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Determinants of Life Expectancy of Many Countries in the
World by Using Support Vector Machine
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Abstract

Social determinants of life expectancy attract much attention worldwide, and several
papers were presented on statistical analysis of determinants using linear regression method
(OLS). In this study, a large-scale experiment has been done to analyze determinants of life
expectancy of 161 countries using 42 explanatory variables of 5 fields and a non-linear
regression support vector machine (SVM) technique. The SVM model developed shows
that just 13 factors represent life expectancy of 161 countries with a higher accuracy of
determination coefficient of 0.926 than previous works. It also shows that the health factors
such as infant mortality rates and health expenditures most significantly contribute to life

expectancy.
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Mo BRI B3 % Eikoln L2 B & LT, “Social Determinants of Health: The Solid
Facts” D5 2 it % 243 L 72 (WHO, 2003) 2008 4F 1213 It #% ¥t 15 # “Closing the gap in a
generation: Health equity through action on the social determinants of health” # A3 L 72
(WHO, 2008), Zh b O#HiiHETIE, BEOHESWYEENLE LT, kK% AL
A, W)W, xR, 7, J3k, R, B, &M, KH#EO 10HEE
B Tnb,

EHEDI AP EINICDOWTIX, Table 1T 2 L) ICEOHPDLE 2 —2dH D
(Christensen & Vaupeld, 1996; 3T , 2005; JII_LAtl , 2006; Skolnik, 2008; ¥ , 2010; #2,
2012; Mehrara & Nasibparast, 2012), ¥ 7z, #alMA0FEZ AT, O gg BN % T
L72ATIEGED D 5 25, PH¥diara HINERK, RO OMELHHEKE L, HEENG
(ordinary least squares, OLS) X DG E I EE L T b, LA L, ZNHDOmXIC
L o TR R O E & LA OB 2 5720, e BEROMER 2 OREE IO W

EL B DHERPME SN T WD (Table 1 1), BT ROEIZOVWTIE, 17
(B2 EHADOHR), OECD IMMBE, #iEE, &2wvidiis (X770 70oHR) O

IR G & RE L725eh% <, AT 0L k% E 2T L7-0%Ed % v, k$0H
= T LT\ % D1 Bergh & Nilsson (2009) TH 5%, 2 WEZRNZE L TVWAICTE
T, FBAARSER 1AM oFENEARE (GpC), A, BFEEYR ERK
ECTHHERINIRIT TV L7200, FHHEGOTHME L Ll E o nRRERENEbd
TS, BEIMNICEETH D LTz v, 72, 2N F CRFEHERICOWT L RFE
B (GDP % GpC) D&, & B \WIFEFIRE & FEfE (EEERINTER) OAD L
I, BEOEBIIRE L72i 0%, ZHOBEHIREDO 1 S B EuR#ELIC L b Jug
ERZER L fI G726, 2O X ) IS LRl A Bz BRE L 7:msEa &
BONTVEHERIT O TERMY»D 5.

F 72, JATWRZE TIEIT Tk & LT OLS U MG M &2 W Tw 578, KD 4E
L P FEar & OBIRIE—RISHIE CTlE %, BMRMBBREZ RTIENLZVWEEZ DS
N5, ZOXS LEMLMHBEBREZRSL —DOHUKEEZ LNLEDN, NT.=a—FNV
v F7—2 (ANN) (K , 2000; H , 2003; Fij4< 2006) P tc%ﬂ,m?“— y<A4=
YTDOTLOMATH S, LA L, ANNIIERED SR, @Rt e &%
COMBND ) ET NP —FHITRZE 5T, %@&%TJDODT%?@#%LV\_ LRI
Twb, —F, EEFHENTWELHR=- X7 ¥ —< ¥ (SVM) (Cristianini & Shaw-
Taylor, 2000; /NEFH | 2007; BI#E , 2011) (X ANN & O IERTEMNT T CTH 555, ANN
EHR U OREN 2 S LS RETH ), F 72, RFROMENR LV, LirL, IhE
T ANN X SVM 4§ 0 JERRIE [0l T % V-39 75 dy 0 Jeog ZERBAT IS8 L 7= 2813 R4 72
BV,
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Table 1. Summary of literature review on statistical determinant analysis of life expectancy

Countries analyzed

Explanatory variable

Authors

47 less developed
countries

economic variables, health expenditures, health
personnel and facilities, social indicators, power and
sanitation utilities

Grosse & Perry (1982)

86 developing countries

GNP per capita, poverty rate, public health spending

Anand & Ravallion (1993)

24 developed and
developing countries

newspaper, electric power, protein intake, GDP,
school life years, imports, mortality rate, hospital
beds, physicians

Furukawa (1996)

68 recipient countries

sanitary toilet facilities, safe drinking water, literacy,
GDP, access to basic medicines, measles vaccine
inoculation rate.

