3.432 billion).*®

Najafi and others included cerebral vascular
diseases in their study. Still, in the YPPLL report
in women, this disease was the leading cause, and
the associated productivity costs ranked second
only to acute myocardial infarction ($7.0/YPPLL).%

The study by Ronne-Engstréom E and others
was the only one to measure hemorrhagic
stroke-related productivity loss. They reported
that the first year of rehabilitation had greater
absenteeism, but over time, the disability pension
increased, and absenteeism reversed the initial
relationship.?® Endo and others reported that
the average stroke-related absenteeism in a
Japanese cohort was 3 months before a partial
or complete return to work and before 1 year of
the event, more than 50% of workers returned to
their productive jobs.?”

In the second category, Taiwan exhibited
an increase in DALYs between 2000 and 2005,
as reported in the study by Chen and others.3®
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Table 3: Disability-adjusted life year related to non-communicable diseases.

Indirect costs of non-communicable diseases

ID Author Disease Country YLL YLD YLD Incidence Results
methodology = methodology (time DALY=YLL+YLD
life table weights evaluated) DALY/ population

(source)

4  Catala-Lopez CVD Spain GBD 1990 DW IBERICTUS 1113/ 100,000
and colleagues, (GBD 2010) *+ study (2006) (1197 M — 1033 W)

2015% Relative difference*+:
0:-59.9% M: -59.6% W:
-60.2%

10 Fernandez de IHD Spain GBD 2010 DW Spanish registry 11.8/100,000
Larrea-Baz and (GBD 2004 and of hospital (15.9 M-7.9 W)
colleagues, 2010) *+ discharges Relative difference:

2015% (2008) and GBD 2010+0:-44%
GALICAP study GBD 2004*+0:-54%

15 Geénova- IHD Spain GBD 1990 DW Western Dementia (7.9), IHD (4.7),
Maleras and (GBD 2004) *+ European stroke (3.8), lung cancer
colleagues, countries (2008) (3.8)*

201246

18 Henriquesand IHD Portugal GBD 2010 DW (GBD Portugal <60 years: 23.44 M-4.93
colleagues, 2013) national hospital W/1000
20174 discharge Age-standardized DALY

register (2013), rates per 1,000 population
OFRECE study, M: 7.3-11.8 (Northern/
PRICE study, Central-Algarve)

and GALICAP  W:2.6-4.6

study (Northern/Central- Lisbon)

27 McGrath and Ml United United States DW (GBD WHO (year not Rates were not reported
colleagues, States Social Security 2004, 2013) specified)
2019% Administration.  *, sex

Period Life
Table. 2014

33 Paalanen and IHD Finland ~ WHO Standard DW (GBD FINRISK 2012 IHD 42.8 M-11.6 W/1000
colleagues, Life Table for 2016) survey data COPD 6.7 M-3.6 W/1000
2020%° Years of Life

Lost (2018)

3 Banerjee and Stroke India India Registry DW (GBD/ Survey biannual 79557/1000 person-year
colleagues, 2004) * (2003 —2010). (73043 M-55286 W)
2013%*

5 Chenand Stroke China NR DW 0.52% Epidemiological 2000: 71.9 M -72.3 W/ 1000
colleagues, studies 2001: 71.6 M - 71.2 W/ 1,000
2013% -Dismod Il tool  2002: 72.2 M - 71.1 W/ 1000

(WHO) 2003: 74.6 M - 73.8 W/ 1000
(2000-2005) 2005: 77.5M - 76.9 W/ 1000
2004: 75.4 M - 75.5 W/ 1000

15 Génova- Stroke Spain GBD 1990 DW Western Dementia (7.9), IHD (4.7),
Maleras and (GBD 2004) *+ European stroke (3.8), lung cancer
colleagues, countries (2008) (3.8)*

201246

24 Maredza and Stroke South GBD 1990 DW SASPI study 15-29 y: 242 M/ 1219 W
colleagues, Africa (interviews)* Diamond Il tool /100000
2015% (2007-2011) 30-44 y: 2114 M/ 2449 W

/100000
45-59y: 5170 M/ 6847 W
/100000
60-69 y: 5610 M/ 7505 W
/100000

26 Martinez- Stroke Colombia Made by DW*+ Not specified Rates were not reported
Betancur and authors
colleagues,

2016%*

38 Sudharsanan Stroke India GBD 2017 DW 0.7% Three-stage 3,068 /100000
and colleagues, (GBD 2017) population- (3195 M—2937 W/ 100000)
2019% based Difference (DW):

screening 3068 /100000
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ID Author Disease Country YLL YLD YLD Incidence Results
methodology  methodology (time DALY=YLL+YLD
life table weights evaluated) DALY/ population

