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ABSTRACT

Background. The children mortality burden conditioned by the performance of the health care 

system has not been well investigated. This study aimed to analyse the trends of amenable mortality 

rates (AMRs) in children in 34 OECD countries during 2001-2015. 

Methods. An observational longitudinal study was performed. Using data from the WHO Mortality 

Database and Nolte and McKee’s list, AMRs were calculated as the annual number of deaths over 

the population aged ≤14 years/100,000 inhabitants. The rates were stratified by the age groups (<1, 

1–4, 5–9, 10–14 years). All data were summarised by presenting the average rates for the years 

2001/2005, 2006/2010, and 2011/2015. 

Results. There was a significant decline in children’s AMRs in the <1 age class in all 34 OECD 

countries from 2001/2005 to 2006/2010 (from 332.78 to 295.17/100,000; %Δ -11.30%; 95% CI -

18.75%, - 3.85%) and from 2006/2010 to 2011/2015 (from 295.17 to 240.22/100,000; %Δ -18.62%; 

95% CI -26.53%, -10.70%), and a slow decline in the other age classes. The only cause of death that 

was significantly reduced was conditions originating in the early neonatal period in the <1 age class. 

The age-specific distribution of causes of deaths did not vary significantly over the study period.

Conclusion. The trajectories declined in all OECD countries during 2001-2015: fast in the <1 age 

class and slow in the other age classes. Therefore, policies that affect the determinants on the supply 

side are required.

Strengths and limitations of this study:

1. This is the first study to analyse trends in child mortality amenable to health care.

2. Thirty-four OECD countries were included in the analyses to provide a thorough depiction of 

amenable child mortality in high-income economies.

3. Mortality was not disaggregated by ethnicity or socioeconomic characteristics.

4. Making international comparisons is difficult due to variations in birth registration laws and 

death certification practices.
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INTRODUCTION

The health of children and adolescents is an important goal for every society, both because they are 

vulnerable and because diseases can affect their quality of life.

Measures for protecting and improving children's and adolescents' health will yield economic and 

social benefits beyond improved health outcomes. Indeed, young people have the potential to affect 

the health of future populations as well as global economic development unless timely and effective 

strategies are put into place.[1,2]

For the adoption of new strategies and the planning of interventions, information on the leading 

causes of death is essential. Many studies have analysed the mortality rates and have identified the 

main causes of death of children in specific countries[3] or areas.[4] Many different factors contribute 

to child and adolescent mortality.[5] Differences in infant mortality rates are noted when grouped by 

biological and psychosocial factors, such as sex, race, ethnic origin or disability, in both studies and 

national or international statistics.[6] An inverse relationship has been shown between socioeconomic 

status and child mortality for all or specific causes.[7,8] Engagement in behaviours such as smoking, 

alcohol misuse, drug misuse, poor diet, and physical activity during adolescence increases morbidity 

and the risk of premature death.[9] The physical environment is another factor associated with child 

mortality. Indeed, studies have demonstrated that children living in the most disadvantaged urban 

areas are likely to live close to industrialised and highly populated zones with a greater chance of 

being exposed to pollution and a greater risk of road accidents. In the landscape described, the 

mortality burden conditioned by the performance of the health care system has not been well 

investigated. Although there is no indicator that is able to compressively reflect the performance of 

the healthcare system, a suitable measurement seems to be the concept of amenable mortality.

Amenable mortality is defined as deaths that, in the light of medical knowledge and technology at the 

time of death, could be prevented by timely access to good quality health care.[10,11] Amenable 
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mortality was originally conceptualised by Rutstein et al., who created a list of conditions that were 

considered either treatable or preventable given the current medical knowledge and technology,[12] 

and amenable mortality has been used as an indicator of the performance of healthcare systems by 

the English Department of Health[13] and the Organisation for Economic Cooperation and 

Development.[14] Over the last few decades, mortality amenable to healthcare has increasingly been 

used to evaluate the effect of healthcare on health outcomes.[15]

According to the WHO, an estimated 6.3 million children under the age of 15 years died in 2017; 5.4 

million of them were under the age of 5 and 2.5 million of them died within the first month of life.  

More than half of these early child deaths were due to conditions that could be prevented or treated 

with access to simple, affordable interventions and were, consequently, amenable.[2]

The purpose of this study was to analyse the trends of amenable child mortality rates in 34 OECD 

countries from 2001-2015 and to evaluate the pattern across age classes.

MATERIALS AND METHODS

This descriptive study was conducted using secondary data from 34 OECD countries during the 

period from 2001 to 2015. Mexico and Turkey, albeit members of the OECD, were not included in 

the analysis because these countries are not listed among high-income economies in the World 

Development Indicators dataset (gross national income per capita ≥$12,056 for fiscal year 2019)[16] 

and had limited data availability. The mortality and population data came from the World Health 

Organization (WHO) Mortality Database,[17] which comprises deaths registered in national vital 

registration systems, with the underlying causes of death coded according to the International 

Classification of Diseases. If reference populations were not available in the WHO Mortality 

Database, the data were extracted from UNdata.[18] The country-level data availability is presented 

in Table S1. The causes of death amenable to health care were selected using the list proposed by 

Nolte and McKee[15,19] and used by the OECD to generate estimates of amenable mortality for 31 

countries[14] (see Table S2 for Nolte and McKee’s list). The aggregation of the causes of death 
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operated in the WHO Mortality Database prevents the use of the list of amenable deaths currently 

adopted by Eurostat.[20] For each country, the amenable mortality rates were calculated as the annual 

number of deaths in the population aged 0–14 years per 100,000 inhabitants. The rates were stratified 

by the age groups adopted in the WHO Mortality Database (<1, 1–4, 5–9, 10–14 years) and by the 33 

disease categories defined by Gay et al..[14] Due to the instability in the estimates of the annual 

amenable mortality rates, especially for small-population countries, all data were summarised by 

presenting the average rates for the years 2001/2005, 2006/2010 and 2011/2015. The statistical 

significance of the percentage changes between these time periods was assessed by building 95% 

confidence intervals with the formula suggested by Hildebrandt et al..[21] Differences in the ranking 

of age-specific causes of death between time periods were evaluated with the Friedman test.

All data were analysed using the Stata software package, version 15 (StataCorp. 2017. Stata 

Statistical Software: Release 15. College Station, TX: StataCorp LLC).

RESULTS

All-cause childhood amenable mortality rates

The results of the trend analyses conducted over the five-year periods 2001/2005, 2006/2010 and 

2011/2015 are presented in Table 1 and Table 2.

As shown in Table 1, the amenable mortality rate of the OECD population with <1 year dropped 

significantly from 2001/2005 to 2006/2010 (from 332.78 to 295.17 per 100,000; %Δ -11.30%; 95% 

CI -18.75%, -3.85%) and from 2006/2010 to 2011/2015 (from 295.17 to 240.22 per 100,000; %Δ -

18.62%; 95% CI -26.53%, -10.70%).

Contrary to the OECD rate of children <1 year, in the population ≥1 year the overall OECD rate did 

not decrease significantly (Table 1 and Table 2). From 2001/2005 to 2006/2010 and from 2006/2010 

to 2011/2015, the mortality rates decreased by 13.37% and 13.02%, respectively, for the 1-4 age 

group; 11.94% and 11.26%, respectively, for the 5-9 age group; and 13.53% and 13.08%, 

respectively, for the 10-14 age group.
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Following these reductions, the 2011/2015 overall amenable mortality rate in children <1 year was 

240.22 per 100,000. In children aged 1-4, the rate dropped to 4.73 per 100,000 and reached the lowest 

value between 5 and 9 years (2.02 per 100,000). Between 10 and 14 years of age, the rate was 2.16 

per 100,000. 
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Table 1. Yearly Amenable Mortality Rates (Per 100,000) for Ages <1 and 1–4 Years in 34 OECD Countries, 2001/2005, 2006/2010 
and 2011/2015 (See Table S1 for Country-Level Data Availability).

<1 Year 1–4 Years
Yearly Amenable Mortality Rate % Change (95% CI) Yearly Amenable Mortality Rate % Change (95% CI)Country

2001/2005 2006/2010 2011/2015 2006/10 – 2001/05 2011/15 – 2006/10 2001/2005 2006/2010 2011/2015 2006/10 – 2001/05 2011/15 – 2006/10
CA 343.10 343.46 332.97 .1 (-7.9, 8.1) -3.1 (-10.7, 4.5) 4.34 4.09 3.98 -5.7 (-39.7, 28.2) -2.6 (-37.7, 32.5)
US 415.80 382.24 350.87 -8.1 (-10.1, -6.1) * -8.2 (-10.3, -6.1) * 6.00 5.46 5.13 -8.9 (-17.2, -.6) * -6.1 (-14.9, 2.8)
CL 478.56 457.40 427.15 -4.4 (-12.2, 3.4) -6.6 (-14.4, 1.2) 10.11 7.50 5.90 -25.8 (-47.9, -3.8) * -21.3 (-48.2, 5.6)
IL 291.77 221.77 189.73 -24 (-34.9, -13.1) * -14.4 (-27.4, -1.5) * 6.89 4.62 3.86 -32.9 (-66, .2) -16.5 (-61.6, 28.6)
JP 150.76 121.39 97.24 -19.5 (-25.3, -13.7) * -19.9 (-26.5, -13.3) * 8.78 7.84 7.15 -10.7 (-23.6, 2.2) -8.7 (-23, 5.5)
KR 334.41 235.84 198.16 -29.5 (-35, -24) * -16 (-23.5, -8.4) * 8.50 6.69 4.59 -21.3 (-38.9, -3.8) * -31.5 (-50.3, -12.6) *
DK 285.08 191.17 220.19 -32.9 (-48.2, -17.7) * 15.2 (-13.3, 43.6) 6.16 3.87 3.11 -37.2 (-86.4, 12) -19.6 (-94.7, 55.6)
IS 134.24 127.50 85.5 -5 (-114.3, 95) -32.9 (-119.1, 53.2) 4.74 6.78 2.14 43.2 (-361.8, 143.2) -68.4 (-181.5, 31.6)
FI 186.77 151.76 109.42 -18.7 (-41.6, 4.1) -27.9 (-50.9, -4.9) * 4.46 3.25 2.80 -27.2 (-95.6, 41.2) -14 (-103, 75)
NO 207.32 186.37 149.55 -10.1 (-33.4, 13.1) -19.8 (-42, 2.5) 5.77 4.56 3.36 -21 (-84.1, 42.2) -26.4 (-92.8, 40)
SE 178.05 136.44 130.95 -23.4 (-40.2, -6.6) * -4 (-25.8, 17.8) 4.44 4.03 2.82 -9.2 (-70.6, 52.3) -30.1 (-80.6, 20.5)
AT 297.83 243.56 198.02 -18.2 (-34, -2.5) * -18.7 (-35.9, -1.5) * 4.72 4.54 3.62 -3.7 (-73, 65.6) -20.4 (-81.8, 41.1)
BE 244.36 220.91 198.89 -9.6 (-24.7, 5.5) -10 (-25.4, 5.4) 5.25 3.82 4.09 -27.3 (-71.3, 16.7) 7.1 (-59.6, 73.7)
FR 237.86 216.89 211.19 -8.8 (-14.9, -2.8) * -2.6 (-9.3, 4) 3.98 3.73 2.82 -6.2 (-30.3, 17.8) -24.3 (-45.4, -3.3) *
DE 245.69 223.48 206.37 -9 (-15.3, -2.8) * -7.7 (-14.3, -1) * 5.31 4.27 4.19 -19.6 (-38.6, -.6) * -1.9 (-27, 23.3)
LU 218.18 111.42 126.65 -48.9 (-98.7, .8) 13.7 (-106.8, 113.7) 0.88 1.76 1.62 98.8 (-968.1, 198.8) -7.6 (-412.5, 92.4)
NL 306.18 257.29 234.49 -16 (-26, -5.9) * -8.9 (-20.9, 3.2) 4.66 4.63 3.03 -.8 (-46.3, 44.8) -34.6 (-69.4, .3)
CH 274.24 272.00 251.67 -.8 (-20.1, 18.5) -7.5 (-25.4, 10.5) 4.22 2.95 2.02 -30.2 (-90.2, 29.8) -31.3 (-100.6, 38)
IE 247.00 198.95 184.09 -19.5 (-38.2, -.7) * -7.5 (-29.5, 14.6) 6.28 2.53 3.18 -59.7 (-97.1, -22.3) * 25.6 (-100.4, 125.6)
GB 346.07 305.01 256.65 -11.9 (-16.9, -6.8) * -15.9 (-20.8, -10.9) * 6.33 5.65 4.96 -10.7 (-29.7, 8.4) -12.2 (-31.4, 6.9)
GR 305.19 218.33 222.92 -28.5 (-40.3, -16.6) * 2.1 (-16.4, 20.6) 5.54 5.36 4.62 -3.4 (-59.2, 52.5) -13.8 (-65.2, 37.7)
IT 299.93 256.16 224.78 -14.6 (-20.7, -8.5) * -12.2 (-19, -5.5) * 4.96 4.05 4.15 -18.4 (-41.2, 4.5) 2.4 (-27.3, 32.2)
PT 300.62 219.72 219.56 -26.9 (-39.2, -14.6) * -.1 (-19.2, 19) 8.41 3.92 4.19 -53.4 (-80.4, -26.4) * 6.9 (-66.3, 80.1)
ES 272.67 231.74 204.24 -15 (-21.9, -8.1) * -11.9 (-19.6, -4.2) * 6.23 5.13 3.59 -17.6 (-40.6, 5.3) -30 (-51.6, -8.4) *
CZ 259.40 209.92 166.61 -19.1 (-33.5, -4.7) * -20.6 (-35.9, -5.4) * 4.74 4.43 3.24 -6.7 (-68, 54.7) -26.9 (-76.7, 23)
EE 394.90 262.22 139.38 -33.6 (-60.7, -6.5) * -46.8 (-75.4, -18.3) * 6.91 4.89 7.25 -29.3 (-140.4, 70.7) 48.4 (-174, 148.4)
HU 530.50 406.91 348.94 -23.3 (-33.4, -13.2) * -14.2 (-27, -1.5) * 7.03 6.18 5.80 -12.2 (-60.5, 36.1) -6 (-60.7, 48.6)
LV 561.36 440.42 324.98 -21.5 (-42.6, -.5) * -26.2 (-49.2, -3.2) * 7.23 6.54 3.42 -9.5 (-115.5, 90.5) -47.8 (-122.7, 27.2)
LT 412.34 342.21 225.15 -17 (-38.6, 4.6) -34.2 (-54.3, -14.1) * 7.14 5.92 5.34 -17.2 (-98.9, 64.5) -9.7 (-107.2, 87.7)
PL 488.86 400.92 315.70 -18 (-23.5, -12.4) * -21.3 (-27.2, -15.3) * 7.81 8.35 6.69 6.9 (-20.1, 33.9) -19.9 (-40.6, .8)
SK 432.24 373.71 345.44 -13.5 (-29.7, 2.6) -7.6 (-25.5, 10.4) 13.09 11.08 9.26 -15.3 (-61.5, 30.8) -16.4 (-65.1, 32.2)
SI 270.48 203.78 143.64 -24.7 (-55.9, 6.5) -29.5 (-62.2, 3.2) 5.01 3.69 3.87 -26.3 (-141.4, 73.7) 4.8 (-161, 104.8)
AU 290.88 261.16 212.74 -10.2 (-19.4, -1) * -18.5 (-27.1, -9.9) * 5.13 4.43 3.40 -13.6 (-47.3, 20) -23.3 (-55.2, 8.6)
NZ 317.89 286.41 294.76 -9.9 (-28.6, 8.8) 2.9 (-18.4, 24.2) 5.14 4.98 6.23 -3.1 (-81.6, 75.5) 24.9 (-69.4, 119.3)

All 332.78 295.17 240.22 -11.30 (-18.75, -3.85) 
*

-18.62 (-26.53, -
10.70) * 6.27 5.43 4.73 -13.37 (-40.12, 13.39) -13.02 (-43.46, 17.42)

* Percentage decrease is statistically significant (P<0.05).
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Table 2. Yearly Amenable Mortality Rates (Per 100,000) for Ages 5–9 and 10–14 Years in 34 OECD Countries, 2001/2005, 
2006/2010 and 2011/2015 (See Table S1 for Country-Level Data Availability).

5–9 Years 10–14 Years
Yearly Amenable Mortality Rate % Change (95% CI) Yearly Amenable Mortality Rate % Change (95% CI)Country
2001/2005 2006/2010 2011/2015 2006/10 – 2001/05 2011/15 – 2006/10 2001/2005 2006/2010 2011/2015 2006/10 – 2001/05 2011/15 – 2006/10

CA 1.92 2.11 1.38 9.7 (-39.8, 59.2) -34.6 (-67.4, -1.8) * 1.80 1.80 1.91 .3 (-45.4, 45.9) 5.7 (-43, 54.4)
US 2.58 2.38 2.23 -7.6 (-19.1, 3.9) -6.4 (-18.4, 5.6) 3.06 2.76 2.52 -9.6 (-19.9, .6) -8.9 (-19.8, 2)
CL 3.69 3.17 2.94 -14.1 (-49.6, 21.4) -7.2 (-48.8, 34.4) 3.72 3.16 3.11 -15 (-48.8, 18.8) -1.4 (-43.8, 41)
IL 1.73 2.05 2.10 18.2 (-75.1, 111.5) 2.6 (-70.9, 76.2) 2.54 2.04 1.73 -19.8 (-79.8, 40.1) -14.8 (-81.9, 52.4)
JP 2.67 2.50 2.40 -6.2 (-27.4, 15.1) -3.9 (-26.8, 19) 2.55 2.17 2.20 -14.8 (-34.7, 5.1) 1.2 (-23.7, 26.1)
KR 3.42 2.39 1.86 -30.1 (-50.9, -9.4) * -22 (-51.6, 7.5) 3.58 2.55 1.99 -28.9 (-48.4, -9.3) * -21.7 (-47.8, 4.3)
DK 1.78 1.32 1.21 -25.8 (-116.5, 64.9) -8.4 (-132.4, 91.6) 2.10 1.78 0.72 -15.6 (-106.8, 75.6) -59.7 (-119.8, .4)
IS 2.00 2.08 0.94 4.2 (-112.8, 104.2) -54.9 (-118.9, 9) 1.71 1.98 1.23 15.9 (-116.5, 115.9) -37.8 (-118.6, 43)
FI 0.00 0.94 1.80 N/A 92.2 (-939.2, 192.2) 1.75 4.48 2.81 156.1 (-783, 256.1) -37.2 (-238.1, 62.8)
NO 2.73 2.20 1.62 -19.4 (-101.6, 62.7) -26.3 (-111.9, 59.3) 2.14 1.53 1.49 -28.8 (-112.5, 54.9) -2.6 (-127.2, 97.4)
SE 1.45 1.56 1.53 8.2 (-100.9, 108.2) -2.1 (-98.2, 94) 2.56 1.80 1.83 -29.7 (-86.2, 26.7) 1.6 (-90.3, 93.4)
AT 2.35 1.36 1.53 -42.1 (-101.4, 17.2) 12.7 (-116.1, 112.7) 2.03 2.18 1.62 7.8 (-86.9, 102.6) -25.9 (-97.9, 46.2)
BE 2.02 2.13 1.52 5.5 (-77.9, 88.9) -28.7 (-88.6, 31.2) 2.41 1.96 1.53 -18.6 (-80.2, 43) -22.1 (-88.6, 44.3)
FR 1.89 1.52 1.25 -19.7 (-47.7, 8.3) -17.5 (-48.8, 13.8) 1.96 1.59 1.41 -18.8 (-46.4, 8.9) -11.5 (-43.9, 20.8)
DE 2.33 1.80 1.83 -22.9 (-47, 1.2) 1.6 (-33.1, 36.2) 2.55 2.09 1.78 -18 (-41.1, 5.1) -15.1 (-42.3, 12.1)
LU 1.38 1.69 1.98 22.6 (-487, 122.6) 17.4 (-423.1, 117.4) 2.88 1.98 0.64 -31.1 (-261.7, 68.9) -67.5 (-231.9, 32.5)
NL 2.14 1.76 1.43 -17.8 (-69.7, 34.1) -18.8 (-76.2, 38.6) 2.89 2.12 1.85 -26.6 (-67.9, 14.8) -12.7 (-67.2, 41.8)
CH 1.52 1.82 1.37 19.8 (-109.7, 119.8) -24.5 (-109.3, 60.2) 2.24 1.23 1.58 -45.2 (-103.5, 13.2) 27.9 (-120.1, 127.9)
IE 3.03 1.86 1.29 -38.7 (-104.6, 27.1) -30.4 (-118.1, 57.3) 2.98 2.12 1.96 -28.7 (-103.4, 45.9) -7.8 (-112.1, 92.2)
GB 2.98 2.59 2.13 -13.1 (-37.5, 11.2) -17.8 (-42.7, 7) 3.18 2.76 2.35 -13 (-35.9, 9.9) -14.8 (-39.5, 9.9)
GR 3.13 2.54 2.18 -18.8 (-77.5, 39.9) -14.2 (-81.6, 53.1) 3.55 2.63 2.79 -25.7 (-76.1, 24.7) 6 (-71.2, 83.2)
IT 2.36 2.08 1.86 -11.8 (-43.2, 19.7) -10.6 (-44, 22.8) 2.84 2.29 2.19 -19.3 (-45.8, 7.3) -4.2 (-37.7, 29.2)
PT 3.23 1.67 1.67 -48.2 (-89.4, -7) * .1 (-92.8, 93) 4.53 2.66 1.87 -41.2 (-78.8, -3.6) * -29.7 (-85.5, 26.1)
ES 3.04 2.45 2.02 -19.3 (-49.1, 10.5) -17.5 (-49.4, 14.4) 3.40 2.64 2.14 -22.3 (-49.6, 5) -18.9 (-50.2, 12.4)
CZ 2.15 2.26 2.27 5.2 (-84.8, 95.3) .7 (-82.6, 84) 2.67 2.25 1.87 -15.7 (-79.5, 48) -17 (-90.8, 56.8)
EE 3.32 3.50 1.40 5.7 (-191.8, 105.7) -60.2 (-154.3, 34) 4.61 1.84 1.79 -60 (-141.2, 21.2) -3 (-253.9, 97)
HU 3.34 2.36 2.44 -29.4 (-81.9, 23.1) 3.3 (-80.6, 87.3) 3.58 3.50 2.92 -2.3 (-62.7, 58) -16.5 (-74.2, 41.2)
LV 4.53 4.62 3.53 1.9 (-129.9, 101.9) -23.4 (-130.1, 76.6) 3.65 4.06 1.32 11 (-128.4, 111) -67.4 (-133.5, -1.3) *
LT 3.82 3.35 2.78 -12.2 (-110.1, 85.6) -16.9 (-126.8, 83.1) 3.08 4.14 1.21 34.2 (-98.2, 134.2) -70.7 (-118.1, -23.2) *
PL 2.99 3.14 2.97 4.9 (-32.2, 41.9) -5.3 (-40, 29.4) 3.03 3.52 3.30 16.1 (-20.2, 52.4) -6.1 (-37.7, 25.5)
SK 3.27 4.34 3.19 32.7 (-78.9, 132.7) -26.5 (-91.2, 38.2) 3.70 4.23 3.35 14.4 (-71.3, 100.1) -20.9 (-87.9, 46.2)
SI 1.67 2.20 1.64 31.6 (-242, 131.6) -25.6 (-180.2, 74.4) 2.61 1.24 1.74 -52.4 (-153.7, 47.6) 40.3 (-291.8, 140.3)
AU 2.14 1.81 1.76 -15.6 (-61.1, 30) -2.5 (-56.6, 51.6) 2.24 2.13 1.80 -4.8 (-52.7, 43.1) -15.6 (-60.3, 29.1)
NZ 2.11 2.01 1.37 -5 (-112.6, 95) -32 (-118.6, 54.6) 3.04 2.71 2.96 -10.6 (-94.3, 73.1) 9.1 (-95.1, 109.1)

All 2.59 2.28 2.02 -11.94 (-49.31, 
25.43) -11.26 (-53.86, 31.34) 2.87 2.48 2.16 -13.53 (-47.69, 20.63) -13.08 (-52.82, 26.65)

* Percentage decrease is statistically significant (P<0.05).
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Cause-specific childhood mortality rates

Examining the distribution of cause-specific mortality rates across multiple age groups and study 

periods, we found no statistically significant variations in the OECD countries studied. The only 

exception was a significant decrease in deaths in the first year of life for conditions originating in the 

early neonatal period (2001/2005 - 2006/2010: from 266.3 to 239.8 per 100,000, %Δ -9.9% [95% CI 

-18.4%, -1.5%]; 2006/2010 - 2011/2015: from 239.8 to 193.8 per 100,000, %Δ -19.2% [95% CI -

27.9%, -10.4%]) (Table S3).

Despite this variation, globally, for the years 2001/2005, 2006/2010 and 2011/2015, there were no 

significant differences in the age-specific percentage distribution of causes of death (<1 years: 

Friedman test 0.955, P 0.372, 1-4 years: Friedman test 0.864, P 0.607; 5-9 years: Friedman test 0.470, 

P 0.740; 10-14 years: Friedman test 1.773, P 0.398) The three leading causes of death by age groups 

over the 15-year study period were the following: conditions originating in the early neonatal period, 

congenital cardiovascular anomalies, and pneumonia for <1 year; congenital cardiovascular 

anomalies, leukaemia, and respiratory diseases (excl. pneumonia/flu) for all other age groups (Table 

3).
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Table 3. Percentage Distribution of the Causes of Death Amenable to Healthcare in 34 OECD Countries, Years 2001/2005, 2006/2010 and 
2011/2015.

