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Glycemic and lipidic profile in
diabetic patients undergoing dialysis
Controle glicêmico e lipídico no paciente diabético em diálise
Paulo Cezar Fortes1, Jamille Godoy Mendes1, Karoline Sesiuk1, Letícia Barros Marcondes1,
Carlos Alberto Mayora Aita1, Miguel Carlos Riella1, Roberto Pecoits-Filho1

ABSTRACT
Objective: The aim of this study is to assess the clinical care pattern and to compare the lipid and
glycemic profile in a group of diabetic patients undergoing both hemodialysis (HD) and peritoneal dialysis (PD) and to correlate these data using biomarkers of cardiovascular risk. Subjects and
methods: The first phase consisted in performing a survey on demographic data, questions about
the medical team and glycemic control. In the second phase, patients were assessed through laboratorial data on their glycemic and lipid profile at a single center for HD and PD. Results: 91 patients
was the total population; 70 patients (77%) answered the survey; 66 patients (94%) considered the
nephrologist the physician responsible for caring for their glycemic control. Second phase: 59 patients were assessed, 29 undergoing HD and 30 undergoing PD. Fifty-seven percent of the patients
had HbA1c above 7%; the level of glycemic markers in patients undergoing peritoneal dialysis was
significantly higher than in patients undergoing hemodialysis: HbA1c (9.37 ± 0.5) vs. (7.37 ± 0.49) p <
0.01; fasting glycemia (170 ± 15) vs. (126 ± 15) mg/dL p < 0.05. We found a positive correlation between HbA1c and hyperfibrinogenemia (r = 0.4437, p < 0.0005). Conclusions: The data reveal that glycemic control in diabetic patients undergoing renal replacement therapy (RRT) is neglected. Peritoneal
dialysis is related to the worst level of glycemic markers, possibly due to the glucose content in the
dialysis solution, and higher levels from HbA1c have a positive correlation with hyperfibrinogenesis
in this population. Arq Bras Endocrinol Metab. 2010;54(9):793-800
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Objetivo: Avaliar as características dos cuidados clínicos dos pacientes em diálise, comparar o
controle glicêmico e lipídico entre os pacientes diabéticos em hemodiálise (HD) e em diálise peritoneal (DP) e correlacionar os dados laboratoriais com biomarcadores de risco cardiovascular. Sujeitos e métodos: A primeira etapa consistiu de um questionário abordando variáveis demográficas,
questões sobre a equipe multidisciplinar, incluindo a equipe médica e sobre o controle glicêmico.
Na segunda, os pacientes foram avaliados com exames laboratoriais para controle glicêmico e
perfil lipídico numa unidade de HD e DP. Resultados: Dos 91 pacientes avaliados, setenta (77%)
responderam ao questionário. Destes, 66 (94%) consideraram o nefrologista o médico responsável pelo cuidado do seu controle glicêmico. Na segunda etapa, foram avaliados 59 pacientes: 29
em HD e 30 em DP. Cinquenta e sete por cento dos pacientes diabéticos em diálise apresentaram
HbA1c acima de 7%, sendo que aqueles em diálise peritoneal apresentam níveis de marcadores
glicêmicos significativamente piores do que os pacientes diabéticos em HD, HbA1c: (9,37 ± 0,5)
vs. (7,37 ± 0,49) p < 0.01; glicemia de jejum: (170 ± 15) vs. (126 ± 15) mg/dL, p < 0.05. Encontramos
uma correlação positiva entre HbA1c e hiperfibrinogenemia (r = 0.4437, p < 0.0005). Conclusões:
Nossos dados permitem inferir que o controle glicêmico da população diabética em terapia renal
de substituição (TRS) é negligenciado. A diálise peritoneal está relacionada com piora nos níveis
de marcadores glicêmicos, possivelmente em decorrência do conteúdo de glicose das soluções de
diálise, e os níveis elevados de HbA1c estão associados com hiperfibrinogenemia nesta população. Arq Bras Endocrinol Metab. 2010;54(9):793-800
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Arq Bras Endocrinol Metab. 2010;54/9

