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Background: To evaluate the prevalence of chronic kidney disease (CKD) and progression rate to CKD in elderly patients with
type 2 diabetes mellitus (T2DM).

Methods: We investigated the medical records of 190 elderly patients (65 years or older) with T2DM from 2005 to 2011 in
6-month increments. Mean follow-up duration was 64.5 months. CKD was defined as estimated glomerular filtration rate (eGFR)
<60 mL/min/1.73 m* and/or the presence of albuminuria.

Results: The mean age was 70.4 years and mean diabetes duration was 10.6 years. Among all the participants, 113 patients
(59.5%) had CKD. The eGFR was significantly decreased between baseline (65.7+15.0 mL/min/1.73 m?) and the end of follow-up
(52.7+17.5 mL/min/1.73 m? P<0.001). At the end of follow-up, the prevalence of eGFR <60 mL/min/1.73 m® had increased by
61.6% (at baseline, 44.2%). Furthermore, in patients with eGFR >60 mL/min/1.73 m? the progression rate to more than CKD
stage 3 was 39.6% at the end of follow-up; 30.2% of elderly diabetic patients had progressed to albuminuria from normoalbumin-
uria. Kaplan-Meier analysis showed that the time interval to worsening nephropathy was significantly shorter in elderly patients
with diabetes duration >10 years than in those with diabetes duration <5 years (P=0.018).

Conclusion: CKD was commonly observed in older patients with T2DM, and the progression rate to CKD is also high. Conse-
quently, it is important to identify and manage CKD as early as possible in elderly patients with T2DM, especially in those with

diabetes duration >10 years.
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INTRODUCTION

Chronic kidney disease (CKD) is a global public health prob-
lem, and its prevalence is gradually increasing, mainly due to
an increase in the number of patients with type 2 diabetes mel-
litus (T2DM) [1-3]. CKD develops in approximately 35% of
patients with T2DM and is associated with increased mortality
[4-6]. In addition, CKD is one of several conditions that are
common in older people and are associated with an increased
risk of cardiovascular disease [6-8]. Because renal function de-

clines naturally with aging, CKD develops more frequently in
older people [9,10]. According to data from the Korean Na-
tional Health and Nutrition Examination Survey in 2005 and
2007, CKD prevalence reached 22.6% in participants aged 60
to 74 years and 44.5% in those aged 75 years or more [11]. Fur-
thermore, elderly patients with T2DM have higher CKD prev-
alence than those without T2DM [12-15]. The prevalence of
CKD in older diabetic patients (aged =65 years) increased
from 27.3% between 1988 and 1994 to 40.6% between 2009
and 2014, based on the National Health and Nutrition Exami-
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nation Survey (NHANES) [14]. A Spanish study has shown
that CKD prevalence in older patients with T2DM (mean age,
67.9 years) controlled in primary care was 34.6% [15].

Well-documented risk factors for CKD are advanced age,
obesity, hypertension, and fasting glucose in patients with
T2DM [16-19]. However, most previous studies were not con-
ducted in the older population. Older patients with T2DM
have a high risk of CKD not only because of their age but also
because they have diabetes [16,20-22]. Therefore, older diabet-
ic patients without CKD have a higher risk of progression to
CKD than do young patients. Nevertheless, there is limited
data on the prevalence of CKD and progression rate to CKD in
older patients with T2DM. The aim of this study is to evaluate
the prevalence of CKD and the progression rate to CKD in
older patients with T2DM.

METHODS

Participants and design

A retrospective cohort study was conducted by reviewing the
medical records of older patients with T2DM who visited the
diabetes clinic at the CHA Bundang Medical Center, Seong-
nam, Korea. The study population included T2DM patients
265 years of age who had an estimated glomerular filtration
rate (eGFR) =30 mL/min/1.73 m>. We included the patients
who had visited the clinic at least one time every 6 months
from the baseline visit. Baseline visit period was from January
1, 2005, to December 31, 2005. We excluded subjects who had
type 1 diabetes mellitus (T1DM), acute disease, known inher-
ited kidney diseases, cancer, or acute renal failure caused by
other circumstances (for example, drug use, contrast media,
and so on). Follow-up ended on December 31, 2011, or earlier
if either death or follow-up loss occurred. Among 433 older
patients with T2DM, we enrolled 190 patients who visited reg-
ularly after the baseline visit. Both at baseline and at follow-up,
anthropometric assessments, blood pressure, and laboratory
tests were reviewed in all study participants. During the study,
eGFR was calculated using the modification of diet in renal
disease (MDRD) Study equation every 6 months. This study
was approved by the CHA University Institutional Review
Board (2016-12-041), and informed consent was obtained
from all study participants.

