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Abstract. The study aims to empirically test Baumol’s cost disease hypothesis about to the secular rise in 
healthcare expenditures for Northern Europe and the Baltic region in recent decades. Panel data regressions 
and adjusted Baumol variables are applied to the data for 11 countries of Northern Europe and the Baltic 
region from 2000 to 2019. The results highlight that Baumol’s cost disease partly drives the secular rise in 
healthcare expenditures in the countries studied. The Baumol cost disease is estimated to be around 0.01 to 
0.05 for current health expenditure, 0.07–5.48 for public health expenditure, and 3.14–6.23 for private health 
expenditure. This finding suggests that achieving a balanced growth in different sectors of the economy may 
result in separating the health sector from having a Baumol’s effect in the countries studied. 
Keywords: Healthcare expenditures, Baumol’s hypothesis, adjusted Baumol variable, Baltic region 

Introduction  

The countries of Northern Europe and the Baltic (NUB) region have recorded a secular 
rise in total healthcare expenditure relative to other countries of the advanced economies. 
On average, the Current Health Expenditure (Crn Hexp) in some of these countries has 
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increased from 7.1 percent of GDP to 10.1 percent in nearly two decades. Similarly, 
while Per Capita Public Health Expenditure (PC Pub Hexp) grew by 159 percent, Per 
Capita Private Health Expenditure (PC Pvt Hexp) increased by 153 percent in many of 
these countries (World Bank, 2023). Recently, it has become a source of concern whether 
the secular rise in healthcare expenditure is commensurate with an improvement in 
health outcomes. As a result, the continuous rise in healthcare expenditure threatens the 
sustainability of public budgets. On this account, it has become a vital source of concern 
for policymakers to check the dynamics of healthcare spending. 

Accordingly, the Baumol model asserts that conventional efforts to check the perennial 
growth of healthcare expenditure are not successful since healthcare is a quintessential 
example of Baumol’s cost disease (Baumol, 1993; Baumol, 1967). Numerous attempts have 
been made in the literature to test the hypothesis that healthcare exemplifies cost disease. 
For instance, Colombier, (2017) devised a mechanism and tested the Baumol model. His 
finding supports the hypothesis that the cost disease drives healthcare expenditure by 
roughly 15 to 40 percent. Atanda et al. (2018) have revived the debate in the literature by 
constructing a model that is firmly based on Baumol’s cost disease axioms. Their findings 
support Baumol’s model for the OECD countries. Bates & Santerre (2013) have found 
evidence that the healthcare sector of the US largely suffers from Baumol’s effect. The 
study Hartwig (2008b) highlights robust evidence that supports the Baumol Hypothesis 
using data from 19 OECD countries. In a different study, Colombier (2012) argued that 
though the rise in healthcare expenditure remains inexorable, and he demonstrated that 
Baumol’s cost disease has partly contracted the healthcare sector of the OECD countries. 
Hartwig (2008a) found that augmenting health capital does not accelerate growth in income 
for the OECD countries, instead, the result supports the Baumol model

Therefore, this paper tests the Baumol hypothesis using the adjusted Baumol variable 
which was independently introduced by Hartwig (2008b), and further developed by 
Colombier (2017). It was derived in line with the Baumol (1967) unbalanced growth 
model, and stressed that testing the Baumol hypothesis requires that, the Baumol variable, 
which is consistent with the variance linking the wage growth rate and labor productivity 
for the entire economy, should be proportionately balanced by the ratio of employment 
in the sector affected by the cost disease. 

Review of literature

A large body of empirical studies have documented substantial evidence about the 
underlying factors leading to a perennial rise in health care expenditure. For instance, 
studies that used Baumol’s model include (Nordhaus, 2008) who investigated the Baumol’s 
disease effects using industry data from the period of 1948–2001. His results show that 
the prices rise relatively in the stagnant sector relative to the decline in real outputs. The 
study (Triplett & Bosworth, 2003) found that the growth of labor productivity of the 
service industry has increased in almost the same pace as the growth of other sectors of 
the economy. The study  (Hartwig, 2008) found that the growth in health expenditure is 
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mainly driven by increase in wages over and above productivity growth using Baumol’s 
model. The panel examination in (Atanda et al., 2018) found no evidence in favor of 
Baumol’s hypothesis for the OECD countries. However, the study (Colombier, 2012) found 
evidence that the lends support to Baumol’s hypothesis. Moreover, the study (Bates & 
Santerre, 2013) found results that favor the Baumol’s hypothesis on the growth of health 
expenditure in the US. Furthermore, the paper (Hartwig & Sturm, 2014) tested the robust 
drivers of health spending growth and found that GDP growth and Baumol’s variable are 
major factors driving health care spending in 33 OECD countries. The paper (Colombier, 
2017) found evidence in favor of Baumol’s hypothesis. Recently, the study (Wang & Chen, 
2021) found that GDP, Baumol’s variable, and technical factors are the underlying drivers 
of the growth of health care expenditure among the 210 provinces of China. 

Similarly, numerous studies in the literature have explored the main drivers of healthcare 
expenditure growth, including the panel study (Zweifel et al., 1999) which examined the 
dynamics of health expenditure and aging, and showed that aging is positively related to 
consuming more health care. In contrast, the study (Werblow et al., 2007) found little to 
weak evidence between health expenditure and population aging. The study (Baltagi & 
Moscone, 2010) on the determinants of health expenditure in the OECD countries found 
that the GDP has an elasticity much comparatively lower than those reported in previous 
studies. The panel study (Ke et al., 2011) on the determinants of health spending reports 
that health expenditure does not outgrow GDP growth if other factors are being considered. 
The study (Elmi & Sadeghi, 2012) found a causal link between GDP and health expenditure 
in the short run, whereas, in the long run, evidence of bilateral causality is found between 
GDP growth and health expenditure. In addition, the study (Murthy & Okunade, 2016) 
reports that, among other factors analyzed, foreign assistance is the major driver of health 
care spending growth in Africa. The study (Barkat et al., 2019) found that GDP is not 
the major driver of health care spending growth in the Arab World. Recent evidence of 
(Yetim et al., 2021) highlights that income and education are the major factor driving the 
growth of healthcare expenditure in the OECD countries. 

Methods

Baumol’s model of unbalanced growth asserts that the economy is characterized by two 
sectors – A and B. Accordingly, while sector A is assumed to be the progressive part of the 
economy, sector B is taken as the stagnant sector (Baumol, 1967). The model generally 
assumes that labor is the only and explicit factor of production in Baumol’s economy. 
Thus, at time t, the real outputs for the two sectors Y(t)A  and Y(t)B can be written as 

Y(t)A = aL(t)A ert 	 where	 r > 0	 (1)

Y(t)B = bL(t)B est	 where	 s ≥ 0 and r >> s,   	 (2)

The separate labor units employed in sectors A and B at time t are indicated as L(t)A  
and L(t)b. Similarly, r and s measure the growth of labor productivity in the long run in 
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sectors A and B, respectively. Importantly, the productivity of labor in sector A is presumed 
to outgrow the productivity of labor in sector B – the Baumol’s sector. Differently from 
the Baumol (1967) model, this paper assumes that the growth of labor productivity in the 
Baumol sector is positive. This underlying assumption aligns with the Baumol (1993) 
notion that service sectors such as health and education are characterized by a slow growth 
in their productivity, in the long run. Moreover, the parameters a and b are assumed to 
remain constant. These parameters – a and b – can be regarded as the existing state of 
technology in the two sectors, respectively. Therefore, taking the ratio of YB and YA yields 
bLB/aLA e(r–s)t. Let us assume that the Baumol model attains an equilibrium, thus, the ratio 
of YB andYA is similar to the proportion of real demand. In both sectors, it decreases over 
time if real demand is elastic, and the stagnant sector has the likelihood to disappear. 
However, if the government offers a subsidy to sector B or it becomes inelastic, the ratio 
between the two sectors can be held constant. Therefore, this proposition can be written as 

𝑌𝑌(𝑡𝑡)𝐵𝐵𝑎𝑎

𝑌𝑌(𝑡𝑡)𝐴𝐴𝑏𝑏 = 𝐿𝐿(𝑡𝑡)𝐵𝐵
𝐿𝐿(𝑡𝑡)𝐴𝐴𝑒𝑒(𝑟𝑟−𝑠𝑠)𝑡𝑡 =  𝛾𝛾                               (3) 

𝐶𝐶𝐴𝐴 = 𝑤𝑤(𝑡𝑡)𝐿𝐿(𝑡𝑡)𝐴𝐴
𝑌𝑌(𝑡𝑡)𝐴𝐴

= 𝑤𝑤𝑒𝑒𝑟𝑟𝑟𝑟 𝐿𝐿(𝑡𝑡)𝐴𝐴
𝑎𝑎𝑎𝑎(𝑡𝑡)𝐴𝐴𝑒𝑒𝑟𝑟𝑟𝑟 = 𝑤𝑤

𝑎𝑎                 (4) 