(source)

27 McGrath and COPD United United States DW (GBD WHO (year not Rates were not reported
colleagues, States Social Security 2004, 2013)%, specified)
20192 Administration.  sex

Period Life
Table. 2014

33 Paalanen and COPD Finland ~ WHO Standard DW (GBD FINRISK 2012  IHD 42.8 M—11.6 W/ 1000
colleagues, Life Table for 2016) survey data COPD 6.7 M-3.6 W/ 1000
2020%° Years of Life

Lost (2018)

15 Geénova- Lung Spain GBD 1990 DW Western Dementia (7.9), IHD (4.7),
Maleras and cancer (GBD 2004)*+ European stroke (3.8), lung cancer
colleagues, countries (2008) (3.8)*

20124

15 Génova- Dementia Spain GBD 1990 DW Western Dementia (7.9), IHD (4.7),
Maleras and (GBD 2004)*+  European stroke (3.8), lung cancer
colleagues, countries (2008) (3.8)*

20124

16 Grisales- Dementia Colombia Standard life DW*+ RIPS (Individual O*+: 3,59/1000
Romero and table (Coale and service Mental disorders and
colleagues, Demeny West provision nervous system diseases:
20204 model) records) 15- 29 years: 95.31/ 1,000

Dismod Il tool (31.03%)
(2006-2012) 30-44 years: 107.72/ 1,000
(29.97 %)

27 McGrath and Diabetes  United United States DW (GBD WHO (year not Rates were not reported
colleagues, States Social Security 2004, 2013)*, specified)
20192 Administration.  sex

Period Life
Table. 2014

32 Nhung and NCD Vietnam GBD 2010 DW Surveys, Rates were not reported
colleagues, (previous hospital data
201458 studies)* Dismod Il tool

-2008

20 Jiang and All United GBD 1990 DW (USBODI  United States Rates were not reported
colleagues, diseases States study)*+ incidence
201222 (RI) (2013)

*Total DALYs (per 1,000 people) (%); CVD: Cardiovascular diseases; IHD: ischemic heart disease; YLL: Years of life lost; YLD:
Years lived with disability; GBD: Global burden of disease; MI: Myocardial Infarction; NR: Not reported; COPD: Chronic pulmonary

disease; NCD: Non-communicable diseases;

In South Africa, it was noted that women in
productive age experienced a greater affectation
than men.®® % This situation should have been
reflected in the rest of the papers.

Chronic Pulmonary Disease

In the first category, the results were
initially distributed in the report of the days
of absenteeism. Dierick and others analyzed
in 2012 the average number of days of
absenteeism of COPD was 93.2 in the United
Kingdom, with an important difference between
men (102.5) and women (74.1), while Vuong and
others found a lower rate of 9.84 daysin two
years.?* 3% The analysis of the monetary cost
of indirect costs was carried out in countries
such as Greece, where the results indicated
an annual expenditure of €1774, representing
37.5% of the total cost of the disease.’' By
contrast, in the United States, costs associated

10

with absenteeism in 2010 reached $3.9 billion.?!

In Pakistan, Igbal and colleagues, reported
that absenteeism days and related costs
increased proportionally with the severity of
COPD.%

In the second category, only two articles
reported indirect costs as DALYs. Paalanen
and others reported higher figures for men
(6.7 DALys/1000 population) than for women
(3.6/1000 population).” *¢ Although McGrath and
others did not report rates, they described the
mean in the age range of 50 to 59 years was
higher in women (21.9) than in men (19.8); a
relationship that was maintained in the age
range of 60 to 69 years (15.6 women, 13.2 men)
in the United States’ population?® (table 3).
Trachea, Bronchus, Lung Cancer, and
Alzheimer’s Disease and Other Dementias

Theresultsshowedonlyonelungcancerpaper.
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In Turkey, an economic evaluation conducted by
Cicin and others found that absenteeism related
to hospital care was, on average, 44 days for
patients and caregivers, corresponding to €1.1
billion annually (68.6% of the total cost of the
disease). This NCD ranked fifth among Spain’s
leading causes of DALYs in 2008, representing
5.3% of the total.’

On the other hand, the Alzheimer’s disease
group and other dementias, category 1, did not
yield results in the search. However, in category
2, Génova-Maleras and others ranked second
(7.9 DALYs/1000 population) after unipolar
depression (8.4 DALYs/1000 people).*® In
Colombia, Romero and others reported a rate
of 3.59 DALYs/1000 population in the period
2006-2012. In the analysis by age groups, it
was found that unipolar depressive disorder,
Alzheimer's disease, and other dementias
caused approximately 86% of DALYs in people
between 45 and 79 years of age*’ (table 3).