Measurements and definitions
Body weight and height were measured in participants wear-
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ing a hospital gown and without shoes on a calibrated balance
beam scale and stadiometer, respectively. Blood pressure was
measured using a mercury sphygmomanometer while the sub-
jects were seated. All blood samples were obtained after an
overnight fast of at least 8 hours, and fasting plasma glucose,
total cholesterol, triglyceride, high density lipoprotein choles-
terol, and creatinine levels were measured. Albuminuria was
assessed only once in a spot morning urine sample. Glycosyl-
ated hemoglobin (HbA1lc) was analyzed using high-perfor-
mance liquid chromatography (Variant IT; Bio-Rad, Hercules,
CA, USA).

CKD staging was done according to the Kidney Disease
Outcomes Quality Initiative guidelines of National Kidney
Foundation [23]. Stages of CKD were defined as follows: stage
1 (eGFR >90 mL/min/1.73 m?); stage 2 (eGFR 60 to 89 mL/
min/1.73 m?); stage 3 (eGFR 30 to 59 mL/min/1.73 m?); stage 4
(eGFR 15 to 29 mL/min/1.73 m?); and stage 5 (¢GFR <15 mL/
min/1.73 m*). Albuminuria was defined by the urinary albu-
min-to-creatinine ratio as microalbuminuria (30 to 300 mg/g
Cr) or macroalbuminuria (>300 mg/g Cr). CKD was defined
as eGFR <60 mL/min/1.73 m* and/or the presence of albu-
minuria.

The renal outcome was worsening nephropathy, defined as
death from renal disease; the initiation of renal-replacement
therapy; progression to macroalbuminuria; or a doubling of
the serum creatinine level, accompanied by an eGFR of <45
mL/min/1.73 m* or worsening of CKD stage at the end of fol-
low-up than at baseline.

Statistical analysis

Data for continuous variables is presented as mean + standard
deviation, and categorical factors are reported as percentages.
The significance of differences in measurements among groups
was tested using the independent sample -test, paired t-test, or
Mann-Whitney U test for continuous measures and chi-square
tests for categorical measures. The odds ratio and 95% confi-
dence interval were calculated using logistic regression analysis
with or without adjustment for age, sex, body mass index
(BMI), hypertension, diabetes duration, and HbA1c. Kaplan-
Meier analysis and the log rank test were used to compare the
difference in cumulative renal survival. A P<0.05 was consid-
ered significant. All statistical analyses were performed using
IBM SPSS Statistics version 19.0 (IBM Co., Armonk, NY,
USA).
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RESULTS to the presence of CKD are presented in Table 1. Among the
190 elderly patients with T2DM, 113 patients (59.5%) had
The baseline characteristics of the study population according ~ CKD at baseline. The mean age was 70.4 years and mean dia-

Table 1. Baseline characteristics of the study population according to the presence of chronic kidney disease at baseline

