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 RESUMEN  

Impresionantes e inéditas asociaciones entre muertes por diarrea y neumonía en 
niños (R=0.921,P<0.001), sugieren mecanismos de acción y vulnerabilidades 
compartidas. Este es un esfuerzo para entender factores ambientales asociados con 
diarrea en niños causada por patógenos. La OMS estimó en 2013 que diarrea (casos) 
causan más de 760,000 muertes en niños, mayormente en los países en desarrollo. 
Asociaciones con 'casos' se encontraron mediante observaciones de variables 
relevantes para 20 países, incluyendo BRICS. Variables observadas: diarrea (casos), 
neumonía, clima, crecimiento económico, crecimiento poblacional, desigualdad de 
riqueza, tecnología avanzada en los países. Correlaciones encontradas muestran 
fuerte relación entre diarrea y neumonía en países del mundo; en el mundo en 
desarrollo asociaciones estadísticamente significantes sugieren que la densidad de 
población impone una barrera práctica para controlar las infecciones entéricas, 
además que la lucha contra la diarrea podría ayudar a la lucha contra neumonía y 
viceversa. 
 

ABSTRACT  

Striking associations between deaths in children by diarrhea and by pneumonia in 
countries of the world (R=0.921, P < 0.001), suggest shared pathways, vulnerabilities, 
and mechanisms of action. This is an effort to better understand the environmental 
factors associated with diarrhea in children by pathogenic infections. The WHO 
estimated in 2013 that diarrhea causes more than 760,000 deaths in children per 
year (cases), mostly in the developing world. Associations with ‘cases’ were found by 
observing several relevant variables for 20 different countries including BRICS. 
Variables observed: diarrhea cases, pneumonia, climate, economic growth, 
population growth, inequality of wealth, advanced technology in the countries. 
Correlations found show strong relation between diarrhea and pneumonia among 
countries around the globe; significant associations in developing world countries 
suggest that population density imposes a practical boundary in controlling enteric 
infections, and that the fighting diarrhea may also help in the fight against 
pneumonia, and vice versa.  
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Introduction  

Enteric infections frequently produce diarrhea and are 

estimated to cause 2.2 million deaths globally and more 

than 760,000 deaths by diarrhea in children, mostly in 

developing countries where about 1.1 billion people have 

no safe drinking water and 2.6 billion lack of appropriate 

disposal of excretions (pit latrines) (Petri 1970, Viau 

2011, WHO 2013). The morbidity of enteric infections 

has decreased little, amounting to 1.7 billion cases 

worldwide, sometimes impairing the hosts and 

shortening their life expectancy (Petri 1970, WHO 2015). 

Advances in fighting diarrhea, including the use of 

glucose electrolyte oral rehydration therapy (ORT), 

vaccination, and application of antibiotics and antiviral 

drugs, have greatly diminished the amount of deaths, 

from 4.6 million per year in 1980's, to 2.2 million in 2013 

including adults. Archer and Kvenberg (Archer and 

Kvenberg, 1985) estimated that the 68.7 to 275 million 

cases of diarrhea in the USA mean a burden of billions of 

dollars per year.  

This study analyzes the associations of external factors 

(social and climate) by observing a few relevant variables 

which possibly affect the spreading and transmission of 

enteric infections; here are neither considered the host's 

nor the germ’s parameters such as immune response 

parameters, and others (dose-response, decay, etc.), 

however after association found between diarrhea and 

pneumonia deaths, it is strongly suggested that these two 

diseases share pathways with mechanisms broadly 

defined to include physiological and social factors 

affecting transmission, treatment, and the vulnerability 

of the population. 

Methods  

This study focuses on children < 5 years old of the world 

and analyzes the statistical correlates among number of 

diarrhea-deaths per year, or “cases”, pneumonia-deaths 

per year, social, and environmental parameters. Out of 

the 20 countries we examined: population (total, and per 

square kilometer), productivity per capita in US dollars 

(GDP), wealth inequality Gini index (%); also annual 

averages of precipitation of rain (m/year) and maximum 

mean temperatures (Celsius) from the World Bank 

Group for years 1990 to 2012; country land area (km2), 

and percentage of the area that is water (%). The 

countries were chosen to include developed and 

developing countries, from America (US, Mexico, 

Colombia, Brazil), Europe (UK, Slovenia, Russia), Africa 

(Cameroon, South Africa, Kenya) and Asia (Israel, China, 

India, Pakistan, North Korea, Thailand, Iran, Iraq, 

Myanmar, and Afghanistan). The accelerated 

productivity increase in the developing BRICS countries, 

suggested choosing the BRICS countries to analyze. This 

block consists of Brazil, Russia, India, China and South 

Africa. These countries include the country with the most 

cases, the most area, the most monsoon rainfall, and 

collectively account for 22% of the total world GDP. The 

BRICS countries were analyzed individually, and as one 

pseudo-country by adding up their cases, areas, and 

populations but the GDP and population density were 

attributed by the mean values since themselves are 

already “densities”. 

