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Abstract

Introduction

Diabetes is the most common cause of chronic kidney disease, with a high economic impact

on health systems.

Objective

To estimate the cost of chronic kidney disease (CKD) and end-stage kidney disease

(ESKD) attributable to diabetes, stratified by sex, race/skin color, and age, from the perspec-

tive of the Brazilian public health system between 2010 and 2016.

Methods

Population attributable risk (PAR) was calculated from the Brazilian prevalence of diabetes

and the relative risk (or odds ratio) of persons with diabetes developing CKD and ESKD as

compared to non-diabetic subjects. The variables of interest were sex, race/skin color, and

age. A top-down approach was used to measure the direct costs of the disease reimbursed

by the Brazilian Ministry of Health, using data from outpatient and inpatient records.

Results

The cost of CKD and ESKD attributable to diabetes in the period 2010–2016 was US$1.2

billion (US$180 million per year) and trending upward. Female sex, age 65–75, and black

race/skin color contributed substantially to the costs of CKD and ESKD (US$475 million, US

$63 million, and US$25 million respectively). The clinical procedures accounting for the

greatest share of disease-attributable costs are hemodialysis and peritoneal dialysis.

Conclusion

Diabetes accounted for 22% of the costs of CKD and ESKD. Female sex, age 65–75 years,

and black race/skin color were the variables which contributed most to disease-related

expenditure. The economic burden of CKD may increase gradually in the coming years,

with serious implications for the financial sustainability of the Brazilian public health system.
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Introduction

Chronic kidney disease (CKD) is a leading public health problem worldwide due to its rising

prevalence, high mortality, and high cost to health systems [1,2,3]. CKD affects 14.3% of the

population in low- and middle-income countries and 13.4% of the global population [1,4].

CKD affects different population groups according to sex, age and race/color and is directly

related to social and economic issues, as well as health surveillance and access to health services

[5]. In Brazil, the estimated prevalence of CKD in adults is 1.4%-8.9%, similar between sexes,

increasing with age and more prevalent among blacks [6,7]. The lower prevalence in Brazil

compared to international data may be related to the poor quality of CKD prevalence studies

in Brazil [8].

The burden of CKD is substantial. According to the World Health Organization (WHO),

in 2012, 1.5% of all deaths worldwide were attributable to this condition. This means it is

ranked 14th on the list of leading causes of mortality, accounting for 12 deaths per 100,000

population. Since 1990, only deaths due to complications of HIV infection have increased at a

faster pace than deaths from CKD. WHO forecasts suggest that CKD mortality will continue

to rise, reaching 14 deaths per 100,000 population by 2030 [2].

Chronic kidney disease (CKD) is part of the rise in noncommunicable diseases (NCDs) dia-

betes being the primary cause in developed and developing countries [9]. In 1980, the world-

wide prevalence of diabetes was 4.3% for both sexes; by 2014, it had risen to 7.9% in women

and 9% in men [10]. In Brazil, 6.2% of the population has been diagnosed with diabetes, which

corresponds to 9.1 million people [6]. This marked increase in diabetes drives a rise in rates of

of chronic kidney disease, leading to greater expenditure of economic resources by the health

system [1].

In lower-income countries, where access to health services is scarce or nonexistent [11],

screening for kidney disease in specific populations and early intervention are powerful tools

that can minimize the progression of CKD and, consequently, reduce the costs associated with

its treatment [9], thus allowing public resources to be redirected to other health issues.

In Brazil, 83% of CKD treatment costs are refunded by the National Health System (SUS),

the Ministry of Health being the main funder [12]. Despite the high cost of CKD, few Brazilian

studies have estimated federal government expenditures on kidney disease treatment [13].

Considering the scarcity of data on the economic burden of diabetes in CKD to health sys-

tems, the present study aims to estimate the cost of CKD attributable to diabetes, stratified by

gender, race/skin color, and age, to the Brazilian publicly funded health system between 2010–

2016. Diabetes was selected because it is the main cause of CKD, which can be potentially pre-

vented and controlled. The findings of this study should contribute to improving the manage-

ment of health system expenditures in developing countries, including Brazil.

Materials and methods

Study setting

This economic evaluation study was conducted using a cost-of-illness analysis design [14],

from the perspective of the Brazilian Unified Health System (Sistema Único de Saúde, SUS),

from 2010 to 2016.

The 1988 Brazilian constitution recognized health as a citizen’s right and a duty of the state,

and established the basis for the creation of the Unified Health System (SUS), which was based

on the principles of universality, integrality, and social participation [15]. The SUS is tasked

with undertaking health promotion, health surveillance, vector control, health education, and

with ensuring continuity of care to all Brazilians at the primary, specialist outpatient, and
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hospital levels. Also, is responsible for approximately 75% of medical care in Brazil [16]. Spe-

cifically for ESKD treatment in Brazil, 83% of the patients are cared for by the SUS and 17% by

private health insurance [12].

In the SUS, secondary health care initiatives reported by public and private hospitals are

denominated medium-to-high-complexity procedures, characterized by the following aspects:

more advanced technology; higher costs and more specialized care. For purposes of informa-

tion and funding by the Ministry of Health, the medium and high-complexity procedures are

registered in the SUS Outpatient Information System (Sistema de Informação Ambulatorial,
SIA/SUS) and Hospital Information System (Sistema de Informação Hospitalar, SIH/SUS).