𝐶𝐶𝐵𝐵 = 𝑤𝑤(𝑡𝑡)𝐿𝐿(𝑡𝑡)𝐵𝐵
𝑌𝑌(𝑡𝑡)𝐵𝐵

= 𝑤𝑤𝑤𝑤𝑟𝑟𝑟𝑟𝐿𝐿(𝑡𝑡)𝐵𝐵
𝑏𝑏𝑏𝑏(𝑡𝑡)𝐵𝐵𝑒𝑒𝑠𝑠𝑠𝑠 = 𝑤𝑤𝑤𝑤(𝑟𝑟−𝑠𝑠)𝑡𝑡

𝑏𝑏              (5) 

𝐿𝐿(𝑡𝑡)𝐴𝐴 = 𝐿𝐿(𝑡𝑡)
1 + 𝛾𝛾𝑒𝑒(𝑟𝑟−𝑠𝑠)𝑡𝑡                (6) 

𝐿𝐿(𝑡𝑡)𝐵𝐵 =  𝐿𝐿𝐿𝐿𝑒𝑒(𝑟𝑟−𝑠𝑠)𝑡𝑡 
1 + 𝛾𝛾𝑒𝑒(𝑟𝑟−𝑠𝑠)𝑡𝑡                           (7) 

𝑌𝑌 = 𝑌𝑌(𝑡𝑡)𝐴𝐴 + 𝑌𝑌(𝑡𝑡)𝐵𝐵 =  𝐿𝐿𝑒𝑒𝑟𝑟𝑟𝑟(𝑎𝑎 + 𝑏𝑏𝑏𝑏)
1 + 𝛾𝛾𝑒𝑒(𝑟𝑟−𝑠𝑠)𝑡𝑡           (8) 

𝑌𝑌
𝐿𝐿 = 𝑦𝑦 = 𝑒𝑒𝑟𝑟𝑟𝑟(𝑎𝑎 + 𝑏𝑏𝑏𝑏)

1 +  𝛾𝛾𝑒𝑒(𝑟𝑟−𝑠𝑠)𝑡𝑡                                            (9) 

𝑦𝑦 = 𝑟𝑟 + 𝑠𝑠𝑠𝑠𝑒𝑒(𝑟𝑟−𝑠𝑠)𝑡𝑡

1 + 𝛾𝛾𝑒𝑒(𝑟𝑟−𝑠𝑠)𝑡𝑡                                       (10) 

𝑤𝑤 − 𝑦𝑦 = 𝑟𝑟 −  𝑟𝑟+𝑠𝑠𝑠𝑠𝑒𝑒(𝑟𝑟−𝑠𝑠)𝑡𝑡

1+ 𝛾𝛾𝑒𝑒(𝑟𝑟−𝑠𝑠)𝑡𝑡  = (𝑟𝑟−𝑠𝑠) 𝛾𝛾𝑒𝑒(𝑟𝑟−𝑠𝑠)𝑡𝑡

1+𝛾𝛾𝑒𝑒(𝑟𝑟−𝑠𝑠)𝑡𝑡=(𝑟𝑟−𝑠𝑠)𝑙𝑙(𝑡𝑡)𝐵𝐵       (11) 

lim
𝑡𝑡→∞

(𝑤𝑤 − 𝑦𝑦) =  lim
𝑡𝑡→∞

(𝑟𝑟 − 𝑠𝑠) 𝛾𝛾𝑒𝑒(𝑟𝑟−𝑠𝑠)𝑡𝑡

1+𝛾𝛾𝑒𝑒(𝑟𝑟−𝑠𝑠)𝑡𝑡=𝑟𝑟−𝑠𝑠                     (12) 

𝑟𝑟 − 𝑠𝑠 = (𝑤𝑤 − 𝑦𝑦) 1
𝑙𝑙(𝑡𝑡)𝐵𝐵    

                                          (13) 

∆ log(𝐶𝐶𝐵𝐵(𝑡𝑡)) = 𝑟𝑟 − 𝑠𝑠 =  1
𝑙𝑙(𝑡𝑡)𝐵𝐵

 (𝑤𝑤−𝑦𝑦)                               (14) 

 

	
(3)

where γ is a constant. In addition, Baumol (1967) assumes that the wage rate per unit of 
labor employed, w, increases in the two sectors in proportion to the productivity growth 
of the advancing sector A, r. Furthermore, the rewards for labor in the two sectors are 
expected to coincide. Thus, the unit cost of labor for the two sectors can be given as 
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𝐿𝐿(𝑡𝑡)𝐴𝐴𝑒𝑒(𝑟𝑟−𝑠𝑠)𝑡𝑡 =  𝛾𝛾                               (3) 

𝐶𝐶𝐴𝐴 = 𝑤𝑤(𝑡𝑡)𝐿𝐿(𝑡𝑡)𝐴𝐴
𝑌𝑌(𝑡𝑡)𝐴𝐴

= 𝑤𝑤𝑒𝑒𝑟𝑟𝑟𝑟 𝐿𝐿(𝑡𝑡)𝐴𝐴
𝑎𝑎𝑎𝑎(𝑡𝑡)𝐴𝐴𝑒𝑒𝑟𝑟𝑟𝑟 = 𝑤𝑤

𝑎𝑎                 (4) 

𝐶𝐶𝐵𝐵 = 𝑤𝑤(𝑡𝑡)𝐿𝐿(𝑡𝑡)𝐵𝐵
𝑌𝑌(𝑡𝑡)𝐵𝐵

= 𝑤𝑤𝑤𝑤𝑟𝑟𝑟𝑟𝐿𝐿(𝑡𝑡)𝐵𝐵
𝑏𝑏𝑏𝑏(𝑡𝑡)𝐵𝐵𝑒𝑒𝑠𝑠𝑠𝑠 = 𝑤𝑤𝑤𝑤(𝑟𝑟−𝑠𝑠)𝑡𝑡

𝑏𝑏              (5) 

𝐿𝐿(𝑡𝑡)𝐴𝐴 = 𝐿𝐿(𝑡𝑡)
1 + 𝛾𝛾𝑒𝑒(𝑟𝑟−𝑠𝑠)𝑡𝑡                (6) 

𝐿𝐿(𝑡𝑡)𝐵𝐵 =  𝐿𝐿𝐿𝐿𝑒𝑒(𝑟𝑟−𝑠𝑠)𝑡𝑡 
1 + 𝛾𝛾𝑒𝑒(𝑟𝑟−𝑠𝑠)𝑡𝑡                           (7) 

𝑌𝑌 = 𝑌𝑌(𝑡𝑡)𝐴𝐴 + 𝑌𝑌(𝑡𝑡)𝐵𝐵 =  𝐿𝐿𝑒𝑒𝑟𝑟𝑟𝑟(𝑎𝑎 + 𝑏𝑏𝑏𝑏)
1 + 𝛾𝛾𝑒𝑒(𝑟𝑟−𝑠𝑠)𝑡𝑡           (8) 

𝑌𝑌
𝐿𝐿 = 𝑦𝑦 = 𝑒𝑒𝑟𝑟𝑟𝑟(𝑎𝑎 + 𝑏𝑏𝑏𝑏)

1 +  𝛾𝛾𝑒𝑒(𝑟𝑟−𝑠𝑠)𝑡𝑡                                            (9) 

𝑦𝑦 = 𝑟𝑟 + 𝑠𝑠𝑠𝑠𝑒𝑒(𝑟𝑟−𝑠𝑠)𝑡𝑡

1 + 𝛾𝛾𝑒𝑒(𝑟𝑟−𝑠𝑠)𝑡𝑡                                       (10) 

𝑤𝑤 − 𝑦𝑦 = 𝑟𝑟 −  𝑟𝑟+𝑠𝑠𝑠𝑠𝑒𝑒(𝑟𝑟−𝑠𝑠)𝑡𝑡

1+ 𝛾𝛾𝑒𝑒(𝑟𝑟−𝑠𝑠)𝑡𝑡  = (𝑟𝑟−𝑠𝑠) 𝛾𝛾𝑒𝑒(𝑟𝑟−𝑠𝑠)𝑡𝑡

1+𝛾𝛾𝑒𝑒(𝑟𝑟−𝑠𝑠)𝑡𝑡=(𝑟𝑟−𝑠𝑠)𝑙𝑙(𝑡𝑡)𝐵𝐵       (11) 

lim
𝑡𝑡→∞

(𝑤𝑤 − 𝑦𝑦) =  lim
𝑡𝑡→∞

(𝑟𝑟 − 𝑠𝑠) 𝛾𝛾𝑒𝑒(𝑟𝑟−𝑠𝑠)𝑡𝑡

1+𝛾𝛾𝑒𝑒(𝑟𝑟−𝑠𝑠)𝑡𝑡=𝑟𝑟−𝑠𝑠                     (12) 

𝑟𝑟 − 𝑠𝑠 = (𝑤𝑤 − 𝑦𝑦) 1
𝑙𝑙(𝑡𝑡)𝐵𝐵    

                                          (13) 

∆ log(𝐶𝐶𝐵𝐵(𝑡𝑡)) = 𝑟𝑟 − 𝑠𝑠 =  1
𝑙𝑙(𝑡𝑡)𝐵𝐵

 (𝑤𝑤−𝑦𝑦)                               (14) 

 

	
(5)

where CA denotes the unit costs of the advancing sector and is assumed to remain unchanged 
over time, and CB represents the unit costs of the stagnant sector which rises continuously 
following the variance in productivity growth between the two sectors. The latter term 
is described as the Baumol effect. The wider the interval between r and the growth in 
productivity in the stagnant sector s, the more extreme the sector is shrunk by the Baumol 
effect. In line with Hartwig (2008b), it is the same as implying that the unit cost of labor 
in the stagnant sector rises corresponding to the rise in wage rate above the growth in 
productivity of the entire economy – the Baumol variable. However, the last-mentioned 
is concerned with a specific case which is given as follows. 

