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Abstract

Background Accelerated globalization especially in the late 1980s has provided opportunities for economic
progress in the world of emerging economies. The BRICS nations’economies are distinguishable from other emerging
economies due to their rate of expansion and sheer size. As a result of their economic prosperity, health spending

in the BRICS countries has been increasing. However, health security is still a distant dream in these countries due

to low public health spending, lack of pre-paid health coverage, and heavy out-of-pocket spending. There is a need
for changing the health expenditure composition to address the challenge of regressive health spending and ensure
equitable access to comprehensive healthcare services.

Objective Present study examined the health expenditure trend among the BRICS from 2000 to 2019 and made
predictions with an emphasis on public, pre-paid, and out-of-pocket expenditures for 2035.

Methods Health expenditure data for 2000-2019 were taken from the OECD ilLibrary database. The exponential
smoothing model in R software (ets ()) was used for forecasting.

Results Except for India and Brazil, all of the BRICS countries show a long-term increase in per capita PPP health
expenditure. Only India’s health expenditure is expected to decrease as a share of GDP after the completion

of the SDG years. China accounts for the steepest rise in per capita expenditure until 2035, while Russia is expected
to achieve the highest absolute values.

Conclusion The BRICS countries have the potential to be important leaders in a variety of social policies such

as health. Each BRICS country has set a national pledge to the right to health and is working on health system reforms
to achieve universal health coverage (UHC). The estimations of future health expenditures by these emerging market
powers should help policymakers decide how to allocate resources to achieve this goal.
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Background

Accelerated globalization, especially in the late 1980s,
has provided opportunities for economic progress in the
world of emerging economies [1, 2]. Given the widely
acknowledged relationship between economic pros-
perity and better health [3], many decision-makers see
BRICS (Brazil, Russia, India, China, South Africa) as an
instrument for altering global health due to their expand-
ing economies. While BRICS has traditionally focused
on economic cooperation, the COVID-19 pandemic
has highlighted the importance of collaboration among
these nations in the realm of public health. BRICS plays
a significant role in the field of health due to its mem-
ber countries’ large populations, economic growth, and
regional influence. “Intra-BRICS health cooperation”
expanded at the start of the previous decade, when health
ministers of BRICS countries decided to meet yearly on
the side-lines of the World Health Assembly in 2012. The
primary objectives of these meetings were to strengthen
domestic health systems and support south-south co-
operations, global health partnerships, and international
organizations like WHO and UNAIDS in realizing global
goals such as the sustainable development goals (SDGs)
[4]. The significance of BRICS in post-pandemic health
lies in its potential to foster cooperation, leverage collec-
tive resources, and address common health challenges.

While implementation of the SDGs led to an increase in
global health spending reaching $7.9 trillion in 2017 and
is projected to reach $11 trillion by 2030 [5], the percent-
age share of BRICS nations in global health expenditure
grew in comparison to many developed countries, which
witnessed a decline [6]. Despite the many challenges
faced by their health systems, the health expenditure has
increased as a result of their economic prosperity and the
various steps each country has adopted to improve its
health systems [7—11]. Future projection of health spend-
ing also shows a general long-term trend towards expan-
sion in both the total health spending as a percentage of
GDP and per capita health spending in these emerging
economies [12].

However, only rising health spending is not a repre-
sentative indicator of the betterment of health indices
[13, 14], which is the case with the BRICS. Their health
spending growth is mostly driven by an ageing popula-
tion and the double burden of diseases [15—17]. Despite
the rise in total health spending, health security is still a
distant dream in these countries due to low public health
expenditure [18], the rising cost of healthcare [19], and
heavy out-of-pocket expenditure [20]. In order to address
the problem of regressive health expenditure, safeguard
their citizens from intolerably high healthcare expendi-
ture and ensure access to comprehensive, non-discrimi-
natory healthcare services, there is a need for changing
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the composition and pattern of healthcare spending.
Public funding of healthcare and effective risk-sharing
in healthcare consumption while reducing the share of
out-of-pocket expenditure is required to ensure equity in
healthcare provision [14].

In the past, health was viewed as a luxury good, thus its
provision was left to the market mechanism. However, it
has been repeatedly demonstrated and is now generally
acknowledged throughout the health economics litera-
ture that health is a necessity with an income elasticity
of less than 1 [17, 21]. Therefore, the government should
not leave healthcare entirely in the hands of private enti-
ties but should provide a subsidized and affordable form
of healthcare service to the populace, because many
people have become impoverished because of the snow-
balling rising cost of healthcare, which has resulted in
many lives being lost in the long run [3]. Increased gov-
ernment participation in healthcare financing also has
many positive health and health system consequences
such as increased demand for public health services [22],
fulfilment of the UHC target [23], improvement in the
efficiency of public health programmes [24], and better
health outcomes [25].

The difference between the BRICS and its developed
counterparts is that whereas healthcare is largely pub-
licly funded in the developed nations, it is not the case in
any of the BRICS nations due to a lack of public invest-
ment. The public sector contribution to the total health
spending in such middle- and low-income category
countries is very low [5]. Among all the BRICS nations,
only in Russia, the largest share of health spending is
done by the state with a share of more than 80%, since
the government is the major provider of medical care for
the population in the Russian Federation and the care is
provided on the basis of state guarantees of free medi-
cal care programmes [26]. Administrative structure and
political dynamics have an impact on health spending,
particularly in democratic republics such as India. The
Indian case is particularly relevant because of its federal
structure. Health is recognized as a state subject in India.
In other words, health is essentially the responsibility
of state governments. As a result, public health spend-
ing differs among states depending on the priorities and
political will of the provincial governments [21].

