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a b s t r a c t

Objective: This study estimated the population attributable fractions, preventable deaths, and indirect
economic costs from major non-communicable diseases (NCDs) and all causes associated with excessive
sitting time in Argentina in 2019.
Methods: Population attributable fractions were used to calculate preventable deaths from NCDs and all
causes associated with prolonged sitting time (�6 h/d). Then, the human capital approach was used to
quantify the present value of lifetime earnings, which was subsequently used to calculate indirect costs
due to lost productivity. A Monte Carlo simulation was performed in three counterfactual scenarios to
evaluate the sensitivity of the results.
Results: In Argentinian men and women, respectively, approximately 11.3% (381) [10% (290)] of deaths
from colon cancer, 4.4% (250) from breast cancer (women only), 4.6% (588) [4.4% (402)] from coronary
heart disease, 30.5% (1390) [27% (1047)] from diabetes, and 14.9% (24,686) [13.7% (21,418)] from all
causes could have been avoided annually by eliminating excessive sitting time. The indirect economic
costs of excessive sitting time reached 0.025% (0.019%e0.032%) and 0.37% (0.25e0.58%) of GDPQ2 for major
NCDs and all causes, respectively. High levels of heterogeneity were found at the regional level.
Conclusion: Prolonged sitting time generates substantial societal costs. Public policies aimed at reducing
excessive sedentary behavior in the overall population, especially in the most affected regions, would
represent considerable savings for society as a whole. Such initiatives should address the complex and
multifactorial causes of sedentary behavior, the clear gender and age differences in this behavior, and the
factors underlying these differences.

© 2023 The Royal Society for Public Health. Published by Elsevier Ltd. All rights reserved.

Introduction

Non-communicable diseases (NCDs) generate a large social cost
globally. Each year, worldwide deaths fromNCDs account for nearly
15 million people aged between 30 and 69 years, 85% of which
occur in low-income and middle-income countries.1 In addition,
projections indicate that the worldwide economic burden of lives
lost due to NCDs will increase to US$43.4 billion by 2030 (from a
2010 baseline of US$6.7 million).2 For the Latin American region
(Argentina, Brazil, Colombia, and Mexico), the cumulative loss of
GDP due to cardiovascular diseases and diabetes has been esti-
mated at approximately US$13.54 billion.3

Physical inactivity is a well-known risk factor associated with an
increased burden of NCDs and all-cause mortality. It has been
estimated that if World Health Organization recommendations
(<600 METs min/wk) are achieved in Argentina, between 2813 and
3111 potential deaths could be avoided, approximately 80 fewer
years of life would be lost (per 100,000 inhabitants), and average
life expectancy could increase by 0.23 years.4 In addition, it has
been estimated that annual economic losses due to cardiovascular
deaths associated with physical inactivity reached 1197 million
international dollars in 2014.5

Sedentary behaviorddefined as low energy expenditure activ-
ities equivalent to �1.5 METs while in a sitting, reclining, or lying
positiond6 has been identified as an independent risk factor for a
large burden of premature deaths from NCDs (e.g. colon and breast
cancer, cardiovascular disease, and type 2 diabetes) and all cau-
ses.7,8 Notably, even individuals who meet public health
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recommendations for physical activity may still spend a consider-
able amount of time engaging in sedentary behaviors. Therefore,
sedentary behavior has gained attention from the scientific com-
munity and has been incorporated into global health guidelines for
over a decade.9

The most common subcomponent of sedentary behavior is
sitting time (hereinafter, both terms are used interchangeably),
which can be spent on various activities, such as traveling, attending
school, working, or watching TV.10 Epidemiological evidence in-
dicates that sitting time (>3 h/d) accounts for 3.8% of all-cause
mortality (approximately 433,000 deaths per year) worldwide.11

In turn, sitting time not only increases global mortality but also
represents a significant economic burden. In Finland, the direct costs
of major NCDs attributable to high levels of sedentary behavior (>7
h/d) were quantified at V469 million, and the indirect costs were
estimated at V1034 million.12 Meanwhile, in the United Kingdom,
the total direct costs attributable to prolonged sedentary behavior
(�6h/d) were quantified at £800 million, including £424 million for
cardiovasculardisease, £281 for type2diabetes, £30 for colon cancer,
£19 for lung cancer, and £7 for endometrial cancer.8

To date, there has been no comprehensive assessment of the
heterogeneity of mortality-related productivity losses attributable
to excessive sitting time. Because many physicalQ3 activityerelated
health policy decisions are made at a regional or national level,
focusing on the most vulnerable populations, detailed information
on the preventable deaths and economic costs of sitting time at
both levels, and identifying target populations can be useful for
public health planners and policymakers. As the evidence at both
scales is limited, this study fills this evidence gap by estimating four
indicators of the burden of prolonged sitting time on public health
due to NCDs and all-cause deaths. First, population attributable
fractions (PAFs) were calculated from the prevalence of sitting time,
which was measured through a national survey, and the relative
risks (RRs) of each NCD and all-cause mortality. From this, pre-
ventable deaths (PDs) were quantified for each health outcome.
Then, the valuation of PDs was conducted using the human capital
approach, which is widely used for the monetary assessment of
mortality risk and plays a key role in costebenefit evaluations of
public health policies.13 Finally, economic costs were computed,
and a sensitivity analysis was performed.