Brazil has undergone major political, economic, demographic, and social changes in the

past 40 years [15]. In 2018, according to the International Monetary Fund (IMF), Brazil had a

per capita gross domestic product (GDP) of USD 10,220, classifying it as an emerging market

with a developing economy. The IMF’s 2017 World Economic Outlook (WEO) report classi-

fies countries according to economic perspective as a function of per capita GDP. Advanced

economies include the USA (GDP: $62,150), Japan (GDP: $40,850) and Canada (GDP:

$48,470); emerging markets and developing economies, such as Brazil, include Russia (GDP:

$11,950), China (GDP: $10,090) and Mexico (GDP: $9,720); and the low-income developing

countries such as Laos (GDP: $2,710), Nigeria (GDP: $2,110) and Haiti (GDP: $847.09) [17].

According to the Brazilian Institute of Geography and Statistics (IBGE), the average

monthly salary for the main household wage earner in 2016 was USD 683.00, and the average

monthly cost of hemodialysis is USD 660.00, not including other related costs (drugs, doctor’s

appointments and transportation) [18]. For the Brazilian family, the impact of CKD is cata-

strophic and dependence on SUS is essential to surviving.

Study design

Chronic kidney disease (CKD) is currently classified according to the patient’s glomerular fil-

tration rate (GFR) and urinary albumin excretion, as the association of these two parameters

with disease progression, adverse renal outcomes, and mortality is widely recognized. For pur-

poses of economic analysis, CKD was divided into two categories for this study: chronic kidney

disease (CKD) and end-stage kidney disease (ESKD).

The estimated cost of CKD and ESKD associated with diabetes was obtained by calculating

the population attributable risk (PAR) by sex, race/skin color, and age, and multiplied by the

costs of medium- and high-complexity procedures recorded in the SUS Outpatient Informa-

tion System (Sistema de Informação Ambulatorial, SIA/SUS) and Hospital Information System

(Sistema de Informação Hospitalar, SIH/SUS) from January 2010 to December 2016. The pop-

ulation considered for analysis was restricted to adults (age >18 years). PAR was calculated by

the following formula [14]:

PAR ¼
P ðRR � 1Þ

P ðRR � 1Þ þ 1
x100

Where:

P = Prevalence of diabetes by sex, race/skin color, and age, as obtained from the National

Health Survey [6], and

RR = Relative risk that persons with diabetes will develop CKD and ESKD versus persons

without diabetes, by sex, race/skin color, and age.

To calculate the PAR, relative risk (RR) was obtained from systematic reviews, meta-analy-

ses, and observational studies indexed in international journal databases (Cochrane Database

of Systematic Reviews, Embase, and PubMed), published in English, between 1990 to 2017.

Cost of chronic kidney disease attributable to diabetes
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The search query consisted of the following MeSH (Medical Subject Headings) terms: “Renal
Insufficiency, Chronic”, “Kidney Failure, Chronic”, and “Diabetes Mellitus”. A handsearch of the

reference lists of articles thus retrieved was also performed, and potentially eligible publica-

tions were added to the selection. Two independent investigators (GMRG and ENS) evaluated

the quality of the selected articles, using the Assessment of Multiple Systematic Reviews

(AMSTAR) tool.

The prevalence of diabetes was obtained from the National Health Survey [6]. This survey

implemented a cluster sampling strategy and interviewed one adult resident (age >18 years)

from each of 62,986 households distributed across Brazil. Detailed methodological information

on the survey is available elsewhere [6].

A top-down approach was adopted for the identification, measurement, and valuation of

the direct costs of CKD and ESKD, based on administrative data obtained from the SIA/SUS

and SIH/SUS. These systems serve as a registry of all procedures reimbursed by the Brazilian

Ministry of Health to health facilities (hospitals, clinics, and laboratories), public or private,

that provide services to the Unified Health System. Direct costs were defined as those of outpa-

tient (SIA/SUS) and inpatient (SIH/SUS) procedures, such as doctor’s appointments, labora-

tory tests, medications, hospital admissions, treatment of complications, renal replacement

therapy, and renal transplantation. Non-medical direct costs (patient transport, caregiver pay-

ment), indirect costs (absenteeism, presenteeism, and early death), and intangible costs (loss of

ability to work, loss of quality of life, among others) were disregarded.

For analysis, direct costs were stratified by variable (sex, race/skin color, and age) and com-

bined with International Classification of Diseases (ICD-10) codes for CKD (N18, N18.8,

N18.9) and ESKD (N18.0). The variables sex, race/skin color, and age were divided into the

following categories: a) sex–female and male; b) age– 18 to 29 years, 30 to 59 years, 60 to 64

years, 65 to 74 years, and>75 years; c) race/skin color–Asian, White, Native Brazilian, Brown

(pardo), Black, and not reported. Specifically for the race/skin color variable, data reallocation

was required, as 24% of database entries belonged to the “not reported” category. Data reallo-

cation was performed by calculating the percent share of the categories “Asian”, “White”,

“Native Brazilian”, “Brown (pardo)”, “Black” in relation to total cost, disregarding costs for the

“not reported” category; then, costs for the “not reported” category were redistributed based

on the percent share calculated in the previous step.