793

Glycemic control in dialysis

INTRODUCTION
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D

iabetes mellitus (DM) is currently the pathology
most commonly associated with chronic kidney
disease (CKD) in many countries. In the United States, it is estimated that 19 million people over 20 years
old are diabetic and, out of 19 million, 400 thousand
people show signs of CKD (1). In Brazil, diabetic nephropathy is the second cause leading to CKD, responsible for 25% of the total number of the dyalitic population, according to the latest survey of the Brazilian
Nephrology Society (2,3). This leads to a high number of diabetic patients undergoing renal replacement
therapy (RRT). These numbers seem to be increasing,
what makes this issue a relevant public health problem.
This fact has serious implications for this population,
especially because of the higher morbidity and lower
survival rate when compared to non-diabetic patients
undergoing dialysis (2).
Appropriate glycemic control is essential to prevent
microvascular and macrovascular disease as well as to
reduce cardiovascular events in diabetic patients without CKD (4-7). Patients undergoing RRT present
a high mortality rate due to cardiovascular causes and
treatment recommendations not yet clearly defined. In
addition, the difference between RRT techniques (hemodialysis and peritoneal dialysis) may contribute to
the patients’ lack of metabolic control. For example,
the glucose dose used as an ultrafiltration generator
agent in peritoneal dialysis represents a risk factor for
lack of glycemic control (8). Only recently, guidelines
provided by nephrology societies have become available to deal with diabetic patients undergoing dialysis.
These guidelines offered by K-DOQI (Kidney Disease
Outcomes Quality Initiative) are an attempt to reach
better glycemic and lipid control in diabetic patients
undergoing RRT (9).
Thus, the aim of this study is to identify the clinical care profile of diabetic patients undergoing RRT, to
assess and compare glycemic and lipid control among
diabetic patients on hemodialysis (HD) and on peritoneal dialysis (PD) sessions, through socio-demographic
and laboratory data, as well as to correlate laboratory
data with cardiovascular risk biomarkers.

SUBJECTS AND METHODS
This study was performed at Fundação Pró-renal peritoneal dialysis clinic and at PUCPR Cajuru University
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Hospital hemodialysis clinic, both located in Curitiba,
Brazil. The criteria for inclusion were: to be older than
18 years old, to have taken part in a dialysis program
for over 3 months, to have signed an Informed Consent Form, to have diabetes diagnosis determined by
means of revision of the medical record and/or due to
the presence of fasting glycemia over 126 mg/dL in
at least two assessments during the last 6 months. The
criteria of exclusion were: to have an active infectious
disease, to have had blood transfusion three months
before sample collection, and refusal to participate in
the study. An Informed Consent Form was provided
for each patient participating in the study and the study protocol was submitted to PUCPR Research Ethics
Committee before being applied (protocol number
770/2005).
The study was developed in two phases. The first
phase, involved applying a questionnaire to all diabetic patients undergoing renal substitution therapy. Demographic variables such as age, gender, and questions
about the multidisciplinary team including the medical team, have been included. The questionnaire comprehended how long the patient had been undergoing
renal substitution therapy, date of diabetes diagnosis,
data on glycemic control and data on the medical care
given to these patients. Particular attention was given
to the medical profession specialties that control diabetes, medication, and to the methods used by the patient
for glycemic control.
During the second phase, diabetic patients assessed in the first phase were submitted to blood sample
collections which took place from December 2005 to
March 2006. The monthly routine of laboratory exams
performed on patients undergoing hemodialysis and
peritoneal dialysis was collected including hemoglobin,
albumin, calcium, phosphorus and parathormone, and
blood samples for this study were collected at the same
time. Glycemic markers as glycemia were measured by
using an automated method glucose-oxidase, glycated
hemoglobin was measured by means of high performance liquid chromatography and insulin by means of
MEIA-AXSYM, while insulin resistance was calculated
through the homeostasis model assessment (HOMA-IR).
Serum total cholesterol, HDL-c, LDL-c, and triglycerides were assessed via the automated direct method.
Lipid markers were assessed according to the guidelines provided by the American Diabetes Association for
lipid control in patients with CKD (9). The following
inflammatory activity markers were used: fibrinogen
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was measured through coagulometric testing (Dade
Coagulation System) and ultrasensitive C-reactive protein through immunonephelometry. Concerning hemodialysis, blood samples were collected before the
session. In relation to peritoneal dialysis, samples were
collected together with the samples of the monthly
routine exams. On the same date, all peritoneal dialysis
patients performed their habitual change of peritoneal
dialysis bags. The abdominal circumference was measured without dialysate in those patients. Every patient
fasted for eight hours before blood sample collection.
The samples were sent to Frishmann Eisengart Laboratory which performed the tests.
Comparison between the groups was performed
using Student t-test, ANOVA, Mann Whitney, chi-square or Wilcoxon tests. Correlations were established based either on Pearson’s or Spearman’s coefficient. Values of p below 0.05 were considered
significant. All the tests were performed by using the
JMP for Windows software.