Characteristic Total CKD (-) CKD (+) Pvalue
Number 190 (100) 77 (40.5) 113 (59.5)
Female sex 121 (63.7) 51 (66.2) 70 (61.9) 0.645
Age, yr 70.4+4.9 69.7+4.3 70.8+5.2 0.106
BMI, kg/m’ 25.1+£3.6 24.5+3.2 25.6+£3.8 0.053
Hypertension 138 (72.6) 50 (64.9) 88 (77.9) 0.068
Dyslipidemia 66 (34.7) 19 (24.7) 47 (41.6) 0.016
Diabetes duration, yr 10.6+7.6 8.6+7.6 11.9+7.4 0.003
<5 56 (29.5) 32(41.6) 24(21.2)
5-9 58 (30.5) 25(32.5) 33(29.2)
>10 76 (40.0) 20 (26.0) 56 (49.6)
HbAlc, %* 79+1.9 7.6+1.8 8.1+1.9 0.108
<7.0 37 (48.7) 37 (33.3)
7.0-7.9 15(19.7) 29 (26.1)
>8.0 24 (31.6) 45 (40.5)
Creatinine, mg/dL 1.1+£0.3 0.9£0.2 1.2+£0.3 <0.001
eGFR, mL/min/1.73 m* 64.7+£16.5 75.4+10.2 57.4+16.1 <0.001
ACR, mg/g Cr> 148.5+£520.3 12.1+6.2 2249+638.4 0.001
Normoalbuminuria 96 (57.5) 60 (100) 36 (33.6)
Microalbuminuria 52(31.1) 0 52 (48.6)
Macroalbuminuria 19(11.4) 0 19 (17.8)
Total cholesterol, mg/dL 190.2+38.7 185.6+38.0 193.1+39.0 0.217
Triglyceride, mg/dL* 181.2+110.5 156.8+£82.9 196.6+£122.6 0.015
HDL-C, mg/dL* 46.5+13.1 47.7£10.3 45.7+£14.5 0.090
Medications
ACEI or ARB 117 (61.6) 38(49.4) 79 (69.9) 0.006
Diuretics 55 (28.9) 12 (15.6) 43(38.1) 0.001
Calcium-channel blocker 59 (31.1) 21(27.3) 38(33.6) 0.425
B-Blocker 40 (21.1) 11(14.3) 29 (25.7) 0.070
Statin 60 (31.6) 18 (23.4) 42(37.2) 0.045
Fenofibrate 8(4.2) 2(2.6) 6(5.3) 0.477
Sulfonylurea 152 (80.0) 63 (81.8) 89 (78.8) 0.713
Metformin 101 (53.2) 38 (49.4) 63 (55.8) 0.459
Thiazolidinedione 63(33.2) 35 (45.5) 28 (24.8) 0.005
Insulin 38 (20.0) 8(10.4) 30 (26.5) 0.009

Values are presented as number (%) or mean +standard deviation.

CKD, chronic kidney disease; BMI, body mass index; HbAlc, glycosylated hemoglobin; eGFR, estimated glomerular filtration rate; ACR, albu-
min-to-creatinine ratio, HDL-C, high density lipoprotein cholesterol; ACEIL angiotensin-converting enzyme inhibitor; ARB, angiotensin II re-
ceptor blocker.

“HbAlc information was missing for 3 participants, "ACR information was missing for 23 participants, “The statistical significance test was done
by Mann-Whitney U test.
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betes duration was 10.6 years. Although the average duration
of diabetes was longer in patients with CKD than in those
without CKD, mean HbA1c was not different in both groups.

Duration of diabetes was the independent risk factor for
CKD in older patients with T2DM (Table 2). Age, sex, BMI,
hypertension, and HbAlc were not associated with the pres-
ence of CKD in these patients. After adjustment for age, sex,
BMI, hypertension, diabetes duration, and HbA ¢, longer du-
ration of diabetes was still associated with CKD.

Mean follow-up duration was 64.5 months, and eGFR sig-
nificantly declined between baseline (65.7+15.0 mL/min/1.73
m?) and the end of follow-up (52.7+17.5 mL/min/1.73 m?,
P<0.001) (Fig. 1). The annual rate of GFR decline was 2.42

dmj

mL/min/1.73 m”. Table 3 shows the transition for the stage of
CKD from baseline to the end of follow-up. At the end of fol-
low-up, the prevalence of eGFR <60 mL/min/1.73 m* had in-
creased by 61.6% (117/190; at baseline, 44.2% [84/190]). The
stage of CKD was aggravated in one-third of patients (31.6%,
60/190). Furthermore, in patients with eGFR >60 mL/min/
1.73 m?, the progression rate to more than CKD stage 3 was
39.6% (42/106) at the end of follow-up. In addition, 30.2%
(29/96) of older diabetic patients had progressed to albumin-
uria from normoalbuminuria (Table 4). The progression rate
to macroalbuminuria was 4.7% (7/148) in older patients with
T2DM at the end of follow-up.