Nominal values for the 2010–2016 period were used, without any adjustment for inflation.

This is common practice for Brazilian studies of public health costs which use administrative

data, as the fee schedule of procedures offered by the Unified Health System is updated only

irregularly and infrequently [19]. Costs were collected in Brazilian reais (R$) and subsequently

converted to U.S. dollars (US$), at an exchange rate of US$1 = R$3.26, as of December 31,

2016, reported by the Central Bank of Brazil.

As this study used only aggregate information from government databases, which is in the

public domain and offers no possibility of identifying individual subjects, approval by a review

board of the National Research Ethics Committee (CEP/CONEP) was waived [20].

Results

Risk factors associated with chronic kidney disease

Table 1 lists the risk factors associated with chronic kidney disease and their relative risks

(RR). Diabetes is the risk factor with the highest incidence in the CKD population (OR 1.75,

95% CI 1.62–1.89), and is associated with a six-fold increase in the risk of developing ESKD

(RR 6.1, 95% CI 5.7–6.3). Among diabetics, women were at a higher risk of developing CKD

Cost of chronic kidney disease attributable to diabetes
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and ESKD compared to men. Black race/skin color and age 65–75 years were also important

factors that contributed to the development of ESKD.

No statistically significant associations were found between diabetes, CKD and ESKD for

the following variables: age 18–29 years, 30–59 years, 60–64 years, or >75 years; and race/skin

color Asian, White, Native Brazilian, or Brown (pardo).

Table 2 reports the calculated PAR for diabetes associated with CKD and ESKD stratified

by sex, race/skin color, and age.

Costs of chronic kidney disease and end-stage kidney disease

Table 3 presents the costs of CKD and ESKD, estimated at US$5.6 billion between 2010 and

2016, which corresponds to an annual cost of US$807 million. Group 3, which encompasses

clinical procedures, accounted for 85% of cost of illness, mainly due to renal replacement

therapy (hemodialysis and peritoneal dialysis). Chronic kidney disease is essentially treated

on an outpatient basis. Accordingly, of all procedures, 91% were recorded in the Outpatient

Information System (SIA/SUS), and only 9% in the Hospital Information System (SIH/

SUS).

Costs of chronic kidney disease and end-stage kidney disease attributable

to diabetes

In Brazil, the cost of CKD and ESKD attributable to diabetes in the 2010–2016 period was US

$1.2 billion, which amounts to US$180 million per year and 1.3% of all resources provided by

Table 1. Relative risk (or odds ratio) of diabetes associated with chronic kidney disease (CKD) and end-stage kidney disease (ESKD) in adults (age>18 years), strat-

ified by sex, race/skin color, and age.

Chronic kidney disease Ref. End-stage kidney disease Ref.

95% confidence interval 95% confidence interval

Diabetes OR 1.75 (1.62–1.89) [1] RR 6.1 (5.70–6.30) [55]

Sex Female RR 3.34 (2.27–4.93) [28] RR 4.68 (3.58–6.11) [56]

Male RR 2.84 (1.73–4.68) [28] RR 2.79 (2.17–3.58) [56]

Race/skin color Black NA NA RR 1.53 (1.26–1.85) [44]

Age (years) 65–74 NA NA RR 1.393 (1.18–1.64) [26]

Note: OR: Odds ratio; RR: Relative risk; NA: Not available. Source: [1] Ene-Iordache et al, 2016; [55] Gregg EW et al, 2014; [28] Y. S, R, 2016; [56]. Hippisley-Cox, 2010;

[44] Lewis, 2010; [26] Lorenzo, 2010.

https://doi.org/10.1371/journal.pone.0203992.t001

Table 2. Population attributable risk (PAR) of diabetes attributable to chronic kidney disease (CKD) and end-stage kidney disease (ESKD) in adults (age>18

years), stratified by sex, race/skin color, and age.

PAR, chronic kidney disease PAR, end-stage kidney disease

95% confidence interval 95% confidence interval

Diabetes 0.043 0.035 to 0.051 0.234 0.219 to 0.241

Sex Female 0.141 0.081 to 0.216 0.205 0.153 to 0.263

Male 0.090 0.037 to 0.166 0.088 0.059 to 0.122

Race/skin color Black NA NA 0.037 0.018 to 0.057

Age (years) 65–74 NA NA 0.073 0.035 to 0.113

Note: PAR calculated by the author based on the relative risk measured by the following sources: [1] Ene-Iordache et al, 2016; [55] Gregg EW et al, 2014; [28] Y. S, R,

2016; [56]. Hippisley-Cox, 2010; [44] Lewis, 2010; [26] Lorenzo, 2010; and on the prevalence of diabetes reported by [6]. NA: Not available.

https://doi.org/10.1371/journal.pone.0203992.t002

Cost of chronic kidney disease attributable to diabetes

PLOS ONE | https://doi.org/10.1371/journal.pone.0203992 October 1, 2018 5 / 15

https://doi.org/10.1371/journal.pone.0203992.t001
https://doi.org/10.1371/journal.pone.0203992.t002
https://doi.org/10.1371/journal.pone.0203992


the Ministry of Health for medium- and high-complexity care in 2016 (Table 4). Taking into

consideration CKD and ESKD together, the cost attributable to diabetes accounts for 22% of

the total cost of illness of CKD and ESKD in Brazil. When stratifying by disease severity, diabe-

tes contributed 4.3% of the cost of CKD and 23.4% of the cost of ESKD (Table 5). The annual

cost growth rates of CKD and ESKD over the period of analysis were 9.5% and 6.2%

respectively.

