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Abstract
Background: Diabetic kidney disease is the leading cause of stage 5 chronic kidney disease (CKD) in India. Renal replacement
therapy (RRT) is accessible to very few patients because of socioeconomic deprivation. We studied the effect of diabetes and
socioeconomic status on the outcome of patients on maintenance hemodialysis (MHD).

Methods: We retrospectively analyzed the outcome of 897 patients (629 males/268 females; mean age ± standard deviation
48.69 ± 14.27 years) initiated on MHD from 2003 to 2009 at five dialysis centers in south India. There were 335 type 2 diabetic
patients and 562 non-diabetic patients. Group 1 comprised the self-paying patients (518 patients) and Group 2 included the
TANKER Foundation charity dialysis patients (379 patients). We compared the 5-year survival rates of Group 1 versus Group 2
and also those of diabetic versus non-diabetic patients, using the Kaplan–Meier survival estimator.

Results: Of the 897 patients, 166 patients survived, 350 died, 234 were lost to follow-up, 137 had renal transplantation and 10
patients were transferred to peritoneal dialysis. The 5-year survival rates after censoring were 20.7 and 38.2% for diabetic and
non-diabetic patients, respectively (P < 0.001). The survival rate of diabetic patientswas significantly lower, comparedwith non-
diabetic patients, in Group 2 (P < 0.001), but not significantly lower in Group 1 (P = 0.226).

Conclusions: Diabetic patients have poor survival rates on MHD, especially those from poor socioeconomic groups. Due to
scarce RRT facilities and poor survival rates of diabetic patients, prevention, early detection and management of diabetic CKD
patients should be the way to go forward.
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Introduction
The prevalence of diabetes mellitus in India, where the total
population is 1.25 billion people, is roughly 7.1%, and diabetes
is four times more common in urban, compared with rural,
India [1, 2]. The proportion of gross domestic product expenditure
on health care in India by the government is a meager 1.3% [3].
The economic burden of diabetes care in India is enormous,
and about 5–10% of the national health budget is spent on pre-
vention and treatment of diabetes [4]. Screening programmes
for early detection of diabetes mellitus are scarcely carried out.

Diabetic kidney disease is the most common cause of chronic
kidney disease (CKD), according to the Indian CKD Registry, ac-
counting for 31.3% of CKD cases [5]. Of the patients included in
the Registry, 25.9 and 48.1% presented to nephrology care with
CKD stages 4 and 5, respectively. Of note, most of the diabetic cen-
ters are located only inmajor cities,whereas themajority of the In-
dian population live in villages, and tier 2 and tier 3 cities [8].
Moreover, there are only about 1400 nephrologists in a country
with a population of 1.25 billion,which approximates to one neph-
rologist per 1million inhabitants [9]. Studies have shown that CKD
ismuchmore prevalent in patients with lower socioeconomic sta-
tus [6, 7]. About 42.7% of the CKD patients in the Indian CKD Regis-
try have a monthly income of less than Rs 5000 (US$ 74.09), which
means that the need for renal replacement therapy (RRT) has an
enormous financial impact on these patients [5].

Sustained RRT is available for less than 5% of the low-income
group of patients [10]. The high costs of RRT, a lack of government
financial support programs for end-stage renal disease (ESRD) pa-
tients and minimal health insurance coverage all restrict the af-
fordability of RRT services to patients. Themost widely used RRT
modality is maintenance hemodialysis (MHD), although RRT fa-
cilities vary widely among private and government centers [10],
and the prevalence of patients on MHD in India is 86 per million
population, as of 2015 [11].

There is a paucity ofmulticentric data on survival rates of dia-
betic, comparedwith non-diabetic, patients onMHD in India. Pre-
viously we published limited data on the survival of MHD
patients between 1999 and 2006, which showed a significant dif-
ference in survival among patients from different socioeconomic
groups [10]. The aimof this retrospective analysiswas to examine
the survival rates of diabetic and non diabetic patients belonging
to different socioeconomic groups who were initiated on MHD
between 2003 and 2009, using data from five dialysis centers in
India.