Methods

Data

Population-level sedentary behavior data
Data from the 2018 National Risk Factor Survey (NRFS;

n ¼ 29,224) were used for the present analysis (for open access,
visit https://www.indec.gob.ar/bases-de-datos.asp). This is a face-
to-face survey administered nationally using a multistage proba-
bility sample and the national urban sampling framework. The
target population comprises persons aged�18 years living in urban
areas with at least 5000 inhabitants. The NRFS contains a specific
module in which the International Physical Activity Questionnaire-
Short Form (IPAQ-SF) is used to collect information on the amount
of time an individual spends sitting, which was used as a proxy for
sedentary behavior. The survey includes the following question:
“How much time per day do you usually spend sitting, for example
at home, at work, or at school? [In minutes per day]”. To ensure
consistency with the other data resources, only the data of adults
aged 20 to >74 years who responded to the IPAQ-SF were used for
the present analysis. Following IPAQ-SF recommendations, obser-
vations of sitting times greater than 960 min (16 h/d) were elimi-
nated, as this length of sitting time implies that an individual
spends an average of 8 h/d sleeping.14 Then, the prevalence of

sitting for <6 h/d and �6 h/d were computed. These cutoffs were
based on the RR estimates used hereinafter. To ensure that the
sampling distributionwas nationally representative, the prevalence
of sitting time was weighted by the expansion factor provided by
the NRFS.

RR data
RRs for colon and breast cancer,8,15 coronary heart disease,16

type 2 diabetes, and all causes8 (Supplementary Table S1) were
retrieved from different doseeresponse meta-analyses of pro-
spective cohort studies. All these data were classified under two
cutoff points of sitting time: <6 h/d and�6 h/d. The <6 h/d category
was selected as the benchmark for the theoretical minimum risk
exposure levels, which assume that there are no additional benefits
of reducing exposure to the risk factor.

Death data
Data on observed deaths (20 to >74 years of age) from 2018

were collected from the vital statistics database developed by the
National Directorate of Health Statistics and Information, and these
datawere classified according to underlying cause, age, gender, and
region.17 The 10th revision of the International Statistical Classifi-
cation of Diseases (ICD-10) was used to classify PDs according to the
following underlying causes: CHD (ICD I20eI25), breast cancer (ICD
C50) for women, colon cancer (ICD C18), type 2 diabetes (ICD E11
and E14), and all causes (ICD A00eY89). Data consistency was
assessed by cross-checking the number of deaths with the official
statistics aggregated at the regioneage level.18 No statistically sig-
nificant differences were found.

Population data
Population data were obtained from the 2001 and 2010 cen-

suses.19,20 Linear interpolation was used to obtain the data for 2018
by assuming a constant intraperiod annual population growth rate.

Income data
Income data were extracted from the Permanent Household

Survey for 2019, the most important survey to collect socio-
economic information in Argentina at the national level. This sur-
vey retrieves information quarterly through a stratified probabi-
listic sample. The main variable extracted for the present analysis
was monthly income from labor sources for all occupations. Only
positive income was taken into account for men aged 20e64 years
and women aged 20e60 years (retirement age cutoff). In
computing the mean annual income by age and sex, the expansion
factors provided by the Permanent Household Survey were used to
minimize the effect of income non-response.

Statistical analysis

Estimation of PAFs and PDs
Adjusted PAFs were calculated with the following equation:

PAFia;g;r ¼
�
Pa;g;r

�h�
RRiadj

�
� 1
i

�
RRiadj

� (1)

where Pa;g;r denotes the proportion of sitting time for the exposure
analyzed (�6 h/d of sitting time) among cases within a particular

age group (a), gender (g), and region (r). Meanwhile, RRiadj indicates
the adjusted RR for each NCD of interest (i) when comparing people
with different exposure levels.21 Given that the PAF equation re-
quires the prevalence of sitting time between cases (i.e. deaths) and
not the population of origin (i.e. the prevalence from the NRFS),
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each population prevalence obtained from the NRFS was corrected
for an adjustment factor (Supplementary Table S1), which was
derived from previous studies and multiplied by the prevalence of
sitting time.8,22 Then, PDs were calculated with the following
equation:

PDi
a;g;r ¼

�
PAFia;g;r

��
Di
a;g;r

�
(2)

where Di
a;g;r is the number of observed deaths. All specific PAFia;g;r

and PDi
a;g;r values were computed by age group (a), gender (g),

region (r), and cause (i).