Table 3. Costs of chronic kidney disease (CKD) and end-stage kidney disease (ESKD) in the adult population of Brazil, stratified by information system, proportion

of procedures done via the Unified Health System (SUS), and type of procedure. Brazil, 2010–2016.

Procedure group Cost of illness recorded in SIA/

SUS (U.S. dollars in thousands)

Cost of illness recorded in SIH/

SUS (U.S. dollars in thousands)

Proportion

performed in SUS

(%)

Type of procedure reported in SIA/SUS

and SIH/SUS

02 –Diagnostic procedures 65,241 2 1.2 Urea, potassium, and phosphorus

measurement.

03 –Clinical procedures 4,627,986 175,983 85.0 Adult hemodialysis, hemodialysis for

hepatitis B, C, and HIV, and peritoneal

dialysis.

04 –Surgical procedures 50,192 2,401 0.9 Placement of catheter for dialysis, creation

of arteriovenous fistula, and dressing.

05 –Transplantation 11,374 324,373 5.9 Tests for waitlist inclusion, kidney

transplantation (deceased-donor),

and post-transplant complications.

06 –Medications 42,909 - 0.8 Sevelamer, calcitriol, and epoetin alfa.

07 –Orthotics, prosthetics,

and special materials

338,661 - 6.0 Dilator for catheter placement, metal

guidewire for catheter placement,

subclavian catheter.

08 –Ancillary health care

activities

13,594 - 0.2 Patient transport, food allowance,

and chaperone transport.

Total 5,149,958 502,759 100 -

Note: The table lists the top three procedures recorded with the highest frequency in the corresponding procedure group and information system. Source: Unified

Health System Outpatient Information System (SIA/SUS) and Hospital Information System (SIH/SUS). Brazil, 2010–2016.

https://doi.org/10.1371/journal.pone.0203992.t003

Table 4. Cost of chronic kidney disease and end-stage kidney disease attributable to diabetes in the adult population (age>18 years) per year of analysis. Brazil,

2010–2016.

Year Cost of CKD attributable to diabetes (U.S. dollars in

thousands)

Cost of ESKD attributable to diabetes (U.S. dollars in thousands)

95% confidence interval 95% confidence interval

2010 1,415 1,179 to 1,666 136,677 128,340 to 140,744

2011 1,543 1,285 to 1,816 149,044 139,926 to 153,479

2012 1,882 1,567 to 2,215 168,008 157,730 to 173,007

2013 2,178 1,814 to 2,564 184,813 173,507 to 190,312

2014 2,427 2,021 to 2,857 195,303 183,355 to 201,114

2015 2,411 2,008 to 2,838 202,785 190,379 to 208,818

2016 2,672 2,225 to 3,145 208,771 195,998 to 214,983

Total 14,528 12,100 to 17,102 1,245,402 1,169,210 to 4,180,812

Annual mean 2,075 - 177,915 -

Note: Cost of illness calculation based on PAR and on values reported in the SUS information systems. CKD: Chronic kidney disease; ESKD: End-stage kidney disease.

Source: Unified Health System Outpatient Information System (SIA/SUS) and Hospital Information System (SIH/SUS). Brazil, 2010–2016.

https://doi.org/10.1371/journal.pone.0203992.t004
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Cost of chronic kidney disease attributable to diabetes by sex, race/skin

color, and age

In the 2010–2016 period, diabetic women accounted for US$475 million of the cost of CKD

and ESKD, and diabetic men, for US$290 million. The costs attributed to Black race/skin color

and age between 65 and 75 years amounted to US$25 million and US$63 million respectively

in ESKD (Table 5).

Discussion

This study shows that the costs of CKD and ESKD are increasing in Brazil, and accounted for

approximately 3.5% of the Ministry of Health budget in 2016 (US$807 million per year), a

share close to the expenditures of developed countries. In these countries, 2 to 3% of health

expenditures are directed to ESKD, benefiting 0.1–0.2% of the overall population [9]. The

costs of renal treatment represented 6.3% of the U.S. Medicare budget in 2010 [21], 4.1% of

the health budget in Japan in 1996, 3.2% in South Korea in 2004 [22] and 1.3% of the UK

National Health System (NHS) budget in 2011 [23].

In developed countries, the cost of treating ESKD is a major cost factor for health systems,

with an annual growth rate of 6% to 12% in the last two decades, mainly due to hemodialysis

and peritoneal dialysis [23]. In Brazil, the present study shows that the annual cost growth

rates of CKD and ESKD over the period of analysis (2010–2016) were 9.5% and 6.2% respec-

tively, and the number of patients on dialysis increased at a rate of 3.6% per year, especially

among older adults [24]. These data suggest that health expenditures related to dialysis will

continue to rise in the near future and highlighted the importance of preventive measures,

especially those related to controlling the leading cause of CKD: diabetes [24].

