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Abstract 
Background: Conflicting data are available on prevalence and characteristics 
of diabetes mellitus in very elderly patients and centenarians; therefore, we 
evaluated features of this pathology in patients with coronary artery disease 
(CAD) over 75 years old. Material and Methods: 580 patients with CAD 
over 75 years old were enrolled in the study on the prevalence of diabetes 
mellitus. 190 patients with CAD and diabetes mellitus were included in the 
cross-sectional study of the diabetes mellitus characteristics in old age: 153 
very elderly patients (mean age—85.7 ± 4.7 years)—in the main group, 37 pa-
tients < 70 years old—in the comparison group. Toassess the condition of pa-
tients, standard clinical and laboratory methods for coronary artery disease 
and diabetes mellitus were used. 24-hour plasma glucose profile and hemog-
lobin A1c (HbA1c) level were evaluated in all patients with diabetes mellitus. 
Results: Diabetes mellitus or impaired glucose tolerance was found in 22.2% 
of very elderly patients with CAD. Glucose levels in very elderly diabetic pa-
tients were lower at all time points than in patients < 70 years old. The largest 
differences were recorded for the blood glucose concentration at 6 a.m. (p = 
0.00005). Glucosuria was registered in 29.7% of patients aged 51 - 69 years, 
while among elderly patients—in 11.1% (p = 0.004). The mean levels of 
HbA1c were 7.3% and 8.7%, respectively (p = 0.01). Correlation analysis re-
vealed negative correlation between the age of patients and the glucose level 
(r = −0.4, p = 0.00002—for 6 AM glucose). The mean body mass index in 
very elderly patients was 30.8 ± 5.8 kg/m2, in patients < 70 years old—33.9 ± 
6.5 kg/m2 (p = 0.03). Significant differences between the groups of very elder-
ly and younger patients were registered in terms of triglycerides (1.65 and 
3.57 mmol/L, respectively, p < 0.00001), HDL-cholesterol (1.16 and 0.87 
mmol/L, respectively, p = 0.03) and atherogenic index (3.45 and 6.73, respec-
tively, p = 0.002). Conclusion: The study results indicate that diabetes melli-
tus is often diagnosed in very elderly patients with CAD. In very elderly pa-
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tients, lower values of blood glucose, hemoglobin A1c and glucosuria are rec-
orded, compared with younger patients with diabetes mellitus.  
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Elderly  

 

1. Introduction 

Diabetes mellitus is a chronic metabolic disease caused by hyperglycemia and 
increased levels of hemoglobin A1c. Chronic hyperglycemia leads to damage and 
failure of various organs and systems—primarily heart, eyes, kidneys and peri-
pheral nerves, to the development of micro- and macroangiopathy. Pathological 
changes in glucose metabolism occur as a result of disorders or the insulin secre-
tion by the pancreas, or the effect of insulin on peripheral tissues (insulin resis-
tance), or as a result of both pathological processes [1]. 

Diabetes mellitus in the elderly is primarily based on insulin resistance. A de-
crease in insulin secretion with aging and an increase in life expectancy also play 
a role. In addition, sarcopenic obesity, which develops in the majority of the el-
derly and aggravates insulin resistance, is also important. The formation of di-
abetes mellitus is influenced by both a decrease in physical activity and nutri-
tional disorders that characterize the modern lifestyle. According to modern 
concepts, other factors are also involved in the development of diabetes mellitus 
in the elderly. So, in recent studies, the role of arginine vasopressin and its 
c-terminal fragment called copeptin, which reduces the sensitivity of peripheral 
tissues to insulin, has been demonstrated. Arginine vasopressin also affects liver 
glycogenolysis and glucagon secretion [2] [3]. 

