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Introduction: The proportion of new dialysis patients with comorbidities increased by an 
average of 5.6% per year in the Provence-Alpes-Côte d’Azur (PACA) region, with major 
increases in obese, cancer, and diabetic patients. This study aimed to describe comorbidity 
profiles among obese–diabetic end-stage renal disease (ESRD) patients in the Renal 
Epidemiology and Information Network (REIN) registry of the PACA region of France on 
December 31, 2018.
Methods: Data for this retrospective cross-sectional study were retrieved from the REIN 
registry of the PACA region. Data were analyzed using two models. Firstly, the ESRD 
patients were divided into two groups and binary logistic regression model used for the 
analysis of the data. Secondly, ESRD patients were divided into four groups and multinomial 
logistic regression model used. Univariate analysis was performed for group comparison 
using x2 and t-tests, while binary logistic and multinomial logistic regression models were 
used for multivariate analysis to derive ORs and 95% CIs.
Results: Among the 4,491 ESRD patients in this study, 623 were obese–diabetic and 3,868 
nonobese–nondiabetic and obese only/ diabetic only. Obese–diabetic ESRD patients were 
younger (<75 years, OR 0.46, p<0.001), smoked less (OR 0.51, p<0.001), were mainly 
dialyzed at centers (OR 1.29, p=0.014), and less likely to be on the renal transplant waiting 
list (OR 0.46, p<0.001) compared to the other group. Obese–diabetic ESRD patients also had 
more comorbidities, including cardiovascular diseases (OR 1.38, p=0.028), coronary insuffi-
ciency (OR 1.49, p=0.001) and chronic obstructive pulmonary disease (OR 1.75, p<0.001), 
but had fewer cases of cancer (OR 0.68, p=0.024) compare to the other group.
Conclusion: Obese–diabetic patients with ESRD have many specific characteristics. These 
patients were younger, but had more cardiovascular comorbidities and were less likely to be 
on the waiting list for transplantation. They should receive special attention and be the 
subject of prevention and therapeutic education.
Keywords: comorbidities, ESRD, CKD, REIN, obesity, diabetes

Introduction
In France in 2018, 11,343 new patients began renal replacement therapy (RRT), and 
as of December 31 89,692 patients were being treated.1 The incidence of end-stage 
renal disease (ESRD) is increasing, and consequently there has been a steady 
increase in the number of patients on RRT. Furthermore, obesity, diabetes, and 
hypertension are the main causes of the increase in chronic kidney disease (CKD) 
and ESRD incidence, and thus considered the leading health problems.2–6 Many 
epidemiological studies have found that age,7 diabetes mellitus,8,9 
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hypertension,10,11 obesity,12,13 and smoking14–16 are nota-
ble risk factors of kidney dysfunction and associated RD.

Having two or more morbidities is usually termed 
multimorbidity, and thus this definition can be applied to 
ESRD patients who possess one or more comorbidities.17 

It has been found that the proportion of new dialysis 
patients with comorbidities increased by an average of 
5.6% per year, with major increases in obese, cancer, and 
diabetic patients.18 Comorbidities are a vital consideration, 
because they can impact on quality of life, treatment 
burden, management of medication, and survival.19–21 As 
disease load increases (because of complexity, severity, or 
number of conditions), so does the effort needed of 
patients and their ability to respond may suffer, resulting 
in poor outcomes, as described in other chronic conditions, 
such as stroke.22

It has been reported that in addition to comorbidities, 
the patient’s age also plays a vital role in enhancing the 
functional status of kidneys.23 Evidence indicates that 
timely intervention in the early stage of CKD, may slow 
its advancement into ESRD or entirely stop progression of 
the disease.24 This requires the utilization of specific med-
ications to improve the life expectancy of these patients 
and minimize the progression of CKD into ESRD.25,26

A majority of the studies on this topic have assessed 
comorbidity profiles among CKD and ESRD patients 
only.27–30 However, this novel study provides an insight 
into the associated comorbidities with ESRD patients who 
were both obese and diabetic.

