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Background: The coronavirus disease 2019 (COVID-19) pandemic has led to socio-economic issues, highlighting the importance of
strengthening health systems for future infectious diseases. This study aims to analyze the relationship between health system
preparedness, response levels, and COVID-19 fatality rates across 194 countries.

Methods: This study examined various indicators of national health system preparedness and response, including health service
delivery, health workforce, health information systems, essential medicines and health products, health financing, and leadership and
governance.,

Results: A correlation was found between the health system and the COVID-19 case fatality rate (CFR). Further examination of
specific indicators within health service delivery, health workforce, health information systems, health financing, and
leadership/governance showed significant correlations with the CFR. Multiple regression analysis, considering aging and urbanization
rates, identified reproductive/maternal/newborn and child health, infectious diseases, nursing and midwifery personnel density, birth
registration coverage, and out-of-pocket health expenditure as significant factors affecting the CFR.

Conclusion: Countries with strong health system indicators experience lower case fatality rate from COVID-19. Strengthening access
to essential health services, increasing healthcare personnel and resources, ensuring reliable health information, and bolstering
overall health systems are crucial for preparedness against future infectious diseases.
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Figure 1. Framework of six building blocks of health system and coronavirus disease 2019 (COVID-19) case

fatality rate.
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Table 1. Selected health system capacity and COVID-19 variables

RAGEAAY Z2H9 AHEe] dBA « 0]

rok
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o

Measurement  Publication

Health system components Source Access date
year year
1. Health service delivery
Hospital beds (per 10,000 population) WHO 2007-2019 2020 2022. 6. 3
UHC Service Coverage Index WHO 20152019 2021 2022. 6. 3
UHC Service Coverage sub-index on reproductive, maternal, newborn and child health WHO 2019 2021 2022. 6. 3
UHC Service Coverage sub-index on infectious diseases WHO 2019 2021 2022. 6. 3
UHC Service Coverage sub-index on noncommunicable diseases WHO 2019 2021 2022. 6. 3
UHC Service Coverage sub-index on service capacity and access WHO 2019 2021 2022. 6. 3
2. Human resources for health
Density of medical doctors (per 10,000 population) WHO 2012-2020 2022 2022. 6. 5
Density of nursing and midwifery personnel (per 10,000 population) WHO 2014-2020 2022 2022. 6. 5
Density of dentists (per 10,000 population) WHO 2014-2020 2022 2022. 6. 5
Density of pharmacists (per 10,000 population) WHO 2014-2020 2022 2022. 6. 5
3. Health information system
Civil registration coverage of hirth UNICEF 2012-2021 2022 2022. 6. 10
Civil registration coverage of cause-of-death WHO 2000-2013 2015 2022. 6. 5
IIl-defined causes in cause-of-death registration WHO 2007-2016 2018 2022. 6. 5
4. Essential medicines and health products
Median availability of selected generic medicines (%)}—public WHO 2007-2013 2015 2022. 6. 8
Median availability of selected generic medicines (%)—private WHO 2007-2013 2015 2022. 6. 8
Median consumer price ratio of selected generic medicines—public WHO 2007-2013 2015 2022. 6. 8
Median consumer price ratio of selected generic medicines—private WHO 2007-2013 2015 2022. 6. 8
Total density per 100,000 population: health posts WHO 2013 2014 2022. 6. 8
Total density per 100,000 population: health centres WHO 2013-2014 2016 2022. 6. 8
Total density per 100,000 population: district/rural hospitals WHO 2013-2014 2016 2022. 6. 8
Total density per 100,000 population: provincial hospitals WHO 2013 2016 2022. 6. 8
Total density per 100,000 population: specialized hospitals WHO 2013 2016 2022. 6. 8
Total density per 100,000 population: hospitals WHO 2013 2016 2022. 6. 8
5. Health financing
Total expenditure on health as a percentage of gross domestic product OECD 2019 2021 2022. 6. 10
Out-of-pocket expenditure on health as percentage of total health expenditure World Bank 2019 2022 2022. 6. 11
Domestic general government health expenditure as percentage of general government expenditure  WHO 2019 2021 2022. 6. 8
6. Leadership and governance
External resources for health as a percentage of total expenditure on health World Bank 2019 2022 2022. 6. 11
Countries that have passed legislation on UHC WHO 2017 2017 2022. 6. 8
COVID-19 indicator
Case fatality rate Our World in Data  2022. 6. 8 2022. 6. 10
Social indicator
Population ages 65 and above World Bank 2021 2022 2023. 4. 18
Urban population World Bank 2021 2022 2023. 4. 18