By carrying forward Equation (3),  t represents the sum of labor input of the economy 
at a given time, and L(t) measures the total unit of labor employed in sectors A and B, it 
can be derived that

𝑌𝑌(𝑡𝑡)𝐵𝐵𝑎𝑎

𝑌𝑌(𝑡𝑡)𝐴𝐴𝑏𝑏 = 𝐿𝐿(𝑡𝑡)𝐵𝐵
𝐿𝐿(𝑡𝑡)𝐴𝐴𝑒𝑒(𝑟𝑟−𝑠𝑠)𝑡𝑡 =  𝛾𝛾                               (3) 

𝐶𝐶𝐴𝐴 = 𝑤𝑤(𝑡𝑡)𝐿𝐿(𝑡𝑡)𝐴𝐴
𝑌𝑌(𝑡𝑡)𝐴𝐴

= 𝑤𝑤𝑒𝑒𝑟𝑟𝑟𝑟 𝐿𝐿(𝑡𝑡)𝐴𝐴
𝑎𝑎𝑎𝑎(𝑡𝑡)𝐴𝐴𝑒𝑒𝑟𝑟𝑟𝑟 = 𝑤𝑤

𝑎𝑎                 (4) 

𝐶𝐶𝐵𝐵 = 𝑤𝑤(𝑡𝑡)𝐿𝐿(𝑡𝑡)𝐵𝐵
𝑌𝑌(𝑡𝑡)𝐵𝐵

= 𝑤𝑤𝑤𝑤𝑟𝑟𝑟𝑟𝐿𝐿(𝑡𝑡)𝐵𝐵
𝑏𝑏𝑏𝑏(𝑡𝑡)𝐵𝐵𝑒𝑒𝑠𝑠𝑠𝑠 = 𝑤𝑤𝑤𝑤(𝑟𝑟−𝑠𝑠)𝑡𝑡

𝑏𝑏              (5) 

𝐿𝐿(𝑡𝑡)𝐴𝐴 = 𝐿𝐿(𝑡𝑡)
1 + 𝛾𝛾𝑒𝑒(𝑟𝑟−𝑠𝑠)𝑡𝑡                (6) 

𝐿𝐿(𝑡𝑡)𝐵𝐵 =  𝐿𝐿𝐿𝐿𝑒𝑒(𝑟𝑟−𝑠𝑠)𝑡𝑡 
1 + 𝛾𝛾𝑒𝑒(𝑟𝑟−𝑠𝑠)𝑡𝑡                           (7) 

𝑌𝑌 = 𝑌𝑌(𝑡𝑡)𝐴𝐴 + 𝑌𝑌(𝑡𝑡)𝐵𝐵 =  𝐿𝐿𝑒𝑒𝑟𝑟𝑟𝑟(𝑎𝑎 + 𝑏𝑏𝑏𝑏)
1 + 𝛾𝛾𝑒𝑒(𝑟𝑟−𝑠𝑠)𝑡𝑡           (8) 

𝑌𝑌
𝐿𝐿 = 𝑦𝑦 = 𝑒𝑒𝑟𝑟𝑟𝑟(𝑎𝑎 + 𝑏𝑏𝑏𝑏)

1 +  𝛾𝛾𝑒𝑒(𝑟𝑟−𝑠𝑠)𝑡𝑡                                            (9) 

𝑦𝑦 = 𝑟𝑟 + 𝑠𝑠𝑠𝑠𝑒𝑒(𝑟𝑟−𝑠𝑠)𝑡𝑡

1 + 𝛾𝛾𝑒𝑒(𝑟𝑟−𝑠𝑠)𝑡𝑡                                       (10) 

𝑤𝑤 − 𝑦𝑦 = 𝑟𝑟 −  𝑟𝑟+𝑠𝑠𝑠𝑠𝑒𝑒(𝑟𝑟−𝑠𝑠)𝑡𝑡

1+ 𝛾𝛾𝑒𝑒(𝑟𝑟−𝑠𝑠)𝑡𝑡  = (𝑟𝑟−𝑠𝑠) 𝛾𝛾𝑒𝑒(𝑟𝑟−𝑠𝑠)𝑡𝑡

1+𝛾𝛾𝑒𝑒(𝑟𝑟−𝑠𝑠)𝑡𝑡=(𝑟𝑟−𝑠𝑠)𝑙𝑙(𝑡𝑡)𝐵𝐵       (11) 

lim
𝑡𝑡→∞

(𝑤𝑤 − 𝑦𝑦) =  lim
𝑡𝑡→∞

(𝑟𝑟 − 𝑠𝑠) 𝛾𝛾𝑒𝑒(𝑟𝑟−𝑠𝑠)𝑡𝑡

1+𝛾𝛾𝑒𝑒(𝑟𝑟−𝑠𝑠)𝑡𝑡=𝑟𝑟−𝑠𝑠                     (12) 

𝑟𝑟 − 𝑠𝑠 = (𝑤𝑤 − 𝑦𝑦) 1
𝑙𝑙(𝑡𝑡)𝐵𝐵    

                                          (13) 

∆ log(𝐶𝐶𝐵𝐵(𝑡𝑡)) = 𝑟𝑟 − 𝑠𝑠 =  1
𝑙𝑙(𝑡𝑡)𝐵𝐵

 (𝑤𝑤−𝑦𝑦)                               (14) 

 

	
(6)
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Equation (6) is derived after solving (1)–(3) for L(t)A and L(t)B, where L(t) = L(t)A + L(t)B. Thus,

𝑌𝑌(𝑡𝑡)𝐵𝐵𝑎𝑎

𝑌𝑌(𝑡𝑡)𝐴𝐴𝑏𝑏 = 𝐿𝐿(𝑡𝑡)𝐵𝐵
𝐿𝐿(𝑡𝑡)𝐴𝐴𝑒𝑒(𝑟𝑟−𝑠𝑠)𝑡𝑡 =  𝛾𝛾                               (3) 

𝐶𝐶𝐴𝐴 = 𝑤𝑤(𝑡𝑡)𝐿𝐿(𝑡𝑡)𝐴𝐴
𝑌𝑌(𝑡𝑡)𝐴𝐴

= 𝑤𝑤𝑒𝑒𝑟𝑟𝑟𝑟 𝐿𝐿(𝑡𝑡)𝐴𝐴
𝑎𝑎𝑎𝑎(𝑡𝑡)𝐴𝐴𝑒𝑒𝑟𝑟𝑟𝑟 = 𝑤𝑤

𝑎𝑎                 (4) 

𝐶𝐶𝐵𝐵 = 𝑤𝑤(𝑡𝑡)𝐿𝐿(𝑡𝑡)𝐵𝐵
𝑌𝑌(𝑡𝑡)𝐵𝐵

= 𝑤𝑤𝑤𝑤𝑟𝑟𝑟𝑟𝐿𝐿(𝑡𝑡)𝐵𝐵
𝑏𝑏𝑏𝑏(𝑡𝑡)𝐵𝐵𝑒𝑒𝑠𝑠𝑠𝑠 = 𝑤𝑤𝑤𝑤(𝑟𝑟−𝑠𝑠)𝑡𝑡

𝑏𝑏              (5) 

𝐿𝐿(𝑡𝑡)𝐴𝐴 = 𝐿𝐿(𝑡𝑡)
1 + 𝛾𝛾𝑒𝑒(𝑟𝑟−𝑠𝑠)𝑡𝑡                (6) 

𝐿𝐿(𝑡𝑡)𝐵𝐵 =  𝐿𝐿𝐿𝐿𝑒𝑒(𝑟𝑟−𝑠𝑠)𝑡𝑡 
1 + 𝛾𝛾𝑒𝑒(𝑟𝑟−𝑠𝑠)𝑡𝑡                           (7) 

𝑌𝑌 = 𝑌𝑌(𝑡𝑡)𝐴𝐴 + 𝑌𝑌(𝑡𝑡)𝐵𝐵 =  𝐿𝐿𝑒𝑒𝑟𝑟𝑟𝑟(𝑎𝑎 + 𝑏𝑏𝑏𝑏)
1 + 𝛾𝛾𝑒𝑒(𝑟𝑟−𝑠𝑠)𝑡𝑡           (8) 

𝑌𝑌
𝐿𝐿 = 𝑦𝑦 = 𝑒𝑒𝑟𝑟𝑟𝑟(𝑎𝑎 + 𝑏𝑏𝑏𝑏)

1 +  𝛾𝛾𝑒𝑒(𝑟𝑟−𝑠𝑠)𝑡𝑡                                            (9) 