Materials and methods
We retrospectively analyzed the outcome of 897 patients (629
males and 268 females; mean age ± standard deviation 48.69 ±
14.27 years) who were initiated on MHD between 2003 and 2009
at five dialysis centers: Madras Medical Mission Hospital
(MMM), Pondicherry Institute of Medical Science (PIMS) and

three centers of the TANKER Foundation (http://www.
tankerfoundation.org). Of the 897 patients, there were 335 type
2 diabetic patients and 562 non-diabetic patients. These 335 pa-
tients had been diagnosed with diabetic kidney disease by their
referring doctors. However, it is possible a bias might have been
present in the diagnosis of diabetic kidney disease in a minority
of referrals, as renal biopsieswere not performed to rule out other
nephropathies. Hence, the type 2 diabetic patients included in
this study could have diabetes mellitus either as a cause of
renal disease or as a comorbidity.

We stratified patients into Group 1 (518 patients) and Group 2
(379 patients). Group 1 included patients frommiddle and higher
socioeconomic classes who underwent hemodialysis at MMM
and PIMS, both not-for-profit tertiary care centers. Group 2 in-
cluded patients from lower socioeconomic classes who under-
went hemodialysis either free of cost (80%) or at subsidized
rates (20%) at three centers of the TANKER Foundation, a charit-
able trust. The cost of subsidized dialysis was Rs 365 (US$ 5.41)
per session. Table 1 shows details of the dialysis membranes
used and the frequencies and costs of dialysis at the study
centers.

We collected the following clinical and biochemical para-
meters of the patients at presentation: systolic blood pressure
(SBP) and diastolic blood pressure (DBP), body mass index (BMI),
hemoglobin level, serum albumin, serum calcium, serum phos-
phorus, serum bicarbonate, blood urea and serum creatinine.
Data on events such as transplantation, transfer to continuous
ambulatory peritoneal dialysis (CAPD) and loss to follow-up
were also collected as censored observations.

Data analysis was performed using SPSS version 20 (IBM Cor-
poration, Armonk, NY, USA). Data for the above parameters were
the mean of three readings, each taken before a dialysis session.
The independent samples t-test was used to compare the mean
values of the different baseline parameters between Groups 1
and 2 and between diabetic and non-diabetic patients. We com-
pared the 5-year survival rates of Group 1 versus Group 2, and dia-
betic versus non-diabetic patients using the Kaplan–Meier
survival estimator. We also compared the survival rates of dia-
betic versus non-diabetic patients in each socioeconomic group.

Results
Table 2 shows the comparison of clinical and biochemical para-
meters between diabetic and non-diabetic patients at presenta-
tion. Diabetic patients had higher age, compared with non-
diabetic patients (P < 0.001). In addition, diabetic patients had
lower DBP (P < 0.001), lower serum albumin (P = 0.053), higher bi-
carbonate (P = 0.047) and lower serum creatinine levels (P < 0.001),
compared with non-diabetic patients. There were no statistically
significant differences in SBP, BMI and hemoglobin, or in levels of
serum albumin, serum calcium and serum phosphorus. Table 3
shows the comparison of clinical and biochemical parameters
between Groups 1 and 2. There was a trend towards lower DBP (P

Table 1. Characteristics of dialysis membranes, dialysis frequencies and dialysis costs in the study centers

Center Madras Medical Mission Hospital Pondicherry Institute of Medical Science TANKER Foundation

Number of patients 241 277 379
Dialysis membrane used Polysulphone and cellulose acetate Polysulphone and hemothane Polysulphone
Membrane surface area (m2) 1.3–1.8 1.2–1.4 1.1–1.3
Frequency of dialysis Twice or thrice weekly Twice weekly Twice weekly
Cost of dialysis per year (US$) 2421–3229 1550–1705 848
Cost of erythropoietin per year (US$) 888 465–930 157
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= 0.057) and higher bicarbonate levels (P = 0.057) in Group 1, com-
pared with Group 2, though not statistically significant.