Present value of lifetime earnings and economic costs
The human capital approach was used to convert lives that

could be saved through reduced sitting time by estimating the
present value of lifetime earnings (PVLE). This approach is based on
the valuation of life in terms of lost productivity using market

Fig. 1. Population attributable fractions for excessive sitting time associated with NCDs and all causes of mortality across regions. Breast cancer was considered only for women
(Panel B). Types of NCDs shown: colon cancer (yellow), breast cancer (women only; violet), CHD (gray), diabetes (light brown), and all causes (light red). CHD, coronary heart
disease; NCDs, non-communicable diseases. (For interpretation of the references to color in this figure legend, the reader is referred to the Web version of this article.)
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income. As such, the value of life is measured as a stream of future
income discounted to the present and can be computed with the
following equation:

PVLEj;g;ðcÞ ¼
X64
j¼n

pðaliveÞjn;g,incomej;g,
�
1þgðcÞ

�j�n
,

 
1

1þ rðcÞ

!j�n

(3)

where pðaliveÞjn;g is the probability that a person of age (n) will be
alive at age (j), which was estimated using Grushka's actuarial ta-
bles.23 The variable incomej;g is the mean annual labor income of
persons at age (j), g is the mean income growth rate, and r is the
discount rate. The growth rate of mean labor source income was
calculated as the average value of GDP per capita growth from 1983
(return to democracy) to 2020. An average discount rate of 3% was
chosen, as it was considered moderate. Once all PVLEs were
computed, they were aggregated at the age group level, weighted
by the population for each age and sex.

Then, a sensitivity analysis was performed in three counterfac-
tual scenarios ðcÞ to evaluate how the output (PVLE) changed when
the inputs were varied. To carry out this analysis, a Monte Carlo
simulation was performed with 25,000 iterations and a triangular
distribution reflecting different scenarios regarding the variability
of the chosen values. Regarding the inputs, a lower limit of 1% and a
maximum of 5% were set for the growth rate of mean labor income
and the discount rate, as recommended for sensitivity analyses in
studies with the same approach.24 Finally, the economic costs were
calculated as follows:

ECi
a;g;r;ðcÞ ¼ PDi

a;g;r,PVLEa;g;ðcÞ (4)

where ECi
a;g;r;ðcÞ is the indirect economic cost due to PDs associated

with lost productivity attributable to sitting time for each cause of
death. To assess heterogeneity at the regional level, economic costs
per death were calculated by dividing economic costs by observed
deaths for each cause. All analyses were performed using Stata
(version 15.0; StataCorpLP, College Station, TX) and RStudio
(version 1.4.1106; RStudio Inc., Boston, MA).

Results

In 2018, approximately one-fifth (22.08%) and slightly more
than one-third (36.13%) of Argentina's adult population displayed
excessive sedentary behavior. In this cohort, men (31.47%) out-
numbered women (26.33%;Supplementary Table S2).

Among Argentinian men and women, respectively, approxi-
mately 11.3% (381) [10% (290)] of deaths from colon cancer, 4.4%
(250) from breast cancer (women only), 4.6% (588) [4.4% (402)]
from CHD, 30.5% (1390) [27% (1047)] from diabetes, and 14.9%
(24,686) [13.7% (21,418)] from all causes could have been avoided
annually by eliminating excessive sitting time. When disaggregated
by age, the greatest PD savings were projected to occur in those
over 60 years of age (Supplementary Table S3), as expected. At the
regional level, high levels of heterogeneity in the burden of
potentially PDs were observed. Fig. 1 shows that, for both sexes,
potentially PDs ranged from approximately 5%e18% (colon cancer),
2%e7% (breast cancer, women only), 2%e8% (CHD), 13%e52% (dia-
betes), and 6%e26% (all causes).(Table 1 Q4)

Table 2 shows that the PDs of individuals aged 20e24 years were
the most costly (I$1023 [I$506e2178] thousand). Beyond this age
range, PVLEs decreased, especially in older adults because they had
fewer years of life remaining and also because their probability of
survival decreased along with their expected income. When strat-
ified by sex, this trend was the same, although PVLEs were sub-
stantially higher among men than among women. On average, the
computed PVLE was I$660 (I$403e1155) thousand for both sexes,
I$728 (I$446e1269) thousand for men, and I$481 (I$311e784)
thousand for women.