Worsening nephropathy presented in 39.5% (75/190) of old-

Table 2. Odds ratios for the predictors of chronic kidney disease at baseline

Variable Unadjusted OR (95% CI) Pvalue Adjusted OR (95% CI) Pvalue
Age, yr 1.05(0.99-1.12) 0.108 1.05(0.98-1.12) 0.156
Male sex 1.21 (0.66-2.21) 0.547 1.96 (0.97-3.95) 0.061
BML, kg/m* 1.09 (1.00-1.18) 0.056 1.13(1.03-1.25) 0.013
Hypertension (yes vs. no) 1.90 (1.00-3.62) 0.051 1.41 (0.69-2.87) 0.349
Diabetes duration, yr

<5 1.00 (reference) 1.00 (reference)

5-9 1.76 (0.84-3.70) 0.135 1.45 (0.64-3.29) 0.380

=10 3.73(1.79-7.79) <0.001 3.46 (1.49-8.03) 0.004
HbAlc, %

<7.0 1.00 (reference) 1.00 (reference)

7.0-7.9 1.93 (0.89-4.19) 0.094 1.45 (0.61-3.45) 0.402

>8.0 1.86 (0.96-3.68) 0.067 1.71 (0.78-3.74) 0.177

Adjusted for age, sex, body mass index, hypertension, diabetes duration, and HbAlc.
OR, odds ratio; CI, confidence interval; BMI, body mass index; HbAlc, glycosylated hemoglobin.

[ Baseline [ End of follow-up
100

80 a
60

40

eGFR (mL/min/1.73 m?)

Total Men Women

Fig. 1. Comparison of estimated glomerular filtration rate

(eGFR) from baseline to the end of follow-up. *P<0.05.
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Table 3. Transitions for stage of chronic kidney disease from
baseline to the end of follow-up in older patients with type 2
diabetes mellitus

Stage of CKD fo Total
2 3 4 or more

From

1 1 5 1 1 8

2 4 54 38 2 98

3 0 62 13 84

4 or more 0 0 0 0
Total 5 68 101 16 190
CKD, chronic kidney disease.
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Table 4. Transitions for albuminuria categories from baseline to the end of follow-up in older patients with type 2 diabetes melli-

tus
Albuminuria categories fo Total
Normoalbuminuria Microalbuminuria Macroalbuminuria
From
Normoalbuminuria 67 26 3 96
Microalbuminuria 3 45 4 52
Macroalbuminuria 1 1 17 19
Total 71 72 24 167
Albuminuria information missing for 23 participants.
—— Diabetes duration <5 years DISCUSSION

------ Diabetes duration 5-9 years
----Diabetes duration >10 years

1.0 N

R e
R anit A
- 08 J‘r——J‘r +++++¢
2 +--+
E gy
Té 0.6
% <5 years vs. 5-9 years, P=0.194
= 04 L <5years vs. 210 years, P=0.018
5 5-9 years vs. > 10 years, P=0.279
3
02 r
O 1 1 1 J
20 40 60 80

Duration of follow-up (mo)

Fig. 2. Kaplan-Meier plots for renal survival according to the
duration of diabetes mellitus.

er diabetic patients; death from renal disease (n=11); the initi-
ation of renal replacement therapy (n=4); progression to mac-
roalbuminuria (n=7) or a doubling of the serum creatinine
level, accompanied by an eGFR of <45 mL/min/1.73 m’
(n=9); worsening of CKD stage at the end of follow-up than at
baseline (1=60) all also occurred. Kaplan-Meier analysis
showed that the time interval to worsening nephropathy was
significantly shorter in older patients with diabetes duration
>10 years than in those with diabetes duration <5 years (dia-
betes duration <5 years vs. 210 years, P=0.018) (Fig. 2). Sex,
the presence of obesity or hypertension, and HbA1c level were
no different for cumulative renal survival among older diabetic
patients.
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Increased life expectancy and a higher T2DM incidence lead
to an increase in the number of older diabetic patients with
CKD [1-3]. In patients with T2DM, CKD significantly increas-
es cardiovascular morbidity and mortality, and it is the main
reason for renal replacement therapy [4-10]. Despite the high
number of older diabetic patients with CKD, few studies have
investigated the prevalence of CKD and progression rate to
CKD in this population. In this study, we show that CKD was
commonly observed in older patients with T2DM, and the
progression rate to CKD was also high. Furthermore, older di-
abetic patients with diabetes duration >10 years had a high
risk for worsening nephropathy.

