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Abstract

Background: Large disparities exist in congenital musculoskeletal disease burden worldwide. The purpose of this study
is to examine and quantify the health and economic disparities of congenital musculoskeletal disease by country
income level from 1992 to 2017. Methods: The Global Burden of Disease database was queried for information on
disease burden attributed to “congenital musculoskeletal and limb anomalies” from 1992 to 2017. Gross national
income per capita was extracted from the World Bank website. Nonparametric Kruskal-Wallis tests were used to
compare morbidity and mortality across years and income levels. The number of avertable DALYs was converted
to an economic disparity using the human-capital and value of a statistical life approach. Results: From 1992 to 2017,
a significant decrease in deaths/100000 was observed only in upper-middle and high income countries. Northern
Africa, the Middle East, and Eastern Europe were disproportionately affected. If the burden of disease in low- and
middle- income countries (LMICs) was equivalent to that in high income countries (HICs), 10% of all DALYs and
70% of all deaths attributable to congenital musculoskeletal disease in LMICs could be averted. This equates to an
economic disparity of about $2billion to $3billion (in 2020 $USD). Conclusion: Considerable inequity exists in the
burden of congenital musculoskeletal disease worldwide and there has been no change over the last 25 years in total
disease burden and geographical distribution. By reducing the disease burden in LMICs to rates found in HICs, a
large proportion of the health and economic consequences could be averted.
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congenital musculoskeletal disease worldwide, and
commenting on trends in disease burden over the last
25 years.
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What do we already know about this topic?

Large disparities exist in congenital musculoskeletal
disease burden worldwide.

'Columbia Business School, New York, NY, USA

2Drexel University College of Medicine, Philadelphia, PA, USA
3Thomas Jefferson University Hospital, Philadelphia, PA, USA
“St. Christopher’s Hospital for Children, Philadelphia, PA, USA

How does your research contribute to the
field?

Corresponding Author:

Our manuscript adds to the current body of literature
by introducing a unique way of quantifying health and
economic burden of disease, quantifying the burden of

Kush S. Mody, Drexel University College of Medicine, 152 Lund
Ave, Edison, NJ 08820, USA.
Email: Kmody2 | @gsb.columbia.edu

@ @@ Creative Commons Non Commercial CC BY-NC: This article is distributed under the terms of the Creative Commons

Attribution-NonCommercial 4.0 License (https://creativecommons.org/licenses/by-nc/4.0/) which permits non-commercial
use, reproduction and distribution of the work without further permission provided the original work is attributed as specified on the SAGE
and Open Access pages (https://us.sagepub.com/en-us/nam/open-access-at-sage).


https://us.sagepub.com/en-us/journals-permissions
https://journals.sagepub.com/home/gph
mailto:Kmody21@gsb.columbia.edu

Global Pediatric Health

What are your research’s implications
towards theory, practice, or policy?

By quantifying the burden of disease attributable to con-
genital musculoskeletal disorders and identifying the
regions which are most affected, physicians can better
direct their global health efforts and make the greatest
impact in their international work.

Introduction

Congenital anomalies account for about 2.1% of the total
disease burden' and 6% of infant deaths worldwide.’
These include anomalies most commonly treated by
pediatric orthopedic surgeons, such as clubfoot, hip dys-
plasia, and congenital spinal deformities, which can
have satisfactory outcomes when treated in a timely
fashion. However, large disparities exist in disease bur-
den between high-income countries (HICs) and low-
and middle- income countries (LMICs). Vulnerable
populations, such as children and pregnant women, are
especially affected by this inequality.® In fact, according
to World Health Organization, about 94% of congenital
anomalies occur in low income countries and lower-
middle income countries.*® This is compounded with
the fact that congenital disorders, which are regularly
treated in HICs, frequently go untreated in LMICs con-
tributing to significant disease burden.®*