Vitamin D deficiency becomes an additional pathogenic factor in the elderly. 
According to some authors, vitamin D deficiency may be a link between insulin 
resistance, osteoporosis, obesity, diabetes mellitus and cognitive impairment, 
especially Alzheimer’s disease. There is experimental evidence that vitamin D 
inhibits fat accumulation, protects pancreatic cells, stimulates insulin synthesis 
and reduces hunger [4] [5]. In addition, deficiencies in other micronutrients (in 
particular magnesium and potassium) should be considered when diabetes oc-
curs in the elderly and poor glycemic control occurs [6]. 

The prevalence of diabetes mellitus is increasing all over the world, becoming 
an epidemic with increasing social and economic burden. According to the In-
ternational Diabetes Federation, 463 million adults in the world suffered from 
diabetes in 2019. It is possible that 700 million adults will be diagnosed with di-
abetes mellitus by 2045 [7]. The prevalence of diabetes mellitus is significantly 
higher in the elderly. On average, about 20% of older age groups suffer from di-
abetes mellitus; in about the same number of people, diabetes remains undiag-
nosed. Data on prevalence of diabetes in old age range from 18% to 33%; such a 
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spread may reflect age differences, lifestyle characteristics, and genetic characte-
ristics of the studied populations. Thus, according to American authors, almost 8 
out of 10 elderly US residents have some form of glucose metabolism disorders 
when performing various tests [8]. At the same time, almost 30% of elderly 
people reveal impaired glucose tolerance, which, in turn, predisposes to the for-
mation of diabetes mellitus. Thus, diabetes mellitus is one of the most significant 
problems of modern medicine [2] [8] [9]. 

Conflicting medical literature data on the prevalence and features of diabetes 
mellitus in elderly patients served as the basis for our attempt to study the cha-
racteristics of diabetes mellitus in patients with coronary artery disease over 
75 years old and compare them with younger patients with coronary artery 
disease (CAD) and diabetes mellitus.  

2. Material and Methods 

The present cross-sectional study was performed at the clinical base of the War 
Veterans Hospital N3 (Moscow). The study enrolled men and women ≥ 75 years 
of age who were hospitalized with coronary artery disease. Diagnosis of coronary 
artery disease was based on: history of myocardial infarction, percutaneous co-
ronary interventions or coronary artery bypass grafting in the past, as well as on 
presence of typical stable angina pectoris and estimation of pre-test probability 
of CAD. The main exclusion criterion was acute coronary syndrome over the 
past four weeks before the enrollment in the study. 

To assess the condition of patients, standard clinical examination methods for 
coronary artery disease and diabetes mellitus were used. The level of systolic and 
diastolic blood pressure was measured in patients in a sitting position. The body 
weight and height of patients were measured, and body mass index (BMI) was 
calculated by the formula weight/height2 (kg/m2). BMI values from 18.5 to 24.9 
were considered as indicators of normal body mass; BMI values between 25 and 
29.9 indicated excessive body mass; obesity was diagnosed if BMI was ≥30 kg/m2 

(class I obesity—with BMI 30.0 - 34.9 kg/m2, II—35.0 - 39.9 kg/m2, III—with 
BMI ≥ 40 kg/m2). 

Standard laboratory blood and urine tests were also performed. Venous blood 
samples were collected between 07:00 and 08:00, after overnight fasting, for the 
measurement of fasting plasma glucose, total cholesterol, high-density choles-
terol (HDL-cholesterol), low-density cholesterol (LDL-cholesterol), triglycerides, 
uric acid, creatinine, urea. Creatinine clearance was calculated using the CKD-EPI 
equation. 24-hour plasma glucose profile and hemoglobin A1c (HbA1c) level 
were evaluated in all patients with diabetes mellitus. Diabetes mellitus was de-
fined according to the following criteria: fasting plasma glucose ≥ 7.0 mmol/L or 
2-h plasma glucose in the oral glucose tolerance test ≥ 11.1 mmol/L [1].  

