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Abstract

Background Estimating the economic burden of modifiable risk factors is crucial for allocating scarce healthcare
resources to improve population health. We quantified the economic burden attributable to modifiable risk factors
in an urban area of China.

Methods Our Shanghai Municipal Health Commission dataset covered 2.2 million inpatient admissions for adults
(age > 20) in public and private hospitals in 2015 (1,327,187 admissions) and 2020 (837,482 admissions). We used

a prevalence-based cost-of-illness approach by applying population attributable fraction (PAF) estimates for each
modifiable risk factor from the Global Burden of Diseases Study (GBD) to estimate attributable costs. We adopted

a societal perspective for cost estimates, comprising direct healthcare costs and productivity losses from absenteeism
and premature mortality. Future costs were discounted at 3% and adjusted to 2020 prices.

Results In 2020, the total societal cost attributable to modifiable risk factors in Shanghai was US$7.9 billion (95%
uncertainty interval [Ul]: 4.6—-12.4b), mostly from productivity losses (67.9%). Two health conditions constituted most
of the attributable societal cost: cancer (51.6% [30.2-60.2]) and cardiovascular disease (31.2% [24.6-50.7]). Three modi-
fiable risk factors accounted for half of the total attributable societal cost: tobacco (23.7% [16.4-30.5]), alcohol (13.3%
[8.2-19.7]), and dietary risks (12.2% [7.5-17.7]). The economic burden varied by age and sex; most of the societal costs
were from males (77.7%), primarily driven by their tobacco and alcohol use. The largest contributor to societal costs
was alcohol for age 20-44, and tobacco for age 45 +. Despite the COVID-19 pandemic, the pattern of major modifi-
able risk factors remained stable from 2015 to 2020 albeit with notable increases in attributable healthcare costs

from cancers and productivity losses from cardiovascular diseases.

Conclusions The substantial economic burden of diseases attributable to modifiable risk factors necessitates
targeted policy interventions. Priority areas are reducing tobacco and alcohol consumption and improving dietary
habits that together constitute half of the total attributable costs. Tailored interventions targeting specific age and sex
groups are crucial; namely tobacco in middle-aged/older males and alcohol in younger males.
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Background

Reducing the burden of modifiable risk factors has long
been championed in public health policy to improve
population health. Globally, almost half (47.8%) of all
disability-adjusted life-years (DALYs) were attributed to
modifiable risk factors; with high systolic blood pressure
and tobacco as the leading risk factors for mortality in
2019 [1]. Other major modifiable environmental, occupa-
tional, behavioral, and metabolic risk factors include high
body-mass index, physical inactivity, alcohol consump-
tion, and poor diet [2—4].

From 2010 to 2019, the largest declines in exposure
to harmful risks globally were those strongly linked to
social and economic development, including household
air pollution; unsafe water, sanitation, and handwash-
ing; and child growth failure [5]. However, the pattern of
attributable risk factors varied widely by geography [6].
China initiated a new round of healthcare system reform
in 2009 with the goal of providing equal and guaranteed
essential medical and health services for all by 2020 [7].
Significant achievements include universal coverage
of social health insurance and the establishment of an
essential medicine system [8]. Moreover, the country has
rapidly urbanized with the proportion of urban residents
climbing from 18% in 1978 to nearly 65% in 2020 [9], and
is forecasted to continue rising [10]. China is undergo-
ing rapid epidemiological shifts transforming population
health and the pattern of risk factor exposure [11-13].

Past studies in China have focused on the burden of
specific conditions such as cancer and cardiovascular
disease [14-17], or specific risk factors such as tobacco
[18, 19]. Yet, there is little evidence of the relative effects
attributable to multiple modifiable risk factors. Tracking
the health and economic burden attributable to modifi-
able risk exposure can help policymakers prioritize pub-
lic health actions and focus attention on the risk factors
with the biggest potential gains. This study aims to esti-
mate the economic burden of modifiable risk factors in
Shanghai, an urban area in China, and the relative contri-
butions of the multitude of modifiable risk factors.

Methods

Study design

We estimated the economic cost of health conditions
attributable to modifiable risk factors using a prevalence-
based cost-of-illness approach [20]. We adopted a soci-
etal perspective for cost estimates comprising of the
direct costs from healthcare use and the indirect costs
from productivity losses due to absenteeism and prema-
ture mortality (defined as death before life expectancy).
We estimated healthcare costs and productivity losses
attributable to modifiable risk factors using the popula-
tion attributable fraction (PAF) for every health condition
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and risk factor pair [2, 6]. PAF is the proportion of the
prevalent health burden attributable to each risk factor
calculated from the relative risks and population expo-
sure (Additional file 1: Text S1) [21, 22]. Where a disease
has multiple risk factors, the PAF may overestimate the
impact of each risk factor if cases with multiple risk fac-
tors are not mutually exclusive. To adjust for this overlap,
we applied the Krueger approach [23, 24] used to com-
bine risk factors in many previous studies (Additional
file 1: Text S1) [24-27]. We examined 20 risk factors
(level 2 risks from the Global Burden of Disease (GBD)
comparative risk assessment framework) commonly used
in other studies as they include most modifiable risk fac-
tors (Additional file 1: Table S1) [26, 28, 29]. We exam-
ined 22 mutually exhaustive health conditions (level 2
causes with 22 disease and injury aggregate groupings in
GBD).

