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Introduction: Occupational ergonomic risk factors are a major contributor to musculoskeletal disorders and productivity loss, yet
their welfare implications remain underexplored in low- and middle-income settings. This study aimed to quantify the health and
economic burden of ergonomic risks across Indonesian provinces using the Value of Lost Welfare (VLW) framework.

Methods: Disability-adjusted life years (DALYSs) attributable to ergonomic risks were obtained from the Global Burden of Disease
2019-2021 estimates. VLW was calculated by multiplying DALY's with the Value of a Statistical Life Year (VSLY), derived from GDP
per capita and adjusted for purchasing power parity. Both absolute VLW (International Dollar, Int$) and the VLW-to-GDP ratio were
computed at national and provincial levels. Socioeconomic inequality was assessed using the slope index of inequality (SII) and
relative index of inequality (RII).

Results: National VLW increased from Int$ 44.6 billion in 2019 to Int$ 48.5 billion in 2021, with the largest contributions observed in
East Java (Int$ 7.3 billion) and West Java (Int$ 6.1 billion), while smaller provinces such as Gorontalo and North Maluku contributed
less than Int$ 200 million. Despite a steady rise in DALY's, the VLW-to-GDP ratio followed the economic cycle, increasing during the
2020 downturn (1.47%) and declining to 1.36% in 2021 as GDP rebounded. Socioeconomic inequality in the VLW-to-GDP ratio was
statistically significant, with SII of —0.00165 (95% CI: —0.00255 to —0.00074) and RII of —0.118 (95% CI: —0.183 to —0.053).
Discussion: Occupational ergonomics imposes a substantial and persistent health—economic burden in Indonesia, amounting to nearly
Int$ 50 billion annually. The observed socioeconomic gradient indicates that lower-GDP provinces experience disproportionately
greater welfare losses relative to their economic capacity, underscoring the need for sustained workplace interventions and targeted
regional policies, particularly in lower-GDP regions.
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Introduction

Musculoskeletal disorders (MSDs) remain a leading contributor to disability and economic losses worldwide,
affecting workers across multiple sectors and age groups. Global estimates indicate that MSDs impose
a macroeconomic burden of over USD 2 trillion annually, equivalent to 1.41% of global GDP, with low back pain
alone accounting for nearly half of the total impact." In another study, low back pain (LBP) affected more than
600 million people worldwide and is projected to increase by 36% by 2050.> A substantial proportion of LBP-
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attributable years lived with disability is also driven by occupational risk factors.> The prevalence of occupational
exposure to ergonomic risk factors is striking, with a recent WHO/ILO systematic review indicating that approxi-
mately 76% of workers are exposed, particularly those in younger age groups and manual occupations such as
agriculture and construction.’

The broader work-related burden of disease further situates ergonomic risks within a wider occupational health crisis.
The WHO/ILO joint estimates for 2019 reported 2.9 million deaths and 180 million DALY attributable to occupational
exposures, corresponding to 5.8% of global GDP losses.* While circulatory diseases, cancers, and respiratory conditions
were leading causes of mortality, MSDs emerged as a major contributor to morbidity, particularly in working-age
populations. Such findings highlight the multidimensional consequences of occupational risks, linking ergonomic
exposures to both direct disability and broader economic inefficiencies. To quantify the macroeconomic losses attributed
to ergonomic exposures, Value of Lost Welfare (VLW) framework can be used, which integrates disability-adjusted life
years (DALY's) with the Value of a Statistical Life (VSL). In previous studies, the framework has been applied to estimate
the burden of cancers such as tracheal, bronchial, and lung cancer. This framework allows researchers to translate DALY's
into economic terms adjusted for purchasing power parity (PPP), thus providing internationally comparable estimates.”
The VLW framework has become a cornerstone for evaluating not only cancer but also other chronic and occupational
conditions, including musculoskeletal disorders.

Indonesia, as the world’s fourth most populous country with a rapidly expanding workforce, faces unique vulner-
abilities to ergonomic risks.®® A large proportion of workers remain employed in agriculture, manufacturing, and the
informal sector, where ergonomic hazards are often under-recognized and poorly mitigated.'®'* At the same time,
economic evaluations of occupational health in Indonesia have predominantly focused on communicable diseases and
injuries,'>'® leaving ergonomic-related welfare losses largely unquantified. Estimating the economic burden of occupa-
tional ergonomics is therefore crucial to inform evidence-based policies, guide resource allocation, and urge the
improvement on workplace interventions. Despite global attention to occupational health, MSD-related economic losses
remain underexplored in low- and middle-income countries. To date, no study has quantified the VLW attributable to
occupational ergonomic risk—related low back pain (LBP) at the national and subnational levels in Indonesia. Addressing
this evidence gap is essential to design equitable policies and integrate ergonomic risk prevention into Indonesia’s
broader health and economic agendas. By capturing both the health and macroeconomic impacts, this study aims to
provide timely insights for national and provincial policymakers, particularly in the context of post-COVID-19 recovery,
where competing priorities risk sidelining long-standing ergonomic challenges.