The data were analyzed using Statistica software (version 13.0). To provide the 
data, descriptive statistics methods were used (mean value and standard devia-
tion for quantitative variables; number and proportion for qualitative variables). 
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The statistical significance of differences between the values was assessed by 
Mann–Whitney test or chi-square test (as appropriate). Correlation (using the 
Spearman test) and multiple regression analyses were performed among the pa-
rameters. A p-value of <0.05 was considered as statistically significant. 

This study was approved by the Independent Ethical Committee of the First 
Moscow State Medical University (Sechenov University) (N˚ 05-2017). 

3. Results 
3.1. Prevalence of Glucose Metabolism Disorders in Very Elderly  

Patients with Coronary Artery Disease 

The study enrolled 580 very elderly patients with chronic coronary artery dis-
ease. Diabetes mellitus or impaired glucose tolerance was found in 22.2% of the 
examined patients. Comparative characteristics of the patients with diabetes 
mellitus or impaired glucose tolerance and without this pathology are shown in 
Table 1. 
 
Table 1. Comparative characteristics of CAD patients with diabetes mellitus or impaired 
glucose tolerance and without these pathologies. 

Parameters 
Patients with diabetes 
mellitus or impaired 

glucose tolerance 

Patients with 
normal glucose 

metabolism 
р 

Age, years 87.3 ± 5.2 86.9 ± 5.0 0.44 

Women 25.3% 74.7% 
0.01 

Men 15.5% 84.5% 

Coronary artery disease 100% 100% NS 

Arterial hypertension 100% 100% NS 

Myocardial infarction in history 38.0% 22.1% 0.0003 

Heart failure 20.9% 14.6% 0.08 

Atrial fibrillation 38.0% 32.0% 0.2 

Stroke in history 21.7% 15.5% 0.1 

Hyperuricemia 48.7% 36.4% 0.01 

Body mass index, kg/m2 30.7 ± 4.7 28.5 ± 5.4 0.01 

Arterial pressure syst, mm Hg 147.3 ± 17.4 143.0 ± 18.8 0.02 

Arterial pressure diast, mm Hg 81.5 ± 9.8 79.2 ± 10.4 0.02 

Total cholesterol, mmol/L 4.8 ± 1.1 4.9 ± 1.2 0.65 

HDL-cholesterol, mmol/L 1.2 ± 0.3 1.2 ± 0.4 0.68 

LDL-cholesterol, mmol/L 2.8 ± 0.9 2.8 ± 1.0 0.62 

Triglycerides, mmol/L 1.6 ± 1.1 1.4 ± 0.7 0.01 

Atherogenic index 3.2 ± 1.1 3.1 ± 1.2 0.64 

Creatinine, µmol/L 104.7 ± 24.9 107.4 ± 35.1 0.41 

Urea, mmol/L 7.9 ± 2.8 7.7 ± 3.2 0.46 

Uric acid, µmol/L 361.3 ± 113.7 348.8 ± 117.1 0.32 
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3.2. Features of Diabetes Mellitus in Very Elderly Patients with  
Coronary Artery Disease 

The study of the diabetes mellitus features in very elderly patients enrolled 190 
patients with coronary artery disease and with diabetes mellitus. The main group 
consisted of 153 very elderly patients, and the comparison group consisted of 37 
patients < 70 years of age (mean—60.0 ± 5.4 years) with coronary artery disease 
and diabetes mellitus. 

The mean age of patients in the main group was 85.7 ± 4.7 years (from 75 to 
96 years). Most of very elderly patients enrolled in the study (63.4%) were in the 
age group of 85 years and older, in the group of patients 75 - 79 years there were 
only 16.3% of the examined subjects. The vast majority of patients in the main 
group were women (84.3%). The time from the diabetes mellitus diagnosis to in-
clusion in the present study ranged from 0 to 40 years (mean – 11.2 ± 8.3 years). 
However, 36.3% of very elderly patients could not accurately remember the du-
ration of diabetes mellitus. Age at the time of diabetes mellitus diagnosis ranged 
from 40 to 92 years (mean—73.8 ± 8.8 years).  