Nevertheless, the expansion of coverage and the move
towards UHC - after the introduction of SDG in 2015
— are shifting the ratio of public to private financing
sources in these countries [5]. In India, public health
expenditure in absolute terms has exhibited a consistent
upward trend, indicating an overall increase since 1995.
However, when examining health expenditure as a share
of the country’s GDD, it has remained relatively stagnant.
Other BRICS countries also increased their total health
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expenditure substantially. In Brazil, it grew by 3%, China
— by 2%, South Africa — by 1.5%, and Russia — by 1.2%
during the same time [10]. While increases in public
health spending in some countries can be seen positively,
they can also have a detrimental impact. The heavy
reliance on public spending can be a cause of concern for
financial sustainability [27]. The budgetary space available
to governments in these developing countries is already
insufficient to cover all the financial requirements for the
universal health and well-being of their population [25].
Hence, financial resources for health must be prepaid and
pooled across individuals via insurance coverage in order
to ensure that health spending does not cause financial
hardship for the national budget and impoverishment
for the citizens [5]. Expanding risk pooling is one of the
major international topics in the development of UHC
[14, 28].

BRICS countries accept and endorse the conceptual-
ization of UHC. However, analysis reveals that BRICS
countries’ conceptualization of UHC seems to be driven
by specific country circumstances and national needs.
While some of them are focusing on increasing pooled
resources, others are focusing on mainly the public provi-
sion of healthcare. China is enhancing UHC through the
rapid injection of government finance into social health
insurance to cover rural and urban residents [14]. Brazil
built its own publicly funded healthcare system called
Sistema Unico de Satde (SUS) in an effort to achieve
universal healthcare coverage. However, the popularity
of private health insurance is more prevalent than public
health insurance in the country [29]. India is channelling
the world’s largest health insurance programme named
Ayushman Bharat under the Pradhan Mantri Jan Arogya
Yojana (PM-JAY). In South Africa, the health sector is
not well-funded and out-of-pocket spending is high. For
UHC watchers, all eyes are on the government’s univer-
sal health financing system, the national health insurance
programme, which is being rolled out over the next few
years [4].

Health outcomes and access to care may be impacted
by the availability of both public and pre-paid
resources. Previous international research has dem-
onstrated that when nations become wealthier, their
citizens experience more financial hardship because
they depend more on out-of-pocket spending [25].
The challenge for policymakers is in ensuring that
additional healthcare resources are directed through
the required pooled prepayment plans rather than out-
of-pocket payments, which create access disparities
across different socioeconomic strata [25].

The COVID-19 pandemic worsened the deficien-
cies of the healthcare system by causing a severe short-
age of resources, infrastructure, and health workforce in
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these countries. More than 30% of COVID-19 infections
and more than 20% of the pandemic deaths occurred in
BRICS countries during the first wave of the virus [30].
Henceforth, nations are prioritizing healthcare with an
aim to adopt effective capacity development methods
to mitigate future health concerns. These measures will
make the demand for adequate funding even more urgent
[30-32].

All of these nations must therefore make it a top pri-
ority to explore potential possibilities for the growth
of health spending and their implications for public
finances. Stepping towards this direction, policymak-
ers around the world are attempting to understand how
health expenditure may change and to set a course for
policy, whether it be due to concerns about the fiscal
sustainability of public expenditure, rising health prices,
the productivity of the health sector, financial strains on
patients and families, or extending coverage. To promote
the achievement of national and international health
goals, comprehensive and comparable estimates of health
spending in each nation are crucial inputs for health pol-
icy and planning. This requires understanding historical
trends and predicting future trends in health spending
[13, 33]. Effective health policy must consider anticipated
future health expenditure and their source. Without care-
ful planning and a lack of public funding for health can
result in people having less access to care and relying
more on out-of-pocket payments to purchase healthcare
[34]. When looking at healthcare finance from the per-
spective of financing schemes, it is possible to conduct a
more thorough analysis that also enables the monitoring
of how financing patterns are changing over time [35],
whether it is becoming progressive with a steady rise
in pre-paid and pooled financing or regressive with an
increase in out-of-pocket spending.

While there have been several studies projecting health
expenditure, there is a noticeable lack of studies specifi-
cally focusing on the BRICS countries. Only one study
conducted by Jakovljevic et al. [12] has projected health-
care spending among the BRICS nations, but it concen-
trated solely on estimating health expenditure until 2030.
In contrast, the current study aims to project health
expenditure until 2035. The study addresses the following
research question;

Research Question

A) What will be the long-term trend and pattern of
future health expenditure for the BRICS bloc?

To answer the above research question, the primary
objective of the study is to thoroughly examine long-
term trends and make accurate predictions of health
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expenditure patterns among the BRICS up to 2035 with
a special emphasis on government, pre-paid, and out-
of-pocket expenditure. The timeframe for achieving
SDG 2015’s goals 3.8 and 3.c i.e.,, UHC through effective
financial risk protection and an increase in total health-
care spending is set to 2030. Forecasting healthcare
expenditure patterns for 2035 will help to predict the
target achievement or lack thereof among these nations.
After the onset of COVID-19, it has become more crucial
than ever before that healthcare is publicly financed, and
risk pooling is especially important in low- and middle-
income nations and newly emerging market economies
such as BRICS. Expenditure forecasting will also serve
in predicting how the countries will fare in this domain
throughout the upcoming medium term.

Methods

Data

The present study used the SHA 2011 classification of
healthcare financing schemes, which is regarded as the
international standard for the construction of National
Health Accounts (NHA) and is also adopted by BRICS
nations, to analyze and make projections on health
expenditure. The SHA 2011 framework does away with
the term “total health expenditure,” but instead suggests
using the term “current health expenditure’, which
refers to the final consumption of healthcare goods and
services by the government, non-profit organizations,
and households, excluding the cost of fixed assets. Such
an arrangement will enable the tracking of medical
expenses precisely [8]. The SHA 2011 classification is
given in Fig. 1. We retrieved health expenditure statistics
from the OECD database [36] for the BRICS countries
from 2000 to 2019. For the purpose of the analysis, all
health expenditure is expressed in US dollars adjusted
for inflation and purchasing power parity (PPP). As the
database does not contain inflation and PPP-adjusted
statistics for India and China, the current values were
manually adjusted using PPP and CPI values from the
OECD database for these countries.

