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Introduction 

    Diabetes mellitus (DM) is one of four chronic non-

communicable diseases (CNCDs) group, which 

represents 71% overall deaths annually [1]. It is 

estimated that nearly 422 million people are DM 

carriers and thus most of them are residents of low-

medium income countries [1]. DM mortality and its 

complications account for 10.7% of overall deaths, 

exceeding infectious diseases such as HIV, tuberculosis, 

and malaria [2]. 

 

    It stands out that, DM is responsible for multiples 

functional incapacities, affecting, not only the patient´s 

physical independency, but also increases the need for 

family health  care,  moreover,  it  affects  the   country  

economic  sector  due  to  the  loss  of  labor  caused by  

retirements and premature deaths [3]. 

 

    Another impact regarding the economy is the health 

care services overload, caused by the high number of 

admissions in hospitals of DM patients, primarily, 

related to disease chronification [4]. Moreover, there is 

a higher need for inputs for the treatment and its 

complications, increasing the length of hospital stay, 

thereby, increasing up to 19% of the treatment costs in 

comparison to a non-DM patient [3,4]. 

 
    In this way, it is worth noting the damages on the 

patient and the core family, coming from the need for 

lifestyle changes and adaptations,  and  thus  results  in  
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a higher   financial   demand for  the treatment and  to 
have more healthy habits [5].  However,  the  emerged 
changes demanded a better lifestyle of a DM patient 

are linked to the social determinants of health, that is, 

where and how people live may impact positively or 

negatively on their healthiness [6]. Beyond that, the 

exposure in risk areas for the development of CNCDs, 

such as DM, or the opposite, in protected areas for the 

development of DM and others CNCDs, may affect the 

prevention on the complications or even cause the 

premature mortality among these different social 

groups [2,6,7]. 

 

    This study aims to investigate how the income can 

affect the quality of life, and mortality by DM, 

considering that such factors are directly associated 

with the access power on goods and services [6].  

 

    Considering the above, this study´s goal is to 

analyze the bound between DM mortality and the 

income of a municipality inside the state of Sao Paulo, 

Brazil, from 2010 to 2014. It is hoped that this study 

may evidence the income impact on DM mortality. 

 

Methods 

    This is an ecological study and applies temporal 

tendency [8], it took place in the county of Ribeirao 

Preto, located in the northeast region of Sao Paulo, 313 

km from its Capital, in Brazil. The municipality 

comprises a total area of 650 Km² and it has a 

population of 604.682 inhabitants, according to 2010 

census-based [9].  

 

    The study population was based on DM mortality 

data from 2010 to 2014, for which was provided by the 

Epidemiological Surveillance Division from Municipal 

Health Department of Ribeirao Preto, associated with 

the deaths of the residents in the urban area of the city 

and regardless the death site. 

 

    The data was settled by the following variables: sex 

(female or male), date, and cause of death. The death 

certificate and the DM ranking were taken as basic 

cause, according to 10ª International Statistical 

Classification of Diseases and Related Health Problems 

(ICD-10), meaning, the matching DM classification E10 

to E14 from ICD-10, where E10 includes type 1 DM; 

E11, type 2 DM; E12, malnutrition-related DM; E13, 

other specified DM, and E14, unspecified DM [10]. 

 

    The collected data was exported to an excel sheet 

software, in order to allow detailed treatment and 

further statistical analysis. In the first stage of analysis, 

it was picked out the registers of deaths of the 

residents of Ribeirao Preto, SP, Brazil, for inclusion, 

according to the municipality code.  

 

    The descriptive statistical analysis of the data was 

carried out, by using the Windows Stata Statistical 

Software version 14. In order to submit the descriptive 

data, it was drawn on the DM deaths frequency and 

proportion by year and sex from a long period ranging 

from 2010 to 2014.               

 

    The spatial data analysis started up with the geo 

codification of the DM deaths, performed by Google 

Earth online tool, to access the participant´s 

residential address, where it showed their geographic 

coordinates, (latitude and longitude) and it was set out 

the cartographic base of Ribeirao Preto, SP, Brazil, 

which represents 1004 census sectors, it is 988 urban 

and 16 rural [9]. This step was provided by the 

software QGIS Desktop version 2.18. 

 

    Furthermore, spatial risk area identification was 

carried out for the DM death events [11], in order to 

detect clusters in space. At this stage, the SaTScan 

software version 9.6 was used on Poisson discreet 

model, and only using the urban census sectors, 

because they showed all DM mortality cases included 

in the period of this study. It was set the following 

conditions: no geographical overlap on the clusters, the 

cluster maximum size equal to 50% from the 

population exposed, the circular shape cluster, and 999 

repetitions. 