Methods
Study Design and Perspective

A cost-of-illness analysis was conducted to estimate the VLW attributable to occupational ergonomics—associated LBP in
Indonesia for the years 2019-2021. As low back pain is the only musculoskeletal outcome with standardized occupa-
tional ergonomic risk attribution available in the GBD framework, the analysis could not be extended to other
musculoskeletal disorders. The study period was chosen because, at the time the analysis was conducted, GBD estimates
were available only up to 2021. Moreover, extending the analysis to years prior to 2019 was avoided to ensure
consistency in economic valuation inputs and prevent temporal distortion of welfare estimates. The study was undertaken
from a societal perspective, valuing losses in terms of foregone welfare rather than financial expenditure, and expressed
as the share of provincial and national gross domestic product (GDP).

Ethical Considerations

This study analyzed publicly available, aggregated secondary data from the GBD 2021 Study and national statistical
sources. No individual-level or identifiable information was used; therefore, ethical approval was not required. In
accordance with GBD data use policies, prior notification for subnational analysis was completed before conducting

the provincial-level analysis.
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Health Outcomes and Population Data

Health outcomes were measured in DALY's attributable to occupational ergonomics—related LBP. According to the GBD
case definition, LBP is defined as pain in the posterior aspect of the body from the lower margin of the 12" ribs to the
lower gluteal folds, with or without pain referred into one or both lower limbs, lasting for at least one day.? DALY's were
extracted from the GBD 2019, which synthesizes multiple sources of epidemiological and demographic data, including
vital registration systems, houschold surveys, censuses, hospital records, and published studies.'” GBD employs
Bayesian meta-regression (DisMod-MR 2.1) to estimate prevalence, incidence, and mortality, reconciles these with
covariates, and then derives DALY as the sum of years of life lost (YLLs) and years lived with disability (YLDs).'”'® In
GBD analysis, attribution of LBP to occupational ergonomic risk factors is performed using comparative risk assessment,
in which relative risks and modeled exposure distributions are combined to estimate population attributable fractions
(PAFs). Thereafter, these PAFs are then applied to total LBP DALY to quantify the burden attributable to occupational
ergonomic exposures, as described in the GBD risk assessment methodology.'® Uncertainty intervals are propagated at
each stage of modeling, and we collected the corresponding 95% uncertainty intervals (95% UI) for all estimates.
Population counts by province and year were also obtained from GBD, ensuring consistency between the denominators
for DALY rates and the scaling of economic indicators. Provincial life expectancy at birth was extracted from Statistics
Indonesia (Badan Pusat Statistik, BPS).*°

Economic Indicators

Provincial GDP per capita in Indonesian rupiah (IDR, reported in thousand rupiah) was sourced from BPS.?! These
figures were scaled to full rupiah and converted into purchasing power parity (PPP)—adjusted international dollars using
annual PPP conversion factors for Indonesia provided by the World Bank World Development Indicators (WDI).?*??
Corresponding US GDP per capita (PPP, international $) was also taken from WDIL** The US Department of
Transportation (US DOT) value of a statistical life (VSL) served as the benchmark for welfare valuation.”

Valuation of Outcomes

Provincial VSLs were derived by transferring the US DOT VSL to Indonesian provinces according to relative income
levels. Specifically, provincial VSL was calculated as the US DOT VSL multiplied by the ratio of provincial GDP per
capita (PPP) to US GDP per capita (PPP), raised to the power of the income elasticity of VSL. We adopted an elasticity
of one (¢ = 1), consistent with the published guideline from the Organisation for Economic Co-operation and
Development (OECD).? The formula was:

e

VSLprovs = VSLusy X <GDP”CPP"””"V*’> (1)
GDPpeppp,us,t

To estimate the value of a statistical life year (VSLY), provincial VSLs were annualized over life expectancy at birth

using a constant 3% annual discount rate, in accordance with WHO recommendations and the Indonesian Ministry of

Health’s economic evaluation guidelines.”” Discounting was applied to assign a lower present value to health losses
occurring further in the future. Thus, the formula to estimate the VSLY was:

VSLyrov
VSLYprov,t = Tﬁ’i (2)
Za:l (14+r)*

where LE denotes provincial life expectancy at birth and » = 0.03.

Value of Lost Welfare and VLW-to-GDP Ratio

The VLW was estimated by multiplying the provincial VSLY by the number of DALY attributable to occupational
ergonomics—associated LBP (Equation 3). This approach quantifies the monetary value of population-level health losses
by assigning a welfare value to each year of healthy life lost, consistent with established welfare-based economic burden
frameworks.
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VLmev‘t = VSLYpmv,t X DALYpmv,t (3)

To facilitate comparison across provinces with different economic sizes, VLW was further expressed relative to total
provincial economic output. Provincial GDP (PPP-adjusted) was calculated as GDP per capita multiplied by the
corresponding provincial population estimate. The VLW-to-GDP ratio (Equation 4) therefore reflects the proportion of
total economic output that is equivalent to welfare losses attributable to occupational ergonomic risks.