The aim of this study was thus to describe comorbidity 
profiles among obese–diabetic ESRD patients in the Renal 
Epidemiology and Information Network (REIN) registry 
of the Provence-Alpes-Côte d’Azur (PACA) region of 
France. This will also build awareness of the load of 
comorbidities in obese–diabetic ESRD patients on 
dialysis.

Methods
Study Design and Population
A retrospective cross-sectional study was designed to 
investigate comorbidity profiles of obese–diabetic ESRD 
patients on RRT, i.e, on dialysis (hemodialysis or perito-
neal dialysis). We included all ESRD patients (children 
and adults) who were obese, diabetic, nonobese, and non-
diabetic and receiving RRT, no matter what their place of 
residence was. Data on these patients were taken from the 

PACA REIN registry to December 31, 2018. We used two 
models for analysis of the data.

1. For the first model, we divided the ESRD patients 
into two groups:
● obese–diabetic, comprised only those who were 

both obese and diabetic
● nonobese–nondiabetic, obese only, and diabetic 

only consisted of those who were obese or dia-
betic only and those who were both nonobese 
and nondiabetic.

To constitute these 2 groups, we placed obese patients 
(BMI ≥30) who also had diabetes in the first group and 
the rest in the second group.

1. For the second model, we divided the ESRD 
patients into four groups:
● obese–diabetic
● nonobese–nondiabetic
● obese only
● diabetic only.

All mandatory data were gathered and there were none miss-
ing. Information relating to comorbidities, BMI, mode of 
dialysis, and others were retrieved from the patient file com-
pleted and updated by the nephrologist who was treating the 
patients.

Data Sources
Data of ESRD patients on dialysis come from the French 
REIN registry.31,32 The model of the REIN registry, its 
functioning, and quality control has been described by 
Couchoud et al in detail.32

Data Collection
Data collected from patient files were saved in the com-
puter system of REIN (Diadem) by nephrologists or by 
clinical research assistants affiliated with REIN.31 Data 
updates and quality control were carried out by clinical 
research assistants each year on the anniversary of the first 
dialysis. Accuracy was systematically checked for areas 
considered essential, ie, place of residence, RRT beginning 
date, primary KD, comorbidities, modality of treatment, 
change in dialysis site, change in dialysis type, and 
death.31,32
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Data Selection
We identified comorbidities for observation if they were of 
sufficient severity in obese–diabetic ESRD patients. These 
were chronic obstructive pulmonary disease (COPD), can-
cer, hepatitis B, hepatitis C, arteritis of the lower limbs, 
coronary insufficiency, cardiac insufficiency, myocardial 
infarction, cerebrovascular accident, transient ischemic 
attack, cardiac arrhythmia, and cirrhosis.

To characterize elderly subjects, we set an age of ≥75 
years to know which group contained younger ESRD 
patients. For cardiovascular disease (CVD) comorbidity, 
we set a criterion of having at least one of myocardial 
infarction, cardiac insufficiency, cerebrovascular disease, 
dysrhythmia, coronary insufficiency, and transient 
ischemic attack.

Data Analysis
We used SPSS 20.0 (IBM, Armonk, NY, USA) for statis-
tical analysis. Categorical data are presented as number of 
patients and percentage, while quantitative data are pre-
sented as mean ± SD.

Univariate analysis was performed for group compar-
ison using x2 tests for categorical variables and t-tests for 
quantitative variables.

For the first analysis, we used binary logistic regression 
to compare two groups, ie, obese–diabetic with nonobese– 
nondiabetic, obese only, and diabetic only, in term of 
associated comorbidities.

For the second analysis, we used multinomial logistic 
regression to compare four groups, ie, obese–diabetic with 
nonobese–nondiabetic, diabetic only, and obese only.

