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Background: The prevalence of type 2 diabetes in elderly people has increased dramatically in the last few decades. This study was
designed to clarify the clinical characteristics of type 2 diabetes in patients aged =80 years according to age of onset.

Methods: We reviewed the medical records of 289 patients aged =80 years with type 2 diabetes at the outpatient diabetes clinics of
Kangwon National University Hospital from September 2010 to June 2014. We divided the patients into middle-age-onset diabetes
(onset before 65 years of age) and elderly-onset diabetes (onset at 65+ years of age).

Results: There were 141 male and 148 female patients. The patients had a mean age of 83.2+2.9 years and the mean duration of di-
abetes was 14.3110.4 years. One hundred and ninety-nine patients had elderly-onset diabetes. The patients with elderly-onset diabe-
tes had a significantly lower frequency of diabetic retinopathy and nephropathy, lower serum creatinine levels, lower glycated hemo-
globin (HbAlc) levels, and similar coronary revascularization and cerebral infarction rates compared to those with middle-age-onset
diabetes. There was no frequency difference in coronary revascularization and cerebral infarction and HbAlc levels between three
subgroups (<5, 5 to 15, and =15 years) of diabetes duration in elderly onset diabetes. However, both in the elderly onset diabetes
and middle-age-onset diabetes, the cumulative incidence of retinopathy was increasing rapidly according to the duration of diabetes.
Conclusion: We report that individuals with elderly-onset diabetes have a lower frequency of diabetic retinopathy and nephropathy
and similar cardiovascular complications compared to those with middle-age-onset diabetes.
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INTRODUCTION

The prevalence of type 2 diabetes in elderly people has in-
creased dramatically in the last few decades because of the im-
proved survival rates of diabetic patients [1]. This in turn is re-
lated to better general life conditions, including effective thera-
peutic interventions, and increased life expectancy with conse-
quent late onset of diabetes [2]. Among adults aged =70 years,

the prevalence of diabetes defined by fasting plasma glucose
and glycated hemoglobin (HbAlc) in Korea in 2011 was esti-
mated to be 25.9% [3]. In developed countries, with increased
lifespans, the highest prevalence of diabetes is at age =65 years;
in developing countries, the majority of people with diabetes are
45 to 64 years old [4]. Elderly-onset diabetes is getting more
percentage of diabetes in older elderly people of age 100+ year-
old [5] compared to middle-age-onset diabetes.
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The development of type 2 diabetes in the elderly (elderly-
onset diabetes) may be somewhat different from that in adult-
hood (middle-age-onset diabetes). However, there are few stud-
ies of the clinical characteristics of elderly type 2 diabetic pa-
tients [6,7].

We compared the clinical characteristics of type 2 diabetes in
patients aged =80 years according to age at onset of diabetes
(middle-age-onset diabetes vs. elderly-onset diabetes) and age
group (80 to 85, 86 to 90, and 91+ years). To evaluate the effect
of diabetes duration on the cardiovascular and microvascular
complication in elderly-onset diabetes, we made subgroup anal-
ysis according to the duration of diabetes (<5, 5 to 15, =15
years) in elderly-onset diabetes.

METHODS

Patients

This study was a retrospective observational study. We reviewed
the medical records of 357 patients with type 2 diabetes aged =
80 years among the 3,824 adults with type 2 diabetes attending
the outpatient diabetes clinics of Kangwon National University
Hospital in the city of Chuncheon from September 2010 to June
2014.

We defined individuals aged =65 years as elderly. Elderly in-
dividuals with diabetes diagnosed in middle age (40 to 64 years)
were classified as having middle-age-onset diabetes and those
with diabetes diagnosed at age =65 years were classified as
having elderly-onset diabetes [6,8].

We included 289 elderly patients aged =80 years (81.0%)
who had full anthropometric measurements and clinical infor-
mation available by chart review of 357 patients aged =80
years and divided them into middle-age-onset diabetes (onset
before 65 years of age) and elderly-onset diabetes (onset at 65+
years of age) according to the age of onset of diabetes and age
group (80 to 85, 86 to 90, and 91+ years). The Institutional Re-
view Board of Kangwon National University Hospital (IRB No.
2012-06-006) approved the protocol of this study.