VL Wprov,t

Ratio of VLW — to — GDP,4,; =
f provt GDPcppp prove X Populationy,,,

“4)

This normalized measure allows assessment of the relative economic burden of occupational low back pain across
provinces, independent of absolute economic scale. All input data and intermediate calculations are provided in the
Supplementary File.

Spatiotemporal Analysis

Spatiotemporal analyses were performed to characterize the provincial distribution and temporal variation of the burden
attributable to occupational ergonomics—associated low back pain (LBP) in Indonesia between 2019 and 2021. All
analyses and visualizations were conducted using Python (version 3.12) with libraries including geopandas, matplotlib,
seaborn, and pandas for geospatial processing, data manipulation, and mapping. DALYs were depicted as choropleth
maps, the VLW was represented using graduated color maps, and VLW-to-GDP ratios were visualized with intensity
gradients to emphasize inter-provincial disparities. Temporal dynamics were examined by calculating percentage shifts
for each indicator between 2019-2020 and 20202021, displayed through comparative bar charts to highlight increases
and decreases across provinces.

Estimation of Socioeconomic Inequalities

Absolute and relative socioeconomic inequalities were estimated using regression-based inequality indices, namely the
Slope Index of Inequality (SII) and the Relative Index of Inequality (RII), respectively. Provinces were ranked by GDP
from lowest to highest and assigned a relative socioeconomic rank based on ridit scores. The SII was estimated by
regressing the outcome of interest (y;; DALY count, value of lost welfare, or VLW—-GDP ratio) on the relative socio-
economic rank of each province (R;). The following formula was used:

yi=a+pRi+e “4)

where f represents the SII and quantifies the absolute difference in the outcome between provinces at the lowest and
highest ends of the GDP distribution. Standard errors (SEs) were obtained from the regression model, and 95%
confidence intervals (CIs) were calculated as:

Closy, = f £ th—20975 X SE(f) (%)
Meanwhile, the RII was derived by normalizing the SII to the overall mean of the outcome (u):

RIl = p (6)

7
The RII represents the relative difference in the outcome across the socioeconomic hierarchy. Standard errors and 95%
confidence intervals for the RII were estimated using error propagation based on the variance of the SII. Negative SII and
RII values indicate a disproportionate burden among lower-GDP provinces, consistent with provinces being ranked from
lowest to highest GDP.

Assumptions

We assumed no differentiation by sex, applied a uniform income elasticity of one, and valued DALY's proportionally to
welfare loss without age-weighting. All monetary values were expressed in current PPP-adjusted international dollars.
The analysis was limited to the years 2019-2021 and did not extrapolate beyond this period.
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Table | Disability-Adjusted Life years Attributable to Occupational Ergonomics—Associated Low Back Pain in
Indonesia and Its Provinces