All variables with p<0.2 in the univariate model were 
then included as candidate variables in multivariate analy-
sis. We then performed backward elimination for the pur-
pose of conserving only variables with p<0.05 in the final 
model. Adjusted ORsand 95% CI were calculated.

Results
Descriptive Characteristics of the Two 
Groups
A total of 4,491 ESRD patients (obese and diabetic 623, 
obese only 292, diabetes only 1,330, neither obese nor 
diabetic 2,246) were present in the REIN registry on 
December 31, 2018, and all were included in this study. 
Table 1 presents the univariate analysis for obese–diabetic 
ESRD patients present in the REIN registry.

A majority of the obese–diabetic patients were male 
(55.1%), and36.1% were aged ≥75 years compared to 
45.6% (p<0.001) in the other group, indicating that they 
were younger than the other group. Obese–diabetic 
patients also had low mean dialysis duration (3.91±4.2, 
p<0.001) than the other group (Table 1).

Fewer obese–diabetic patients were on the renal trans-
plant waiting list (8.8%) than the other group (14.6%). The 
main reason for this was medical contraindications 
(p<0.001).

Furthermore, the obese–diabetic group was dialyzed 
more at centers (67.9%, p<0.001), smoked less (8.7%, 
p<0.05), and had more CVDs (at least one, 74.6%, 
p<0.001), COPD (19.9%, p<0.001), coronary insufficiency 
disease (43.7%, p<0.001), and arteritis of lower limbs 
(33.7%, p<0.001), but had fewer cases of cancer (7.9%, 
p<0.05) than the other group (Table 1).

Comorbidity Profiles and Other 
Characteristics among Obese–Diabetic 
ESRD Patients
Table 2 presents the outcomes through our first model: 
binary logistic regression analysis of comorbidities and 
other variables (medical and demographic).

Only four comorbidities reached significance:CVD 
(OR 1.38, p<0.05), coronary insufficiency (OR 1.49, 
p<0.05), COPD (OR 1.75, p<0.001), and cancer (OR 
0.68, p<0.05). This indicated that the obese–diabetic 
patients had more CVDs, cases of coronary insufficiency, 
and COPD, but fewer cases of cancer than the other group 
(Table 2).

Apart from diseases, certain variables were also asso-
ciated with obese–diabeticpatients on RRT. These vari-
ables were significant on multivariate analysis. These 
patients were younger than the other group (OR 0.46, 
p<0.001). Dialysis was mainly at centers (OR 1.29, 
p<0.05), which indicates that the obese–diabetic ESRD 
patients were dialyzed more at centers than the other 
group. Furthermore, the obese–diabetic patients were less 
smoking than the other group (OR 0.51, p<0.001).

ESRD patients on RRT who require renal transplanta-
tion are normally kept on the renal transplant waiting list. 
Fewer obese–diabetic patients were on the waiting list than 
the other group (OR 0.46, p<0.001). The major fact behind 
this is that there is an increased risk of graft rejection in 
obese patients than nonobese patients (Table 2).
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Comorbidities and Other Characteristics 
among Obese–Diabetic, Nonobese– 
Nondiabetic, and Obese Only/Diabetic 
Only Patients
Table 3 presents the results of the multinomial regression 
analysis.

The analysis revealed different profiles between our 
reference group, i.e,obese–diabetic, and the two compar-
ison groups:nonobese–nondiabetic and diabetic only 
(p<0.001 and p<0.05, respectively). On the other hand, 
there was no significant difference in comparison with 
the third group i.e obese only (p>0.05).

Patients in the nonobese–nondiabetic group showed 
many differences from the obese–diabetic group. They 
were older, with a higher proportion of patients aged>75 

years (OR, 2.40 p<0.001). There were fewer women (OR 
0.63,p<0.001) than the obese–diabetic group (Table 3).

These patients were more likely to be on the waiting 
list for a kidney transplant (OR 2.33,p<0.001) and less 
likely to be followed up in centers for dialysis (OR 0.69, 
p<0.05) than obese–diabetic patients with ESRD.