Methods

From 2000 to 2019, total health expenditure, government,
pre-paid private, and out-of-pocket health expenditure
were summarized using the mean, standard deviation,
and percentage change. From 2020 to 2035, the paper
estimated future total health expenditure, government,
prepaid private, and out-of-pocket health expenditure
in inflation-adjusted $PPP, per capita, as a percentage of
GDP, and as a share of total current health expenditure.
Time series analysis and exponential smoothing models
[ETS] are employed in the forecasting processes.
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The exponential smoothing approach was first
developed by Robert Godwell Brown in 1956 and it
was further expanded by Charles C. Holt in 1957.
This method is widely used in the literature because
it predicts by assigning a high weight to the nearest
outcomes over time. The term “exponential smooth-
ing” refers to the fact that the weights of the observa-
tions decrease exponentially as they get older. The ETS
model takes into account the error, trend, and seasonal
components of a given time series and evaluates 30
alternative models before selecting the best perform-
ing model to simulate the data. The error, trend, and
seasonal components are the three major parameters,
which can be additive (A), multiplicative (M), or none
(N). The best performing model is determined by the
lowest AIC, AICc, or BIC. The ETS technique is pro-
vided by the forecast package of R software outlined
by Hyndman et al. [38] as an automatic forecasting
model incorporating the foundations of exponential
smoothing. These methods have a strong statistical
foundation [39], are easy to apply, and have performed
well in various forecasting cases [40]. Given the ben-
efits of exponential smoothing methods and the large
number of models available which can be chosen using
information criteria (AIC, AICc, and BIC), the cur-
rent study employs the best ETS model by using the
ets function in R. The function by default uses the
AICc to select an appropriate model. Unlike the auto.
arima function, ets does not return forecasted values,
it instead estimates model parameters and offers infor-
mation about the fitted model. Hence, for forecasting
the forecast(ets ( )) command was used.

Results

Table 1 depicts the mean and standard deviation (in
parentheses) of total health expenditure, health expendi-
ture per capita and as a share of GDP, and the source
of health expenditure per capita and share of health
expenditure as a proportion of total for the years 2000 to
2019 for BRICS. All the absolute values are in inflation-
adjusted $PPP. China accounted for the highest value of
total health expenditure ($620762.90); however, it stands
second lowest both in terms of health expenditure per
capita ($449.47) and as a share of GDP (4.49%) among
the BRICS group. The highest share of the total health
expenditure is attributed to out-of-pocket expenses
(46.77%), which is followed by health expenses by the
government (44.71%), and the lowest share is of pre-
paid private health expenditure (8.41%). The country
with the highest health expenditure as a share of GDP is
Brazil (8.46%), and the country has government health
expenditure (42.87%) as a major share of the total health
expenditure. The countries with the next highest health
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Fig. 1 System of health accounts 2011 classification of health expenditure. Source: OECD/Eurostat/WHO [37]

expenditure per capita are South Africa which spends
8.33% of its GDP on health and Russia spending 5.11% of
its GDP on health. While Russia has government health
expenditure (60.37%) as its major source, a majority of
the health expenditure can be attributed to pre-paid pri-
vate health expenditure (48.02%) in South Africa. India
has the lowest value of health expenditure as a share
of GDP (3.64%) and the major source is out-of-pocket
expenditure (66.84%), which is higher than any other
BRICS country.

Figure 2 depicts the percentage change in total health
expenditure as a share of GDP and health expenditure as
a share of the total for the period 2000 to 2019.

As can be seen, there is no clear and consistent pattern
in the BRICS bloc’s change in health expenditure and its
source. India, Russia, and South Africa experienced the
greatest fluctuation in the group. China and Brazil have a
more stable trend.

Figures 3, 4 and 5 show total health expenditure per
capita and as a share of GDP for the BRICS countries.
These figures depict the projected change in per capita
health expenditure between 2020 and 2035.

Table 2 shows in 2035 all the member countries
will witness a rise in their health expenses both in per
capita and percentage of their GDP except for Brazil
and India. Brazil which is the current highest spender
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Table 1 Descriptive statistics (Mean and Standard Deviation)
Country Total health expenditure (HFTOT) Source of health expenditure Share of health expenditure
$PPP (in Per Capita % of GDP  Total Total pre-Paid  Total out-of- Government Pre-paid Out-of-
millions) (in $PPP government private health pocket health health private health pocket health
millions) health expenditure expenditure expenditure Expenditure expenditure (%
expenditure (in $PPP (in $PPP (% of CHE) (% of CHE) of CHE)
(in SPPP millions) millions)
millions)
Brazil 32424260 1699.10 846 138969.50 815719 1019253 42.87 2567 30.75
(53643.74) (377.72) (0.58) (22522.92) (4891.61) (31052.65) (1.24) (3.52) (4.63)
Russia 160686.50 1202.835 5.11 97269.86 6619.312 56744.82 60.37 5.16 34.40
(62441.05) (313.95) (0.29) (38,014) (1441.79) (25767.13) (2.07) (3.04) (3.18)
India 266332.50 220.34 364 64991.27 2226213 17901850 24.66 846 66.84
(20893.18) (30.05) (0.43) (7593.27) (4218.01) (28509.41) (4.41) (2.06) (6.33)
China 620762.90 44947 449 308405.60 46818.87 26511840 44.71 841 46.77
(265168.2) (178.48) (0.44) (195201.7) (16499.71) (60959.18) (13.68) (3.22) (10.88)
South Africa  51431.52 990.73 833 2257253 24556.73 4302.27 4294 48.02 9.02
(12058.4) (159.73) (0.52) (7174.42) (5242.03) (433.21) (4.40) (1.69) (3.02)

PPP Purchasing Power Parity, CHE Current Health Expenditure

% Change in Total Health Expenditure (% of GDP)
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in health — both per capita and share of GDP - is also
expected to be the highest spender in health in terms
of GDP share in 2035 with 10.67% (95% PI 8.36, 12.98).