<1 Year
Rank (%)

1–4 Years
Rank (%)

5–9 Years
Rank (%)

10–14 Years
Rank (%)Cause of Death

2001/05 2006/10 2011/15 2001/05 2006/10 2011/15 2001/05 2006/10 2011/15 2001/05 2006/10 2011/15
Tuberculosis #16 (0.01) #18 (0.01) #19 (0.00) #15 (0.27) #16 (0.24) #16 (0.24) #17 (0.31) #18 (0.28) #21 (0.11) #19 (0.35) #20 (0.17) #20 (0.22)
Septicaemia #4 (1.50) #4 (1.39) #4 (1.04) #5 (7.57) #5 (8.18) #6 (6.88) #7 (5.15) #7 (5.67) #7 (5.26) #7 (4.17) #7 (4.92) #7 (4.29)
Pneumonia #3 (1.82) #3 (1.53) #3 (1.30) #4 (12.35) #4 (12.20) #4 (12.24) #4 (8.58) #4 (7.90) #5 (9.12) #6 (7.59) #6 (6.73) #6 (7.27)
Influenza #13 (0.08) #13 (0.08) #13 (0.09) #10 (2.16) #10 (1.92) #10 (2.39) #9 (1.66) #8 (2.54) #8 (2.97) #11 (1.15) #9 (2.15) #9 (1.77)
Intestinal infections other 
than typhoid, diphtheria 
(0–14 yrs)

#7 (0.27) #5 (0.60) #5 (0.72) #9 (2.45) #9 (3.05) #8 (3.98) #13 (0.87) #12 (1.25) #10 (2.00) #16 (0.54) #15 (0.62) #13 (1.00)

Diphtheria, Tetanus, 
Poliomyelitis #24 (0.00) #25 (0.00) #25 (0.00) #28 (0.01) #30 (0.00) #30 (0.00) #26 (0.03) #26 (0.03) #26 (0.02) #30 (0.02) #32 (0.00) #30 (0.00)

Whooping cough (0–14 
yrs) #11 (0.11) #12 (0.10) #10 (0.19) #26 (0.02) #27 (0.01) #22 (0.05) #30 (0.00) #31 (0.00) #26 (0.02) #30 (0.02) #30 (0.03) #30 (0.00)

Measles (1–14 yrs) #29 (0.00) #30 (0.00) #25 (0.00) #21 (0.15) #30 (0.00) #23 (0.02) #19 (0.27) #29 (0.01) #28 (0.00) #24 (0.11) #27 (0.07) #27 (0.04)
Colorectal cancer #22 (0.00) #22 (0.00) #19 (0.00) #25 (0.03) #23 (0.03) #23 (0.02) #24 (0.06) #22 (0.07) #25 (0.07) #18 (0.36) #18 (0.24) #17 (0.39)
Malignant neoplasm of 
skin #24 (0.00) #26 (0.00) #23 (0.00) #26 (0.02) #25 (0.02) #28 (0.01) #26 (0.03) #24 (0.06) #23 (0.09) #27 (0.04) #26 (0.09) #23 (0.10)

Breast cancer #23 (0.00) #23 (0.00) #23 (0.00) #29 (0.00) #27 (0.01) #23 (0.02) #25 (0.04) #26 (0.03) #28 (0.00) #32 (0.01) #29 (0.04) #30 (0.00)
Cervical cancer and 
uterine cancer #24 (0.00) #26 (0.00) #25 (0.00) #29 (0.00) #26 (0.02) #23 (0.02) #30 (0.00) #29 (0.01) #28 (0.00) #29 (0.03) #31 (0.01) #27 (0.04)

Neoplasm of the testis #24 (0.00) #23 (0.00) #25 (0.00) #23 (0.05) #21 (0.05) #23 (0.02) #26 (0.03) #26 (0.03) #23 (0.09) #23 (0.13) #25 (0.11) #21 (0.14)
Hodgkin’s disease #29 (0.00) #26 (0.00) #25 (0.00) #24 (0.04) #27 (0.01) #28 (0.01) #16 (0.35) #17 (0.31) #15 (0.31) #13 (0.83) #13 (0.92) #15 (0.57)
Leukaemia #8 (0.21) #8 (0.26) #8 (0.24) #3 (14.55) #3 (13.99) #2 (14.99) #1 (31.72) #1 (28.35) #1 (27.31) #1 (31.3) #1 (30.01) #1 (30.24)
Thyroid disorders #17 (0.01) #21 (0.01) #22 (0.00) #22 (0.10) #21 (0.05) #21 (0.07) #23 (0.10) #24 (0.06) #21 (0.11) #24 (0.11) #24 (0.12) #24 (0.08)
Diabetes mellitus #21 (0.01) #15 (0.02) #17 (0.01) #13 (0.42) #13 (0.38) #14 (0.31) #12 (0.97) #13 (0.86) #13 (0.81) #8 (2.49) #8 (2.31) #8 (1.97)
Epilepsy #9 (0.17) #9 (0.17) #9 (0.23) #7 (5.16) #7 (5.50) #5 (7.20) #5 (7.81) #5 (7.86) #4 (10.37) #5 (7.73) #5 (7.89) #4 (10.36)
Rheumatic heart diseases #15 (0.02) #17 (0.01) #18 (0.01) #18 (0.21) #15 (0.25) #20 (0.12) #17 (0.31) #20 (0.15) #18 (0.20) #17 (0.46) #17 (0.34) #18 (0.28)
Ischemic heart diseases: 
50% of deaths #14 (0.04) #14 (0.04) #14 (0.03) #16 (0.25) #17 (0.22) #15 (0.28) #15 (0.38) #15 (0.40) #16 (0.24) #15 (0.63) #16 (0.59) #14 (0.59)

Cerebrovascular diseases #6 (0.51) #6 (0.60) #6 (0.38) #8 (3.86) #8 (4.13) #9 (3.38) #6 (6.87) #6 (7.13) #6 (6.69) #4 (8.12) #4 (8.99) #5 (9.08)
Hypertensive diseases #19 (0.01) #16 (0.01) #15 (0.01) #20 (0.17) #20 (0.13) #18 (0.19) #21 (0.19) #19 (0.21) #18 (0.20) #21 (0.22) #19 (0.18) #24 (0.08)
Nephritis and nephrosis #5 (0.54) #7 (0.49) #7 (0.25) #11 (1.41) #11 (1.48) #12 (1.12) #10 (1.60) #10 (1.69) #11 (1.72) #9 (1.79) #10 (1.91) #12 (1.24)
Benign prostatic 
hyperplasia #29 (0.00) #30 (0.00) #25 (0.00) #29 (0.00) #30 (0.00) #30 (0.00) #30 (0.00) #31 (0.00) #28 (0.00) #33 (0.00) #32 (0.00) #30 (0.00)

All respiratory diseases, 
excl. 
pneumonia/influenza (1–
14 yrs)

#29 (0.00) #30 (0.00) #25 (0.00) #2 (15.6) #2 (16.79) #3 (14.25) #3 (12.91) #2 (16.28) #2 (13.87) #3 (13.66) #2 (15.28) #2 (13.66)

Peptic ulcer #17 (0.01) #19 (0.01) #19 (0.00) #19 (0.19) #19 (0.17) #16 (0.24) #22 (0.16) #21 (0.13) #18 (0.20) #20 (0.24) #20 (0.17) #19 (0.26)
Appendicitis #20 (0.01) #19 (0.01) #16 (0.01) #14 (0.3) #17 (0.22) #19 (0.18) #14 (0.78) #14 (0.75) #14 (0.46) #14 (0.79) #14 (0.75) #16 (0.53)
Abdominal hernia #10 (0.17) #10 (0.13) #12 (0.11) #17 (0.24) #14 (0.36) #13 (0.33) #20 (0.21) #16 (0.33) #17 (0.22) #22 (0.20) #22 (0.15) #21 (0.14)
Cholelithiasis and 
cholecystitis #24 (0.00) #26 (0.00) #25 (0.00) #29 (0.00) #23 (0.03) #30 (0.00) #26 (0.03) #22 (0.07) #28 (0.00) #27 (0.04) #28 (0.05) #27 (0.04)

Maternal deaths #29 (0.00) #30 (0.00) #25 (0.00) #29 (0.00) #30 (0.00) #30 (0.00) #30 (0.00) #31 (0.00) #28 (0.00) #26 (0.08) #23 (0.13) #26 (0.06)
Conditions originating in 
the early neonatal period #1 (80.02) #1 (81.25) #1 (80.69) #6 (5.59) #6 (5.6) #7 (5.06) #8 (2.25) #9 (2.48) #9 (2.80) #10 (1.57) #11 (1.78) #10 (1.52)
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Congenital 
cardiovascular anomalies #2 (14.38) #2 (13.15) #2 (14.55) #1 (25.67) #1 (23.63) #1 (25.21) #2 (14.91) #3 (13.67) #3 (13.12) #2 (14.13) #3 (12.17) #3 (12.62)

Misadventures to patients 
during surgical and 
medical care

#12 (0.09) #11 (0.11) #11 (0.11) #12 (1.17) #12 (1.33) #11 (1.18) #11 (1.41) #11 (1.37) #12 (1.61) #12 (1.08) #12 (1.08) #11 (1.40)

Total number of deaths 190 169.5 175 008 105 210.5 14 437.5 12 738 8491.5 7704.5 6706 4541 9109 7578.5 4921
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Country-specific childhood amenable mortality rates 

The amenable mortality rate for the population aged <1 year dropped significantly over the study 

period in 24 countries (United States, Israel, Japan, South Korea, Czech Republic, Estonia, France, 

Germany, Italy, Greece, Latvia, Lithuania, Hungary, Denmark, Finland, Sweden, Poland, Spain, 

Netherland, Austria, Portugal, Ireland, United Kingdom and Australia). In addition to the decrease in 

conditions originating in early neonatal period mortality, other causes contributed to a significant 

reduction in mortality: septicaemia, pneumonia and nephritis/nephrosis played roles in the United 

States, septicaemia played a role in Poland, and congenital cardiovascular anomalies played roles in 

Japan and Spain (Table S4).

Although the overall OECD rate did not decrease significantly in the population aged ≥1 years, some 

country-specific data exhibited significant trends (Tables 1). In 8 countries (Chile, United States, 

South Korea, France, Germany, Ireland, Portugal and Spain), there was a significant decrease in the 

mortality rate of children aged 1 to 4 (Table 1); the decline in pneumonia played an important role in 

Chile and the United States, respiratory diseases in South Korea, Ireland and Portugal, and congenital 

cardiovascular anomalies in Chile, United States, South Korea and Ireland (Table S5). 

In 3 countries (Canada, South Korea and Portugal), a significant decrease in the mortality rate of 

children aged 5 to 9 (Table 2) was observed, driven by a significant decrease in deaths from 

leukaemia, pneumonia and respiratory pathologies, respectively (Table S6). In 4 countries (South 

Korea, Latvia, Lithuania and Portugal) there was a significant decrease in the mortality rate of 

children aged 10 to 14 (Table 2). For this age group, no specific condition contributed to this trend in 

a predominant way (Table S7).

DISCUSSION

In this observational longitudinal study, we found a significant decline in childhood amenable 

mortality rates for the <1 age group in all 34 OECD countries between 2001/2005 and 2011/2015, 

and a slow decline in the other age groups. These results confirm the trend shown by previous studies 
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conducted on six OECD countries that were selected to provide a variety of forms of health care 

delivery between 1956 and 1980,[22] and these results highlight that policies to reduce amenable 

mortality rates are still needed, even in settings where the quality of medical services and resources 

is high.

These results were affected by the fact that the only cause of death that was significantly reduced was 

conditions originating in the early neonatal period in the <1-year class. Surprisingly, the decline was 

not more pronounced among countries with higher mortality in 2001, indicating that continued gains 

occurred both in low-mortality and high-mortality countries. The most representative countries were 

Japan and Finland, which showed a remarkable improvement in their performance, despite starting 

from low values in 2001/2005, and countries such as Hungary and the US, which showed high 

amenable mortality rates in 2001/2005.

The strong decline in the amenable rate for conditions originating in the early neonatal period suggests 

that substantial progress has been made in the improvement of timely and effective healthcare, on 

those factors that the literature considers important for amenable mortality and referring to a national 

policy on providing access to healthcare services[23] and cooperation between healthcare 

professionals, on the implementation of a perinatal audit[24] or the presence and content of clinical 

practice guidelines for antenatal and perinatal care, and/or on barriers to the adherence of these 

guidelines.[25] The 4 most representative countries mentioned above may again be taken as 

examples. In Japan, the marked decrease in amenable mortality to 54.2 since 2001 was likely achieved 

through improvements in access to medical care, permitting a significant decline in home births and 

an increase in the number of births in hospitals and/or clinics (hospital births). Prompt and appropriate 

medical care in cases of perinatal problems, guaranteed through the introduction of effective medical 

care and innovative treatments, appears to be another important factor contributing to improvements 

in outcomes for children.[26] A system organised by the level of the care that promises all children 

access to the appropriate level of the care may have improved the outcome in Finland,[27] so changes 

may also result from national programmes, such as the National Fetal and Infant Mortality Review 
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Program (NFIMR) in the US. The decrease of mortality in Hungary may be due to the introduction 

of evidence-based protocols on routine and essential new-born care to the hospital and trained 

delivery room and nursery staff members on the protocols.[28]

Our results on country-specific childhood amenable mortality rates showed that the reductions in the 

age classes’ mortality rates were not evenly distributed across OECD countries. There was not a 

single cause for which the age classes’ mortality rates declined in the countries studied, and the 

success in reducing mortality rates was not consistent for all causes. These achievements corroborate 

another of our results, highlighting that the causal distribution of the age classes’ mortality rates did 

not vary over the period examined and that the conditions originating in the early neonatal period, 

namely, congenital cardiovascular anomalies, pneumonia, leukaemia, and all respiratory diseases 

(excl. pneumonia/influenza), are always positioned in high ranks. Because these are the main causes 

related to chronic disorders and pathologies that require acute care delivered quickly, our results 

suggest that the models of care for children must be revised. Wolf[29] highlights that the presence of 

children with chronic disorders requires substantial changes from a hospital-centric model to a model 

in which primary care and secondary care providers and public health services work closely together. 

Community-based delivery improves access and represents the first contact between patients and 

clinicians. Although an international debate is open on the best pattern of paediatric primary care 

among a paediatrician-based system, a combined system or a system based on GPs/FDs,[30] some 

authors highlight the importance of primary care paediatricians, especially to diagnose diseases such 

as cancer. Symptom interpretation is crucial because it influences the time interval from the first 

symptom presentation to diagnosis, but it can be difficult because the numbers are small and children 

with cancer present vague and non-specific symptoms.[31] Primary care paediatricians who look after 

children are likely to have more professional training and competencies than a general practitioner 

(GP).[29]

The mortality rates for pneumonia were high for the <1-year age group, especially in 3 states: Poland, 

Slovakia and Chile. There may be several reasons for these high rates. In Chile, the healthcare system 
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replicates class inequalities. Studies have identified and tracked several important inequalities in the 

burden of infant mortality for infectious diseases by socioeconomic level in Chile, and they have 

shown that this gap is discriminatory because disadvantaged households underutilise health care 

services (due to social or economic exclusion).[32] The mortality trend for pneumonia in Poland 

might be partly explained by differences in timely antimicrobial treatment together with the only 

recommendation for the vaccines against invasive infections caused by S. pneumonia, which means 

that they are not refunded by the Ministry of Health.[33] The Slovak social health insurance system 

formally covers all residents and has a benefit package that all insurance companies must provide for 

their insured. In theory, the insurance system is thus designed to provide everybody with the same 

benefit package, regardless of their health status, ability to pay or place of residence. In practice, 

coverage varies across the country, mainly because the supply of human resources is not adequate in 

all regions and districts, and sometimes providers are simply not available. If providers are available, 

they also tend to cluster in regional capitals. The Slovak Republic has one of the largest disparities in 

doctor supply between urban and rural areas among EU countries. In addition, there are large 

variations in the availability of specialists and GPs in each region. Deprived areas tend to have fewer 

doctors and other health professionals, especially areas with a large Roma population, a group that 

suffers from a poor health status and has limited access to care.[34]

Our study has the same limitations as all studies that use secondary data. It is undeniable that 

international variations in birth registration laws and practices and the process of death certification 

have the potential to bias the international comparisons of child mortality. Additionally, international 

comparisons of mortality rates are confounded by the various ways in which countries classify 

preterm infants near the threshold of viability.[35–37] Considering these issues, our study analyses 

the trend of amenable mortality rates, and a comparison analysis was not performed.

Although much of the literature assessing the contribution of health care to health focuses on mortality 

data, data on children may be of limited value because the number of deaths is small, making 
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interpretation difficult. However, we believe that the problem of low numbers is mitigated by the fact 

that our study analysed the rates and trajectory of multiple countries over the 15-year time period.

Finally, our analysis did not account for mortality disparities within countries that were attributable 

to ethnicity, race or socioeconomic characteristics, geographic residence, or race/ethnicity since our 

data sources did not collect demographic or social information. Evidence from the US, for example, 

also showed higher levels of amenable mortality among people disadvantaged in terms of race or 

socioeconomic status.[38,39] Considering that the perinatal mortality of the US has a prevailing effect 

on premature births and that striking racial disparities persist, with African Americans exhibiting 

higher rates of preterm delivery than any other major racial/ethnic group,[40] potentially large 

variations within populations may be concealed.

Some preliminary conclusions can be drawn from this study. Over the 15-year period from 2001 to 

2015, the under-1-year-old amenable mortality rate progressively declined in 24 OECD countries. 

Second, OECD countries had success in reducing mortality from conditions originating in the early 

neonatal period. These are tremendous successes of the public health system.

Finally, the low decline in amenable mortality rates for children ≥1 year, the variance in amenable 

mortality rates across countries and the insufficient success in reducing mortality from all causes 

suggest that the heath system must increase its efforts to improve health outcomes for children.
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WHAT IS ALREADY KNOWN ON THIS SUBJECT

Many different factors contributing to child and adolescent mortality have been studied, including: 

biological and psychosocial factors, such as sex, race, ethnic origin or disability, socioeconomic 

status, engagement in behaviours such as smoking, alcohol misuse, drug misuse, poor diet, and 

physical activity during adolescence and the physical environment. Whereas the mortality burden is 

conditioned by the performance of the health care system has not been well investigated. 

WHAT THIS STUDY ADDS

Over the 15-year period from 2001 to 2015, the under-1-year-old amenable mortality rate 

progressively declined in 24 OECD countries. OECD countries had success in reducing mortality 

from conditions originating in the early neonatal period. These are tremendous successes of the public 

health system. The low decline in amenable mortality rates for children ≥1 year, the variance in 

amenable mortality rates across countries and the insufficient success in reducing mortality from all 

causes suggest that the heath system must increase its efforts to improve health outcomes for children.
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Table S1. Data Availability for the 34 OECD Countries (0 “Not Available”/1 “Available”).
Year

Country

20
01

20
02

20
03

20
04

20
05

20
06

20
07

20
08

20
09

20
10

20
11

20
12

20
13

20
14

20
15 Total

Canada 1 1 1 1 1 1 1 1 1 1 1 1 1 0 0 13
Chile 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 15
United States 
of America 1 1 1 1 1 1 1 1 1 1 0 1 0 0 1 12

Israel 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 15
Japan 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 15
Republic of 
Korea 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 15

Austria 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 15
Belgium 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 15
Czech 
Republic 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 15

Denmark 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 15
Estonia 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 15
Finland 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 15
France 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0 14
Germany 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 15
Greece 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 15
Hungary 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 15
Iceland 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 15
Ireland 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0 14
Italy 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 15
Latvia 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 15
Lithuania 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 15
Luxembourg 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 15
Netherlands 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 15
Norway 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 15
Poland 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 15
Portugal 1 1 1 0 0 0 1 1 1 1 1 1 1 1 0 11
Slovakia 1 1 1 1 1 1 1 1 1 1 0 1 1 1 0 13
Slovenia 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 15
Spain 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 15
Sweden 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 15
Switzerland 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 15
United 
Kingdom 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 15

Australia 1 1 1 1 0 1 1 1 1 1 1 1 1 1 1 14
New Zealand 1 1 1 1 1 1 1 1 1 1 1 1 1 0 0 13
All OECD 
countries 34 34 34 33 32 33 34 34 34 34 32 34 33 31 28 494

Notes:Causes of death are coded according to the ICD-9 (Austria 2001;Greece 2001/2013; Ireland 2001/2006; Italy 
2001/2002; Portugal 2001) or ICD-10 (all other country-years). Reference populations for some country-years were 
retrieved from UNdata if not available in the WHO Mortality Database (Canada 2006/2013; Chile 2001/2015; United States 
of America 2008/2010, 2012, 2015; Finland 2015; Ireland 2010, 2014; Switzerland 2014/2015).
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Table S2. Nolte and McKee’s list of causes of death considered amenable to health care.

Disease category Age Diseases ICD-9 
codes

ICD-10 
codes

0-74 Tuberculosis 010-8, 137 A15-9, B90
0-74 Septicemia 038 A40-1
0-74 Pneumonia 480-6 J12-8
0-74 Influenza 487 J10-1

0-14 Intestinal infections (other than 
typhoid, diphtheria) 001-9 A00-9

0-74 Diphtheria, Tetanus, Poliomyelitis 032, 037, 
045

A35-6, 
A80

0-14 Whooping cough 033 A37

Infectious diseases

1-14 Measles 055 B05
0-74 Colorectal cancer 153-4 C18-21
0-74 Malignant neoplasm of skin 173 C44
0-74 Breast cancer 174 C50

0-44 Cervical cancer and uterine cancer 179, 180, 
182 C53-5

0-74 Neoplasm of the testis 186 C62
0-74 Hodgkin’s disease 201 C81

Cancers

0-44 Leukemia 204-8 C91-5
0-74 Thyroid disorders 240-6 E00-7Endocrine, nutritional 

and metabolic diseases 0-49 Diabetes mellitus 250 E10-4
Diseases of the nervous 
system 0-74 Epilepsy 345 G40-1

0-74 Rheumatic heart diseases 393-8 I05-9

0-74 Ischemic heart diseases: 50% of 
deaths 410-4 I20-5

0-74 Cerebrovascular diseases 430-8 I60-9

Diseases of the 
circulatory system

0-74 Hypertensive diseases 401-5 I10-3, I15

0-74 Nephritis and nephrosis 580-9
N00-7, 
N17-9, 
N25-7

Diseases of the 
genitourinary system

0-74 Benign prostatic hyperplasia 600 N40
Diseases of the 
respiratory system 1-14 All respiratory diseases (excl. 

pneumonia/influenza)
460-79, 
488-519

J00-9, J20-
99

0-74 Peptic ulcer 531-3 K25-7
0-74 Appendicitis 540-3 K35-8
0-74 Abdominal hernia 550-3 K40-6

Diseases of the digestive 
system

0-74 Cholelithiasis and cholecystitis 574-5 K80-1
0-74 Maternal deaths 630-76 O00-99

0-74 Conditions originating in the early 
neonatal period 760-79 P00-96Perinatal mortality

0-74 Congenital cardiovascular 
anomalies 745-7 Q20-8

External causes 0-74 Misadventures to patients during 
surgical and medical care

E870-6, 
E878-9

Y60-9, 
Y83-4

Source: Nolte and McKee 2008; Gay et al. 2011. 

Page 25 of 33

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60



For peer review only

S3. Yearly Amenable Mortality rates (Per 100,000) of Conditions originating in early neonatal period for Age <1 in 34 OECD Countries, 2001/2005, 2006/2010 and 2011/2015

Country Rate 2001/2005 Rate 2006/2010 Rate 2011/2015 % Change 2006/10 – 2001/05 % Change 2011/15 – 2006/10
Canada 293.1 (285, 301.5) 297.1 (289.2, 305.1) 290.8 (280.9, 301) 1.3 (-7.4, 10.1) -2.1 (-10.3, 6.1)
Chile 329.3 (319.2, 339.7) 341.9 (331.7, 352.3) 324.2 (314.3, 334.4) 3.8 (-6.2, 13.8) -5.2 (-14.3, 3.9)
United States of America 349.6 (347, 352.2) 322.1 (319.7, 324.5) 295.6 (291.9, 299.5) -7.9 (-10, -5.7) * -8.2 (-10.5, -5.9) *
Israel 229.6 (218.5, 241.1) 174.4 (165.2, 184) 142.4 (134.6, 150.7) -24 (-36.3, -11.7) * -18.3 (-32.5, -4.2) *
Japan 83.6 (81.2, 86) 68.1 (65.9, 70.3) 54.2 (52.2, 56.2) -18.5 (-26.4, -10.7) * -20.4 (-29.2, -11.6) *
Republic of Korea 262 (255.6, 268.5) 186.9 (181.2, 192.7) 160.1 (154.9, 165.5) -28.7 (-34.9, -22.4) * -14.3 (-22.9, -5.7) *
Austria 250.9 (235.3, 267.2) 203.5 (189.5, 218.3) 162.4 (150.1, 175.5) -18.9 (-36, -1.8) * -20.2 (-38.8, -1.6) *
Belgium 193.2 (182, 205) 182.4 (172, 193.4) 162.9 (153.1, 173.2) -5.6 (-23.1, 11.9) -10.7 (-27.5, 6.1)
Czech Republic 209.9 (197, 223.4) 167 (156.6, 178) 136 (126.4, 146.1) -20.4 (-36.3, -4.6) * -18.6 (-36, -1.1) *
Denmark 231.3 (215, 248.5) 160.1 (146.6, 174.6) 190.5 (174.9, 207) -30.8 (-48.1, -13.4) * 18.9 (-12.9, 50.8)
Estonia 290.7 (251.3, 334.7) 188.6 (159.2, 221.8) 109.8 (86.8, 137.1) -35.1 (-66.2, -4) * -41.8 (-77.5, -6) *
Finland 142 (128.4, 156.6) 117.4 (105.4, 130.4) 84.4 (74.2, 95.5) -17.3 (-43.8, 9.2) 28.2 (-54.3, -2.1) *
France 190.6 (186.2, 195) 175.2 (171, 179.4) 177.1 (172.4, 181.9) -8.1 (-14.9, -1.3) * 1.1 (-6.5, 8.7)
Germany 195 (190.4, 199.6) 182.5 (178, 187.1) 170.3 (166, 174.7) -6.4 (-13.5, .8) -6.7 (-14.1, .8)
Greece 209 (196.8, 221.9) 155.4 (145.3, 165.9) 164.9 (153.7, 176.6) -25.7 (-40.4, -10.9) * 6.1 (-16.4, 28.7)
Hungary 432.5 (414, 451.7) 334.2 (318, 350.9) 278.4 (263.1, 294.2) -22.7 (-34, -11.5) * -16.7 (-30.5, -2.9) *
Iceland 119.9 (77.5, 176.9) 102 (65.3, 151.8) 67.5 (37.8, 111.3) -14.9 (-121.4, 85.1) -33.8 (-129.2, 61.6)
Ireland 189.8 (174.4, 206.3) 154 (141.3, 167.7) 145.1 (131.5, 159.7) -18.9 (-40.4, 2.7) -5.8 (-31.2, 19.6)
Italy 232.6 (226.9, 238.4) 203.1 (197.8, 208.4) 177.9 (172.7, 183.1) -12.7 (-19.7, -5.7) * -12.4 (-20, -4.8) *
Latvia 408.7 (370.3, 450) 348.6 (314.9, 384.9) 270.5 (239.3, 304.6) -14.7 (-41, 11.6) -22.4 (-49.2, 4.4)
Lithuania 261.4 (236.2, 288.5) 235.8 (212, 261.6) 162.6 (143, 184.2) -9.8 (-38.6, 19.1) -31.1 (-56, -6.1) *
Luxembourg 203.1 (152.6, 265.1) 104.2 (69.8, 149.7) 113.3 (78.5, 158.4) -48.7 (-100.4, 3) 8.7 (-111.7, 108.7)
Netherlands 249.5 (239.8, 259.5) 211.4 (202.1, 221) 199.9 (190.6, 209.5) -15.3 (-26.5, -4.1) * -5.4 (-19.1, 8.2)
Norway 166.1 (151.5, 181.8) 158.6 (144.7, 173.6) 123.9 (111.6, 137.2) -4.5 (-31.7, 22.7) -21.9 (-45.6, 1.8)
Poland 360.4 (351.7, 369.3) 306.1 (298.4, 313.9) 232.3 (225.4, 239.3) -15.1 (-21.7, -8.4) * -24.1 (-30.7, -17.5) *
Portugal 233.6 (217.6, 250.4) 179.5 (166.7, 193) 181.2 (167.5, 195.6) -23.2 (-37.6, -8.7) * .9 (-20.4, 22.3)
Slovakia 301.7 (281, 323.6) 256.6 (238.2, 275.9) 240.2 (217.4, 264.7) -15 (-34.1, 4.2) -6.4 (-28.3, 15.5)
Slovenia 203.7 (175, 235.7) 168.8 (144.7, 195.9) 122.3 (102.3, 145.1) -17.1 (-55.7, 21.5) -27.6 (-64.2, 9.1)
Spain 209.6 (203.5, 215.8) 181.7 (176.4, 187.1) 166.7 (161.4, 172.1) -13.3 (-21.4, -5.3) * -8.2 (-17.2, .7)
Sweden 142.5 (132.1, 153.6) 103.8 (95.4, 112.7) 109.4 (101, 118.3) -27.2 (-45.3, -9.1) * 5.4 (-21.4, 32.2)
Switzerland 217.4 (202.5, 233.1) 233.3 (218.2, 249.3) 207.7 (193.9, 222.3) 7.3 (-15.7, 30.4) -11 (-29.8, 7.8)
United Kingdom 289.4 (283.8, 295.2) 256.5 (251.5, 261.6) 214.1 (209.6, 218.7) -11.4 (-16.9, -5.9) * -16.6 (-22, -11.2) *
Australia 244 (234.5, 253.9) 218 (210.4, 225.9) 180.6 (173.9, 187.5) -10.7 (-20.6, -.7) * -17.2 (-26.7, -7.6) *
New Zealand 255.5 (237.2, 274.9) 225.8 (209.4, 243.1) 242.9 (220.9, 266.6) -11.6 (-32.2, 8.9) 7.6 (-17.2, 32.4)
All OECD countries 266.3 (264.9, 267.6) 239.8 (238.6, 241.1) 193.8 (192.5, 195.1) -9.9 (-18.4, -1.5) * -19.2 (-27.9, -10.4) *
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Table S4. Percentage Distribution of Causes of Death Amenable to Healthcare for Age <1 Year in 34 OECD Countries, Years 2011/2015.