In addition to coronary artery disease and diabetes mellitus, very elderly pa-
tients enrolled in the study suffered from multiple comorbid pathologies (arteri-
al hypertension, chronic heart failure, atrial fibrillation, stroke in history, hyper-
uricemia, hypothyroidism, and others). The mean body mass index in the group 
of very elderly diabetic patients was 30.9 ± 5.8 kg/m2 (from 17 to 50 kg/m2). In 
56.4% of these patients, the body mass index was 30 kg/m2 and higher, which 
corresponded to obesity. Class I obesity was registered in 32.2% of very elderly 
patients, class II obesity—in 22.6%, class III obesity had only two patients. 

In the group of very elderly patients with diabetes mellitus, 5.9% of patients 
did not take any drugs and did not follow the strict diet, 12.4% tried not to break 
the diet. Insulin monotherapy was administered to 10.4% of patients, combined 
therapy with insulin and oral anti-diabetic medications—to 7.8% of patients. 
The remaining 63.5% of patients took various oral medications, most often sul-
fonylureas (in 38% of cases) and metformin (in 10.4% of cases), as well as their 
combinations (in 13.7% of cases). 

24-hour blood glucose profile in very elderly patients with diabetes mellitus is 
presented in Table 2.  

Glucosuria was found only in 11.1% of cases; the mean level of urine glucose 
was 1.57 mmol/L (from 1.5 to 55 mmol/L). The mean level of HbA1c in very el-
derly patients was 7.3% ± 1.4% (from 5.3% to 10.9%). 

Correlation analysis revealed negative correlation between the age of patients 
and the glucose level (Table 3).  

When analyzing the relationships between the glycemia levels and the dura-
tion of diabetes mellitus in very elderly patients, significant positive correlation 
was found between the disease duration and the glucose level at 12 hours (r = 
0.27; p = 0.009) and at 9 hours p.m. (r = 0.30; p = 0.009). Along with this, direct 
correlation was registered between the diabetes mellitus duration and the gluco-
suria level (r = 0.25; p = 0.01). Patients with the diabetes mellitus duration of  
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Table 2. 24-hour glucose profile in very elderly patiets with diabetes mellitus. 

Time point Fasting 6 AM 9 AM 12 4 PM 6 PM 9 PM 

Mean ± SD 6.9 ± 2.6 5.9 ± 1.8 6.4 ± 1.9 9.2 ± 3.5 8.2 ± 2.9 7.8 ± 2.6 8.0 ± 2.7 

(Min - Max), 
mmol/L 

3.2 - 18.5 4.0 - 14.6 3.4 - 13.9 3.8 - 21.4 3.9 - 17.3 3.8 - 17.0 3.6 - 16.3 

 
Table 3. Correlations between glucose metabolism indices and the age of patients. 

Index r р 

Fasting glucose −0.27 0.0006 

6 AM glucose −0.4 0.00002 

9 AM glucose −0.31 0.00004 

12 hr glucose −0.09 0.2 

4 PM glucose −0.19 0.02 

6 PM glucose −0.14 0.25 

9 PM glucose −02 0.01 

Glucosuria −0.18 0.01 

HbA1c −0.4 0.002 

 
more than 10 years had higher glycemic parameters than patients with shorter 
duration of the disease: at 9 hours a.m. (7.1 and 6.1 mmol/L, respectively; p = 
0.03), at 12 hours (10.3 and 8.1 mmol/L, p = 0.008), at 4 hours p.m. (8.8 and 7.1 
mmol/L, p = 0.01) and at 9 hours p.m. (8.9 and 7, 4 mmol/L, p = 0.02). 

In regression analysis the most significant variables for fasting blood glucose 
concentration were the diabetes mellitus duration (β = 0.83, p = 0.02—for direct 
relationship) and body mass index (β = 0.31, p = 0.01). For postprandial glyce-
mia, the most significant variables were the patient’s age (β = −0.6, p = 0.0001) 
and the age of the disease onset (β = −10.3, p = 0.01) (inverse relationships), as 
well as the diabetes mellitus duration (β = 0.46, p = 0.0001) (direct relationship). 