Province DALY (95% Ul), Count DALY Shift (%)
2019 2020 2021 2019 to 2020 | 2020 to 2021
Indonesia 65.17 (89.18-45.41) | 65.96 (90.29—46.26) | 67.39 (92.77-46.71) 1.21 2.18
Aceh 1.24 (1.71-0.83) 1.26 (1.78-0.84) 1.3 (1.84-0.87) 2.02 3.16
North Sumatra 341 (4.79-2.22) 3.46 (4.82-2.29) 3.54 (4.98-2.32) 1.49 2.53
Jambi 0.87 (1.23-0.59) 0.89 (1.26-0.6) 0.91 (1.3-0.6) 1.83 242
West Sumatra 1.33 (1.83-0.9) 1.35 (1.85-0.9) 1.38 (1.93-0.93) 0.98 2.74
Riau 1.41 (2.03-0.96) 1.44 (2.07-0.98) 1.47 (2.1-1) 1.65 230
Riau Islands 0.43 (0.61-0.29) 0.45 (0.62-0.3) 0.46 (0.66-0.31) 2.99 4.21
South Sumatra 2.04 (2.85-1.38) 2.07 (2.88-1.41) 2.12 (2.91-1.44) 1.22 2.6l
Bengkulu 0.52 (0.73-0.35) 0.52 (0.74-0.36) 0.54 (0.76-0.37) 1.69 2.87
North Kalimantan 0.15 (0.21-0.1) 0.16 (0.22-0.1) 0.17 (0.23-0.11) 3.13 4.48
Lampung 2.29 (3.2-1.48) 2.34 (3.28-1.52) 2.4 (3.44-1.56) 1.84 2.79
Bangka-Belitung Islands 0.37 (0.5-0.25) 0.37 (0.52-0.26) 0.38 (0.53-0.26) 2.07 2.90
Yogyakarta 0.92 (1.34-0.63) 0.92 (1.34-0.63) 0.92 (1.36-0.62) —0.50 0.92
Jakarta 2.02 (2.88-1.37) 2.04 (2.85-1.35) 2.08 (2.97-1.4) 091 1.99
East Java 10.3 (14.32-6.92) 10.27 (14.33-6.86) 10.38 (14.65-6.89) —0.26 I.11
West Java 11.26 (15.64-7.66) 11.42 (15.9-7.69) 11.62 (16.09-7.79) 1.43 1.79
Banten 2.63 (3.7-1.75) 2.69 (3.84-1.77) 2.76 (3.94-1.82) 1.97 2.76
Central Java 9.26 (12.9-6.2) 9.33 (12.86-6.27) 9.5 (13.08-6.38) 0.73 1.76
West Kalimantan 1.34 (1.84-0.9) 1.37 (1.92-0.93) 1.41 (1.95-0.97) 2.71 2.95
Bali 1.09 (1.53-0.73) 1.09 (1.55-0.73) I.11 (1.59-0.73) 0.30 1.48
Central Kalimantan 0.67 (0.95-0.45) 0.69 (0.98-0.46) 0.71 (0.99-0.48) 247 3.30
West Nusa Tenggara 1.3 (1.77-0.88) 1.32 (1.83-0.9) 1.36 (1.87-0.92) 1.86 291
South Kalimantan 0.98 (1.37-0.66) 0.99 (1.39-0.66) I (1.41-0.67) 0.57 1.31
East Nusa Tenggara 1.38 (1.91-0.94) 1.41 (1.95-0.95) 1.45 (2.03-0.99) 2.00 2.75
Central Sulawesi 0.75 (1.05-0.51) 0.76 (1.06-0.52) 0.78 (1.13-0.54) 1.35 2.58
East Kalimantan 0.79 (1.11-0.52) 0.81 (1.14-0.53) 0.83 (1.17-0.55) 2.11 2.94
South Sulawesi 2.3 (3.27-1.57) 2.33 (3.25-1.58) 2.38 (3.37-1.64) 1.24 2.22
Southeast Sulawesi 0.65 (0.9-0.45) 0.66 (0.91-0.45) 0.68 (0.96-0.46) 222 3.20
North Sulawesi 0.68 (0.95-0.47) 0.69 (0.96-0.47) 0.7 (0.98-0.48) 0.90 2.10
Maluku 0.5 (0.69-0.34) 0.51 (0.71-0.35) 0.53 (0.74-0.37) 2.88 4.32
Gorontalo 0.32 (0.43-0.21) 0.32 (0.44-0.22) 0.33 (0.45-0.22) 1.0l 2.34
North Maluku 0.34 (0.46-0.22) 0.35 (0.47-0.23) 0.36 (0.49-0.24) 3.07 443
West Sulawesi 0.36 (0.49-0.24) 0.37 (0.5-0.25) 0.38 (0.52-0.25) 235 3.73
West Papua 0.26 (0.36-0.18) 0.27 (0.38-0.19) 0.29 (0.4-0.2) 5.26 6.55
Papua I (1.35-0.67) 1.05 (1.46-0.7) 1.12 (1.52-0.76) 5.18 5.92
Results

Disability-Adjusted Life Years
National DALY counts attributable to occupational ergonomics—associated low back pain are presented in Table 1. The
estimates increased steadily from 65.17 (95% UI: 45.41-89.18) thousand in 2019 to 67.39 (46.71-92.77) thousand in
2021, representing a cumulative rise of 3.4%. Most provinces followed this upward trend, with the largest absolute
DALY counts observed in West Java (11.62 thousand in 2021), East Java (10.38 thousand), and Central Java (9.5
thousand). Provinces with smaller populations, such as Riau Islands, Gorontalo, and North Kalimantan, showed lower

counts (<0.5 thousand each year) but often registered higher percentage increases, exceeding 4% in some years. Papua

and West Papua displayed the sharpest year-to-year increases, with DALY's rising by more than 5% annually between

2019 and 2021. In contrast, Yogyakarta and East Java showed minimal or negative shifts during 2019-2020 before

modest increases in 2021.
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Value of Lost Welfare

The estimated VLWs attributable to occupational ergonomics—associated low back pain in Indonesia and its provinces are
presented in Table 2. Nationally, VLW rose from Int$ 44.57 billion in 2019 to Int$ 48.53 billion in 2021, reflecting a 2-year
increase of 8.9%. Provincially, the largest absolute welfare losses were concentrated in East Java (Int$ 7.16-7.32 billion), Jakarta
(Int$ 6.34-6.83 billion), and West Java (Int$ 5.70—6.30 billion). Several provinces experienced sharp increases between 2019 and
2020, notably North Kalimantan (+16.3%), Riau Islands (+16.1%), and Central Sulawesi (+19.8%). From 2020 to 2021, Central
Sulawesi (+16.1%), North Maluku (+16.7%), and Papua (+12.8%) recorded the steepest gains. Conversely, declines were
observed in some provinces, including Bali (=9.4%), Lampung (—2.3%), and Jakarta (—2.4%), despite stable or increasing

DALYs.

