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Abstract In Brazil hypertension and type 2 di-
abetes mellitus are responsible for 60% of cases
of end-stage renal disease in renal replacement
therapy. In the United States studies have iden-
tified family clustering of chronic kidney disease,
predominantly in African-Americans. A single
Brazilian study observed family clustering among
patients with chronic kidney disease when com-
pared with hospitalized patients with normal re-
nal function. This article aims to assess whether
there is family clustering of chronic kidney disease
in relatives of individuals in renal replacement
therapy caused by hypertension and/or diabetes
mellitus. A case-control study with 336 patients
in renal replacement therapy with diabetes melli-
tus or hypertension for at least 5 years (cases) and
a control matched sample group of individuals
with hypertension or diabetes mellitus and nor-
mal renal function (n = 389). Individuals in renal
replacement therapy (cases) had a ratio of 2.35
(95% CI 1.42-3.89, p < 0.001) versus the control
group in having relatives with chronic renal dis-
ease, irrespective of race or causative illness. There
is family clustering of chronic kidney disease in
the sample studied, and this predisposition is irre-
spective of race and underlying disease (hyperten-
sion or diabetes mellitus).

Keywords Chronic renal insufficiency, Hyperten-
sion, Diabetes mellitus, Heredity, Epidemiology
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Introduction

Chronic Kidney Disease (CKD) is a worldwide
public health problem'’. Renal Replacement
Therapies (RRT) in the end-stage of the disease
(glomerular filtration rate < 15 ml/min/1.73m?)
include haemodialysis, peritoneal dialysis and
kidney transplant'”. The causes of end-stage
CKD are multiple. However, the most common
causes over the last two decades have been hy-
pertension and type 2 diabetes mellitus which are
responsible for 63.5% of cases in Brazil and over
70% of cases in the United States®’. When these
diseases are associated with CKD they present a
common ethiopatogenetic link that increases the
chances of cardiovascular complications, which
in turn are the main causes of hospitalisations
and death in individuals undergoing RRT**.The
prevalence of patients in Brazil undergoing dial-
ysis increased from 333 patients per million pop-
ulation (pmp) in 2004 to 483 pmp in 2010 and is
expected to continue to increase at an annual rate
of 6.5%?°. Over 85% of Brazil’s RRT patients are
treated under the Unified Health System which
is currently on the verge of saturation point and
experiencing difficulties in meeting the demand
of patients with end-stage CKD. The total esti-
mated cost to the health system of meeting this
demand in 2008 was R$200 million*>®. For these
reasons, individuals with incipient renal lesions,
hypertension and diabetes mellitus are target-
ed by CKD prevention campaigns in Brazil and
worldwide”®,

Certain primary renal diseases, such as renal
autosomal dominant polycystic kidney disease,
Alport syndrome and primary glomerulopathies,
are clearly genetically transmitted, which in some
ways facilitates their prevention >°.

However, the association between predispo-
sition to renal lesion and diseases that show fa-
milial aggregation, such as hypertension and type
2 diabetes mellitus, but whose hereditary deter-
minants are multigenetical, remains unclear.
Studies carried out in states on the West Coast
of the United States identified familial aggrega-
tion of chronic kidney disease, regardless of the
cause disease, and observed that it is was more
common in African Americans'""*: around 23%
of CKD patients undergoing RRT in this popula-
tion had positive family history of the disease'.
Furthermore, the prevalence of hypertension, di-
abetes mellitus, proteinuria or renal insufficien-
cy was greater among family members of CKD
patients”. The only study to date on this topic
in Brazil, carried out in Rio de Janeiro, observed

familial aggregation of CKD among patients un-
dergoing RRT. However, the study did not identi-
fy any association with skin colour.

Where familial aggregation of a disease is con-
firmed, direct family members of CKD patients
should also be preferential targets of research and
intervention measures directed towards primary
and secondary prevention of CKD.

The objective of this study is therefore to de-
termine the existence of familial aggregation of
CKD among individuals with hypertension and/
or type 2 diabetes in the municipalities of Soro-
caba and Votorantim in the State of Sao Paulo,
which have a combined population of 800,000
inhabitants. The evaluation parameter used was
prevalence of CKD in family members of CKD
patients undergoing RRT using individuals with
hypertension or type 2 diabetes with normal kid-
ney function as a control.