Setting

Our study data covered Shanghai, one of the largest and
most economically developed urban areas in China,
with over 24 million permanent residents. Total annual
health expenditure in Shanghai amounted to RMB 152
billion (US$22b) in 2015 and RMB 263 bn (US$38b) in
2020, accounting for 5.7% and 6.7% of Shanghai’s gross
domestic product (GDP) respectively (per capita expend-
iture of RMB 6,362 [US$936] in 2015 and RMB 10,592
[US$1,558] in 2020) [30]. Healthcare expenditures in
Shanghai were largely funded by social contributions
(56.8%), government support (22.3%), and out-of-pocket
payments (20.9%) in 2020 [30]. The coverage rate of
social medical insurance exceeds 97% in Shanghai [31].
Healthcare services in Shanghai are mainly provided by
the public sector, which financed 94% in 2015 and 88%
in 2020 of total health expenditures [30]. Public providers
dominate hospital services in Shanghai; providing 91.2%
of outpatient services, 93.4% of inpatient services, and
95.8% of surgical services in 2020 [31]. Hospitals, specifi-
cally secondary and tertiary medical institutions, repre-
sented 68% of Shanghai’s total health expenditures in
2020, amounting to RMB 179 billion (US$26b), of which
56% was spent on inpatient care (38% of all health expen-
ditures; RMB 100 billion, US$15b).

Data sources

We analyzed data from the Shanghai Municipal Health
Commission covering all inpatients aged 20 and over
in both public and private hospitals in 2015 (1,327,187
admissions) and 2020 (837,482 admissions). Data include
health conditions, length of stay, medical expenses dur-
ing hospitalization (medical treatment, surgery, diagnos-
tics, nursing, rehabilitation, physiotherapy, drugs, blood
products, and consumables), and discharge status (cured,
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improved, not cured, died, others). We used the princi-
pal diagnosis codes in hospitalization records to classify
health conditions according to the WHO International
Classification of Diseases, 10th Revision (ICD-10) codes
(Additional file 1: Table S2). We extracted the modifi-
able risk factor-specific attributable disability-adjusted
life-years (DALYs) for each health condition from GBD
2020 and 2015 data [32]. PAF estimates for each modifi-
able risk factor were determined by dividing risk factor-
specific attributable DALYs by the total DALYs caused by
all risk factors for each health condition.

The income distribution of urban Chinese residents
was derived from the Chinese Household Income Pro-
ject (CHIP) 2018 [33], which used a stratified multi-stage
sampling method to survey 71,266 individuals nation-
wide (36,259 from urban areas). We proxied income dis-
tribution of Shanghai residents by age and sex from data
on urban residents in the CHIP 2018 survey standardized
to the mean income level for Shanghai residents from
the Shanghai Statistical Yearbook [30] (Additional file 1:
Table S3). The income growth rate was the annualized
change in real annual salary of workers in Shanghai from
2008 to 2021 at 10% in nominal terms (Additional file 1:
Table S4) [30]. The age-and sex-specific labor force par-
ticipation rates and mortality rates of residents in Shang-
hai were derived from the Shanghai Population Census
Yearbook 2020, a comprehensive survey for the seventh
national population census (Additional file 1: Table S5-6)
[34].

Cost estimates

We adopted a societal perspective for cost estimates com-
prising healthcare costs and productivity losses (formulas
to estimate costs in Additional file 1: Text 2). Healthcare
costs were calculated based on the overall economic cost-
to-charge ratio of hospitalizations, which stood at 0.95
in 2015 and 1.05 in 2020 [35, 36]. These ratios indicate
healthcare charges closely align with the economic cost,
given that most inpatient admissions (95%) were treated
at non-profit public hospitals in the study years. The cal-
culated PAFs for each pairing of health condition and risk
factor were multiplied by the inpatient expenditure to
estimate the attributable healthcare cost for each modifi-
able risk factor.