Diabetic retinopathy was evaluated on the basis of fundus
photography taken on patient at ophthalmology department.
When necessary, fluorescein angiography was performed to as-
sess vascular abnormalities and the extent of the capillary non-
perfusion area. The diagnosis of diabetic retinopathy was deter-
mined by the two ophthalmologists in our hospital. Diabetic ne-
phropathy was defined as the presence of albuminuria. Coro-
nary revascularization was defined as the presence of percutane-
ous coronary intervention history or coronary artery bypass sur-
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gery. We defined cerebral infarction as a history of cerebral in-
farction or a history of a radiological infarct.

Laboratory analyses

Fasting plasma glucose, HbAlc, postprandial glucose, creati-
nine, total cholesterol, triglyceride, high density lipoprotein
cholesterol, low density lipoprotein cholesterol, blood urea ni-
trogen (BUN), and creatinine concentrations were measured by
standard procedures. Individuals were considered normoalbu-
minuric if their urinary albumin creatinine ratio (UACR) was
consistently less than 30 mg/g Cr. Microalbuminuria was de-
fined as ACR 30 to 300 mg/g Cr, and macroalbuminuria as

Table 1. Clinical Characteristics of the Study Subjects

Characteristic Value
No. of patients 289
Age, yr 83.2+29
Sex, male/female 141/148 (48.8/51.2)
Body mass index, kg/m? 23.6+3.1
Duration of diabetes, yr 143+£104
Systolic blood pressure, mm Hg 125.4+16.6
Diastolic blood pressure, mm Hg 71.6£11.6
Hypertension 217 (75.1)
Dyslipidemia 104 (36.0)
Coronary revascularization 65 (22.5)
Cerebral infarction 49 (17.0)
Cancer 38 (13.1)
Blood urea nitrogen, mg/dL 18.4£9.0
Creatinine, mg/dL 1.1£0.5
GFR, mL/min 64.3+24.6
Fasting blood glucose, mg/dL 130.0£39.3
Postprandial blood glucose, mg/dL 208.0+76.9
Glycated hemoglobin, % 7.4£1.6
Hemoglobin, g/dL 11.8£1.7
Total cholesterol, mg/dL 154.1£33.9
Triglycerides, mg/dL 128.3+£58.2
HDL-C, mg/dL 39.5+£13.0
LDL-C, mg/dL 87.31£28.2
Diabetic retinopathy 97/172 (56.4)
Microalbuminuria 97/263 (36.9)
Overt proteinuria 43/263 (16.3)
GFR <60 mL/min 155/270 (57.4)

Values are expressed as mean=+SD or number (%).
GFR, glomerular filtration rate; HDL-C, high density lipoprotein cho-
lesterol; LDL-C, low density lipoprotein cholesterol.
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uACR =300 mg/g Cr in at least two of three measurements.

Statistical analysis

The results are reported as mean+standard deviation or per-
centages. Statistical analysis was performed using the SPSS
version 19.0 (IBM Co., Armonk, NY, USA). Student ¢ test was
used for continuous variables and the chi-square test for discrete
variables, with all P values reported for two-sided tests. Values
of P<0.05 were considered to indicate significance.

RESULTS

The baseline clinical characteristics of the patients are presented
in Table 1. There were 141 males (48.8%) and 148 females
(51.2%) patients. The patients had a mean age of 83.2+2.9
years (range, 80 to 94) and a mean body mass index (BMI) of
23.6£3.1 kg/m’. The mean HbAlc level was 7.4%+1.6% and
the mean duration of diabetes was 14.3+10.4 years.

Concurrent hypertension was common in the diabetes patients
(prevalence, 75.1%) and 22.5% of the study population had a
history of coronary revascularization; 17% of the patients had a
history of cerebral infarction. Over half of the patients (56.4%)
had diabetic retinopathy and 57.4% had diabetic nephropathy.

The clinical differences between middle-age-onset diabetes
and elderly-onset diabetes are presented in Table 2. One hun-
dred and ninety-nine patients =80 years old (68.9%) had elder-

ly-onset diabetes. The patients with elderly-onset diabetes had a
significantly shorter duration of diabetes (8.8 £5.8 years vs.
26.916.9 years) and lower frequencies of diabetic retinopathy
compared to the patients with middle-age-onset diabetes in a
simple comparison. However, interestingly, there were no dif-
ferences in concurrent hypertension and dyslipidemia, or history
of coronary revascularization, cerebral infarction, and cancer
between the two groups in a simple analysis.