Furukawa (2005)

19 OECD countries

GpC, pharmaceutical expenditure, health
expenditure, senior population rate, tobacco
consumption, alcohol consumption, butter
consumption, vegetable consumption, dummy

Shaw et al. (2005)

91 developing countries

GpC, literacy rate, health expenditure, urban
population rate, total fertility rate, rate of population
without access to water, number of physicians,
undernourished people rate, area dummy

Kabir (2008)

65 African countries GpC, undernourishment prevalence, safe water Desbordes & Azemar
access, education, HIV prevalence, malaria risk, (2008)
tuberculosis incidence

92 developed and globalization index, GpC, urban population, average Bergh & Nilsson (2009)

developing countries

year of education, number of physicians, nutritional
status, dependency ratio, government consumption,
Gini coefficient

83 developed and
developing countries

per capita income, human capital stock, infant
mortality, hospital beds, urbanization, political
instability, area dummy

Castello-Climent (2011)

29 developed and
developing countries

GpC, foreign direct investment, population density,
education, hospital beds, employment rate, food
supply

Doytch et al. (2012)

21 European countries

GpC, health expenditure, food availability,
employment ratio, education Index, immunization
rate, urban population ratio, CO, emission

Bayati et al. (2013)
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W, BUh - AE BE - U, WP - BRSO 5 500 42 MoRE R e R E LT
JAWT SYM I X DT L, ZEEGEILIC & ) ZEOIREO hh 5 dar o g BN %
WRT DI 2T o720 EBORBRY, FEHFHOIEER IOV TARIIZEED L 5
R KRBT — % % TR B RN 247 5 72067813 W4 7 B 20 v,
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Table 2. Distribution of 161 countries

Developed Developing

LE range . . Africa America Asia Europe Oceania
countries countries
45.1-50.0 0 2 2 0 0 0 0
50.1-155.0 0 8 8 0 0 0 0
55.1-60.0 0 15 15 0 0 0 0
60.1-65.0 0 14 12 0 2 0 0
65.1—70.0 0 14 4 2 7 0 1
70.1-75.0 0 34 5 8 10 8 3
75.1—80.0 14 33 3 15 15 13 1
80.1-85.0 26 1 0 1 6 18 2

SR, AT CIREHEHARIRENH VLN TV S A, WHO HE0MERE <
DL THFEENTWBE 2 &, WRBPOZHOEIZOVWTTF =¥ BATHRETH 5 = L 5%
@%ﬁﬂm#%,nMeMGﬁinﬁwﬁﬁ%%%%mLtoﬁﬁ FLIEE R % 3%
BUZHL Y FIF7-FEH1E, WHO o#iiEE (2003) 2BV TRy A & LI R ) i
*@%%T%@kLfﬁ%%ﬁtmw%hfw%#%f%%oL#L,Eglt??i5
12, 161 4 EARTOME O BEREIE 0.932 & EvAs, FiFa 70 U T o 54 # FT
EAHBAAR RS 0.740 1K T3 525, MOZEHE OMAEDREIZK > TEEND 5 THEM D
H5H