RESULTS
We evaluated 127 patients undergoing regular hemodyalitic treatment and 48 patients (37%) fulfilled inclusion criteria and were invited to participate in the study.
At the peritoneal dialysis clinic, 124 patients were screened and 43 (35%) were approached to participate.
The first phase 70 patients finished the evaluation,
35 patients undergoing HD and 35 undergoing PD. In
PD, 26 (75%) patients were part of a program of continuous ambulatory peritoneal dialysis and 9 (25%) were
undergoing automated peritoneal dialysis. Reasons for
not including patients encompass difficulty in contac-

ting patients (particularly PD patients), refusal to participate or inability to answer because of clinical events at
the moment of the inclusion (Figure 1).
The mean age of patients was 62 ± 9 years; 56%
were male. Four patients had DM type 1 in peritoneal dialysis and 2 patients with DM type 1 in HD.
Follow-up treatment by an endocrinologist was provided to 4 (6%) patients only; 3 patients in PD and
1 patient in HD; the other patients considered the
nephrologist to be the responsible care professional for the control of their diabetes. Twelve patients
(34%) undergoing PD performed self-monitored blood
glucose once a month and 12 (34%) more than twice a
week, while 16 patients (46%) in HD performed self-monitored blood glucose once or twice a week and
19 patients (54%) undergoing HD more than twice a
week. Sixty (86%) patients were not familiar with the
glycated hemoglobin (HbA1c) test and only 4 (6%) patients took the test at least once every three months, 3
in PD and only 1 in HD. Insulin was used by 35 (50%)
patients: 28 in PD and 7 in HD, and the others did not
have any pharmacological control. The mean regular
daily insulin dose taken by patients was 4 ± 1 UI and
the dose of NPH insulin was 18 ± 14 UI. No patient
used oral blood-glucose lowering agents.
The second phase fifty-nine patients out of the 70
who agreed to participate in the study were submitted to blood sample collections for laboratory evaluation (29 in HD and 30 in PD). Eleven patients did
not collect the samples because they did not have a
regular collection of tests at the unit where they received dialysis due to access difficulties, especially in
PD, and due to the fact that they did not have a favorable clinical condition during the collection period.

Were not enrolled 13
Refused to answer 6
Difficult to get in touch 2
Hospitalized 3
Others 2

Peritoneal dialysis

127

Total number of
patients

124

48 (37%)

Total number of
diabetic patients (%)

43 (35%)

35 (72%)

29 (60%)

Number of diabetic
patients who
answered first phase
Number of diabetic
patients who
performed second
phase

35 (81%)

Were not enrolled 08
Refused to answer 2
Difficult to get in touch 5
Hospitalized 1

Copyright© ABE&M todos os direitos reservados.

Hemodialysis

30 (69%)

Figure 1. Enrollment and follow-up of study participants.
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The population assessed represents a typical population of diabetic patients undergoing renal replacement therapy in Brazil. Mean age was 61 years, 49%
were women under dyalitic treatment for an average
of 30 months, the average time of diagnosis of diabetes was 15 years. Diabetic patients undergoing PD
also presented anthropometric markers significantly higher than patients undergoing HD. Table 1 shows the
general characteristics of the patients.
Inflammatory activity evaluated by fibrinogen showed
a significant increase of fibrinogen levels in patients undergoing peritoneal dialysis when compared to patients
undergoing hemodialysis. CRP (C-reactive protein) did
not show significant difference between the groups.