In the present study, the relative risk (RR) of a diabetic developing CKD and ESKD was 1.75

(95%CI 1.62–1.89) and 6.10 (95%CI 5.7–6.3) respectively. This is consistent with previous research

that has demonstrated a positive association between diabetes and chronic renal impairment

[25,26,27,28]. In Brazil, 12% to 20% of the population on renal replacement therapy is estimated to

have diabetes [24,29]; in developed countries, this figure may be as high as 40% [30].

Table 5. Cost of chronic kidney disease and end-stage kidney disease attributable to diabetes in the adult population (age>18 years), stratified by sex, race/skin

color, and age. Brazil, 2010–2016.

Variable Categories Cost of CKD attributable

to diabetes

Cost of ESKD attributable to

diabetes

Proportion of overall CKD costs

attributable to diabetes (%)

Proportion of overall ESKD costs

attributable to diabetes (%)

(U.S. dollars in

thousands)

(U.S. dollars in thousands)

95% confidence

interval

95% confidence

interval

Diabetes 14,528 12,100 to 17,102 1,245,402 1,169,210 to

1,282,458

4.3 23.4

Sex Female 19,460 11,288 to 29,831 456,158 340,664 to

586,715

5.8 8.6

Male 17,966 7,539 to 32,954 272,212 56,297 to 377,659 5.3 5.1

Race/skin

color

Black NA NA 25,620 13,201 to 41,429 NA 0.5

Age (years) 65–74 NA NA 63,231 30,469 to 98,755 NA 1.2

Note: Cost of chronic kidney disease (CKD) and end-stage kidney disease (ESKD) based on PAR and on cost-of-illness data reported in the SUS information systems.

NA: Not available.

Source: Unified Health System Outpatient Information System (SIA/SUS) and Hospital Information System (SIH/SUS). Brazil, 2010–2016.

https://doi.org/10.1371/journal.pone.0203992.t005
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Original findings of this study include the cost of CKD and ESKD attributable to diabetes,

approximately US$180 million per year (22%). According to WHO, 30% of the cost of ESKD

is attributable to diabetes [23]. Studies have shown that the monthly cost of managing CKD is

US$1,200 and may exceed US$3,000 if diabetes and heart failure are also present [31].

Regarding the costs of the early stages of chronic renal impairment, classified in this study

as CKD, a note of caution is warranted. These data may be underestimated in SUS information

systems, mainly due to the lack of screening for CKD in patients at risk [1] and to delayed

diagnosis [32]. A cohort study in Taiwan found that, although chronic kidney disease affected

11.9% of the adult population, only 3.5% of participants were aware of this diagnosis [33]. A

cross-sectional study of 12 low- and middle-income countries showed that 31% of diabetics

did not know they had CKD [1].

Another issue to be considered is the high mortality of patients with diabetes due to renal

impairment and heart failure [31,33], which contributes to higher health-system expenditures.

An analysis of diabetes mortality found that a substantial proportion of individuals who died of

diabetes had renal failure, but the cause of death was coded as uncomplicated diabetes. This

reveals a failure of the vital statistics information system in capturing chronic kidney disease [9].

Diabetes, with or without comorbid renal disease, has a clear and substantial impact on the

health budget. A systematic review found that the annual direct cost of diabetes worldwide was

US$825 billion, with China (US$170 billion), the United States (US$105 billion), India (US$73

billion), and Japan (US$37 billion) accounting for the highest diabetes-related expenditures

[34]. In addition, it is estimated that 60% of the overall costs of diabetes are borne by develop-

ing and underdeveloped countries, which imposes costs on patients, their families, health sys-

tems, and national economies [34].

In the poorest parts of the world, the number of patients with CKD is believed to be grow-

ing rapidly, and a strong association between low levels of economic development and reduced

availability of renal replacement therapy has been reported [9]. Especially in countries with

weak economies, more than half of patients with ESKD receive no treatment whatsoever [35].

Within this context, authors have argued that, in low- and middle-income countries,

screening programs to detect CKD in specific populations may reduce the burden and cost

associated with this condition [35].

Income and poverty are directly related to social inequality in health [36]. Brazilian data on

poverty and income distribution published by the Institute of Applied Economic Research

(IPEA) in 2011 show that between 1995 and 2009, poverty rates declined in Brazil as a result of

income distribution policies. However, sex and race inequalities mainly affect Brazilian black

women [37].

In 2009, the income of Black women was 55% of their white male counterparts, demonstrat-

ing that this group remains at the bottom of Brazil’s social hierarchy [37]. National efforts to

reduce poverty should be even greater, mainly when there are inequalities in terms of sex-race

and spending on CKD.

Sex

Our analysis by sex revealed that, in Brazil, with 51% of the population being women, the cost

of CKD associated with diabetes was higher for women (US$475 million) than for men (US

$290 million). This finding is explained by three factors: a) the higher prevalence of diabetes in

women; c) the higher RR of CKD and ESKD in diabetic women; and c) physiological issues

inherent to the female sex.

In Brazil, women have a higher proportion of reported diagnosis of diabetes than men (7.0%

vs. 5.4% respectively) [6]. Also, a meta-analyses that analyses a global prevalence of CKD and
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ESKD by sex found a higher prevalence in females (12.1%) than in males (8.1%) [4]. In earlier

reports, diabetes has generally been found to cause a greater adverse effect on major CKD risk

factors in women than in men, requiring more consideration in clarifying the association

between the sexes. Women with diabetes were more likely to have hypertension, dyslipidemia,

and obesity, and were less likely to achieve the target value for glycated hemoglobin. In other

words, women with diabetes had a higher chance of failing treatment targets than men [38].