Of the 897 patients, 166 patients survived, 350 patients died,
234 were lost to follow-up, 137 patients had renal transplant
and 10 patients were transferred to CAPD. Of those patients
lost to follow-up, 128 were from PIMS, 65 from the TANKER
Foundation and 41 from MMM. Table 4 shows the outcomes of
the diabetic and non-diabetic patients after initiation of MHD.

The 5-year survival rate was 20.7% in diabetic patients, com-
pared with 38.2% in non-diabetic patients (P < 0.001), as shown

by the Kaplan–Meier curve comparing survival in Figure 1. The
5-year survival rate of patients in Group 2 was 25.5%, compared
with 41.8% in Group 1 patients (P < 0.001), as shown by the
Kaplan–Meier curve in Figure 2. Among the lower socioeconomic
class patients (Group 2), the 5-year survival rate was 7.1% in
diabetic patients and 35.3% in non-diabetic patients (P < 0.001)
(Figure 3). Among the higher and middle socioeconomic class
patients (Group 1), the 5-year survival rate was 38.9% in diabetic
patients and 44.3% in non-diabetic patients (P = 0.226) (Figure 4).
Using the Cox proportional hazard model, as shown in Table 5,
higher age (P = 0.002), the presence of diabetes (P < 0.001) and a
lower socioeconomic status (P < 0.001) were associated with
lower survival rates.

Discussion
Data from the Indian CKD Registry showed that diabetic kidney
disease is the most common cause (31.3%) of CKD [5]. In our
study, 37.3% of patients initiated on MHD were diagnosed with
diabetic kidney disease, thus it is in agreement with the Registry
data. Using the Cox proportional hazard model, we found that a
higher age at initiation of dialysis, the presence of diabetes and a
lower socioeconomic status were all associated with lower

Table 2. Comparison of baseline parameters between diabetic and non-diabetic patients

Parameter

Value

P-valueDiabetic patients (n = 335) Non-diabetic patients (n = 562)

Age (years) 56.288 ± 9.787 44.112 ± 14.575 <0.001
Sex 240 males/95 females 391 males/171 females 0.476
SBP (mmHg) 147.516 ± 27.223 144.784 ± 27.544 0.218
DBP (mmHg) 81.440 ± 14.171 87.025 ± 15.754 <0.001
BMI (kg/m2) 22.213 ± 5.145 21.682 ± 4.233 0.368
Serum albumin (g/dL) 3.437 ± 0.965 3.719 ± 1.915 0.053
Hemoglobin (g/dL) 8.662 ± 1.947 8.516 ± 2.137 0.388
Corrected calcium (mg/dL) 8.298 ± 1.300 8.392 ± 1.441 0.480
Phosphorus (mg/dL) 5.536 ± 2.117 5.651 ± 2.079 0.618
Bicarbonate (mEq/L) 20.778 ± 10.984 19.176 ± 5.317 0.047
Urea (mg/dL) 119.862 ± 66.453 122.319 ± 61.944 0.643
Creatinine (mg/dL) 7.504 ± 3.514 9.466 ± 4.413 <0.001

Data are presented as mean ± standard deviation.

Table 3. Comparison of baseline parameters between Groups 1 and 2

Parameter

Mean

P-valueGroup 1 (n = 518) Group 2 (n = 379)

Age (years) 50.438 ± 14.182 46.257 ± 14.056 <0.001
Sex 367 males/151 females 262 males/117 females 0.625
SBP (mmHg) 145.335 ± 27.849 149.730 ± 24.042 0.195
DBP (mmHg) 84.497 ± 15.827 88.108 ± 10.813 0.057
BMI (kg/m2) 21.670 ± 4.655 22.620 ± 4.216 0.168
Serum albumin (g/dL) 3.634 ± 1.657 3.286 ± 0.666 0.270
Hemoglobin (g/dL) 8.530 ± 2.100 8.524 ± 1.807 0.976
Calcium (mg/dL) 8.377 ± 1.411 8.075 ± 0.861 0.233
Phosphorus (mg/dL) 5.625 ± 2.106 4.831 ± 1.505 0.179
Bicarbonate (mEq/L) 20.075 ± 8.551 17.735 ± 2.206 0.057
Blood urea (mg/dL) 126.388 ± 64.829 84.684 ± 30.686 <0.001
Serum creatinine (mg/dL) 8.628 ± 4.152 8.612 ± 2.609 0.969

Data are presented as mean ± standard deviation.