Numerous studies of congenital anomalies in LMICs
have shown that a high proportion of congenital disease
involves the musculoskeletal system.”!” This may
include various complex disorders such as developmen-
tal dysplasia of the hip (DDH), talipes equinovarus, con-
genital scoliosis, pectus excavatum, syndactyly,
chondrodysplasia punctata, and osteogenesis imper-
fecta, among others.!32° One study in India demonstrated
that congenital musculoskeletal disease accounts for
about one-third (33.2%) of all congenital anomalies.?!
Another study in Iran showed that about one-third
(27.5%) of congenital disease involved the musculo-
skeletal system.?? A third study from Iraq demonstrated
that congenital musculoskeletal disorders account for
over one-fifth (23.1%) of all congenital anomalies and
combined with central nervous system disorders, such
as spina bifida, they account for over one-half (60.8%)
of all congenital anomalies.!”

Ultimately, those with untreated musculoskeletal
conditions often have lifelong deficits and challenges,
psychologically, educationally, financially, and func-
tionally.?? In fact, one previous study, which advocated
for psychotherapist counseling as part of clubfoot man-
agement, stated that fewer than 2% of children with dis-
abilities attend school in developing countries.?? This

can impose significant health and economic burdens on
both the affected children and their families.

Previous studies have examined the burden of dis-
case attributable to cleft lip and palate, congenital heart
defects, and neural tube defects.> The purpose of this
study is to examine and quantify the health and eco-
nomic disparities of congenital musculoskeletal disease
by country income level from 1992 to 2017.

Methods

Global Burden of Disease Database

The Global Burden of Disease (GBD) database, created
by the Institute for Health Metrics and Evaluation, was
queried for information on the country-specific burden
of disease attributed to “congenital musculoskeletal and
limb anomalies” from 1992 to 2017 in 5-year incre-
ments (1992, 1997, 2002, 2007, 2012, 2017).2* While
this database is by no means exhaustive, it includes
some of the most common congenital musculoskeletal
anomalies and is the most comprehensive source of data
that exists currently. The ICD-10 codes included in the
classification group of “congenital musculoskeletal and
limb anomalies” can be found in Table 1.

World Bank Data

Information on country gross national income (GNI)
per capita using the Atlas method was extracted from
the World Bank website. This data was used to classify
countries as either low income, low-middle income,
upper-middle income, or high income as per the World
Bank classification system in that particular year
(Table 2). Information was also collected on GNI per
capita using the purchasing power parity (PPP) method.
This data was used in the economic analyses because it
better accounts for global variations in price of com-
mon goods and has been shown to be superior to the
Atlas method in previous studies.?>2° All countries
with incomplete information were removed from the
study (Table 3). Due to violation of parametric assump-
tions of normal distribution and homogeneity of vari-
ances, averages were reported in this study as medians.
Thus, median GNI per capita as per the Atlas method
and PPP method were tabulated (Table 4).

Examining Trends in Disease Burden

To quantify the burden of disease, information was col-
lected on population, disability-adjusted life years
(DALY3S), years lived with disability (YLDs), years of
life lost (YLLs), and deaths by country both as total
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Table I. ICD-10 Codes Included under the Classification of “Congenital Musculoskeletal and Limb Anomalies” with an

Indication of their Potential Impact or Lack Thereof on Death and Disability.

Disease

Disability (YLDs)

Death (YLLs)

Limb reduction defects

Polydactyly

Syndactyly

Clubfoot

Hip dysplasias

Skeletal dysplasias

Congenital dislocation of hip

Congenital coxa valga

Other congenital deformities of hip

Congenital deformities of feet

Congenital talipes calcaneovarus

Congenital deformity of sternocleidomastoid
Congenital deformity of fingers/hands

Congenital deformity of knee

Discoid meniscus

Other specific congenital musculoskeletal deformities
Other congenital malformations of upper limbs including shoulder girdle
Congenital malformation of knee

Congenital malformations of lower limb including pelvic girdle
Arthrogryposis multiplex congenita

Unspecific congenital malformation of limbs
Craniosynostosis

Oculomandibular dysostosis

Congenital malformation of skull and face bones
Spina bifida

Klippel-Feil syndrome

Congenital spondylolisthesis

Congenital scoliosis due to congenital bony malformation
Congenital kyphosis

Congenital lordosis

Absence of vertebra

Hemivertebra

Fusion of spine

Other congenital malformations of bony thorax (ribs/sternum)
Osteochondrodysplasia with defects of growth of tubular bones and spine
Achondrogenesis