𝑦𝑦 = 𝑟𝑟 + 𝑠𝑠𝑠𝑠𝑒𝑒(𝑟𝑟−𝑠𝑠)𝑡𝑡

1 + 𝛾𝛾𝑒𝑒(𝑟𝑟−𝑠𝑠)𝑡𝑡                                       (10) 

𝑤𝑤 − 𝑦𝑦 = 𝑟𝑟 −  𝑟𝑟+𝑠𝑠𝑠𝑠𝑒𝑒(𝑟𝑟−𝑠𝑠)𝑡𝑡

1+ 𝛾𝛾𝑒𝑒(𝑟𝑟−𝑠𝑠)𝑡𝑡  = (𝑟𝑟−𝑠𝑠) 𝛾𝛾𝑒𝑒(𝑟𝑟−𝑠𝑠)𝑡𝑡

1+𝛾𝛾𝑒𝑒(𝑟𝑟−𝑠𝑠)𝑡𝑡=(𝑟𝑟−𝑠𝑠)𝑙𝑙(𝑡𝑡)𝐵𝐵       (11) 

lim
𝑡𝑡→∞

(𝑤𝑤 − 𝑦𝑦) =  lim
𝑡𝑡→∞

(𝑟𝑟 − 𝑠𝑠) 𝛾𝛾𝑒𝑒(𝑟𝑟−𝑠𝑠)𝑡𝑡

1+𝛾𝛾𝑒𝑒(𝑟𝑟−𝑠𝑠)𝑡𝑡=𝑟𝑟−𝑠𝑠                     (12) 

𝑟𝑟 − 𝑠𝑠 = (𝑤𝑤 − 𝑦𝑦) 1
𝑙𝑙(𝑡𝑡)𝐵𝐵    

                                          (13) 

∆ log(𝐶𝐶𝐵𝐵(𝑡𝑡)) = 𝑟𝑟 − 𝑠𝑠 =  1
𝑙𝑙(𝑡𝑡)𝐵𝐵

 (𝑤𝑤−𝑦𝑦)                               (14) 

 

	
(7)

 

Solving Equations (6) and (7) for L(t)A and L(t)B in (1) and (2) yields the following results 
for total output in the economy:

𝑌𝑌(𝑡𝑡)𝐵𝐵𝑎𝑎

𝑌𝑌(𝑡𝑡)𝐴𝐴𝑏𝑏 = 𝐿𝐿(𝑡𝑡)𝐵𝐵
𝐿𝐿(𝑡𝑡)𝐴𝐴𝑒𝑒(𝑟𝑟−𝑠𝑠)𝑡𝑡 =  𝛾𝛾                               (3) 

𝐶𝐶𝐴𝐴 = 𝑤𝑤(𝑡𝑡)𝐿𝐿(𝑡𝑡)𝐴𝐴
𝑌𝑌(𝑡𝑡)𝐴𝐴

= 𝑤𝑤𝑒𝑒𝑟𝑟𝑟𝑟 𝐿𝐿(𝑡𝑡)𝐴𝐴
𝑎𝑎𝑎𝑎(𝑡𝑡)𝐴𝐴𝑒𝑒𝑟𝑟𝑟𝑟 = 𝑤𝑤

𝑎𝑎                 (4) 

𝐶𝐶𝐵𝐵 = 𝑤𝑤(𝑡𝑡)𝐿𝐿(𝑡𝑡)𝐵𝐵
𝑌𝑌(𝑡𝑡)𝐵𝐵

= 𝑤𝑤𝑤𝑤𝑟𝑟𝑟𝑟𝐿𝐿(𝑡𝑡)𝐵𝐵
𝑏𝑏𝑏𝑏(𝑡𝑡)𝐵𝐵𝑒𝑒𝑠𝑠𝑠𝑠 = 𝑤𝑤𝑤𝑤(𝑟𝑟−𝑠𝑠)𝑡𝑡

𝑏𝑏              (5) 

𝐿𝐿(𝑡𝑡)𝐴𝐴 = 𝐿𝐿(𝑡𝑡)
1 + 𝛾𝛾𝑒𝑒(𝑟𝑟−𝑠𝑠)𝑡𝑡                (6) 

𝐿𝐿(𝑡𝑡)𝐵𝐵 =  𝐿𝐿𝐿𝐿𝑒𝑒(𝑟𝑟−𝑠𝑠)𝑡𝑡 
1 + 𝛾𝛾𝑒𝑒(𝑟𝑟−𝑠𝑠)𝑡𝑡                           (7) 

𝑌𝑌 = 𝑌𝑌(𝑡𝑡)𝐴𝐴 + 𝑌𝑌(𝑡𝑡)𝐵𝐵 =  𝐿𝐿𝑒𝑒𝑟𝑟𝑟𝑟(𝑎𝑎 + 𝑏𝑏𝑏𝑏)
1 + 𝛾𝛾𝑒𝑒(𝑟𝑟−𝑠𝑠)𝑡𝑡           (8) 

𝑌𝑌
𝐿𝐿 = 𝑦𝑦 = 𝑒𝑒𝑟𝑟𝑟𝑟(𝑎𝑎 + 𝑏𝑏𝑏𝑏)

1 +  𝛾𝛾𝑒𝑒(𝑟𝑟−𝑠𝑠)𝑡𝑡                                            (9) 

𝑦𝑦 = 𝑟𝑟 + 𝑠𝑠𝑠𝑠𝑒𝑒(𝑟𝑟−𝑠𝑠)𝑡𝑡

1 + 𝛾𝛾𝑒𝑒(𝑟𝑟−𝑠𝑠)𝑡𝑡                                       (10) 

𝑤𝑤 − 𝑦𝑦 = 𝑟𝑟 −  𝑟𝑟+𝑠𝑠𝑠𝑠𝑒𝑒(𝑟𝑟−𝑠𝑠)𝑡𝑡

1+ 𝛾𝛾𝑒𝑒(𝑟𝑟−𝑠𝑠)𝑡𝑡  = (𝑟𝑟−𝑠𝑠) 𝛾𝛾𝑒𝑒(𝑟𝑟−𝑠𝑠)𝑡𝑡
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where lB ≔ LB/L, and it can be deduced from Equation (11) that the surplus of the growth 
in wage rate over and above the growth rate in productivity cannot be the same with the 
growth rate of the stagnant sector, (r – s), until the overall share of the labor supply in 
the stagnant sector l(t)B tends to unity. Therefore, (w – y)  is what Hartwig (2008b) called 
the Baumol variable, and indicates that all the labor as a factor of production is engaged 
in the Baumol sector. Thus, it asymptotically approaches the growth in unit costs of the 
Baumol sector. 
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𝑦𝑦 = 𝑟𝑟 + 𝑠𝑠𝑠𝑠𝑒𝑒(𝑟𝑟−𝑠𝑠)𝑡𝑡

1 + 𝛾𝛾𝑒𝑒(𝑟𝑟−𝑠𝑠)𝑡𝑡                                       (10) 

𝑤𝑤 − 𝑦𝑦 = 𝑟𝑟 −  𝑟𝑟+𝑠𝑠𝑠𝑠𝑒𝑒(𝑟𝑟−𝑠𝑠)𝑡𝑡

1+ 𝛾𝛾𝑒𝑒(𝑟𝑟−𝑠𝑠)𝑡𝑡  = (𝑟𝑟−𝑠𝑠) 𝛾𝛾𝑒𝑒(𝑟𝑟−𝑠𝑠)𝑡𝑡

1+𝛾𝛾𝑒𝑒(𝑟𝑟−𝑠𝑠)𝑡𝑡=(𝑟𝑟−𝑠𝑠)𝑙𝑙(𝑡𝑡)𝐵𝐵       (11) 

lim
𝑡𝑡→∞

(𝑤𝑤 − 𝑦𝑦) =  lim
𝑡𝑡→∞

(𝑟𝑟 − 𝑠𝑠) 𝛾𝛾𝑒𝑒(𝑟𝑟−𝑠𝑠)𝑡𝑡

1+𝛾𝛾𝑒𝑒(𝑟𝑟−𝑠𝑠)𝑡𝑡=𝑟𝑟−𝑠𝑠                     (12) 

𝑟𝑟 − 𝑠𝑠 = (𝑤𝑤 − 𝑦𝑦) 1
𝑙𝑙(𝑡𝑡)𝐵𝐵    

                                          (13) 

∆ log(𝐶𝐶𝐵𝐵(𝑡𝑡)) = 𝑟𝑟 − 𝑠𝑠 =  1
𝑙𝑙(𝑡𝑡)𝐵𝐵

 (𝑤𝑤−𝑦𝑦)                               (14) 

 

	
(12)

It is assumed that the growth of productivity for the entire economy asymptotically 
approaches the growth of productivity for the Baumol sector, s. To date, there is no 
consensus in the literature regarding the time it will take for the equilibrium of the Baumol 
model to be attained. Available evidence shows that in developed economies, the share 
of labor engaged in the progressive sectors has been decreasing, which implies that the 
largest proportion of the labor is engaged in the stagnant sector of the economy (Schettkat 
& Yocarini, 2006 ; Colombier, 2017). Consequently, since the average proportion of the 
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overall service sector of the economy is largely less than a hundred percent, testing the 
Baumol model requires taking the proportion of the labor force in the Baumol sector into 
full cognizance. Thus, this is performed by adjusting the Baumol variable as the inverse 
of the proportion of the Baumol sector in the overall workforce. 