When comparing the diabetes mellitus characteristics in very elderly patients 
with coronary artery disease and patients < 70 years old, the following results 
were obtained. The glucose levels in very elderly diabetic patients were lower at 
all time points (Figure 1). The largest differences were recorded for the blood 
glucose concentration at 6 a.m. (p = 0.00005). Differences in plasma glucose 
concentration at 12 o’clock did not reach the level of statistical significance (9.2 
vs 10.6 mmol/L, p = 0.07). Glucosuria was registered in 29.7% of patients aged 
51 - 69 years, while among very elderly patients—in 11.1% (p = 0.004). The 
mean levels of HbA1c were 7.3% and 8.7%, respectively (p = 0.01).  

Significant differences were recorded between very elderly patients and 
younger diabetic patients in terms of body mass index. The mean body mass in-
dex in very elderly patients was 30.8 ± 5.8 kg/m2, in patients < 70 years old—33.9 
± 6.5 kg/m2 (p = 0.03). There were also registered significant differences between 
the groups of very elderly and younger patients in terms of triglycerides (1.65  
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Figure 1. Plasma glucose levels in very elderly patients and patients < 70 years old with 
diabetes mellitus. 
 
and 3.57 mmol/L, respectively, p < 0.00001), HDL-cholesterol (1.16 and 0.87 
mmol/L, respectively, p = 0.03) and atherogenic index (3.45 and 6.73, respec-
tively, p = 0.002). Differences in total cholesterol and LDL cholesterol did not 
reach the level of statistical significance (p = 0.65 and p = 0.16, respectively). At 
the same time, very elderly patients had higher levels of serum creatinine (103 vs 
92 µmol/L, p = 0.02) and urea (8.2 vs 5.9 mmol/L, p = 0.0001), as well as lower 
glomerular filtration rate (42.1 vs 60.0 ml/min, p = 0.00007) compared with pa-
tients under 70 years of age. 

4. Discussion 

Our results indicate the significant prevalence of diabetes mellitus in very elderly 
patients with coronary artery disease. At the same time, we found that diabetes 
mellitus in older people is less severe than in younger people. Fasting plasma 
glucose, according to our data, was relatively low (5.9 mmol/L); however, the 
level of postprandial glycemia reached 9.2 mmol/L. Our results are confirmed by 
data from other studies of glucose metabolism in elderly people [10] [11]. Since 
the level of fasting glycemia in elderly patients with diabetes mellitus is often 
within the normal range or slightly increases, the use of this test alone signifi-
cantly worsens the disease diagnosis in people of this age group [11]. According 
to a number of authors, 35% - 70% of elderly patients with newly diagnosed di-
abetes mellitus had only isolated postprandial hyperglycemia [10]. Compared to 
younger people, postprandial blood glucose levels increase even in relatively 
healthy older adults. 

Glucosuria was found only in every ninth of our very elderly patients, and its 
level negatively correlated with age. This rare detection of glucosuria is primarily 
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due to the fact that the renal threshold for glucose excretion increases with age, 
therefore, glucosuria is rarely detected in elderly patients with diabetes mellitus. 
The mean level of hemoglobin A1c in our very elderly patients was relatively low 
(7.3%). As in our work, in other studies, hemoglobin A1c in patients with di-
abetes mellitus in old age also did not exceed 7.0% - 7.9% on average [12] [13] 
[14] [15]. In a recent Chinese study involving 5770 elderly diabetic patients, it 
was found that the mean value of hemoglobin A1c at diagnosis was 7.9%, and 
after a year of follow-up, this figure decreased to 6.6% [14]. The Swedish nation-
al diabetes register also found a relatively low (6.6% - 6.7%) level of hemoglobin 
A1c at the onset of diabetes mellitus in old age [16]. 