The results regarding economic costs are presented in Table 3,
which shows the interaction between RRs, the prevalence of sitting
time, and PVLEs, which varied from higher to lower among younger
individuals and older adults. For men, economic costs for the mean,
minimum, and maximum scenarios peaked highest in the 50e54
age group (colon cancer: I$6.38 [I$5.17e7.95] million; CHD: I$10.13
[I$8.21e12.62] million; diabetes: I$21.74 [I$17.21e27.08] million).
For women, the highest costs appeared in the 40e44 years age
group for breast cancer (I$4.56 [I$3.42e3.99] million) and in the
45e49 years age group for the remaining NCDs (colon cancer:
I$2.48 [I$2.01e3.08] million, CHD: I$1.28 [I$1.04e1.60] million,
diabetes: I$5.48 [I$4.44e6.82] million). Finally, for all causes, the
highest costs appeared in the youngest age group (men: I$454.94
[I$226.69e961.43] million; women: I$127.18 [I$68.19e247.22]
million). In relative values, the economic costs of excessive sitting
time associated with major NCDs and all causes, respectively,
reached 0.025% (0.019e0.032%) and 0.37% (0.25e0.58%) of pur-
chasing power parity (PPP)-adjusted GDP.

At the regional level (Fig. 2), high levels of heterogeneity were
found. For men and women, respectively, economic costs per death
ranged from I$38e418 (I$0e282) for colon cancer, I$40e390 for
breast cancer (women only), I$64e756 (I$0e204) for CHD,
I$114e3246 (I$0e878) for diabetes, and I$12,675e31,275
(I$3411e12,540) for all causes.

Table 1
Preventable deaths from NCDs and all causes attributable to sitting time by gender in Argentina (among individuals aged 20 to >74 years).

Outcome Men Women

Deaths (n) PAF (%) Preventable deaths (n) Deaths (n) PAF (%) Preventable deaths (n)

Colon cancera 3348 11.38 381 2902 10.01 290
Breast cancerb NA NA NA 5717 4.37 250
CHDc 12,702 4.63 588 9173 4.38 402
Diabetesd 4551 30.54 1390 3869 27.07 1047
Total 20,601 11.45 2359 21,661 9.18 1988
All-cause mortalitye 165,675 14.90 24,686 156,793 13.66 21,418

CHD, coronary heart disease; NCDs, non-communicable diseases; PAF, population attributable fraction Q6.
The tenth revision of the International Statistical Classification of Diseases (ICD-10) was used to classify preventable deaths.

a Colon cancer (ICD C18).
b Breast cancer (ICD C50).
c CHD (ICD I20eI25).
d Diabetes (ICD E11, E14).
e All-cause mortality (ICD A00-Y89).
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Table 2
Sensitivity analysis of the value of a statistical life by age group and gender in Argentina (among individuals aged 20e64 years).

Group age Both Men Women

Minimuma (I$) Mean (I$) Maximum (I$) Minimum (I$) Mean (I$) Maximum (I$) Minimum (I$) Mean (I$) Maximum (I$)

20e24 506.47 1022.60 2177.60 561.45 1126.80 2,381,20 405.67 756.57 1470.70
25e29 516.87 944.34 1813.10 574.67 1041.70 1982.90 407.40 689.10 1209.60
30e34 504.64 847.25 1483.30 559.40 932.34 1619.00 391.26 607.53 972.36
35e39 467.99 729.31 1172.30 518.05 801.03 1276.90 351.40 506.27 744.84
40e44 422.86 610.99 902.47 467.46 669.57 980.47 302.19 403.66 546.50
45e49 364.17 487.32 661.64 396.79 527.42 711.26 241.85 298.51 371.38
50e54 287.40 357.03 447.37 309.88 382.54 476.40 158.07 181.31 208.81
55e59 191.89 222.07 257.94 198.94 229.52 265.81 61.03 65.57 70.54
60e64b 85.33 91.72 98.72 84.90 91.27 98.24 NA NA NA
Population-weighted average (%) 403.08 660.07 1154.85 445.92 728.07 1268.62 310.64 480.80 783.82
Total 3347.63 5312.67 9014.38 3671.54 5802.13 9792.18 2318.87 3508.52 5594.68

a Amounts are presented in thousands of international dollars (I$). For the conversion from Argentine pesos to international dollars, the 2019 purchasing power parity
conversion factor was used.

b In this age group, the value of a statistical life was computed for both sexes by taking the average annual income for men. The parameters of the minimum, mean, and
maximum values of the growth rate and discount rate were set at 0.01, 0.0219, and 0.05 and 0.01, 0.03, and 0.05, respectively.

Table 3
Economic costs from major NCDs and all causes of sitting time by age group and gender in Argentina (among individuals aged 20e64 years).