The patients with elderly-onset diabetes had significantly
lower serum BUN, creatinine levels, lower postprandial glu-
cose, and HbAlc levels, higher hemoglobin levels, lesser mi-
croalbuminuria, and lesser insulin usage compared to those with
middle-age-onset diabetes (Table 3). Elderly-onset diabetes is
more likely to follow with lifestyle change only and sulfonyl-
urea/glinide usage than middle-age-onset diabetes. Elderly-on-
set diabetes is characterized by a lower likelihood of insulin us-
age and lower frequencies of microalbuminuria and retinopathy
than middle-age-onset diabetes.

We made a multiple logistic regression analysis with stepwise
selection method using five biologically important independent
variables such as sex, BMI, systolic blood pressure (SBP), glo-
merular filtration rate (GFR), and duration of diabetes and the
development of diabetic retinopathy as the dependent variable
and we found that duration of diabetes (odds ratio [OR], 1.149;
P<0.001) is an independent variable for the development of di-
abetic retinopathy in Table 4. In a multiple logistic regression,

Table 2. Demographic and General Clinical Characteristics of Elderly-Onset and Middle-Age-Onset Type 2 Diabetes Patients
Characteristic Elderly-onset diabetes Middle-age-onset diabetes P value
Number 199 (68.9) 90 (31.1)

Age, yr 83.4%3.0 82.94+2.6 0.135
Mean age at diagnosis, yr 74.616.1 56.0+6.8 <0.001
Sex, male/female 97/102 44/46 0.982
Duration, yr 8.8+5.8 26.9+6.9 <0.001
BMI, kg/m* 23.6£3.0 23.5+£3.0 0.710
SBP, mm Hg 124.8+16.3 1264+17.1 0.463
DBP, mm Hg 71.5+£12.1 71.9£10.5 0.756
Hypertension 150 (75.4) 67(74.4) 0.865
Dyslipidemia 71 (35.7) 33 (36.7) 0.944
Coronary revascularization 45 (22.6) 20(22.2) 0.890
Cerebral infarction 33 (15.6) 16 (17.8) 0.785
Diabetic retinopathy (n=172) 49/116 (42.2) 48/56 (85.7) <0.001
Cancer 26 (13.1) 12 (13.3) 0.852
Values are expressed as number (%) or mean=+SD.

BMI, body mass index; SBP, systolic blood pressure; DBP, diastolic blood pressure.
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GFR (OR, 0.976; P<0.001) and duration of diabetes (OR,  regression analysis with stepwise selection method using six bi-
1.053; P<0.001) are independent risk factors for the develop-  ologically important independent variables such as age, sex,
ment of diabetic nephropathy in Table 5. In a multiple logistic =~ BMI, SBP, GFR, and duration of diabetes, and the development

Table 3. Clinical Characteristics and Medication Histories of Elderly-Onset and Middle-Age-Onset Type 2 Diabetes Patients
Characteristic Elderly onset diabetes (n=199) Middle-age-onset diabetes (n=90) P value
Blood urea nitrogen, mg/dL 17.3+£6.2 21.0£13.1 0.018
Creatinine, mg/dL 1.1£0.4 1.2+0.7 0.035
GFR, mL/min 65.2+23.0 62.3+27.8 0.388
Fasting blood glucose, mg/dL 128.1£39.0 135.34+40.0 0.250
Postprandial blood glucose, mmol/L 196.3+68.0 233.0£88.5 0.002
Glycated hemoglobin, % 73£15 7.8£1.6 0.005
Hemoglobin, g/dL 12.0£1.7 11.5+1.6 0.027
Total cholesterol, mg/dL 155.8+£35.8 150.6+29.0 0217
Triglycerides, mg/dL 130.9+60.2 122.9+53.8 0.317
HDL-C, mg/dL 39.3£12.0 40.0£15.1 0.705
LDL-C, mg/dL 88.7£30.6 84.3+223 0.207
uACR 154.7£335.3 220.0£503.9 0.235
Microalbuminuria (7=263) 56/177 (31.6) 42/86 (48.8) 0.007
Overt proteinuria (7=263) 27/117 (23.1) 16/146 (11.0) 0.491
GFR <60 mL/min 94 (47.2) 49 (54.4) 0.256
Lifestyle change only 17 (8.5) 0 0.004
Sulfonylurea/glinide 147 (73.9) 59 (65.6) 0.013
Metformin 76 (38.2) 43 (47.8) 0.100
DPP4 inhibitor 86(43.2) 44 (48.9) 0.389
a-Glucosidase inhibitor 8(4.0) 7(1.1) 0.189
Thiazolidinedione 3(L.5) 1(1.1) 0.790
No. of OHAs 0.741