Thanatophoric short stature

Short rib syndrome

Chondrodysplasia punctata

Achondroplasia

Diastrophic dysplasia

Chondroectodermal dysplasia

Spondyloepiphyseal dysplasia

Osteogenesis imperfecta

Polyostotic fibrous dysplasia

Osteopetrosis

Progressive diaphyseal dysplasia

Enchondromatosis

Metaphyseal dysplasia

Multiple congenital exostoses

Other osteochondrodysplasias

XXX XXXXXXXKXXXXX XXX XXXHXXXXXXXXX 3 XXXXXXXXXXXXXXX
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Table 2. World Bank Income Level Classification by Gross National Income (GNI) per Capita using the Atlas Method (in $USD).

World Bank income level classification by GNI per capita (Atlas) 1992-2017

Low Lower-middle Upper-middle High
1992 =675 676-2695 2696-8355 >8355
1997 =785 786-3125 3126-9655 >9655
2002 =735 736-2935 2936-9075 >9075
2007 =935 936-3705 3706-11455 >11455
2012 =1035 1036-4085 4086-12615 >12615
2017 =995 996-3895 3896-12055 >12055

Table 3. Number of Countries Included in the Study by
Year from 1992 to 2017.

Number of countries included 1992-2017

Total number of Number of

countries countries included
1992 191 148 (77.5%)
1997 192 168 (87.5%)
2002 191 177 (92.7%)
2007 191 179 (93.7%)
2012 192 181 (94.3%)
2017 190 180 (94.7%)

amounts and rates per 100000 people. All rates were
age-standardized to account for differences in age
between different populations. Disability weights, which
are assigned by a panel of experts from the Institute of
Health Metrics and Evaluation, were utilized to quantify
different levels of disability caused by specific diseases.
For example, while severe motor impairment due to
spina bifida was assigned a disability weight of 0.402
(0.268-0.545), disfigurement due to polydactyly or syn-
dactyly was assigned a disability weight of 0.011 (0.005-
0.021).2* For reference, a disability weight of 1.00 is
assigned to death. These metrics, which are commonly
used to quantify the burden of disease, demonstrate dis-
ease-specific effects on morbidity and mortality of a
population. They were calculated as follows:

YLDs = IxDWxL
YLDs = Years lived with disability
I = Number of incident cases
DW = Disability weight

L = Average duration of the case until remission or
death (years)*°

YLLs = NxL

YLLs = Years of life lost

N = Number of deaths
L = Standard life expectancy at age of death in
years®’

DALYs =YLDs +YLLs

DALYs = Disability-adjusted life years

YLDs = Years lived with disability

YLLs = Years of life lost*

Median rates for DALY's/100000 and deaths/100 000
were then calculated for countries in each income level
across 1992 to 2017 at 5-year intervals. Data was ana-
lyzed using a nonparametric Kruskal-Wallis test for
change in median DALYs/100000 and deaths/100000
over the defined time range and for each income level
classification. Also, a Kruskal-Wallis test was used to
analyze differences in disease burden between 2 differ-
ent income levels for each of the years studied. Post-hoc
comparisons were adjusted using a Bonferroni correc-
tion for multiple tests. An alpha of P <.05 was used for
statistical significance. Statistical tests were carried out
using SPSS (IBM Corp., Armonk, N.Y., USA).

Quantifying Disparities in Disease Burden

To better understand and quantify the disparities in
the burden of disease between the different income
level classification groups, median rates for
DALYs/100 000 and deaths/100 000 from high income
countries were applied to low income, low-middle
income, and upper-middle income countries. This
allowed for calculation of the number of DALYs and
deaths averted if the burden of disease in low- and
middle- income countries (LMICs) was equal to that
in high income countries (HICs).