𝑌𝑌(𝑡𝑡)𝐵𝐵𝑎𝑎

𝑌𝑌(𝑡𝑡)𝐴𝐴𝑏𝑏 = 𝐿𝐿(𝑡𝑡)𝐵𝐵
𝐿𝐿(𝑡𝑡)𝐴𝐴𝑒𝑒(𝑟𝑟−𝑠𝑠)𝑡𝑡 =  𝛾𝛾                               (3) 

𝐶𝐶𝐴𝐴 = 𝑤𝑤(𝑡𝑡)𝐿𝐿(𝑡𝑡)𝐴𝐴
𝑌𝑌(𝑡𝑡)𝐴𝐴

= 𝑤𝑤𝑒𝑒𝑟𝑟𝑟𝑟 𝐿𝐿(𝑡𝑡)𝐴𝐴
𝑎𝑎𝑎𝑎(𝑡𝑡)𝐴𝐴𝑒𝑒𝑟𝑟𝑟𝑟 = 𝑤𝑤

𝑎𝑎                 (4) 

𝐶𝐶𝐵𝐵 = 𝑤𝑤(𝑡𝑡)𝐿𝐿(𝑡𝑡)𝐵𝐵
𝑌𝑌(𝑡𝑡)𝐵𝐵

= 𝑤𝑤𝑤𝑤𝑟𝑟𝑟𝑟𝐿𝐿(𝑡𝑡)𝐵𝐵
𝑏𝑏𝑏𝑏(𝑡𝑡)𝐵𝐵𝑒𝑒𝑠𝑠𝑠𝑠 = 𝑤𝑤𝑤𝑤(𝑟𝑟−𝑠𝑠)𝑡𝑡

𝑏𝑏              (5) 

𝐿𝐿(𝑡𝑡)𝐴𝐴 = 𝐿𝐿(𝑡𝑡)
1 + 𝛾𝛾𝑒𝑒(𝑟𝑟−𝑠𝑠)𝑡𝑡                (6) 

𝐿𝐿(𝑡𝑡)𝐵𝐵 =  𝐿𝐿𝐿𝐿𝑒𝑒(𝑟𝑟−𝑠𝑠)𝑡𝑡 
1 + 𝛾𝛾𝑒𝑒(𝑟𝑟−𝑠𝑠)𝑡𝑡                           (7) 

𝑌𝑌 = 𝑌𝑌(𝑡𝑡)𝐴𝐴 + 𝑌𝑌(𝑡𝑡)𝐵𝐵 =  𝐿𝐿𝑒𝑒𝑟𝑟𝑟𝑟(𝑎𝑎 + 𝑏𝑏𝑏𝑏)
1 + 𝛾𝛾𝑒𝑒(𝑟𝑟−𝑠𝑠)𝑡𝑡           (8) 

𝑌𝑌
𝐿𝐿 = 𝑦𝑦 = 𝑒𝑒𝑟𝑟𝑟𝑟(𝑎𝑎 + 𝑏𝑏𝑏𝑏)

1 +  𝛾𝛾𝑒𝑒(𝑟𝑟−𝑠𝑠)𝑡𝑡                                            (9) 

𝑦𝑦 = 𝑟𝑟 + 𝑠𝑠𝑠𝑠𝑒𝑒(𝑟𝑟−𝑠𝑠)𝑡𝑡

1 + 𝛾𝛾𝑒𝑒(𝑟𝑟−𝑠𝑠)𝑡𝑡                                       (10) 

𝑤𝑤 − 𝑦𝑦 = 𝑟𝑟 −  𝑟𝑟+𝑠𝑠𝑠𝑠𝑒𝑒(𝑟𝑟−𝑠𝑠)𝑡𝑡

1+ 𝛾𝛾𝑒𝑒(𝑟𝑟−𝑠𝑠)𝑡𝑡  = (𝑟𝑟−𝑠𝑠) 𝛾𝛾𝑒𝑒(𝑟𝑟−𝑠𝑠)𝑡𝑡

1+𝛾𝛾𝑒𝑒(𝑟𝑟−𝑠𝑠)𝑡𝑡=(𝑟𝑟−𝑠𝑠)𝑙𝑙(𝑡𝑡)𝐵𝐵       (11) 

lim
𝑡𝑡→∞

(𝑤𝑤 − 𝑦𝑦) =  lim
𝑡𝑡→∞

(𝑟𝑟 − 𝑠𝑠) 𝛾𝛾𝑒𝑒(𝑟𝑟−𝑠𝑠)𝑡𝑡

1+𝛾𝛾𝑒𝑒(𝑟𝑟−𝑠𝑠)𝑡𝑡=𝑟𝑟−𝑠𝑠                     (12) 

𝑟𝑟 − 𝑠𝑠 = (𝑤𝑤 − 𝑦𝑦) 1
𝑙𝑙(𝑡𝑡)𝐵𝐵    

                                          (13) 

∆ log(𝐶𝐶𝐵𝐵(𝑡𝑡)) = 𝑟𝑟 − 𝑠𝑠 =  1
𝑙𝑙(𝑡𝑡)𝐵𝐵

 (𝑤𝑤−𝑦𝑦)                               (14) 

 

	
(13)

Furthermore, to arrive at a compatible result of the dynamics of Baumol’s effect on 
healthcare expenditure, the right-hand component of Equation (13) has to be emphasized – 
that is the Baumol variable. Moreover, the remaining component of the same equation is 
termed as the rate of growth of the unit cost of the Baumol sector. 
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𝐿𝐿(𝑡𝑡)𝐴𝐴 = 𝐿𝐿(𝑡𝑡)
1 + 𝛾𝛾𝑒𝑒(𝑟𝑟−𝑠𝑠)𝑡𝑡                (6) 

𝐿𝐿(𝑡𝑡)𝐵𝐵 =  𝐿𝐿𝐿𝐿𝑒𝑒(𝑟𝑟−𝑠𝑠)𝑡𝑡 
1 + 𝛾𝛾𝑒𝑒(𝑟𝑟−𝑠𝑠)𝑡𝑡                           (7) 

𝑌𝑌 = 𝑌𝑌(𝑡𝑡)𝐴𝐴 + 𝑌𝑌(𝑡𝑡)𝐵𝐵 =  𝐿𝐿𝑒𝑒𝑟𝑟𝑟𝑟(𝑎𝑎 + 𝑏𝑏𝑏𝑏)
1 + 𝛾𝛾𝑒𝑒(𝑟𝑟−𝑠𝑠)𝑡𝑡           (8) 

𝑌𝑌
𝐿𝐿 = 𝑦𝑦 = 𝑒𝑒𝑟𝑟𝑟𝑟(𝑎𝑎 + 𝑏𝑏𝑏𝑏)

1 +  𝛾𝛾𝑒𝑒(𝑟𝑟−𝑠𝑠)𝑡𝑡                                            (9) 

𝑦𝑦 = 𝑟𝑟 + 𝑠𝑠𝑠𝑠𝑒𝑒(𝑟𝑟−𝑠𝑠)𝑡𝑡

1 + 𝛾𝛾𝑒𝑒(𝑟𝑟−𝑠𝑠)𝑡𝑡                                       (10) 

𝑤𝑤 − 𝑦𝑦 = 𝑟𝑟 −  𝑟𝑟+𝑠𝑠𝑠𝑠𝑒𝑒(𝑟𝑟−𝑠𝑠)𝑡𝑡

1+ 𝛾𝛾𝑒𝑒(𝑟𝑟−𝑠𝑠)𝑡𝑡  = (𝑟𝑟−𝑠𝑠) 𝛾𝛾𝑒𝑒(𝑟𝑟−𝑠𝑠)𝑡𝑡

1+𝛾𝛾𝑒𝑒(𝑟𝑟−𝑠𝑠)𝑡𝑡=(𝑟𝑟−𝑠𝑠)𝑙𝑙(𝑡𝑡)𝐵𝐵       (11) 

lim
𝑡𝑡→∞

(𝑤𝑤 − 𝑦𝑦) =  lim
𝑡𝑡→∞

(𝑟𝑟 − 𝑠𝑠) 𝛾𝛾𝑒𝑒(𝑟𝑟−𝑠𝑠)𝑡𝑡

1+𝛾𝛾𝑒𝑒(𝑟𝑟−𝑠𝑠)𝑡𝑡=𝑟𝑟−𝑠𝑠                     (12) 

𝑟𝑟 − 𝑠𝑠 = (𝑤𝑤 − 𝑦𝑦) 1
𝑙𝑙(𝑡𝑡)𝐵𝐵    

                                          (13) 

∆ log(𝐶𝐶𝐵𝐵(𝑡𝑡)) = 𝑟𝑟 − 𝑠𝑠 =  1
𝑙𝑙(𝑡𝑡)𝐵𝐵

 (𝑤𝑤−𝑦𝑦)                               (14) 

 

	
(14)

Variables and data

The methodology section follows the extant literature by choosing the key drivers of 
healthcare expenditure, which include per capita income (Hartwig & Sturm, 2018), 
per capita health expenditures (Bala et al., 2022; Jakovljevic, Sugahara, et al., 2020), 
elderly population (Jakovljevic, Timofeyev, et al., 2020), physician density (Spinks & 
Hollingsworth, 2009), and hospital beds (Hitiris, 1997). In addition, life expectancy at 
birth, mortality rate, and infant mortality are included following the studies of Dreger & 
Reimers (2005) and (Colombier, 2017). Furthermore, services and the adjusted Baumol 
variable are included in this study following the work  (Colombier, 2017). This paper 
adds both male and female variables for life expectancy at birth and infant mortality to 
examine if there is a significant difference between genders and the total population. For 
the sake of the analysis, all the variables are transformed into logarithmic form. All else 
constant, advances in medical technology are expected to improve life expectancy at birth 
and lower mortality from all causes in the entire population. The data used is taken from 
the World Bank Development Indicators (WDI) for the period of 2000 to 2019. The study 
countries include Denmark, Estonia, Finland, Germany, Iceland, Latvia, Lithuania, Poland, 
Norway, Russia, and Sweden. These studied countries are chosen because they have the 
lowest health outcomes measured in life expectancy at birth and infant mortality relative 
to the Euro Area, and the OECD countries. Table 1 presents the variables employed in 
this study and their definitions. 