CountryCause of Death CA CL US IL JP KR AT BE CZ DK EE FI FR DE GR HU IS IE IT LV LT LU NL NO PL PT SK SI ES SE CH GB AU NZ
Tuberculosis 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.2 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Septicemia 0.6 0.4 1.3 1.4 4.3 0.4 0.1 0.8 1.1 0.0 0.0 0.9 0.5 0.6 2.2 0.1 5.3 0.8 1.6 0.3 1.8 0.0 0.5 0.4 0.8 0.9 0.5 0.0 0.6 2.1 0.0 0.6 0.7 0.9
Pneumonia 0.5 2.7 1.1 0.9 3.6 0.7 0.6 0.7 2.7 0.8 2.0 0.9 0.1 0.5 4.0 1.0 0.0 0.0 0.5 1.5 3.8 0.0 0.2 0.9 3.7 0.6 8.9 2.6 0.4 2.4 0.7 1.0 1.0 3.7
Influenza 0.1 0.1 0.1 0.0 0.1 0.0 0.1 0.2 0.2 0.0 0.0 0.3 0.1 0.0 0.1 0.1 0.0 0.0 0.0 0.3 0.3 0.0 0.1 0.0 0.1 0.0 0.0 0.0 0.0 0.1 0.0 0.1 0.1 0.0
Intestinal 
infections other 
than typhoid, 
diphtheria (0–14 
yrs)

0.3 0.1 1.7 1.3 1.3 0.5 0.4 0.1 0.8 0.0 0.0 0.0 0.5 0.3 0.0 0.3 0.0 0.2 0.3 0.0 0.3 0.0 0.3 0.2 0.1 0.0 0.5 0.0 0.3 0.3 0.0 0.3 0.4 0.7

Diphtheria, 
Tetanus, 
Poliomyelitis

0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

Whooping cough 
(0–14 yrs) 0.2 0.9 0.1 0.3 0.1 0.0 0.1 0.3 0.0 0.0 0.0 0.3 0.3 0.0 0.1 0.0 0.0 0.2 0.0 0.6 0.6 0.0 0.2 0.0 0.0 0.6 0.2 0.0 0.7 0.3 0.2 0.3 0.2 0.4

Measles (1–14 
yrs) 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

Colorectal cancer 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.2 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Malignant 
neoplasm of skin 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

Breast cancer 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Cervical cancer 
and uterine 
cancer

0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

Neoplasm of the 
testis 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

Hodgkin’s 
disease 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

Leukemia 0.2 0.4 0.1 0.2 0.4 0.4 0.1 0.3 0.2 0.0 0.0 0.3 0.2 0.2 0.8 0.4 0.0 0.0 0.3 0.6 0.0 0.0 0.2 0.4 0.2 0.1 0.3 0.0 0.2 0.5 0.1 0.2 0.2 0.6
Thyroid disorders 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Diabetes mellitus 0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.1 0.0
Epilepsy 0.2 0.2 0.1 0.6 0.1 0.4 0.0 1.0 0.1 0.2 0.0 0.6 0.3 0.3 0.0 0.1 0.0 0.2 0.2 0.0 0.3 0.0 0.4 0.0 0.1 0.0 0.2 0.0 0.6 0.1 0.6 0.3 0.2 0.6
Rheumatic heart 
diseases 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

Ischemic heart 
diseases: 50% of 
deaths

0.0 0.0 0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.1 0.0 0.0

Cerebrovascular 
diseases 0.2 0.1 0.7 0.3 0.5 0.2 0.3 0.1 0.3 0.0 0.0 0.0 0.2 0.2 0.0 0.1 0.0 0.0 0.8 0.0 0.0 0.0 0.2 0.0 0.1 0.4 0.2 0.0 0.2 0.3 0.0 0.4 0.4 0.2

Hypertensive 
diseases 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

Nephritis and 
nephrosis 0.1 0.1 0.6 0.2 0.3 0.2 0.0 0.0 0.1 0.0 0.0 0.9 0.0 0.1 0.0 0.3 0.0 0.2 0.4 0.0 0.0 0.0 0.1 0.2 0.0 0.0 0.0 0.0 0.0 0.0 0.2 0.1 0.1 0.0

Benign prostatic 
hyperplasia 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

All respiratory 
diseases, excl. 
pneumonia/influe
nza (1–14 yrs)

0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

Peptic ulcer 0.0 0.0 0.0 0.0 0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Appendicitis 0.0 0.0 0.0 0.0 0.0 0.0 0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Abdominal hernia 0.1 0.0 0.2 0.1 0.1 0.0 0.0 0.0 0.0 0.2 0.0 0.0 0.0 0.1 0.0 0.0 0.0 0.0 0.6 0.0 0.3 0.0 0.0 0.0 0.0 0.3 0.0 0.0 0.0 0.3 0.0 0.0 0.1 0.2
Cholelithiasis and 
cholecystitis 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

Maternal deaths 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Perinatal deaths, 
excl. stillbirths

87.
3

75.
9

84.
3

75.
1

55.
7

80.
8

82.
0

81.
9

81.
6

86.
5

78.
8

77.
1

83.
9

82.
5

74.
0

79.
8

78.
9

78.
8

79.
1

83.
2

72.
2

89.
5

85.
2

82.
9

73.
6

82.
5

69.
5

85.
2

81.
6

83.
5

82.
5

83.
4

84.
9

82.
4

Congenital 
cardiovascular 
anomalies

9.9 18.
9 9.5 19.

6
32.
9

16.
2

15.
9

14.
2

12.
7

11.
9

19.
2

18.
6

13.
7

14.
8

18.
3

17.
9

15.
8

19.
7

16.
0

13.
1

20.
2

10.
5

12.
2

14.
7

21.
2

14.
6

19.
5

12.
3

15.
3 9.9 15.

6
13.
0

11.
6

10.
4

Misadventures to 
patients during 
surgical and 
medical care

0.1 0.0 0.1 0.1 0.3 0.1 0.1 0.5 0.1 0.5 0.0 0.0 0.0 0.3 0.3 0.0 0.0 0.0 0.0 0.3 0.3 0.0 0.0 0.2 0.1 0.0 0.0 0.0 0.0 0.1 0.1 0.2 0.0 0.0
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Table S5. Percentage Distribution of Causes of Death Amenable to Healthcare for Ages 1–4 Years in 34 OECD Countries, Years 2011/2015.
CountryCause of Death CA CL US IL JP KR AT BE CZ DK EE FI FR DE GR HU IS IE IT LV LT LU NL NO PL PT SK SI ES SE CH GB AU NZ

Tuberculosis 0.0 0.3 0.2 0.0 0.0 0.2 0.0 1.9 0.0 2.6 0.0 0.0 0.6 0.2 1.0 0.0 0.0 0.0 0.7 0.0 0.0 0.0 0.0 0.0 0.2 0.0 0.0 0.0 0.3 0.0 0.0 0.3 0.5 0.0

Septicemia 6.1 2.7 7.1 7.1 7.8 4.9 0.0 16.
0 4.0 0.0 13.

6 0.0 7.7 7.0 2.0 0.9 50.
0 5.4 7.5 14.

3 6.3 0.0 10.
0 2.4 5.5 9.2 1.5 0.0 10.

5 0.0 15.
2 6.5 10.

3
12.
8

Pneumonia 16.
6

11.
6 7.9 6.3 19.

3 8.4 10.
3 7.5 28.

0 2.6 9.1 5.9 3.7 11.
1

21.
0

12.
0 0.0 8.1 4.0 7.1 15.

6 0.0 8.1 14.
3

21.
6 7.7 44.

6 5.9 5.5 15.
4 3.0 13.

7
11.
7

17.
0

Influenza 3.3 0.3 3.1 0.0 3.6 2.1 1.7 1.9 2.7 0.0 0.0 11.
8 1.7 1.0 2.0 0.9 0.0 8.1 1.1 0.0 0.0 0.0 0.0 0.0 0.9 0.0 0.0 0.0 0.6 4.6 0.0 3.3 6.4 4.3

Intestinal 
infections other 
than typhoid, 
diphtheria (0–14 
yrs)

2.2 2.4 2.7 3.9 8.6 3.3 3.4 2.8 5.3 7.7 0.0 2.9 10.
5 3.8 0.0 8.3 0.0 0.0 0.2 0.0 0.0 0.0 4.5 2.4 1.5 1.5 1.5 5.9 1.5 9.2 6.1 2.5 1.5 4.3

Diphtheria, 
Tetanus, 
Poliomyelitis

0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

Whooping cough 
(0–14 yrs) 0.0 0.3 0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 2.1

Measles (1–14 
yrs) 0.0 0.0 0.0 0.0 0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.2 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

Colorectal cancer 0.0 0.0 0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.2 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Malignant 
neoplasm of skin 0.0 0.0 0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

Breast cancer 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.3 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Cervical cancer 
and uterine 
cancer

0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.2 0.0 0.0 0.0 0.0 0.0 7.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

Neoplasm of the 
testis 0.0 0.0 0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.2 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

Hodgkin’s 
disease 0.0 0.3 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

Leukemia 14.
4

20.
1

15.
3

10.
2 9.5 19.

4
17.
2

11.
3

12.
0

28.
2

18.
2

14.
7

19.
4

16.
3

15.
0

18.
5 0.0 16.

2
21.
8

21.
4

15.
6 0.0 21.

7
23.
8

10.
7

23.
1

15.
4

17.
6

18.
3

29.
2

30.
3

11.
2

15.
2

14.
9

Thyroid disorders 0.0 0.0 0.1 0.0 0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.2 0.0 0.0 0.0 0.0 0.2 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.3 0.0 0.0 0.1 0.0 0.0
Diabetes mellitus 0.6 0.0 0.7 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.9 0.7 0.0 0.0 0.0 0.0 0.2 0.0 3.1 0.0 0.0 0.0 0.2 0.0 1.5 0.0 0.0 0.0 0.0 0.4 0.0 0.0

Epilepsy 7.2 11.
9 3.4 22.

0 1.5 17.
5 5.2 10.

3 6.7 5.1 18.
2 5.9 12.

8
10.
9 3.0 11.

1 0.0 21.
6 9.2 7.1 9.4 0.0 19.

0 7.1 4.6 7.7 0.0 5.9 6.4 6.2 3.0 9.1 8.8 12.
8

Rheumatic heart 
diseases 0.0 0.0 0.2 0.0 0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.3 0.0 0.0 0.0 0.0 0.4 0.0 0.0 0.0 0.0 0.0 0.2 0.0 0.0 0.0 0.0 0.0 0.0 0.1 0.0 0.0

Ischemic heart 
diseases: 50% of 
deaths

0.3 0.0 0.6 0.4 0.4 0.0 0.0 0.5 0.0 0.0 0.0 0.0 0.0 0.1 0.0 0.0 0.0 0.0 0.7 0.0 0.0 0.0 0.5 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.3 0.2 0.0

Cerebrovascular 
diseases 7.2 2.7 6.0 2.4 1.4 3.5 0.0 0.9 0.0 0.0 0.0 2.9 6.0 3.1 2.0 1.9 0.0 2.7 4.6 7.1 3.1 0.0 1.8 7.1 1.1 3.1 3.1 0.0 3.5 1.5 6.1 3.1 2.9 0.0

Hypertensive 
diseases 0.0 0.3 0.4 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 1.0 0.0 0.0 0.0 0.0 0.4 0.0 0.0 0.0 0.0 0.0 0.0 1.5 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

Nephritis and 
nephrosis 0.0 2.4 1.6 2.4 0.9 1.4 1.7 3.8 0.0 0.0 0.0 5.9 0.9 1.6 0.0 0.0 0.0 0.0 1.1 0.0 0.0 0.0 0.9 2.4 0.9 0.0 0.0 0.0 0.9 0.0 0.0 0.4 1.0 0.0

Benign prostatic 
hyperplasia 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

All respiratory 
diseases, excl. 
pneumonia/influe
nza (1–14 yrs)

13.
9

11.
2

19.
8

12.
5

14.
1

12.
9

17.
2

14.
1

20.
0

15.
4 9.1 17.

6
12.
3

12.
7 7.0 20.

4 0.0 2.7 12.
3 7.1 0.0 100.

0
15.
4 2.4 2.0 7.7 4.6 5.9 13.

7
10.
8 9.1 19.

1
18.
1 8.5

Peptic ulcer 0.0 0.3 0.0 0.0 0.6 0.5 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.9 0.0 2.7 0.2 0.0 0.0 0.0 0.0 0.0 0.2 0.0 0.0 0.0 0.0 0.0 0.0 0.5 0.0 0.0
Appendicitis 0.6 0.3 0.2 0.8 0.1 0.0 0.0 0.9 0.0 0.0 0.0 0.0 0.3 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.2 0.0 0.0 0.0 0.0 0.0 0.0 0.3 0.5 0.0
Abdominal hernia 0.6 0.3 0.5 0.0 0.5 0.2 0.0 0.9 0.0 0.0 0.0 0.0 0.0 0.2 0.0 0.0 0.0 0.0 0.2 7.1 0.0 0.0 0.0 0.0 0.0 1.5 0.0 0.0 0.3 0.0 0.0 0.3 0.5 0.0
Cholelithiasis and 
cholecystitis 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

Maternal deaths 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Perinatal deaths, 
excl. stillbirths 5.5 5.1 5.6 1.6 3.2 8.4 8.6 5.6 8.0 2.6 0.0 5.9 0.6 5.7 0.0 1.9 0.0 0.0 9.2 0.0 0.0 0.0 2.7 2.4 2.2 1.5 0.0 11.

8
10.
5 9.2 6.1 5.9 6.4 10.

6
Congenital 
cardiovascular 
anomalies

21.
1

26.
9

22.
8

29.
8

27.
1

17.
1

31.
0

21.
6

13.
3

30.
8

31.
8

26.
5

21.
9

21.
5

43.
0

23.
1

50.
0

32.
4

25.
1

21.
4

43.
8 0.0 14.

5
35.
7

47.
3

33.
8

27.
7

41.
2

26.
7

13.
8

21.
2

20.
8

15.
6

12.
8

Misadventures to 
patients during 
surgical and 
medical care

0.6 0.3 1.6 0.8 1.1 0.2 3.4 0.0 0.0 5.1 0.0 0.0 0.9 1.4 4.0 0.0 0.0 0.0 0.9 0.0 3.1 0.0 0.9 0.0 0.6 1.5 0.0 5.9 1.2 0.0 0.0 2.3 0.5 0.0
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Table S6. Percentage Distribution of Causes of Death Amenable to Healthcare for Ages 5–9 Years in 34 OECD Countries, Years 2011/2015.
CountryCause of Death CA CL US IL JP KR AT BE CZ DK EE FI FR DE GR HU IS IE IT LV LT LU NL NO PL PT SK SI ES SE CH GB AU NZ

Tuberculosis 0.0 0.6 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.3 0.0 0.0 0.0 0.0 0.8 0.0 0.0 0.0 0.0 0.0 0.4 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

Septicemia 10.
5 2.2 6.2 12.

7 8.9 1.8 0.0 2.1 0.0 0.0 0.0 0.0 7.1 4.1 0.0 0.0 50.
0 0.0 5.7 5.6 10.

5 0.0 5.9 0.0 3.5 2.9 0.0 0.0 1.2 4.8 3.7 5.8 5.5 8.3

Pneumonia 7.8 7.7 6.4 7.6 16.
8 3.7 3.2 6.3 27.

9
15.
0

60.
0 0.0 2.5 6.6 6.8 6.7 0.0 0.0 2.3 0.0 0.0 0.0 8.8 0.0 28.

0 5.8 26.
9

12.
5 2.0 4.8 3.7 9.0 6.3 0.0

Influenza 5.2 0.0 3.2 0.0 7.3 0.9 0.0 2.1 3.3 5.0 0.0 7.1 1.5 0.9 3.4 0.0 0.0 0.0 0.4 0.0 0.0 0.0 2.9 0.0 1.8 0.0 0.0 12.
5 1.6 7.1 0.0 4.5 3.9 8.3

Intestinal 
infections other 
than typhoid, 
diphtheria (0–14 
yrs)

0.0 0.6 1.6 2.5 4.7 1.8 0.0 4.2 1.6 0.0 20.
0 0.0 2.5 3.4 0.0 3.4 0.0 0.0 0.8 0.0 5.3 0.0 4.4 0.0 0.4 0.0 0.0 0.0 1.2 0.0 0.0 1.3 1.6 0.0

Diphtheria, 
Tetanus, 
Poliomyelitis

0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.4 0.0 0.0 0.0 0.0 0.0

Whooping cough 
(0–14 yrs) 0.0 0.6 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

Measles (1–14 
yrs) 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

Colorectal cancer 0.0 0.0 0.0 2.5 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.4 0.0 0.0 0.0 0.0 0.0
Malignant 
neoplasm of skin 0.0 0.6 0.0 0.0 0.0 0.0 0.0 0.0 1.6 0.0 0.0 0.0 0.0 0.3 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.3 0.0 0.0

Breast cancer 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Cervical cancer 
and uterine 
cancer

0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

Neoplasm of the 
testis 0.0 0.0 0.2 0.0 0.0 0.5 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.3 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

Hodgkin’s 
disease 0.0 0.6 0.2 2.5 0.2 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.5 0.0 0.0 0.0 0.0 0.0 0.8 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.4 0.0 0.0 0.8 0.8 0.0

Leukemia 17.
0

47.
5

20.
6

21.
5

20.
9

39.
4

22.
6

22.
9

27.
9

30.
0 0.0 28.

6
34.
6

25.
3

39.
0

28.
6 0.0 29.

4
39.
9

27.
8

42.
1

33.
3

26.
5

48.
0

16.
7

37.
7

23.
1

62.
5

43.
4

35.
7

40.
7

21.
4

28.
1

25.
0

Thyroid disorders 1.3 0.0 0.2 0.0 0.0 0.5 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.3 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Diabetes mellitus 0.0 0.0 1.9 0.0 0.2 0.0 0.0 0.0 3.3 0.0 0.0 7.1 0.5 1.6 1.7 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.4 0.0 0.0 0.0 0.8 0.0 0.0 0.8 2.3 0.0

Epilepsy 14.
4

12.
2 5.7 11.

4 3.7 17.
9

19.
4

16.
7 9.8 10.

0 0.0 14.
3

19.
3

19.
1 8.5 23.

5 0.0 5.9 6.5 11.
1

15.
8 0.0 19.

1
20.
0 9.2 8.7 7.7 12.

5
10.
5 9.5 14.

8
11.
8

11.
7

25.
0

Rheumatic heart 
diseases 1.3 0.0 0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.4 0.0 0.0 0.0 1.5 4.0 0.4 0.0 0.0 0.0 0.4 0.0 3.7 0.3 0.0 0.0

Ischemic heart 
diseases: 50% of 
deaths

0.7 0.0 0.3 1.3 0.5 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.3 0.0 0.0 0.8 0.0 0.0 0.4 0.0 0.0 0.0 0.0 0.0 0.0 1.4 0.0 0.0 0.2 0.0 0.0 0.3 0.0 0.0

Cerebrovascular 
diseases 3.9 3.9 8.3 2.5 7.3 11.

0 0.0 12.
5 9.8 15.

0
20.
0 0.0 12.

2 4.4 1.7 11.
8 0.0 0.0 6.1 27.

8
10.
5 0.0 5.9 4.0 3.5 2.9 7.7 0.0 5.3 2.4 7.4 5.0 4.7 0.0

Hypertensive 
diseases 0.0 1.1 0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 1.3 0.0 0.0 0.0 0.0 0.8 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

Nephritis and 
nephrosis 0.0 1.1 1.6 5.1 1.6 1.8 0.0 4.2 0.0 0.0 0.0 7.1 0.5 1.6 0.0 1.7 0.0 11.

8 3.8 0.0 0.0 0.0 2.9 0.0 1.4 2.9 3.8 0.0 2.8 0.0 0.0 1.5 0.0 0.0

Benign prostatic 
hyperplasia 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

All respiratory 
diseases, excl. 
pneumonia/influe
nza (1–14 yrs)

19.
6 3.9 24.

5
11.
4

12.
3 9.2 9.7 12.

5 8.2 5.0 0.0 21.
4 9.7 10.

6 5.1 13.
4 0.0 23.

5
10.
3

11.
1 5.3 33.

3 8.8 4.0 4.6 8.7 11.
5 0.0 7.3 4.8 14.

8
20.
6

18.
0

33.
3

Peptic ulcer 0.0 0.6 0.2 0.0 0.6 0.0 0.0 0.0 0.0 5.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.3 0.0 0.0
Appendicitis 0.0 1.7 0.5 0.0 0.5 0.5 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.3 0.0 0.0 0.0 0.0 0.4 0.0 0.0 0.0 0.0 0.0 0.4 2.9 0.0 0.0 0.4 0.0 0.0 1.0 0.0 0.0
Abdominal hernia 0.0 0.0 0.4 0.0 0.5 0.5 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.4 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 2.4 0.0 0.0 0.0 0.0
Cholelithiasis and 
cholecystitis 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

Maternal deaths 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Perinatal deaths, 
excl. stillbirths 5.2 3.3 3.4 0.0 2.7 0.0 6.5 12.

5 1.6 0.0 0.0 7.1 0.0 3.8 0.0 0.0 0.0 5.9 5.3 0.0 0.0 0.0 0.0 8.0 0.4 0.0 0.0 0.0 5.3 9.5 0.0 2.0 3.1 0.0

Congenital 
cardiovascular 
anomalies

11.
8

12.
2

12.
5

16.
5 8.7 9.6 25.

8 4.2 4.9 15.
0 0.0 7.1 8.1 14.

4
30.
5

10.
1

50.
0

23.
5

14.
4

16.
7

10.
5 0.0 13.

2
12.
0

27.
7

17.
4

15.
4 0.0 15.

4
16.
7

11.
1

11.
6

12.
5 0.0

Misadventures to 
patients during 
surgical and 
medical care

1.3 0.0 1.6 2.5 2.7 0.9 12.
9 0.0 0.0 0.0 0.0 0.0 0.5 1.6 3.4 0.0 0.0 0.0 0.8 0.0 0.0 33.

3 0.0 0.0 1.4 8.7 3.8 0.0 0.8 2.4 0.0 2.0 1.6 0.0
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Table S7. Percentage Distribution of Causes of Death Amenable to Healthcare for Ages 10–14 Years in 34 OECD Countries, Years 2011/2015.
CountryCause of Death CA CL US IL JP KR AT BE CZ DK EE FI FR DE GR HU IS IE IT LV LT LU NL NO PL PT SK SI ES SE CH GB AU NZ

Tuberculosis 0.0 0.0 0.0 0.0 0.0 0.7 2.9 2.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 11.
1 0.0 0.0 0.0 0.0 2.4 0.0 0.0 0.8 0.0 0.0 0.5 0.8 0.0

Septicemia 6.5 0.5 5.7 8.3 4.9 1.0 2.9 4.3 2.3 0.0 0.0 5.6 4.1 5.0 2.7 0.0 0.0 0.0 6.1 0.0 22.
2 0.0 7.5 4.3 1.6 4.8 0.0 0.0 2.9 2.2 3.1 5.3 4.0 0.0

Pneumonia 1.9 4.1 4.6 6.7 11.
6 5.6 0.0 4.3 30.

2 8.3 36.
4 0.0 0.5 5.0 10.

8 4.3 0.0 4.2 1.3 0.0 11.
1 0.0 9.6 4.3 26.

6 2.4 44.
4 0.0 3.7 10.

9 3.1 6.7 3.2 11.
5

Influenza 0.0 0.0 3.1 0.0 1.9 0.3 0.0 2.1 0.0 0.0 0.0 0.0 2.7 0.6 2.7 0.0 0.0 0.0 1.3 0.0 0.0 0.0 1.1 17.
4 0.7 0.0 0.0 0.0 0.4 2.2 6.3 2.9 1.6 7.7

Intestinal 
infections other 
than typhoid, 
diphtheria (0–14 
yrs)

0.9 0.5 1.0 0.0 1.7 1.4 0.0 0.0 2.3 0.0 0.0 0.0 2.3 1.2 0.0 1.4 0.0 4.2 0.0 0.0 0.0 0.0 1.1 0.0 0.0 0.0 0.0 0.0 1.2 0.0 0.0 1.0 0.0 7.7
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79 Background. The child mortality burden conditioned by the performance of the healthcare system 

80 has not been well investigated. This study aimed to analyse the trends of amenable mortality rates 

81 (AMRs) in children in 34 OECD countries over the period 2001-2015. 