Diabetes

Studies conducted in France and the United
States showed that prolonged absenteeism
(30—-365 days) was directly proportional to
the elapsed time of the illness, and income
loss per year corresponded to $374544.7.4°
The previously mentioned results were also
demonstrated in patients with type 1 diabetes in
a study published in Poland by Malinowski and
others. Additionally, in Namibia, the incidence
rate of diabetes-related absenteeism was found
to be 3.67 (95% Cl: 2.06-6.55) times higher than
people who do not have the disease.*® Another
factor contributing to the loss of productivity
represented by absenteeism and presenteeism
were episodes of non-severe hypoglycemia and
inadequate metabolic control.?® 45

Fayet-Moore and others demonstrated that
in diabetes and cardiovascular disease, primary
prevention interventions, such as increasing fiber

Indirect costs of non-communicable diseases

consumption, can contribute to the economic
savings related to the loss of productivity due to
these diseases.*

In the second category, a study in the United
States reported that for the age group of people
between 50 and 59 years old, the average
number of DALYs was the highest (20.8 DALYS),
with significant impact on women in the period
1998-2014% (tables 3 and 4).

Kidney Disease

Results were only obtained in category
one. In countries such as Cameroon and
Lebanon, the productivity cost associated with
income loss corresponded to 6.3% and 4.18%,
respectively.’” 8 Ramachandran and others
found that indirect costs are even higher for
caregivers than for patients in India ($9866 and
$1364, respectively).®' Aoun and others reported
insignificant indirect costs.%¢

Assessment of the Quality of the Evidence

Overall, we found that the methodological
quality of the studies included was moderate
and good for reporting; otherwise, bias risk was
low and medium. More detail was needed in
sample size calculations.

Figure 2 presents the risk of bias assessment
forthe included observational studies, conducted
with the ROBINS-E tool.

This is the first study to systematically include,
analyze, and assess the indirect costs related
to the significant NCDs in the leading causes
of mortality globally. Our main finding shows
that literature production on the indirect costs
of NCDs is low. The leading cause of mortality
worldwide -IHD- is directly proportional to the
scientific evidence found in the search equation
of this research."

Risk of bias domains

D1 | D2 | D4 D5 | D6 | D7 [ Overall |
Banerie Tk (2013) ® ® © ® ® ® ® @
oy soran 201 ® e o ® ® ® ® ®
Endo M (2016) ® ® ® @ ® © C) ©
g Geelnoed-Duijvestn PH (2013) [%9) ® @ @® ® ® ©) ©)
il MS (2020) @ © ® ® @ ® ® [ J
Nexo MA 2020) ® ® ® @ ® © ® ©
Romne-Engsibm € 2021) ® ® ® ® ® © ® ©
g?mﬂams.d 1 found egement
"Bias dus to confounding
e S e S O o -dodag
B3: B2 Gl o s oa, oo 2 Some concems
D6: Bias arising from measurement of the outcome. ® v

D7: Bias in selection of the reported result.

Figure 2: The risk of bias assessment for the included observational studies, conducted with the ROBINS-E tool, is shown.
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Table 4: Diabetes productivity costs

ID  Author/year Country NCD Productivity cost Results

7 Dray-Spira and France Diabetes Absenteeism #1: 10 years before the onset of diabetes (no
colleagues, diabetes)
20134 29-364 days: 89.3 (54.7)+

#2: The onset of diabetes (no diabetes)

29-364 days: 85.8 (64.4)+

#3: 5 years after the onset of diabetes (no diabetes)
29-364 days: 130.9+(74.8)+

17  Guariguata and Namibia Diabetes Incidence rate ratio of IRR: 3.67, 95% Cl 2.06-6.55**
colleagues, sick days (IRR)
20124
28 Mori and Japan Diabetes presenteeism #1 group: HbA1c<7% / #2. 7%= HbA1c<8% / #3
colleagues, >8%HbA1c
2021% #1: OR 1.48, 95% CI 1.11-1.96**

#2: OR 1.92, 95% Cl 1.24-2.98**
#3: OR 1.80, 95% CI 1.08-3.02**

42 Zaghloul and United Diabetes Presenteeism Correlation:
colleagues, Kingdom PAID/SPS 6 score: -0.3706*** (people were
2018652 more likely to be present at work if they had fewer
problems associated with their
diabetes)

Anxiety and depression from HADS /SPS 6 score:
-0.603*** (more significant anxiety or depression
was associated with decreased presenteeism)