Table 2 compares the lipid and glycemic profile of
the diabetic patients undergoing dialysis, according to
the type of RRT. Glucose control parameters, except
for fructosamine, were worse in patients undergoing
PD. Thirty-four patients (57%) presented levels of glycated hemoglobin higher than 7%, 22 patients (73%)
of the patients undergoing PD versus 12 patients (41%)
in HD a statistically significant difference between PD
and HD. Even though there was no statistically significant difference between the groups, HOMA index tended to be higher in the PD group. There was no significant difference in lipid profile between patients on PD
and HD treatments, even when they were dichotomized according to K-DOQI directions (9).

Table 1. General characteristics of diabetic patients undergoing peritoneal dialysis and hemodialysis
All patients
(n = 59)

DP
(n = 30)

HD
(n = 29)

Age (years)

61 ± 1.3

62 ± 1.8

61 ± 1.9

n.s

Gender (M/F)

29 / 30

14 / 16

15 / 15

n.s

Time undergoing dialysis (months)

30 ± 2

30 ± 2

30 ± 3

n.s

Characteristics

p*

Length of time of diabetes (years)

16 ± 1

16 ± 1

14 ± 2

n.s

WC (cm)

102 ± 2

102 ± 2

93 ± 2

< 0.05

BMI (kg/m2)

28 ± 0.9

KtV

28 ± 0.9

25 ± 0.8

< 0.01

1.98 ± 0.76

1.2 ± 0.2

-

Hemoglobin (g/dL)

11.7 ± 0.2

12.3 ± 0.27

11.2 ± 0.27

< 0.01

Albumin (mg/dL)

3.6 ± 0.06

3.51 ± 0.08

3.72 ± 0.10

n.s

Calcium (mg/dL)

9.02 ± 0.13

8.95 ± 0.13

9.10 ± 0.13

n.s

Phosphorus (mg/dL)

4.86 ± 0.20

4.32 ± 0.20

5.41 ± 0.21

< 0.0005

44 ± 2

38.8 ± 2.23

49.6 ± 2.27

< 0.005

Product Ca X P
PTHi (pg/mL)

180 ± 55

139 ± 41

232 ± 46

n.s

CRP (mg/dL)

0.59 (0.07-8.87)

0.45 (0.07-8.87)

0.38 (0.07-8.87)

n.s

520 ± 177

613 ± 27

424 ± 28

< 0.0001

Fibrinogen (mg/dL)

BMI: body mass index; WC: waist circumference; CRP: C-reactive protein; PTHi: intact parathyroid hormone; n.s: not significant.
* Comparison between HD and PD.

Table 2. Differences in glycemic and lipidic control according to the type of dialysis
Fasting glycemia (mg/dL)
Frutosamine (µmol/L)
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HbA1c (%)

Total

DP (n = 30)

HD (n = 29)

p*

148 ± 7

170 ± 15

126 ± 15

< 0.05

396 ± 9

397 ± 16

394 ± 16

n.s

8.35 ± 0.2

9.37 ± 0.5

7.37 ± 0.49

< 0.01

HbA1c > 7%

34 (57%)

22 (73%)

12 (41%)

< 0.005

HOMA index

6.43 ± 1.06

8.4 ± 1.48

4.5 ± 1.46

0.0694

Total cholesterol (mg/dL)

187 ± 52

181 ± 9

160 ± 9

n.s

HDL (mg/dL)

46 ± 1.5

46 ± 1.9

46 ± 1.9

n.s

LDL (mg/dL)
Tryglicerides (mg/dL)