Table 2 Value of Lost Welfare Attributable to Occupational Ergonomics—Associated Low

Back Pain in Indonesia and Its Provinces

Province VLW (Million Int$) VLW Shift (%)
2019 2020 2021 2019 to 2020 | 2020 to 2021

Indonesia 44571.30 | 47,555.03 | 48,532.24 6.69 2.05
Aceh 45239 515.48 533.52 13.94 3.50
North Sumatra 221247 | 246337 2414.16 11.34 —2.00
Jambi 626.88 663.05 694.52 5.77 4.75
West Sumatra 709.80 762.68 739.67 7.45 -3.02
Riau 1848.31 2102.20 2236.46 13.74 6.39
Riau Islands 611.46 709.70 722.67 16.07 1.83
South Sumatra 1292.68 1438.51 1448.53 11.28 0.70
Bengkulu 223.69 247.85 250.00 10.80 0.87
North Kalimantan 249.44 290.17 303.66 16.33 4.65
Lampung 1142.12 1181.15 1153.90 3.42 —2.31
Bangka-Belitung Islands | 225.85 250.26 264.56 10.81 5.71
Yogyakarta 389.84 437.23 434.07 12.16 —0.72
Jakarta 6341.88 6834.25 6670.90 7.76 -2.39
East Java 7157.83 7468.64 7319.07 4.34 —2.00
West Java 5704.45 6295.17 6131.91 10.36 -2.59
Banten 1622.57 1828.21 1805.83 12.67 -1.22
Central Java 4246.98 | 4376.10 4251.74 3.04 —2.84
West Kalimantan 663.55 700.07 703.38 5.50 0.47
Bali 738.48 727.08 658.82 —1.54 -9.39
Central Kalimantan 452.78 510.54 530.71 12.76 3.95
West Nusa Tenggara 401.02 435.78 423.62 8.67 -2.79
South Kalimantan 501.48 570.29 566.88 13.72 —0.60
East Nusa Tenggara 325.73 367.08 356.34 12.70 —2.93
Central Sulawesi 548.84 657.43 763.11 19.79 16.08
East Kalimantan 1660.01 1658.60 1767.38 —0.08 6.56
South Sulawesi 1554.78 1670.42 1669.92 744 —0.03
Southeast Sulawesi 370.35 422.67 421.04 14.13 —0.39
North Sulawesi 419.58 446.88 446.58 6.51 —0.07
Maluku 156.68 168.91 168.02 7.81 —0.53
Gorontalo 133.17 149.61 145.55 12.34 —2.71
North Maluku 128.54 148.63 173.41 15.63 16.67
West Sulawesi 147.67 158.48 161.14 732 1.68
West Papua 273.80 265.28 25891 =3.11 —2.40
Papua 685.64 644.27 726.94 —6.03 12.83
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VLW-to-GDP Ratio

The ratio of VLW-to-GDP attributable to occupational ergonomics—associated low back pain is presented in Table 3. At the
national level, the VLW-to-GDP ratio rose from 1.36% in 2019 to 1.47% in 2020 before declining back to 1.36% in 2021,
reflecting a rebound of GDP following the COVID-19 economic slowdown. Meanwhile in provincial level, similar patterns were
observed with nearly all provinces showing increases of 7-9% between 2019 and 2020 and subsequent decreases of 6—-8% from
2020 to 2021. The highest relative burdens in 2021 were noted in Maluku (1.59%), North Maluku (1.56%), and East Nusa
Tenggara (1.53%), all exceeding the national average. In contrast, Jakarta (1.09%) and East Kalimantan (1.20%) consistently
showed the lowest ratios.

Table 3 Ratio of Value of Lost Welfare to Gross Domestic Product Attributable to
Occupational Ergonomics—Associated Low Back Pain in Indonesia and Its Provinces

Province VLW-to-GDP VLW-to-GDP Shift (%)
2019 2020 2021 | 2019 to 2020 | 2020 to 2021
Indonesia 0.0136 | 0.0147 | 0.0136 7.74 —7.18
Aceh 0.0137 | 0.0148 | 0.0139 8.44 —6.42
North Sumatra 0.0132 | 0.0143 | 0.0133 791 —7.02
Jambi 0.0141 | 0.0153 | 0.0143 8.58 —6.83
West Sumatra 0.0137 | 0.0147 | 0.0137 7.16 —6.97
Riau 0.0127 | 0.0138 | 0.0129 8.63 —6.76
Riau Islands 0.0115 | 0.0124 | 0.0115 8.0l —6.67
South Sumatra 0.0139 | 0.0150 | 0.0140 7.92 —6.61
Bengkulu 0.0147 | 0.0159 | 0.0148 8.0l —6.75
North Kalimantan 0.0126 | 0.0137 | 0.0128 826 —6.40
Lampung 0.0146 | 0.0157 | 0.0146 7.94 -7.00
Bangka-Belitung Islands | 0.0144 | 0.0155 | 0.0145 823 —6.86
Yogyakarta 0.0138 | 0.0147 | 0.0136 6.64 —7.62
Jakarta 0.0109 | 0.0117 | 0.0109 7.56 -7.20
East Java 0.0142 | 0.0151 | 0.0140 6.66 —7.68
West Java 0.0131 | 0.0141 | 0.0131 821 -7.37
Banten 0.0127 | 0.0138 | 0.0129 8.62 —6.59
Central Java 0.0140 | 0.0151 | 0.0139 7.22 —7.52
West Kalimantan 0.0141 | 0.0153 | 0.0142 8.46 -7.22
Bali 0.0141 | 0.0151 | 0.0139 6.97 —7.60
Central Kalimantan 0.0145 | 0.0158 | 0.0147 851 —6.65
West Nusa Tenggara 0.0143 | 0.0155 | 0.0145 823 —6.68
South Kalimantan 0.0139 | 0.0151 | 0.0138 8.76 -8.71
East Nusa Tenggara 0.0151 | 0.0163 | 0.0153 7.70 —6.05
Central Sulawesi 0.0146 | 0.0157 | 0.0147 7.98 —6.65
East Kalimantan 0.0120 | 0.0130 | 0.0120 7.87 —7.24
South Sulawesi 0.0143 | 0.0154 | 0.0143 7.75 —7.18
Southeast Sulawesi 0.0142 | 0.0154 | 0.0144 8.52 —6.47
North Sulawesi 0.0147 | 0.0157 | 0.0145 7.07 -7.50
Maluku 0.0157 | 0.0170 | 0.0159 8.47 —6.16
Gorontalo 0.0155 | 0.0167 | 0.0156 8.03 —6.65
North Maluku 0.0153 | 0.0166 | 0.0156 8.69 —6.02
West Sulawesi 0.0149 | 0.0161 | 0.0151 8.30 —6.35
West Papua 0.0138 | 0.0150 | 0.0141 8.65 —6.06
Papua 0.0131 | 0.0142 | 0.0133 8.72 —6.45
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Spatiotemporal Distribution
DALY attributable to occupational ergonomics—related low back pain increased at the national level between 2019 and