82 Methods. A time trend analysis was performed. Using data from the WHO Mortality Database and 

83 Nolte and McKee’s list, AMRs were calculated as the annual number of deaths over the population 

84 aged ≤14 years/100,000 inhabitants. The rates were stratified by the age groups (<1, 1–4, 5–9, 10–14 

85 years). All data were summarised by presenting the average rates for the years 2001/2005, 2006/2010, 

86 and 2011/2015. 

87 Results. There was a significant decline in children’s AMRs in the <1-year group in all 34 OECD 

88 countries from 2001/2005 to 2006/2010 (332.78 to 295.17/100,000; %Δ -11.30%; 95% CI -18.75%, 

89 - 3.85%) and from 2006/2010 to 2011/2015 (295.17 to 240.22/100,000; %Δ -18.62%; 95% CI -

90 26.53%, -10.70%), and a slow decline in the other age classes. The only cause of death that was 

91 significantly reduced was conditions originating in the early neonatal period for the <1-year group. 

92 The age-specific distribution of causes of death did not vary significantly over the study period.

93 Conclusion. The low decline in amenable mortality rates for children aged ≥1 year, the large variation 

94 in amenable mortality rates across countries and the insufficient success in reducing mortality from 

95 all causes suggest that the heath system should increase its efforts to enhance child survival. 

96 Promoting models of co-management between primary care and subspecialty services, encouraging 

97 high-quality healthcare and knowledge, financing universal access to healthcare, and adopting best 

98 practice guidelines might help reduce amenable child mortality.

99

100 Strengths and limitations of this study:

101 1. This is the first study to analyse trends in child mortality amenable to healthcare.

102 2. Thirty-four OECD countries were included in the analyses to provide a thorough depiction of 

103 amenable child mortality in high-income economies.

104 3. Mortality was not disaggregated by ethnicity or socioeconomic characteristics.
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105 4. Making international comparisons is difficult due to variations in birth registration laws and 

106 death certification practices.

107

108 Key words: Amenable mortality, child, childhood, healthcare, healthcare services, OECD countries
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109 INTRODUCTION

110

111 The health of children and adolescents is an important goal for every society, both because they are 

112 vulnerable and because diseases can affect their quality of life. Measures for protecting and improving 

113 children's and adolescents' health will yield economic and social benefits beyond improved health 

114 outcomes. Indeed, young people have the potential to affect the health of future populations as well 

115 as global economic development unless timely and effective strategies are put into place.[1,2]

116 For the adoption of new strategies and the planning of interventions, information on the 

117 leading causes of death is essential. Many studies have analysed the mortality rates and have 

118 identified the main causes of death of children in specific countries [3] or areas.[4] Studies have 

119 demonstrated that many different factors contribute to child and adolescent mortality [5], including 

120 biological and psychosocial,[6] socioeconomic status,[7,8] environmental and behavioural factors.[9] 

121 In the landscape described, the mortality burden conditioned by the performance of the healthcare 

122 system has not been well investigated. Although there is no indicator that is able to compressively 

123 reflect the performance of the healthcare system, a suitable measurement seems to be the concept of 

124 amenable mortality.

125 Amenable mortality is defined as deaths that, in the light of medical knowledge and 

126 technology at the time of death, could be prevented by timely access to good quality care. The concept 

127 of mortality amenable to healthcare finds its origins in the evolution of the concept of avoidable 

128 mortality, developed by Rutstein et al., who created a list of conditions that were considered either 

129 treatable or preventable through healthcare services given the current medical knowledge and 

130 technology.[10] Rutstein was the first to introduce the term amenable mortality, differentiating 

131 between causes which are responsive to medical intervention through treatment and 

132 secondary/tertiary prevention actions (e.g., cervical cancer, hypertensive disease or appendicitis), and 

133 causes responsive to actions beyond healthcare services (preventable conditions such as lung cancer 

134 and liver cirrhosis).
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135 In recent years the concept of amenable mortality has been used as a potential indicator of the 

136 performance of healthcare systems by several countries. The amenable mortality has been chosen as 

137 indicator in the UK National Health Service Outcomes Framework for 2011-2012,[11] and in 

138 Australian and New Zealand atlas of avoidable mortality 1997-2001 [12] or in European Community 

139 atlas of “avoidable death”.[13] Amenable mortality indicators have also been used to report on spatial 

140 and temporal distributions and variations in health system performance across countries,[14–20] as 

141 well as across subnational entities,[12,21–25] socio-economic status, ethnic groups and 

142 sex.[14,24,26,27] Most of these studies did not assess amenable mortality across ages in different 

143 populations and did not focus on child and adolescent age classes.

144 According to the World Health Organization (WHO), an estimated 6.3 million children under 

145 the age of 15 years died in 2017 (117,000 in the OECD region). Five point four million of these 

146 children were under the age of 5, and 2.5 million died within the first month of life. More than half 

147 of these early child deaths were due to conditions that could be prevented or treated with access to 

148 simple, affordable interventions and were, consequently, amenable.[2]

149 The purpose of this study was to analyse the trends of amenable child mortality rates in 34 

150 OECD countries from 2001 to 2015, and to evaluate the pattern across age classes.

151

152

153 MATERIALS AND METHODS

154

155 This descriptive study was conducted using secondary data from 34 OECD countries during the 

156 period from 2001 to 2015. Mexico and Turkey, albeit members of the OECD, were not included in 

157 the analysis because these countries are not listed among high-income economies in the World 

158 Development Indicators dataset (gross national income per capita ≥$12,056 for fiscal year 2019)[28] 

159 and had limited data availability. The mortality and population data came from the WHO Mortality 

160 Database,[29] which comprises deaths registered in national vital registration systems, with the 
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161 underlying causes of death coded according to the International Classification of Diseases; no 

162 permission is required from the WHO if data are used for non-commercial purposes. If reference 

163 populations were not available in the WHO Mortality Database, the data were extracted from 

164 UNdata.[30] The country-level data availability is presented in online supplementary file 1.

165 The causes of death amenable to healthcare were selected by means of the list proposed by 

166 Nolte and McKee[14,31] and used in a working paper by the OECD to generate estimates of amenable 

167 mortality for 31 countries.[15] This list includes a selected number of conditions which are treatable 

168 based on the clinical effectiveness of existing medical interventions. The age limit for amenable 

169 deaths is set at 75 years for most conditions, such as cancer and cardiovascular diseases, but the age 

170 limit for some diseases (i.e., whooping cough, measles, intestinal infections, and respiratory diseases 

171 other than pneumonia/influenza) is set at 14 (see online supplementary file 2 for Nolte and McKee’s 

172 full list). The aggregation of the causes of death operated in the WHO Mortality Database prevents 

173 the use of the list of amenable deaths currently adopted by Eurostat.[32]

174 For each country, the amenable mortality rates were calculated as the annual number of deaths 

175 in the population aged 0–14 years per 100,000 inhabitants. The rates were stratified by the age groups 

176 adopted in the WHO Mortality Database (<1, 1–4, 5–9, 10–14 years) and by the 33 disease categories 

177 defined by Gay et al..[15] Due to the instability in the estimates of the annual amenable mortality 

178 rates, especially for small-population countries, all data were summarised by presenting the average 

179 rates for the years 2001/2005, 2006/2010 and 2011/2015. The statistical significance of the percentage 

180 changes between these time periods was assessed by using the formula suggested by Hildebrandt et 

181 al..[33] Data interpretation focused on the countries that showed significant percentage changes over 

182 the entire study period (i.e., both between 2001/05 and 2006/10 and between 2006/10 and 2011/15). 

183 Differences in the ranking of age-specific causes of death between time periods were evaluated with 

184 the Friedman test.

Page 8 of 35

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60



For peer review only

185 All data were analysed using the Stata software package, version 15 (StataCorp. 2017. Stata 

186 Statistical Software: Release 15. College Station, TX: StataCorp LLC). The significance level was 

187 set at .05.

188

189 Ethics statement

190 This descriptive study involved aggregate data that exist in the public domain, where it is not possible 

191 to identify individuals from the information provided. For this reason, this research did not require 

192 ethical approval.

193

194 Patient and public involvement

195 Patients were not involved in this study.

196

197

198 RESULTS

199

200 All-cause amenable child mortality rates

201 The results of the trend analyses conducted over the five-year periods 2001/05, 2006/10 and 2011/15 

202 are presented in Figure 1 and in online supplementary file 3. The amenable mortality rate of the 

203 OECD population with <1 year dropped significantly from 2001/05 to 2006/10 (332.78 to 295.17 per 

204 100,000, %Δ = -11.3%) and from 2006/10 to 2011/15 (295.17 to 240.22 per 100,000, %Δ = -18.6%). 

205 Contrary to the OECD rate of children aged <1 year, in the population aged ≥1 year the overall OECD 

206 rate did not decrease significantly. From 2001/05 to 2006/10 and from 2006/10 to 2011/15, the 

207 mortality rates decreased by 13.4% and 13.0%, respectively, in the 1-4 age group; by 11.9% and 

208 11.3% in the 5-9 age group; and by 13.5% and 13.1% for the 10-14 age group. In 2011/15, the OECD 

209 rate was 4.73 per 100,000 for the 1-4 age group, 2.02 per 100,000 for the 5-9 age group, and 2.16 per 

210 100,000 for the 10-14 age group.

Page 9 of 35

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60



For peer review only

211

212 Cause-specific child mortality rates

213 When we examined the distribution of cause-specific mortality rates across multiple age groups and 

214 study periods, no statistically significant variations in the OECD population were found. The only 

215 exception was a significant decrease in deaths in the first year of life for conditions originating in the 

216 early neonatal period (2001/05 to 2006/10: 266.3 to 239.8 per 100,000, %Δ = -9.9%; 2006/10 to 

217 2011/15: 239.8 to 193.8 per 100,000, %Δ = -19.2%) (see online supplementary file 4).

218 Globally, for the years 2001/05, 2006/10 and 2011/15, there were no significant differences 

219 in the age-specific percentage distribution of causes of death [<1 year: Friedman test (P) = 0.955 

220 (0.372); 1-4 years: 0.864 (0.607); 5-9 years: 0.470 (0.740); 10-14 years: 1.773 (0.398)]. As shown in 

221 Table 1, the three leading causes of death by age groups over the 15-year study period were the 

222 following: conditions originating in the early neonatal period, congenital cardiovascular anomalies, 

223 and pneumonia for children aged <1 year; congenital cardiovascular anomalies, leukaemia, and 

224 respiratory diseases (excl. pneumonia/flu) for all other age groups.

225 Table 1 Percentage Distribution of the Top 10 Causes of Death Amenable to Healthcare in Children in 34 
226 OECD Countries, Years 2001/2005, 2006/2010 and 2011/2015.

2001/05 2006/10 2011/15Cause of Death Rank % Rank % Rank %
<1 Year (n = 190,169.5) (n = 175,008) (n = 105,210.5)
Conditions originating in the early neonatal period #1 80.02 #1 81.25 #1 80.69
Congenital cardiovascular anomalies #2 14.38 #2 13.15 #2 14.55
Pneumonia #3 1.82 #3 1.53 #3 1.30
Septicaemia #4 1.50 #4 1.39 #4 1.04
Intestinal infections other than typhoid, diphtheria #7 0.27 #5 0.60 #5 0.72
Cerebrovascular diseases #6 0.51 #6 0.60 #6 0.38
Nephritis and nephrosis #5 0.54 #7 0.49 #7 0.25
Leukaemia #8 0.21 #8 0.26 #8 0.24
Epilepsy #9 0.17 #9 0.17 #9 0.23
Whooping cough #11* 0.11 #12* 0.10 #10 0.19
Other causes - 0.46 - 0.46 - 0.39

1–4 Years (n = 14,438) (n = 12,738) (n = 8491.5)
Congenital cardiovascular anomalies #1 25.67 #1 23.63 #1 25.21
Leukaemia #3 14.55 #3 13.99 #2 14.99
All respiratory diseases, excl. pneumonia/influenza #2 15.60 #2 16.79 #3 14.25
Pneumonia #4 12.35 #4 12.20 #4 12.24
Epilepsy #7 5.16 #7 5.50 #5 7.20
Septicaemia #5 7.57 #5 8.18 #6 6.88
Conditions originating in the early neonatal period #6 5.59 #6 5.60 #7 5.06
Intestinal infections other than typhoid, diphtheria #9 2.45 #9 3.05 #8 3.98
Cerebrovascular diseases #8 3.86 #8 4.13 #9 3.38
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Influenza #10 2.16 #10 1.92 #10 2.39
Other causes - 5.05 - 5.00 - 4.42

5–9 Years (n = 7705) (n = 6706) (n = 4541)
Leukaemia #1 31.72 #1 28.35 #1 27.31
All respiratory diseases, excl. pneumonia/influenza #3 12.91 #2 16.28 #2 13.87
Congenital cardiovascular anomalies #2 14.91 #3 13.67 #3 13.12
Epilepsy #5 7.81 #5 7.86 #4 10.37
Pneumonia #4 8.58 #4 7.90 #5 9.12
Cerebrovascular diseases #6 6.87 #6 7.13 #6 6.69
Septicaemia #7 5.15 #7 5.67 #7 5.26
Influenza #9 1.66 #8 2.54 #8 2.97
Conditions originating in the early neonatal period #8 2.25 #9 2.48 #9 2.80
Intestinal infections other than typhoid, diphtheria #13† 0.87 #12† 1.25 #10 2.00
Other causes - 7.26 - 6.87 - 6.47

10–14 Years (n = 9109) (n = 7579) (n = 4921)
Leukaemia #1 31.30 #1 30.01 #1 30.24
All respiratory diseases, excl. pneumonia/influenza #3 13.66 #2 15.28 #2 13.66
Congenital cardiovascular anomalies #2 14.13 #3 12.17 #3 12.62
Epilepsy #5 7.73 #5 7.89 #4 10.36
Cerebrovascular diseases #4 8.12 #4 8.99 #5 9.08
Pneumonia #6 7.59 #6 6.73 #6 7.27
Septicaemia #7 4.17 #7 4.92 #7 4.29
Diabetes mellitus #8 2.49 #8 2.31 #8 1.97
Influenza #11‡ 1.15 #9 2.15 #9 1.77
Conditions originating in the early neonatal period #10 1.57 #11‡ 1.78 #10 1.52
Other causes - 8.09 - 7.78 - 7.21

227 * Abdominal hernia was ranked #10 in 2001/05 (0.17%) and 2006/10 (0.13%).
228 † Nephritis and nephrosis were ranked #10 in 2001/05 (1.60%) and 2006/10 (1.69%).
229 ‡ Nephritis and nephrosis were ranked #9 in 2001/05 (1.79%) and #10 in 2006/10 (1.91%).
230

231 Country-specific amenable child mortality rates 

232 As shown in Figure 1 and online supplementary file 3, the amenable mortality rate for the population 

233 aged <1 year dropped significantly over the entire study period in 15 countries (United States, Israel, 

234 Japan, South Korea, Czechia, Estonia, Germany, Italy, Latvia, Hungary, Poland, Spain, Austria, 

235 United Kingdom and Australia). In addition to the decrease in conditions originating in the early 

236 neonatal period, other causes contributed to a significant reduction in mortality for some of these 

237 countries: septicaemia, pneumonia and nephritis/nephrosis in the United States, septicaemia in 

238 Poland, and congenital cardiovascular anomalies in Japan and Spain. See online supplementary file 

239 4 for country-specific and cause-specific mortality rates in the <1-year population.

240 Although the overall OECD rate did not decrease significantly in the population aged ≥1 year, 

241 some country-specific data exhibited significant trends (Figure 1). However, no country showed a 

242 significant linear decline in mortality over the entire study period for all age groups (Figure 1).
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243

244 Figure 1 Yearly Amenable Mortality Rates (Per 100,000) for Ages <1 (a), 1–4 (b), 5–9 (c) and 10–14 (d) in 34 OECD 
245 Countries, 2001/2005, 2006/2010 and 2011/2015 (See Online Supplementary File 1 for Country-Level Data 
246 Availability)
247
248 * Percentage decrease is statistically significant (P<.05).
249 Abbreviations: CA, Canada; CL, Chile; US, United State of America; IL, Israel; JP, Japan; KR, Republic of Korea; AT, Austria; BE, Belgium; CZ, 
250 Czechia; DK, Denmark; EE, Estonia; FI, Finland; FR, France; DE, Germany; GR, Greece; HU, Hungary; IS, Iceland; IE, Ireland; IT, Italy; LV, 
251 Latvia; LT, Lithuania; LU, Luxembourg; NL, Netherlands; NO, Norway; PL, Poland; PT, Portugal; SK, Slovakia; SI, Slovenia; ES, Spain; SE, 
252 Sweden; CH, Switzerland; GB, United Kingdom; AU, Australia; NZ, New Zealand.
253

254 DISCUSSION

255

256 In this time trend analysis, we found a significant decline in amenable child mortality rates for the 

257 <1-year age group in the 34 OECD countries between 2001/05 and 2011/15, and a slow decline in 

258 the other age groups. These results confirm the trend shown by previous studies conducted on six 

259 OECD countries that had been selected to provide a variety of forms of healthcare delivery between 

260 1956 and 1980,[21] and highlight that policies to reduce amenable mortality rates are still needed, 

261 even in settings where the quality of medical services and resources is high.

262 These results are driven by the fact that the only significantly reduced cause of death was 

263 conditions originating in the early neonatal period in the <1-year group. Surprisingly, the decline was 

264 not more pronounced among countries with higher mortality in 2001/05, indicating that continued 

265 gains in child survival occurred both in low- and high-mortality countries. The most representative 

266 countries are Japan, which showed an improvement in its performance despite starting from low 

267 values in 2001/05, and Hungary and the US, which showed high amenable mortality rates in 2001/05. 

268 The results concerning country-specific amenable child mortality rates showed that the 

269 reductions in the age-specific rates were not evenly distributed across OECD countries. There was 

270 not a single cause for which the age-specific mortality rates declined in the countries studied, and the 

271 success in reducing mortality rates was not consistent for all causes. These achievements corroborate 

272 another of our results, highlighting that the causal distribution of the age-specific mortality rates did 

273 not vary over the period examined and that, namely, the conditions originating in the early neonatal 

274 period, congenital cardiovascular anomalies, pneumonia, leukaemia, and all respiratory diseases 
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275 (excl. pneumonia/influenza) were consistently top-ranked. Because these are the main causes related 

276 to chronic disorders and pathologies that require acute care delivered quickly, our results suggest that 

277 the models of care for children should be revised. Sidebotham has argued that child diseases might 

278 broadly be divided into chronic (e.g., leukaemia) and acute diseases (e.g., pneumonia), and that a 

279 single model cannot be proposed but each needs a different, albeit interconnected, health system 

280 solution.[5]

281 Wolfe [34] highlights that the presence of children with chronic disorders requires substantial 

282 changes from a hospital-centric model to a model in which primary care and secondary care providers 

283 and public health services work closely together. Models of co-management are essential to promote 

284 ongoing communication and coordination between primary care and subspecialty services. It would 

285 be inefficient for subspecialists to provide primary care, and ineffective for primary care providers to 

286 attempt to stay abreast of the latest therapies for chronic diseases. Because the majority of chronic 

287 illness care is performed within the primary care setting and because primary care physicians spend 

288 a considerable amount of time treating chronic illness, primary care should play a central role in the 

289 overall coordination and continuity of people’s care providing greater access to specialists and more 

290 timely follow-up care after emergency room visits.[35] The few studies evaluating this new approach 

291 to work showed an improvement in child survival [36–38], and thus traced a possible path to improve 

292 amenable mortality from chronic diseases.

293  Sidebotham and Mackenbach judge as determinants of amenable mortality in acute diseases 

294 the universal access to healthcare and the presence of professionals with appropriate training.[5,18]  

295 The relevance of access may at least partially explain our results in some countries. For example, in 

296 Chile, where the mortality rate of pneumonia was consistently high for the <1-year group, the 

297 healthcare system replicates class inequalities. Studies have identified and tracked several important 

298 inequalities in the burden of infant mortality for infectious diseases by socioeconomic level in Chile, 

299 showing that this gap is discriminatory because disadvantaged households underutilise healthcare 

300 services (due to social or economic exclusion).[39,40] In Slovakia, where also the mortality rate of 
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301 pneumonia was high for the <1-year group, social health insurance system formally covers all 

302 residents and has a benefit package that all insurance companies must provide for their insured. In 

303 theory, the insurance system is thus designed to provide everybody with the same benefit package, 

304 regardless of their health status, ability to pay or place of residence. In practice, coverage varies across 

305 the country, mainly because the supply of human resources (especially specialists and general 

306 practitioners [GPs]) is not adequate in all regions and districts, and sometimes providers are simply 

307 not available.[41]

308 The access to healthcare professionals with adequate training looks at the models of first 

309 contact between patients and clinicians and on their expertise. Although an international debate is 

310 open on the best pattern of paediatric primary care among a paediatrician-based system, a combined 

311 system or a system based on GPs/family doctors,[42] some authors highlight the importance of 

312 primary care paediatricians, especially because primary care paediatricians who look after children 

313 are likely to have more professional training and competencies than GPs, who often, receiving an 

314 insufficient or not existing or non-mandatory training, do not have capabilities to diagnose and treat 

315 a child in effective times.[34,43,44]

316 Supported by the specialised literature, the availability of high-quality healthcare and 

317 knowledge and the use of best practice guidelines are also determinants of amenable mortality.[5,18] 

318 These determinants provide one possible explanation for our results, in particular for the reduction in 

319 mortality by conditions originating in the early neonatal period. Several lines of evidence support the 

320 hypothesis that neonatal intensive care has resulted in decreased mortality. Marked declines in 

321 neonatal and infant mortality rates are coincident with the introduction and progressive development 

322 of neonatal intensive care [45,46] and with specific neonatal intensive therapeutic improvements.[47–

323 50] The second line of evidence regarding the effect of neonatal intensive care on infant mortality is 

324 the observation that low birth weight infants born in hospitals with tertiary level neonatal intensive 

325 care units have lower mortality rates than infants born in hospitals without such units. [51,52] Finally, 
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326 a third line of evidence referring to improving high-risk obstetric care has been associated with 

327 decreases in neonatal mortality.[46,53]

328 Variations in child mortality exist even in countries where high-quality healthcare is available. 

329 Part of this variation may be due to a failure in implementing treatment protocols or evidence-based 

330 best practices tailored with the local conditions. This suggestion may provide some explanation of 

331 the mortality decrease in some countries, such as Hungary and Japan, which have supported the 

332 introduction of evidence-based protocols on routine newborn care and have trained nursery staff 

333 members on the protocols.[54,55]

334 Our study has the same limitations as all studies that use secondary data. It is undeniable that 

335 international variations in birth registration laws and practices and the process of death certification 

336 have the potential to bias the international comparisons of child mortality. Additionally, international 

337 comparisons of mortality rates are confounded by the various ways in which countries classify 

338 preterm infants near the threshold of viability.[56–58] Considering these issues, our study only 

339 evaluates the trend of amenable mortality rates, and a comparison analysis was not performed. Also, 

340 although much of the literature assessing the contribution of healthcare to health focuses on mortality 

341 data, data on children may be of limited value because the number of deaths is small, making 

342 interpretation difficult. However, we believe that the small numbers were mitigated by the fact that 

343 our study analysed the rates and trajectories of multiple countries over a 15-year time period. Another 

344 limitation is that our analysis did not account for mortality disparities within countries that were 

345 attributable to ethnicity, race, socioeconomic status or geographic residence, since our data sources 

346 did not this information. Evidence from the US, for example, showed higher levels of amenable 

347 mortality among people disadvantaged in terms of race or socioeconomic status.[59,60] Considering 

348 that the perinatal mortality of the US has a prevailing effect on premature births and that striking 

349 racial disparities persist, with African Americans exhibiting higher rates of preterm delivery than any 

350 other major racial/ethnic group,[61] potentially large variations within populations may be concealed. 

351 Lastly, our study is based on the definition of amenable death in its original sense of mortality 
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352 responsive to medical intervention through treatment, although several countries, such as UK, Canada 

353 and Australia, have broadened definitions for their avoidable mortality indicators to include deaths 

354 from conditions avoidable through primary prevention. This broadened definition suggests that not 

355 only the models of care for children should be revised but also that policies must be adopted in order 

356 to prevent specific causes of death before the point of reaching the healthcare system. These policies 

357 include population health interventions such as the obligation of physical activity during adolescence 

358 in schools, or the taxation of tobacco and sugar-sweetened beverages.