However, it is expected to witness a decrease in its per

l.

Countries
Brazil

~#- Russia

~#- India

~#- China
South_Africa

capita expenditure in 2035 with $677.82 (95% Prediction
Interval [PI] 305.60, 1050.03) and is expected to be
surpassed by Russia.
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Russia is expected to spend $2777.30 (95% PI 1756.76,
3797.84) and become the highest per capita spender.
India is the only country to witness a decline in both
health expenditure per capita and as a share of its GDP
in 2035 with a per capita value of $122.61 (95% PI 36.10,
209.13) and a share of GDP value of 2.04% (95% PI 0.43,
3.66). China is also expected to witness a rise in its per
capita health expenditure with $1158.64 (95% PI 708.95,
1608.33) and GDP share with 6.80% (95% PI 3.32, 10.82).
South Africa is expected to be the second highest spender
in health per capita with a value of $1366.63 (95% PI
84.05, 2649.29), as well as a share of its GDP with a value
of 9.88% (95% P17.85, 11.91) (Table 2).

Tables 3 and 4 show the sources of health expenditure
per capita and their respective shares of health expendi-
ture for the years 2020, 2025, 2030, and 2035. The high-
est government health expenditure per capita in 2020
is observed for Russia, at $1064.65 (95% PI 922.69,
1221.89), followed by South Africa at $578.07 (95% PI
509.01, 655.13), China at $477.82 (95% PI 410.79, 554.46),
Brazil at $ 473.20 (95% PI 421.83, 530.09) and lastly India
at $58.38 (95% PI 51.72, 65.89). In 2035, it is expected
that the highest government health expenditure per

capita will be observed for Russia, at $1936.32 (95% PI
1164.82, 2840.36), followed by China at $1327.36 (95% PI
280.46, 3436.56), South Africa at $939.39 (95% PI 588.08,
1432.44), Brazil at $253.08 (95% PI 165.29, 383.79) and
India at $62.84 (95% PI 34.46, 114.06) (Table 3). In terms
of the share of government health expenditure, the high-
est value in 2020 is observed for Russia, with 61.25%
(95% PI 58.25%, 64.16%), followed by China with 55.64%
(95% PI 52.67%, 58.56%), South Africa with 48.08% (95%
PI 45.18%, 51%), Brazil with 40.24% (95% PI 38.47%,
42.04%), and lastly India with 33.76% (95% PI 28.63%,
39.31%). Russia, India, and South Africa are expected to
experience a small and steady rise in government share
in health expenditure in 2035, except Brazil and China,
which will undergo a decline in government expenditure.
In 2035, the share of government health expenditure for
Russia is projected to be 62.71% (95% PI 50.52%, 73.47%),
followed by South Africa with 49.50% (95% PI 45.95%,
53.05%), China with 48.55% (95% PI 1.59%, 98.22%), India
with 44.17% (95% PI 22.14%, 68.75%), and Brazil with
31.91% (95% PI 18.26%, 49.58%) (Table 4).

In terms of pre-paid private expenditure per capita, the
highest expenditure in 2020 is expected to be observed
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by South Africa at $536.47 (95% PI 508.33, 565.97), fol-
lowed by Brazil, at $369.38 (95% PI 333.5017 408.78),
China at $82.35 (95% PI 63.50, 106.68), Russia at $36.68
(95% PI 26.67, 50.41), and India at $19.78 (95% PI 16.82,
23.25). In 2035, the pre-paid private expenditure per cap-
ita in China is expected to increase and be the highest,

at $1192.90 (95% PI 12.20, 4878.37), followed by South
Africa at $560.21 (95% PI 273.63, 1078.45), Brazil at
$271.91 (95% PI 178.81, 409.36), Russia at $22.82 (95%
PI 6.31, 81.85), and India at $19.88 (95% PI 16.89, 23.40)
(Table 3).
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Table 2 Forecasted health expenditure for the years 2020, 2025, 2030 and 2035 (Per Capita and % of GDP)
Country Health expenditure per capita Health expenditure % of GDP
2020 2025 2030 2035 2020 2025 2030 2035
Brazil 1170.28(1052.04,  985.94(721.40, 822.58(490.73, 677.82(305.60, 9.66(9.08, 9.99(8.58, 10.33(841, 10.67(8.36,
1288.52) 125047) 1154.43) 1050.03) 10.23) 11.47) 12.24) 12.98)
Russia 1734.27(1542.09, 2081.95(1561.07, 2429.62(1654.61, 2777.30(1756.76, 541(4.81, 5.50(4.79, 5.59(4.78, 5.68(4.78,
1926.45) 2602.83) 3204.64) 3797.84) 6.01) 6.21) 6.40) 6.58)
India 172.00(149.72, 155.54(102.40, 139.08(67.29, 122.61(36.10, 2.94(2.53 2.64(1.65 2.34(1.00, 2.04(043,
194.28) 208.67) 210.86) 209.13) 3.36) 3.64) 3.68) 3.66)
China 813.51(722.32, 928.55(688.21, 1043.59(694.66, 1158.64(708.95, 543(5.03 5.89(4.53 6.35(3.99 6.80(3.32,
904.69) 1168.89) 1392.53) 1608.33) 5.84) 7.25) 8.71) 10.28)
South 1163.93(1105.48, 1231.50(910.36, 1299.06(551. 1366.63(84.05, 9.14(8.61 9.39(8.14, 9.64(7.95 9.88(7.85,
Africa 1222.38) 1552.63) 2046.98) 2649.20) 9.68) 10.64) 11.32) 11.91)