IDyyc = Dy xP

TDy, . = Median total DALY's with HIC rates
Dy = Median DALY's/100000 rate in HIC
P = Population
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Table 4. Economic and Population Data by Income Level from 1992 to 2017.

Median GNI per capita Median GNI per
Number of (Atlas method) capita (PPP)
countries (in $USD) (in $USD)

1992 economic and population data by income level

Low income 47 340.00 1220.00 3103784545
Lower-middle Income 44 1275.00 3935.00 583902593
Upper-middle Income 25 3340.00 7000.00 667827943
High income 32 22200.00 19895.00 844514973
Total 148 1440.00 4070.00 5200030053
1997 economic and population data by income level

Low income 54 390.00 1620.00 3272929550
Lower-middle income 52 1640.00 4810.00 | 046863465
Upper-middle income 28 4500.00 9460.00 509188418
High income 34 23795.00 24235.00 900900809
Total 168 1810.00 4895.00 5729882242
2002 economic and population data by income level

Low income 53 360.00 3020.00 2267492442
Lower-middle income 53 1520.00 12085.00 2387778067
Upper-middle income 33 4340.00 22745.00 610465722
High income 38 23260.00 49315.00 934196599
Total 177 1950.00 13220.00 6199932829
2007 economic and population data by income level

Low income 40 470.00 1655.00 2256639841
Lower-middle income 51 2320.00 5490.00 2365246677
Upper-middle income 40 5740.00 12285.00 953656430
High income 48 33495.00 35485.00 1030710747
Total 179 3580.00 8640.00 6606253695
2012 economic and population data by income level

Low income 28 645.00 1590.00 684275 167
Lower-middle income 49 2250.00 4330.00 2690250374
Upper-middle income 50 6650.00 12690.00 2390240579
High income 54 30950.00 36565.00 1310169033
Total 181 5390.00 10450.00 7074935153
2017 economic and population data by income level

Low income 25 640.00 1890.00 584103467
Lower-middle income 49 1820.00 4355.00 3102462837
Upper-middle income 51 5410.00 13060.00 2572320498
High income 55 29800.00 41290.00 1 245145282
Total 180 5200.00 12635.00 7504032084

DA, =TDyye —TD 40 Economic Analyses

Two different methodologies were utilized to convert the

DAy = Median number of DALYs averted with ~ number of DALY averted to a monetary value (in SUSD)
HIC rates and estimate of the economic benefit of decreasing the
TDy;;c = Median total DALY's with HIC rates burden of congenital musculoskeletal disease in LMICs
TD, . = Median total DALY's with actual rates to that in HICs. This includes the human capital (HC)
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Figure 1. DALYs/100000 by income level from 1992 to 2017.

approach and the value of a statistical life (VSL) approach,
as demonstrated in previous studies.?>! The human capi-
tal approach measures economic benefit in terms of how
much an individual contributes to the country’s economy.
The VSL approach estimates economic benefit based on
an individual’s willingness to pay to avoid an unwanted
outcome, such as a disability-adjusted life year. For the
VSL approach, a value of statistical life year was calcu-
lated by dividing the value of a statistical life by the aver-
age life expectancy in the country of interest.

HC = DA, xGNIpc

HC = Economic disparity as per the human capital
approach

DA, = DALYs averted with HIC rates

GNIpc = GNI per capita as per the PPP method

GNIchuuntry JIE

VSL, =VSL, ¢, x
‘Country USA [ GNIPCUSA

VSL¢ounuy = Economic disparity as per the value of a
statistical life approach

VSL s, = Value of a statistical life in the USA
according to the US EPA = $9.7 million

GNIpc = GNI per capita as per the PPP

IE = Income elasticity?®2°

We utilized an income elasticity of 1.5 as per previ-
ous studies?** and VSLj, of $9.7million as per the
US EPA.%

Country

VSL
VSLY, Country = L
Country

VSLY = Value of statistical life year for the

Country
country
Leounuy = Average life expectancy in the country of
interest

Ethical Approval and Informed Consent

Ethical approval and informed consent were not needed
for this study since it utilized a publicly available data-
base of deidentified epidemiological data.