Methods

Study type

This research project consists of a case-con-
trol study using frequency pairing in a sample
of CKD patients undergoing RRT (“cases”) in
Sorocaba, Sao Paulo. The cause of CKD in these
patients was confirmed by the assistant nephrol-
ogist as being hypertension or type 2 diabetes.
Patients with hypertension and/or type 2 diabe-
tes mellitus but with normal kidney function and
treated under the Hypertension and Diabetes
Programme at primary health care units (HCUs)
in Sorocaba and Votorantim were used as “con-
trol cases”.

Patient selection

The interview team comprised medical stu-
dents taking a scientific initiation fellowship at
the Faculty of Medical and Health Sciences of the
Pontifical Catholic University of Sao Paulo-PUC/
SP (authors’ initials — GSC, ALB, MMJ, GVS and
EAB). The case patients were selected using up to
date records from the dialysis centers frequented
by the patients.To be included in the study pa-
tients had to: be over 18 years of age, have end-
stage CKD, have been undergoing RRT for at
least three months, and have had hypertension or
type 2 diabetes mellitus for at least five years be-
fore beginning RRT. It is important to note that
the diagnosis of the causes of end-stage CKD is
invariably assumption-based. Patients with the



following medical history or diagnosis were ex-
cluded: polycystic kidney disease, primary glo-
merulopathies, tubulo-interstitial diseases, re-
flux and obstructive nephropathy, and unknown
causes.

The control cases were selected from patients
diagnosed with hypertension and/or type 2 dia-
betes mellitus who had been under treatment in
a HCU for at least six months prior to the study
and whose medical records showed normal levels
of creatinine in the blood (< 1.4 mg/dl in men
and < 1.2 mg/dl in women) for the six months
prior to the study. All patients answered a ques-
tionnaire in order to obtain the following in-
formation: personal information (age, sex, skin
colour); relevant medical history (CKD cause
and length of time after hypertension and/or di-
abetes mellitus diagnosis); anthropometric data
(weight and height); clinical and laboratory test
information (blood pressure, plasma creatinine)
taken from the last monthly control registered in
the patient medical chart; and family history of
CKD and RRT. Skin colour categories were de-
fined based on the Brazilian Institute of Geogra-
phy and Statistics classification: “white”, “black”,
“brown”, “yellow” or “indigenous”".

Sample size calculation and pairing

Using an alpha error of 5% and beta error
of 20% (power of 80%) and an odds ratio of 5.7
based on the above mentioned study in Rio de
Janeiro, we calculated a sample size of 304 “cas-
es” and 304 “control cases”™. A final sample size
of 335 was defined assuming a loss rate of 10%.
“Cases” and “control cases” with type 2 diabetes
mellitus and/or hypertension were paired based
on the cause disease (hypertension or type 2 di-
abetes mellitus), sex and age. The control cases
were paired based on the frequency of cases to

ensure a balanced distribution in each sample’®.

Research location

Patients undergoing RRT (cases) were select-
ed and evaluated in the following RRT centers
in Sorocaba: the Dialysis and Kidney Transplant
Center in the Santa Lucinda Hospital (belong-
ing to the Pontifical Catholic University of Sdo
Paulo), the RRT unit of the Leonor Mendes de
Barros Hospital (belonging to the State of Sio
Paulo Secretary of Health), the Sorocaba Insti-
tute of Haemodialysis (an independent unit as-
sociated to the Sorocaba Evangelic Hospital) and
the RRT unit of the UNIMED Sorocaba Hospi-

tal. The control cases were selected and evaluated
from eight HCUs in Sorocaba and four HCUs in
Votorantim. These units were chosen to ensure a
proportionally representative sample of the pop-
ulation respecting the population distribution of
both cities.

Ethical considerations

The study was carried out in accordance with
the principles of the Declaration of Helsinki and
was approved by the Research Ethics Committee
of the Faculty of Medical and Health Sciences of
the Pontifical Catholic University of Sdo Paulo.
All participants read and signed an informed
consent form and agreed to participate in the
study before procedures commenced.

Statistical analysis

Data was inputted into an Excel spread sheet
and later exported to the software program STA-
TA 10.0. The continuous variables of the “cases”
and “control cases” were compared using the Stu-
dent’s t-test. The categorical variables were com-
pared using the odds ratios based on a 95% con-
fidence interval. Statistical significance (p-value)
is shown below and in the tables. A statistical
analysis of the association between prevalence of
end-stage CKD/RRT and specific risk factors was
carried out using the Mantel-Haenszel method
and multiple logistic regression analysis. Condi-
tional logistic regression was not used since it is
not necessary in frequency pairing'.