Table 2 reports the trend in health expenditures for the time frame of this study. The 
PC Crn Hexp increased the most by 606.3% in Sweden, followed by 333.3% in Poland, 
and 130.4% in Denmark. Similarly, PC Pub Hexp increased by 2028.2% in Latvia, 
followed by 1794.5% in Lithuania, and 1633.7% in Poland.  PC Pvt Hexp increased 
tremendously by 1593.5% in Denmark, followed by 602.4% in Poland, and 334.5% in 
Latvia, respectively. 
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Table 1. Description of the variables

Variable Definition
PC Crn Hexp This indicates the final consumption of goods and services in the health sector 

from both the public and private sectors per individual
PC Pub Hexp This indicates the entire public expenditure on the consumption of healthcare 

services per individual including the capital investment
PC Pvt Hexp This indicates the entire private expenditure on the consumption of healthcare 

services per individual in the economy
PC GDP This indicates the income per head of an individual in an economy
Death per 1000 This shows the number of mortality that happened within the year per 1,000 people
Hospital Beds This indicates the density of beds in a hospital per 1,000 population
Physician density This indicates the number of doctors who provide medical services to the 

patients per 1,000 population
Life expectancy 
(total)

This gives the average number of years an individual is expected to live in a 
particular country for the overall population

Life expectancy 
(female)

This gives the average number of years an individual is expected to live in a 
particular country, specifically for female

Life expectancy 
(male)

This gives the average number of years an individual is expected to live in a 
particular country, specifically for male

Infant mortality 
(total)

This shows the mortality rate for infants who are between 1 day to 1 year of age 
for the entire population

Infant mortality 
(female)

This shows the mortality rate for infants who are between 1 day to 1 year of age, 
specifically for female

Infant mortality 
(male)

This shows the mortality rate for infants who are between 1 day to 1 year of age, 
specifically for male

Elderly population This indicates the share of the population who are above the age of 65 of their life
Services This indicates the total share of the service sector measured in value-added as a 

percentage of gross domestic product
Adj. Baumol var. This is calculated as: (compensation per employee – employment ratio)*1/share 

of the service sector
Source: Prepared by the author using WDI data

Table 2. Growth in health expenditures in 1990–2020

Country PC Cnt Hexp (PPP $) PC Pub Hexp (PPP $) PC Pvt Hexp (PPP $)
1990 2020 % ∆ 1990 2020 % ∆ 1990 2020 % ∆

Denmark 4.6 10.6 130.4 494 982  89.8 322 5453 1593.5
Estonia 6.1 12.4 103.3 85.6 410.7 379.8 8.4 14.3 70.2
Finland 5.4 9.6 77.8 469 4098 773.8 309 884 186.1
Germany 9.6 12.6 31.3 1124 5622 400.2 499 1276 155.7
Iceland 6.4 10.2 59.4 1049 4348 314.5 942 1149 21.9
Latvia 2.2 7.3 231.8 71 1511 2028.2 110 478 334.5
Lithuania 8.1 12.4 53.1 109 2065 1794.5 131 467 256.5
Norway 7.6 10.9 43.4 69.7 78.4 12.5 641 2341 265.2
Poland 1.5 6.5 333.3 95 1647 1633.7 41 288 602.4
Russia 3.4 7.6 123.5 137 1633 1091.9 113 216 91.2
Sweden 1.6 11.3 606.3 143 830 480.4 143 736 414.7

Source: Prepared by the author using WDI data
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Results

This study used panel data for the 11 countries of Northern Europe and the Baltic region 
for the period of 2000–2019. The PC Crn Hexp, PC Pub Hexp, and PC Pvt Hexp are 
used as the dependent variables in the regressions. This is because, on one hand, Baumol 
views healthcare spending as noninvestment spending (Baumol, 1967). On the other hand, 
investment expenditure may constitute only a small fraction of healthcare expenditure, 
not the overall healthcare spending. This has the advantage of examining the effect of 
both components of healthcare spending on the Baumol model. Moreover, the Baumol 
model considers the macroeconomic dynamics of healthcare expenditure to circumscribe 
the aggregate demand effect from Baumol’s effect.  Importantly, the aggregate demand 
effect of healthcare spending is considered the most crucial determinant of healthcare 
expenditure (Smith et al., 2009).  Table 3 presents the panel unit root test where four 
different tests are performed. It is found that the variables are a combination of stationary 
and differenced stationary series. Specifically, PC Crn Hexp, PC Pub Hexp, PC Pvt Hexp, 
PC GDP, death per 1,000 population, physician density, life expectancy, elderly population, 
infant mortality, and services are all differenced stationary series. However, hospital beds, 
infant mortality and adjusted Baumol variables are stationary variables. 

Table 3. Panel unit root test of the variables

Variable
Lm-Pesaran Shin Levin-Lin-Chu Fisher-type Harris-Tzavalis

I(0) I(1) I(0) I(1) I(0) I(1) I(0) I(1)
PC Crn Hexp 0.64 -6.62*** -2.99 -4.19*** 3.47 22.03*** 0.92 0.22***
PC Pub Hexp 13.6 -3.44*** 5.70 -0.51* -2.99 10.01*** 1.03 0.28***
PC Pvt Hexp 2.34 -7.31*** -0.88 -5.66*** 3.225 21.25*** 0.85 0.88**
PC GDP 2.83 -5.98*** -1.99 -6.46*** 0.63 12.71*** 0.96 0.38***
Death per 1000 0.64 -9.36*** -0.19 -5.60*** 0.01 43.34*** 0.95 0.27***
Hospital Beds 0.97 -7.19 -4.89*** -6.75*** 6.47*** 19.78*** 1.01 0.44***
Physician density 3.56 .4.21*** 4.65 -5.72*** -1.70 15.09*** 1.21 0.23***
Life expectancy 2.62 -9.81*** -3.36*** -4.31*** -1.79 48.96*** 0.94 0.21***
Elderly population 11.07 -2.29*** -3.92* -3.15*** -2.83 0.35 1.01 0.90***
Infant mortality -5.12** -3.36*** -6.98** -6.70*** 51.75*** -5.51*** 0.99 0.59***
Services 0.30 -7.55 -3.40* -5.08*** 2.99 28.83*** 1.09 0.97***
Adj. Baumol var. -4.94*** 7.47 -8.00*** -6.42*** 10.60*** 22.23*** 0.93 0.41***
Source: Author’s computation using WDI data. PC Crn Hexp indicates per capita current health expenditure, 
PC Pub Hexp indicates per capita public health expenditure, PC Pvt Hexp indicates per capita private health 
expenditure, PC GDP indicates per capita gross domestic product, Services Indicates the total share of service 
sector measured in value-added as a percentage of gross domestic product, Adj. Baumol. Var. indicates the 
adjusted Baumol Variable calculated as = (compensation per employee – employment ratio)*1/share of the 
service sector, *** indicates the significance of the variable at a 1 percent level of significance. 