Results

Trends in Overall Disease Burden

Overall, there was no significant change in disease bur-
den in all countries from 1992 to 2017 as measured by
bothmedian DALY's/100 000 and median deaths/100 000.
When examining each income level separately, no sig-
nificant change was observed in median DALY's/100 000
for all income levels (Figure 1). There was a significant
decrease in deaths/100000 in high income countries
(P <.001) and upper-middle income countries (P=.028).
No significant change was observed in deaths/100,000
in lower-middle income and low income countries
(Figure 2).

The geographical distribution of disease remained
fairly consistent throughout this time period with certain
regions being disproportionately affected. This predom-
inantly included parts of northern Africa, the Middle
East, and Eastern Europe (Figure 3).

Health Disparities in Disease Burden

A significant difference was observed across different
income levels in the distribution of median
DALYs/100000 (P <.005) at each 5-year time interval.
In all of the years examined, a significant difference was
observed across different income levels in the distribu-
tion of median deaths/100000 (P<<.001). In all of the
years examined, the median DALYs/100000 in high
income countries was significantly lower than that in
low income countries. In 4 out of the 6years studied,
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Figure 2. Deaths/100000 by income level from 1992 to 2017.

Figure 3. DALYs/100000 by Country from 1992 to 2017 (from GBD Data Visualization Tool).2*
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Table 5. Comparisons of Median DALYs/100000 between Different Income Level Groups from 1992 to 2017.

Comparisons of median DALYs/100000 by income level 1992-2017

Year Income level comparison Significance level (P-value)
1992 High income vs low income P=.012
Upper-middle income vs low income P=.017
1997 High income vs low income P<.001
Upper-middle income vs low income P=.019
2002 High income vs low income P<.001
Lower-middle income and low income P=.017
2007 High income vs low income P<.001
Upper-middle income vs low income P=.037
2012 High income vs low income P=.001
2017 High income vs low income P<.001
Upper-middle income vs low income P=.021

there was also a significant difference in median
DALYs/100000 between upper-middle income coun-
tries and low income countries. In 2017, the median
DALYs/100000 in low income countries was signifi-
cantly greater than in all other income level groups.

Forall of the years examined, amedian deaths/100 000
were observed to be significantly lower in those in high
income countries and upper-middle income countries. In
4 of the 6 years examined, median deaths/100000 were
significantly greater in lower-middle income countries
compared to high income countries. In 2012 and 2017,
there was a significant difference between each of the
income level classification groups.

All of the results from this analysis with their associ-
ated significance values can be found in Tables 5 and 6.

DALYs & Deaths Averted

For each year studied, the largest proportion of DALY's
and more than half of all deaths related to congenital
musculoskeletal disease occurred in the low income
countries. In 2017, if the burden of disease in LMICs
was decreased to that in HICs, a considerable amount of
death and disability due to congenital musculoskeletal
disease could be prevented. This includes about 10% of
all DALYs and 70% of all deaths attributable to con-
genital musculoskeletal disease in LMICs (Table 7).

Economic Disparities in Disease Burden

Using the human-capital approach, the economic dis-
parities in congenital musculoskeletal disease burden
between LMICs and HICs in 2017 was found to be
$3.71billion (in 2020 $USD) (Table 8). Using the VSL
approach, the economic burden in 2017 was calculated
to be $1.75 billion (in 2020 $USD) (Table 9).

Discussion

From 1992 to 2017, neither the overall median
DALYs/100000 nor deaths/100000 changed signifi-
cantly overall. Significant decreases were observed in
only median deaths/100000 in upper-middle income
and high income countries. This suggests a growing dis-
parity in mortality attributable to congenital musculo-
skeletal disease between income level groups during this
time period. The geographical distribution of the burden
of disease remained fairly constant, with the most
affected regions being in northern Africa, the Middle
East, and Eastern Europe.