Sub-sets of combined variables and countries were 

correlated as well, and examination of the changes in 

significance Pearson’s and Spearman’s among 

combination sets, lead to the correlates discussed in the 

Results section. Statistical analyses and graphs were 

made with SPSS v 16.0, 2007. 

Database and Units. Petri et al. in 2008 (2), and Black et 

al. 2010 (6), reported deaths per year caused by diarrhea 

in children < 5 years old, in the years 2000 and 2008 

respectively (Table 1). The USA Centers for Control 

Disease and Prevention reported for USA: 400 deaths due 

to diarrhea for 1992, which decreased to about 50 by 

2012 (7). The total population, population density 

(1/km2), GDP (US dollars per capita), and Gini indexes 

(%) were acquired from Wikipedia.org which references 

the Organization for Economic Co-operation and 

Development (OECD) Income Distribution Database, the 

US Census Bureau, and the US World Population Clock 

(Myanmar Gini was not found). The average rain fall per 

year (m), and the average maximum temperatures 

(Celsius degrees), were from the World Bank, (Table 1). 

Results and Discussion  

The set of 20 countries analyzed in its entirety and also 

was partitioned into sub-sets (developed, developing, 

monsoon, BRICS). The sample included three developed 

countries (USA, UK, Israel), the remaining were 

considered developing countries, although it is clear that 

Russia, China and Slovenia are between both worlds. 

Data used is in Table 1. All P values reported are 2 sided. 
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Figure 1. Scatter plot of ranks of cases of children deaths by 

diarrhea per year versus children deaths by pneumonia, 20 

countries. Table 2, Correlate R = 0.921 P <0.001. Data from 

(Black et al., 2010). 

For the entire set of 20 countries, the significant 

Pearson’s correlations were for diarrhea with: 

pneumonia cases (R=0.921, P < 0.001), population (total 

population R= 0.552, P < .05; and population density 

R=0.489, P <.05). The strong association between 

diarrhea and pneumonia cases extends to almost all 

correlates; both variables have very similar correlation 

coefficients and significant p-values with almost every 

other variable.  

Pneumonia’s correlations with pop, pop/km2, and 

rainfall were significant (R= 0.721, P <.001; R=0.572, P 

<.01; Spearman’s R=.465, P <.05), temperature 

(maximum average temperature per year) had a 

significance at 0.06 level (Spearman’s R=0.426, P <0.07), 

cases with GDP (Spearman’s R=-0.780, P < .001); also 

significant were correlations between the water area 

percentage (of the total area) and GDP (Spearman’s 

R=0.479 P < .05) and water % with maximum average 

temperature per year (R=0.499 P < .05). These 

associations support the known fact that enteric 

pathogens thrive in high temperatures, and suggest that 

cases are fewer in richer countries, (Table 2, Figure 1). 

The strong association between cases of children deaths 

by diarrhea and by pneumonia suggests that these 

diseases share common factors leading to vulnerability, 

such as the physiological stress that either disease means 

for the child’s body which may affect the immune system, 

other vulnerabilities such as compromised nutritional 

status, lack of access to healthcare, etc. Fighting diarrhea 

in many aspects might reasonably be expected to help 

fight pneumonia and vice versa. 

Country 
diarrhea 

/k 
pneumo 

/k pop /M pop /km2 GDP usd Gini % 
TemMax 

C rain m 
USA 0 1 320 34 53,042 38 20 0.68 
Israel 0 0 8 388 35,702 39 28 0.29 
UK 0 0 64 256 40,880 33 15 1.27 
Slovenia 0 0 2 101 20,712 24 20 1.24 
Russia 0 1 144 8 8,184 40 15 0.42 
China 11 62 1,357 145 7,634 55 20 0.58 
Thailand 0 1 67 132 5,426 39 29 1.69 
Colombia 1 2 43 41 8,858 54 26 2.70 
Mexico 2 5 118 57 11,321 47 25 0.71 
N Korea 2 4 25 198 621 34 21 1.04 
Brazil 4 6 203 24 11,067 52 25 1.59 
Iran 4 0 78 48 5,165 38 30 0.20 
Iraq 5 2 36 7 6,491 30 34 0.18 
S Africa 6 6 55 42 5,902 63 24 0.42 
Cameroon 14 16 23 40 1,426 39 28 1.53 
Myanmar 16 16 51 76 1,269   25 2.04 
Kenya 39 30 45 78 1,495 43 27 0.67 
Pakistan 74 84 196 234 1,307 30 29 0.27 
Afghanistan 90 0 33 44 695 29 26 0.29 
India 237 372 1,210 382 1,626 34 29 1.07 