The prevalence and incidence of CKD in patients with
T2DM have increased over the past two decades. The preva-
lence of CKD was 19.8% in participants aged 65 years or older,
and it is very high compared with 0.7% in those aged 35 to 44
years in urban Korea [18]. In Taiwan, an observational cohort
study reported that 39.4% of older patients had CKD, stage 3 to
5 [24]. The mean age was 75.7 years, and only 30.8% of them
had hyperglycemia. We could presume that older patients with
diabetes develop higher CKD prevalence than those without
diabetes. Comparatively, CKD prevalence was 30.3% in dia-
betic patients aged 30 years or more and 39.0% in those aged
65 years or more in Korea [25]. According to the data from
NHANES, the prevalence of CKD in older diabetic patients
(aged 265 years) increased from 27.3% between 1988 and
1994 to 40.6% between 2009 and 2014 [14]. In this data, the
prevalence of patients who had diabetes duration >10 years
also increased from 23.6% between 1988 and 1994 to 37.7%
between 2009 and 2014 even though this prevalence was cal-
culated in all age groups. In present study, the prevalence of
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CKD was 59.5% in older patients with T2DM (mean age, 70.4
years). The reason a higher CKD prevalence was observed
than in previous studies might be that this study included
many older diabetic patients who already had diabetes longer
than 10 years at baseline. Although our study sample was not
large and representative of the general Korean population, we
could know that CKD was commonly observed in older pa-
tients with T2DM.

In general, the progression rate to CKD is slow, although
there is a high prevalence of CKD in older patients [26,27]. In
an observational study including 4,562 patients older than 65
years at US Veterans Affairs health care facilities, only 44% of
the patients progressed at a rate of 1 to 4 mL/min/1.73 m’ per
year [28]. In another study, the annual rate of GFR decline was
only 0.8 to 1.4 mL/min/1.73 m’ in nondiabetic patients older
than 65 years [29]. However, there are few studies of the pro-
gression rate to CKD in older patients with T2DM. In this
study of older diabetic patients, eGFR declined at a rate of 2.42
mL/min/1.73 m’ per year among all participants, and the stage
of CKD was aggravated in one-third of patients (31.6%, 60/
190). In addition, in patients with eGFR =60 mL/min/1.73 m’,
the progression rate to more than CKD stage 3 was 39.6%
(42/106) at the end of follow-up; 30.2% (29/96) of older dia-
betic patients progressed to albuminuria from normoalbumin-
uria. Compared to the slow progression to CKD in nondiabet-
ic older patients, the faster decline of renal function would be
due to T2DM. This is important because when we manage
older patients with T2DM, we should pay attention to their re-
nal function.

Old age, obesity, hypertension, and diabetes mellitus are tra-
ditional risk factors for CKD [16-19]. In this study, longer dia-
betes duration was an independent factor related to the pres-
ence of CKD in older diabetic patients. Furthermore, diabetes
duration >10 years was still associated with worsening ne-
phropathy at the end of follow-up. No similar study was con-
ducted with older diabetic patients, but cumulative incidence
of kidney complications such as macroalbuminuria and end-
stage renal disease increased with longer duration of diabetes
during a 25-year follow-up of patients with T1DM [30]. In ad-
dition, being diagnosed with TIDM before 6 years of age car-
ries a lower risk of kidney disease development, but this rela-
tionship diminished with longer diabetes duration. It is not
certain, but we could assume that longer duration of diabetes
accumulates renal damage regardless of glucose level.