98 ± 7

98 ± 7

83 ± 7

n.s

173 ± 18

181 ± 22

164 ± 23

n.s

HbA1c: glycated hemoglobin; HOMA: homeostasis model assessment; HDL: high-density lipoprotein; LDL: Low density lipoprotein.
* Comparison between HD and PD.
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When the analysis involving glycemic control markers and inflammatory activity markers was made, we
observed a very strong correlation among the glycemic
control markers, between glycemia and frutosamine
(r = 0.49, p < 0.0001), between frutosamine and
HbA1c (r = 0.67, p < 0.0001), and also between
HbA1c and glycemia (r = 0.73, p < 0.0001). There
was a very strong and significant association between
the HOMA index (an insulin resistance marker) and
HbA1c (r = 0.41, p < 0.0016). We have also noticed a
strong correlation between HbA1c and hyperfibrinogenemia (r = 0.44, p < 0.0005), glycemia and hyperfibrinogenemia (r = 0.40, p < 0.0017), which suggest a
correlation between poor glycemic control and the inflammatory phenomenon in this population (Figure 2).

15

HbA1c (%)

10

5

0

-200

0

200

400

600

800

1.000

Fibrinogen (mg/dL)
The graph shows a positive correlation between HbA1c and fibrinogenemia suggesting that poor
glycemic control is associated with higher levels of a marker of systemic inflammation.

Figure 2. Correlation between HbA1c and fibrinogen.

DISCUSSION
Diabetic nephropathy is the second cause leading to
CKD in Brazil and glycemic control is an important
element to predict the survival rate for Type 2 diabetic patients, both in pre-dialysis (10) and after beginning renal replacement therapy (11-14). In addition,
glycemic control is essential for reducing the risk of
vascular complications and for improving the quality
of life of these patients (15-17). Our study has identified the nephrologist as the most frequent professional
responsible for performing glycemic control in diabetic
patients undergoing dialysis. Inadequacy concerning
glycemic control was also demonstrated, especially in
diabetic patients undergoing peritoneal dialysis. Finally,
Arq Bras Endocrinol Metab. 2010;54/9