 

Table 1. Average Values of Data Bases Used Here. From Black et al. (2010), US CDC (2012), The World Bank 

(http://sdwebx.worldbank.org 2015), US Census Bureau (2015). 
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Figure 2. Countries aggregated by continents: America, Asia, 

Europe and Africa. Bars are ranks (have no units) of: cases of 

diarrhea deaths in children (dark), deaths times GDP per 

population (chess), and deaths per population density times 

GDP (clear), which also can be interpreted as some kind of cost 

in US dollar of diarrhea-deaths in children. 

Developing countries (all except USA, UK and Israel) 

The number of cases is also significantly associated with 

pneumonia (R=0.919, P < .001; N=17), with the 

population, total (R=0.554, P < .05; N=17) and stronger 

with population density (R=0.754, P < .001), pneumonia 

with pop, pop/km2 (R=0.726, P=0.001; R=0.838, P < 

.001); countries population total (pop) and density 

(pop/km2) present close correlation (R=0.615, P=.009); 

one not significant but positive association of cases with 

temperature in developing countries (Spearman’s 

R=0.397, P < .15). The cases per population density are 

slightly correlated with GDP, Gini, and average rainfall 

per year (R=-0.418, P <.1, N=17; R=-0.381, P <.2; and R=-

0.334, P <.2), and high-tech (nuclear weapons) appear 

associated with population density, surface area in km2, 

GDP, water% (R= - 0.770, P <.13, N=5; R=0.872, P < .06, 

R=-0.679, P <0.3, R=0.731, P <0.2, and R=-0.714, P < .2).  

GDP is negatively correlated to diarrhea cases 

(Spearman’s R=-0.664, P < .01). In the developing world 

diarrhea and pneumonia in children are correlated with 

more variables than in the developed countries where 

general control of diseases avoids associations with 

external social or economic factors.  

BRICS countries (Brazil, Russia, India, China, South 

Africa) 

BRICS countries mean about 22% of the world’s GDP (US 

$78.E13), however are doing badly in control and 

prevention of diarrhea deaths of children as shown by 

their high rate of child deaths by diarrhea (ranging 

between 200 and 237,000 children/year Russia has the 

fewest cases density: 1 child death per 1 million people 

(1xE-06), China 8xE-06, Brazil 2xE-05, South Africa 1xE-

04, and India 2xE-04, recalling that cases are children 

diarrhea deaths/year. The association cases with 

temperature has R=0.715, P < .2, N=5. The links between 

cases and pneumonia, population and pop density follow 

similar trends that the entire sample of countries, except 

that there is not significant association between cases 

and population total. Diarrhea and pneumonia cases are 

significantly linked to pop/km2 (R=0.951, P < .05; 

R=0.981, P < .01), and less associated to GDP, Gini, and 

temperature (R=-0.852, P < .7, R=-0.849 P < .7; R=0.715 

P < .2); GDP is also correlated not significantly with 

pop/km2 and temperature (R=-0.845 P < .08; R=-0.512 P 

< .4). 

  diarrhea  pneumo pop tot pop/km2 GDP Gini temMax rain  
diarrhea 1 .921** .552* .489* -0.311 -0.263 0.302 -0.1 
pneumo .921** 1 .721** .572** -0.232 -0.119 0.235 -0.009 
pop tot .552* .721** 1 0.363 -0.07 0.198 -0.069 -0.092 
pop/km2 .489* .572** 0.363 1 0.199 -0.272 0.045 -0.085 
GDPusd/pop -0.311 -0.232 -0.07 0.199 1 -0.106 -0.434 -0.061 
Gini -0.263 -0.119 0.198 -0.272 -0.106 1 -0.082 0.22 
temMax 0.302 0.235 -0.069 0.045 -0.434 -0.082 1 -0.069 
rain -0.1 -0.009 -0.092 -0.085 -0.061 0.22 -0.069 1 

 

Table 2. All twenty countries; Pearson’s correlations between cases and seven variables. Composite variables 

(Cases*GDP/pop and Cases*GDP/pop/km2) are not shown. 