Productivity losses were composed of absenteeism-
related income loss during inpatient hospitalization and
human capital loss from premature mortality. Income
losses from absenteeism were estimated by multiplying
the age- and sex-specific daily wage rates and labor force
participation rates with length of hospital stay. Human
capital loss from premature mortality was estimated as
the total expected future earnings, calculated as the pre-
sent value of earnings by age and sex from their age at
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death until life expectancy (male: 81 years, female: 86
years) [30], multiplied by the age- and sex-specific labor
force participation rates. Income data for age over 80
years were unavailable, thus earnings were curtailed at 80
years for both males and females. To estimate the num-
ber of premature deaths in Shanghai, we applied the dis-
tribution of deaths by health conditions in hospitals by
age and sex to the age-sex specific mortality rate of resi-
dents in Shanghai (Additional file 1: Table S6). Thus, we
assumed that the distribution of deaths by health condi-
tion for each sex-specific 5-year age group mirrored that
of the matching age-sex group observed in the hospital
setting. PAFs were multiplied by the productivity loss to
estimate attributable productivity loss for each modifi-
able risk factor.

We used an annual discount rate of 3% reflecting the
real inflation rate of both healthcare services and general
price inflation in Shanghai measured by the consumer
price indices (Additional file 1: Table S7) [35]. We esti-
mated the attributable economic burden for 27 separate
age-sex groups (20-24, ..., 75-79, 80 and above). For
reporting purposes, we categorized results into three
broad age groups (20 to 44, 45 to 64, and 65 and above).
Cost estimates are reported in US dollars (USD) using a
consistent USD-to-RMB exchange rate of 6.8.

Uncertainty estimates and sensitivity analyses

To capture the uncertainty in estimates, we simulated the
mean and uncertainty intervals (Uls) using independ-
ent 1000 draws of the PAFs from a beta distribution with
parameters from the GBD 2020. The GBD 2020 study
provided Uls for the attributable DALYs of modifiable
risk factors for each health condition. Since the PAF is
the proportion of DALYs attributed to a specific risk
factor out of the total DALYs caused by all risk factors,
we simulated the PAF of modifiable risk factors for each
health condition. We used the 2.5 and 97.5 percentiles of
the draws as lower and upper uncertainty estimates for
each estimate. Analyses were conducted using R version
4.4.

We conducted sensitivity analyses to assess uncer-
tainties in the long-term economic outlook by explor-
ing scenarios of (1) increasing the wage rate to regional
advanced economies; (2) lowering the wage growth rate
from 10 to 5%; (3) varying the discount rate from 0%
(undiscounted) to 5% compared to the base case of 3%.
Additional sensitivity analyses were conducted to assess
labor market assumptions using retirement age instead
of life expectancy and exploring recent policy reforms
to gradually increase retirement age by 2040. In these
analyses, we assumed that individuals have no formal
economic output (zero participation/wages) at ages
above the retirement age in these scenarios: (1) current
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retirement age of 60 years for males and 55 years for
females; (2) policy reform to 63 years for males and 58
years for females by 2040; (3) 65 years for males and 60
years for females.

Results

Inpatient admissions with a principal diagnosis of the 22
health conditions fell from 1,327,187 in 2015 to 837,482
in 2020; hospital admissions by age and sex shown in
Additional file 1: Table S8. Admissions were evenly dis-
tributed across age groups. In 2020, female inpatients
slightly outnumbered males, comprising 56% of admis-
sions but only 47% of healthcare expenditure and 38% of
deaths in hospital (Additional file 1: Table S6, S9).
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Attributable healthcare costs

We estimated that inpatient healthcare costs of US$2.4
billion (95% UI: 1.3-3.9b) in 2020 was attributable to
the modifiable risk factors. Two conditions accounted
for most of the cost: cancer (48.4% [26.1-58.8]) and
cardiovascular disease (30.1% [23-47.8]) (Table 1,
Fig. 1). The most important risk factors for cancers
were tobacco (39.9% [27.5-49.7]), air pollution (11.5%
[5.2-19.3]) and dietary risks (10.9% [4.5-19.8]). For
cardiovascular diseases, the most important risk factors
were high systolic blood pressure (23.3% [17.8-29.6]),
dietary risks (18.4% [13.4—24]), and air pollution (12.3%
[9-16]) (Additional file 1: Table S10).

Table 1 Healthcare cost, productivity loss, and societal cost attributable to modifiable risk factors by health condition in 2015 and

2020

Health Conditions Healthcare cost

Productivity loss

Societal cost

USS million [UI] % [UI]

USS$ million [UI]

% [U1] US$ million [UI] % [U1]

Year 2015
All conditions 2,413 [1,366-4,083]

950 [568-1,444]

100%

Cardiovascular diseases 37% [27-52]

3,523 [1,879-6,084]
669 [427-962]

100%
24.1% [18.3-42.4]

100%
15.8% [11.4-34.6]

5,936 [3,245-9,987]
1,619 [995-2,406]

Chronic respiratory 155[101-215] 5.5% [4.4-9.7] 92 [38-158] 2.6% [1.2-5.5] 247 [140-373] 3.7% [2.3-7.3]
diseases