In contrast a systematic review reported that the incidence of ESKD in diabetics is higher

among white men (9 studies); however, in the black population, females are more likely to

reach the end stage of renal disease (2 studies) [39]. The higher incidence of ESRD among

white men may be explained partly by a higher prevalence of hypertension among males. Nev-

ertheless, it has been shown that among older patients with diabetes who were starting hemo-

dialises, mortality rates were higher among women than men (1.19 [95% CI 1.08–1.30]) [39].

Regarding mortality, women with diabetes are at higher risk of death compared to men

[40]. In 1.577 patients (61% men, 60±15 years), men presented more CVD co-morbidity (OR:

1.88 [95% CI: 1.51–2.35]) but less diabetes mellitus (OR: 0.70 [0.55–0.89]) than women.

Women with diabetes had a higher mortality risk (RR 2.93 [2.27–3.79]) than their male coun-

terparts (RR 1.99 [1.52–2.59]), showing an interaction effect between sex and diabetes (RR

1.18 [0.37–2.00]) [40].

Some studies have reported possible physiological mechanisms that may explain the greater

progression of CKD and ESKD in women with diabetes, such as a body composition charac-

terized by lower lean mass; reduced estrogen levels in the postmenopausal period; changes in

central adiposity; and insulin resistance [4,27,28,38].

In a recent literature review by Carrero et al (2018), the authors found that the epidemiol-

ogy of CKD differs by sex, affecting women more than men, demonstrating that the effects of

longer life expectancy on the natural decline in GFR, hormonal aspects, as well as the potential

underdiagnosis of CKD, may be partly responsible for the higher prevalence of CKD in

women. Furthermore, the authors suggest that the quality of life of women with CKD and

ESKD is worse than that of men [41].

These discoveries provide insights that can be used to reduce access disparities for patients

with CKD, which may be related in both sexes. In Brazil, access to health services seems not to

be related to better or worse CKD care. Indicators of access to public health services show that

women have more doctor appointments, examinations and take more SUS-funded basic medi-

cation than men [42]”.

Race/Skin color

The cost of ESKD associated with diabetes in the Black population was estimated at US$25

million, and this population was 53% more likely to develop CKD than non-diabetics. Several

findings converge to increase the RR of progression to ESKD in the Black population [43,44].

In Brazil, the Continuous National Household Sample Survey (2016) demonstrated that,

between 2012 and 2016, the percentage of Whites in the population fell from 46.6% to 44.2%,

while the percentage of Brown (pardo) individuals rose from 45.3% to 46.7% and Blacks from

7.4% to 8.2%.

Although our study looked for a risk association between diabetes and CKD in the White,

Brown (pardo), Asian, and Native Brazilian subpopulations, no such combination was found.

Most population-based international studies specify only white, nonwhite, or black ethnicity,

which makes them difficult to correlate directly with the race/skin color classification used in

the Brazilian National Health Survey (2013) and the Unified Health System information

systems.
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A Brazilian study that investigated the prevalence of self-reported medical diagnosis of

CKD found that the highest prevalence among racial groups was presented by individuals who

self-identified as Brown (pardo), a population not considered in the cost analysis [32]. Another

Brazilian cohort found that CKD was predominantly prevalent in the black, Brown (pardo),

and Native Brazilian populations [7].

Several causes are implicated in the higher prevalence of CKD and ESKD in the Black popu-

lation with diabetes. Black patients are more likely to develop kidney disease because of the

higher frequency of glomerulonephritis, hypertension, and diabetic nephropathy [45], as well

as genetic predispositions and environmental factors such as smoking and diet [39]. In addi-

tion, social inequalities may predispose to increased exposure to CKD [7].

Studies have shown that individuals with low socioeconomic status are at 60% greater risk

of developing CKD than those with a high socioeconomic level [2]. International findings

show that Black British and Asians in the United Kingdom, Hispanics in the U.S., and indige-

nous populations in Australia, New Zealand, and Canada are at increased risk of developing

CKD and ESKD because of disadvantages associated with racial background [46]. In Brazil,

unemployed and illiterate persons are more likely to be black and Brown (pardo), with a conse-

quent impact on the distribution of chronic noncommunicable diseases (NCDs) [11].

Brazilian studies demonstrate that racism is a determining factor in access to SUS health

services, primarily for Black women that suffer from sex and race inequalities. The results

reveal that white women account for 15.4% of access to health services, while Black women

represent 7.9% [47]. In Brazil, the debate over prejudice and racial discrimination is incipient.

Little is known about inter-relations between socioeconomic and racial inequalities, mainly

among Black, Brown (pardo) and Native Brazilian individuals [11].

Although socioeconomic status plays a specific role in the incidence and prevalence of

CKD, this does not fully account for the increased risk in the Black population. Cohort studies

have shown that black patient have a 2.4% higher risk (95%CI 1.9–3.0) of ESKD when com-

pared to whites, even after adjusting for age, sex, educational attainment, income, smoking,

history of hypertension, diabetes, and other clinical conditions [44,48,49]. An association

between obesity and ESKD in Black women was proposed by a longitudinal study of U.S. data.