Scenario/outcome Colon cancera Breast cancerb CHDc Diabetesd All-cause mortalitye

Men Women Men Women Men Women Men Women Men Women

Panel A. Minimum (g ¼ 1%, r ¼ 1%)
20e24 0.28f 0.22 NA 0.08 0.48 0.23 1.14 0.91 226.69 68.19
25e29 0.56 0.40 NA 0.52 0.63 0.31 2.02 1.68 187.84 56.44
30e34 1.15 0.74 NA 1.10 1.51 0.26 5.81 1.53 213.70 56.00
35e39 2.84 0.97 NA 2.41 2.81 0.49 6.25 1.59 239.30 65.88
40e44 2.65 1.49 NA 3.42 4.30 0.90 9.57 3.19 253.36 84.06
45e49 4.08 2.01 NA 3.13 7.11 1.04 13.52 4.44 274.52 82.18
50e54 5.17 1.68 NA 2.47 8.21 0.87 17.61 4.24 285.08 67.02
55e59 3.97 0.91 NA 1.25 6.07 0.57 14.81 3.03 196.43 38.81
60e64 3.53 NA NA NA 4.93 NA 13.71 NA 170.45 NA

Total 24.24 8.44 NA 14.37 36.05 4.66 84.44 20.60 2047.38 518.58
‰ of GDPg 0.024 0.008 NA 0.014 0.036 0.005 0.083 0.020 2.023 0.512
Panel B. Mean (g ¼ 2.19%, r ¼ 3%)
20e24 0.57 0.42 NA 0.15 0.97 0.42 2.28 1.69 454.94 127.18
25e29 1.02 0.68 NA 0.87 1.14 0.52 3.67 2.84 340.50 95.46
30e34 1.92 1.15 NA 1.71 2.52 0.40 9.69 2.37 356.17 86.95
35e39 4.39 1.40 NA 3.47 4.34 0.70 9.66 2.29 370.02 94.92
40e44 3.80 2.00 NA 4.56 6.16 1.20 13.71 4.26 362.91 112.29
45e49 5.42 2.48 NA 3.87 9.45 1.28 17.96 5.48 364.90 101.44
50e54 6.39 1.92 NA 2.84 10.13 1.00 21.74 4.87 351.93 76.87
55e59 4.58 0.98 NA 1.34 7.00 0.62 17.09 3.26 226.62 41.70
60e64 3.80 NA NA NA 5.31 NA 14.73 NA 183.23 NA

Total 31.87 11.03 NA 18.81 47.02 6.14 110.54 27.05 3011.21 736.80
‰ of GDP 0.031 0.011 NA 0.019 0.046 0.006 0.109 0.027 2.976 0.728
Panel C. Maximum (g ¼ 5%, r ¼ 5%)
20e24 1.19 0.81 NA 0.18 2.05 0.82 4.83 3.28 961.43 247.22
25e29 1.95 1.19 NA 0.99 2.18 0.91 6.98 4.99 648.16 167.56
30e34 3.33 1.85 NA 1.77 4.37 0.64 16.82 3.79 618.49 139.16
35e39 6.99 2.06 NA 3.31 6.92 1.03 15.40 3.36 589.84 139.64
40e44 5.56 2.70 NA 3.99 9.02 1.62 20.07 5.76 531.41 152.03
45e49 7.31 3.08 NA 3.11 12.75 1.60 24.23 6.82 492.09 126.20
50e54 7.95 2.22 NA 2.12 12.62 1.15 27.08 5.60 438.28 88.53
55e59 5.30 1.06 NA 0.93 8.11 0.66 19.79 3.51 262.45 44.86
60e64 4.09 NA NA NA 5.71 NA 15.86 NA 197.23 NA

Total 43.68 14.97 NA 16.41 63.72 8.43 151.06 37.12 4739.37 1105.20
‰ of GDP 0.043 0.015 NA 0.025 0.043 0.008 0.149 0.037 4.683 1.092

CHD, coronary heart disease; NCDs, non-communicable diseases.
The tenth revision of the International Statistical Classification of Diseases (ICD-10) was used to classify preventable deaths.

a Colon cancer (ICD C18).
b Breast cancer (ICD C50).
c CHD (ICD I20eI25).
d Diabetes (ICD E11, E14).
e All-cause mortality (ICD A00-Y89).
f Amounts are presented in millions of international dollars (I$).
g Purchasing power parityeadjusted GDP at constant (2011) international prices for 2019.
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Fig. 2. Economic losses per death from NCDs and all causes associated with excessive sitting time across regions. Breast cancer was considered only for women (Panel B). Types of
NCDs shown: colon cancer (yellow), breast cancer (women only; violet), CHD (gray), diabetes (light brown), and all causes (light red). CHD, coronary heart disease; NCDs, non-
communicable diseases. (For interpretation of the references to color in this figure legend, the reader is referred to the Web version of this article.)
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Discussion

From a societal perspective, this article is the first to quantify the
public health burden due to deaths from NCDs (colon and breast
cancer, CHD, and diabetes) and all causes attributable to sedentary
behavior in Argentina. In addition, the results were disaggregated
jointly by region, age, and gender. This approach allowed us to
explore the heterogeneity of our results to better understand the
patterns of this complex relationship, which are especially useful
for setting priorities in stratified health planning by identifying the
most vulnerable target populations. Likewise, a Monte Carlo
simulation was performed in three counterfactual scenarios to
evaluate the sensitivity of the results.