 

    A sweep scan analysis showed the high and low 

risks of a cluster to appear by using the relative risk 

(RR), which makes the area comparison possible since 

these are standardized in such a way, that can wear off 

the effect on the varied population. It was set up an 

error type I of 5% (P-value <0.05) as statistically 

considerable clusters and finally, the 95% confidence 

interval  [11].  From  this   step   on,  it   was   drowned  
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thematic maps with associated risks by using the QGIS 

Desktop software version 2.18.     

 

    The analysis of spatial relation, between income and 

DM mortality, was drawn on the Paulista Social 

Vulnerability Index from the Foundation State System 

of Data Analysis, using the following income 

stratification: proportion of Households with no 

income per Capita; Proportion of Households with 

Income per capita up to 1/8 minimum wage; 

proportion of households with income per capita from 

1/8 to 1/2 minimum wage; proportion of households 

with income per capita from 1/2 to 2 minimum wage; 

proportion of households with income per capita over 

2 minimum wage [12]. 

 

    For this matter, a calculation and standardization of 

DM mortality rate was performed for each census 

sector, and furthermore, it was checked the spatial 

correlation by using Bivariate Local Moran’s I between 

these two variables (income and mortality rate), by 

using the GeoDa software version 1.12, which points to 

linear association level (positive or negative), between 

the value to a variable in some location I, and the other 

variable average in close locations [13]. This statistic 

may vary from -1 to 1, where values close to 0, indicate 

no significant spatial correlation, and values close to 

one indicates a spatial bound between the studied 

variables [13]. 

 

    This study was approved by the Ethics Committee of 

the Nursing College of the University of Sao Paulo at 

Ribeirao Preto, process nº 3.260.775, with the 

agreement of Municipal Health Department from 

Ribeirao Preto, SP, Brazil. 

 

Results 

    From 2010 to 2014, there were 583 deaths by DM, 

emphasizing a higher number of deaths on female sex 

(55.06%) and an increase of 25.53% from the first to 

the last year (Table-1). 

 

    It was proven a negative spatial relation between 

the incomes of up to two minimum wages per capita 

and age-standardized mortality rate by age (ASMR).  

I= -0.13 (Table-2).  

 

  

 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 

Table-1: Distribution of the absolute number (n) and percentage (%) of deaths on residents of Ribeirao 
Preto by diabetes mellitus, according to sex and year. 

Year Male % Female % Total % 

2010 47 8.06 57 9.78 104 17.84 

2011 51 8.75 46 7.89 97 16.64 

2012 54 9.26 69 11.84 123 21.1 

2013 51 8.75 63 10.81 114 19.55 

2014 59 10.12 86 14.75 145 24.87 

Total 262 44.94 321 55.06 583 100 

 

Table-2: Bivariate Local Moran’s I between diabetes mellitus mortality rates and income variables.  

Variables  Ia P-valueb 

Proportion of households with no income per capita 0 0.351 

Proportion of households with income per capita up to 1/8 minimum wage 0.04 0.016* 

Proportion of households with income per capita from 1/8 to 1/2 minimum wage 0.06 0.001* 

Proportion of households with Income per capita from 1/2 to 2 minimum wage 0.12 0.001* 

Proportion of households with income per capita over 2 minimum wage -0.13 0.001* 

a= Bivariate Local Moran´s I ; b=P-value < 0.05 
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    Regarding mortality by DM in both sexes, it was 

noted three spatial clusters, one of protection, 

including 178 census sectors on a population of 

104.832 inhabitants, ASMR=8.4/100.000 inhabitants 

and RR=0.39 (95%CI= 0.29-0.54) and another two of 

high-risk, one of them, including 280 census sectors on 

a population of 150.998 inhabitants, ASMR= 

32.2/100.000 inhabitants and RR= 2.21 (95%CI= 1.88-

2.61) and another one, including 1 census sector on a 

population of 67 inhabitants ASMR=1.202.3/100.000 

inhabitants and RR=63.83 (95%CI= 24.43-164.56) 

(Fig-1).  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

    Regarding male sex, it was noted two protection 

spatial clusters for the deaths by DM to happen, one 

including 54 census sectors, the population of 18.477 

inhabitants ASMR=2.2/100.000 inhabitants and 

RR=0.11(95%CI= 0.03-0.46) and another one, 

including 178 census sectors, the population of 50.673 

inhabitants, ASMR= 7.9/100.000 inhabitants and 

RR=0.40 (95%CI= 0.25-0.63). It was, also, noted a 

high-risk spatial cluster for the deaths by DM to 

happen with 348 census sectors, population 88.557 

inhabitants, ASMR= 30.5/100.000 inhabitants and 

RR= 2.48 (95%CI= 1.94-3.16) (Fig-2). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