we found there was positive association between glycemic control markers and inflammatory activity markers,
which reveals synergy in the development of cardiovascular risk in these patients.
Most diabetic patients undergoing renal replacement therapy consider the nephrologist as the doctor
in charge of their glycemic control. Patients had known
about their diagnosis for an average time of 15 years
before beginning RST and, despite that, most of them
showed a significant lack of knowledge of diabetes control markers. This is due to the fact that patients are
submitted to poor glycemic control before RRT, and
that becomes noticeable in their lack of knowledge of
the problem of chronic nephropathy in the initial stages
of diabetes (18,19). Therefore, diabetic patients must
improve their glycemic control in pre-dialysis as well
as after beginning RRT, and that could be achieved by
means of educational programs during the different stages of the natural history of the disease and the mandatory participation of endocrinologists in these settings.
Our data have revealed that diabetic patients undergoing dialysis have very poor glycemic control as it has
been demonstrated by the high levels of glycated hemoglobin detected; this might be due to the fact that
most patients undergoing RRT are unaware of the meaning of this test. In Brazil, this result is compatible
with findings regarding the general population, based
on the National Study of Diabetes Epidemiology which
involved 6,701 patients. Glycemic control was considered inadequate for 75% of the patients (19). Our study reveals results that are similar to those presented by
an American study involving 23,504 diabetic patients
undergoing hemodialysis. The American study showed
a percentage of patients with HbA1c values above 7,
equivalent to 35%, versus 41% from our study (20) that
means reasonable control in patients undergoing hemodialysis. Another factor that contributes to this high
percentage of patients above the target range is the
fact that Brazil does not include HbA1c as a required
test in patients undergoing RRT (21). Despite the fact
that K-DOQI guidelines recommend keeping glycated
hemoglobin below 7% in diabetic patients undergoing
dialysis (9), this recommendation is not based on clinical trials for the population undergoing RRT, and the
target range might be challenged due to the lack of
nationwide studies related to this issue, making way for
an individualized approach for these patients (22,23).
Moreover, we observed that diabetic patients undergoing peritoneal dialysis show higher levels of
797
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HbA1c than diabetic patients undergoing hemodialysis. A number of reasons might explain this fact; among
these reasons we mention a greater exposition to glucose from the dialysate liquid and also the fact that there might be an obliquity concerning the selection of
diabetic patients undergoing peritoneal dialysis (24).
Frequently this population is guided towards peritoneal
dialysis due to comorbidities such as: when the patients
do not have vascular access, associated cardiopathy or
more serious microcirculation problems such as retinopathy, for instance, and that might contribute to a worse glycemic control of this population.
We have found a high level of correlation among all
the glycemic control markers. However, this fact is not
the best way to assess the influence of uremy and the
reduction of eritrocitary half-life and its interference
upon glycemic control parameters in this population.
Nevertheless, Ansari and cols. have demonstrated that
glycated hemoglobin might be used as a standard for
the assessment of these patients (4), and other studies
have associated an increase in hemoglobin to an increase in mortality of diabetic patients as well as in non-diabetic patients undergoing dialysis (25). Recently,
the interest in glycated albumin as an alternative for
the assessment of glycemic control of these patients has
risen (26); however, further studies are necessary for
the assessment of the real benefit of replacing a traditional marker, based on greater knowledge in the laic
and medical areas.
Our study did not demonstrate significant difference concerning lipid disturbance among the
groups; this might be related to the higher control
level of the use of medication by patients undergoing peritoneal dialysis, which was not the focus of
our study. Perhaps this might be connected to the
fact that the treatment of lipid disturbance in diabetic patients undergoing dialysis is controversial, considering that, apart from studies showing that the
treatment with atorvastatin does not offer any benefit and it might even increase the occurrence of cardiovascular events in this population (27), patients
are also exposed to phenomena connected to reverse epidemiology which demonstrates that factors
related to traditional risk such as obesity, hiperlipidemia and hypertension could be protective factors
and not bad prognosis for this population (28). The
AURORA study has demonstrated that rosuvastatin
decreases the LDL of patients undergoing dialysis
without affecting cardiovascular mortality (29,30).
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A possible explanation would be that the benefits
of the decrease of a well established marker such as
LDL are not automatically transferred from the general population to the diabetic population undergoing dialysis, considering that the latter might have
a spectrum of cardiac disease quite different (31). In
this way, SHARP study, currently being developed,
based on a sample of 9,000 patients, might bring
new evidence to clarify this issue (32).
Resistance to insulin, assessed through HOMA index, is a marker validated in patients who do not have
kidney disease and it has been associated to an increase
in mortality risk in CKD patients undergoing dialysis
(33,34). Our study has demonstrated that there is a
tendency of increase in the resistance to insulin in diabetic patients undergoing peritoneal dialysis, what might
contribute to the development of cardiovascular disease
in these patients (35). Medication to reduce resistance
to insulin, especially glitazones, might reduce the need
for insulin and also the mortality rate in patients undergoing dialysis; however, these findings must be confirmed and based on clinical trials related to this issue.
Concerning glitazones, specifically, retention of fluid is
a significant complication for this population (36,37).
The presence of inflammatory markers in patients
with CKD is associated with an increase of cardiovascular risk as well as the appearance of a new potential intervention target (38). On the other hand, the
association of inflammatory markers (fibrinogenesis)
and glycemic control markers (HbA1c) supports the
hypothesis that there is a correlation between these
phenomena concerning the increase of cardiovascular risk in diabetic patients (39).
Among the challenges of renal substitution therapy, it is worth mentioning the challenge of reaching
appropriate glycemic control, especially in patients undergoing peritoneal dialysis. Among the strategies suggested, we propose the implementation of educational
programs, and an increase in the use of insulin and its
analogous elements in relation to these patients. Fluids
for dialysis without glucose in their composition are an
alternative for reducing the patient’s exposition. In order to replace glucose, these solutions should contain
amino acid or icodextrin (40,41) to reduce the dose of
glucose in the prescription for dialysis.
In conclusion, the lack of studies focusing on the
glycemic control of diabetic patients undergoing dialysis points to the need for greater efforts from the medical community to generate substrate for behavioral
Arq Bras Endocrinol Metab. 2010;54/9
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