In addition, they had fewer comorbidities, and there were 
fewer cases of COPD (OR 0.53, p<0.001), coronary insuffi-
ciency (OR 0.49, p<0.001), CVD (OR 0.70, p<0.05), and 
arteritis of the lower limb (OR 0.68, p<0.05). On the other 
hand, they were more likely to have cancer (OR 1.78, 
p<0.05) and to smoke (OR 2.36, p<0.001, Table 3).

Compared to our reference group (diabetic–obese), 
patients in the diabetes-alone group were older, ie,>75 
years of age (OR 2.09,p<0.001). They were also more 
likely to be on the waiting list for a kidney transplant 

Table 1 Characteristics of ESRD patients on REIN registry (n=4,491)

Charecteristics Group 1, 
obese–diabetic

Group 2, 
nonobese–nondiabetic and obese only/ 
diabetic only

P 
(univariate)

n (%)/mean ± SD 
(n=623)

n (%)/mean± SD 
(n=3,868)

Male 343 (55.1) 2,473 (63.9) <0.001

Female 280 (44.9) 1,395 (36.1) <0.001
Age, mean ± SD 71.12±10.02 70.55±15.31 0.23

Age ≥75 years 225 (36.1) 1763 (45.6) <0.001

Dialysis duration, mean ± SD 3.91±4.2 6.01±7.19 <0.001
Registration on RT waiting list 55 (8.8) 566 (14.6) <0.001

Reason for nonregistraion on the RT list (medically 

contra indicated)

348 (55.9) 1,669 (43.2) <0.001

Dialysis modality (in-center dialysis) 423 (67.9) 2,283 (59.0) <0.001

Smoking 54 (8.7) 521 (13.5) 0.005

Method of dialysis

Hemodialysis 597 (95.8) 3,678 (95.1) 0.42

Peritoneal dialysis 26 (4.2) 190 (4.9) 0.42

Comorbidities
CVD 465 (74.6) 2,462 (63.7) <0.001
COPD 124 (19.9) 481 (12.4) <0.001

Cancer 49 (7.9) 453 (11.7) 0.004

Coronary insufficiency 272 (43.7) 481 (12.4) <0.001
Cardiac insufficiency 154 (24.7) 846 (21.9) 0.11

Myocardial infarction 73 (11.7) 401 (10.4) 0.32
Cerebrovascular accident 78 (12.5) 405 (10.5) 0.14

Cardiac arrhythmia 186 (29.9) 1,072 (27.7) 0.28

Arteritis of the lower limbs 210 (33.7) 1,032 (26.7) <0.001
Cirrhosis 7 (1.1) 59 (1.5) 0.432

Hepatitis B 4 (0.6) 44 (1.1) 0.262

Hepatitis C 9 (1.4) 94 (2.4) 0.125

Abbreviations: RT, renal transplant; COPD, chronic obstructive pulmonary disease; CVD, cardiovascular disease.
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(OR 1.92,p<0.05). As observed in the nonobese–nondia-
betic group, there were also fewer women in this group 
(OR 0.58,p<0.001). Furthermore, fewer of them had 
COPD (OR 0.56,p<0.001) despite the fact that more of 
them smoked (OR 1.48,p<0.05).

Finally, the model showed no significant differences 
for the obese-only group (Table 3).

Discussion
This study analyzed comorbidity profiles among obese– 
diabetic ESRD patients in the REIN registry of PACA 
region of France. To our knowledge, there is no study 
that has analyzed comorbidity in an obese–diabetic 
ESRD cohort, and few studies have been carried out on 
ESRD and CKD cohorts.