Notably, PAFs provide a useful theoretical measure of the
impact of a risk factor of interest on one or multiple outcomes. The
present results were comparable to previous estimates in multiple
countries. In the United States,25 England,8,26 and Australia,27

respectively, sedentary behavior has been estimated to account
for 19%e27% (TV watching and sitting time), z8%e11%, and z7%
of all-cause deaths (vs z14% reported earlier). For the other out-
comes, the present estimates fell within a fairly reasonable range:
z5% (vsz4%, England) for CHD,8,26 5%e9% (vsz10%, England and
Canada) for colon cancer,8,26,28 z3% (vs z4%, Canada) for breast
cancer,28 and 17%e29% (vs z28%, England) for diabetes.8,26 How-
ever, there were slight differences in these estimates, likely due to
multiple factors, such as differences in definitions of sedentary
behavior (e.g. sitting time or TV viewing), PAF equations, sitting
time cutoffs, and RR estimates.

This article used the human capital approach to quantify the
PVLEs, which was subsequently used to calculate the indirect costs
of lost productivity. This measure has been used as a basic tool for
public health decision-making, as it allows for the measurement of
social benefits derived from investments in public policy programs
aimed at disease prevention. From a social perspective, this
approach can capture substantial economic losses, as it considers
people of working age, who provide the largest proportion of fiscal
resources (especially in Argentina, where society pays for all public
education). However, the present estimates should be interpreted
as equivalent to lower bounds on the full cost of sedentary
behavior, as only mortality-related productivity losses were
considered. Even so, the results showed substantial costs of
excessive sedentary behavior in Argentina, amounting to 0.025%
(0.019e0.032%) of PPP-adjusted GDP for deaths from major NCDs
and 0.37% (0.25e0.58%) of PPP-adjusted GDP for all-cause deaths by
2019. Therefore, public policies aimed at reducing excessive
sedentary behavior would be cost-beneficial, for example, by
allowing for higher income tax revenues. Nevertheless, the chal-
lenge of reducing sedentary behavior in the general population is
not easy to address. In contemporary society, where the use of
technology has negatively impacted the way people move, exces-
sive sitting is commonplace. This problem has been exacerbated by
the COVID-19 pandemic, during which many people have stopped
commuting to and from work.29,30

This study had some limitations that warrant mentioning. First,
PAFs were calculated from self-reports of sitting timedwhich are
considered subjective and associated with measurement biasd31

and from RRs taken from cohort studies in developed countries
and thus do not necessarily reflect external validity for Argentina.
Second, PVLEs were differentiated by gender, which provides
valuable information for calculating economic costs. However, this
strategy generates a marked difference between men's and
women's remunerations, as it does not consider implicit household
production, which translates to lower participation in the labor
market and lower average salaries among women. Nevertheless,
this measure is useful for describing the marginal rate of

substitution (or trade-off) between mortality risk and a given
monetary value over a given period32 and has been widely used as
the main economic parameter in the struggle to reduce mortality
risk.33 This has made it possible to compare results obtained on an
international scale. Finally, we considered high levels of sedentary
behaviordregardless of compliance with physical activity recom-
mendationsdas an independent risk factor that impacts health
outcomes. However, new scientific evidence has indicated that high
levels of moderate-intensity physical activity appear to eliminate
the increased risk of death associated with high levels of sitting
time,33 possibly resulting in overestimations of the indirect costs of
excessive sitting time.

In conclusion, the PDs and indirect costs attributable to NCDs
and all causes associated with high levels of sedentary behavior are
considerable. Accordingly, public policies aimed at reducing
excessive sedentary behavior in the overall population, especially
in the most affected regions, would represent considerable savings
for society as a whole. For example, the present results suggest that
eliminating excessive sitting time in Argentina could annually
prevent 4347 deaths from major NCDs and 46,104 deaths from all
causes, generating annual savings of approximately I$252.5 million
and I$3748 million, respectively. However, these estimates reflect a
theoretical minimum risk exposure level scenario that lacks
external validity in relation to the current distribution of the risk
factor and should therefore be considered as upper bounds of the
indirect costs that could potentially be avoided. Based on these
results, it appears that public health initiatives aimed at reducing
sedentary behavior in the general population are crucial to
reducing NCD-related and all-cause deaths in Argentina. Such ini-
tiatives should address the complex, multifactorial causes of
sedentary behavior, the clear gender and age differences in this
behavior, and the underlying factors of these differences, such as
contextual factors and differences in the ability to adopt a healthier
lifestyle.