D EDIBREON, ANOY4720 OBENHENTE 2D 0RF0EE vz, Thb0ik
BEOFLR AR % Table 4 128§ o IFEOHFIZIEIAMDORO B0 D REVWSOBH LD
T, HAREIINEZHWTO & 1 OMICTE L7220 4§ 5 & ) IEHAL LTI
Mz ZOREOENMEZRTHDE LT, FEHEIO W THELILR # O BELX %
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Table 3. Dependent and explanatory variables
No  Variable Definition and unit Field Source
Life expectancy Expected number of years of life remaining WHO, UN, WB
at birth
1 Infant mortality rate ~ Number of infants dying before reaching Health UN, WB
one year of age, per 1,000 live births in a
year
2 Birth rate Average annual number of births during a Health WB, OECD
year per 1,000 persons
3 Suicide rate Total rate deaths officially recorded as Health WHO, OECD
suicides per 100,000 population
4 Health expenditure ~ Sum of public and private health Health WHO, WB
expenditures per capita
5 Hospital beds Number of hospital beds per 1,000 Health WHO, WB
population
6 Physicians Number of physicians per 1,000 population ~ Health WHO, WB
7 Smoking prevalence Percentage of men and women ages 15and  Health WHO, WB
over who smoke daily
8 Alcohol consumption  Alcohol consumption among adults (age Health WHO, OECD
15+) in litres per capita per year
9 Calorie intake Daily calorie intake per capita in 10°kcal Health FAO
10 Fat intake Average daily fat intake per capita in gram  Health FAO
11 Obesity Rate of adults of body mass index over 30 Health WHO, OECD
12 Marriage rate Number of marriages per 1,000 population ~ Health UN, OECD
13 Divorce rate Number of divorces per 1,000 population Health UN, OECD
14 Religion Rate of population who say religion is Health Gallup
important
15 Gross domestic Per capita gross domestic product in 10°$ Economy IMF, WB
product
16 GDP growth rate Annual percentage growth rate of GDP at Economy IMF, WB
market prices based on constant local
currency
17 Tax rates Total taxation as % of GDP Economy IMF, WB
18 Wealth Wealth per capita in 10°$ Economy Credit Suisse
19 Household Household final consumption expenditure ~ Economy WB, OECD
consumption per capita in 10°$
expenditure
20 Gini coefficient Measure of inequality of income Economy UN, WB
21 Poverty rate Poverty headcount ratio at national poverty ~Economy UN, WB
line per population
22 Unemployment rate  Rate of the number of unemployed Economy IMF, UN
individuals to all individuals currently in the
labor force
23 Senior worker Rate of economically active population ages Economy 1ILO
65 and over
24 Grain self-sufficiency Proportion of domestic grains among those Economy FAO

rate

consumed in the country
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Table 3. (continued)
No  Variable Definition and unit Field Source
25 Motor vehicle Motor vehicles including cars, buses, and Economy UN, WB
freight vehicles per 1,000 population
26 Military expenditure Military expenditure per capita in $ Political CIA, WB
27 Armed forces Rate of armed forces personnel to total Political WB
labor force
28 Murder Rate Murder rate per 100,000 population Social UN, WHO
29 Crime rate Crime rate per 100,000 population Social UN, ICPO
30 Education Public expenditure on education per capita ~ Education UN, WB
expenditure in$
31 Literacy rate Literacy rate of people ages 15 and above Education UN, WB
32 Intelligence quotient  Ratio of tested mental age to chronological ~ Education Eutimes
age
33 School life School life expectancy, primary to tertiary ~ Education UN
expectancy education
34 School enrollment, Percentage of high school graduates that Education UN, WB
tertiary successfully enroll into university
35 Internet Internet users per 100 population Culture UN, WB
36 Latitude Average latitude of country Geography  WB
37 Urban population Rate of people living in urban areas Environment UN, WB
38 Terrestrial protected Rate of terrestrial protected areas to total Environment UN, WB
area land area
39 Forest area Forest areas per capita in m” Environment FAO, WB
40 Water access Rate of population with access to improved  Environment WHO, WB
water source
41 Electricity access Rate of population with access to electricity ~Environment UN, WB
42 Air pollution Country level of PM10 in #g/m® Environment WHO, WB
For more detailed definition of variables, see homepages of data sources.
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Fig. 1.