    Regarding female sex, it was noted one high-risk 

spatial cluster, including 466 census sectors, the 

population of 15.060 inhabitants, ASMR= 

27,5/100.000 inhabitants and RR=2.12 (95% IC 1.68-

2.68) and another one of protection, including 114 

census sectors, the population of 31.549 inhabitants, 

ASMR= 4.4/100.000 inhabitants and RR=0.20 

(95%CI= 0.10-0.43) (Fig-3). 

 

   

 

 

 

     

 

 

 

 

 

 

 

  

 

 

 

 

 

 

 

 

 
Fig-1: Mortality by diabetes mellitus spatial clusters 

from 2010 to 2014.  
 

 
Fig-2: Mortality by diabetes mellitus spatial clusters on 

males from 2010 to 2014.  

 

 
Fig-3: Mortality by diabetes mellitus spatial clusters on 

females from 2010 to 2014. 
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Discussion 

    It was found, in the municipality of Ribeirao Preto, 

SP, Brazil, from 2010 to 2014, a total of 583 deaths by 

DM, an increase of 25.53% from the first to the last 

year of study. It highlights a major occurrence of 

deaths by DM in the female population (55.06%). A 

Brazilian study came out with evidence, by analyzing 

the occurrence, prevalence, and mortality by DM, 

ranging from 1990 to 2015, showing, as above, the 

same major occurrence of mortality by DM in female 

sex (56.10%), and an increase in the gross mortality 

rate of 90% from the first to the last year of study 

[14]. 

 

    A study in the United Kingdom examined the 

occurrence, prevalence, and mortality by DM over a 

period of 11 years, from 2004 to 2014, and it was found 

a higher occurrence and prevalence rate of DM in 

males, highlighting, that the prevalence rate in 16-34 

age group nearly doubled in females, from 10.56 to 

20.85 per 10.000 inhabitants, whereas, in males, there 

was a smaller increase of 10.11 to 16.11 per 10.000 

inhabitants [15]. On the other hand, the same study 

found an overall decrease in mortality rate by DM of 

47.60 during the study, observing a higher risk in 

females than in males, which matches our study [15]. 

 

    Another study in Ghana examined the occurrence, 

prevalence, and mortality in hospitalized diabetic 

patients from 1983 to 2013, they found an increase of 

633% in diabetes-related admissions from the first to 

the last year of study, a greater proportion (57.14%) in 

females admissions, mostly elderly, than in males and 

an overall increase of 74.66 hospital mortality rate by 

DM [4]. 

 

    However, despite the male population has a lower 

occurrence and prevalence of DM, they, maybe, 

premature dying from DM acute complications, other 

diseases, and non-communicable diseases 

complications, especially external causes, in contrast to 

the female population, which has a higher life 

expectancy, that is, higher exposure to CNCDs, so this 

leads to a higher level of mortality by DM by the end of 

their old age, especially, by chronic diseases 

complications [16], as it may be noted in the same 

scenario and period study like  this  one,  which   found 

231 premature deaths by DM, 130 (56.28%) in males 

and 101 (43.72%) in female [17] and in another study, 

also, at the same period and scenario as this one, it was 

found 348 deaths in elderly up to 70 years old, 218 

(62.64%) in female and 130 (37.36%) in male [18]. 

 

    It was shown a negative spatial correlation related to 

income (proportion of households with income per 

capita up to 2 minimum wage) meaning a lower 

occurrence of mortality by DM related to a higher 

income. A study in Sweden found that low-income 

population has the doubled odds of dying than the 

high-income population [19], another 2018 study in 

South Korea, found that DM diagnosed groups have a 

higher mortality rate as their income gets lower [20]. 

On the other hand, a study in Canada, from 1994 to 

2005, found a DM mortality decrease of 36% for high 

income and 31% for the low-income population [21]. 

 

    It was ratified by literature that low-income 

individuals have a twice higher risk of having a 

harmful standing lifestyle, like inactivity, smoking 

habits, which may cause the progression of the disease 

and mortality by DM [22]. 

 

    There are, also, evidence of a higher prevalence of 

DM in low-income individuals with shorter schooling, 

causing a level decrease of knowledge than in high-

income individuals with a higher schooling level [23], 

and consequently, it gets harder to obtain the 

knowledge about the changes needed by DM, especially 

concerning a healthier lifestyle and the handling of the 

devices needed on the treatment of this CNCD [24]. 