Results

The group “cases” comprised 336 CKD patients
undergoing RRT and living in Sorocaba or Voto-
rantim. The proportion of cases with type 2 di-
abetes mellitus and hypertension was 50.9% and
49.1%, respectively, while the proportion of con-
trol cases (n = 389) with these diseases was 46,5%
and 53.5%, respectively. Table 1 shows the results
of pairing. No major differences were found be-
tween the two groups regarding the pairing crite-
ria used. Statistically significant differences were
observed only with the variables diastolic blood
pressure and plasma creatinine, which was ex-
pected given the inclusion criteria.

Table 2 compares the prevalence of CKD
and RRT among family members. A total of 51
cases (15.2%) had at least one first-degree or
second-degree relative that had CKD and was
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undergoing RRT, compared to only 27 control
cases (6.9%) (OR 2.40; CI 95% 1.47 — 3.92; p <
0,001). Prevalence of CKD undergoing RRT was
greater among family members of the cases re-
gardless of degree of relationship (first-degree:
parents, brothers and sisters, or second-degree:
grandparents, uncles and aunties and nieces and
nephews). Since the disease is more common in
individuals over the age of forty, only one young-
er family member was undergoing RRT among

the cases (the child of one of the participants),
which was not sufficient for statistical analysis.
Ten cases had two relatives that were undergoing
RRT and two cases had three relatives under-
going RRT, while none of the control cases had
more than one family member undergoing RRT.

Table 3 shows prevalence of CKD undergo-
ing RRT among family members of both groups
by skin colour (white and non white) and cause
disease. A separate analysis of whites and non-

Table 1. Demographic characteristics and results of pairing by cause disease, sex, age, clinical and laboratory

parameters.
Cases Controls P
(n=336) (n=389)
Sex 0,356
Male 198 (58,9%) 216 (55,5%)
Female 138 (41,1%) 173 (44,5%)
Cause disease 0,240
Type 2 diabetes mellitus 171 (50,9%) 181 (46,5%)
Hypertension 165 (49,1%) 208 (53,5%)
Skin colour 0,904
White 191 (56,8%) 270 (69,4%)
Black 70 (20,8%) 50 (12,9%)
Brown 66 (19,7%) 67 (17,2%)
Yellow 9 (2,7%) 2 (0,5%)
Age (years) 58,8 +12,3" 59,3+ 12,0 0,603
< 50 years 68 (20,2%) 73 (18,8%)
50-59 years 97 (28,9%) 118 (30,3%)
60—-69 years 107 (31,8%) 119 (30,6%)
70-79 years 57 (17,0%) 65 (16,7%)
80 or + years 7 (2,1%) 14 (3,6%)
Systolic Blood Pressure (mmHg) 142 + 26° 141 £19 0,33
Diastolic blood pressure (mmHg) 80 + 15° 88+ 12 < 0,001
Plasma creatinine (mg/dL) 9,47 + 3,25 0,94 + 0,25 < 0,001

= based on the Brazilian Institute of Geography and Statistics classification; * = mean * standard deviation.

Table 2. Prevalence of chronic kidney disease undergoing renal replacement therapy among cases and controls

and association with degree of relationship.

Cases Controls Odds
Variable (n=336) (n=389) Ratio! CI 95%? P

N (%) N (%)
No relative undergoing RRT3 285 (84,8) 362 (93,1)
Parents undergoing RRT 15 (4,5) 7 (1,8) 2,55 1,03 - 6,33 < 0,05
Brothers or sisters undergoing RRT 27 (8,0) 13 (3,3) 2,53 1,28 — 4,98 < 0,01
Son or daughter undergoing RRT 1(0,3) 0(0,0)
Second-degree relatives4 undergoing RRT 22 (6,6) 7 (1,8) 3,82 1,61 - 9,07 < 0,01
Total number of family members 51 (15,2) 27 (6,9) 2,40 1,47 -3,92 <0,001

Undergoing RRT5

!'= Likelihood;*= 95% confidence interval; p = level of statistical significance; *= RRT- Renal Replacement Therapy (haemodialysis
or peritoneal dialysis); = Second-degree relatives were considered grandparents, uncles/aunties or nieces/nephews; * = Total
number of individuals with at least one family member undergoing RRT.