Diabetes and kidney 145 [85-224] 5.7% [3.5-9.4] 93 [46-157] 2.6% [1.4-5.2] 238[131-381] 3.8% [2.3-6.9]
diseases

Digestive diseases 264 [120-451] 11.6% [5-17.8]  232[130-340] 56%(3.8-12.2] 496 [250-791] 7.9% [4.6-15.1]

Maternal and neonatal 186 [186-186] 48% [6.4-10.2] 45 [45-45] 0.7% [0.9-2.2] 2311[231-231] 2.3% [3-5.8]
disorders

Musculoskeletal disorders 31 [5-63] 1.6% [0.2-2.6] 9[2-15] 0.2% [0.1-0.5] 39[7-78] 0.8% [0.2-1.4]

Neoplasms 513 [249-972] 249% [9.1-34.2] 2,004 [895-3,937]  64.7% [34.3-71.7] 2,517 [1,144-4,909] 49.2% [20.9-56.8]

Neurological disorders 35[1-100] 2.6% [0.2-3.6] 47 [25-74] 1.2% [0.7-2.6] 82 [26-174] 1.7% [0.3-2.9]

Sense organ diseases 97 [25-196] 5% [1.3-8] 3[1-4] 0.1% [0-0.2] 100 [25-200] 2% [0.5-3.5]

Others 36 [24-51] 1.3% [1-2.3] 330[270-392] 6.4% [6.5-16.7] 366 [295-443] 4.4% [4.5-9.2]
Year 2020

All conditions 2,541 [1,408-4,083] 100% 5,389 [3,181-8,343] 100% 7,939 [4,589-12,426] 100%

Cardiovascular diseases 842 [542-1,227] 30.1% [23-47.8] 1,906 [1,272-2,651] 31.8% [25.6-50] 2,748 [1,814-3,879]  31.2% [24.6-50.7]

Chronic respiratory 51[35-70] 1.7%[1.3-3.3] 37[27-48] 0.69%[0.5-1.1] 88[61-119] 19][0.8-1.8]
diseases

Diabetes and kidney 99[65-141] 3.4%[2.5-6.3] 224[141-337] 4%[2.5-6.8] 323[205-478] 3.8%[2.4-6.8]
diseases

Digestive diseases 219[114-341] 8.4%[4.5-14.7] 457[272-641] 7.7%[5.5-134] 676[386-983] 7.9%[5.3-13.5]

Maternal and neonatal 39[39-39] 1%I[1.2-2.3] 20[20-20] 0.29[0.3-0.5] 59[59-59] 0.5%[0.6-1.1]
disorders

Musculoskeletal disorders  44[14-77] 1.9%[0.6-3.3] 66[30-97] 1.2%[0.7-2.1] 110[44-174] 1.4%[0.7-2.5]

Neoplasms 1,121[544-1,974]  48.4%[26.8-58.8] 2,604[1,353-4,432] 53.1%[32.4-61.3] 3,725[1,898-6,406]  51.6%[30.2-60.2]

Neurological disorders 34[10-75] 1.8%[0.3-2.9] 58[43-87] 19%[0.6-1.7] 92[53-163] 1.3%[0.6-2.1]

Sense organ diseases 79[34-121] 3%[1.6-5.6] 4[2-6] 0.1%[0-0.1] 83[36-127] 1%[0.5-1.9]

Others 13[11-16] 0.4%[0.4-0.8] 22[21-23] 0.3%[0.3-0.6] 36[32-40] 0.3%[0.3-0.6]

Other conditions include mental disorders, nutritional deficiencies, other non-communicable diseases, self-harm and interpersonal violence, substance use disorders,
unintentional injuries, enteric infections, HIV/AIDS and sexually transmitted infections, respiratory infections and tuberculosis, and other infectious diseases

USS US dollar 2020 prices, Ul uncertainty interval
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(B) Productivity loss
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Fig. 1 Attributable healthcare cost, productivity loss and societal cost by modifiable risk factor in 2020

Tobacco use accounted for the single largest share of
total attributable inpatient healthcare costs in 2020 at
24.2% (16.3-31.7) amounting to US$616 million (413-
805 m); mostly cancer (72.6%, 50—90.5) and cardiovascu-
lar diseases (15.8%, 11.4-20.3) (Fig. 1, Additional file 1:
Table S11). Dietary risk accounted for the second high-
est proportion of attributable healthcare expenditures at
11.3% (6.7-17.2) at US$273 million (169-438 m), mostly
cardiovascular diseases (54.1%, 39.3-70.5) and cancer
(42.5%, 17.7-77.4). Air pollution accounted for the third-
highest attributable healthcare expenditures, at 10.4%
(5.9-15.7) or US$264 million (150-400 m), mostly cancer
(48.8%, 22.2—81.8) and cardiovascular diseases (39.3%,
28.6-51).