359 Some preliminary conclusions can be drawn from this study. Over the 15-year period from 

360 2001 to 2015, the amenable mortality rate in <1-year-olds progressively declined in most OECD 

361 countries. Second, OECD countries had success in reducing mortality from conditions originating in 

362 the early neonatal period. Lastly, the low decline in amenable mortality rates for children aged ≥1 

363 year, the high variation in amenable mortality rates across countries and the insufficient success in 

364 reducing mortality from all causes suggest that the heath system should increase its efforts to improve 

365 health outcomes for children.
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* Percentage decrease is statistically significant (P<.05). 
Abbreviations: CA, Canada; CL, Chile; US, United State of America; IL, Israel; JP, Japan; KR, Republic of 
Korea; AT, Austria; BE, Belgium; CZ, Czechia; DK, Denmark; EE, Estonia; FI, Finland; FR, France; DE, 
Germany; GR, Greece; HU, Hungary; IS, Iceland; IE, Ireland; IT, Italy; LV, Latvia; LT, Lithuania; LU, 

Luxembourg; NL, Netherlands; NO, Norway; PL, Poland; PT, Portugal; SK, Slovakia; SI, Slovenia; ES, Spain; 
SE, Sweden; CH, Switzerland; GB, United Kingdom; AU, Australia; NZ, New Zealand. 
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Table 1 Data Availability for the 34 OECD Countries (0 “Not Available”/1 “Available”) 

Country 

Year 

Total 

2
0
0
1

 

2
0
0
2

 

2
0
0
3

 

2
0
0
4

 

2
0
0
5

 

2
0
0
6

 

2
0
0
7

 

2
0
0
8

 

2
0
0
9

 

2
0
1
0

 

2
0
1
1

 

2
0
1
2

 

2
0
1
3

 

2
0
1
4

 

2
0
1
5

 

Canada 1 1 1 1 1 1 1 1 1 1 1 1 1 0 0 13 

Chile 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 15 

United States 
of America 

1 1 1 1 1 1 1 1 1 1 0 1 0 0 1 12 

Israel 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 15 

Japan 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 15 

Republic of 
Korea 

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 15 

Austria 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 15 

Belgium 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 15 

Czechia 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 15 

Denmark 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 15 

Estonia 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 15 

Finland 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 15 

France 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0 14 

Germany 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 15 

Greece 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 15 

Hungary 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 15 

Iceland 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 15 

Ireland 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0 14 

Italy 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 15 

Latvia 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 15 

Lithuania 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 15 

Luxembourg 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 15 

Netherlands 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 15 

Norway 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 15 

Poland 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 15 

Portugal 1 1 1 0 0 0 1 1 1 1 1 1 1 1 0 11 

Slovakia 1 1 1 1 1 1 1 1 1 1 0 1 1 1 0 13 

Slovenia 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 15 

Spain 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 15 

Sweden 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 15 

Switzerland 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 15 

United 
Kingdom 

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 15 

Australia 1 1 1 1 0 1 1 1 1 1 1 1 1 1 1 14 

New Zealand 1 1 1 1 1 1 1 1 1 1 1 1 1 0 0 13 

All OECD 
countries 

34 34 34 33 32 33 34 34 34 34 32 34 33 31 28 494 

Notes: Causes of death are coded according to the ICD-9 (Austria 2001; Greece 2001/2013; Ireland 2001/2006; Italy 

2001/2002; Portugal 2001) or ICD-10 (all other country-years). Reference populations for some country-years were 

retrieved from UNdata if not available in the WHO Mortality Database (Canada 2006/2013; Chile 2001/2015; United States 

of America 2008/2010, 2012, 2015; Finland 2015; Ireland 2010, 2014; Switzerland 2014/2015). 
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Table 1 Nolte and McKee’s list of causes of death considered amenable to health care 

Disease category Age Diseases 
ICD-9 
codes 

ICD-10 
codes 

Infectious diseases 

0-74 Tuberculosis 010-8, 137 A15-9, B90 

0-74 Septicaemia 038 A40-1 

0-74 Pneumonia 480-6 J12-8 

0-74 Influenza 487 J10-1 

0-14 
Intestinal infections (other than 

typhoid, diphtheria) 
001-9 A00-9 

0-74 Diphtheria, Tetanus, Poliomyelitis 
032, 037, 

045 
A35-6, A80 

0-14 Whooping cough 033 A37 

1-14 Measles 055 B05 

Cancers 

0-74 Colorectal cancer 153-4 C18-21 

0-74 Malignant neoplasm of skin 173 C44 

0-74 Breast cancer 174 C50 

0-44 
Cervical cancer and uterine 

cancer 
179, 180, 

182 
C53-5 

0-74 Neoplasm of the testis 186 C62 

0-74 Hodgkin’s disease 201 C81 

0-44 Leukaemia 204-8 C91-5 

Endocrine, nutritional 
and metabolic diseases 

0-74 Thyroid disorders 240-6 E00-7 

0-49 Diabetes mellitus 250 E10-4 

Diseases of the nervous 
system 

0-74 Epilepsy 345 G40-1 

Diseases of the 
circulatory system 

0-74 Rheumatic heart diseases 393-8 I05-9 

0-74 
Ischemic heart diseases: 50% of 

deaths 
410-4 I20-5 

0-74 Cerebrovascular diseases 430-8 I60-9 

0-74 Hypertensive diseases 401-5 I10-3, I15 

Diseases of the 
genitourinary system 

0-74 Nephritis and nephrosis 580-9 
N00-7, 
N17-9, 
N25-7 

0-74 Benign prostatic hyperplasia 600 N40 

Diseases of the 
respiratory system 

1-14 
All respiratory diseases (excl. 

pneumonia/influenza) 
460-79, 
488-519 

J00-9, J20-
99 

Diseases of the digestive 
system 

0-74 Peptic ulcer 531-3 K25-7 

0-74 Appendicitis 540-3 K35-8 

0-74 Abdominal hernia 550-3 K40-6 

0-74 Cholelithiasis and cholecystitis 574-5 K80-1 

Perinatal mortality 

0-74 Maternal deaths 630-76 O00-99 

0-74 
Conditions originating in the early 

neonatal period 
760-79 P00-96 

0-74 
Congenital cardiovascular 

anomalies 
745-7 Q20-8 

External causes 0-74 
Misadventures to patients during 

surgical and medical care 
E870-6, 
E878-9 

Y60-9, 
Y83-4 

Source: Nolte and McKee 2008; Gay et al. 2011.  

 

Page 26 of 35

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60



For peer review only

Table 1 Yearly Amenable Mortality Rates (Per 100,000) for Ages <1 and 1–4 Years in 34 OECD 
Countries, 2001/2005, 2006/2010 and 2011/2015 (See Table S1 for Country-Level Data Availability) 

Country 

<1 Year 1–4 Years 

Yearly Amenable Mortality 
Rate 

% Change (95% CI) 
Yearly Amenable Mortality 

Rate 
% Change (95% CI) 

2001/05 2006/10 2011/15 
2006/10–
2001/05 

2011/15– 
2006/10 

2001/05 2006/10 2011/15 
2006/10–
2001/05 

2011/15–
2006/10 

CA 343.10 343.46 332.97 .1 -3.1 4.34 4.09 3.98 -5.7 -2.6 

US 415.80 382.24 350.87 -8.1* -8.2* 6.00 5.46 5.13 -8.9* -6.1 

CL 478.56 457.40 427.15 -4.4 -6.6 10.11 7.50 5.90 -25.8* -21.3 

IL 291.77 221.77 189.73 -24.0* -14.4* 6.89 4.62 3.86 -32.9 -16.5 

JP 150.76 121.39 97.24 -19.5* -19.9* 8.78 7.84 7.15 -10.7 -8.7 

KR 334.41 235.84 198.16 -29.5* -16.0* 8.50 6.69 4.59 -21.3* -31.5* 

DK 285.08 191.17 220.19 -32.9* 15.2 6.16 3.87 3.11 -37.2 -19.6 

IS 134.24 127.50 85.5 -5.0 -32.9 4.74 6.78 2.14 43.2 -68.4 

FI 186.77 151.76 109.42 -18.7 -27.9* 4.46 3.25 2.80 -27.2 -14.0 

NO 207.32 186.37 149.55 -10.1 -19.8 5.77 4.56 3.36 -21.0 -26.4 

SE 178.05 136.44 130.95 -23.4* -4.0 4.44 4.03 2.82 -9.2 -30.1 

AT 297.83 243.56 198.02 -18.2* -18.7* 4.72 4.54 3.62 -3.7 -20.4 

BE 244.36 220.91 198.89 -9.6 -10.0 5.25 3.82 4.09 -27.3 7.1 

FR 237.86 216.89 211.19 -8.8* -2.6 3.98 3.73 2.82 -6.2 -24.3* 

DE 245.69 223.48 206.37 -9.0* -7.7* 5.31 4.27 4.19 -19.6* -1.9 

LU 218.18 111.42 126.65 -48.9 13.7 0.88 1.76 1.62 98.8 -7.6 

NL 306.18 257.29 234.49 -16.0* -8.9 4.66 4.63 3.03 -.8 -34.6 

CH 274.24 272.00 251.67 -.8 -7.5 4.22 2.95 2.02 -30.2 -31.3 

IE 247.00 198.95 184.09 -19.5* -7.5 6.28 2.53 3.18 -59.7* 25.6 

GB 346.07 305.01 256.65 -11.9* -15.9* 6.33 5.65 4.96 -10.7 -12.2 

GR 305.19 218.33 222.92 -28.5* 2.1 5.54 5.36 4.62 -3.4 -13.8 

IT 299.93 256.16 224.78 -14.6* -12.2* 4.96 4.05 4.15 -18.4 2.4 

PT 300.62 219.72 219.56 -26.9* -.1 8.41 3.92 4.19 -53.4* 6.9 

ES 272.67 231.74 204.24 -15.0* -11.9* 6.23 5.13 3.59 -17.6 -30.0* 

CZ 259.40 209.92 166.61 -19.1* -20.6* 4.74 4.43 3.24 -6.7 -26.9 

EE 394.90 262.22 139.38 -33.6* -46.8* 6.91 4.89 7.25 -29.3 48.4 

HU 530.50 406.91 348.94 -23.3* -14.2* 7.03 6.18 5.80 -12.2 -6.0 

LV 561.36 440.42 324.98 -21.5* -26.2* 7.23 6.54 3.42 -9.5 -47.8 

LT 412.34 342.21 225.15 -17.0 -34.2* 7.14 5.92 5.34 -17.2 -9.7 

PL 488.86 400.92 315.70 -18.0* -21.3* 7.81 8.35 6.69 6.9 -19.9 

SK 432.24 373.71 345.44 -13.5 -7.6 13.09 11.08 9.26 -15.3 -16.4 

SI 270.48 203.78 143.64 -24.7 -29.5 5.01 3.69 3.87 -26.3 4.8 

AU 290.88 261.16 212.74 -10.2* -18.5* 5.13 4.43 3.40 -13.6 -23.3 

NZ 317.89 286.41 294.76 -9.9 2.9 5.14 4.98 6.23 -3.1 24.9 

All 332.78 295.17 240.22 -11.3* -18.6* 6.27 5.43 4.73 -13.4 -13.0 
* Percentage decrease is statistically significant (P<.05). 
Abbreviations: CA, Canada; CL, Chile; US, United State of America; IL, Israel; JP, Japan; KR, Republic of Korea; AT, Austria; BE, Belgium; 
CZ, Czechia; DK, Denmark; EE, Estonia; FI, Finland; FR, France; DE, Germany; GR, Greece; HU, Hungary; IS, Iceland; IE, Ireland; IT, Italy; 
LV, Latvia; LT, Lithuania; LU, Luxembourg; NL, Netherlands; NO, Norway; PL, Poland; PT, Portugal; SK, Slovakia; SI, Slovenia; ES, Spain; 
SE, Sweden; CH, Switzerland; GB, United Kingdom; AU, Australia; NZ, New Zealand. 
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Table 2 Yearly Amenable Mortality Rates (Per 100,000) for Ages 5–9 and 10–14 Years in 34 OECD 
Countries, 2001/2005, 2006/2010 and 2011/2015 (See Table S1 for Country-Level Data Availability) 

Country 

5–9 Years 10–14 Years 

Yearly Amenable Mortality 
Rate 

% Change (95% CI) 
Yearly Amenable Mortality 

Rate 
% Change (95% CI) 

2001/05 2006/10 2011/15 
2006/10–
2001/05 

2011/15– 
2006/10 

2001/05 2006/10 2011/15 
2006/10–
2001/05 

2011/15–
2006/10 

CA 1.92 2.11 1.38 9.7 -34.6* 1.80 1.80 1.91 .3 5.7 

US 2.58 2.38 2.23 -7.6 -6.4 3.06 2.76 2.52 -9.6 -8.9 

CL 3.69 3.17 2.94 -14.1 -7.2 3.72 3.16 3.11 -15.0 -1.4 

IL 1.73 2.05 2.10 18.2 2.6 2.54 2.04 1.73 -19.8 -14.8 

JP 2.67 2.50 2.40 -6.2 -3.9 2.55 2.17 2.20 -14.8 1.2 

KR 3.42 2.39 1.86 -30.1* -22.0 3.58 2.55 1.99 -28.9* -21.7 

DK 1.78 1.32 1.21 -25.8 -8.4 2.10 1.78 0.72 -15.6 -59.7 

IS 2.00 2.08 0.94 4.2 -54.9 1.71 1.98 1.23 15.9 -37.8 

FI 0 0.94 1.80 N/A 92.2 1.75 4.48 2.81 156.1 -37.2 

NO 2.73 2.20 1.62 -19.4 -26.3 2.14 1.53 1.49 -28.8 -2.6 

SE 1.45 1.56 1.53 8.2 -2.1 2.56 1.80 1.83 -29.7 1.6 

AT 2.35 1.36 1.53 -42.1 12.7 2.03 2.18 1.62 7.8 -25.9 

BE 2.02 2.13 1.52 5.5 -28.7 2.41 1.96 1.53 -18.6 -22.1 

FR 1.89 1.52 1.25 -19.7 -17.5 1.96 1.59 1.41 -18.8 -11.5 

DE 2.33 1.80 1.83 -22.9 1.6 2.55 2.09 1.78 -18.0 -15.1 

LU 1.38 1.69 1.98 22.6 17.4 2.88 1.98 0.64 -31.1 -67.5 

NL 2.14 1.76 1.43 -17.8 -18.8 2.89 2.12 1.85 -26.6 -12.7 

CH 1.52 1.82 1.37 19.8 -24.5 2.24 1.23 1.58 -45.2 27.9 

IE 3.03 1.86 1.29 -38.7 -30.4 2.98 2.12 1.96 -28.7 -7.8 

GB 2.98 2.59 2.13 -13.1 -17.8 3.18 2.76 2.35 -13.0 -14.8 

GR 3.13 2.54 2.18 -18.8 -14.2 3.55 2.63 2.79 -25.7 6.0 

IT 2.36 2.08 1.86 -11.8 -10.6 2.84 2.29 2.19 -19.3 -4.2 

PT 3.23 1.67 1.67 -48.2* .1 4.53 2.66 1.87 -41.2* -29.7 

ES 3.04 2.45 2.02 -19.3 -17.5 3.40 2.64 2.14 -22.3 -18.9 

CZ 2.15 2.26 2.27 5.2 .7 2.67 2.25 1.87 -15.7 -17.0 

EE 3.32 3.50 1.40 5.7 -60.2 4.61 1.84 1.79 -60.0 -3.0 

HU 3.34 2.36 2.44 -29.4 3.3 3.58 3.50 2.92 -2.3 -16.5 

LV 4.53 4.62 3.53 1.9 -23.4 3.65 4.06 1.32 11.0 -67.4* 

LT 3.82 3.35 2.78 -12.2 -16.9 3.08 4.14 1.21 34.2 -70.7* 

PL 2.99 3.14 2.97 4.9 -5.3 3.03 3.52 3.30 16.1 -6.1 

SK 3.27 4.34 3.19 32.7 -26.5 3.70 4.23 3.35 14.4 -20.9 

SI 1.67 2.20 1.64 31.6 -25.6 2.61 1.24 1.74 -52.4 40.3 

AU 2.14 1.81 1.76 -15.6 -2.5 2.24 2.13 1.80 -4.8 -15.6 

NZ 2.11 2.01 1.37 -5.0 -32.0 3.04 2.71 2.96 -10.6 9.1 

All 2.59 2.28 2.02 -11.9 -11.3 2.87 2.48 2.16 -13.5 -13.1 
* Percentage decrease is statistically significant (P<.05). 
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Table 1 Yearly Amenable Mortality Rates (Per 100,000) of Conditions Originating in Early Neonatal Period for Age <1 in 34 OECD Countries, 2001/2005, 2006/2010 and 2011/2015 

Country Rate 2001/2005 Rate 2006/2010 Rate 2011/2015 % Change 2006/10 – 2001/05 % Change 2011/15 – 2006/10 

Canada 293.1 297.1 290.8 1.3 (-7.4, 10.1) -2.1 (-10.3, 6.1) 

Chile 329.3 341.9 324.2 3.8 (-6.2, 13.8) -5.2 (-14.3, 3.9) 

United States of America 349.6 322.1 295.6 -7.9 (-10.0, -5.7) * -8.2 (-10.5, -5.9) * 

Israel 229.6 174.4 142.4 -24 (-36.3, -11.7) * -18.3 (-32.5, -4.2) * 

Japan 83.6 68.1 54.2 -18.5 (-26.4, -10.7) * -20.4 (-29.2, -11.6) * 

Republic of Korea 262.0 186.9 160.1 -28.7 (-34.9, -22.4) * -14.3 (-22.9, -5.7) * 

Austria 250.9 203.5 162.4 -18.9 (-36.0, -1.8) * -20.2 (-38.8, -1.6) * 

Belgium 193.2 182.4 162.9 -5.6 (-23.1, 11.9) -10.7 (-27.5, 6.1) 

Czechia 209.9 167.0 136.0 -20.4 (-36.3, -4.6) * -18.6 (-36.0, -1.1) * 

Denmark 231.3 160.1 190.5 -30.8 (-48.1, -13.4) * 18.9 (-12.9, 50.8) 

Estonia 290.7 188.6 109.8 -35.1 (-66.2, -4.0) * -41.8 (-77.5, -6.0) * 

Finland 142.0 117.4 84.4 -17.3 (-43.8, 9.2) 28.2 (-54.3, -2.1) * 

France 190.6 175.2 177.1 -8.1 (-14.9, -1.3) * 1.1 (-6.5, 8.7) 

Germany 195.0 182.5 170.3 -6.4 (-13.5, .8) -6.7 (-14.1, .8) 

Greece 209.0 155.4 164.9 -25.7 (-40.4, -10.9) * 6.1 (-16.4, 28.7) 

Hungary 432.5 334.2 278.4 -22.7 (-34.0, -11.5) * -16.7 (-30.5, -2.9) * 

Iceland 119.9 102.0 67.5 -14.9 (-121.4, 85.1) -33.8 (-129.2, 61.6) 

Ireland 189.8 154.0 145.1 -18.9 (-40.4, 2.7) -5.8 (-31.2, 19.6) 

Italy 232.6 203.1 177.9 -12.7 (-19.7, -5.7) * -12.4 (-20.0, -4.8) * 

Latvia 408.7 348.6 270.5 -14.7 (-41.0, 11.6) -22.4 (-49.2, 4.4) 

Lithuania 261.4 235.8 162.6 -9.8 (-38.6, 19.1) -31.1 (-56.0, -6.1) * 

Luxembourg 203.1 104.2 113.3 -48.7 (-100.4, 3.0) 8.7 (-111.7, 108.7) 

Netherlands 249.5 211.4 199.9 -15.3 (-26.5, -4.1) * -5.4 (-19.1, 8.2) 

Norway 166.1 158.6 123.9 -4.5 (-31.7, 22.7) -21.9 (-45.6, 1.8) 

Poland 360.4 306.1 232.3 -15.1 (-21.7, -8.4) * -24.1 (-30.7, -17.5) * 

Portugal 233.6 179.5 181.2 -23.2 (-37.6, -8.7) * .9 (-20.4, 22.3) 

Slovakia 301.7 256.6 240.2 -15.0 (-34.1, 4.2) -6.4 (-28.3, 15.5) 

Slovenia 203.7 168.8 122.3 -17.1 (-55.7, 21.5) -27.6 (-64.2, 9.1) 

Spain 209.6 181.7 166.7 -13.3 (-21.4, -5.3) * -8.2 (-17.2, .7) 

Sweden 142.5 103.8 109.4 -27.2 (-45.3, -9.1) * 5.4 (-21.4, 32.2) 

Switzerland 217.4 233.3 207.7 7.3 (-15.7, 30.4) -11.0 (-29.8, 7.8) 

United Kingdom 289.4 256.5 214.1 -11.4 (-16.9, -5.9) * -16.6 (-22.0, -11.2) * 

Australia 244.0 218.0 180.6 -10.7 (-20.6, -.7) * -17.2 (-26.7, -7.6) * 

New Zealand 255.5 225.8 242.9 -11.6 (-32.2, 8.9) 7.6 (-17.2, 32.4) 

All OECD countries 266.3 239.8 193.8 -9.9 (-18.4, -1.5) * -19.2 (-27.9, -10.4) * 

* Percentage decrease is statistically significant (P<.05). 
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Table 2 Yearly Amenable Mortality Rates (Per 100,000) of Congenital Cardiovascular Anomalies for Age <1 in 34 OECD Countries, 2001/2005, 2006/2010 and 2011/2015 

Country Rate 2001/2005 Rate 2006/2010 Rate 2011/2015 % Change 2006/10 – 2001/05 % Change 2011/15 – 2006/10 

Canada 36.7 34.6 33.0 -5.6 (-29.1, 17.9) -4.8 (-28.5, 18.9) 

Chile 91.6 79.8 80.9 -12.9 (-29.6, 3.7) 1.3 (-18.5, 21.2) 

United States of America 41.6 35.8 33.5 -13.9 (-19.9, -7.9) * -6.5 (-13.4, .4) 

Israel 45.3 38.8 37.2 -14.4 (-44.6, 15.9) -4.0 (-37.9, 29.9) 

Japan 51.5 39.7 32.0 -22.9 (-32.6, -13.3) * -19.3 (-30.9, -7.7) * 

Republic of Korea 59.3 38.3 32.1 -35.4 (-47.7, -23.1) * -16.2 (-35.0, 2.5) 

Austria 43.1 35.9 31.6 -16.6 (-58.7, 25.5) -12.1 (-59.6, 35.5) 

Belgium 40.8 29.1 28.2 -28.6 (-59.7, 2.4) -2.9 (-47.8, 42) 

Czechia 34.4 29.5 21.1 -14.2 (-55.6, 27.2) -28.5 (-66.3, 9.3) 

Denmark 48.9 25.4 26.1 -47.9 (-79.0, -16.8) * 2.7 (-69.0, 74.3) 

Estonia 68.9 59.4 26.8 -13.8 (-92.5, 64.9) -55.0 (-108.8, -1.2) * 

Finland 37.9 26.6 20.3 -29.8 (-75.4, 15.8) -23.5 (-80.9, 33.8) 

France 37.3 34.4 29.0 -7.6 (-23.0, 7.9) -15.8 (-30.8, -.8) * 

Germany 44.2 33.6 30.6 -24.0 (-36.9, -11.1) * -8.9 (-26.0, 8.2) 

Greece 71.7 43.5 40.9 -39.3 (-61.1, -17.5) * -6.0 (-45.1, 33.0) 

Hungary 75.6 69.0 62.6 -8.7 (-39.2, 21.8) -9.3 (-41.5, 22.9) 

Iceland 4.8 21.2 13.5 343.2 (-1784.6, 443.2) -36.5 (-239.8, 63.5) 

Ireland 46.8 38.9 36.2 -16.9 (-61.1, 27.3) -6.9 (-57.0, 43.2) 

Italy 57.1 41.8 36.0 -26.8 (-39.2, -14.4) * -13.9 (-30.5, 2.6) 

Latvia 119.2 77.6 42.6 -34.9 (-75.0, 5.2) -45.1 (-89.9, -.2) * 

Lithuania 99.8 79.3 45.4 -20.5 (-63.2, 22.1) -42.7 (-80.6, -4.8) * 

Luxembourg 15.0 0 13.3 -100 (., 0) N/A 

Netherlands 47.6 38.4 28.7 -19.4 (-44.2, 5.5) -25.3 (-52.3, 1.8) 

Norway 38.4 23.0 22.0 -39.9 (-80.4, .6) -4.6 (-76.6, 67.4) 

Poland 91.5 69.2 67.0 -24.4 (-36.5, -12.2) * -3.2 (-19.8, 13.4) 

Portugal 47.7 33.9 32.0 -29.0 (-59.3, 1.3) -5.5 (-52.3, 41.2) 

Slovakia 70.2 64.2 67.4 -8.6 (-50.5, 33.4) 5.0 (-42.7, 52.7) 

Slovenia 55.5 29.1 17.6 -47.5 (-100.8, 5.8) -39.5 (-117.2, 38.2) 

Spain 54.1 41.7 31.2 -23.1 (-37.5, -8.6) * -25.2 (-41.4, -9.1) * 

Sweden 29.3 20.2 13.0 -31.1 (-69.5, 7.2) -35.8 (-78.1, 6.5) 

Switzerland 46.4 34.2 39.2 -26.4 (-64.1, 11.3) 14.8 (-44.9, 74.5) 

United Kingdom 42.1 36.2 33.3 -13.8 (-28.0, .4) -8.1 (-23.6, 7.3) 

Australia 33.7 32.5 24.7 -3.7 (-32.2, 24.8) -24.0 (-47.2, -.7) * 

New Zealand 40.6 37.2 30.6 -8.4 (-61.3, 44.5) -17.8 (-67.9, 32.2) 

All OECD countries 38.8 47.9 35.0 -18.9 (-37.3, -.5) * -9.9 (-33.4, 13.5) 

* Percentage decrease is statistically significant (P<.05). 
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Table 3 Yearly Amenable Mortality Rates (Per 100,000) of Pneumonia for Age <1 in 34 OECD Countries, 2001/2005, 2006/2010 and 2011/2015 

Country Rate 2001/2005 Rate 2006/2010 Rate 2011/2015 % Change 2006/10 – 2001/05 % Change 2011/15 – 2006/10 

Canada 3.3 2.6 1.8 -19.9 (-89.2, 49.5) -32.5 (-99.2, 34.2) 

Chile 41.0 24.1 11.7 -41.2 (-60.0, -22.4) * -51.2 (-72.7, -29.7) * 

United States of America 6.6 5.0 3.8 -23.9 (-37.6, -10.1) * -23.8 (-39.7, -7.9) * 

Israel 2.8 2.2 1.8 -22.3 (-134.6, 77.7) -20.6 (-143.8, 79.4) 

Japan 4.7 4.4 3.5 -6.0 (-43.0, 31.1) -20.9 (-55.5, 13.7) 

Republic of Korea 2.7 2.1 1.5 -22.7 (-87.8, 42.4) -30.4 (-100.6, 39.8) 

Austria 1.3 .5 1.3 -59.9 (-207.0, 40.1) 142.7 (-747.1, 242.7) 

Belgium 2.1 2.1 1.4 -.3 (-175.2, 99.7) -32.4 (-160.8, 67.6) 

Czechia 10.2 8.3 4.6 -19.0 (-91.8, 53.9) -44.9 (-104.7, 14.9) 

Denmark 2.2 1.2 1.7 -42.6 (-200.2, 57.4) 38.5 (-368.6, 138.5) 

Estonia 16.5 3.9 2.8 -76.5 (-143.6, -9.4) * -27.3 (-318, 72.7) 

Finland 1.8 1.7 1.0 -5.0 (-268.4, 95) -39.6 (-232.9, 60.4) 

France .8 .6 .2 -22.5 (-113.2, 68.1) -69.6 (-125, -14.3) * 

Germany 1.8 1.5 1.0 -18.1 (-85, 48.8) -34.5 (-98.1, 29.1) 

Greece 15.0 14.6 8.9 -3.1 (-70.1, 63.8) -38.8 (-88.8, 11.1) 

Hungary 16.3 2.1 3.6 -87.2 (-106.1, -68.3) * 70.9 (-231, 170.9) 

Iceland 4.8 0 0 -100 (., 0) N/A 

Ireland 5.1 2.0 0 -60.6 (-139.6, 18.3) -100 (., 0) 

Italy 2.3 .9 1.2 -59.5 (-101, -18) * 29.5 (-121.4, 129.5) 

Latvia 21.7 11.6 5.0 -46.5 (-128.5, 35.5) -57.3 (-155.8, 41.3) 

Lithuania 37.2 19.8 8.6 -46.8 (-99.5, 6) -56.8 (-119.7, 6) 

Luxembourg 0 3.6 0 N/A -100 (., 0) 

Netherlands 1.4 1.7 .6 24 (-174.9, 124) -67.3 (-140.7, 6.2) 

Norway 1.1 2.3 1.3 121.4 (-548.2, 221.4) -43 (-199.5, 57) 

Poland 14.8 11.8 11.6 -19.9 (-51.4, 11.6) -1.9 (-42.5, 38.7) 

Portugal 7.4 1.2 1.4 -83.3 (-114.7, -52) * 13.4 (-267.7, 113.4) 