COVID-19, coronavirus disease 2019; UHC, universal health coverage; WHO, World Health Organization; UNICEF, United Nations International Children's Emergency Fund; OECD, Organizatior

for Economic Cooperation and Development.
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Table 2. Basic characteristics of health system and COVID-19 case fatality rate variables

Bl&(f=
Ho|Z] QAT UHC ¥ HekS

Health system components No. Min Max Mean+SD
COVID-19 case fatality rate 186 0.02 18.18 1.5241.72
Hospital beds (per 10,000 population) 178 1.0 143.0 27.96+24.24
UHC Service Coverage Index 183 25.0 89.0 64.04+15.6
UHC Service Coverage sub-index on reproductive, maternal, newbom and child health 184 0.15 95.64 73.32+16.71
UHC Service Coverage sub-index on infectious diseases 183 1.2 86.32 59.63+15.93
UHC Service Coverage sub-index on noncommunicable diseases 189 0.13 833 63.59+11.72
UHC Service Coverage sub-index on service capacity an access 187 0.15 100.0 65.74+29.44
Density of medical doctors (per 10,000 population) 193 02 84.2 19.53+17.55
Density of nursing and midwifery personnel (per 10,000 population) 19 11 2295 48.08+45.95
Density of dentists (per 10,000 population) 167 0.1 17.0 4.24+3.96
Density of pharmacists (per 10,000 population) 167 0.1 26.3 4.52+4.71
Civil registration coverage of birth 172 2.7 100.0 83.5+24.73
Civil registration coverage of cause-of-death M7 0 100.0 86.37+22.02
IIl-defined causes in cause-of-death registration 114 2.0 46.0 12.46+9.59
Median availability of selected generic medicines (%)}—public 36 0 100.0 58.25+27.04
Median availability of selected generic medicines (%o}—private 38 30 100.0 65.97+25
Median consumer price ratio of selected generic medicines—public 20 1.0 330 4.65+7.08
Median consumer price ratio of selected generic medicines—private 22 1.0 86.0 9.61+17.67
Total density per 100,000 population: health posts 108 0 2730 20.39+33.62
Total density per 100,000 population: health centers 110 0 141.0 6.9+17.83
Total density per 100,000 population: district/rural hospitals 124 0 26.0 1.15+2.52
Total density per 100,000 population: provincial hospitals 127 0 10,57 0.79+1.55
Total density per 100,000 population: specialized hospitals 128 0 2126 264241
Total density per 100,000 population: hospitals 137 0 56.45 2.2145.06
Total expenditure on health as a percentage of gross domestic product a4 2.87 16.76 8414253
Out-of-pocket expenditure on health as percentage of total health expenditure 186 0.1 84.79 31.11+18.93
Domestic general government health expenditure as percentage of general government expenditure 187 0.63 2421 10.4445
External resources for health as a percentage of total expenditure on health 169 0 68.81 9.52+14.55
Countries that have passed legislation on UHC 194 73 (37.6%)
Population ages 65 and above 192 13.46 100.0 60.23+22.92
Urban population 192 14 3597 9.39+6.89

COVID-19, coronavirus disease 2019; SD, standard deviation; UHC, universal health coverage.

“The data includes the number of respondents who answered “yes,” along with the corresponding percentage of affirmative responses.
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Table 3. Correlation between health system capacity and COVID-19 case fatality rate (N=194)