 

    Regarding the statistics sweep of spatial clusters 

results, it can be found protection and risk areas for 

the DM mortality to occur at the study site. It is 

important to highlight that, as in either sexes analysis 

as in separate by male or female, the south zone was 

taken as a protected area. Therefore, the marked risk 

areas fill the census sectors in the center, west, and 

north region of the municipality. The Paulista Social 

Vulnerability Index data shows that the proportion of 

households with income per capita from 1/8 to 1/2 

minimum wage inside the risk region is bigger than in 

the protection region, the risk area ranged from 1.6% 

to 64.8% [12]. 
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    Such findings may infer some social inequality 

related to DM mortality cause in the municipality of 

this study, once the south region has better living 

conditions, such as outdoor recreation, afforestation, 

higher income per capita and a higher schooling level 

[25]. The factors leading to a positive health/sickness 

process, for the population in vulnerable areas of the 

city, are highlighted in the risk cluster section in this 

study. 

 

    It is pointed out the national economic growth in the 

municipality in this study, especially from 2016 to 

2017, for representing the third biggest Brazil gross 

domestic product gains, leading to an opportunity for 

the weakest region population of the country to have a 

better life, triggering a fast and disorganized urban 

growth [25], so this could, probably, limit these new 

habitants at the weakest geographic regions of the city, 

and consequently, a more restrictive lifestyle for 

healthier options.  

 

    In this context, it is pointed out that DM affects all 

socio-economic groups, in different ways though, since 

there are social mismatches, more than single choices, 

they are major responsible for the occurrence, 

prevalence, and mortality by DM [26]. 

 

    It is questioned, so, the onus caused by DM on the 

needy population when it comes to disease treatment 

and care, and, what is the solution for the primary 

health care on preventive actions and health 

development in order to reduce its occurrence, 

prevalence, and mortality. 

 

    In spite of having a free and universal health service 

in Brazil, which makes sure on keeping the treatment 

supplies and life quality provision, the patient usually 

has to run over the family´s income to fulfill the 

treatment expenses, as for healthier life habits, 

especially, to feed themselves and practice physical 

activities [27,28]. 

 

    Another relevant aspect is the world health 

managers´ perception, either national or local, on the 

burden of the DM and other CNCDs, on the one hand, 

DM may cause a significant number of deaths and has 

a socio-economic negative impact for the carrier and 

their families, the municipality, the state and country 

as it is evidenced in other studies [4,14,15,17,18], on 

the other hand, there is a minimal investment in order 

to face this and others CNCDs, they get only 2% in the 

allocation of resources, while other communicable 

diseases, such as HIV, tuberculosis, and malaria get 

36% of health allocation resources [7]. 

 

    It is mentioned, as an example, the current 

pandemic situation by COVID-19, an infectious disease 

which increases, significantly, the admissions in 

hospitals and mortality for DM carriers [29,30,31]. For 

now, there have been performed international and 

national researchers and investments for health, 

related to COVID-19, it is suggested that this infectious 

disease could have a softer impact if there was the 

same effort and investments for the CNCDs in the 

previous year’s [7]. 

 

    Consequently, this study provides subsidies for 

management and allocation of resources in weaker 

pointed areas for mortality by DM and a deep 

reflection on future strategies for health education, 

focused on a higher level of knowledge for the low-

income population about the risk factors for the 

development of DM and its complications. In addition 

to the affordable alternatives, it guaranties the 

treatment admission and a healthier lifestyle adoption, 

according to the current principles and guidelines of 

the National Health Promotion Policy [32].  

 

    Among limitations of this study, it stands out the 

impossibility of stratifying the type of DM, in order to 

list which one has a higher relation to low-income. The 

need for collecting the DM mortality data in the 

Epidemiological Surveillance Division from Municipal 

Health Department of Ribeirao Preto, in order to 

perform the spatial analysis matches another 

limitation, thus during the pickup, there were only 

2010-2014 data, so, this prevented a greater period of 

time to be evaluated. 

 

Conclusions 

    Mortality by DM is in a greater proportion of 

females and in households with income lower than 2 

minimum wages. The south region was identified as a 

protection area for the occurrence of mortality by   

DM, while the  central, north,  and  west  regions  were 
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identified as risk areas for the occurrence of mortality 

due to their higher social vulnerability. It is hoped that 

the evident results in this study may foster and guide 

the prevention strategies and health development for 

the low-income population and residents in the risk 

areas. 
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