Table 3. Prevalence of chronic kidney disease in family members undergoing renal replacement therapy among

cases and controls stratified by skin colour and cause disease.

Variable Cases (n) Controls (n) Odds
Yes/ No Yes / No Ratio' CI 95%?* P

Skin Colour 3

White 271191 20/270 2,06 1,12-3,79 < 0,05

Non-white 24 /142 7/119 2,87 1,20 - 6,90 <0,01
Cause disease

Hypertension 24/ 141 12/ 196 2,75 1,33 - 5,69 <0,01

Type 2 diabetes mellitus 27 /144 15/ 166 2,08 1,06 — 4,05 < 0,05

! = Likelihood; *= 95% confidence interval; p = level of statistical significance,®= skin colour based on the Brazilian Institute of

Geography and Statistics classification'

whites resulted in a statistically significant odds
ratio: 2.06 (CI 95% 1.12-3.79; p < 0.05) and 2.87
(CI95% 1.20-6.90; p < 0.01), respectively. A joint
analysis of black and brown skin colour showed
resulted in an OR of 3.01 (IC 95% 1.23-7.32; p
< 0,01). The results showed that people in the
black and brown skin colour category were not
more likely to have family members with CKD
undergoing RRT (OR = 1.11; CI 95% 0.60-2.06)
than white individuals (OR = 1.0). The same can
be said of the yellow skin colour group, which
showed a high OR (3.04) but was not statistically
significant (CI 95% 0.72-12.88). It should be not-
ed however that the proportion of individuals in
this category was low in both groups (cases n =
9;controls n = 2).

Hypertension and type 2 diabetes mellitus
remained statistically significant as cause diseas-
es after a separate analysis of these two variables.
The OR of the variable type 2 diabetes mellitus
was slightly lower than that of hypertension (Ta-
ble 3). Although type 2 diabetes mellitus was
shown to be the most common cause disease, the
likelihood of this disease causing end-stage CKD
among relatives of patients undergoing RRT was
not greater than that of hypertension (OR = 1.10;
CI95% 0.61 —2.01).

The likelihood of case family members hav-
ing end-stage CKD undergoing RTT was still
greater after carrying out multiple logistic re-
gression analysis adjusted by sex, age, skin colour,
cause disease, and length of time after diagnosis
of hypertension and diabetes mellitus (OR =
2.35; C195% 1.42 — 3.89; p < 0,001). This associ-
ation was statistically significant showing that fa-
milial predisposition is an independent risk fac-
tor for kidney failure related to hypertension and
type 2 diabetes mellitus even after controlling for
known end-stage CKD risk factors.

Discussion

This case-control study identified that members
of the case group were twice as likely to have
family members with CKD undergoing RRT
than members of the control group, showing
familial aggregation and familial predisposition
to renal lesion in this representative sample of
individuals with end-stage CKD associated with
hypertension or type 2 diabetes mellitus. Similar
studies carried out in the southeast of the United
States have demonstrated familial aggregation of
CKD among a predominantly African American
population''*. The present study only included
cases where the cause disease was type 2 diabetes
mellitus or hypertension, thereby excluding indi-
viduals with diseases that show a Mendelian pat-
tern of inheritance, such as autosomal dominant
polycystic kidney disease in adults, or for which
familial aggregation is documented, such as
some hereditary glomerulopathies (Alport syn-
drome) or focal segmental glomerulosclerosis”’.
A recent studied carried out in China observed
a 29.7% prevalence rate for urinary alterations
and renal insufficiency in first-degree relatives
of CKD patients; however, this study included all
renal diseases, including glomerulopathies'. The
present investigation is the first study in Brazil
to show that familial predisposition is an inde-
pendent risk factor for end-stage CKD associated
with both hypertension and type 2 diabetes mel-
litus, regardless of skin colour.