In terms of the share of pre-paid private health
expenditure, the highest in 2020 is expected to be
observed by South Africa, with 46.24% (95% PI 43.50%,
49.01%), followed by Brazil with 32.11% (95% PI 30.55%,
33.72%), India with 12.32% (95% PI 10.20%, 14.81%),
China with 9.36% (95% PI 7.22%, 12.04%) and Russia with
2.08% (95% PI 1.56%, 2.78%). In 2035, South Africa and
Brazil are expected to have the highest share of pre-paid
private expenditure, with 43.30% (95% PI 39.66%, 47.01%)
for South Africa and 42.28% (95% PI 39.07%, 45.54%)
for Brazil. China and India are expected to have a much
smaller share of pre-paid private expenditure albeit the
increase in expenditure, 21.01% (95% PI 17.69%, 24.75%)
for India and 12.71% (95% PI 0.90%, 69.82%) for China,
while Russia is expected to have the lowest share of pre-
paid private expenditure, at 0.59% (95% PI 0.19%, 1.83%)
(Table 4).

The highest out-of-pocket expenditure per capita in
2020 is expected to be observed by Russia, at $626.44
(95% PI 588.85, 666.06), followed by Brazil at $260.67
(95% PI 224.67, 302.08), China at $288.64 (95% PI 260.25,
319.93), India at $93.92 (95% PI 77.64, 113.54) and lastly
South Africa at $62.30 (95% PI 54.17, 71.62). In 2035,
the out-of-pocket expenditure per capita in Russia is
expected to increase and to again be the highest at
$820.56 (95% PI 633.99, 1048.84), followed by China at
$504.68 (95% PI 343.91, 728.85), Brazil at $94.54 (95% PI
74.68, 119.57), India at $66.46 (95% PI 30.83, 142.08) and
South Africa at $40.77 (95% PI 35.43, 46.90) (Table 3). In
terms of the out-of-pocket share of health expenditure,
the highest in 2020 is expected to be observed by India
at 53.57% (95% PI 47.43%, 59.61%), followed by Russia
at 39.37% (95% PI 35.77%, 43.09%), China at 34% (95%
PI 30.41%, 37.77%), Brazil at 23.05% (95% PI 21.30%,
24.91%) and South Africa at 5.12% (95% PI 4.48%, 5.85%).
In 2035, India and Russia are expected to have the highest
out-of-pocket expenditure share, 47.03% (95% PI 43.18%,

50.91%) for Russia and 35.79% (95% PI 17.08, 60.13) for
India, followed by China with 18.57% (95% PI 10.57%,
30.57%), Brazil with 14.73% (95% PI 13.48%, 16.06%) and
South Africa with 3.16% (95% PI 2.76%, 3.62%) (Tables 4,
5,6,7,8and?9).

Discussion

BRICS countries have undertaken — or committed to —
significant health-system reforms aimed at improving
equity in health service use, quality, and financial pro-
tection, with the ultimate aim of achieving UHC. These
health reforms are an important step towards translat-
ing the growing wealth of the BRICS into better health.
These countries have taken different paths to the UHC,
and they began moving along those paths at different
times. Brazil and Russia began this process more than
three decades ago. China and India are new players in the
field, and South Africa has only recently begun its reform
process [41]. Given the pressing issue of insufficient pub-
lic health expenditure and the political nature of health
reform, the BRICS bloc pledged in 2011 at their annual
health ministers’ meeting to build their health financing
systems as the foundation for UHC, following in the foot-
steps of the other WHO member countries [42].

The amount and source of health expenditure per
capita in these countries appeared to significantly
correlate with the health system outcomes [23]. Believing
in the significance of health expenditure, the current
paper attempted to uncover differences in health
expenditure performance among BRICS countries, as
well as to determine how expenditure in comparison
to each other will change over time. The measure
values themselves do not provide any information.
They can only be interpreted in a comparative manner
within the investigated group. A few interesting facts
are revealed in the paper. First, Brazil, China, and
Russia had comparatively better current and future
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Table 5 ETS model information and parameter estimates with their error measures for Brazil

Indicator Method ME RMSE MAE MPE MAPE MASE ACF1

Total Health Expenditure (% of GDP) ETS(AAN) -0.00 0.26 0.21 -0.11 2.58 093 0.18
a=099; 3=0.00

Total Health Expenditure Per Capita ($PPP) ETS(M,Ad,N) -12.06 83.95 54.32 -0.68 333 0.73 -0.03
a=098; 3=0.00

Government Health Expenditure Per Capita ($PPP) ETS(AAN) 0.00 0.05 0.04 -0.11 2.50 0.84 0.00
a=0.87; p=0.00

Pre-Paid Private Health Expenditure Per Capita (SPPP) ETS(A,AN) 0.00 0.05 0.03 -0.09 146 0.93 0.12
a=0.99; =000

Out-of-Pocket Health Expenditure Per Capita ($PPP) ETS(A,AN) 0.00 0.07 0.05 -0.14 240 0.79 0.29
a=0.30; =000

Government Health Expenditure (% of CHE) ETS(A,AN) -0.01 0.03 0.02 226 1049 0.94 -0.03
a=0.66; =021

Pre-Paid Private Health Expenditure (% of CHE) ETS(A,AN) 0.00 0.03 0.02 -0.19 2.60 0.82 0.22
a=039; 3=0.00

Out-of-Pocket Health Expenditure (% of CHE) ETS(A,AN) -0.00 0.04 0.03 -007 483 0.89 0.21
a=0.00; =0.00