Infant mortality rate

Scatter plot of life expectancy versus infant mortality rate



Life Expectancy of Many Countries 73
Table 4. Descriptive statistics of explanatory variables
No Explanatory variable Mean St. Dev. Min Max Skewness
1 Infant mortality rate 32.1 29.3 24 117.4 1.01
2 Birth rate 21.8 10.6 8.2 50.9 0.71
3 Suicide rate 9.7 7.1 0.1 351 1.06
4 Health expenditure 1.2 1.5 0.0 9.0 2.07
5 Hospital beds 3.2 2.6 0.0 14.0 1.24
6 Physicians 1.6 14 0.0 54 0.59
7 Smoking prevalence 21.7 8.1 6.0 44.2 0.30
8 Alcohol consumption 5.9 4.7 0.0 21.1 0.60
9 Calorie intake 2.9 0.5 1.6 3.8 0.01
10  Fatintake 80.6 36.5 12.0 167.5 0.56
11 Obesity 16.2 9.8 1.0 57.9 0.52
12 Marriage rate 5.9 2.7 0.2 16.7 0.98
13 Divorce rate 1.5 1.1 0.0 6.9 1.45
14 Religion 75.9 222 21.6 99.5 -0.86
15  Gross domestic product 16.5 17.4 0.4 103.9 1.82
16 GDP growth rate 3.7 2.9 -1.8 23.2 2.23
17 Tax rates 29.7 11.9 6.6 70.3 0.83
18  Wealth 39.3 7.7 0.1 426.8 2.51
19  Household consumption expenditure 4.1 55 0.0 26.8 1.86
20 Gini coefficient 40.3 9.2 24.2 68.6 0.69
21 Poverty rate 28.2 19.4 2.8 80.0 0.82
22 Unemployment rate 12.5 11.0 0.6 68.6 2.22
23 Senior worker 36.4 24.1 0.9 83.5 0.35
24 Grain self-sufficiency rate 734 56.3 0.0 264.0 0.90
25  Motor vehicle 218.1 220.6 2.0 797.0 0.89
26  Military expenditure 37.6 67.9 0.0 568.9 4.45
27  Armed forces 1.3 1.5 0.0 9.0 2.40
28  Murder Rate 10.1 10.8 0.7 65.2 2.00
29  Crime rate 2.7 3.2 0.0 13.6 1.63
30  Education expenditure 87.1 94.2 1.1 459.5 1.53
31  Literacy rate 83.6 18.8 224 99.9 -1.31
32 Intelligence quotient 84.6 115 59.0 106.0 -0.23
33 School life expectancy 115 2.7 3.9 17.9 -0.56
34  School enrollment, tertiary 32.6 26.3 0.8 102.4 0.56
35 Internet 43.0 29.6 1.3 97.8 0.13
36  Latitude 26.4 17.3 0.0 64.0 0.28
37  Urban population 56.3 23.1 10.7 100.0 -0.12
38  Terrestrial protected area 12.6 10.0 0.0 53.7 1.16
39  Forestarea 12.8 31.8 0.0 282.9 5.75
40  Water access 86.8 16.1 40.0 100.0 -1.29
41  Electricity access 74.1 33.7 3.0 100.0 -0.92
42 Air pollution 474 319 6.0 166.0 1.52
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Fig. 2. Scatter plot of life expectancy versus military expenditure before and after logarithmic
transformation
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Fig. 3. Scatter plot of observed versus predicted life expectancy of developed countries (filled circle) and
developing countries (open circle)
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Table 5. Sensitivities of 42 explanatory variables

No Explanatory variable Field Sensitivity
1 Infant mortality rate Health -0.636
2 GDP growth rate Economy 0.234
3 Wealth Economy 0.225
4 Suicide rate Health -0.190
5 Hospital beds Health -0.110
6 Urban population Environment -0.090
7 Health expenditure Health 0.078
8 Birth rate Health -0.078
9 Tax rates Economy -0.077
10  Physicians Health 0.069
11 Intelligence quotient Education 0.060
12  Military expenditure Political -0.046
13 Terrestrial protected area Environment -0.046
14  Marriage rate Health 0.043
15  Divorce rate Health -0.042
16 Water access Environment 0.042
17 Calorie intake Health -0.041
18  Fatintake Health 0.038
19  Electricity access Environment 0.035
20 Armed forces Political 0.034
21 Grain self-sufficiency rate Economy -0.031
22 Air pollution Environment -0.030
23  Forestarea Environment -0.029
24  Poverty rate Economy -0.028
25 Crime rate Social -0.027
26  Household consumption expenditure ~ Economy 0.026
27  Senior worker Economy 0.026
28  Gross domestic product Economy -0.026
29  Literacy rate Education -0.024
30  Murder Rate Social -0.024
31  Unemployment rate Economy -0.023
32 School life expectancy Education 0.020
33 Internet Culture 0.019
34  Education expenditure Education 0.019
35  Obesity Health -0.017
36  Latitude Geography -0.016
37  Alcohol consumption Health -0.013
38  Religion Health -0.013
39  Smoking prevalence Health 0.013
40  Gini coefficient Economy -0.010
41  Motor vehicle Economy -0.005
42 School enrollment, tertiary Education -0.002

Bold letters : Determinants of life expectancy.
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Fig. 4. Scatter plot of life expectancy versus Log (GpC) (left) and Log (Gini) (right)
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