Slovakia 47.2 41.3 30.8 -12.6 (-62, 36.9) -25.5 (-71.8, 20.8) 

Slovenia 3.4 4.9 3.7 42.9 (-414.5, 142.9) -23.6 (-248.2, 76.4) 

Spain 1.5 1.3 .7 -14.8 (-107.4, 77.9) -45 (-118.8, 28.8) 

Sweden 1.4 2.8 3.2 90.5 (-291.7, 190.5) 14.6 (-161, 114.6) 

Switzerland 1.6 1.1 1.7 -35.7 (-217.5, 64.3) 64 (-386.5, 164) 

United Kingdom 5.0 3.6 2.5 -29.2 (-64.8, 6.3) -28.5 (-69.6, 12.6) 

Australia 5.3 3.5 2.0 -34 (-88.5, 20.6) -41.2 (-100.3, 17.9) 

New Zealand 11.0 11.5 10.9 4.5 (-107.7, 104.5) -5.4 (-105, 94.1) 

All OECD countries 6.1 4.5 3.1 -25.7 (-74.3, 22.9) -30.7 (-88.1, 26.7) 

* Percentage decrease is statistically significant (P<.05). 
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Table 4 Yearly Amenable Mortality Rates (Per 100,000) of Septicaemia for Age <1 in 34 OECD Countries, 2001/2005, 2006/2010 and 2011/2015 

Country Rate 2001/2005 Rate 2006/2010 Rate 2011/2015 % Change 2006/10 – 2001/05 % Change 2011/15 – 2006/10 

Canada 3.2 3.3 2.0 2.0 (-81.8, 85.9) -40.6 (-95.2, 14) 

Chile 2.6 2.1 1.6 -20.6 (-112.5, 71.4) -23.4 (-123.2, 76.4) 

United States of America 7.2 6.1 4.5 -15.5 (-29.7, -1.2) * -25.6 (-39.8, -11.4) * 

Israel 4.7 2.5 2.6 -47.4 (-113.8, 19) 4.1 (-138.8, 104.1) 

Japan 6.2 5.0 4.2 -19.9 (-48.5, 8.7) -15.4 (-49.4, 18.7) 

Republic of Korea 1.8 1.8 .8 3.2 (-96.2, 102.5) -55 (-111, 1) 

Austria .5 .5 .3 .3 (-439.3, 100.3) -51.5 (-312, 48.5) 

Belgium 2.3 1.6 1.6 -29.2 (-159.7, 70.8) -2.4 (-193.7, 97.6) 

Czechia 1.1 1.9 1.8 82.1 (-348.3, 182.1) -5.8 (-186.1, 94.2) 

Denmark .9 .9 0 .4 (-358.8, 100.4) -100 (., 0) 

Estonia 7.5 3.9 0 -48.3 (-213.8, 51.7) -100 (., 0) 

Finland 1.4 2.4 1.0 66.3 (-390.5, 166.3) -56.9 (-187.3, 43.1) 

France 1.7 1.2 1.1 -25.6 (-87.9, 36.6) -7.8 (-92.3, 76.7) 

Germany .9 1.4 1.3 60.7 (-102.3, 160.7) -8 (-92.6, 76.6) 

Greece 7.1 3.7 4.9 -48.3 (-110.2, 13.5) 31.8 (-140.8, 131.8) 

Hungary 1.7 0 .2 -100 (., 0) N/A 

Iceland 0 0 4.5 N/A N/A 

Ireland .7 .3 1.4 -57.8 (-284.2, 42.2) 383.5 (-1937.6, 483.5) 

Italy 2.5 4.6 3.7 84.5 (-37.4, 184.5) -19.4 (-67.2, 28.5) 

Latvia 4.9 0 1.0 -100 (., 0) N/A 

Lithuania 6.0 2.6 4.0 -55.9 (-172.1, 44.1) 49.5 (-373.4, 149.5) 

Luxembourg 0 0 0 N/A N/A 

Netherlands 2.9 1.8 1.3 -36.4 (-121.5, 48.8) -32.3 (-147.1, 67.7) 

Norway .7 .7 .7 -5.1 (-421, 94.9) -.3 (-437.3, 99.7) 

Poland 18.2 8.8 2.6 -51.6 (-71.5, -31.7) * -69.9 (-91.2, -48.6) * 

Portugal 3.5 2.9 1.9 -16.7 (-141.4, 83.3) -33.9 (-157.1, 66.1) 

Slovakia 3.5 3.9 1.8 12.4 (-209, 112.4) -54.3 (-162.3, 45.7) 

Slovenia 2.3 0 0 -100 (., 0) N/A 

Spain 2.1 2.0 1.3 -6.4 (-90.6, 77.9) -37.1 (-102.4, 28.1) 

Sweden 1.2 5.5 2.8 344.5 (-526.7, 444.5) -49.1 (-118.2, 20) 

Switzerland 3.6 1.1 0 -70.3 (-144.7, 4) -100 (., 0) 

United Kingdom 4.4 3.2 1.6 -28.1 (-66.3, 10.1) -50.3 (-84.1, -16.6) * 

Australia 2.9 1.8 1.4 -38.4 (-108.6, 31.8) -21.9 (-123.2, 78.1) 

New Zealand 3.2 4.2 2.7 30 (-217, 130) -34.5 (-161.8, 65.5) 

All OECD countries 5.0 4.1 2.5 -18 (-75.5, 39.5) -39.1 (-94.3, 16.1) 

* Percentage decrease is statistically significant (P<.05). 
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Table 5 Yearly Amenable Mortality Rates (Per 100,000) of Nephritis and Nephrosis for Age <1 in 34 OECD Countries, 2001/2005, 2006/2010 and 2011/2015 

Country Rate 2001/2005 Rate 2006/2010 Rate 2011/2015 % Change 2006/10 – 2001/05 % Change 2011/15 – 2006/10 

Canada 1.4 .8 .3 -40.1 (-127.2, 47) -67.6 (-140.9, 5.7) 

Chile 1.3 .6 .4 -57.2 (-142.2, 27.7) -28.9 (-211.4, 71.1) 

United States of America 4.0 3.2 2.1 -19.7 (-38.2, -1.3) * -33.6 (-51.8, -15.4) * 

Israel 4.0 .5 .4 -86.9 (-117.5, -56.4) * -32.5 (-258.3, 67.5) 

Japan .8 .7 .3 -11.1 (-94.9, 72.6) -60.4 (-112.9, -7.8) * 

Republic of Korea .5 .6 .3 29.4 (-193.7, 129.4) -50 (-151.5, 50) 

Austria .0 0 0 N/A N/A 

Belgium .2 .5 0 176 (-1220.6, 276) -100 (., 0) 

Czechia .4 .5 .2 24.1 (-472.5, 124.1) -65.5 (-240.2, 34.5) 

Denmark 0 0 0 N/A N/A 

Estonia 0 0 0 N/A N/A 

Finland .4 0 1 -100 (., 0) N/A 

France .5 .1 .1 -79.1 (-129.5, -28.8) * -5.1 (-304, 94.9) 

Germany .2 .3 .1 94.3 (-337.9, 194.3) -64.3 (-155.7, 27.2) 

Greece 0 .2 0 N/A -100 (., 0) 

Hungary .4 0 .9 -100 (., 0) N/A 

Iceland 0 0 0 N/A N/A 

Ireland .3 .6 .3 68.7 (-836.7, 168.7) -39.6 (-341.5, 60.4) 

Italy .9 1.2 1 38.5 (-126.4, 138.5) -14.4 (-112.8, 84) 

Latvia 0 0 0 N/A N/A 

Lithuania 0 0 0 N/A N/A 

Luxembourg 0 0 0 N/A N/A 

Netherlands .3 .1 .2 -63.8 (-246.9, 36.2) 109.4 (-1014.6, 209.4) 

Norway 0 .3 .3 N/A -.3 (-618.4, 99.7) 

Poland .2 .5 .1 126.8 (-461.3, 226.8) -78.7 (-151.1, -6.2) * 

Portugal 1.5 .5 0 -66.7 (-172.0, 33.3) -100 (., 0) 

Slovakia .4 .4 0 -8.1 (-577.8, 91.9) -100 (., 0) 

Slovenia 0 0 0 N/A N/A 

Spain .5 .4 .1 -12.1 (-184.4, 87.9) -78 (-152.7, -3.3) * 

Sweden 0 .2 0 N/A -100 (., 0) 

Switzerland .3 .3 .5 -3.6 (-601.0, 96.4) 87.4 (-918.6, 187.4) 

United Kingdom .6 .5 .2 -20.1 (-133.9, 79.9) -51.5 (-138.3, 35.2) 

Australia .2 .5 .3 150.0 (-657.3, 250.0) -46.9 (-192.8, 53.1) 

New Zealand .4 .3 0 -10.0 (-567.8, 90.0) -100 (., 0) 

All OECD countries 1.8 1.4 .6 -19.9 (-114.1, 74.3) -58.2 (-131.3, 14.9) 

* Percentage decrease is statistically significant (P<.05). 
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STROBE 2007 (v4) checklist of items to be included in reports of observational studies in epidemiology*
Checklist for cohort, case-control, and cross-sectional studies (combined)

Section/Topic Item # Recommendation Reported on page #
(a) Indicate the study’s design with a commonly used term in the title or the abstract 1Title and abstract 1

(b) Provide in the abstract an informative and balanced summary of what was done and what was found 4

Introduction
Background/rationale 2 Explain the scientific background and rationale for the investigation being reported 6

Objectives 3 State specific objectives, including any pre-specified hypotheses 7

Methods
Study design 4 Present key elements of study design early in the paper 7
Setting 5 Describe the setting, locations, and relevant dates, including periods of recruitment, exposure, follow-up, and data 

collection
8

(a) Cohort study—Give the eligibility criteria, and the sources and methods of selection of participants. Describe 
methods of follow-up
Case-control study—Give the eligibility criteria, and the sources and methods of case ascertainment and control 
selection. Give the rationale for the choice of cases and controls
Cross-sectional study—Give the eligibility criteria, and the sources and methods of selection of participants

8Participants 6

(b) Cohort study—For matched studies, give matching criteria and number of exposed and unexposed
Case-control study—For matched studies, give matching criteria and the number of controls per case

Variables 7 Clearly define all outcomes, exposures, predictors, potential confounders, and effect modifiers. Give diagnostic 
criteria, if applicable

8

Data sources/ measurement 8*  For each variable of interest, give sources of data and details of methods of assessment (measurement). Describe 
comparability of assessment methods if there is more than one group

8

Bias 9 Describe any efforts to address potential sources of bias 8
Study size 10 Explain how the study size was arrived at 8
Quantitative variables 11 Explain how quantitative variables were handled in the analyses. If applicable, describe which groupings were chosen 

and why
8

(a) Describe all statistical methods, including those used to control for confounding 8-9

(b) Describe any methods used to examine subgroups and interactions 8-9
(c) Explain how missing data were addressed 8-9

Statistical methods 12

(d) Cohort study—If applicable, explain how loss to follow-up was addressed
Case-control study—If applicable, explain how matching of cases and controls was addressed
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Cross-sectional study—If applicable, describe analytical methods taking account of sampling strategy
(e) Describe any sensitivity analyses

Results
Participants 13* (a) Report numbers of individuals at each stage of study—eg numbers potentially eligible, examined for eligibility, 

confirmed eligible, included in the study, completing follow-up, and analysed
9

(b) Give reasons for non-participation at each stage
(c) Consider use of a flow diagram

Descriptive data 14* (a) Give characteristics of study participants (eg demographic, clinical, social) and information on exposures and 
potential confounders

9-10

(b) Indicate number of participants with missing data for each variable of interest 9-10
(c) Cohort study—Summarise follow-up time (eg, average and total amount)

Outcome data 15* Cohort study—Report numbers of outcome events or summary measures over time 9-10-11
Case-control study—Report numbers in each exposure category, or summary measures of exposure
Cross-sectional study—Report numbers of outcome events or summary measures

Main results 16 (a) Give unadjusted estimates and, if applicable, confounder-adjusted estimates and their precision (eg, 95% 
confidence interval). Make clear which confounders were adjusted for and why they were included

9-10-11

(b) Report category boundaries when continuous variables were categorized
(c) If relevant, consider translating estimates of relative risk into absolute risk for a meaningful time period

Other analyses 17 Report other analyses done—eg analyses of subgroups and interactions, and sensitivity analyses
Discussion
Key results 18 Summarise key results with reference to study objectives 12
Limitations 19 Discuss limitations of the study, taking into account sources of potential bias or imprecision. Discuss both direction 

and magnitude of any potential bias
15

Interpretation 20 Give a cautious overall interpretation of results considering objectives, limitations, multiplicity of analyses, results 
from similar studies, and other relevant evidence

13-14

Generalisability 21 Discuss the generalisability (external validity) of the study results 13-14-15
Other information
Funding 22 Give the source of funding and the role of the funders for the present study and, if applicable, for the original study on 

which the present article is based
17

*Give information separately for cases and controls in case-control studies and, if applicable, for exposed and unexposed groups in cohort and cross-sectional studies.
Note: An Explanation and Elaboration article discusses each checklist item and gives methodological background and published examples of transparent reporting. The STROBE 
checklist is best used in conjunction with this article (freely available on the Web sites of PLoS Medicine at http://www.plosmedicine.org/, Annals of Internal Medicine at 
http://www.annals.org/, and Epidemiology at http://www.epidem.com/). Information on the STROBE Initiative is available at www.strobe-statement.org.
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79 ABSTRACT

80 Objectives. To analyse the trends of amenable mortality rates (AMRs) in children over the period 

81 2001-2015.

82 Design. Time trend analysis.

83 Setting. Thirty-four member countries of the Organisation for Economic Co-operation and 

84 Development (OECD).

85 Participants. Mid-year estimates of the resident population aged ≤14 years.

86 Primary and secondary outcome measures. Using data from the World Health Organization 

87 Mortality Database and Nolte and McKee’s list, AMRs were calculated as the annual number of 

88 deaths over the population/100,000 inhabitants. The rates were stratified by age groups (<1, 1–4, 5–

89 9, 10–14 years). All data were summarised by presenting the average rates for the years 2001/2005, 

90 2006/2010, and 2011/2015. 

91 Results. There was a significant decline in children’s AMRs in the <1-year group in all 34 OECD 

92 countries from 2001/2005 to 2006/2010 (332.78 to 295.17/100,000; %Δ -11.30%; 95% CI -18.75%, 

93 - 3.85%) and from 2006/2010 to 2011/2015 (295.17 to 240.22/100,000; %Δ -18.62%; 95% CI -

94 26.53%, -10.70%), and a slow decline in the other age classes. The only cause of death that was 

95 significantly reduced was conditions originating in the early neonatal period for the <1-year group. 

96 The age-specific distribution of causes of death did not vary significantly over the study period.

97 Conclusions. The low decline in amenable mortality rates for children aged ≥1 year, the large 

98 variation in amenable mortality rates across countries and the insufficient success in reducing 

99 mortality from all causes suggest that the heath system should increase its efforts to enhance child 

100 survival. Promoting models of co-management between primary care and subspecialty services, 

101 encouraging high-quality healthcare and knowledge, financing universal access to healthcare, and 

102 adopting best practice guidelines might help reduce amenable child mortality.

103

104 Strengths and limitations of this study:
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105 1. This is the first study to analyse trends in child mortality amenable to healthcare.

106 2. Thirty-four OECD countries were included in the analyses to provide a thorough depiction of 

107 amenable child mortality in high-income economies.

108 3. Mortality was not disaggregated by ethnicity or socioeconomic characteristics.

109 4. Making international comparisons is difficult due to variations in birth registration laws and 

110 death certification practices.

111

112 Key words: Amenable mortality, child, childhood, healthcare, healthcare services, OECD countries
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113 INTRODUCTION

114

115 The health of children and adolescents is an important goal for every society, both because they are 

116 vulnerable and because diseases can affect their quality of life. Measures for protecting and improving 

117 children's and adolescents' health will yield economic and social benefits beyond improved health 

118 outcomes. Indeed, young people have the potential to affect the health of future populations as well 

119 as global economic development unless timely and effective strategies are put into place.[1,2]

120 For the adoption of new strategies and the planning of interventions, information on the 

121 leading causes of death is essential. Many studies have analysed the mortality rates and have 

122 identified the main causes of death of children in specific countries [3] or areas.[4] Studies have 

123 demonstrated that many different factors contribute to child and adolescent mortality [5], including 

124 biological and psychosocial,[6] socioeconomic status,[7,8] environmental and behavioural factors.[9] 

125 In the landscape described, the mortality burden conditioned by the performance of the healthcare 

126 system has not been well investigated. Although there is no indicator that is able to compressively 

127 reflect the performance of the healthcare system, a suitable measurement seems to be the concept of 

128 amenable mortality.

129 Amenable mortality is defined as deaths that, in the light of medical knowledge and 

130 technology at the time of death, could be prevented by timely access to good quality care. The concept 

131 of mortality amenable to healthcare finds its origins in the evolution of the concept of avoidable 

132 mortality, developed by Rutstein et al., who created a list of conditions that were considered either 

133 treatable or preventable through healthcare services given the current medical knowledge and 

134 technology.[10] Rutstein was the first to introduce the term amenable mortality, differentiating 

135 between causes which are responsive to medical intervention through treatment and 

136 secondary/tertiary prevention actions (e.g., cervical cancer, hypertensive disease or appendicitis), and 

137 causes responsive to actions beyond healthcare services (preventable conditions such as lung cancer 

138 and liver cirrhosis).
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139 In recent years the concept of amenable mortality has been used as a potential indicator of the 

140 performance of healthcare systems by several countries. The amenable mortality has been chosen as 

141 indicator in the UK National Health Service Outcomes Framework for 2011-2012,[11] and in 

142 Australian and New Zealand atlas of avoidable mortality 1997-2001 [12] or in European Community 

143 atlas of “avoidable death”.[13] Amenable mortality indicators have also been used to report on spatial 

144 and temporal distributions and variations in health system performance across countries,[14–20] as 

145 well as across subnational entities,[12,21–25] socio-economic status, ethnic groups and 

146 sex.[14,24,26,27] Most of these studies did not assess amenable mortality across ages in different 

147 populations and did not focus on child and adolescent age classes.

148 According to the World Health Organization (WHO), an estimated 6.3 million children under 

149 the age of 15 years died in 2017 (117,000 in the OECD region). Five point four million of these 

150 children were under the age of 5, and 2.5 million died within the first month of life. More than half 

151 of these early child deaths were due to conditions that could be prevented or treated with access to 

152 simple, affordable interventions and were, consequently, amenable.[2]

153 The purpose of this study was to analyse the trends of amenable child mortality rates in 34 

154 OECD countries from 2001 to 2015, and to evaluate the pattern across age classes.

155

156

157 MATERIALS AND METHODS

158

159 This descriptive study was conducted using secondary data from 34 OECD countries during the 

160 period from 2001 to 2015. Mexico and Turkey, albeit members of the OECD, were not included in 

161 the analysis because these countries are not listed among high-income economies in the World 

162 Development Indicators dataset (gross national income per capita ≥$12,056 for fiscal year 2019)[28] 

163 and had limited data availability. The mortality and population data came from the WHO Mortality 

164 Database,[29] which comprises deaths registered in national vital registration systems, with the 
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165 underlying causes of death coded according to the International Classification of Diseases; no 

166 permission is required from the WHO if data are used for non-commercial purposes. If reference 

167 populations were not available in the WHO Mortality Database, the data were extracted from 

168 UNdata.[30] The country-level data availability is presented in online supplementary file 1.

169 The causes of death amenable to healthcare were selected by means of the list proposed by 

170 Nolte and McKee[14,31] and used in a working paper by the OECD to generate estimates of amenable 

171 mortality for 31 countries.[15] This list includes a selected number of conditions which are treatable 

172 based on the clinical effectiveness of existing medical interventions. The age limit for amenable 

173 deaths is set at 75 years for most conditions, such as cancer and cardiovascular diseases, but the age 

174 limit for some diseases (i.e., whooping cough, measles, intestinal infections, and respiratory diseases 

175 other than pneumonia/influenza) is set at 14 (see online supplementary file 2 for Nolte and McKee’s 

176 full list). The aggregation of the causes of death operated in the WHO Mortality Database prevents 

177 the use of the list of amenable deaths currently adopted by Eurostat.[32]

178 For each country, the amenable mortality rates were calculated as the annual number of deaths 

179 in the population aged 0–14 years per 100,000 inhabitants. The rates were stratified by the age groups 

180 adopted in the WHO Mortality Database (<1, 1–4, 5–9, 10–14 years) and by the 33 disease categories 

181 defined by Gay et al..[15] Due to the instability in the estimates of the annual amenable mortality 

182 rates, especially for small-population countries, all data were summarised by presenting the average 

183 rates for the years 2001/2005, 2006/2010 and 2011/2015. The statistical significance of the percentage 

184 changes between these time periods was assessed by using the formula suggested by Hildebrandt et 

185 al..[33] Data interpretation focused on the countries that showed significant percentage changes over 

186 the entire study period (i.e., both between 2001/05 and 2006/10 and between 2006/10 and 2011/15). 

187 Differences in the ranking of age-specific causes of death between time periods were evaluated with 

188 the Friedman test.
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189 All data were analysed using the Stata software package, version 15 (StataCorp. 2017. Stata 

190 Statistical Software: Release 15. College Station, TX: StataCorp LLC). The significance level was 

191 set at .05.

192

193 Ethics statement

194 This descriptive study involved aggregate data that exist in the public domain, where it is not possible 

195 to identify individuals from the information provided. For this reason, this research did not require 

196 ethical approval.

197

198 Patient and public involvement

199 Patients and the public were not involved in the design or planning of the study. 

200

201 RESULTS

202

203 All-cause amenable child mortality rates

204 The results of the trend analyses conducted over the five-year periods 2001/05, 2006/10 and 2011/15 

205 are presented in Figure 1 and in online supplementary file 3. The amenable mortality rate of the 

206 OECD population with <1 year dropped significantly from 2001/05 to 2006/10 (332.78 to 295.17 per 

207 100,000, %Δ = -11.3%) and from 2006/10 to 2011/15 (295.17 to 240.22 per 100,000, %Δ = -18.6%). 

208 Contrary to the OECD rate of children aged <1 year, in the population aged ≥1 year the overall OECD 

209 rate did not decrease significantly. From 2001/05 to 2006/10 and from 2006/10 to 2011/15, the 

210 mortality rates decreased by 13.4% and 13.0%, respectively, in the 1-4 age group; by 11.9% and 

211 11.3% in the 5-9 age group; and by 13.5% and 13.1% for the 10-14 age group. In 2011/15, the OECD 

212 rate was 4.73 per 100,000 for the 1-4 age group, 2.02 per 100,000 for the 5-9 age group, and 2.16 per 

213 100,000 for the 10-14 age group.

214
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215 Cause-specific child mortality rates

216 When we examined the distribution of cause-specific mortality rates across multiple age groups and 

217 study periods, no statistically significant variations in the OECD population were found. The only 

218 exception was a significant decrease in deaths in the first year of life for conditions originating in the 

219 early neonatal period (2001/05 to 2006/10: 266.3 to 239.8 per 100,000, %Δ = -9.9%; 2006/10 to 

220 2011/15: 239.8 to 193.8 per 100,000, %Δ = -19.2%) (see online supplementary file 4).

221 Globally, for the years 2001/05, 2006/10 and 2011/15, there were no significant differences 

222 in the age-specific percentage distribution of causes of death [<1 year: Friedman test (P) = 0.955 

223 (0.372); 1-4 years: 0.864 (0.607); 5-9 years: 0.470 (0.740); 10-14 years: 1.773 (0.398)]. As shown in 

224 Table 1, the three leading causes of death by age groups over the 15-year study period were the 

225 following: conditions originating in the early neonatal period, congenital cardiovascular anomalies, 

226 and pneumonia for children aged <1 year; congenital cardiovascular anomalies, leukaemia, and 

227 respiratory diseases (excl. pneumonia/flu) for all other age groups.

228 Table 1 Percentage Distribution of the Top 10 Causes of Death Amenable to Healthcare in Children in 34 
229 OECD Countries, Years 2001/2005, 2006/2010 and 2011/2015.

2001/05 2006/10 2011/15Cause of Death Rank % Rank % Rank %
<1 Year (n = 190,169.5) (n = 175,008) (n = 105,210.5)
Conditions originating in the early neonatal period #1 80.02 #1 81.25 #1 80.69
Congenital cardiovascular anomalies #2 14.38 #2 13.15 #2 14.55
Pneumonia #3 1.82 #3 1.53 #3 1.30
Septicaemia #4 1.50 #4 1.39 #4 1.04
Intestinal infections other than typhoid, diphtheria #7 0.27 #5 0.60 #5 0.72
Cerebrovascular diseases #6 0.51 #6 0.60 #6 0.38
Nephritis and nephrosis #5 0.54 #7 0.49 #7 0.25
Leukaemia #8 0.21 #8 0.26 #8 0.24
Epilepsy #9 0.17 #9 0.17 #9 0.23
Whooping cough #11* 0.11 #12* 0.10 #10 0.19
Other causes - 0.46 - 0.46 - 0.39

1–4 Years (n = 14,438) (n = 12,738) (n = 8491.5)
Congenital cardiovascular anomalies #1 25.67 #1 23.63 #1 25.21
Leukaemia #3 14.55 #3 13.99 #2 14.99
All respiratory diseases, excl. pneumonia/influenza #2 15.60 #2 16.79 #3 14.25
Pneumonia #4 12.35 #4 12.20 #4 12.24
Epilepsy #7 5.16 #7 5.50 #5 7.20
Septicaemia #5 7.57 #5 8.18 #6 6.88
Conditions originating in the early neonatal period #6 5.59 #6 5.60 #7 5.06
Intestinal infections other than typhoid, diphtheria #9 2.45 #9 3.05 #8 3.98
Cerebrovascular diseases #8 3.86 #8 4.13 #9 3.38
Influenza #10 2.16 #10 1.92 #10 2.39
Other causes - 5.05 - 5.00 - 4.42
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5–9 Years (n = 7705) (n = 6706) (n = 4541)
Leukaemia #1 31.72 #1 28.35 #1 27.31
All respiratory diseases, excl. pneumonia/influenza #3 12.91 #2 16.28 #2 13.87
Congenital cardiovascular anomalies #2 14.91 #3 13.67 #3 13.12
Epilepsy #5 7.81 #5 7.86 #4 10.37
Pneumonia #4 8.58 #4 7.90 #5 9.12
Cerebrovascular diseases #6 6.87 #6 7.13 #6 6.69
Septicaemia #7 5.15 #7 5.67 #7 5.26
Influenza #9 1.66 #8 2.54 #8 2.97
Conditions originating in the early neonatal period #8 2.25 #9 2.48 #9 2.80
Intestinal infections other than typhoid, diphtheria #13† 0.87 #12† 1.25 #10 2.00
Other causes - 7.26 - 6.87 - 6.47

10–14 Years (n = 9109) (n = 7579) (n = 4921)
Leukaemia #1 31.30 #1 30.01 #1 30.24
All respiratory diseases, excl. pneumonia/influenza #3 13.66 #2 15.28 #2 13.66
Congenital cardiovascular anomalies #2 14.13 #3 12.17 #3 12.62
Epilepsy #5 7.73 #5 7.89 #4 10.36
Cerebrovascular diseases #4 8.12 #4 8.99 #5 9.08
Pneumonia #6 7.59 #6 6.73 #6 7.27
Septicaemia #7 4.17 #7 4.92 #7 4.29
Diabetes mellitus #8 2.49 #8 2.31 #8 1.97
Influenza #11‡ 1.15 #9 2.15 #9 1.77
Conditions originating in the early neonatal period #10 1.57 #11‡ 1.78 #10 1.52
Other causes - 8.09 - 7.78 - 7.21

230 * Abdominal hernia was ranked #10 in 2001/05 (0.17%) and 2006/10 (0.13%).
231 † Nephritis and nephrosis were ranked #10 in 2001/05 (1.60%) and 2006/10 (1.69%).
232 ‡ Nephritis and nephrosis were ranked #9 in 2001/05 (1.79%) and #10 in 2006/10 (1.91%).
233

234 Country-specific amenable child mortality rates 

235 As shown in Figure 1 and online supplementary file 3, the amenable mortality rate for the population 

236 aged <1 year dropped significantly over the entire study period in 15 countries (United States, Israel, 

237 Japan, South Korea, Czechia, Estonia, Germany, Italy, Latvia, Hungary, Poland, Spain, Austria, 

238 United Kingdom and Australia). In addition to the decrease in conditions originating in the early 

239 neonatal period, other causes contributed to a significant reduction in mortality for some of these 

240 countries: septicaemia, pneumonia and nephritis/nephrosis in the United States, septicaemia in 

241 Poland, and congenital cardiovascular anomalies in Japan and Spain. See online supplementary file 

242 4 for country-specific and cause-specific mortality rates in the <1-year population.