**. Correlation is significant at the 0.01 level (2-tailed). 
*. Correlation is significant at the 0.05 level (2-tailed). 
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Monsoon countries (China, India, Thailand and 

Myanmar) 

Most of the species of enteric pathogens live longer in 

water than in dry environments, and the rain and floods 

transport germs from infected host to new hosts (people 

and other animals) (Whitman and Nevers, 2003), 

therefore it was expected that the number of cases in 

developing countries will be more strongly associated 

with rainfall, which is neither supported by monsoon 

countries nor for the entire set of countries. On the other 

hand, notice that India, China, Thailand and Myanmar are 

subjected to the extreme South-Asia Monsoon 

phenomenon. In these countries, the cases are strongly 

associated with pneumonia as well, population density 

and water % (area of water of the country) (Pearsons’ 

coefficients: R=0.991, P < .01; R=0.966, P < .05; R=0.966, 

P < .04, N=4) and less correlated with GDP, Gini index and 

temperature (R=-0.533, P < .5; R=-0.671, P < .6; R=0.499, 

P < .6). The population density in India is the highest in 

the world (382/km2) and this country has the highest 

number of cases (237480 cases, or 3.75 children die in 

every 10,000 inhabitants, per year), but the cases density 

(cases/poptot) are topped by 7 countries: all African 

countries of this study and 4 other Asian countries: 

Pakistan, Afghanistan, Myanmar, and Iraq. This may 

indicate that India is managing its resources well 

compared to other developing countries, the BRICS, and 

the Monsoon countries. 

The larger countries in respect to number of inhabitants 

are China (1.3 billion people) and India (1.2 billions), but 

China extends in almost three times the area of India, 

resulting in 0.38 times the India’s population density, 

explaining partially, why there are fewer cases in China, 

(Figure 1).  

There is a lack of significant association of cases with 

rainfall, in every partitioning of data set and sub-sets. The 

number of nuclear weapons was also not significantly 

correlated to any combination of cases, but shows a weak 

negative trend with cases. Therefore in the developing 

countries, having advanced technology (software and 

hardware needed for nuclear technology) is not 

associated with the control and prevention of infective 

diseases.  

Conclusions 

The strong association of children deaths by diarrhea and 

pneumonia suggests a common vulnerability to these 

different infectious diseases. Children deaths associated 

with malnutrition were found with a frequency of 35% in 

2013 by WHO (1), and here it was found that diarrhea 

and pneumonia are intimately linked between 

themselves after 2008 data (Black et al., 2010) with 

statistical significance P-value level < 0.001. 

The set studied was partitioned in three ways: developed 

and developing countries, BRICS, and Asian monsoon 

countries. Strong links between diarrhea and: 

pneumonia, population, and population density occurred 

always. The positive association of cases with maximum 

mean temperature is important. Even though this 

temperature datum is a very gross average, it was found 

to have a positive association with deaths by diarrhea. 

The South-East Asia Monsoon countries show in addition 

positive and significant association of cases to water %, 

and the strongest association of cases with population 

density. GDP was negatively correlated with cases but 

lacked significance in the entire 20 countries set. The 

correlations suggest that in the developing world, 

population density and heat form an important 

environmental factor in the transmission of infections, 

and economic productivity is a less important correlate. 

In the developing world, for the control of diseases it is 

not sufficient to have a high GDP productivity or 

advanced technology; the children still die by thousands 

per year (from 200 to 237,000 children deaths/year). For 

example Mexico has the 2nd largest GDP of US$11,321 

per capita of developing states here; however Mexico has 

more cases of either diarrhea or pneumonia than Russia, 

Thailand, Colombia, Iran, Iraq, North Korea or 

Afghanistan. Other examples are Russia, India, China, and 

Pakistan, all they have relatively high GDP and allocate 

efforts and money in developing advanced technology 

such as nuclear weapons; however in all those countries 

thousands of cases occur every year. India seems to 

manage its resources more effectively in fighting 

diarrhea cases than the others here, since India has, in all, 

the most cases and population, however India has fewer 

cases times GDP per population, than all African 

countries and four other Asian countries (Figure 2, chess 

pattern). 

Health policies for the developing world looking to 

alleviate cases of diarrhea might be very effective aiming 

to decrease the population density by spreading off the 

crowded clusters of population out to ampler 

settlements provided with adequate disposal of 

excretions (drainage or pit latrines), and drinking water. 
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After strong associations found in all the sub-sets of 

countries studied, it is suggested that reaching control of 

the enteric diseases (diarrhea) or pneumonia, will 

probable decrease substantially both diarrhea and 

pneumonia deaths of small children.  
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