The estimates of the result where PC Crn Hexp is used as the explanatory variable are 
shown in Table 4. Three estimation techniques – Pooled OLS, Fixed Effects (FE), and 
Random Effects (RE) – are applied to estimate the model. In model I, though estimates of 
the three regressions have shown different results, the Hausman test shows a Chi-square 
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value of 10.94 with corresponding p-values of 0.1413 that are statistically insignificant. 
This suggests that RE regression is the preferred model. Accordingly, the coefficients of 
the prepared model have explanatory variables which are all significant with signs that 
are consistent with theoretical expectations. Furthermore, the robustness of model I is 
ascertained by adding other potential drivers of healthcare expenditures leading to the 
development of model II for the three types of health expenditures under investigation. 
These variables include per capita income, life expectancy at birth (male) and (female), 
and infant mortality (male) and (female). Importantly, adding these variables confirms 
the estimates of model I that health expenditure exhibit Baumol cost disease, to a 
different extent, in Northern Europe and the Baltic region. The Hausman specification 
test is performed to choose the consistent and efficient model between the FE and the RE 
regressions. Thus, the Hausman test yields a Chi-square value of 20.90 with p-values of 
0.0344 that are statistically insignificant. This suggests that estimates of the RE model is 
efficient, consistent, and prepared in estimating the PC Crn Hexp regression. Similarly, 

Table 4. Estimates of the current health expenditure regression

Variable Pooled OLS Fixed effects model Random effects model
Model I

Death per 1000 -0.01 (0.001)*** -0.02 (0.001) *** -0.04 (0.008)**
Hospital Beds 0.01 (0.001) -0.01 (0.001)*** 0.02 (0.001)***
Physician density 0.62 (0.07)*** 0.52 (0.009)*** 0.58 (0.081)***
Life expectancy at birth (total) 0.32 (0.02)*** 0.45 (0.058)*** 0.40 (0.053)***
Elderly population 0.03 (0.03) -0.14 (0.056)*** -0.12 (0.054)***
Infant mortality (total) -0.05 (0.03)* -0.02 (0.039)*** -0.04 (0.034)**
Services 0.02 (0.009)*** 0.01 (0.008)* 0.01 (0.008)**
Adj. Baumol var. 0.03 (0.001)*** 0.01 (0.003)*** 0.05 (0.001)***
Constant -1.95 (2.30)*** -2.56 (0.041)*** -2.28 (0.383)***

Model II
PC GDP 0.05 (0.001)*** 0.07 (0.000)*** 0.05 (0.001)***
Death per 1000 -0.01 (0.001)*** -0.01 (0.001)** -0.01 (0.001)
Hospital Beds 0.02 (0.002)*** -0.04 (0.001) 0.02 (0.002)
Physician density 0.50 (0.085)*** 0.37 (0.1536)*** 0.50 (0.085)***
Life expectancy at birth (total) 0.19 (0.646) 0.39 (0.560)*** -0.19 (0.646)
Life expectancy at birth (female) 0.41 (0.350)** 0.60 (0.351)*** 0.41 (0.350)
Life expectancy at birth (male) 0.07 (0.334) 0.22 (0.293) 0.07 (0.334)
Elderly population 0.02 (0.03) -0.15 (0.058)*** 0.02 (0.03)
Infant mortality (total) 0.36 (0.297)** 0.50 (0.314) 0.36 (0.297)
Infant mortality (female) 0.22 (0.294) 0.61 (0.299)*** 0.22 (0.001)
Infant mortality (male) -0.50 (0.145)*** -0.90 (0.254)*** -0.50 (0.1449)***
Services 0.01 (0.01)* 0.02 (0.001)* -0.02 (0.001)***
Adj. Baumol var. 0.05 (0.001)*** 0.01 (0.002)** 0.05 (0.001)***
Constant -1.97 (0.056)*** -2.91 (0.729)*** -1.97 (0.563)***

Source: Author’s computation using WDI data. 
Notes: standard errors are given in parenthesis, *** Significant at 1%, 5% and 10% level, respectively. 
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though the Pooled OLS the RE regressions are the same for model II, the results show 
that PC GDP, death rate per 1,000 people, physician density, and infant mortality (male), 
are significant and leads to an increase in PC Crn Hexp. However, services are negatively 
associated with the growth in PC Crn Hexp. Conversely, the FE estimates show that hospital 
beds, life expectancy at birth (male), infant mortality (total), and the adjusted Baumol 
variable are not significant. However, the other regressors are significant with signs that 
are theoretically consistent except the signs of elderly population. Therefore, across the 
three estimation methods, the adjusted Baumol variable shows a significant coefficient and 
ranges between 0.01 and 0.05. This suggests that Baumol’s cost disease is significantly 
associated with PC Crn Hexp in the countries of Northern Europe and Baltic region. 

Table 5. Estimates of the public health expenditure regression 

Variable Pooled OLS Fixed effects model Random effects model
Model I

Death per 1000 -0.33 (0.4364) -0.85 (0.423)*** -0.81 (0.378)***
Hospital Beds -0.03 (0.064) 0.11 (0.067) -0.09 (0.058)
Physician density 2.42 (0.126)*** 2.88 (0.332)*** 1.48 (0.034)***
Life expectancy at birth (total) 2.30 (0.232)*** 3.47 (0.757)*** 3.09 (0.022)***
Elderly population 2.31 (0.236)*** 1.20 (0.024)*** 1.28 (0.233)***
Infant mortality (total) 9.48 (1.023) 1.28 (0.1663)*** 7.69 (1.5001)***
Services 0.35 (0.422) -1.68 (0.382)*** -0.83 (0.371)***
Adj. Baumol var. 4.41 (0.513)*** 3.32 (1.323)*** 3.10 (0.6706)***
Constant -1.81 (993.88)*** -2.88 (0.766)*** -2.48 (0.606)***

Model II
PC GDP 0.04 (0.004|)*** 0.10 (0.007)*** 0.04 (0.004)***
Death per 1000 -0.37 (0.442) 0.17 (0.323) -0.37 (0.442)
Hospital Beds 0.06 (0.007) 0.03 (0.056) 0.06 (0.076)
Physician density 2.95 (0.152)*** 2.84 (0.866)*** 2.95 (0.152)***
Life expectancy at birth (total) 7.57 (2.285)*** 6.52 (1.775)*** 7.57 (2.285)***
Life expectancy at birth (female) 6.35 (1.236)*** 3.34 (1.161)*** 6.35 (1.236)***
Life expectancy at birth (male) 3.76 (1.182)** 4.54. (0.659)*** 3.76 (1.125)***
Elderly population 9.48 (1.216)*** 1.02 (1.850)*** 9.48 (1.216)***
Infant mortality (total) 5.53 (1.205)*** 5.53 (0.937)*** 5.53 (1.052)***
Infant mortality (female) -4.00 (0.7549)*** 1.24 (0.4736) -4.00 (0.754)***
Infant mortality (male) -8.37 (0.217) -4.94 (0.0370)*** -8.37 (0.122)
Services 0.45 (0.494) -0.26 (0.366) 0.45 (0.495)
Adj. Baumol var. 5.48 (0.469)*** 0.07 (1.888) 5.48 (0.469)***
Constant -2.29 (1.991)*** -1.71 (2311.8)*** -2.29 (1.991)***

Source: Author’s computation using WDI data
Notes: standard errors are given in parenthesis, *** Significant at 1%, 5% and 10% level, respectively.

Table 5 shows the estimates of the result where PC Pub Hexp is used as the explanatory 
variable in the regression. In model 1, though the estimates of the three regressions 
are different, the Hausman test indicates a Chi-square value of 36.11 with p-values of 
0.0000 which is significant. This suggests that the FE model is the prepared model. 
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Thus, in the prepared model, except the coefficient of hospital beds, the coefficients of 
all the independent variables are significant. However, except the coefficient of infant 
mortality, the signs of the coefficients are as expected. In addition, although the estimates 
are the same for Pooled OLS and the RE regression, they differ in the FE regression. In 
the same way, the Hausman test is applied to choose the prepared model, and it yields a 
Chi-square value of 108.42 with a p-value of 0.000 that is significant. Consequently, the 
FE estimates are prepared over the RE regression for analyzing the dynamics of PC Pub 
Hexp in the countries studied. Furthermore, the three alternative estimates show results 
that are significant and in favor the adjusted Baumol variable for PC Pub Hexp. It ranges 
from 0.07 to 5.48 across the three estimation techniques.  

Table 6. Estimates of the private health expenditure regression 

Variable Pooled OLS Fixed effects model Random effects model
Model I

Death per 1000 -7.28 (1.263)*** 6.78 (0.869)*** -6.97 (1.262)***
Hospital Beds 0.31 (0.187) 0.49 (0.138)*** 0.378 (0.191)*
Physician density 5.03 (0.483)*** 4.96 (0.019)*** 5.66 (0.8452)***
Life expectancy at birth (total) 4.28 (3.5673)*** 4.25 (5.0891) 7.65 (4.2833)*
Elderly population -4.38 (41.205) 7.52 (4.9642) -5.01 (4.945)
Infant mortality (total) -1.29 (4.05)*** 6.02 (3.4200) -1.53 (4.829)***
Services 2.16 (1.222)*** -0.56 (0.785) 2.52 (1.233)**
Adj. Baumol var. 5.81 (1.491)*** -6.23 (2.716)*** 4.76 (1.585)***
Constant 2.80 (2876.6) -8.59 (3.631) 5.28 (3.371)

Model II
PC GDP 0.03 (0.010)*** 0.11 (0.016)*** 0.03 (0.010)***
Death per 1000 5.17 (1.148)*** 8.32 (0.785)*** 5.17 (1.148)***
Hospital Beds 0.68 (0.198)*** 0.12 (0.134) 0.68 (0.198)***
Physician density 3.58 (1.324)*** 1.31 (0.163)*** 3.58 (1.324)***
Life expectancy at birth (total) 2.39 (593.793)*** 1.75 (0.14)*** 2.39 (593.793)***
Life expectancy at birth (female) 1.67 (321.245)*** 5.14 (2.899) 1.67 (321.245)***
Life expectancy at birth (male) 1.01 (0.071)*** 1.22 (0.976)*** 1.01 (0.071)***
Elderly population -4.12 (1.612) 4.12 (.92) -4.12 (1.612)
Infant mortality (total) 1.27 (0.290)*** 1.56 (1.276)*** 1.27 (0.290)***
Infant mortality (female) 1.37 (0.424)*** -1.73 (2.016) 1.37 (0.424)***
Infant mortality (male) -2.02 (1.045)*** -1.41 (1.137)*** -2.02 (1.045)***
Services 3.594 (1.285)*** -1.25 (0.889) 3.594 (1.285)***
Adj. Baumol var. 3.28 (1.218)*** 3.14 (0.583)*** 3.28 (1.218)***
Constant -2.11 (0.05)*** -4.18 (0.612) -2.11 (0.05)***

Source: Author’s computation using WDI data
Notes: standard errors are given in parenthesis *** Significant at 1%, 5% and 10% level, respectively.