Attributable productivity losses

In 2020, we estimated that productivity losses of US$5.4
billion (3.2—8.3b) were attributable to the modifiable risk
factors. The largest productivity losses were from can-
cer (53.1% [32.4-61.3]), cardiovascular diseases (31.8%
[25.6-50]), and digestive diseases (7.7% [5.5-13.4])
(Table 1). The greatest risk factors for cancer were
tobacco (36.0% [25.3—45]), alcohol use (17.0% [10-26.1]),
and dietary risks (11.6% [5.2-19.2]) (Additional file 1:
Table S10). For cardiovascular diseases, the greatest risk
factors were dietary risks (19.4% [15.1-23.7]), high sys-
tolic blood pressure (19.3% [13.9-24.3]), and tobacco

(13.6% [10.3—17.2]). The main risk factors for digestive
diseases were alcohol use (62.4%) and drug use (23.6%).

Overall, tobacco accounted for the largest propor-
tion of attributable productivity losses in 2020 at 23.4%
(16.4-30) or US$1.3 billion (0.9-1.6b); mostly cancer
(74.0%) and cardiovascular diseases (20.4%). Alcohol use
accounted for the second highest attributable productiv-
ity loss (15.4%, US$0.8 billion) followed by dietary risks
(12.7%, US$0.7 billion), high body-mass index (10.4%,
US$0.6 billion), and air pollution (8.9%, US$0.5 billion)
(Fig. 1, Additional file 1: Table S11).

Attributable societal costs

We estimated the total societal costs of modifiable risk
factors at US$8.0 billion (4.6—12.4b) in 2020. Productivity
loss accounted for 67.9% of attributable societal costs at
US$5.4 billion (3.2-8.3b) with US$2.5 billion (1.4—4.1b)
from healthcare costs. Cancer (51.6% [30.2-60.2]) and
cardiovascular disease (31.2% [24.6-50.7]) accounted
for most of the attributable societal costs (Table 1). The
leading risk factors for attributable societal cost were
tobacco (23.7% [16.4-30.5], US$1.9 billion [1.2-3.1b]),
alcohol (13.3% [8.2 — 19.7], US$1.1 billion [0.7-1.6b]),
dietary risk (12.2% [7.5-17.7], US$1.0 billion [0.6—1.4b]),
high body-mass index (9.7% [3—19.8], US$0.8billion [0.2—
1.6b]), and air pollution (9.4% [5.5-14.1], US$0.7 billion
[0.4-1.1b]) (Fig. 1).
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Age-specific and sex-specific societal costs

Attributable societal costs varied by age and sex for risk
factors (Fig. 2) and health conditions (Additional file 1:
Fig. S1). Despite fewer males being hospitalized in 2020
(44% vs 56% for females), they accounted for most of the
societal costs (77.7% vs 22.3% for females). In females,
the main societal costs were from unsafe sex (14.4% [8.8—
20.7]), high body-mass index (12.3% [2.2-25.3]), dietary
risks (12.2% [6.9-19.3]), tobacco (11.5% [8.8-20.7]),
and air pollution (11.3% [5.8—-17.7]), while in males
they were tobacco use (27.2% [19.5-33.7]), alcohol use
(15.9% [10.1-22.4]), dietary risks (12.2% [7.7-17.3]), high
body-mass index (9.0% [3.2-18.2]), and air population
(8.9% [5.4—13.1]). Attributable societal costs were con-
centrated in people aged below 45 (20—44 years: 42.2%,
45-64 years: 39.0%, 65 years and over: 18.8%). Alcohol
use (18.5% [12—26.2]) was the largest contributor to soci-
etal costs in those aged 20—44 years, and tobacco was the
largest in people aged 45 and over (45-64 years: 31.3%
[22.2-39.6]; 65 years and over (30.9% [21.4—37.4]).

Changes in costs from 2015 to 2020

Despite a 32% decrease in the number of hospitalizations
from 2015 to 2020, and a reduction in the average length
of hospitalization stays from 12.8 days to 6.7 days (Addi-
tional file 1: Table S12), total healthcare costs attributable
to modifiable risk factors slightly increased from US$5.9
billion (3.2-10.0b) in 2015 to US$7.9 billion (4.6—12.4b)
in 2020. Across all health conditions, cancer had the larg-
est increase in attributable healthcare costs from 24.9% in
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2015 to 48.4% in 2020; while cardiovascular diseases had
the largest increase in attributable productivity loss from
15.8% in 2015 to 31.8% in 2020 (Table 1).

The distribution of leading attributable risk factors was
relatively stable from 2015 to 2020. Tobacco, alcohol and
dietary risks consistently ranked as the highest three risk
factors for overall attributable societal costs in 2015 and
2020 (Fig. 3). Alcohol use remained the primary risk fac-
tor contributing to societal costs for those aged 20-44
years, and tobacco use for those aged 45 and over.