1 55(27.6) 25(27.8)

2 85 (42.7) 34 (37.8)

=3 31 (15.6) 18 (20.0)
Insulin use 15(7.5) 23 (25.6) <0.001
ARB or ACE inhibitor 125 (62.8) 62 (68.9) 0.250
Statins 71(35.7) 35(38.9) 0.573
Aspirin 85 (42.7) 33(36.7) 0.334
Values are expressed as mean=+SD or number (%).
GFR, glomerular filtration rate; HDL-C, high density lipoprotein cholesterol; LDL-C, low density lipoprotein cholesterol; uACR, urinary albumin creati-
nine ratio; DPP4, dipeptidyl peptidase-4; OHA, hypoglycemic agent; ARB, angiotensin receptor blocker; ACE, angiotensin converting enzyme.
Table 4. Multiple Logistic Regression Analysis with Stepwise Selection Method Using Five Biologically Important Variables as Inde-
pendent Variables, and the Development of Diabetic Retinopathy as the Dependent Variable
Independent variable Partial regression coefficient Standard error Odds ratio (B) 95% CI P value
Duration of diabetes, yr 0.139 0.024 1.149 1.096-1.204 <0.001
The multivariate model was adjusted for sex, body mass index, systolic blood pressure, glomerular filtration rate, and duration of diabetes.
CI, confidence interval.
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Table 5. Multiple Logistic Regression Analysis with Stepwise Selection Method Using Six Biologically Important Variables as Indepen-
dent Variables, and the Development of Diabetic Nephropathy as the Dependent Variable

Independent variable Partial regression coefficient Standard error Odds ratio () 95% C1 P value
GFR -0.024 0.006 0.976 0.965-0.987 <0.001
Duration of diabetes, yr 0.051 0.014 1.053 1.025-1.081 <0.001

The multivariate model was adjusted for age, sex, body mass index, systolic blood pressure, glomerular filtration rate, and duration of diabetes.
CI, confidence interval; GFR, glomerular filtration rate.

Table 6. Multiple Logistic Regression Analysis with Stepwise Selection Method Using Six Biologically Important Variables as Indepen-
dent Variables, and the Development of Coronary Revascularization as the Dependent Variable

Independent variable Partial regression coefficient Standard error Odds ratio () 95% CI P value

GFR —0.015 0.006 0.985 0.973-0.997 0.017

The multivariate model was adjusted for age, sex, body mass index, systolic blood pressure, glomerular filtration rate, and duration of diabetes.
CI, confidence interval; GFR, glomerular filtration rate.

Table 7. Clinical Characteristics of Elderly-Onset Diabetes according to the Duration of Diabetes