2021, with higher absolute values in populous provinces such as West Java, East Java, and Central Java (Figure 1). VLW
also increased over the same period, rising nationally from 2019 to 2021. Provinces with large populations, such as East
Java, West Java, and Jakarta, contributed the largest shares of the total VLW, while smaller provinces such as Gorontalo,
North Maluku, and West Sulawesi accounted for much lower values (Figure 2). The VLW-to-GDP ratio showed
a different pattern. At the national level, the ratio rose from 2019 to 2020 and returned to the 2019 level in 2021.
Provinces such as Maluku, Gorontalo, North Maluku, and East Nusa Tenggara consistently exhibited the highest ratios,

DALYs attributable to occupational ergonomics—LBP (2019)

&
<
(@)
3
<
)]
(b) X J’
|
<
)]

Figure | Disability-adjusted life years (DALYs) attributable to occupational ergonomics-associated low back pain in Indonesia, 2019-2021, showing national DALY estimates
across the three study years (a), the provincial distribution of DALYs in 2021 (b), and the temporal change in DALYs from 2019 to 2021 across provinces (c).
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Figure 2 Value of lost welfare (VLW, million Int$) attributable to occupational ergonomics-associated low back pain in Indonesia and its provinces, 2019-2021, illustrating
national VLW estimates across the three study years (a), the provincial distribution of VLW in 2021 (b), and temporal shifts in VLW from 2019 to 2021 across provinces (c).

while Jakarta, Riau Islands, and East Kalimantan remained at the lowest levels (Figure 3). In terms of their year-to-year
changes, the trends are uneven as presented in Figure 4. From 2019 to 2020, the onset of the COVID-19 pandemic and
the associated economic shock coincided with negative or minimal DALY shifts in several Java provinces, while many
eastern provinces showed increases. From 2020 to 2021, as the economy began to rebound, DALY growth was observed
in most provinces, with the largest increases again in the east, while provinces in Java remained stable VLW also rose
nationally, with some eastern provinces showing stronger gains, while Bali, Jakarta, and West Java experienced
stagnation or declines. A similar shift was observed for the VLW-to-GDP ratio: during 2019 to 2020, when GDP
contracted, the ratio increased across nearly all provinces, with the sharpest rises in smaller economies such as Maluku,
Gorontalo, North Maluku, and East Nusa Tenggara. From 2020 to 2021, as GDP rebounded, most provinces saw the ratio
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Figure 3 Ratio of VLW-to-GDP attributable to occupational ergonomics—associated low back pain in Indonesia and its provinces, 2019-2021, showing national VLW-GDP
ratios across study years (a), the provincial distribution of VLW-GDP ratios in 2021 (b), and temporal changes in VLW-GDP ratios across provinces from 2019 to 2021 (c).

decline toward pre-pandemic levels, although the relative ranking persisted, with eastern provinces highest and Jakarta,
Riau Islands, and East Kalimantan lowest.

Socioeconomic Inequalities

Before the COVID-19 pandemic, DALY counts exhibited a positive concentration toward higher-GDP provinces (Table 4). In
2020, this pattern shifted toward lower-GDP provinces, before reverting to a positive concentration in 2021. For absolute
VLW, concentration indices remained positive throughout 2019-2021. However, none of the absolute or relative inequality
estimates for DALY counts or absolute VLW were statistically significant, as the corresponding confidence intervals crossed
the null. In contrast, the VLW—GDP ratio demonstrated statistically significant and consistently negative inequality indices
across all years. Absolute inequality estimates indicated a consistent GDP gradient in the VLW—GDP ratio, with SII values of
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Figure 4 Year-to-year shifts of DALYs (a), VLWs (b), and VLW-to-GDP ratios (c) attributable to occupational ergonomics—associated low back pain provinces in Indonesia.