Table 4. Outcomes of diabetic and non-diabetic patients initiated on
MHD across study centers

Diabetic
patients

Non-diabetic
patients

Total no. of patients 335 562
No. of patients who died 160 190
No. of patients who survived 52 114
No. of renal transplants 31 106
No. of patients transferred to CAPD 6 4
No. of patients lost to follow-up 86 148
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survival rates. For example, the 5-year survival rate was 20.7% in
our diabetic patients, compared with 38.2% in the non-diabetic
patients. Data on survival rates in patients with diabetic kidney
disease in South Asia are scarce. A recent Indian prospective sin-
gle-center study of 96 patients on MHD in a private tertiary care
center reported a 2-year mortality rate of 19.8% [12]. Another
retrospective analysis of 95 patients on MHD showed a median
survival period of 410 days [13]. Here, we report 5-year survival
rates from a large retrospective analysis of 897 patients from dif-
ferent socioeconomic groups who were initiated on MHD in five
centers in south India from 2003 to 2009.

The 2014 United States Renal Data System reported that only
37.2% of patients with diabetic kidney disease survived 5 years
after initiation of hemodialysis [14]. Racki et al. also reported
poorer survival of diabetic, comparedwith non-diabetic, patients
on MHD in Croatia (P = 0.0013) [15]. Lack of compliance to drug
therapy to control the glycemic status, and thereby to slow the
progression of kidney disease, is a major factor contributing to
an increased mortality in diabetic kidney disease [16–18]. Sur-
vival rates of diabetic patients on MHD are poorer in India than
in developed countries. The best and most cost-effective

intervention that can be applied is early diagnosis and manage-
ment of diabetes in the population, through large-scale screening
and follow-up—which are lacking in India. Such an intervention-
al strategy is supported by the Action in Diabetes and Vascular
Disease: Preterax and Diamicron Modified Release Controlled
Evaluation (ADVANCE) trial [19] and the UK Prospective Diabetes
Study (UKPDS) [20]. In India, strategies to reduce the incidence
of diabetic kidney disease include glycemic control, smoking cessa-
tion, lifestylemodification, patient educationat theprimaryhealth-
care level, avoidance of alternative medicines and herbs, use of
angiotensin-converting enzyme inhibitors (ACEIs) or angiotensin
receptor blockers (ARBs) and prevention of acute kidney injury. It
is an alarming fact that over 40% of diabetic patients in India fail
to attend their regular follow-up appointments [17].

In line with results from our previous study [10], the 5-year
survival rate of patients in Group 2 was 25.5%, whereas that of
Group 1 patientswas 41.8%. On analyzing and comparing the sur-
vival rates of diabetic and non-diabetic patients onMHD, accord-
ing to their socioeconomic groups, we found those diabetics
belonging to Group 2 had the poorest 5-year survival rate of

Fig. 1. Survival rates of diabetic, compared with non-diabetic, patients (P < 0.001).

Fig. 2. Survival rates of patients by socioeconomic group (P < 0.001).

Fig. 3. Survival rates of diabetic, compared with non-diabetic, patients in the

lower socioeconomic group (P < 0.001).