41  Vuong and United Diabetes Absenteeism, loss of Mean workdays lost (SD) / loss of income per year:
colleagues, States income 10.43 (2.10) */374,544.7
2015%
9 Fayet- Australia Diabetes Productivity cost $302.6 million for a 10% higher intake
Moore and savings from fiber $652.6 million for the adequate intake (30 g M-25
colleagues, intake gWw)
20184 $1.4 billion for the target intake (38 g M-28 g
W)-0.08% of the GDP
14  Geelhoed- Austria, Diabetes 1. Meantimelossin 1. Mean time loss in working time after a NSHE,
Duijvestijn and Denmark, (T1D/ working time aftera  min (SD):
colleagues, Finland, T2D) NSHE during daytime 84.3 (144.5), during nocturnal 169.6
20134 Netherlands, 2. Mean time spent (241.0)
Norway, doing something 2. Mean time spent doing something about the
Sweden, and about the NSHE NSHE, min (SD):
Switzerland 3. Mean time to Daytime 19.6 (84.6) Nocturnal 21.3 (54.4)
functioning at the 3. Mean time to functioning at the usual level, min
usual level (SD):

4. Unable to complete Daytime 50.4 (357.6) Nocturnal 80.5 (267.6)
work tasks in a timely 4. Unable to complete work tasks in a timely

manner manner, n (%) 653 (51.1)
30 Nexg and Denmark Diabetes Absenteeism Work to unemployment: W HR 1.13, Cl 1.04—
colleagues, (T1D / 1.24****
202056 T2D) Work, unemployment, or sickness absence to

disability pension: W HR 1.28, Cl 1.11-1.15****
Unemployment to sickness absence: W HR 1.28,
Cl 1.03-1.59****

No differences between T1D-T2D

23 Malinowski and Poland Diabetes Absenteeism Short term disability: T1D, the main cause
clooeagues, (T1D) Permanent long-term disability: T1D was
201552 responsible for almost half of the costs

indirect costs in 2012: 118 million for T1D using
Gross value added per worker

11 Finkelsteinand GCC Diabetes Absenteeism, Estimated annual absenteeism costs: $2,422
colleagues, (T2D) presenteeism, and million
20214 productivity costs Estimated annual presenteeism costs: $34,506
million

$ US dollar Nigerian Naira * P<0.0001 ** P<0.01 ****P<0.05 ***P<0.001 +: 1000/ person-year. ACS: Acute coronary
syndrome; CABG: Coronary artery bypass grafting; CAD: Coronary artery disease; CHD: Coronary heart disease; CKD:
Chronic kidney disease; COPD: Chronic obstructive pulmonary disease; CRH: Cardiac rehabilitation; CVD: Cardiovascular
disease; DP: Disability pension; GCC: Gulf Cooperation Council Bahrain, Kuwait, Oman, Qatar, Saudi Arabia, and the United
Arab Emirates; GDP: Gross domestic product; GOLD: Global initiative for chronic obstructive lung disease; HADS: Hospital
anxiety and depression scale; HR: Hazard ratio; M: Men; NSHE: Non-severe hypoglycemic event; O: Overall; OR: Odds ratio;
PAID: Problem areas in diabetes; PCIl: Percutaneous coronary intervention; SA: Sickness absence; SAH: Subarachnoid
hemorrhage; SPS: Stanford presenteeism scale; T1D: Type 1 diabetes mellitus T2D: Type 2 diabetes mellitus; W: Women
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Most of the results were in high-income
countries, which highlights the need for more
studies in low- and middle-income countries.
Despite this, India emerges prominently in our
results. This underscores the necessity for
health policymakers to incorporate indirect costs,
striving to narrow healthcare accessibility.53

The most common study type used in the
articles included was cross-sectional studies.
Even though the studies presented moderate
and high quality in the assessment of reporting
and additionally moderate and low risk of bias,
there is a need for increased scientific research
in the pyramid of epidemiological studies
to determine causality and the relationship
between NCDs and productivity loss. The need
to expand economic assessments will not only
contribute to more informed decision-making
in health. Still, it will enable better resource
allocation and practical strategies to address
NCDs and mitigate the growing impact on the
economically active population.

Enhancing dietary fiber intakes proves pivotal
to curbing economic productivity lossesin battling
IHD, diabetes, and stroke. Nutrition is also a
key factor in preventing NCDs. Implementing
focused primary care programs for NCDs,
emphasizing risk management, ensures patient-
centric interventions that effectively tackle and
diminish indirect costs within a comprehensive
framework.*!