Sensitivity analyses

We ran scenarios for 2020 estimates adjusting wage rate,
wage growth rates, and discount rates (Additional file 1:
Table S13). Increasing the wage rate of Shanghai to that
of an advanced regional economy (e.g. Singapore) would
lead to an 80% increase in attributable societal costs from
US$7.9 billion to US$14.6 billion, with productivity loss
growing to 82% of the societal costs (Scenario 1). Halving
the wage growth rate from 10 to 5% would lead to a 63%
decrease in attributable societal costs, bringing it down
from US$14.6 billion to US$9.1 billion with productivity
loss accounting for 72% of the total (Scenario 2). Varying
the discount rate gave total societal cost estimates rang-
ing from US$7.6 billion (5% discount rate) to US$10.7 bil-
lion (undiscounted) (Scenario 3, 4).

Our analysis varying the retirement age threshold in
the calculation of future income losses gave lower soci-
etal costs estimates compared to our base case using
the lifespan approach, even after accounting for recent

(B) Age 45-64
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Alcohol use
Dietary risks
High body-mass index
Air pollution
High systolic blood pressure
High fastirg plasma glLljcoie Sex
ccupational risks
High LDL cholesterol I vale
Unsafe sex M Female
Drug use
Kidney dysfunction
Other environmental risks
Non-optimal temperature

Child and maternal malnutrition

Low physical activity

0.0 0.2 0.4 0.6 0.8
Cost, USS$ billion

(D) Overall

Tobacco
Alcohol use
Dietary risks
High body-mass index
Air pollution
High systolic blood pressure
High fasting plasma glucose
Occupational risks
High LDL cholesterol
Unsafe sex M
Drug use
Kidney dysfunction
Other environmental risks I
Non-optimal temperature

L
[ ]
]
]
| ]
| Age group
. 65 and over

M 451064
20to 44

Low physical activity

0.0 1.5

0.5 1.0
Cost, USS$ billion

Fig. 2 Attributable societal cost of modifiable risk factors by age and sex in 2020
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Pecentage of societal cost

[1 Tobacco |[20.4 [13.9-27 5] 1 Tobacco |[23.7 [16.4-30.5] |
[2 Alcohol use |[13.3[7-20.6] 12 Alcohol use |[13.3[8.2-19.7] |
[3 Dietary risks |[10.7 [5.5-17.4] |13 Dietary risks |[12.2[7.5-17.7] |
[4 Air pollution |[0.4[5.2-14.8] | _14 High body-mass index |[9.7 [3-19.8] |
[5 High body-mass index |[8.311.4-20.9] | [5 Air pollution |[0.45.5-14.11 |

Age 20-44, leading risk, 2015

Pecentage of societal cost

Leading risk, 2020

[1 Alcohol use
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{1 Alcohol use
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|
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[4 Tobacco |[10.7 [6.5-16.4]
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Pecentage of societal cost

[1 Tobacco |[32[22.6-40.8] 1 Tobacco |[31.3 [22.2-30.6] |
[2 Aicohol use |[11.6[6-18.71 2 Dietary risks [[11.9[7-17.9] |
[3 Dietary risks |[10.7 [5-18.5] ><3 Alcohol use |[10.6 [6.2-16.4] |
[4 Air poliution ][10.1[5.3-16.4] | {4 Air pollution |[9.4[5.5-14.1] |
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[1 Tobacco ][22.2[15.2-29.3] {1 Tobacco |[30.9 [21.4-37.4] ]
[2 High systolic blood pressure  |[13.5[9.7-17.2] | [2 Air pollution |[11.6[6.8-17.5] |
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[6 Alconhol use |[6[2.8-10.6] 6 High fasting plasma glucose |[7 [2.6-14.8] |

|:|Behavioural risks

|:|Environmental and occupational risks

|:|Metabolic risks

Fig. 3 Leading risk factors by attributable societal cost, 2015-2020

policy reforms to gradually raise the retirement ages
in China (Additional file 1: Table S14). Assuming indi-
viduals earn no wages above the retirement age would
result in a 34% decrease in attributable societal costs
from US$7.9 billion (base case) to US$5.2 billion (of
which 51% were productivity losses) at retirement ages
of 60 years for males and 55 years for females; a 23%
decrease in attributable societal costs to US$6.1 billion
(58% from productivity losses) under the policy reforms
of 63 years for males and 58 years for females; and a
17% decrease in attributable societal costs to US$6.6
billion (61% from productivity losses) at 65 years for
males and 60 years for females.