—0.00162 (95% CI: —0.00249 to —0.00075) in 2019, —0.00173 (95% CI: —0.00268 to —0.00078) in 2020, and —0.00165 (95%
CI: —0.00255 to —0.00074) in 2021. Correspondingly, relative inequality estimates were also statistically significant, with RII
values of —0.117 (95% CI: —0.179 to —0.054), —0.115 (95% CI: —0.178 to —0.052), and —0.118 (95% CI: —0.183 to —0.053),

respectively (Table 4).

Iscussion

D

This present study quantified the economic burden of occupational ergonomics across Indonesian provinces using the

VLW framework. At the national level, VLW reached Int$ 48.5 billion in 2021, rising from Int$ 44.6 billion in 2019 and

Int$ 47.6 billion in 2020. This steady increase reflects the persistent and cumulative nature of musculoskeletal and

ergonomic disorders, which continue to add disability and premature mortality even as other acute health shocks subside.
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Table 4 Absolute and Relative Health Inequality Estimates for Disease and Economic
Burdens Attributable to Occupational Low Back Pain in Indonesia

Estimates Slope Index of Inequality Relative Index of Inequality
DALY
2019 —2,701.58 (—29,382.45 to 23,979.30) | —0.14 (—1.53 to 1.25)
2020 —5,373.39 (—32,198.95 to 21,452.16) | —0.28 (—1.66 to I.11)
2021 —8,219.10 (—31,504.05 to 23,065.84) | —0.21 (—1.59 to .16)
VLW
2019 1,090.49 (—622.11 to 2,803.10) 0.84 (—0.48 to 2.16)
2020 1,034.56 (—806.72 to 2,875.85) 0.74 (—0.58 to 2.06)
2021 1,136.60 (—647.52 to 2,920.72) 0.82 (—0.47 to 2.10)
VLW-GDP ratio
2019 —0.00162 (—0.00249 to —0.00075) —0.117 (-0.179 to —0.054)
2020 —0.00173 (—0.00268 to —0.00078) —0.115 (-0.178 to —0.052)
2021 —0.00165 (—0.00255 to —0.00074) —0.118 (—0.183 to —0.053)

At the provincial scale, the burden was unevenly distributed. East Java recorded the highest VLW (Int$ 7.3 billion in
2021), followed closely by West Java and Jakarta, provinces characterized by dense populations and concentrated labor
forces where ergonomic risks are magnified by industrial and service-sector activity. In contrast, smaller or less
industrialized regions such as Gorontalo (Int$ 145.6 million) and North Maluku (Int§ 173.4 million) contributed only
a fraction of the national burden, illustrating the strong influence of both population size and economic structure on VLW
estimates. As a comparison, the recently published estimates indicate that MSDs caused a worldwide VLW of USD
2,099.84 billion in 2021, equivalent to 1.41% of global GDP, with LBP alone accounting for 43% of the total burden.'

In interpreting the findings of the present study, it is important to consider the mechanisms underlying the observed
trajectories. The increase in absolute VLW was primarily shaped by the rise in DALY attributable to occupational
ergonomics—related low back pain, with additional influence from the annual adjustment of national VSL benchmarks.
By contrast, the spike and normalization of the VLW-to-GDP ratio closely tracked the national economic cycle, with
GDP growth of 5.0% in 2019, a contraction of —2.1% in 2020, and a rebound of 3.7% in 2021.%8 Notably, the rise in
DALY during 2020 in the present study coincided with the onset of the COVID-19 pandemic, when large segments of the
workforce shifted to remote work in non-ergonomic environments. Reviews on evidence from multiple countries suggest
that work-from-home arrangements were associated with increased prevalence of low back, neck, and shoulder pain due
to prolonged sitting, inadequate furniture, and limited physical activity.>*~*° In Indonesia, a descriptive study reported that
two-thirds of workers experienced musculoskeletal complaints during home-based work, particularly in the lower back
and neck.®' These patterns suggest that pandemic-driven changes in work environments may have exacerbated ergo-
nomic risks, amplifying the musculoskeletal burden even as economic activity slowed. However, it is important to
emphasize that the present study does not infer a causal relationship between pandemic-related changes in work
environments and the observed trajectories of DALYs or VLW, and these associations are discussed only in relation to
evidence reported in the existing literature.