Duration of diabetes, yr

Characteristic Pvalue
<5 5-15 =15

No. of patients 59 98 42

Age, yr 83.24+2.7 82.94+2.8 85.0+£3.3 0.011
Sex, male/female 32/27 47/51 18/24 0.253
Body mass index, kg/m* 243+34 233+29 233+2.8 0.070
Duration of diabetes, yr 2.1£1.5 92427 172421 <0.001
SBP, mm Hg 126.0+14.9 123.0+16.2 127.7+18.3 0.746
DBP, mm Hg 722+11.9 70.3+12.7 73.4+11.0 0.732
Hypertension 44 (74.6) 71(72.4) 35(83.3) 0.376
Dyslipidemia 20(33.9) 36 (36.7) 15(35.7) 0.805
Coronary revascularization 15(25.4) 18 (18.4) 12 (28.6) 0.828
Cerebral infarction 10(16.9) 17(17.3) 6(14.3) 0.719
Cancer 10 (16.9) 15(10.2) 1(24) 0.040
Fasting blood glucose, mg/dL 128.1+47.9 125.4+34.1 134.7£36.7 0.976
Postprandial blood glucose, mg/dL 179.7£66.1 196.1£69.7 216.1+62.7 0.976
Glycated hemoglobin, % 7.4+1.7 7.1£1.5 73%1.3 0.640
LDL-C, mg/dL 98.3+35.6 85.5+27.3 81.9+27.0 0.238
Blood urea nitrogen, mg/dL 17.3%6.1 17.3+6.4 17.7£5.8 0.519
Creatinine, mg/dL 1.0+0.3 1.1+0.4 1.1+£0.4 0.034
GFR, mL/min 71.6+22.5 63.0£21.5 61.3+25.8 0.018
Diabetic retinopathy (n=116) 3/30(10.0) 32/64 (50.0) 14/22 (63.6) <0.001
Microalbuminuria (n=177) 13/55(23.6) 29/88(33.0) 14/34 (41.2) 0.078
Overt proteinuria (n=177) 3/55(5.5) 14/88 (15.9) 10/34 (29.4) 0.002
GFR <60 mL/min (n=180) 15/55(27.3) 47/90 (52.2) 26/35(74.3) <0.001

Values are expressed as mean=®SD or number (%).
SBP, systolic blood pressure; DBP, diastolic blood pressure; LDL-C, low density lipoprotein cholesterol; GFR, glomerular filtration rate.
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of coronary revascularization as the dependent variable, GFR is
an independent risk factor for coronary revascularization (OR,
0.985; P=0.017) in the Table 6. However, when we made a
multiple regression analysis, there was no independent variables
for the development of cerebral infarction (data was not shown).

To evaluate the effect of diabetes duration and glucose control
on the cardiovascular and microvascular complication in elder-
ly-onset diabetes, we made subgroup according to the duration
of diabetes (<5, 5 to 15, =15 years). As in the Table 7, there
was no frequency difference in coronary revascularization and
cerebral infarction and HbA ¢ levels between three subgroup of
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diabetes duration in elderly-onset diabetes. However, there was
significant difference in the age, duration of diabetes, cancer,
creatinine, GFR, the frequency of diabetic retinopathy, and
overt proteinuria between subgroup of diabetes duration. These
results imply that the elderly-onset diabetes has similar risk of
cardiovascular risk compared to the middle onset diabetes irre-
spective of duration of diabetes.

In the Fig. 1, we demonstrated that the cumulative incidence
of coronary revascularization in the elderly-onset diabetes was
increasing equationally from the 1 to 20 years of duration of di-
abetes but the cumulative incidence of coronary revasculariza-
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Fig. 1. The cumulative incidence of diabetic complication in middle-age-onset and elderly-onset diabetes. (A) Cumulative incidence (%) of
coronary revascularization in elderly-onset diabetes. (B) Cumulative incidence (%) of coronary revascularization in middle-age-onset dia-
betes. (C) Cumulative incidence (%) of retinopathy in elderly-onset diabetes. (D) Cumulative incidence (%) of retinopathy in middle-age-

onset diabetes.
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tion in middle-age-onset diabetes was increasing rapidly over
from 20 to 35 years of duration (Fig. 1A, B). Both in the elder-
ly-onset diabetes and middle-age-onset diabetes, the cumulative
incidence of retinopathy was increasing rapidly according to the
duration of diabetes (Fig. 1C, D).

We divided the patients into three groups according to age (80
to 85, 86 to 90, and 90+ years). There were no clinical differ-
ences among the age groups (analysis not shown).

DISCUSSION

Improvements in therapeutic intervention and increases in lifes-
pan have prolonged the survival of patients with middle-age-
onset diabetes and have increased the prevalence of elderly-on-
set diabetes. Diabetes onset can occur at 70 to 80 years of age
for multiple reasons, such as over-nutrition, decreased physical
activity, and obesity [5]. The proportion of patients with elderly-
onset diabetes increases progressively to 99.67% of all diabetes
cases in people aged 100+ years [9].

Diabetes in elderly adults is related to higher mortality, re-
duced functional status, and increased risk of institutionalization
[10]. The heterogeneity of the health conditions of elderly pa-
tients and the lack of evidence from clinical trials are challenges
in terms of identifying standard intervention strategies suitable
for all elderly adults [11]. There are few studies on the clinical
characteristics of elderly-onset diabetes, especially in very old
people.

