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• Like living organisms, complexity of city processes grows with size. 

• Population (size) + socioenvironmental interactions  complexity  

 (dis/)advantages depending on specific feature. 

• Fingerprints of complex behavior revealed by scaling analysis.  

• Infrastructure: road network and water supply scale sub-linearly  

economy of scale. 

• Socially generated products: wealth, knowledge and crime scale 

super-linearly  network effects and increased social interactions 
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• Knowledge of specific features of cities affecting population health, 

and underlining processes is still limited. 

• This work: Comprehensive of mortality scaling behavior in 742 

cities / metropolitan areas with > 100,000 residents in United States 

and 10 Latin American countries. 

 Cities at 11 very different countries  draw more clear inferences 

regarding urban scaling of mortality 

 Coarse and fine-grained scaling analyses of causes of death (CoD). 

 Analyses consider key epidemiologic / demographic aspects that may 

impact mortality  city size: age differentials and coding differences 
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● 366 Latin America (LA) and 376 United States (US) cities.  

● 10 countries: Argentina, Brazil, Chile, Colombia, Costa Rica, El 

Salvador, Mexico, Peru, and Panama.  

● LA cities: urban agglomerations of administrative units 

(municipios, comunas, distritos, partidos, etc.) that overlapped with 

the urban extent of the city 

● US cities: core-based statistical areas, agglomeration of adjacent 

counties, or part of a core area with at least 10,000 people.  

● Analysis restricted to LA and US cities with more than 100,000 

people in 2010  
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 CoD divided in six large groups: 3 disease and 3 injury (external 

causes) groups 

 (1) CMNN - Communicable diseases, Maternal, Neonatal and Nutritional 

conditions; (2) Cancer; (3) CVD/NCD - Cardiovascular and other Non-

Communicable Diseases 

 (4) non-violent injuries (road traffic accidents and other unintentional 

injuries); (5) suicides; and (6) homicides. 

 Finer division of disease groups to obtain 41 fine-grained groups 

 Adjusted compositional effect of different age structures across cities 

 May influence scaling, causing strong effect on mortality patterns  

 Proportion of residents aged 0 to 14, 15 to 39, 40 to 64, 65 and above,  
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● Scaling hypothesis  power law relationship between 𝑌 and 𝑁 

𝑌 = 𝑌0 ∗ 𝑁𝛽 

● Ordinary least squares regression for set of cities i  in country j 

 𝑙𝑛 𝑌𝑖𝑗 = 𝛼 + 𝛽 ∗  𝑙𝑛 𝑁𝑖𝑗  + 𝜖𝑖𝑗   , (minimize residuals 𝜖𝑖𝑗) 

● Heterogeneous data (different countries, ages, etc.) may scale 

with same pattern (exponent ) but different magnitude (different ) 

● Necessary account for intrinsic differences in used data during 

exponent evaluation   
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● Current work: account for different levels of mortality rates and 

coding of causes of death by country, and role of age distribution 

𝑙𝑜𝑔 𝑌𝑖𝑗 = 𝛼 + 𝛽 ∙  𝑙𝑜𝑔 𝑁𝑖𝑗   +  𝜶𝟐 ∙ 𝑪𝒐𝒖𝒏𝒕𝒓𝒚𝒋 + 

𝛼3 ∙ 𝑃𝑟𝑜𝑝 15_39 𝑖𝑗 + 𝛼4 ∙ 𝑃𝑟𝑜𝑝 40_64 𝑖𝑗 + 𝛼5 ∙ 𝑃𝑟𝑜𝑝 65𝑝 𝑖𝑗 + 𝜖𝑖𝑗  

● Additional variables 

 Countryj : country where the city 𝑌𝑖𝑗 is located (arbitrary choice) 

 Prop(15_39)ij, Prop(40_64) ij, and Prop(65p) ij:   % of the population 

in city 𝑌𝑖𝑗 aged 15-39, 40-64, and 65+ 
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● Above equations used to evaluate β and  for all cities combined 

and also stratified by region (LA and US cities separately) 

● Country-specific coefficients for Brazil (152), Mexico (92), and all 

other LA cities (122). 

● Multiple country adjustment included in analyzes for all LA 

countries and for all LA countries minus Brazil and Mexico, but not in 

single country analyzes (US, Brazil, and Mexico) 
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● Explore association between scaling behavior and variance and 

general prevalence. 

● For each cause of death compare β with corresponding intercepts 

( is a metric of the general prevalence), and standard deviation of 

log(number of deaths) (a metric of the variability of the phenomenon) 
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• All-cause mortality 

 All-cause mortality scales sublinearly  

=0.94lower mortality rates in larger cities 

 After adjusting for age and country,  

was minimally attenuated to 0.97 

 Even after considering different distribution  

of ages across cities, all-cause mortality scales 

sublinearly in the entire region of the Americas 
 

 

 

 

 

29 

Results  – All-cause and large groups of causes of death  



 

 

 

 

 

 

 

 

 

 

 

 

• Details of obtained results, adjusted by country and age 
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• Region age adjusted specific scaling 

 All-cause mortality:  

  = 0.94 in US (376) and 1.00 in LA (366) 

 Mortality by large disease grouping 

 CMNN, cancer, and NCDs 

  = 0.95, 0.95, and 0.94 in US and = 1.00, 1.01, and 1.01 in LA  

health advantage of living in larger cities in US but seems irrelevant in LA 

 Mortality by injuries 

 Non-violent, suicides and homicides 

  = 0.92, 0.94, and 1.12 in US and = 0.93, 0.88, and 1.10 in LA. 
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• Country age adjusted specific scaling 

(BR,MX and OtherLA) 

 All-cause mortality:  