ETS Exponential smoothing model; error, trend, and seasonal components are the three major parameters, which can be additive (A), multiplicative (M), or none

(N); a=smoothing parameter for the level component; 3 =smoothing parameter for trend component; ME Mean Error, RMSE Root Mean Squared Error, MAE Mean

Absolute Error, MPE Mean Percentage Error, MAPE Mean Absolute Percentage Error, MASE Mean Absolute Scaled Error, ACFI Auto-correlation of Errors at lag 1

Table 6 ETS model information and parameter estimates with their error measures for Russia

Indicator Method ME RMSE MAE MPE MAPE MASE ACF1

Total Health Expenditure (% of GDP) ETS(A,AN) 0.00 027 0.22 -0.28 424 1.05 0.29
a=029;3=0.00

Total Health Expenditure Per Capita ($PPP) ETS(M,AN) -15.21 65.11 5161 -1.26 442 0.71 0.37
a=0.99;3=0.00

Government Health Expenditure Per Capita ($PPP) ETS(A,AN) 0.00 0.08 0.07 0.11 393 0.77 043
a=0.99;3=0.00

Pre-Paid Private Health Expenditure Per Capita ($PPP) ETS(A,AN) 0.00 0.15 0.09 -0.02 2.01 1.06 0.02
a=0.99;3=0.00

Out-of-Pocket Health Expenditure Per Capita (SPPP) ETS(A,AAN) 0.00 0.03 0.03 0.02 1.06 041 0.39
a=099;=001

Government Health Expenditure (% of CHE) ETS(A,AN) 0.00 0.06 0.05 -1.85 1147 1.00 042
a=0.99:3=0.00

Pre-Paid Private Health Expenditure (% of CHE) ETS(A,AN) 0.00 0.13 0.08 -0.04 2.75 0.76 0.01
a=0.95:3=0.00

Out-of-Pocket Health Expenditure (% of CHE) ETS(A,AN) 0.00 0.07 0.06 -1.89 10.24 1.08 0.53
a=0.02:3=0.00

ETS Exponential smoothing model; error, trend, and seasonal components are the three major parameters, which can be additive (A), multiplicative (M), or none
(N); a=smoothing parameter for the level component; 3 =smoothing parameter for trend component; ME Mean Error, RMSE Root Mean Squared Error, MAE Mean
Absolute Error, MPE Mean Percentage Error, MAPE Mean Absolute Percentage Error, MASE Mean Absolute Scaled Error, ACFI Auto-correlation of Errors at lag 1

health expenditure scenarios based on measured and
predicted values. While India and South Africa both have
significantly worse results than countries qualified for the
first subgroup. The second intriguing finding is regarding
the measured health expenditure value changes over time.
For the period from 2000 to 2019, the percentage change
in total health expenditure as a share of GDP and share of
total health expenditure revealed no clear and consistent
pattern. India, Russia, and South Africa saw the most
variation in the group. China and Brazil are experiencing

a more stable trend. However, out-of-pocket expenditure
on health care has been declining in each country for
the last two to three years, except for Russia, which has
seen a slight increase. Except for India and Brazil, all
of the BRICS countries show a long-term increase in
health expenditure. Only India’s health expenditure is
expected to decrease as a share of GDP in 2035. China
appears to witness the steepest increase in per capita
health expenditure until 2035, while Russia is expected
to achieve the highest absolute values. A predominance
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Table 7 ETS model information and parameter estimates with their error measures for India
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Indicator Method ME RMSE MAE MPE MAPE MASE ACF1

Total Health Expenditure (% of GDP) ETS(AAN) 0.00 0.19 013 -0.21 3.66 0.88 0.06
a=096,3=0.00

Total Health Expenditure Per Capita ($PPP) ETS(A,AN) 0.16 10.17 7.64 -0.15 3.65 0.92 0.07
a=096,3=0.00

Government Health Expenditure Per Capita ($PPP) ETS(A,AN) 0.00 0.06 0.04 -0.04 0.91 0.95 0.13
a=0.96:3=0.03

Pre-Paid Private Health Expenditure Per Capita ($PPP) ETS(A,AAN) 0.00 0.07 0.05 0.03 0.88 0.66 -0.12
a=0.00;3=0.00

Out-of-Pocket Health Expenditure Per Capita (SPPP) ETS(A,AN) -0.01 0.09 0.06 0.11 1.69 0.88 0.01
a=0.99:3=0.00

Government Health Expenditure (% of CHE) ETS(A,AN) 0.00 0.11 0.08 -1.04 735 093 0.11
a=0.99;3=0.00

Pre-Paid Private Health Expenditure (% of CHE) ETS(A,AN) 0.00 0.10 0.08 -0.12 323 0.72 0.08
a=0.00,3=0.00

Out-of-Pocket Health Expenditure (% of CHE) ETS(A,AN) 0.01 0.11 0.07 -3.21 16.15 0.82 0.03
a=0.99;3=0.00

ETS Exponential smoothing model; error, trend, and seasonal components are the three major parameters, which can be additive (A), multiplicative (M), or none
(N); a=smoothing parameter for the level component; 3 =smoothing parameter for trend component; ME Mean Error, RMSE Root Mean Squared Error, MAE Mean
Absolute Error, MPE: Mean Percentage Error, MAPE Mean Absolute Percentage Error, MASE Mean Absolute Scaled Error, ACFI Auto-correlation of Errors at lag 1

Table 8 ETS model information and parameter estimates with their error measures for China

Indicator Method ME RMSE MAE MPE MAPE MASE ACF1

Total Health Expenditure (% of GDP) ETS(A,AN) 0.04 0.19 0.14 0.75 332 0.87 0.07
a=0.99;3=0.13