The pathogenesis of elderly-onset diabetes is complex and
multifactorial. Structural genetic factors interact with environ-
mental factors such as physical inactivity, sarcopenia, frailty,
and the aging process [12-14]. In elderly subjects, fasting glu-
cose shows a mean increase of 1% to 2% per decade, and an in-
crease of 6 to 9 mg% per decade after a 2-hour oral glucose tol-
erance test [15,16], suggesting that age is an independent deter-
minant of glucose tolerance [17].

The current American Diabetes Association classification di-
vides diabetes mellitus into various types based on pathogene-
sis. However, the treatment of diabetes in elderly patients fol-
lows the same guidelines as for younger patients, irrespective of
the age of diagnosis.

Our study demonstrates that the clinical characteristics of dia-
betic patients =80 years differ according to the age of onset of
diabetes. As expected, elderly-onset diabetes patients have few-
er microvascular complications (retinopathy and nephropathy)
and lower HbA I ¢ levels compared to middle-age-onset diabetes
patients in a simple comparison analysis. In a multiple regres-
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sion model, duration of diabetes in elderly is risk factor for the
development of diabetic retinopathy and diabetic nephropathy.
However, duration of diabetes is not a risk factor for the devel-
opment of coronary revascularization and cerebral infarction.
Also, there was no difference in coronary revascularization and
cerebral infarction between middle-age-onset and elderly-onset
diabetes and between three groups of different duration in the
elderly-onset diabetes, suggesting that the development of dia-
betes at age 65+ years is a similar risk factor for cardiovascular
events as long-lasting middle-age-onset type 2 diabetes. The pa-
tients with elderly-onset diabetes had better metabolic condi-
tions (lower HbAlc levels) and less pharmacological treatment
(less frequent insulin use, more frequent lifestyle changes). The
duration of diabetes, HbAlc, and systolic blood pressure are
known to be independent risk factors for diabetic micro-compli-
cation; however, in this study, we failed to show that glycemic
control or systolic blood pressure was associated with diabetic
complications in multiple logistic regression. We didn’t know
the reason but we may need larger numbers of patients to make
a concrete conclusion between glycemic control and diabetic
microvascular complication.

Our study showed the even in the elderly-onset diabetes, the
cumulative incidence of retinopathy is dependent of the dura-
tion of diabetes same as the middle-age-onset diabetes. The el-
derly-onset diabetes especially without any complications still
needs strict glucose control because of their long life expectancy
and their high risk of retinopathy according to the duration of
diabetes same as in middle-age-onset diabetes. The elderly-on-
set diabetes requires the full assessment of cardiovascular risk
irrespective of duration of diabetes because of the similar risk of
coronary revascularization in short duration of diabetes in elder-
ly-onset diabetes compared with middle-age-onset diabetes.

Our study confirms that elderly people with elderly-onset dia-
betes have a high burden of diabetic retinopathy according to
the duration of diabetes as in the middle onset diabetes. There-
fore, we suggested that a proportion of elderly patients with el-
derly-onset diabetes without any diabetic complications or co-
morbidities may need reasonably tightened glycemic control
because they have much longer lifespan thereby more chances
to have develop diabetic complication during their late lifetime.
Because elderly-onset diabetes has similar risk of macrovascu-
lar disease as in middle-onset diabetes or irrespective of their
duration of diabetes, the clinician may pay more attention to as-
sess the risk of cardiovascular disease in the elderly-onset dia-
betic patient.

Elderly adults with diabetes may have depression, cognitive
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dysfunction, sarcopenia, fractures, and more frequent hypogly-
cemic events [18]. Therefore, the goals of diabetes management
in older adults should be tailored to the individual patient and
the age of diabetes onset can be used to determine appropriate
management in elderly diabetes patients.

One of limitation of this study was its retrospective cross-sec-
tional design at a single university hospital. Another limitation
was the missing clinical data for retinopathy and uACR and
some self-reported data. Future prospective epidemiologic stud-
ies should examine the natural history of elderly-onset diabetes
and consider stratification of management based on age of dia-
betes onset, current age, and comorbidities.
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