Fig. 4. Survival rates of diabetic, compared with non-diabetic, patients in the

middle and higher socioeconomic group (P = 0.226).
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7.1%, which was lower than that of non-diabetic patients in
Group 2 at 35.3%. In Group 1, although survival rates for diabetic
patients seem to be lower in the first 20 months, the overall sur-
vival difference, compared to non-diabetic patients in Group 1,
was not statistically significant. This observation is based on bet-
ter glycemic control and management of comorbidities provided
to patients in the higher socioeconomic group. Diabetic patients
on MHD from lower socioeconomic groups have the poorest sur-
vival, due to suboptimal care for undiagnosed cardiovascular dis-
ease, poor nutritional status, irregular dialysis schedules and
poor compliance to dietary restrictions and glycemic manage-
ment. Also, these patients do not have access to skilledmultispe-
cialty services. Patients undergoing MHD in a multispecialty
hospital are seen by a nephrologist during every session and
undergo detailed cardiovascular evaluation and pharmacother-
apy, including beta blockers, ACEIs, ARBs, antiplatelet drugs and
statins, with regular follow-up. They also have access to erythro-
poiesis-stimulating agents (ESAs), bicarbonate supplements,
skilled renal dietitian services and other multispecialty care. In
the last couple of years, economicallyadvanced state governments
have established free dialysis programs targeting a very small sub-
set of eligible patients. Patients under the care of the TANKER
Foundation fall into this category of patients eligible for free dialy-
sis and ESAs from the state government of Tamil Nadu. However,
these free dialysis programs can only cater for a very small subset
of the population as resource availability is scarce.

Malnutrition is prevalent in 42–77% of the ESRD population in
developing countries, which is strongly associated with in-
creased mortality [21]. Serum albumin levels of <3.5 g/dL are as-
sociated with poor survival rates [22]. In our study, the mean
serum albumin levels in Group 2 and diabetic patients were
<3.5 g/dL. Hemoglobin levels were also low in patients on MHD,
regardless of whether they were diabetic or non-diabetic. BMI
was low in both diabetic and non-diabetic patients. This is prob-
ably due to widespread malnutrition in CKD patients in India.

An analysis of the cause of death showed cardiovascular dis-
ease as the most common cause in 60% of cases; other mortality
cases also occurred outside the dialysis units, and hence their
exact cause was not known. In the TANKER Foundation centers,
65 patients were lost to follow-up. It is likely that the majority of
these 65 patients did not have access to RRTelsewhere, due to un-
affordability of the treatment. The Indian CKD Registry does not
include data on the follow-up of patients on RRT. Hence, there are
very limited nationwide registry data available that examine the
causes of death, which constitutes a major drawback in the
evaluation of mortality in patients on MHD. Although the federal
government has recently declared a policy of setting up hemodi-
alysis centers across all 650 districts in India, the dearth of
trained nephrologists will be a handicap in its implementation.

In developing countries like India, the cost of dialysis has an
impact on the outcome of patients. The majority of patients, in-
cluding those in hospital-based dialysis centers, have to cover
the cost of treatment out of their own pocket, and hence the over-
all cost of assessment for cardiovascular disease, erythropoietin

usage and hospitalization puts an enormous burden on the self-
paying group of patients [3, 10].

Relative to the population increase of 44% between 1990 to
2013 in India, the number of years livedwith disability due to dia-
betes per million people has increased by 55%, according to the
Global Burden of Disease Study 2013 [23]. The increasing burden
of diabetes, the scarcity of RRT services and poor survival rates of
patients with diabetic kidney disease together imply that there is
an urgent need to implement large-scale screening and aware-
ness programs on diabetes mellitus in India. Results from our
large retrospective multicenter study of patients on MHD from
different socioeconomic classes clearly demonstrate that those
patients with diabetic kidney disease belonging to a lower socio-
economic group have poorer survival rates.

A limitation of this study is that, as this is a retrospective ana-
lysis of individuals from different socioeconomic groups, data on
cardiovascular comorbidities for patients in the lower socio-
economic group were not readily available.

Conclusion
Diabetic CKD patients from lower socioeconomic classes have poor
survival rates on MHD. With available RRT resources being grossly
inadequate to cater for the patient population requiring such treat-
ment, there is an urgent need to screen diabetics for CKD, improve
awareness and take appropriate steps to slowdown theprogression
ofCKD.AsCKD is becoming amajor cause ofmorbidityandmortal-
ity in India, governmenthealth-care expendituremust be increased
accordingly to improve access to specialized RRT services for eco-
nomically deprived patients.
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