In Table 6, the estimates of the result where PC Pvt Hexp is used as the explanatory 
variable in the regression are presented. In model I, the three estimation techniques present 
entirely different results and the Hausman test suggests a Chi-square value of 777.59 with 
corresponding p-values of 0.0000 which is significant. This indicates that the FE results 
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are more efficient and consistent. Therefore, the coefficient of crude deaths, hospital 
beds, and physician density are both significant and show signs that are consistent with 
theoretical expectations. Similarly, in model II, the estimates of the Pooled OLS are the 
same as the estimates of RE regression. Equally, the Hausman test for choosing between 
FE and RE regressions is applied. It suggests a Chi-square value of 1657.27 with a p-value 
of 0.000 which is significant, indicating that FE model is more consistent and efficient 
for analyzing the dynamics of PC Pvt Hexp. Evidence shows that PC GDP, crude deaths, 
physician density, life expectancy at birth (total), life expectancy at birth, infant mortality 
(male), infant mortality (female) and the adjusted Baumol variable are both significant and 
bearing the correct signs. However, infant mortality (total), and services are significant 
but are bearing alternating signs that are theoretically inconsistent. Therefore, PC Pvt 
Hexp is significantly associated with the Baumol cost disease in the countries studied.

Discussion

This paper empirically tests the hypothesis that numerous attempts to curb the perennial 
growth in healthcare expenditures remained pointless since healthcare expenditure 
epitomizes the Baumol cost disease. Three types of health expenditures – PC Crn Hexp, 
PC Pub Hexp, and PC Pvt Hexp – are employed in testing the Baumol hypothesis using 
data for the countries of Northern Europe and the Baltic region from 2000 to 2019. In 
model 1, death per 1,000 population, physician density, hospital beds, and life expectancy 
at birth (total), elderly population, infant mortality (total), and services, are used as the 
drivers for the growth of healthcare expenditures. In addition, the robustness of model I 
is ascertained by adding other important drivers of healthcare expenditures leading to the 
estimation of model II for the PC Crn Hexp, PC Pub Hexp, and PC Pvt Hexp, respectively. 
These variables include per capita income, life expectancy at birth (male) and (female), 
and infant mortality (male) and (female). Importantly, adding these variables confirms the 
estimates of (model I) that PC Crn Hexp, PC Pub Hexp, and PC Pvt Hexp partly exhibit 
the Baumol cost disease, to a different extent, in the countries studied. Specifically, the 
adjusted Baumol variable for PC Crn Hexp has a coefficient that is statistically significant 
and ranges in 0.01–0.05 in the two models, and across the three estimations. Therefore, 
this implies that a one percent rise in the growth rate of the economy in excess of real 
wages over and above productivity growth adjusted by the inverse of the proportion of 
overall services in the employment sector will bring about 0.01–0.05 percent rise in the 
perennial rate of growth in the PC Crn Hexp. Similarly, the adjusted Baumol variable for 
PC Pub Hexp is significant across the estimation techniques and for both models. It ranges 
in 0.07–5.48 in the two models suggesting that a rise in the growth rate of the economy 
will lead to 0.07–5.48 rise in PC Pub Hexp annually, all else is held constant. Moreover, 
the coefficient of the adjusted Baumol variable for PC Pvt Hexp is significant and ranges 
in 3.14–6.23 in the two models. This suggests that a one percent rise in the growth rate of 
an economy in excess of real wages over and above productivity growth adjusted by the 
inverse of the proportion of overall services in the employment sector will induce rises, 
valued in 3.14–6.23, in the perennial rate of growth of PC Pvt Hexp.  Findings similar to 



Shailender Singh et al. Estimating Healthcare Expenditures for Northern Europe and the Baltic Region: Revisiting the Baumol Model

109

this are reported in prior studies conducted by  Atanda et al. (2018), Wang & Chen (2021), 
Hartwig (2008a), (Colombier, 2017), and (Bates & Santerre, 2013). The result conflicts 
with Hartwig’s studies (Hartwig, 2008a), (Hartwig & Sturm, 2018). 

Moreover, as a crucial driver of healthcare spending, the coefficient of PC GDP 
introduced in model II is highly significant across the alternative estimation techniques. In 
addition, its income elasticity is below unity for the three types of health expenditure under 
investigation.. Therefore, this suggests that current health expenditure, public and private 
health expenditure are seen as a luxury in this context. Regarding the coefficient of income 
elasticity, this finding is consistent with the findings of published studies which include the 
works (Colombier, 2017), (Hartwig & Sturm, 2014), (Martín et al., 2011), (Colombier, 2012) 
and (Costa-Font et al., 2011). The coefficient for the elderly population is significant only 
in three estimations for PC Crn Hexp. However, bearing the theoretical expectation sign, 
the coefficient of the elderly population is not at all significant in the four estimations for 
PC Pub Hexp. The coefficient of physician density turns out to be positive and significant 
in all the estimations for PC Crn Hexp, PC Pub Hexp, and PC Pvt Hexp. Furthermore, the 
traditional proxies for health outcomes included as the determinants of health expenditures 
– life expectancy at birth (total) and infant mortality (total) –  show mixed results for PC Crn 
Hexp. Thus, life expectancy at birth (total) turns out to be significant in four regressions, and 
the signs are as expected. Infant mortality (total) is significant and bears the correct sign in 
the three different estimations (model I), and it’s significant with alternate sign in only one 
regression (model II). In the same way, life expectancy at birth (total) is significant with 
correct signs in the six regressions for PC Pub Hexp. Infant mortality (total) is significant 
with an alternate signs in two regressions (model I). Additionally, life expectancy at birth 
(total) is significant with correct sign in four regressions for PC Pvt Hexp. The same is 
true for infant mortality (total) in four regressions. Noteworthy, the F-tests suggest that 
the estimates are robust and significant across the alternative estimation techniques. This 
evidence is in line with the results of (Smith et al., 2009), Colombier (2017), and Colombier 
(2012). Therefore, to policymakers, these results suggest that there are many possibilities 
to be explored to suppress the perennial growth in healthcare expenditures relative to the 
available avenues debated in the contemporary literature of health economics. In addition, 
part of the findings of this study that the secular rise in PC Pvt Hexp may not be connected 
with Baumol’s cost disease may warrant future investigation. However, for the three types 
of health expenditures analyzed, findings support the Baumol cost disease hypothesis, they 
seem to suggest that the surge in health care expenditure cannot be overcome using the 
traditional approach that many have talked about in the literature. These findings suggest 
that achieving a balance growth in different sectors of the studied countries may result in 
disentangling the health sector from the Baumol’s effects. Moreover, it is evident that private 
health expenditure has a comparatively larger effects than those observed in current and 
public health expenditure. The theoretical and practical implications of these findings seem 
to suggest that labor growth in the health sector of the studied countries consume more of 
private health services. Improvement in technology related to health may lead to higher 
substitutability of capital for labor in the health sector. Consequently, there is a need for a 
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progressive technological improvement that could cut health care expenditure and provide 
better population’s health outcomes. 

Conclusion

This study tests the Baumol hypothesis using panel data for the countries of Northern 
Europe and the Baltic Region in the period of 2000–2019. The analysis used the adjusted 
Baumol variable derived from the already developed in the literature and tested Baumol 
hypothesis using three different types of healthcare expenditures. The results highlight 
that there is sufficient evidence, partly, in favor of the Baumol cost disease hypothesis for 
the three types of health expenditures analyzed. Consequently, in the two models, current 
health expenditure may have grown from 0.01 to 0.05 due to the effects of Baumol’s cost 
disease. Similarly, public health expenditure may have increased from 0.07 to 5.48 due to 
the effect of Baumol’s sector. Lastly, private health expenditure may have increased from 
3.14 to 6.23 due to the same effect of the Baumol’s sector.  Therefore, if the economy is to 
maintain a steady growth in its different sectors, the Baumol’s effect is likely to disappear 
in the health sector of the countries studied. However, this study is not without limitations. 
The growing change in the dynamic of diseases and technological progress across the World 
will lead to a continuous rise in health expenditures. This study only tested the Baumol’s 
effect without fully taking into account of the technological and disease dynamics of the 
population. If data will be available, future studies will examine the impact of technology 
and disease specific effects on the growth of health expenditure.
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