In all of the years studied, a significant difference
was observed between the different income level groups
in both median DALYs/100000 and deaths/100000.
This included a significant difference in median
DALYs/100000 between high income and low income
countries in each of the years examined. This also
included a significant difference between upper-middle
income countries and low income countries in 4 of the 6
years studied. In 2017, the median DALY's/100 000 was
significantly greater in low income countries than those
in every other income level group. This demonstrates a
growing disparity in low income countries compared to
countries in all other income level groups. It is also
likely that the disparity represented by the difference in
DALYs is an underestimate of the true disparity, because
it does not control for the lower life expectancies in low
income countries. If the burden of disecase was equiva-
lent across all income levels, YLLs, YLDs, and DALY
would actually be higher in HICs solely due to the higher
life expectancies. However, this is not the case and fur-
ther demonstrates the considerable disparity that exists
between income level groups.

Also, median deaths/100000 were observed to be
significantly higher in low income countries compared
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Table 6. Comparisons of Median Deaths/100000 between Different Income Level Groups from 1992 to 2017.

Comparisons of median deaths/100000 by income level 1992-2017

Year Income level comparison Significance level (P-value)
1992 High income vs lower-middle income P=.031
High income vs low income P<.001
Upper-middle income vs low income P=.019
1997 High income vs. low income P<.001
Upper-middle income vs low income P<.001
Lower-middle income vs low income P<.001
2002 High income vs low income P<.001
Upper-middle income vs low income P<.001
Lower-middle income vs low income P<.001
2007 High income vs lower-middle income P<.001
High income vs low income P<.001
Upper-middle income vs lower-middle income P=.048
Upper-middle income vs low income P<.00l
Lower-middle income vs low income P=.0I1
2012 High income vs upper-middle income P=.025
High income vs lower-middle income P<.001
High income vs low income P<.001
Upper-middle income vs lower-middle income P=.017
Upper-middle income vs low income P<.001
Lower-middle income vs low income P=.013
2017 High income vs upper-middle income P=.026
High income vs lower-middle income P<.001
High income vs low income P<.001
Upper-middle income vs lower-middle income P=.007
Upper-middle income vs low income P<.001
Lower-middle income vs low income P=.006

Table 7. Percent of LMIC DALYs and Deaths Attributable
to Congenital Musculoskeletal Disease that could be
Averted if DALYs/100000 and Deaths/100000 from HICs
were Applied to LMICs.

DALYS and deaths averted by year with HIC rates

DALYs averted (%) Deaths averted (%)

1992 12.12 58.75
1997 18.08 63.37
2002 15.18 66.15
2007 16.72 71.56
2012 11.81 71.98
2017 8.75 70.04

to each of the other income level classifications for each
of the years examined. This demonstrates a burden of
disease in low income countries that is considerably
greater than all other countries. This is consistent with
previous studies that have demonstrated an inverse rela-
tionship between Socio-demographic Index (SDI) and
mortality attributable to congenital disorders.*>3233

If the burden of disease in LMICs was equal to that in
HICs in 2017, about 70% of the total deaths and 10% of
the total DALY in these countries could be averted.
This demonstrates how improved access to care in
LMICs could affect morbidity and mortality attributable
to congenital musculoskeletal and limb anomalies.

When just considering the avertable DALYS, this
amounts to an economic disparity between $1.75 billion
and $3.71 billon (in 2020 $USD). However, it is likely
that these numbers actually underestimate the true dis-
parity, because both the human capital approach and
VSL approach are based on relative GNI per capita. As a
result, they assign lower economic value to morbidity in
LMICs compared to HICs. Consequently, less weight is
given to economic costs in LMICs and the disparity is
reported as lower than the otherwise might be. For exam-
ple, in 2017, the GNI per capita in Luxembourg was
more than 96 times higher than that in Burundi. Therefore,
even if both countries had the same true burden of dis-
ease, as measured by DALY, the economic cost of the
total DALYSs incurred in Luxembourg would be more
than 96 times those incurred in Burundi. Therefore, the
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Table 8. Economic Disparities (in 2020 $USD) in Congenital Musculoskeletal Disease by Income Level and Year from 1992
to 2017 Using the Human-Capital Approach and GNI per Capita as per Purchasing Power Parity (PPP) Calculation.