The optimal level of hemoglobin A1c, when there is minimal mortality in el-
derly patients, is in the range of 6% - 9% [12]. The hemoglobin A1c level was 
within these optimal limits in the vast majority of our patients, and only in 6 pa-
tients this indicator exceeded 9%. The results of our work confirm the data of a 
large Chinese study, in which the hemoglobin A1c level increased up to 79 years 
of age and then stabilized. At the same time, the frequency of an increase in he-
moglobin A1c of more than 6.5% decreased with age; and there was a negative 
correlation between the hemoglobin A1c level and the age of patients [17] [18]. 

In our work, we noted a direct correlation between the duration of diabetes 
mellitus and the level of glycemia (especially postprandial) and glucosuria. The 
obtained data confirm the results of other studies, which indicate the deteriora-
tion of the diabetes mellitus control with an increase in the disease duration [19] 
[20]. In our observations, there was a significant increase in postprandial glyce-
mia at all time points in those cases when the duration of diabetes mellitus ex-
ceeded 10 years; other authors have reported similar results [19] [20]. This fea-
ture of the diabetes mellitus course can be explained by the progressive impair-
ment of insulin secretion over time, along with an increase in insulin resistance 
[20]. In our group of patients, a direct correlation was found between the dura-
tion of diabetes mellitus and the level of glucosuria, while in other studies, an 
increase in the renal threshold for glucose excretion was found as the disease 
duration increases [21]. 

According to our data, in very elderly patients, inverse correlations were ob-
served between all indicators of glucose metabolism and age of diabetes mellitus 
onset. This is consistent with other studies showing that the later the onset of 
diabetes mellitus, the less severe it is. This applies to both the glucose control 
and the frequency and severity of diabetes mellitus complications [13] [14] [15] 
[16] [22] [23]. These data correspond to the results of our comparative analysis 
of very elderly patients and patients under 70 years of age with diabetes mellitus. 
In very elderly patients, all glycemic parameters were lower than in younger pa-
tients, and the frequency of glucosuria was significantly lower. At the same time, 
obesity and higher indicators of body mass index, triglyceride concentration and 
atherogenic index were more often registered in patients under 70 years of age. 
The HDL-cholesterol level was significantly lower in younger diabetic patients 
than in very elderly patients. 
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According to other authors, elderly diabetic patients also have lower levels of 
hemoglobin A1c and blood glucose, body mass index and frequency of obesity, 
as well as less significant dyslipidemia than patients with an age of the disease 
onset less than 65 years [1] [14] [22]. However, our very elderly patients were 
found to have higher values of azotemia and a lower glomerular filtration rate, 
which can be explained by age-related decrease in renal function [16]. 

Despite the rather significant results obtained in this study, there are a num-
ber of limitations in this work. Unlike most similar studies, which included 
younger patients, our study was performed with the participation of a special 
population of patients—people of very advanced age who suffered from multiple 
pathological conditions, that could affect the study results. The cognitive cha-
racteristics of the studied group of patients did not allow us to adequately assess 
the role of lifestyle, diet and other factors that could affect the diabetes mellitus 
course. One of the limitations of our study is its cross-sectional rather than 
prospective nature, and therefore it was impossible to study the dynamics of the 
diabetes mellitus course with the further aging of patients. 

5. Conclusion 

The study results indicate that diabetes mellitus is often diagnosed in very elder-
ly patients with chronic coronary artery disease. In very elderly diabetic patients, 
lower values of blood glucose, hemoglobin A1c and glucosuria are registered, 
compared with younger patients. In addition, dyslipidemia and obesity are less 
significant in older patients. Despite some limitations, this study established the 
approximate prevalence of diabetes mellitus and identified a number of diabetes 
mellitus features in very elderly Russian patients with coronary artery disease. It 
is advisable to further investigate the diabetes mellitus features in very elderly 
patients and centenarians with a large sample of individuals.  
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