We found that four comorbidities were associated signifi-
cantly with obese–diabetic ESRD patients by performing 
multivariate analysis through binary logistic regression 
(Table 2). To strengthen the results retrieved through our first 
model, we decided to divide the data into four groups, and we 

used the second model, ie, multinomial logistic regression, to 
compare these four groups. Five comorbidities were found to 
be significantly associated with obese–diabetic ESRD patients 
by multinomial regression analysis (Table 3). The numbers of 
associated comorbidities were lower than our expectations, 
although many of the comorbidities were significant on uni-
variate analysis (Table 1). We were not able to find a study that 
analyzed comorbidity profiles in obese–diabetic ESRD 
patients, and that is why we cannot compare our results with 
another study on the same topic. Comorbidities are often 
associated to a large degree with ESRD patients, depending 
on age, region, education, and quality of life. Increasing age, 
obesity, diabetes, CVD, hypertension, and poor nutrition are 
important coexisting conditions that predict the worst out-
comes for patients with ESRD. Of these, CVDs are highly 
associated with morbidity and mortality in the ESRD 
population.

The prevalence of such comorbidities as obesity, dia-
betes mellitus, and hypertension were found to be mark-
edly high in CKD patients in a descriptive prospective 

Table 2 Multivariate analysis of associated comorbidities and other characteristics of ESRD patients on RRT

Group 1, 
obese– 
diabetic

Group 2, 
nonobese–nondiabetic and obese only/ 
diabetic only

OR p 
(multivariate)

Comorbidities

CVD 74.6% 63.7% OR 1.38, 95% CI 

1.04–1.83

0.028

Coronary insufficiency 43.7% 12.4% OR 1.49, 95% CI 

1.19–1.87

0.001

COPD 19.9% 12.4% OR 1.75, 95% CI 

1.36–2.24

<0.001

Cancer 7.8% 11.7% OR 0.68, 95% CI 

0.49–0.95

0.024

Other variables

Age ≥75 years 36.1% 45.6% OR 0.46, 95% CI 

0.38–0.57

<0.001

Smoking 8.7% 13.5% OR 0.51, 95% CI 

0.36–0.71

<0.001

Dialysis modality (in-center 

dialysis)

67.9% 59.0% OR 1.29, 95% CI 

1.05–1.59

0.014

Registration on renal transplant 

waiting list

8.8% 14.6% OR 0.46, 95% CI 

0.33–0.65

<0.001

Abbreviations: CVD, cardiovascular disease; COPD, chronic obstructive pulmonary disease.
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study carried out in a Nigerian tertiary kidney care hospital 
analyzing the comorbidity profile among 123 CKD 
patients.27 In our study, we also found that obesity and 
diabetes were associated with 2,243 ESRD patients on 
dialysis, and in addition our sample was much larger 
than the study carried out in Nigeria.

To find which group contained the younger patients, 
we set an age limit of ≥75 years. We found that the obese– 
diabetic patients were younger than their obese-only, dia-
betic only, and nonobese–nondiabetic counterparts in both 
analyses.

We also observed that the majority of the obese–diabetic 
patients were receving dialysis at centers than the other 
groups. The major reason behind this may have been special 
care and management and the satisfaction of these patients 
(Tables 2 and 3). In accordance with the literature, ESRD 
patients on dialysis aged ≥80 years have a satisfactory quality 
of life and no more complications than younger ESRD 
patients, despite many comorbidities.28 In a comparative 
study comparing comorbidities and their contribution to 
mortality between the registry of a clinical setting and a 
state-based registry, similar comorbidities in the two regis-
tries were found, and it was concluded that the comorbidities 
found in the two registries had the similar predictive ability, 
irrespective of the origin of the dataset. Although the study 
was limited to five comorbidities, all were significant pre-
dictors of poor survival in all four models.29 We also 
observed that obese–diabetic patients were less likely to be 
on the renal transplant waiting list (Tables 2 and 3). This 
reflects the fact that there is an increased chance of graft 
rejection in obese patients compared to the nonobese, and 
obese patients are often directed to lose weight to a certain 
level before renal transplantation to inhibit graft rejection.