Economic disparities by the human-capital approach (in millions $USD)

1992 1997 2002 2007 2012 2017
Low income $577.42 $1210.53 $1723.24 $887.43 $256.86 $196.61
Lower-middle income $124.06 $290.04 $1198.07 $1499.40 $1241.51 $716.85
Upper-middle income $194.83 $134.37 $414.42 $211.82 $1380.32 $2608.94
Total $701.47 $1487.13 $3335.74 $2598.65 $2878.69 $3522.40
Total (in 2020 $USD) $1290.53 $2391.60 $4786.01 $3234.99 $3236.29 $3709.14

Table 9. Economic Disparities (in 2020 $USD) in Congenital Musculoskeletal Disease by Income Level and Year from 1992 to
2017 Using the Value of Statistical Life (VSL) Approach and GNI per Capita as per Purchasing Power Parity (PPP) Calculation.

Economic disparities by the value of statistical life (VSL) approach (in millions $USD)

1992 1997 2002 2007 2012 2017
Low income $1022.45 $2152.16 $1106.67 $871.17 $78.33 $46.40
Lower-middle income $327.92 $773.73 $1216.97 $2353.91 $595.00 $255.01
Upper-middle income $697.05 $45.99 $494.13 $492.68 $1008.29 $1360.27
Total $1350.37 $2879.91 $2817.77 $3717.76 $1681.61 $1661.68
Total (in 2020 $USD) $2484.33 $4631.44 $4042.85 $4628.15 $1890.50 $1749.78
true economic disparity between LMICs and HICs attrib- Limitations

utable to congenital musculoskeletal disease is likely
much higher than that which was calculated in this study
using the human capital approach and VSL approach.

Large disparities exist in access to healthcare world-
wide, with previous studies demonstrating an associa-
tion between socioeconomic status and poor health
outcomes.>-3* Vulnerable populations, such as pregnant
women and neonates, are at an increased risk given
their dependence on others.’” Numerous previous stud-
ies have demonstrated that a high proportion of con-
genital disease in developing countries includes
musculoskeletal system anomalies.”!” These diseases
can be especially debilitating to affected children and
have lifelong psychological, educational, financial, and
functional consequences.?? While numerous non-profit
organizations have attempted to address some of these
challenges in developing countries, overall disparities
in disecase burden attributable to congenital musculo-
skeletal disease have remained largely unchanged over
the last 25 years. In fact, significant decreases were only
observed in upper-middle income and high income
countries. By quantifying the burden of disease attribut-
able to congenital musculoskeletal disorders and identi-
fying the regions which are most affected, pediatric
orthopedic surgeons can better direct their global sur-
gery efforts and make the greatest impact in their inter-
national work.

This study has numerous limitations. First, we could not
comment on disease-specific morbidity and mortality,
because this data is currently unavailable. The Institute
for Health Metrics and Evaluation was contacted regard-
ing this specific data and future plans for incorporation
into databases. Also, this study does not comment on
country-specific trends in disease burden. Countries’
income level classifications may have changed through-
out the period studied, so the comparison between years
does not accurately represent any particular country, but
rather the overall change of the income level group. Our
study also does not account for the wide range of socio-
economic demographics within each country, but rather
uses GNI per capita to measure the average socioeco-
nomic status of the entire population in each country.
Another limitation of this study is that it does not com-
ment on prevalence of disease, but rather the disease
burden, as measured by disability and death.

Conclusion

In the 25 years analyzed in this study, neither the overall
morbidity nor mortality attributable to congenital mus-
culoskeletal disease changed significantly. Significant
decreases in mortality were only observed in upper-mid-
dle income and high income countries. Morbidity and
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mortality rates in low income countries were signifi-
cantly higher than those in high income countries for all
of the years examined. In 2017, a significant difference
in mortality rates was observed between all income level
groups. If the burden of disease in LMICs was equal to
that in HICs, 10% of all DALY's and 70% of all deaths
attributable to congenital musculoskeletal disease in
LMICs would be averted. This equates to an economic
disparity between $1.75 billion and $3.71 billon (in 2020
$USD).
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