243 Although the overall OECD rate did not decrease significantly in the population aged ≥1 year, 

244 some country-specific data exhibited significant trends (Figure 1). However, no country showed a 

245 significant linear decline in mortality over the entire study period for all age groups (Figure 1).

246
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247 Figure 1 Yearly Amenable Mortality Rates (Per 100,000) for Ages <1 (a), 1–4 (b), 5–9 (c) and 10–14 (d) in 34 OECD 
248 Countries, 2001/2005, 2006/2010 and 2011/2015 (See Online Supplementary File 1 for Country-Level Data 
249 Availability)
250
251 * Percentage decrease is statistically significant (P<.05).
252 Abbreviations: CA, Canada; CL, Chile; US, United State of America; IL, Israel; JP, Japan; KR, Republic of Korea; AT, Austria; BE, Belgium; CZ, 
253 Czechia; DK, Denmark; EE, Estonia; FI, Finland; FR, France; DE, Germany; GR, Greece; HU, Hungary; IS, Iceland; IE, Ireland; IT, Italy; LV, 
254 Latvia; LT, Lithuania; LU, Luxembourg; NL, Netherlands; NO, Norway; PL, Poland; PT, Portugal; SK, Slovakia; SI, Slovenia; ES, Spain; SE, 
255 Sweden; CH, Switzerland; GB, United Kingdom; AU, Australia; NZ, New Zealand.
256

257 DISCUSSION

258

259 In this time trend analysis, we found a significant decline in amenable child mortality rates for the 

260 <1-year age group in the 34 OECD countries between 2001/05 and 2011/15, and a slow decline in 

261 the other age groups. These results confirm the trend shown by previous studies conducted on six 

262 OECD countries that had been selected to provide a variety of forms of healthcare delivery between 

263 1956 and 1980,[21] and highlight that policies to reduce amenable mortality rates are still needed, 

264 even in settings where the quality of medical services and resources is high.

265 These results are driven by the fact that the only significantly reduced cause of death was 

266 conditions originating in the early neonatal period in the <1-year group. Surprisingly, the decline was 

267 not more pronounced among countries with higher mortality in 2001/05, indicating that continued 

268 gains in child survival occurred both in low- and high-mortality countries. The most representative 

269 countries are Japan, which showed an improvement in its performance despite starting from low 

270 values in 2001/05, and Hungary and the US, which showed high amenable mortality rates in 2001/05. 

271 The results concerning country-specific amenable child mortality rates showed that the 

272 reductions in the age-specific rates were not evenly distributed across OECD countries. There was 

273 not a single cause for which the age-specific mortality rates declined in the countries studied, and the 

274 success in reducing mortality rates was not consistent for all causes. These achievements corroborate 

275 another of our results, highlighting that the causal distribution of the age-specific mortality rates did 

276 not vary over the period examined and that, namely, the conditions originating in the early neonatal 

277 period, congenital cardiovascular anomalies, pneumonia, leukaemia, and all respiratory diseases 

278 (excl. pneumonia/influenza) were consistently top-ranked. Because these are the main causes related 
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279 to chronic disorders and pathologies that require acute care delivered quickly, our results suggest that 

280 the models of care for children should be revised. Sidebotham has argued that child diseases might 

281 broadly be divided into chronic (e.g., leukaemia) and acute diseases (e.g., pneumonia), and that a 

282 single model cannot be proposed but each needs a different, albeit interconnected, health system 

283 solution.[5]

284 Wolfe [34] highlights that the presence of children with chronic disorders requires substantial 

285 changes from a hospital-centric model to a model in which primary care and secondary care providers 

286 and public health services work closely together. Models of co-management are essential to promote 

287 ongoing communication and coordination between primary care and subspecialty services. It would 

288 be inefficient for subspecialists to provide primary care, and ineffective for primary care providers to 

289 attempt to stay abreast of the latest therapies for chronic diseases. Because the majority of chronic 

290 illness care is performed within the primary care setting and because primary care physicians spend 

291 a considerable amount of time treating chronic illness, primary care should play a central role in the 

292 overall coordination and continuity of people’s care providing greater access to specialists and more 

293 timely follow-up care after emergency room visits.[35] The few studies evaluating this new approach 

294 to work showed an improvement in child survival [36–38], and thus traced a possible path to improve 

295 amenable mortality from chronic diseases.

296  Sidebotham and Mackenbach judge as determinants of amenable mortality in acute diseases 

297 the universal access to healthcare and the presence of professionals with appropriate training.[5,18]  

298 The relevance of access may at least partially explain our results in some countries. For example, in 

299 Chile, where the mortality rate of pneumonia was consistently high for the <1-year group, the 

300 healthcare system replicates class inequalities. Studies have identified and tracked several important 

301 inequalities in the burden of infant mortality for infectious diseases by socioeconomic level in Chile, 

302 showing that this gap is discriminatory because disadvantaged households underutilise healthcare 

303 services (due to social or economic exclusion).[39,40] In Slovakia, where also the mortality rate of 

304 pneumonia was high for the <1-year group, social health insurance system formally covers all 
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305 residents and has a benefit package that all insurance companies must provide for their insured. In 

306 theory, the insurance system is thus designed to provide everybody with the same benefit package, 

307 regardless of their health status, ability to pay or place of residence. In practice, coverage varies across 

308 the country, mainly because the supply of human resources (especially specialists and general 

309 practitioners [GPs]) is not adequate in all regions and districts, and sometimes providers are simply 

310 not available.[41]

311 The access to healthcare professionals with adequate training looks at the models of first 

312 contact between patients and clinicians and on their expertise. Although an international debate is 

313 open on the best pattern of paediatric primary care among a paediatrician-based system, a combined 

314 system or a system based on GPs/family doctors,[42] some authors highlight the importance of 

315 primary care paediatricians, especially because primary care paediatricians who look after children 

316 are likely to have more professional training and competencies than GPs, who often, receiving an 

317 insufficient or not existing or non-mandatory training, do not have capabilities to diagnose and treat 

318 a child in effective times.[34,43,44]

319 Supported by the specialised literature, the availability of high-quality healthcare and 

320 knowledge and the use of best practice guidelines are also determinants of amenable mortality.[5,18] 

321 These determinants provide one possible explanation for our results, in particular for the reduction in 

322 mortality by conditions originating in the early neonatal period. Several lines of evidence support the 

323 hypothesis that neonatal intensive care has resulted in decreased mortality. Marked declines in 

324 neonatal and infant mortality rates are coincident with the introduction and progressive development 

325 of neonatal intensive care [45,46] and with specific neonatal intensive therapeutic improvements.[47–

326 50] The second line of evidence regarding the effect of neonatal intensive care on infant mortality is 

327 the observation that low birth weight infants born in hospitals with tertiary level neonatal intensive 

328 care units have lower mortality rates than infants born in hospitals without such units. [51,52] Finally, 

329 a third line of evidence referring to improving high-risk obstetric care has been associated with 

330 decreases in neonatal mortality.[46,53]
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331 Variations in child mortality exist even in countries where high-quality healthcare is available. 

332 Part of this variation may be due to a failure in implementing treatment protocols or evidence-based 

333 best practices tailored with the local conditions. This suggestion may provide some explanation of 

334 the mortality decrease in some countries, such as Hungary and Japan, which have supported the 

335 introduction of evidence-based protocols on routine newborn care and have trained nursery staff 

336 members on the protocols.[54,55]

337 Our study has the same limitations as all studies that use secondary data. It is undeniable that 

338 international variations in birth registration laws and practices and the process of death certification 

339 have the potential to bias the international comparisons of child mortality. Additionally, international 

340 comparisons of mortality rates are confounded by the various ways in which countries classify 

341 preterm infants near the threshold of viability.[56–58] Considering these issues, our study only 

342 evaluates the trend of amenable mortality rates, and a comparison analysis was not performed. Also, 

343 although much of the literature assessing the contribution of healthcare to health focuses on mortality 

344 data, data on children may be of limited value because the number of deaths is small, making 

345 interpretation difficult. However, we believe that the small numbers were mitigated by the fact that 

346 our study analysed the rates and trajectories of multiple countries over a 15-year time period. Another 

347 limitation is that our analysis did not account for mortality disparities within countries that were 

348 attributable to ethnicity, race, socioeconomic status or geographic residence, since our data sources 

349 did not this information. Evidence from the US, for example, showed higher levels of amenable 

350 mortality among people disadvantaged in terms of race or socioeconomic status.[59,60] Considering 

351 that the perinatal mortality of the US has a prevailing effect on premature births and that striking 

352 racial disparities persist, with African Americans exhibiting higher rates of preterm delivery than any 

353 other major racial/ethnic group,[61] potentially large variations within populations may be concealed. 

354 Lastly, our study is based on the definition of amenable death in its original sense of mortality 

355 responsive to medical intervention through treatment, although several countries, such as UK, Canada 

356 and Australia, have broadened definitions for their avoidable mortality indicators to include deaths 
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357 from conditions avoidable through primary prevention. This broadened definition suggests that not 

358 only the models of care for children should be revised but also that policies must be adopted in order 

359 to prevent specific causes of death before the point of reaching the healthcare system. These policies 

360 include population health interventions such as the obligation of physical activity during adolescence 

361 in schools, or the taxation of tobacco and sugar-sweetened beverages.

362 Some preliminary conclusions can be drawn from this study. Over the 15-year period from 

363 2001 to 2015, the amenable mortality rate in <1-year-olds progressively declined in most OECD 

364 countries. Second, OECD countries had success in reducing mortality from conditions originating in 

365 the early neonatal period. Lastly, the low decline in amenable mortality rates for children aged ≥1 

366 year, the high variation in amenable mortality rates across countries and the insufficient success in 

367 reducing mortality from all causes suggest that the heath system should increase its efforts to improve 

368 health outcomes for children.
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* Percentage decrease is statistically significant (P<.05). 
Abbreviations: CA, Canada; CL, Chile; US, United State of America; IL, Israel; JP, Japan; KR, Republic of 
Korea; AT, Austria; BE, Belgium; CZ, Czechia; DK, Denmark; EE, Estonia; FI, Finland; FR, France; DE, 
Germany; GR, Greece; HU, Hungary; IS, Iceland; IE, Ireland; IT, Italy; LV, Latvia; LT, Lithuania; LU, 

Luxembourg; NL, Netherlands; NO, Norway; PL, Poland; PT, Portugal; SK, Slovakia; SI, Slovenia; ES, Spain; 
SE, Sweden; CH, Switzerland; GB, United Kingdom; AU, Australia; NZ, New Zealand. 
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Table 1 Data Availability for the 34 OECD Countries (0 “Not Available”/1 “Available”) 

Country 

Year 

Total 

2
0
0
1

 

2
0
0
2

 

2
0
0
3

 

2
0
0
4

 

2
0
0
5

 

2
0
0
6

 

2
0
0
7

 

2
0
0
8

 

2
0
0
9

 

2
0
1
0

 

2
0
1
1

 

2
0
1
2

 

2
0
1
3

 

2
0
1
4

 

2
0
1
5

 

Canada 1 1 1 1 1 1 1 1 1 1 1 1 1 0 0 13 

Chile 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 15 

United States 
of America 

1 1 1 1 1 1 1 1 1 1 0 1 0 0 1 12 

Israel 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 15 

Japan 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 15 

Republic of 
Korea 

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 15 

Austria 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 15 

Belgium 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 15 

Czechia 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 15 

Denmark 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 15 

Estonia 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 15 

Finland 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 15 

France 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0 14 

Germany 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 15 

Greece 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 15 

Hungary 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 15 

Iceland 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 15 

Ireland 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0 14 

Italy 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 15 

Latvia 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 15 

Lithuania 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 15 

Luxembourg 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 15 

Netherlands 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 15 

Norway 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 15 

Poland 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 15 

Portugal 1 1 1 0 0 0 1 1 1 1 1 1 1 1 0 11 

Slovakia 1 1 1 1 1 1 1 1 1 1 0 1 1 1 0 13 

Slovenia 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 15 

Spain 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 15 

Sweden 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 15 

Switzerland 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 15 

United 
Kingdom 

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 15 

Australia 1 1 1 1 0 1 1 1 1 1 1 1 1 1 1 14 

New Zealand 1 1 1 1 1 1 1 1 1 1 1 1 1 0 0 13 

All OECD 
countries 

34 34 34 33 32 33 34 34 34 34 32 34 33 31 28 494 

Notes: Causes of death are coded according to the ICD-9 (Austria 2001; Greece 2001/2013; Ireland 2001/2006; Italy 

2001/2002; Portugal 2001) or ICD-10 (all other country-years). Reference populations for some country-years were 

retrieved from UNdata if not available in the WHO Mortality Database (Canada 2006/2013; Chile 2001/2015; United States 

of America 2008/2010, 2012, 2015; Finland 2015; Ireland 2010, 2014; Switzerland 2014/2015). 
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Table 1 Nolte and McKee’s list of causes of death considered amenable to health care 

Disease category Age Diseases 
ICD-9 
codes 

ICD-10 
codes 

Infectious diseases 

0-74 Tuberculosis 010-8, 137 A15-9, B90 

0-74 Septicaemia 038 A40-1 

0-74 Pneumonia 480-6 J12-8 

0-74 Influenza 487 J10-1 

0-14 
Intestinal infections (other than 

typhoid, diphtheria) 
001-9 A00-9 

0-74 Diphtheria, Tetanus, Poliomyelitis 
032, 037, 

045 
A35-6, A80 

0-14 Whooping cough 033 A37 

1-14 Measles 055 B05 

Cancers 

0-74 Colorectal cancer 153-4 C18-21 

0-74 Malignant neoplasm of skin 173 C44 

0-74 Breast cancer 174 C50 

0-44 
Cervical cancer and uterine 

cancer 
179, 180, 

182 
C53-5 

0-74 Neoplasm of the testis 186 C62 

0-74 Hodgkin’s disease 201 C81 

0-44 Leukaemia 204-8 C91-5 

Endocrine, nutritional 
and metabolic diseases 

0-74 Thyroid disorders 240-6 E00-7 

0-49 Diabetes mellitus 250 E10-4 

Diseases of the nervous 
system 

0-74 Epilepsy 345 G40-1 

Diseases of the 
circulatory system 

0-74 Rheumatic heart diseases 393-8 I05-9 

0-74 
Ischemic heart diseases: 50% of 

deaths 
410-4 I20-5 

0-74 Cerebrovascular diseases 430-8 I60-9 

0-74 Hypertensive diseases 401-5 I10-3, I15 

Diseases of the 
genitourinary system 

0-74 Nephritis and nephrosis 580-9 
N00-7, 
N17-9, 
N25-7 

0-74 Benign prostatic hyperplasia 600 N40 

Diseases of the 
respiratory system 

1-14 
All respiratory diseases (excl. 

pneumonia/influenza) 
460-79, 
488-519 

J00-9, J20-
99 

Diseases of the digestive 
system 

0-74 Peptic ulcer 531-3 K25-7 

0-74 Appendicitis 540-3 K35-8 

0-74 Abdominal hernia 550-3 K40-6 

0-74 Cholelithiasis and cholecystitis 574-5 K80-1 

Perinatal mortality 

0-74 Maternal deaths 630-76 O00-99 

0-74 
Conditions originating in the early 

neonatal period 
760-79 P00-96 

0-74 
Congenital cardiovascular 

anomalies 
745-7 Q20-8 

External causes 0-74 
Misadventures to patients during 

surgical and medical care 
E870-6, 
E878-9 

Y60-9, 
Y83-4 

Source: Nolte and McKee 2008; Gay et al. 2011.  
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Table 1 Yearly Amenable Mortality Rates (Per 100,000) for Ages <1 and 1–4 Years in 34 OECD 
Countries, 2001/2005, 2006/2010 and 2011/2015 (See Table S1 for Country-Level Data Availability) 

Country 

<1 Year 1–4 Years 

Yearly Amenable Mortality 
Rate 

% Change (95% CI) 
Yearly Amenable Mortality 

Rate 
% Change (95% CI) 

2001/05 2006/10 2011/15 
2006/10–
2001/05 

2011/15– 
2006/10 

2001/05 2006/10 2011/15 
2006/10–
2001/05 

2011/15–
2006/10 

CA 343.10 343.46 332.97 .1 -3.1 4.34 4.09 3.98 -5.7 -2.6 

US 415.80 382.24 350.87 -8.1* -8.2* 6.00 5.46 5.13 -8.9* -6.1 

CL 478.56 457.40 427.15 -4.4 -6.6 10.11 7.50 5.90 -25.8* -21.3 

IL 291.77 221.77 189.73 -24.0* -14.4* 6.89 4.62 3.86 -32.9 -16.5 

JP 150.76 121.39 97.24 -19.5* -19.9* 8.78 7.84 7.15 -10.7 -8.7 

KR 334.41 235.84 198.16 -29.5* -16.0* 8.50 6.69 4.59 -21.3* -31.5* 

DK 285.08 191.17 220.19 -32.9* 15.2 6.16 3.87 3.11 -37.2 -19.6 

IS 134.24 127.50 85.5 -5.0 -32.9 4.74 6.78 2.14 43.2 -68.4 

FI 186.77 151.76 109.42 -18.7 -27.9* 4.46 3.25 2.80 -27.2 -14.0 

NO 207.32 186.37 149.55 -10.1 -19.8 5.77 4.56 3.36 -21.0 -26.4 

SE 178.05 136.44 130.95 -23.4* -4.0 4.44 4.03 2.82 -9.2 -30.1 

AT 297.83 243.56 198.02 -18.2* -18.7* 4.72 4.54 3.62 -3.7 -20.4 

BE 244.36 220.91 198.89 -9.6 -10.0 5.25 3.82 4.09 -27.3 7.1 

FR 237.86 216.89 211.19 -8.8* -2.6 3.98 3.73 2.82 -6.2 -24.3* 

DE 245.69 223.48 206.37 -9.0* -7.7* 5.31 4.27 4.19 -19.6* -1.9 

LU 218.18 111.42 126.65 -48.9 13.7 0.88 1.76 1.62 98.8 -7.6 

NL 306.18 257.29 234.49 -16.0* -8.9 4.66 4.63 3.03 -.8 -34.6 

CH 274.24 272.00 251.67 -.8 -7.5 4.22 2.95 2.02 -30.2 -31.3 

IE 247.00 198.95 184.09 -19.5* -7.5 6.28 2.53 3.18 -59.7* 25.6 

GB 346.07 305.01 256.65 -11.9* -15.9* 6.33 5.65 4.96 -10.7 -12.2 

GR 305.19 218.33 222.92 -28.5* 2.1 5.54 5.36 4.62 -3.4 -13.8 

IT 299.93 256.16 224.78 -14.6* -12.2* 4.96 4.05 4.15 -18.4 2.4 

PT 300.62 219.72 219.56 -26.9* -.1 8.41 3.92 4.19 -53.4* 6.9 

ES 272.67 231.74 204.24 -15.0* -11.9* 6.23 5.13 3.59 -17.6 -30.0* 

CZ 259.40 209.92 166.61 -19.1* -20.6* 4.74 4.43 3.24 -6.7 -26.9 

EE 394.90 262.22 139.38 -33.6* -46.8* 6.91 4.89 7.25 -29.3 48.4 

HU 530.50 406.91 348.94 -23.3* -14.2* 7.03 6.18 5.80 -12.2 -6.0 

LV 561.36 440.42 324.98 -21.5* -26.2* 7.23 6.54 3.42 -9.5 -47.8 

LT 412.34 342.21 225.15 -17.0 -34.2* 7.14 5.92 5.34 -17.2 -9.7 

PL 488.86 400.92 315.70 -18.0* -21.3* 7.81 8.35 6.69 6.9 -19.9 

SK 432.24 373.71 345.44 -13.5 -7.6 13.09 11.08 9.26 -15.3 -16.4 

SI 270.48 203.78 143.64 -24.7 -29.5 5.01 3.69 3.87 -26.3 4.8 

AU 290.88 261.16 212.74 -10.2* -18.5* 5.13 4.43 3.40 -13.6 -23.3 

NZ 317.89 286.41 294.76 -9.9 2.9 5.14 4.98 6.23 -3.1 24.9 

All 332.78 295.17 240.22 -11.3* -18.6* 6.27 5.43 4.73 -13.4 -13.0 
* Percentage decrease is statistically significant (P<.05). 
Abbreviations: CA, Canada; CL, Chile; US, United State of America; IL, Israel; JP, Japan; KR, Republic of Korea; AT, Austria; BE, Belgium; 
CZ, Czechia; DK, Denmark; EE, Estonia; FI, Finland; FR, France; DE, Germany; GR, Greece; HU, Hungary; IS, Iceland; IE, Ireland; IT, Italy; 
LV, Latvia; LT, Lithuania; LU, Luxembourg; NL, Netherlands; NO, Norway; PL, Poland; PT, Portugal; SK, Slovakia; SI, Slovenia; ES, Spain; 
SE, Sweden; CH, Switzerland; GB, United Kingdom; AU, Australia; NZ, New Zealand. 
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Table 2 Yearly Amenable Mortality Rates (Per 100,000) for Ages 5–9 and 10–14 Years in 34 OECD 
Countries, 2001/2005, 2006/2010 and 2011/2015 (See Table S1 for Country-Level Data Availability) 

Country 

5–9 Years 10–14 Years 

Yearly Amenable Mortality 
Rate 

% Change (95% CI) 
Yearly Amenable Mortality 

Rate 
% Change (95% CI) 

2001/05 2006/10 2011/15 
2006/10–
2001/05 

2011/15– 
2006/10 

2001/05 2006/10 2011/15 
2006/10–
2001/05 

2011/15–
2006/10 

CA 1.92 2.11 1.38 9.7 -34.6* 1.80 1.80 1.91 .3 5.7 

US 2.58 2.38 2.23 -7.6 -6.4 3.06 2.76 2.52 -9.6 -8.9 

CL 3.69 3.17 2.94 -14.1 -7.2 3.72 3.16 3.11 -15.0 -1.4 

IL 1.73 2.05 2.10 18.2 2.6 2.54 2.04 1.73 -19.8 -14.8 

JP 2.67 2.50 2.40 -6.2 -3.9 2.55 2.17 2.20 -14.8 1.2 

KR 3.42 2.39 1.86 -30.1* -22.0 3.58 2.55 1.99 -28.9* -21.7 

DK 1.78 1.32 1.21 -25.8 -8.4 2.10 1.78 0.72 -15.6 -59.7 

IS 2.00 2.08 0.94 4.2 -54.9 1.71 1.98 1.23 15.9 -37.8 

FI 0 0.94 1.80 N/A 92.2 1.75 4.48 2.81 156.1 -37.2 

NO 2.73 2.20 1.62 -19.4 -26.3 2.14 1.53 1.49 -28.8 -2.6 

SE 1.45 1.56 1.53 8.2 -2.1 2.56 1.80 1.83 -29.7 1.6 

AT 2.35 1.36 1.53 -42.1 12.7 2.03 2.18 1.62 7.8 -25.9 

BE 2.02 2.13 1.52 5.5 -28.7 2.41 1.96 1.53 -18.6 -22.1 

FR 1.89 1.52 1.25 -19.7 -17.5 1.96 1.59 1.41 -18.8 -11.5 

DE 2.33 1.80 1.83 -22.9 1.6 2.55 2.09 1.78 -18.0 -15.1 

LU 1.38 1.69 1.98 22.6 17.4 2.88 1.98 0.64 -31.1 -67.5 

NL 2.14 1.76 1.43 -17.8 -18.8 2.89 2.12 1.85 -26.6 -12.7 

CH 1.52 1.82 1.37 19.8 -24.5 2.24 1.23 1.58 -45.2 27.9 

IE 3.03 1.86 1.29 -38.7 -30.4 2.98 2.12 1.96 -28.7 -7.8 

GB 2.98 2.59 2.13 -13.1 -17.8 3.18 2.76 2.35 -13.0 -14.8 

GR 3.13 2.54 2.18 -18.8 -14.2 3.55 2.63 2.79 -25.7 6.0 

IT 2.36 2.08 1.86 -11.8 -10.6 2.84 2.29 2.19 -19.3 -4.2 

PT 3.23 1.67 1.67 -48.2* .1 4.53 2.66 1.87 -41.2* -29.7 

ES 3.04 2.45 2.02 -19.3 -17.5 3.40 2.64 2.14 -22.3 -18.9 

CZ 2.15 2.26 2.27 5.2 .7 2.67 2.25 1.87 -15.7 -17.0 

EE 3.32 3.50 1.40 5.7 -60.2 4.61 1.84 1.79 -60.0 -3.0 

HU 3.34 2.36 2.44 -29.4 3.3 3.58 3.50 2.92 -2.3 -16.5 

LV 4.53 4.62 3.53 1.9 -23.4 3.65 4.06 1.32 11.0 -67.4* 

LT 3.82 3.35 2.78 -12.2 -16.9 3.08 4.14 1.21 34.2 -70.7* 

PL 2.99 3.14 2.97 4.9 -5.3 3.03 3.52 3.30 16.1 -6.1 

SK 3.27 4.34 3.19 32.7 -26.5 3.70 4.23 3.35 14.4 -20.9 

SI 1.67 2.20 1.64 31.6 -25.6 2.61 1.24 1.74 -52.4 40.3 

AU 2.14 1.81 1.76 -15.6 -2.5 2.24 2.13 1.80 -4.8 -15.6 

NZ 2.11 2.01 1.37 -5.0 -32.0 3.04 2.71 2.96 -10.6 9.1 

All 2.59 2.28 2.02 -11.9 -11.3 2.87 2.48 2.16 -13.5 -13.1 
* Percentage decrease is statistically significant (P<.05). 
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Table 1 Yearly Amenable Mortality Rates (Per 100,000) of Conditions Originating in Early Neonatal Period for Age <1 in 34 OECD Countries, 2001/2005, 2006/2010 and 2011/2015 