The findings suggest that Black women are at higher risk of ESKD than White women, and

that a possible explanation would be the high prevalence of overweight and obesity in this

group [43].

Age

In our analysis of diabetes-related ESKD in the 65-to-75 age range, total Ministry of Health

spending on outpatient and inpatient procedures amounted to US$63 million between 2010

and 2016. According to the methodology employed, this expenditure is influenced by the prev-

alence of diabetes in the Brazilian population and by the relative risk of developing ESKD in

the elderly diabetic population. The population aged 65 years or older accounted for 7.38% of

the total population, according to the 2010 Brazilian Census conducted by the Brazilian Insti-

tute of Geography and Statistics (IBGE). In the other age groups, no measures of association

(RR or Odds Ratio) suggesting a positive correlation between diabetes and CKD or ESKD

were found.

It is worth noting that, in Brazil, the age structure of the population is changing rapidly; the

proportion of children and young people is declining, while both the proportion of older

adults and their life expectancy are increasing [50]. The growing number of older adults in the

population increases the burden of disease, especially NCDs. These transformations pose chal-

lenges for all sectors, and create a need to rethink the extent of service provision for the coming
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decades [50]. The increasing prevalence of diabetes as a function of age is a well-established

phenomenon. Between ages 18 and 29, the prevalence of diabetes is 0.6%; for those aged 65 to

74, this rate can be as high as 19.9% [6], which predisposes to an increase in the burden of

CKD.

In a study evaluating 66-year-olds, patients with both diabetes and CKD were found to

have a greater decline in GFR (2.1 mL/min/1.73 m2 [95%CI 1.8–2.5] in women, 2.7 mL/min/

1.73 m2 [95%CI 2.3–3.1] in men) when compared to non-diabetics with CKD [51]. Another

study that evaluated predictors of CKD in diabetes concluded that, every 5 years, RR increases

by 1.37 (P<0.001) [25].

It bears stressing that the cost findings of the present study may not reflect the true weight

of ESKD in older adults with diabetes. Studies show that the burden of untreated renal

impairment is significantly greater in the elderly than in younger people [52] and that many

older adults appear not to benefit from renal replacement therapy, to the detriment of quality

of life and high mortality as a result of cardiovascular complications [53].

Although the present analysis did not set out to calculate direct costs unrelated to health,

indirect costs, and intangible costs associated with CKD, these costs do have a direct impact

on individuals, their families, health systems, local governments, and global economies

[23,54].

Strengths and limitations

The use of information from the Outpatient Information System (SIA/SUS) and the Hospital

Information System (SIH/SUS) provides a greater degree of comprehensiveness to this study,

because these systems cover all health procedures paid for by the Ministry of Health—a federal

agency that funds the majority of medium- and high-complexity care provided by the Unified

Health System. The 7-year period of analysis, between 2010 and 2016, helped mitigate the pos-

sible confounding impacts of economic downturns and reduced investment in the health sec-

tor in specific years.

Limitations of the study include the fact that, when comparing the costs of CKD in different

countries, methodological heterogeneity and different epidemiological characteristics must be

taken into consideration. Furthermore, we were unable to calculate per capita costs, since Bra-

zilian information systems count procedures rather than individuals. As we could not calculate

relative risks for all of the desired variables of interest, the costs of CKD attributable to diabetes

may have been underestimated.

Conclusion

The costs of CKD and ESKD attributable to diabetes were estimated at US$1.2 billion in the

7-year period of analysis, which amounts to US$180 million per year on average. Diabetes cur-

rently accounts for 22% of annual expenditures on CKD and ESKD in the budget of the Brazil-

ian public health system, with an upward trend. Diabetes accounted for a greater share of

ESKD costs than CKD costs.

Female sex, age 65 to 75 years, and self-reported Black race/skin color, regardless of combi-

nations thereof, contributed to an increase in the costs of CKD and ESKD (US$475 million,

US$63 million, and US$25 million respectively). Explanations include the increasing preva-

lence of diabetes, genetic predispositions, social determinants, and changes in the age structure

of the Brazilian population.

These findings may contribute to strengthening the promotion, prevention, surveillance

and treatment of diabetes, given that it is a significant risk factor for CDK. It is also important
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to consider that in Brazil, women, Blacks and the elderly constitute a vulnerable population

and may benefit from public health policies related to CKD and ESKD care.

In Brazil, public funding is essential in treating CKD, since middle-income earners cannot

afford a renal replacement therapy. As such, for the Ministry of Health, which funds most

CKD and ESKD treatment, implementing specific public policies to reduce the growth of the

disease is an opportunity to mitigate the economic impacts, since CKD and ESKD-related

expenses are growing at an annual rate of 6%.

There is a pressing need to discuss strategies for CKD screening in populations at higher

risk, such as those identified in the study, in view of the serious implications of this condition

for the budgetary sustainability of the Brazilian public health system.

Further research of this nature should be conducted in developing countries to monitor the

progression of health spending and provide inputs for decision-making, helping improve the

allocation of public resources.
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missı́veis (DCNT) no Brasil 2011–2022. Brası́lia; 2011. 160 p.