=1.00, 1.01 and 0.99 

 Large disease groupings and injuries 

CMNN:  = 1.01, 0.99 and 1.02 

Cancer:  = 1.01, 1.01 and 1.00  

NCDs:  = 0.99, 1.02 and 0.99 

Non-violent:  = 0.93, 0.94, and 0.90 

Suicides:  = 0.88, 0.91, and 0.87 

Homicides:  = 1.17, 0.97, and 1.01 
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• Fine-grained study of specific causes 

 CMNN: sexually transmitted (STDs) and HIV/AIDS, tuberculosis, 

respiratory infections, and all other infectious diseases besides Maternal, 

Neonatal and Nutritional conditions  

 Cancer: 21 types of tumors in different organs and systems 

 NCD: Cardiovascular, metabolic, digestive, respiratory, kidney, 

congenital, neuropsychiatric, cirrhosis of the liver 

 Injuries: Violence, road traffic accidents, suicide, other unintentional 

injuries   

• Comparison of scaling behavior between US and LA cities 

  (US,LA) or (US,LA,BR,MX,OtherLA) 
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• CMNN 

 STDs and HIV/AIDS:  = (1.24, 1.07, 1.07, 0.90, 1.17)  Most 

superlinear CoD in US and LA-BR/MX, but second most sublinear in MX 

 Tuberculosis:  = (0.88, 1.10, 1.18, 1.09, 0.83)  Second most sublinear 

in US, second most superlinear in LA with wide spread values 

 All other CMNN:  Sublinear in US. cities (among most sublinear CoD) 

and linear LA, with two superlinear exceptions: Maternal conditions ( = 

1.09) in BR and respiratory infections in MX ( = 1.10) 

• Cancer 

 Equally occurrence of linear and superlinear (10 of 21) pattern in LA 

 Mostly sublinear in US, with only 1 superlinear and 7 linear occurrences 
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• CV/NCD 

 Overall sublinear in US and linear or superlinear in LA, where the single 

exception is cirrhosis with  = 0.97 

• Injuries 

 Patterns mostly consistent between US and LA: =(0.94, 0.88) for 

suicides,  = (0.88,0.89) for road traffic deaths, and  = (0.94,0.96) for 

other unintentional injuries 

 Position within respective ranking exhibit large differences 

 Homicides scale superlinearly with  = (1.12,1.10) 

 Exception for MX ( =0.97) and OtherLA ( = 1.01) 
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Results – Relation between scaling, prevalence, and variance 



• Scaling x prevalence 

 Negative correlation between  and  with  = (−0.58,−0.67) indicates 

that more frequent CoD (higher intercepts) tend to be more sublinear, 

while less frequent CoD (lower intercepts) tend to be superlinear  

• Scaling x variance 

 Weak positive correlation between  and  with  = (0.40,0.31) indicates 

that CoD with large variability across cities tend to be more superlinear, 

as compared with those  with lower variability 
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• Summary 

 Analysis (> 560 million residents in 366 LA and 376 US cities) revealed a 

heterogeneous scaling landscape of mortality across the continent 

 Some CoD show a consistent scaling pattern across regions 

 Other infectious diseases, and maternal, neonatal, and nutritional 

conditions and cancers display different patterns by region  

 The scaling of NCDs varies widely by specific cause 

 Despite the presence of some commonalities, they coexist with 

important differences in the scaling behavior of specific CoD in one 

same region and the same CoD across regions or countries. 
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• Strong points of analyses 

 Inclusion of cities in 10 different countries of LA and US and access to 

curated data on multiple CoD allowed us to explore heterogeneities by 

region and cause of death.  

• Implications 

 Findings have implications for understanding the phenomenon of urban 

scaling and prevailing urban scaling theories 

 Key assumption is that  the phenomenon is driven by common universal 

mechanisms rather than by place-specific effects 

 Despite that, associations of health-relevant city characteristics including 

social, environmental, health care–related, and behavioral factors with 

city size may differ by domain and by region.  41 
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• Implications 

 Such features may relate differently to different CoD 

 As already proposed by others (Arcaute, Pumain), scaling patterns may 

be affected by path dependencies influencing specific features of cities 

regardless of their size (San Francisco x technological development) 

 The context in which each city grew to its current size may affect the 

relationship between size and mortality.  

 Further, scaling might be (Gomez-Lievano) function of the nature of 

multifactorial causal processes, more evident in outcomes that require 

the presence of multiple less common factors with more variability 
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• Consequences for health and urban policy 

 Knowing how health outcomes scale with city size may allow for more 

precise resource allocation.  

 E.g. if two diseases show opposing scaling patterns, resources to 

prevent one with superlinear (sub linear) scaling could be focused on 

larger (smaller) cities  

 Greater understanding of the drivers of the scaling phenomena might 

provide insights on whether there is an optimal city size, an important 

consideration for urban policy that has been extensively studied from a 

productivity perspective 
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Thank you  

for the attention  
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● Sources 

 LA: Salud Urbana en America Latina (SALURBAL) study  compiled 

and harmonized vital registration and other health data 

 US: National Vital Statistics System and the Census Bureau 

 Mortality records with CoD for the period georeferenced to county or 

county-equivalent level.  

 Intercensal population estimations or postcensal projections by county 

or county-equivalent and age 

● Variables 

 Average yearly city population 

 Average yearly mortality counts by cause by city of residence 
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• All-cause mortality 

 All-cause mortality scales sublinearly  

=0.94lower mortality rates in larger cities 

 After adjusting for age and country,  

was minimally attenuated to 0.97 

 Even after considering different distribution  

of ages across cities, all-cause mortality scales 

sublinearly in the entire region of the Americas 

 Very good fit for most groupings (independent of countries), with R2 > 

80%  (most > 90%) but one single exception 
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Results  – Large groups of causes of death  