Total Health Expenditure Per Capita ($PPP) ETS(M,AN) 6.68 22.26 15.85 0.64 3.57 0.53 0.07
a=0.99;3=0.00

Government Health Expenditure Per Capita ($PPP) ETS(A,AN) -0.01 0.08 0.06 0.60 1.93 0.50 0.05
a=0.99;3=0.20

Pre-Paid Private Health Expenditure Per Capita ($PPP) ETS(A,AN) 0.04 0.12 0.10 -0.75 2.04 0.97 -0.07
a=0.773=044

Out-of-Pocket Health Expenditure Per Capita (SPPP) ETS(AAN) 0.00 0.05 0.04 -0.02 1.18 0.68 0.01
a=0.95;3=0.00

Government Health Expenditure (% of CHE) ETS(A,AN) 0.00 0.05 0.04 -7.54 19.99 0.39 0.03
a=099;3=0.86

Pre-Paid Private Health Expenditure (% of CHE) ETS(AAAN) 0.02 0.12 0.11 -0.93 4.62 0.85 -0.01
a=0.70;3=0.58

Out-of-Pocket Health Expenditure (% of CHE) ETS(A,AN) 0.00 0.07 0.05 -6.95 26.71 0.67 0.34
a=0.99;3=0.00

ETS Exponential smoothing model; error, trend, and seasonal components are the three major parameters, which can be additive (A), multiplicative (M), or none
(N); a=smoothing parameter for the level component; 3 =smoothing parameter for trend component; ME Mean Error, RMSE Root Mean Squared Error, MAE Mean

Absolute Error, MPE Mean Percentage Error, MAPE Mean Absolute Percentage Error, MASE Mean Absolute Scaled Error, ACFI Auto-correlation of Errors at lag 1

of public funding is a necessary condition for achieving
UHC. Health reforms have given the governments of the
BRICS countries significant roles in the health sector,
particularly in healthcare financing. However, private
financing of health care continues to account for a sizable
portion of total health expenditure. The 19-year average
private financing, both pre-paid private and out-of-
pocket, accounts for approximately 57%, 40%, 75%, 55%,
and 57% of total health expenditure in Brazil, Russia,
India, China, and South Africa, respectively. Russia

stands out as the country with the greatest proportion
of government spending in relation to its total health
expenditure. Specifically, Russia allocates 60.37% of its
total health spending through government channels.
This observation aligns with the findings of Nikolina and
Ratkin [26], who also reported Russia to have the highest
government health spending relative to total health
expenditure. However, it is worth noting that the present
study diverges from Nikolina and Ratkin [26] in terms
of the actual numerical estimates. While their research
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Table 9 ETS model information and parameter estimates with their error measures for South Africa

Indicator Method ME RMSE MAE MPE MAPE MASE ACF1

Total Health Expenditure (% of GDP) ETS(A,AN) 0.00 0.24 0.18 -0.07 217 093 0.00
a=0.94;3=0.00

Total Health Expenditure Per Capita ($PPP) ETS(A,AN) -145 26.67 20.66 -0.14 220 0.73 0.03
a=0.583=0.56

Government Health Expenditure Per Capita ($PPP) ETS(A/AN) 0.00 0.07 0.05 -0.04 1.95 0.89 0.11
a=0.96:3=0.00

Pre-Paid Private Health Expenditure Per Capita ($PPP) ETS(A,AN) 0.00 0.03 0.02 0.23 0.98 0.82 0.03
a=099:=026

Out-of-Pocket Health Expenditure Per Capita (SPPP) ETS(A,AN) 0.00 0.06 0.05 -0.03 1.11 1.23 032
a=0.00;3=0.00

Government Health Expenditure (% of CHE) ETS(A,AA,N) 0.01 0.05 0.04 -4.16 15.39 0.84 0.05
a=0.03;3=0.03

Pre-Paid Private Health Expenditure (% of CHE) ETS(A,AN) 0.00 0.05 0.04 18.14 56.39 1.16 0.27
a=0.23;3=0.00

Out-of-Pocket Health Expenditure (% of CHE) ETS(A,AAN) 0.00 0.06 0.05 -0.18 1.98 0.84 032
a=0.00;3=0.00

ETS Exponential smoothing model; error, trend, and seasonal components are the three major parameters, which can be additive (A), multiplicative (M), or none
(N); a=smoothing parameter for the level component; 3 =smoothing parameter for trend component; ME Mean Error, RMSE Root Mean Squared Error, MAE Mean
Absolute Error, MPE Mean Percentage Error, MAPE Mean Absolute Percentage Error, MASE Mean Absolute Scaled Error, ACFI Auto-correlation of Errors at lag 1

indicated government health spending to exceed 83%, the
current study reveals a comparatively lower figure.

In certain instances, there are concerning trends in
estimated health spending that could have significant
implications for various countries. For example, India is
expected to experience a decrease in total health spend-
ing as a percentage of its GDP. Given India’s large popu-
lation, widespread poverty, and high disease burden, this
reduction in health spending would result in less invest-
ment in human capital, leading to both health and eco-
nomic consequences. Similarly, Russia is projected to
witness an increase in out-of-pocket expenditure, cou-
pled with a decline in the share of pre-paid coverage in
total health expenditure. This shift in the health financing
system could have regressive effects, potentially leading
to a significant number of people being pushed into pov-
erty due to healthcare expenses. South Africa, which has
been actively working towards implementing a National
Health Insurance system, is facing a potential setback
with the expected decline in the share of pre-paid cover-
age. This reversal of progress could undermine the efforts
made towards achieving universal health coverage. More-
over, both China and Brazil are anticipated to experi-
ence a decrease in the government’s share of total health
expenditure. This reduction, unless compensated by a
rise in pre-paid coverage, may result in health-related
impoverishment for individuals in these countries. These
trends carry inherent risks for epidemiological outcomes
and the performance of health systems in these nations.