COVID-19 case fatality rate

Health system components Model 1 Model 2 Model 3 Model 4
r B R VIF Jij IS VIF B R VIF
1. Health service delivery
Hospital beds (per 10,000 population) 0241" -0192° 0.083 1.098 0127 0.073 1.899 0.129 0.088 1.899
UHC Service Coverage Index 0275 -0.251° 0.077 1588 -0.206" 0.081 1,886 -0.187 0.082 2376
UHC Service Coverage sub-index on reproductive, maternal, newbom and child health ~ -0.315™" 029" 0101 1316 02727 0102 1.707 0258 0103 1.858
UHC Service Coverage sub-index on infectious diseases 02047 02597 0.091 1.242 -0.236" 0.091 1.743 0220 0.0%4 1824
UHC Service Coverage sub-index on noncommunicable diseases 0.089 0.115 0.051 1.016 0.062 0.064 1.013 0.084 0.075 1.056
UHC Service Coverage sub-index on service capacity an access 0265 02390 0071 1,668 -0.183 0.078 1.861 -0.163 0.079 2442
2. Human resources for health
Density of medical doctors 0.244" 0191° 0.068 1.370 -0.133 0.069 2.401 -0.100 0.075 2.590
Density of nursing and midwifery personnel 0305 02637 0,099 1220 02427 0097 1,687 -0221° 0.101 174
Density of dentists 0176 -0.089 0.053 1.355 -0.029 0.060 1.766 0.033 0.076 2.004
Density of pharmacists -0.209” -0.147 0.059 1.352 -0.110 0.058 1915 0.072 0.066 2.079
3. Health information system
Civil registration coverage of hirth 0295 0260 0091 1.324 023" 0104 1.309 02177 0105 1.461
Civil registration coverage of cause-of-death -0214° -0.138 0.064 1.063 -0.073 0.077 1274 -0.046 0.099 1.308
IIl-defined causes in cause-of-death registration 0.121 0.117 0.057 1.000 0.066 0.075 1.051 0.071 0.099 1.052
4. Essential medicines and health products
Median availability of selected generic medicines (%)}—public 0.077 0.145 0.028 1.001 0.156 0.034 1.006 0.153 0.035 1.012
Median availability of selected generic medicines (%o}—private 0.308 0.277 0.083 1.004 0.273 0.076 1.001 0277 0.083 1.004
Median consumer price ratio of selected generic medicines—public -0.119 -0.017 0.163 1.071 -0.116 0.056 1.000 -0.022 0.166 1.081
Median consumer price ratio of selected generic medicines—private -0.100 -0.089 0.127 1.015 0.129 0.017 1.003 -0.059 0.173 1.034
Total density per 100,000 population: health posts -0.032 -0.030 0.030 1.000 0.012 0.067 1.006 0013 0.072 1.007
Total density per 100,000 population: health centers 0121 0133 0.053 1.004 0.142 0.084 1.007 0144 0.09 1.007
Total density per 100,000 population: district/rural hospitals -0.016 -0.028 0.040 1.003 -0.037 0.054 1.008 -0.039 0.064 1.009
Total density per 100,000 population: provincial hospitals -0.059 -0.012 0.031 1.083 0.051 0.057 1227 0.058 0.062 1.235
Total density per 100,000 population: specialized hospitals 0.041 0.010 0.040 1.025 0.047 0.077 1.001 0.033 0.083 1.038
Total density per 100,000 population: hospitals -0.017 -0.013 0.040 1.000 -0.009 0.066 1.001 -0.009 0.073 1.001
5. Health financing
Total expenditure on health as a percentage of gross domestic product -0.329° -0.359 0.111 1.398 -0.105 0.287 1.281 0112 0.287 1.744
Out-of-pocket expenditure on health as percentage of total health expenditure 0383 0347 0157 1.115 03327 0174 1.094 0323 0175 1.147
Domestic general government health expenditure as percentage of general government  -0.194" -0.115 0.059 1.344 -0.065 0.081 1.428 -0.029 0.088 1.602
expenditure
6. Leadership and governance
External resources for health as a percentage of total expenditure on health 0.114 -0.008 0.055 1.358 -0.030 0.076 1.326 -0% 0.096 1.539
Countries that have passed legislation on UHC 34757 (Mt

Impact of health system capacity indicators on COVID-19 case fatality rate with adjustment for demographic covariates. The number of variables presented in Table 1 was used for analysis. Model 1: Pearson correlation analysis between
Health system and COVID-19 case fatality rate; model 2: regression analysis adjusted by Population ages 65 and above; model 3: regression analysis adjusted by Urban population; and model 4: regression analysis adjusted by Population
ages 65 and above and Urban population.

COVID-19, coronavirus disease 2019; VIF, Variance inflation factor; UHC, universal health coverage.

"p<0.05. “p<0.01. “"p<0.001. TBy independent sample t-test between health system and COVID-19 case property rate.
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