This is the second study of this type to be
carried out with a sample of the Brazilian pop-
ulation. The first study, also a case-control study,
was carried out in Rio de Janeiro a decade ago.
The control group comprised inpatients with
normal levels of plasma creatinine but the study
did not select the cause diseases for CKD'. The
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study showed that the likelihood of family mem-
bers of case patients having CKD and RRT was
5.7 greater than among control patients'. The
likelihood observed by the present study was
lower (OR = 2.4) but still significant. The most
reasonable explanation for this difference is the
fact that the present study selected cases where
the cause disease was type 2 diabetes mellitus or
hypertension, making it possible to choose an ap-
propriate control sample comprised of individu-
als with the same cause diseases paired by gender,
age and cause disease. In the afore mentioned
study, the cause disease was glomerulonephritis
in 12.1% of the cases and unknown in 32.9% of
the cases. In the control group, hypertension or
diabetes mellitus was the cause disease in 26.7%
of hospitalized patients'*.

Case-control studies are subject to assess-
ment and selection bias. However, the risk of as-
sessment bias and recall bias was limited in this
study due to the specific characteristics of CKD
and the cause diseases whose selection was based
on sound criteria which ensured that all sample
members, including the control sample, were
participating in treatment programmes for these
diseases. It is important to highlight that the
etiological diagnosis of hypertension and type
2 diabetes mellitus related to end-stage CKD is
invariably assumption-based since a renal biopsy
is not carried out during this stage of the disease.
Furthermore, reverse causality is not uncommon
in this type of study because family members of
known CKD patients are often more likely to be
examined for renal lesions, even in initial stages.
This does not apply to this study, since we con-
sidered patients with end-stage CKD undergoing
RRT.

The greater likelihood of CKD and RRT
among case family members remained signifi-
cant even after a separate analysis of patients by
disease cause (type 2 diabetes mellitus or hyper-
tension) and after carrying out a multiple logis-
tic regression analysis to adjust for known risk
factors for end-stage CKD (sex, age, skin colour,
cause disease, length of time after hypertension
and/or diabetes mellitus diagnosis). In other
words, the results indicate that familial predispo-
sition to both hypertension and type 2 diabetes
mellitus is an independent risk factor for kidney
failure. This is yet another explanation for the
high prevalence of these diseases as worldwide
causes of end-stage CKD'*. A number of stud-
ies produced over the last two decades regard-
ing the common physiopathological features of
these diseases, including its genetic features, have

shown that they are frequently concomitant and
commonly diagnosed as a metabolic syndrome'®.

Contrary to the findings of the aforemen-
tioned study carried out in the United States, we
did not find a greater predisposition to end-stage
CKD associated with black or brown skin co-
lour''>, A possible explanation is that the seg-
regation of the genes linked to hypertension and
type 2 diabetes may not be related to race, which
makes it impossible to identify their importance.

The authors do not discard the possibility
that cultural habits and socioeconomic con-
ditions may also explain familial aggregation.
Publications show divergent findings regarding
this issue. While some studies suggest that low
socioeconomic status and lack of access to ade-
quate health facilities are associated with great-
er prevalence of end-stage CKD, others did not
observe such an association and reinforce that a
genetic predisposition in the family is the main
contributing factor to familial aggregation®*. In
this respect, recent studies have discovered cer-
tain genes which explain familial predisposition
to chronic kidney disease associated with both
hypertension and diabetes mellitus***.

Previous studies show that periodic moni-
toring of arterial pressure, blood glucose levels,
levels of plasma creatinine, albuminuria and pro-
teinuria are strategic preventative interventions
for this risk group?-'.

This study confirms our initial hypothesis
of the existence of familial aggregation of CKD
in individuals with hypertension and/or type 2
diabetes mellitus, indicating that familial pre-
disposition to these diseases is an independent
risk factor for kidney failure within this sample
of the Brazilian population. This information is
very important for those individuals with hyper-
tension and/or type 2 diabetes mellitus and for
health professionals that treat these patients, be-
cause it means that the immediate family of CKD
patients should be preferential targets of diag-
nostic investigation and primary and second-
ary prevention interventions of end-stage CKD.
Apart from family links, it is therefore important
to identify whether other risk factors for CKD
are present in first and second-degree relatives
of CKD patients in order to establish appropri-
ate control and prevention measures. The main
limitation of this research, apart from the selec-
tion biases mentioned above which are common
to case-control studies, is the regional nature of
this study. Brazil is a country with continental
proportions and therefore epidemiological char-
acteristics vary enormously meaning that results



cannot be extrapolated to other regions. Howev-
er, we hope that the results of this study will stim-
ulate the implementation of correlative studies in
other regions in Brazil.
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