Interestingly, HbAlc is not associated with CKD at baseline
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and worsening nephropathy at the end of follow-up. In the UK
Prospective Diabetes Study, a modest decrease in HbAlc over
10 years from 7.9% to 7.0% lowered the risk of microvascular
endpoints, reducing the onset of microalbuminuria by 25%
[31]. However, the study population was younger patients with
newly diagnosed T2DM (mean age, 54 years). Until now, there
have been no long-term randomized studies that show the
benefits of intensive blood glucose control in the older popula-
tion. Because the benefit of controlling blood glucose for CKD
and its progression would be greater in those younger and re-
cently diagnosed with T2DM than in older patients with
T2DM [10], HbAlc difference would not have influenced
CKD and its progression in this study (mean age, 70.4 years;
mean diabetes duration, 10.6 years at baseline). Old age and
T2DM itself are strong risk factors for CKD, so the difference
might not appear to depend on HbA lc.

In addition, hypertension is also not associated with CKD at
baseline and worsening nephropathy at the end of follow-up.
One possible explanation is that angiotensin-converting en-
zyme inhibitor (ACEI) or angiotensin II receptor blocker
(ARB) has been used more than in other studies. Compared to
24.4% of older diabetic patients who have used ACEI or ARB
between 1988 and 1994 and 56.2% between 2009 and 2014 ac-
cording to the data from NHANES [14], 61.6% of patients in
this study have used ACEI or ARB. Another possible reason
would be that over 70% of patients already had hypertension,
so it would not have influenced CKD and its progression.

Renal blood flow and GFR would be diminished by time
[32]. Pathologically, the aging kidney may be associated with
changes in basement membrane thickening and mesangial ex-
pansion [3]. In addition, because they commonly have age-re-
lated, coexisting conditions such as vasculitis, amyloidosis, and
atherosclerotic disease, older persons tend to high risk for
CKD [9]. The mechanism of the progression to CKD in pa-
tients with diabetes is still controversial. Hyperactivity of the
renin-angiotensin-aldosterone (RAS) system, osmotic sodium
retention, endothelial dysfunction, dyslipidemia, RAS/RAF/
extracellular-signal-regulated kinase pathway, modification of
the purinergic system, phosphatidylinositol 3-kinase (PI 3-ki-
nase)-dependent signaling pathways, and inflammation were
possible pathways that have been identified so far [33]. With-
out doubt, however, aging and T2DM are strong risk factors
for deterioration of renal function.

The therapeutic strategy for T2DM in older patients should
consider CKD, which is a major prognostic factor [34]. It is
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well known that morbidity and mortality in older patients with
T2DM could be reduced by preventing the progression to
CKD [4-6]. However, it is not easy to prevent the progression
to CKD in such patients because they are exposed to polyphar-
macy to control their comorbidities. The problems of poly-
pharmacy are overdosing caused by drug-drug interaction or
reduced clearance of drugs. In this study, so many older pa-
tients with T2DM had CKD; we should pay attention to their
renal function. It is very important for physicians not only to
monitor the renal function regularly and adjust the dose of
drugs but also to prevent worsening of renal function when
they manage older diabetic patients with CKD, especially in
those who had diabetes longer than 10 years.

Our study has some limitations. First, the study sample was
not large and representative of the Korean population. There-
fore, the results should be interpreted with caution. Second,
the MDRD equation has not been validated in patients >70
years old, and no coefficient of the MDRD equation has yet
been published for Koreans. This limitation might render CKD
prevalence results imprecise. Third, we did not compare older
patients with younger patients because we could not find a
matched young-patient group. Nevertheless, this study might
be valuable in presenting the finding that CKD was commonly
observed in older patients with T2DM and that the progres-
sion rate to CKD was also high compared to the general popu-
lation. Fourth, because this study included only the Korean
population, the results cannot be applied directly to other eth-
nic populations. Finally, we could not analyze and reflect
HbA ¢ variability and medication change during the follow-
up period due to missing data. Large-scale prospective study
would be warranted. However, this study might be meaningful
because it evaluated renal function in older patients with
T2DM and monitored them for up to 6 years.

Because CKD was commonly observed in older patients
with T2DM, and progression rate to CKD was also high, it is
important to identify and manage CKD as early as possible in
older patients with T2DM, especially in those whose diabetes
duration was longer than 10 years.
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