Discussion

In 2020, we estimated societal costs of US$7.9 bil-
lion attributable to modifiable risk factors in Shanghai
(US$2.5 billion on inpatient healthcare, US$5.4 billion
from productivity loss). Three risk factors (tobacco, alco-
hol, and dietary risks) accounted for half of the attribut-
able productivity losses and societal costs; while most
of the attributable inpatient healthcare costs were from
four risk factors (tobacco, dietary risks, air pollution and
alcohol). The economic burden of risk factors varied by
age and sex with tobacco use posing the largest burden
in older groups (age 45+), and alcohol use in younger
groups (age 20-44). Younger adults aged 20-44 were
more affected by behavioral factors such as smoking,
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drinking, and poor diet; while for people aged over 45
years old, costs were driven by both behavioral factors
and metabolic risks such as high body-mass index, high
systolic blood pressure and high fasting plasma glu-
cose. Despite having fewer inpatient admissions, males
accounted for greater healthcare costs and productivity
losses, primarily driven by tobacco use and alcohol use.
The contribution of risk factors to societal costs was rela-
tively stable from 2015 to 2020, with tobacco remaining
the leading attributable cause. Cancer and cardiovascu-
lar disease continued to account for the most of costs
with notable increases in healthcare costs from cancer
and increases in productivity losses from cardiovascular
diseases.

The attributable societal cost in urban China was
mainly driven by productivity losses (67.9% vs 32.1% for
healthcare costs). This was similar to recent studies in
Singapore and Japan that found that productivity loss
accounted approximately 70% of societal costs [26, 37],
despite differences in methodology and unit cost values
across these settings. The study in Japan took a broader
approach by including outpatient and inpatient costs in
contrast to ours and the Singapore study that focused
on inpatient costs. For estimating productivity loss,
the Japanese study considered long-term patient care
including formal and informal care, whereas ours and
the Singapore study focused on absenteeism and pre-
mature death. These studies used lifespan as the period
to estimate future income losses from premature death.
Although many retirees receive income from pensions,
these are transfer payments that do not contribute to
formal economic output. Nevertheless, a small percent-
age participate in the formal labor force and thus remain
economically active post-retirement. We adjusted for the
actual labor participation rates to address this underes-
timation of income loss in future earnings. The current
retirement age in China (typically 60 for males and 50-55
for females) is lower than many advanced economies
although the government recently announced plans to
gradually raise the retirement age [38].

To our knowledge this is the first study in urban China
to provide comprehensive estimates of the economic bur-
den attributable to modifiable risk factors. Previous stud-
ies have reported the attributable disease burden for a
single health condition or a single risk factor [1, 39-41],
with little comparison and apportioning of the attribut-
able economic burden across multiple modifiable risk
factors [42, 43]. Our findings offer vital insights into
understanding the economic burden of modifiable risk
factors in urban China by presenting the relative contri-
butions of various modifiable risk factors. This can guide
policymakers in prioritizing programs aimed at improv-
ing population health and mitigating economic costs.
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Tobacco poses a significant threat to public health and
was the single leading contributor to healthcare and soci-
etal costs. However, progress on effective tobacco control
in China has generally been slow and weak [44] despite
China being one of the initial signatories to the Frame-
work Convention on Tobacco Control (WHO FCTC) in
2003 [45], and committing to achieving a 100% smoke-
free policy in indoor public places and workplaces by
2011. The overall smoking prevalence in China decreased
only slightly from 28.0% in 2015 to 26.7% in 2018 [46],
with still alarmingly high smoking rates among males
(50.5% vs 2.1% in females). This is consistent with our
findings that the economic burden attributable to tobacco
remained stable from 2015 to 2020 and that reducing
tobacco use has the single greatest potential among the
modifiable risk factors to reduce the economic burden of
preventable ill-health in society. As there is currently no
nationwide smoke-free legislation in China with imple-
mentation in only seven cities (including Shanghai), it is
essential to widen coverage as this only covers 14% of the
population. Tobacco control is a national priority with
the Chinese government releasing the Healthy China
2030 Action Plan in 2019 [47] that set goals to reduce the
smoking prevalence to 20% and increase the proportion
of the population protected by comprehensive smoke-
free regulations to 80% by 2030. Future studies should
continue to monitor the impact on the economic burden
when evaluating the Healthy China 2030 Action Plan.

While alcohol use ranks as the fourth leading risk fac-
tor for attributable healthcare costs, it is the second
leading risk factor for productivity loss and societal cost
(after tobacco). The past few decades have seen rapid
economic growth in China, but also a striking increase in
alcohol consumption larger than much of the world [48].
Encouragingly, recent per capita alcohol consumption
decreased from 7.3 L in 2015 to 5.7 L in 2019 [49]. Nota-
bly, alcohol use was the primary modifiable risk factor
for young adults aged 20-44, accounting for 19% of the
total attributable societal economic burden in this group.
Alcohol use leads to social harms as well as health harms;
although the Healthy China 2030 Action Plan [47] recog-
nizes the importance of reducing alcohol consumption,
specific alcohol control-related policies for young adults
are lacking [50].