According to a 2013–2014 UK Renal Registry report, 
the most common comorbid conditions found in incident 
ESRD patients on RRT were diabetes mellitus (36%) and 
ischemic heart disease (20%). Comorbidities in diabetic 
ESRD patients were higher than in nondiabetics. These 
included ischemic heart disease (28.3% vs 14.8%), COPD 
(8.6% vs 6.6%), smoking (13.4% vs 12.5%), and cancer 
(9.6% vs 15.4%) for diabetic and nondiabetic ESRD 
patients, respectively.33 Compared to the UK Renal 
Registry report, our results also showed a greater percen-
tage of comorbidities with obese–diabetic ESRD patients 
on RRT. It is necessary to mention here that our patients 
were obese alongwith diabetes, but in the case of the UK 
Renal Registry, the patients were diabetic only. 
Interestingly, cancer was recorded less in diabetic ESRD 

patients in the UK Renal Registry, and the same was found 
in our study. On the other hand, there were more smokers 
among the diabetic ESRD patients in the UK Renal 
Registry report, and the same was noted in our multino-
mial regression analysis for diabetic ESRD patients (Table 
3), while we noted fewer smokers in our binary logistic 
regression analysis in obese–diabetic patients than the 
other group (8.7% vs 13.5%) in our study (Table 2).

Vital contributors to CKD load are the growing frequency 
of obesity, diabetes, and hypertension, which are well-estab-
lished risk factors of CKD and ESRD. Public health–care 
policies directed at addressing lifestyle factors that contribute 
to these conditions are expected to mitigate CKD risk.34 

Population-wide interventions to control obesity may have 
more beneficial effects in preventing the development or 
delaying the progression of CKD.35

In addition, among patients with mild–moderate CKD, 
patient awareness of diagnosis is poor. CKD progression and 
complications are clearly influenced by dietary and lifestyle 
choices and management of comorbid conditions like dia-
betes, dyslipidemia, and hypertension. Improving patient 
awareness and providing patient education (low-sodium 
diet, quitting smoking, losing weight if overweight, and 
tight control of blood-pressure and blood-sugar levels) will 
help patients manage their chronic disease andl lead to better 
outcomes.36

Both diabetes and obesity along with hypertension con-
tribute highly to the development and progression of KD and 
hypertension, if not treated may lead to ESRD. Although 
early intervention and management of body weight, hyper-
tension, and hyperglycemia are highly recommended, novel 
therapeutic measures are also necessary to minimize the 
high morbidity and mortality associated with obesity and 
diabetes-related KD.6

Our study has revealed comorbidity profiles among 
obese–diabetic ESRD patients in the REIN registry of 
PACA region. The results of both models used for analysis 
in this study confirmed that obesity and diabetes are the 
driving forces for comorbidities in ESRD patients. The 
strength of this study was the large number of patients 
and the completeness of the collected data, while a limita-
tion of our study was the inclusion of a single French 
region that had certain characteristics, such as more old- 
age ESRD patients and fewer peritoneal dialysis patients 
than other regions. Furthermore, we selected those ESRD 
patients who already had two comorbidities, ie, obesity 
and diabetes. Due to this specificity, we found fewer 
patients for this study than expected. In addition, fewer 
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cardiovascular comorbidities were noted significant on 
multivariate analysis.

The novelty of our study is of great importance, as we 
believe that no such analysis has been carried out before, ie, 
including obese–diabetic ESRD patients for analysis of 
comorbidities. Another study on the same topic from a 
registry of a different region will certainly help in under-
standing regional similarities, differences, and the number of 
associated comorbidities in these patients.

Conclusion
In this study, comorbidity profiles revealed that cardiovas-
cular comorbidities, including coronary insufficiency 
along with COPD, were significantly associated with 
obese–diabetic ESRD patients in the PACA region of 
France. In addition, obese–diabetic ESRD patients smoked 
less, were younger, but less likely to be on the renal 
transplant waiting list. We suggest regular health education 
and awareness training by health-care professionals to 
minimize the risk of comorbidities in these patients.
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