In the present study, the SII and RII estimated from the VLW—GDP ratio suggests that provinces with lower GDP may
significantly experience a disproportionate welfare impact from occupational LBP, even when absolute burdens are
lower. This pattern is consistent with the structural characteristics of labor markets in lower-GDP provinces, where
employment is more likely to involve physically demanding tasks, informal arrangements, and limited access to
ergonomic safeguards. Empirical evidence from Indonesian settings consistently highlights the pervasiveness of MSDs

12 https: ClinicoEconomics and Outcomes Research 2026:18



Kadir et al

across such sectors.*>** For example, factory workers reported extremely high prevalence of low back, shoulder, and
neck pain, with LBP affecting 94.4% of workers.** Similarly, ergonomic risk assessments among informal welding
workers found that 75% experienced high-level MSD complaints, with physical fitness and posture emerging as
dominant predictors.*® In particular, traditional weavers in East Nusa Tenggara, one of the lowest-ranked provinces by
GDP, have been reported to face a high risk of low back pain.** Similarly, seven out of ten harbor porters in Southeast
Sulawesi were found to experience LBP.*’

Regardless of provincial socioeconomic status, previous studies have reported that healthcare workers are particularly
prone to MSDs, with risks strongly associated with workload and posture.”*® Nurses, in particular, frequently reported
frequent LBP and tension neck syndrome.”*® More than 70% of dentists report poor ergonomic practices, and nearly all
experience work-related MSDs, predominantly affecting the back, waist, and neck.®>’ Systematic reviews have con-
sistently confirmed age, gender, workload, and posture as key determinants of MSDs among healthcare workers.”*®
Among health students, LBP has been frequently associated with body mass index, prolonged sitting duration, and poor
posture.*”

In the informal sector, such as agriculture, LBP risk is similarly influenced by posture, working conditions, and
gender.'”'*%° Online motorcycle taxi drivers in Jakarta have demonstrated early signs of carpal tunnel syndrome
attributable to prolonged awkward postures.'' Garment and batik workers exhibit high ergonomic risks associated with
age, body mass index, and posture.' >4 In heavy industries, compounded exposures are particularly pronounced, with
coal mining workers facing combined physical and psychosocial risks for neck and shoulder pain,*' and construction
workers experiencing markedly elevated odds of neck pain under similar conditions.*?

Innovative approaches are beginning to demonstrate potential solutions to reduce the burden of work-related LBP.
Digital Human Modeling (DHM) applied in horticultural workstations reduced RULA scores by 75% after replacing
manual valves with motor-operated systems.** Such computer-aided ergonomics methods demonstrate how technology
can substantially reduce musculoskeletal risks in manual labor settings. Beyond prevention, ergonomic challenges also
influence recovery. A previous study of hip fracture patients identified low grip strength, arm muscle area, calf
circumference, serum albumin, and muscle fiber diameter as predictors of walking inability six weeks post-surgery.**
It is worth noting that the WHO/ILO joint estimates of the work-related burden of disease and injury reported that
2.9 million deaths and 180 million DALY's in 2019 were attributable to occupational exposures worldwide.* Work-related
DALY accounted for 5.8% of global GDP, with musculoskeletal disorders contributing 9% of the total burden.* Thus,
occupational risks, including ergonomic hazards, not only impose severe health consequences but also translate into
substantial macroeconomic losses, reinforcing the urgency for national and global action.

This study has several limitations that should be considered when interpreting the findings. First, the estimation of
VLW relies on the VSLY, which is derived from GDP per capita and PPP adjustments. This approach assumes a uniform
relationship between income and the valuation of health across provinces, potentially overlooking cultural, demographic,
and labor market differences that influence the true willingness to pay for risk reduction. The structure of income
elasticity and discounting can influence the magnitude of the estimates; however, the estimation in the present study
followed internationally accepted guidelines for health economic evaluation. Second, the analysis used aggregated DALY
estimates from the GBD framework, which may mask within-province heterogeneity and could be subject to modeling
uncertainties, particularly for work-related MSDs. In Indonesia, where occupational health surveillance remains limited
and informal employment predominates, ergonomic risk exposures are likely underreported. As a result, the estimation
herein may represent a conservative approximation of the true impact. Third, the time frame of 2019-2021 coincides with
the COVID-19 pandemic, and interpretation of the findings should not extend beyond the study window. Finally, this
study did not incorporate other economic components such as productivity losses, direct healthcare costs, employer-
related expenditures, or caregiver burden. Consequently, the estimated value of lost welfare reflects health-related welfare
losses rather than the full economic cost of occupational LBP.

Conclusion
Occupational ergonomics imposes a substantial and rising health burden in Indonesia, with welfare losses amounting to
nearly Int$ 50 billion in 2021. While the VLW-to-GDP ratio declined due to rapid economic recovery following the
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COVID-19 downturn, this should not be interpreted as a reduction in ergonomic risk. The steady increase in DALY's
during the pandemic may partly reflect changes in work behaviour, particularly remote working in non-ergonomic
environments. Moreover, the economic weight of this burden is unevenly distributed across provinces, with lower-GDP
regions experiencing disproportionately higher welfare losses relative to their economic capacity. These findings under-
score the importance of prioritizing systematic ergonomic risk assessment and monitoring, particularly in lower-GDP
provinces that are more vulnerable to the economic consequences of occupational health burdens. Strengthening
occupational health surveillance, expanding routine ergonomic risk assessments, and integrating ergonomic indicators
into provincial labor and health monitoring systems could support earlier identification of high-risk work settings and
inform targeted preventive actions.
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