51. Hemmelgarn BR, Zhang J, Manns BJ, Tonelli M, Larsen E, Ghali WA, et al. Progression of kidney dys-

function in the community-dwelling elderly. Kidney Int. 2006; 69(12):2155–61. https://doi.org/10.1038/

sj.ki.5000270 PMID: 16531986

52. Hemmelgarn BR, James MT, Manns BJ, O’Hare AM, Muntner P, Ravani P, et al. Rates of treated and

untreated kidney failure in older vs younger adults. JAMA—J Am Med Assoc. 2012; 307(23):2507–15.

53. Ng BL, Anpalahan M. Management of chronic kidney disease in the elderly. Intern Med J. 2011; 41

(11):761–8. https://doi.org/10.1111/j.1445-5994.2011.02590.x PMID: 22077944

54. Muka T.; et al. The global impact of non-communicable diseases on healthcare spending and national

income: a systematic review. Eur J Epidemiol [Internet]. O.H. Franco, Department of Epidemiology,

Erasmus MC, University Medical Center Rotterdam, Rotterdam, Netherlands; 2015; 30(4):251–77.

Available from: http://www.embase.com/search/results?subaction=viewrecord&from=export&id=

L603584954 https://doi.org/10.1007/s10654-014-9984-2 PMID: 25595318

55. Gregg EW, Li Y, Wang J, Rios Burrows N, Ali MK, Rolka D, et al. Changes in Diabetes-Related Compli-

cations in the United States, 1990–2010. N Engl J Med [Internet]. 2014; 370(16):1514–23. Available

from: http://www.nejm.org/doi/10.1056/NEJMoa1310799 https://doi.org/10.1056/NEJMoa1310799

PMID: 24738668

56. Hippisley-Cox J, Coupland C. Predicting the risk of chronic kidney disease in men and women in

England and Wales: prospective derivation and external validation of the QKidney®Scores. BMC Fam

Pract [Internet]. 2010; 11:13p–13p 1p. Available from: http://login.ezproxy.library.ualberta.ca/login?url

= http://search.ebscohost.com/login.aspx?direct=true&db=rzh&AN=105073787&site=ehost-

live&scope=site%5Cnhttp://download.springer.com/static/pdf/195/art%253A10.1186%252F1471-

2296-11-49.pdf?originUrl=http:/%25

Cost of chronic kidney disease attributable to diabetes

PLOS ONE | https://doi.org/10.1371/journal.pone.0203992 October 1, 2018 15 / 15

https://doi.org/10.1038/nrneph.2017.181
http://www.ncbi.nlm.nih.gov/pubmed/29355169
http://www.scielo.br/scielo.php?script=sci_arttext&pid=S1413-81232002000400007&lng=pt&tlng=pt
http://www.scielo.br/scielo.php?script=sci_arttext&pid=S1413-81232002000400007&lng=pt&tlng=pt
http://www.jasn.org/cgi/doi/10.1681/ASN.2006050524
http://www.jasn.org/cgi/doi/10.1681/ASN.2006050524
https://doi.org/10.1681/ASN.2006050524
http://www.ncbi.nlm.nih.gov/pubmed/17329578
https://doi.org/10.1016/j.ahj.2015.05.008
http://www.ncbi.nlm.nih.gov/pubmed/26299230
https://doi.org/10.1038/ki.2012.82
http://www.ncbi.nlm.nih.gov/pubmed/22475819
https://doi.org/10.1093/ndt/gfu394
http://www.ncbi.nlm.nih.gov/pubmed/25564537
https://repositorio.ufba.br/ri/bitstream/ri/12547/1/DISSER_PGENF_286_EMANUELLEFREITAS.pdf
https://repositorio.ufba.br/ri/bitstream/ri/12547/1/DISSER_PGENF_286_EMANUELLEFREITAS.pdf
https://doi.org/10.2215/CJN.10761012
http://www.ncbi.nlm.nih.gov/pubmed/23846464
https://doi.org/10.1038/sj.ki.5000270
https://doi.org/10.1038/sj.ki.5000270
http://www.ncbi.nlm.nih.gov/pubmed/16531986
https://doi.org/10.1111/j.1445-5994.2011.02590.x
http://www.ncbi.nlm.nih.gov/pubmed/22077944
http://www.embase.com/search/results?subaction=viewrecord&from=export&id=L603584954
http://www.embase.com/search/results?subaction=viewrecord&from=export&id=L603584954
https://doi.org/10.1007/s10654-014-9984-2
http://www.ncbi.nlm.nih.gov/pubmed/25595318
http://www.nejm.org/doi/10.1056/NEJMoa1310799
https://doi.org/10.1056/NEJMoa1310799
http://www.ncbi.nlm.nih.gov/pubmed/24738668
http://login.ezproxy.library.ualberta.ca/login?url
http://search.ebscohost.com/login.aspx?direct=true&db=rzh&AN=105073787&site=ehost-live&scope=site
http://search.ebscohost.com/login.aspx?direct=true&db=rzh&AN=105073787&site=ehost-live&scope=site
http://download.springer.com/static/pdf/195/art%253A10.1186%252F1471-2296-11-49.pdf?originUrl=http:/%25
http://download.springer.com/static/pdf/195/art%253A10.1186%252F1471-2296-11-49.pdf?originUrl=http:/%25
https://doi.org/10.1371/journal.pone.0203992