Country Rate 2001/2005 Rate 2006/2010 Rate 2011/2015 % Change 2006/10 – 2001/05 % Change 2011/15 – 2006/10 

Canada 293.1 297.1 290.8 1.3 (-7.4, 10.1) -2.1 (-10.3, 6.1) 

Chile 329.3 341.9 324.2 3.8 (-6.2, 13.8) -5.2 (-14.3, 3.9) 

United States of America 349.6 322.1 295.6 -7.9 (-10.0, -5.7) * -8.2 (-10.5, -5.9) * 

Israel 229.6 174.4 142.4 -24 (-36.3, -11.7) * -18.3 (-32.5, -4.2) * 

Japan 83.6 68.1 54.2 -18.5 (-26.4, -10.7) * -20.4 (-29.2, -11.6) * 

Republic of Korea 262.0 186.9 160.1 -28.7 (-34.9, -22.4) * -14.3 (-22.9, -5.7) * 

Austria 250.9 203.5 162.4 -18.9 (-36.0, -1.8) * -20.2 (-38.8, -1.6) * 

Belgium 193.2 182.4 162.9 -5.6 (-23.1, 11.9) -10.7 (-27.5, 6.1) 

Czechia 209.9 167.0 136.0 -20.4 (-36.3, -4.6) * -18.6 (-36.0, -1.1) * 

Denmark 231.3 160.1 190.5 -30.8 (-48.1, -13.4) * 18.9 (-12.9, 50.8) 

Estonia 290.7 188.6 109.8 -35.1 (-66.2, -4.0) * -41.8 (-77.5, -6.0) * 

Finland 142.0 117.4 84.4 -17.3 (-43.8, 9.2) 28.2 (-54.3, -2.1) * 

France 190.6 175.2 177.1 -8.1 (-14.9, -1.3) * 1.1 (-6.5, 8.7) 

Germany 195.0 182.5 170.3 -6.4 (-13.5, .8) -6.7 (-14.1, .8) 

Greece 209.0 155.4 164.9 -25.7 (-40.4, -10.9) * 6.1 (-16.4, 28.7) 

Hungary 432.5 334.2 278.4 -22.7 (-34.0, -11.5) * -16.7 (-30.5, -2.9) * 

Iceland 119.9 102.0 67.5 -14.9 (-121.4, 85.1) -33.8 (-129.2, 61.6) 

Ireland 189.8 154.0 145.1 -18.9 (-40.4, 2.7) -5.8 (-31.2, 19.6) 

Italy 232.6 203.1 177.9 -12.7 (-19.7, -5.7) * -12.4 (-20.0, -4.8) * 

Latvia 408.7 348.6 270.5 -14.7 (-41.0, 11.6) -22.4 (-49.2, 4.4) 

Lithuania 261.4 235.8 162.6 -9.8 (-38.6, 19.1) -31.1 (-56.0, -6.1) * 

Luxembourg 203.1 104.2 113.3 -48.7 (-100.4, 3.0) 8.7 (-111.7, 108.7) 

Netherlands 249.5 211.4 199.9 -15.3 (-26.5, -4.1) * -5.4 (-19.1, 8.2) 

Norway 166.1 158.6 123.9 -4.5 (-31.7, 22.7) -21.9 (-45.6, 1.8) 

Poland 360.4 306.1 232.3 -15.1 (-21.7, -8.4) * -24.1 (-30.7, -17.5) * 

Portugal 233.6 179.5 181.2 -23.2 (-37.6, -8.7) * .9 (-20.4, 22.3) 

Slovakia 301.7 256.6 240.2 -15.0 (-34.1, 4.2) -6.4 (-28.3, 15.5) 

Slovenia 203.7 168.8 122.3 -17.1 (-55.7, 21.5) -27.6 (-64.2, 9.1) 

Spain 209.6 181.7 166.7 -13.3 (-21.4, -5.3) * -8.2 (-17.2, .7) 

Sweden 142.5 103.8 109.4 -27.2 (-45.3, -9.1) * 5.4 (-21.4, 32.2) 

Switzerland 217.4 233.3 207.7 7.3 (-15.7, 30.4) -11.0 (-29.8, 7.8) 

United Kingdom 289.4 256.5 214.1 -11.4 (-16.9, -5.9) * -16.6 (-22.0, -11.2) * 

Australia 244.0 218.0 180.6 -10.7 (-20.6, -.7) * -17.2 (-26.7, -7.6) * 

New Zealand 255.5 225.8 242.9 -11.6 (-32.2, 8.9) 7.6 (-17.2, 32.4) 

All OECD countries 266.3 239.8 193.8 -9.9 (-18.4, -1.5) * -19.2 (-27.9, -10.4) * 

* Percentage decrease is statistically significant (P<.05). 
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Table 2 Yearly Amenable Mortality Rates (Per 100,000) of Congenital Cardiovascular Anomalies for Age <1 in 34 OECD Countries, 2001/2005, 2006/2010 and 2011/2015 

Country Rate 2001/2005 Rate 2006/2010 Rate 2011/2015 % Change 2006/10 – 2001/05 % Change 2011/15 – 2006/10 

Canada 36.7 34.6 33.0 -5.6 (-29.1, 17.9) -4.8 (-28.5, 18.9) 

Chile 91.6 79.8 80.9 -12.9 (-29.6, 3.7) 1.3 (-18.5, 21.2) 

United States of America 41.6 35.8 33.5 -13.9 (-19.9, -7.9) * -6.5 (-13.4, .4) 

Israel 45.3 38.8 37.2 -14.4 (-44.6, 15.9) -4.0 (-37.9, 29.9) 

Japan 51.5 39.7 32.0 -22.9 (-32.6, -13.3) * -19.3 (-30.9, -7.7) * 

Republic of Korea 59.3 38.3 32.1 -35.4 (-47.7, -23.1) * -16.2 (-35.0, 2.5) 

Austria 43.1 35.9 31.6 -16.6 (-58.7, 25.5) -12.1 (-59.6, 35.5) 

Belgium 40.8 29.1 28.2 -28.6 (-59.7, 2.4) -2.9 (-47.8, 42) 

Czechia 34.4 29.5 21.1 -14.2 (-55.6, 27.2) -28.5 (-66.3, 9.3) 

Denmark 48.9 25.4 26.1 -47.9 (-79.0, -16.8) * 2.7 (-69.0, 74.3) 

Estonia 68.9 59.4 26.8 -13.8 (-92.5, 64.9) -55.0 (-108.8, -1.2) * 

Finland 37.9 26.6 20.3 -29.8 (-75.4, 15.8) -23.5 (-80.9, 33.8) 

France 37.3 34.4 29.0 -7.6 (-23.0, 7.9) -15.8 (-30.8, -.8) * 

Germany 44.2 33.6 30.6 -24.0 (-36.9, -11.1) * -8.9 (-26.0, 8.2) 

Greece 71.7 43.5 40.9 -39.3 (-61.1, -17.5) * -6.0 (-45.1, 33.0) 

Hungary 75.6 69.0 62.6 -8.7 (-39.2, 21.8) -9.3 (-41.5, 22.9) 

Iceland 4.8 21.2 13.5 343.2 (-1784.6, 443.2) -36.5 (-239.8, 63.5) 

Ireland 46.8 38.9 36.2 -16.9 (-61.1, 27.3) -6.9 (-57.0, 43.2) 

Italy 57.1 41.8 36.0 -26.8 (-39.2, -14.4) * -13.9 (-30.5, 2.6) 

Latvia 119.2 77.6 42.6 -34.9 (-75.0, 5.2) -45.1 (-89.9, -.2) * 

Lithuania 99.8 79.3 45.4 -20.5 (-63.2, 22.1) -42.7 (-80.6, -4.8) * 

Luxembourg 15.0 0 13.3 -100 (., 0) N/A 

Netherlands 47.6 38.4 28.7 -19.4 (-44.2, 5.5) -25.3 (-52.3, 1.8) 

Norway 38.4 23.0 22.0 -39.9 (-80.4, .6) -4.6 (-76.6, 67.4) 

Poland 91.5 69.2 67.0 -24.4 (-36.5, -12.2) * -3.2 (-19.8, 13.4) 

Portugal 47.7 33.9 32.0 -29.0 (-59.3, 1.3) -5.5 (-52.3, 41.2) 

Slovakia 70.2 64.2 67.4 -8.6 (-50.5, 33.4) 5.0 (-42.7, 52.7) 

Slovenia 55.5 29.1 17.6 -47.5 (-100.8, 5.8) -39.5 (-117.2, 38.2) 

Spain 54.1 41.7 31.2 -23.1 (-37.5, -8.6) * -25.2 (-41.4, -9.1) * 

Sweden 29.3 20.2 13.0 -31.1 (-69.5, 7.2) -35.8 (-78.1, 6.5) 

Switzerland 46.4 34.2 39.2 -26.4 (-64.1, 11.3) 14.8 (-44.9, 74.5) 

United Kingdom 42.1 36.2 33.3 -13.8 (-28.0, .4) -8.1 (-23.6, 7.3) 

Australia 33.7 32.5 24.7 -3.7 (-32.2, 24.8) -24.0 (-47.2, -.7) * 

New Zealand 40.6 37.2 30.6 -8.4 (-61.3, 44.5) -17.8 (-67.9, 32.2) 

All OECD countries 38.8 47.9 35.0 -18.9 (-37.3, -.5) * -9.9 (-33.4, 13.5) 

* Percentage decrease is statistically significant (P<.05). 
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Table 3 Yearly Amenable Mortality Rates (Per 100,000) of Pneumonia for Age <1 in 34 OECD Countries, 2001/2005, 2006/2010 and 2011/2015 

Country Rate 2001/2005 Rate 2006/2010 Rate 2011/2015 % Change 2006/10 – 2001/05 % Change 2011/15 – 2006/10 

Canada 3.3 2.6 1.8 -19.9 (-89.2, 49.5) -32.5 (-99.2, 34.2) 

Chile 41.0 24.1 11.7 -41.2 (-60.0, -22.4) * -51.2 (-72.7, -29.7) * 

United States of America 6.6 5.0 3.8 -23.9 (-37.6, -10.1) * -23.8 (-39.7, -7.9) * 

Israel 2.8 2.2 1.8 -22.3 (-134.6, 77.7) -20.6 (-143.8, 79.4) 

Japan 4.7 4.4 3.5 -6.0 (-43.0, 31.1) -20.9 (-55.5, 13.7) 

Republic of Korea 2.7 2.1 1.5 -22.7 (-87.8, 42.4) -30.4 (-100.6, 39.8) 

Austria 1.3 .5 1.3 -59.9 (-207.0, 40.1) 142.7 (-747.1, 242.7) 

Belgium 2.1 2.1 1.4 -.3 (-175.2, 99.7) -32.4 (-160.8, 67.6) 

Czechia 10.2 8.3 4.6 -19.0 (-91.8, 53.9) -44.9 (-104.7, 14.9) 

Denmark 2.2 1.2 1.7 -42.6 (-200.2, 57.4) 38.5 (-368.6, 138.5) 

Estonia 16.5 3.9 2.8 -76.5 (-143.6, -9.4) * -27.3 (-318, 72.7) 

Finland 1.8 1.7 1.0 -5.0 (-268.4, 95) -39.6 (-232.9, 60.4) 

France .8 .6 .2 -22.5 (-113.2, 68.1) -69.6 (-125, -14.3) * 

Germany 1.8 1.5 1.0 -18.1 (-85, 48.8) -34.5 (-98.1, 29.1) 

Greece 15.0 14.6 8.9 -3.1 (-70.1, 63.8) -38.8 (-88.8, 11.1) 

Hungary 16.3 2.1 3.6 -87.2 (-106.1, -68.3) * 70.9 (-231, 170.9) 

Iceland 4.8 0 0 -100 (., 0) N/A 

Ireland 5.1 2.0 0 -60.6 (-139.6, 18.3) -100 (., 0) 

Italy 2.3 .9 1.2 -59.5 (-101, -18) * 29.5 (-121.4, 129.5) 

Latvia 21.7 11.6 5.0 -46.5 (-128.5, 35.5) -57.3 (-155.8, 41.3) 

Lithuania 37.2 19.8 8.6 -46.8 (-99.5, 6) -56.8 (-119.7, 6) 

Luxembourg 0 3.6 0 N/A -100 (., 0) 

Netherlands 1.4 1.7 .6 24 (-174.9, 124) -67.3 (-140.7, 6.2) 

Norway 1.1 2.3 1.3 121.4 (-548.2, 221.4) -43 (-199.5, 57) 

Poland 14.8 11.8 11.6 -19.9 (-51.4, 11.6) -1.9 (-42.5, 38.7) 

Portugal 7.4 1.2 1.4 -83.3 (-114.7, -52) * 13.4 (-267.7, 113.4) 

Slovakia 47.2 41.3 30.8 -12.6 (-62, 36.9) -25.5 (-71.8, 20.8) 

Slovenia 3.4 4.9 3.7 42.9 (-414.5, 142.9) -23.6 (-248.2, 76.4) 

Spain 1.5 1.3 .7 -14.8 (-107.4, 77.9) -45 (-118.8, 28.8) 

Sweden 1.4 2.8 3.2 90.5 (-291.7, 190.5) 14.6 (-161, 114.6) 

Switzerland 1.6 1.1 1.7 -35.7 (-217.5, 64.3) 64 (-386.5, 164) 

United Kingdom 5.0 3.6 2.5 -29.2 (-64.8, 6.3) -28.5 (-69.6, 12.6) 

Australia 5.3 3.5 2.0 -34 (-88.5, 20.6) -41.2 (-100.3, 17.9) 

New Zealand 11.0 11.5 10.9 4.5 (-107.7, 104.5) -5.4 (-105, 94.1) 

All OECD countries 6.1 4.5 3.1 -25.7 (-74.3, 22.9) -30.7 (-88.1, 26.7) 

* Percentage decrease is statistically significant (P<.05). 
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Table 4 Yearly Amenable Mortality Rates (Per 100,000) of Septicaemia for Age <1 in 34 OECD Countries, 2001/2005, 2006/2010 and 2011/2015 

Country Rate 2001/2005 Rate 2006/2010 Rate 2011/2015 % Change 2006/10 – 2001/05 % Change 2011/15 – 2006/10 

Canada 3.2 3.3 2.0 2.0 (-81.8, 85.9) -40.6 (-95.2, 14) 

Chile 2.6 2.1 1.6 -20.6 (-112.5, 71.4) -23.4 (-123.2, 76.4) 

United States of America 7.2 6.1 4.5 -15.5 (-29.7, -1.2) * -25.6 (-39.8, -11.4) * 

Israel 4.7 2.5 2.6 -47.4 (-113.8, 19) 4.1 (-138.8, 104.1) 

Japan 6.2 5.0 4.2 -19.9 (-48.5, 8.7) -15.4 (-49.4, 18.7) 

Republic of Korea 1.8 1.8 .8 3.2 (-96.2, 102.5) -55 (-111, 1) 

Austria .5 .5 .3 .3 (-439.3, 100.3) -51.5 (-312, 48.5) 

Belgium 2.3 1.6 1.6 -29.2 (-159.7, 70.8) -2.4 (-193.7, 97.6) 

Czechia 1.1 1.9 1.8 82.1 (-348.3, 182.1) -5.8 (-186.1, 94.2) 

Denmark .9 .9 0 .4 (-358.8, 100.4) -100 (., 0) 

Estonia 7.5 3.9 0 -48.3 (-213.8, 51.7) -100 (., 0) 

Finland 1.4 2.4 1.0 66.3 (-390.5, 166.3) -56.9 (-187.3, 43.1) 

France 1.7 1.2 1.1 -25.6 (-87.9, 36.6) -7.8 (-92.3, 76.7) 

Germany .9 1.4 1.3 60.7 (-102.3, 160.7) -8 (-92.6, 76.6) 

Greece 7.1 3.7 4.9 -48.3 (-110.2, 13.5) 31.8 (-140.8, 131.8) 

Hungary 1.7 0 .2 -100 (., 0) N/A 

Iceland 0 0 4.5 N/A N/A 

Ireland .7 .3 1.4 -57.8 (-284.2, 42.2) 383.5 (-1937.6, 483.5) 

Italy 2.5 4.6 3.7 84.5 (-37.4, 184.5) -19.4 (-67.2, 28.5) 

Latvia 4.9 0 1.0 -100 (., 0) N/A 

Lithuania 6.0 2.6 4.0 -55.9 (-172.1, 44.1) 49.5 (-373.4, 149.5) 

Luxembourg 0 0 0 N/A N/A 

Netherlands 2.9 1.8 1.3 -36.4 (-121.5, 48.8) -32.3 (-147.1, 67.7) 

Norway .7 .7 .7 -5.1 (-421, 94.9) -.3 (-437.3, 99.7) 

Poland 18.2 8.8 2.6 -51.6 (-71.5, -31.7) * -69.9 (-91.2, -48.6) * 

Portugal 3.5 2.9 1.9 -16.7 (-141.4, 83.3) -33.9 (-157.1, 66.1) 

Slovakia 3.5 3.9 1.8 12.4 (-209, 112.4) -54.3 (-162.3, 45.7) 

Slovenia 2.3 0 0 -100 (., 0) N/A 

Spain 2.1 2.0 1.3 -6.4 (-90.6, 77.9) -37.1 (-102.4, 28.1) 

Sweden 1.2 5.5 2.8 344.5 (-526.7, 444.5) -49.1 (-118.2, 20) 

Switzerland 3.6 1.1 0 -70.3 (-144.7, 4) -100 (., 0) 

United Kingdom 4.4 3.2 1.6 -28.1 (-66.3, 10.1) -50.3 (-84.1, -16.6) * 

Australia 2.9 1.8 1.4 -38.4 (-108.6, 31.8) -21.9 (-123.2, 78.1) 

New Zealand 3.2 4.2 2.7 30 (-217, 130) -34.5 (-161.8, 65.5) 

All OECD countries 5.0 4.1 2.5 -18 (-75.5, 39.5) -39.1 (-94.3, 16.1) 

* Percentage decrease is statistically significant (P<.05). 
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Table 5 Yearly Amenable Mortality Rates (Per 100,000) of Nephritis and Nephrosis for Age <1 in 34 OECD Countries, 2001/2005, 2006/2010 and 2011/2015 

Country Rate 2001/2005 Rate 2006/2010 Rate 2011/2015 % Change 2006/10 – 2001/05 % Change 2011/15 – 2006/10 

Canada 1.4 .8 .3 -40.1 (-127.2, 47) -67.6 (-140.9, 5.7) 

Chile 1.3 .6 .4 -57.2 (-142.2, 27.7) -28.9 (-211.4, 71.1) 

United States of America 4.0 3.2 2.1 -19.7 (-38.2, -1.3) * -33.6 (-51.8, -15.4) * 

Israel 4.0 .5 .4 -86.9 (-117.5, -56.4) * -32.5 (-258.3, 67.5) 

Japan .8 .7 .3 -11.1 (-94.9, 72.6) -60.4 (-112.9, -7.8) * 

Republic of Korea .5 .6 .3 29.4 (-193.7, 129.4) -50 (-151.5, 50) 

Austria .0 0 0 N/A N/A 

Belgium .2 .5 0 176 (-1220.6, 276) -100 (., 0) 

Czechia .4 .5 .2 24.1 (-472.5, 124.1) -65.5 (-240.2, 34.5) 

Denmark 0 0 0 N/A N/A 

Estonia 0 0 0 N/A N/A 

Finland .4 0 1 -100 (., 0) N/A 

France .5 .1 .1 -79.1 (-129.5, -28.8) * -5.1 (-304, 94.9) 

Germany .2 .3 .1 94.3 (-337.9, 194.3) -64.3 (-155.7, 27.2) 

Greece 0 .2 0 N/A -100 (., 0) 

Hungary .4 0 .9 -100 (., 0) N/A 

Iceland 0 0 0 N/A N/A 

Ireland .3 .6 .3 68.7 (-836.7, 168.7) -39.6 (-341.5, 60.4) 

Italy .9 1.2 1 38.5 (-126.4, 138.5) -14.4 (-112.8, 84) 

Latvia 0 0 0 N/A N/A 

Lithuania 0 0 0 N/A N/A 

Luxembourg 0 0 0 N/A N/A 

Netherlands .3 .1 .2 -63.8 (-246.9, 36.2) 109.4 (-1014.6, 209.4) 

Norway 0 .3 .3 N/A -.3 (-618.4, 99.7) 

Poland .2 .5 .1 126.8 (-461.3, 226.8) -78.7 (-151.1, -6.2) * 

Portugal 1.5 .5 0 -66.7 (-172.0, 33.3) -100 (., 0) 

Slovakia .4 .4 0 -8.1 (-577.8, 91.9) -100 (., 0) 

Slovenia 0 0 0 N/A N/A 

Spain .5 .4 .1 -12.1 (-184.4, 87.9) -78 (-152.7, -3.3) * 

Sweden 0 .2 0 N/A -100 (., 0) 

Switzerland .3 .3 .5 -3.6 (-601.0, 96.4) 87.4 (-918.6, 187.4) 

United Kingdom .6 .5 .2 -20.1 (-133.9, 79.9) -51.5 (-138.3, 35.2) 

Australia .2 .5 .3 150.0 (-657.3, 250.0) -46.9 (-192.8, 53.1) 

New Zealand .4 .3 0 -10.0 (-567.8, 90.0) -100 (., 0) 

All OECD countries 1.8 1.4 .6 -19.9 (-114.1, 74.3) -58.2 (-131.3, 14.9) 

* Percentage decrease is statistically significant (P<.05). 
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STROBE 2007 (v4) checklist of items to be included in reports of observational studies in epidemiology*
Checklist for cohort, case-control, and cross-sectional studies (combined)

Section/Topic Item # Recommendation Reported on page #
(a) Indicate the study’s design with a commonly used term in the title or the abstract 1Title and abstract 1

(b) Provide in the abstract an informative and balanced summary of what was done and what was found 4

Introduction
Background/rationale 2 Explain the scientific background and rationale for the investigation being reported 6

Objectives 3 State specific objectives, including any pre-specified hypotheses 7

Methods
Study design 4 Present key elements of study design early in the paper 7
Setting 5 Describe the setting, locations, and relevant dates, including periods of recruitment, exposure, follow-up, and data 

collection
8

(a) Cohort study—Give the eligibility criteria, and the sources and methods of selection of participants. Describe 
methods of follow-up
Case-control study—Give the eligibility criteria, and the sources and methods of case ascertainment and control 
selection. Give the rationale for the choice of cases and controls
Cross-sectional study—Give the eligibility criteria, and the sources and methods of selection of participants

8Participants 6

(b) Cohort study—For matched studies, give matching criteria and number of exposed and unexposed
Case-control study—For matched studies, give matching criteria and the number of controls per case

Variables 7 Clearly define all outcomes, exposures, predictors, potential confounders, and effect modifiers. Give diagnostic 
criteria, if applicable

8

Data sources/ measurement 8*  For each variable of interest, give sources of data and details of methods of assessment (measurement). Describe 
comparability of assessment methods if there is more than one group

8

Bias 9 Describe any efforts to address potential sources of bias 8
Study size 10 Explain how the study size was arrived at 8
Quantitative variables 11 Explain how quantitative variables were handled in the analyses. If applicable, describe which groupings were chosen 

and why
8

(a) Describe all statistical methods, including those used to control for confounding 8-9

(b) Describe any methods used to examine subgroups and interactions 8-9
(c) Explain how missing data were addressed 8-9

Statistical methods 12

(d) Cohort study—If applicable, explain how loss to follow-up was addressed
Case-control study—If applicable, explain how matching of cases and controls was addressed
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Cross-sectional study—If applicable, describe analytical methods taking account of sampling strategy
(e) Describe any sensitivity analyses

Results
Participants 13* (a) Report numbers of individuals at each stage of study—eg numbers potentially eligible, examined for eligibility, 

confirmed eligible, included in the study, completing follow-up, and analysed
9

(b) Give reasons for non-participation at each stage
(c) Consider use of a flow diagram

Descriptive data 14* (a) Give characteristics of study participants (eg demographic, clinical, social) and information on exposures and 
potential confounders

9-10

(b) Indicate number of participants with missing data for each variable of interest 9-10
(c) Cohort study—Summarise follow-up time (eg, average and total amount)

Outcome data 15* Cohort study—Report numbers of outcome events or summary measures over time 9-10-11
Case-control study—Report numbers in each exposure category, or summary measures of exposure
Cross-sectional study—Report numbers of outcome events or summary measures

Main results 16 (a) Give unadjusted estimates and, if applicable, confounder-adjusted estimates and their precision (eg, 95% 
confidence interval). Make clear which confounders were adjusted for and why they were included

9-10-11

(b) Report category boundaries when continuous variables were categorized
(c) If relevant, consider translating estimates of relative risk into absolute risk for a meaningful time period

Other analyses 17 Report other analyses done—eg analyses of subgroups and interactions, and sensitivity analyses
Discussion
Key results 18 Summarise key results with reference to study objectives 12
Limitations 19 Discuss limitations of the study, taking into account sources of potential bias or imprecision. Discuss both direction 

and magnitude of any potential bias
15

Interpretation 20 Give a cautious overall interpretation of results considering objectives, limitations, multiplicity of analyses, results 
from similar studies, and other relevant evidence

13-14

Generalisability 21 Discuss the generalisability (external validity) of the study results 13-14-15
Other information
Funding 22 Give the source of funding and the role of the funders for the present study and, if applicable, for the original study on 

which the present article is based
17

*Give information separately for cases and controls in case-control studies and, if applicable, for exposed and unexposed groups in cohort and cross-sectional studies.
Note: An Explanation and Elaboration article discusses each checklist item and gives methodological background and published examples of transparent reporting. The STROBE 
checklist is best used in conjunction with this article (freely available on the Web sites of PLoS Medicine at http://www.plosmedicine.org/, Annals of Internal Medicine at 
http://www.annals.org/, and Epidemiology at http://www.epidem.com/). Information on the STROBE Initiative is available at www.strobe-statement.org.
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