It is crucial for policymakers and stakeholders to
address these challenges and ensure adequate investment

in healthcare to safeguard the well-being of their
populations and mitigate potential adverse effects on
both health and economies. The noticeable positive
transition in the health expenditure landscape among
BRICS and globally can be attributed primarily to China.
China’s population will age rapidly in the first half of the
twenty-first century, making it the world’s fastest ageing
large nation. Similar population trends have existed in
Brazil since the 1980s, and in Russia for many decades.
Unlike the others, India, as a still young large country, is
likely to benefit from a demographic dividend from the
expected 150 million labour force expansion [43, 44].
However, expenditure statistics do not provide much
information about the cost-effectiveness and efficiency
of the allocation of resources within these national
health systems. As a result, it is reasonable to expect a
wide range of individual success rates in these countries’
expansion of hospital networks, investments in medical
education, and development of professional human
capacities. Some of the BRICS’ inter-country differences
are reflected in health inequities [45]. A typical example
is that rural populations have far less affordable medical
care than urban populations [6].

Despite the fact that the BRICS bloc was formed based
on the economic size and potential of the underlying
countries, there is no simple correlation between wealth
and health in these countries. Some discovered a lack of
responsiveness of health and health expenditure to eco-
nomic prosperity [21], while others discovered an adverse
effect of macroeconomic prosperity on health expendi-
ture and population health in an environment of badly
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planned health policy [46]. Rapid economic growth has
also caused major issues such as rapid urbanization has
resulted in high levels of urban poverty [47]. Even though
millions of BRICS residents have been lifted out of pov-
erty over the last decade, the majority of the world’s poor
still reside in BRICS or other emerging economies. If the
general health of those living in the BRICS countries is to
improve, political will and solutions, structural reforms,
and massive financial investments will be required at
both the national and global levels.

Although national governments in these countries have
played an important role in experimenting with health-
care reforms, private financing continues to account for
a significant portion of BRICS healthcare expenditure.
China and India rely heavily on out-of-pocket expenses,
while Brazil and South Africa rely heavily on private
insurance. Brazilian health reforms were the result of a
political movement to make health a constitutional right,
whereas in the remaining four countries, health reforms
were an attempt to improve the performance of the pub-
lic system and reduce access inequities. The transition to
UHC has been slow in these countries. The reforms in
China and India have not adequately addressed the issue
of heavy out-of-pocket payments. Negotiations between
national and subnational entities have frequently been
difficult. On one hand, through a constitutional deline-
ation of responsibility, Brazil has been able to achieve
good coordination between federal and state entities.
On the other hand, poor coordination has always been
an issue in Russia when it comes to the efficient use of
resources [41].

It remains possible that the BRICS’ national health
agendas will influence and direct the global health
agenda. By 2035, China and India will have 35% of the
world’s population [48], and with India already surpass-
ing China as the most populous country, the scenario
has become more likely [49]. WHO has acknowledged
how BRICS have contributed to global health improve-
ment through various domestic actions and policies
on UHC and other health issues. Brazil has long been a
leader in expanding healthcare access. Russia has made
a significant commitment to combat non-communicable
diseases. In 2013, the Chinese government set a goal of
increasing the gross value of its healthcare sector to 1.31
trillion US dollars (US$). The South African government
announced significant increase to its health budget in
2014. Other social determinants of health are also being
addressed by the BRICS. The Brazilian government, for
example, launched the Brasil sem Miséria (Brazil without
Poverty) plan in 2011. India launched the world’s largest
food subsidy programme in 2013. Such massive invest-
ments will certainly have an effect on the global health
agenda if the resources are used efficiently to enhance
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effectiveness and achieve maximum health system out-
comes [48, 50-52].

Conclusion

There are a few distinct pathways of health expenditure
among the five BRICS countries. China, as the primary
driver of global economic growth, will be able to sig-
nificantly increase its investment in the health sector
across a range of indicators. Its chances of achieving tai-
lored SDG targets in terms of universal health coverage
are probably the highest of the group. Except for India
and Brazil, all of the BRICS countries show a long-term
increase in per capita PPP health expenditure. Only
India’s health expenditure is expected to decrease as
a share of GDP after the completion of the SDG years.
China accounts for the steepest rise in per capita expend-
iture until 2035, while Russia is expected to achieve the
highest absolute values. Each BRICS country has set a
national pledge to the right to health and is working on
health system reforms to achieve UHC. All, however,
have a long way to go. The BRICS countries must succeed
in moving towards UHC not only because they account
for nearly half of the world population, but also because
they can serve as role models for many other countries in
their respective regions.

These estimations of future health expenditure by
these emerging market powers should help policymak-
ers decide how to allocate resources to achieve the UHC
goal in the long-term. The findings of this current study
may also serve as a catalyst for informed decision-mak-
ing regarding healthcare expenditures within BRICS and
other emerging market economies. It should also serve
as a foundation for future health economics research on
BRICS health sectors. While considerable efforts were
made to uphold the quality and rigor of the estimates, it
is important to acknowledge the limitations of the cur-
rent study. One notable limitation is that the data used
in this study only extends up to 2019, as data beyond that
period was unavailable from the OECD iLibrary. Conse-
quently, the study may not capture recent developments
and emerging trends in the subject matter. Additionally,
an important factor not accounted for in this study is the
impact of the Covid-19 pandemic on health spending.
Given the unprecedented nature of the pandemic and
its potential to significantly influence healthcare systems
and expenditures, the estimates presented in this study
may be subject to inflation or distortion. It is crucial to
recognize these limitations as they contribute to the con-
textual understanding of the findings and underscore
the need for further research to encompass more recent
data and incorporate the effects of Covid-19 on health
spending.
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