Our estimates of the economic burden in 2020 occurred
during the COVID-19 pandemic that reduced healthcare
utilization in both high- and lower-income countries [51,
52]. We observed a nearly 30% reduction in hospitaliza-
tions in 2020 relative to 2015. The notable reduction in
the average length of hospital stays observed in Shang-
hai could be attributed to several factors. Many hospi-
tals took COVID-19 pandemic measures in 2020 such as
expediting the turnover of beds, creating isolation areas,
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and prioritizing admissions for patients with COVID-19
which contributed to rapid decreases in length of stay.
Shanghai has also been a pioneer in China by piloting the
diagnosis-related group (DRG) payment system in pub-
lic hospitals starting in May 2019 [53]. The use of DRGs
in healthcare reimbursement has affected the delivery
of care by promoting consistent evidence-based treat-
ments that shorten hospital stays. Yet despite this decline
in admissions and length of hospitalization, medical
expenditure per admission increased by 78% from 2015
to 2020. The rise in average healthcare expenditure per
admission is likely due to the changing management of
public hospitals to control costs, reduce unnecessary ser-
vices, and improve hospital standards. These measures
incentivized tertiary hospitals to treat patients with com-
plex conditions, and encouraged patients with routine
needs to seek treatment outside hospitals in primary care
[54], resulting in more intensive treatment and higher
costs per admission in secondary and tertiary medical
institutions. Further investigation of the long-term impli-
cations of the COVID-19 pandemic on healthcare utili-
zation patterns and the attributable economic burden of
risk factors are warranted. Exploring the implementation
of the diagnosis-related group payment system and other
cost-control measures on healthcare delivery and expen-
ditures could help to improve efficiency and address the
economic burdens.

There were several limitations to our study. First, it
shares the same methodological assumptions and con-
straints as the GBD study. The Comparative Risk Assess-
ment methodology commonly used for estimating the
burden attributable to risk factors is limited by variable
risk exposure definitions and data quality. Despite these
issues, the GBD data is currently the most comprehen-
sive estimate of health burden related to modifiable
risk factors. Second, this study attributes the economic
costs of modifiable risk factors using an epidemiological
approach since direct PAFs to link risk factors and eco-
nomic burden do not exist [55]. Thus, we used PAFs that
reflect the relationship between risk factors and health
outcomes to model associations between risk factors and
costs. Third, as subnational GBD data for China was una-
vailable, we used data for mainland China, which may
lead to inaccurate estimates at the urban level. Fourth,
we obtained medical expenses from admissions in pub-
lic and private hospitals but lack data on outpatients or
emergency care, though the high cost of inpatient care
typically accounts for the largest proportion of healthcare
expenditure. This leads to underestimation of the health-
care costs for modifiable risk factors. Fifth, the additional
economic value of unpaid labor, such as domestic work
and caregiving, was unaccounted leading to underestima-
tion of productivity losses and likely to particularly affect
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women [56, 57]. Specific risk factors, such as tobacco use,
could also incur additional unaccounted costs such as
workplace absenteeism [58]. Sixth, the attributable bur-
den is typically based on current exposure and outcomes
whereas the actual temporal relationship between risk
and outcomes may vary. Therefore, we cannot directly
infer cost reductions based on risk exposure reductions
although we can estimate the relative contribution of risk
factors to the economic costs. Seventh, our estimates
were confined to healthcare costs and absenteeism losses
for a single year, with foregone wages estimated from the
age of death for premature mortality. Potential healthcare
cost savings from premature mortality were not included
in this study. Eighth, in estimating premature mortality,
we assumed that the age-sex distribution of mortality in
hospital reflects the general population which may intro-
duce bias if the distributions deviate. Access to accurate
population disease-age-sex-specific mortality data would
lead to better estimates in future. Ninth, in 2020, there
was a noticeable decrease in hospital admissions, lengths
of stay, and deaths, largely due to the impact of COVID-
19 on health-seeking behavior that reduced healthcare
expenditure. Lastly, our study estimated the economic
burden of modifiable risk factors at level 2 of the GBD
study and we were unable to decompose these factors
further. For instance, we could not determine the specific
components that contribute to the dietary risk burden.
Future research is needed to analyze these risks to enable
targeted public health interventions.

Conclusions

The economic burden of diseases from modifiable risk
factors is considerable on the healthcare system and soci-
ety at large. It underscores the urgent for policy-level
interventions to address the major modifiable risk fac-
tors (tobacco, alcohol and dietary risks) that collectively
account for half of the total attributable economic costs.
Due to variations by age and sex, interventions should be
tailored to target different groups, focusing on behavioral
factors in younger adults aged 20—44, and a combination
of behavioral and metabolic risks in those aged 45 and
above. Policy initiatives aimed at reducing tobacco and
alcohol consumption in males should be prioritized to
reduce the economic burden associated with modifiable
risk factors.
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