Myocardial infarction profoundly impacts
individuals’ work lives, notably increasing
absenteeism, especially among women.
Recommending inclusive prevention-focused
healthcare initiatives and gender-specific support
during recovery emerges as an effective strategy
to alleviate the associated economic impact.?®

The results of this research for COPD,
dementia, and lung cancer are scarce. In
the first illness, days of absenteeism varied
between studies, but gender and disease
severity were identified as contributing factors
to lost productivity. The small number of articles
limits the comparison with the findings of
other authors, such as Patel and others, who
reported that presenteeism in the United States
ranges between 27 and 63 days per year and
absenteeism between 1.3 and 19.4 days. In the
second disease, indirect costs exceed 50% of
the total cost in Turkey, as caregiver involvement
is included in the analysis.5

Same as Pedron and others, our research
suggests a negative impact of diabetes on
several outcomes that indicate participation in
the labor market, but the heterogeneity in the
definition of indirect cost is a limitation for the
visualization of the problem. Additionally, few
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studies differentiate between type 1 diabetes
and type 2 diabetes.5®

Finally, chronic kidney disease was the only
nephropathy included in the results, especially
at an advanced stage with or without dialysis.
The indirect cost was approximately between
6.3% and 4.18% of the total cost. The review by
Tabata and others found that indirect costs can
be between 22.5% and 34.7% of the total cost.®®

Variations in healthcare systems, study
periods, and author definitions make comparing
indirect costs of non-communicable diseases
challenging. Gordois and others noted substantial
annual productivity losses of $192 billion in the
United States for all cardiovascular diseases.
Europe (France, Germany, ltaly, Spain, Sweden,
and the United Kingdom) experienced a €1.4
billion ($1.6 billion) impact from absenteeism.®”

Rochmah and others conducted a systematic
review of the CVD burden cost and reported
total cost between $1809.51-$325,108.84, of
which 13.8% corresponds to the indirect costs
of cerebrovascular disease. Those findings
were comparable to our results ($209,284).24 68
Economic losses from COPD’s indirect costs,
estimated by Patel and others amount to $893—
$2,234/person annually, reflecting 27%-61%
of total costs—akin to our results of a 37.5%
impact.5" 64

The results of this research for COPD,
dementia, and lung cancer are scarce despite
their relationship with pollution. In the first
illness, the number of days of absenteeism
varied between studies, and the small number
of articles limits comparison with the findings
of other authors. A study by Patel and others
reported that presenteeism in the United States
ranges between 27 and 63 days per year and
absenteeism between 1.3 and 19.4 days.5

Similar to Pedron and others, our research
suggests a negative impact of diabetes on
several outcomes that indicate participation in
the labor market. However, the heterogeneity in
the definition of indirect cost is a limitation for
the visualization of the problem. Additionally, few
studies differentiate between type 1 diabetes
and type 2 diabetes.5®

Finally, the financial costs of chronic
kidney disease in this review were reflected
by Ramachandran and others (2013), who
found that caregivers in India have even more
significant economic burden than patients.®' In
the systematic review by Elshahat and others,
the lost productivity costs for stages 4 and 5
($10,750-$28,428) were reported. The above is
worrisome since health coverage and economic
resources in India are lower, reinforcing the need
for primary and secondary prevention strategies
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in this population as an intervention measure in
the economic impact of the disease.®®
Thisreview has some limitations, apartfromthe
individual rules of each study. The heterogeneity
in the definition of indirect costs and the different
meanings and classifications of NCDs limits the
interpretation of the results. In addition, not all
studies covered the established age range for
productive age, which may underestimate or
overestimate some results. Moreover, most of the
articles did not adjust for other comorbidities.
Interpreting studies that employed DALYs as
a composite measure, integrating years of life
lost and years of life with disability to estimate
indirect costs, requires careful consideration.
In this review, the studies exhibited significant
variations in methodology. Age weighting
may underestimate the impact of the disease
on young individuals and overestimate the
effect on older people. Additionally, although
our review covered the period from 2012 to
2022, most studies using DALYs did not follow
the recommendation of the Global Burden
of Disease Project report published in 2010,
which suggested avoiding weights due to the
abovementioned limitations.”®

Conclusion

In conclusion, this study emphasizes the global
importance of addressing NCDs’ indirect costs.
It advocates multifaceted prevention strategies
spanning health and workplace domains to
effectively combat these diseases’ economic
impact. Positioned as a resource for health
decision-makers, it aids in formulating policies
aligned with Sustainable Development Goals.
Methodological diversity and gaps for specific
NCDs pose challenges but offer future research
prospects. The call for transparent, standardized
methodologies in measuring indirect costs
underscores the need for uniformity, enhancing
study comparability and result validity.
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