Author statements

Ethical approval

Not applicable.

Funding

This research did not receive any specific grant from any funding
agency in the public, commercial, or not-for-profit sector.

Competing interests

The author declares no conflicts of interest.

Data availability

Codes and data are available on reasonable request.

Appendix A. Supplementary data

Supplementary data to this article can be found online at
https://doi.org/10.1016/j.puhe.2023.02.011.

References

1. Forouzanfar MH, Afshin A, Alexander LT, Biryukov S, Brauer M, Cercy K, et al.
Global, regional, and national comparative risk assessment of 79 behavioural,
environmental and occupational, and metabolic risks or clusters of risks,
1990e2015: a systematic analysis for the Global Burden of Disease Study 2015.
Lancet 2016.

C. García-Witulski Public Health xxx (xxxx) xxx

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65

66
67
68
69
70
71
72
73
74
75
76
77
78
79
80
81
82
83
84
85
86
87
88
89
90
91
92
93
94
95
96
97
98
99

100
101
102
103
104
105
106
107
108
109
110
111
112
113
114
115
116
117
118
119
120
121
122
123
124
125
126
127
128
129
130

PUHE4829_proof ■ 9 March 2023 ■ 7/8

7

https://doi.org/10.1016/j.puhe.2023.02.011


2. World Economic Forum, Harvard School of Public Health. Methodological ap-
pendix: the global economic burden of non-communicable diseases. World Eco-
nomic Forum; 2011. September.

3. Abegunde DO, Mathers CD, Adam T, Ortegon M, Strong K. The burden and costs
of chronic diseases in low-income and middle-income countries. Lancet
2007;370.

4. Garcia-Witulski C. Temporal and spatial trends from counterfactual scenarios
of physical activity on mortality, years of life lost, and life expectancy due to
noncommunicable diseases in Argentina. J Phys Activ Health 2022;19(4).

5. García CM, Gonz�alez-Jurado JA. Impacto de la inactividad física en la mortalidad y
los costos econ�omicos por defunciones cardiovasculares: evidencia desde
Argentina, vol. 41. Revista Panamericana de Salud Pública; 2017.

6. Tremblay MS, Aubert S, Barnes JD, Saunders TJ, Carson V, Latimer-Cheung AE,
et al. Sedentary behavior research network (SBRN) - terminology consensus
project process and outcome. Int J Behav Nutr Phys Activ 2017;14(1).

7. Piercy KL, Troiano RP, Ballard RM, Carlson SA, Fulton JE, Galuska DA, et al. The
physical activity guidelines for Americans. JAMA, J Am Med Assoc 2018;320(19).

8. Heron L, O'Neill C, McAneney H, Kee F, Tully MA. Direct healthcare costs of
sedentary behaviour in the UK. J Epidemiol Community Health 2019;73(7).

9. Okely AD, Kontsevaya A, Ng J, Abdeta C. 2020 WHO guidelines on physical
activity and sedentary behavior. Sports Medicine and Health Science 2021;3.

10. Milton K, Gale J, Stamatakis E, Bauman A. Trends in prolonged sitting time
among European adults: 27 country analysis. Prev Med 2015;77.

11. Rezende LFM, S�a TH, Mielke GI, Viscondi JYK, Rey-L�opez JP, Garcia LMT. All-
cause mortality attributable to sitting time. Am J Prev Med 2016;51(2).

12. Kolu P, Kari JT, Raitanen J, Siev€anen H, Tokola K, Havas E, et al. Economic
burden of low physical activity and high sedentary behaviour in Finland.
J Epidemiol Community Health 2022;76(7):677e84. Jul.

13. Robinson R. Cost-benefit analysis. BMJ 1993;307:924e6.
14. International Physical Activity Questionnaire. Guidelines for data processing and

analysis of the international physical activity Questionnaire (IPAQ) e short and
long forms, revised on November 2005. Ipaq; 2005. November.

15. Shen D, Mao W, Liu T, Lin Q, Lu X, Wang Q, et al. Sedentary behavior and
incident cancer: a meta-analysis of prospective studies. PLoS One 2014;9(8).

16. Petersen CB, Bauman A, Grønbæk M, Helge JW, Thygesen LC, Tolstrup JS. Total
sitting time and risk of myocardial infarction, coronary heart disease and all-
cause mortality in a prospective cohort of Danish adults. Int J Behav Nutr
Phys Activ 2014;11(1).

17. Direcci�on de Estadísticas e Informaci�on de Salud. Defunciones [Internet].
Available from: http://www.deis.msal.gov.ar/index.php/base-de-datos/.

18. Direcci�on de Estadísticas e Informaci�on de Salud. Estadísticas Vitales [Internet].
Available from: http://www.deis.msal.gov.ar/index.php/estadisticas-vitales/.Q5

19. INDEC. Census 2010 [Internet]. 2010. Available from: https://www.indec.gob.ar/
indec/web/Nivel4-Tema-2-41-135.

20. INDEC. Census data 2001 [Internet]. 2001. Available from: https://www.indec.
gob.ar/indec/web/Nivel4-Tema-2-41-134.

21. Rockhill B, Newman B, Weinberg C. Use and misuse of population attributable
fractions. Am J Publ Health 1998;88(1):15e9.

22. Lee IM, Shiroma EJ, Lobelo F, Puska P, Blair SN, Katzmarzyk PT, et al. Effect of
physical inactivity on major non-communicable diseases worldwide: an
analysis of burden of disease and life expectancy. Lancet 2012.

23. Grushka CO. Tablas actuariales para Argentina, 1990-1992 [Internet]. Super-
intendencia de Administradoras de Fondos de Jubilaciones y Pensiones; 1996.
Available from: https://www.researchgate.net/publication/40946489_Tablas_
actuariales_para_Argentina_1990-1992.

24. Harrison M. Valuing the Future: the social discount rate in cost-benefit analysis.
Available at: SSRN 1599963 [Internet] Available from: http://www.pc.gov.au/
research/supporting/cost-benefit-discount; 2010.

25. Katzmarzyk PT, Lee IM. Sedentary behaviour and life expectancy in the USA: a
cause-deleted life table analysis. BMJ Open 2012.

26. Patterson R, McNamara E, Tainio M, de S�a TH, Smith AD, Sharp SJ, et al.
Sedentary behaviour and risk of all-cause, cardiovascular and cancer mortality,
and incident type 2 diabetes: a systematic review and dose response meta-
analysis. Eur J Epidemiol 2018;33.

27. van der Ploeg HP, Chey T, Korda RJ, Banks E, Bauman A. Sitting time and all-
cause mortality risk in 222 497 Australian adults. Arch Intern Med 2012;172(6).

28. Friedenreich CM, Pader J, Barberio AM, Ruan Y, Poirier AE, Grevers X, et al.
Estimates of the current and future burden of cancer attributable to sedentary
behavior in Canada. Prev Med 2019;122.

29. Runacres A, Mackintosh KA, Knight RL, Sheeran L, Thatcher R, Shelley J, et al.
Impact of the Covid-19 pandemic on sedentary time and behaviour in children
and adults: a systematic review and meta-analysis. Int J Environ Res Pub Health
2021;18.

30. Stockwell S, Trott M, Tully M, Shin J, Barnett Y, Butler L, et al. Changes in
physical activity and sedentary behaviours from before to during the COVID-19
pandemic lockdown: a systematic review. BMJ Open Sport and Exercise Medicine
2021;7.

31. Lim S, Wyker B, Bartley K, Eisenhower D. Measurement error of self-reported
physical activity levels in New York City: assessment and correction. Am J
Epidemiol 2015;181(9).

32. Robinson LA, Hammitt JK. Research synthesis and the value per statistical life.
Risk Anal 2015;35(6):1086e100.

33. Viscusi WK. What's to know? Puzzles in the literature on the value of statistical
life. J Econ Surv 2012;26(5):763e8.

C. García-Witulski Public Health xxx (xxxx) xxx

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35

36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70

PUHE4829_proof ■ 9 March 2023 ■ 8/8

8

http://www.deis.msal.gov.ar/index.php/base-de-datos/
http://www.deis.msal.gov.ar/index.php/estadisticas-vitales/
https://www.indec.gob.ar/indec/web/Nivel4-Tema-2-41-135
https://www.indec.gob.ar/indec/web/Nivel4-Tema-2-41-135
https://www.indec.gob.ar/indec/web/Nivel4-Tema-2-41-134
https://www.indec.gob.ar/indec/web/Nivel4-Tema-2-41-134
https://www.researchgate.net/publication/40946489_Tablas_actuariales_para_Argentina_1990-1992
https://www.researchgate.net/publication/40946489_Tablas_actuariales_para_Argentina_1990-1992
http://www.pc.gov.au/research/supporting/cost-benefit-discount
http://www.pc.gov.au/research/supporting/cost-benefit-discount
Original text:
Inserted Text
Please update refs.[17,18]




