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Abstract
Age related hyperglycemia has been described among
elderly people with the main pathophysiologic mechanisms
being peripheral insulin resistance, pancreatic β cell
secretory defect, reduced islet cell proliferative capacity
with aging, adiposity, sarcopenia/sarcopenic obesity,
physical inactivity and age-associated reduced muscle
mitochondrial function.

The increased risk of microvascular and macrovascular
complications, hypoglycemia and higher risk of mortality in
the elderly has a significant impact on approach to their
disease management.

We evaluated 127 elderly subjects in a retrospective cross-
sectional study at a foremost Geriatric Center in UCH,
Ibadan.

The overall median (range) duration of diabetes was 8
(0.25-40) years. The duration of diabetes increased across
the age groups. There were no significant differences
between the male and female participants in most
parameters including BMI, waist circumference, systolic and
diastolic blood pressures glycemic profile and eGFR. The 70
years-79 years age group had higher BMI, waist
circumference and blood pressure though with no statistical
significant differences.

The LDL cholesterol and triglycerides were significantly
different among the age groups, with LDL cholesterol being
highest in the >80years group. The women had significantly
higher total cholesterol than males: 168.5 ± 42.5 vs 198.0 ±
48.0 respectively. Overall, the systolic blood pressure, LDL
cholesterol and all the glycaemic indices indicate suboptimal
control.

Across the three age groupings, the glycaemic profile and
eGFR progressively decrease from 60 years-69 years to >80
years suggesting declining renal function and higher risk of
hypoglycaemia with increasing age.

This study highlights the cardio-metabolic risks among the
elderly with diabetes and the need to tailor their treatment
accordingly.
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Introduction
Diabetes Mellitus (DM), one of the common chronic diseases

that have affected many people worldwide, with impact on all
ages has continued to be a condition with great public health
concern globally [1]. Different classifications exist for DM, out of
which Type 2 Diabetes Mellitus (T2DM) is regarded as the
commonest, accounting for over 90% of the persons with DM
[1,2]. The world has witnessed a progressive increase in the
prevalence of DM and this has been projected to rise further in
the coming years both on a global scale and in different parts of
the world, including Africa. In addition, the prevalence of
diabetes increases with age, with the highest prevalence noted
in elderly patients above 65 years old and this is expected to
accelerate further over the next 25 years, though currently put
at 24% [1].

Diabetes is a leading cause of cardiovascular disease,
blindness, kidney failure and lower limb amputation in older
adults [1,3]. High proportions of Nigerians living with diabetes
have multiple cardiovascular risk factors as well as complications
and have sub-optimal glycaemic control [4]. Urban residence
and increasing socioeconomic status were identified as risk
factors for new onset diabetes among elderly Nigerians [5].

A percentage of elderly people have been termed to have
age-associated hyperglycemia which is likely to be a spectrum
between normality and T2DM [6]. T2DM is a product of
interaction between genetic and environmental factors and
main pathophysiologic mechanisms in elderly population and
others involve peripheral insulin resistance and pancreatic β cell
secretory defect [7-10]. There is also reduced islet cell
proliferative capacity with aging [11,12]. Adiposity, sarcopenia/
sarcopenic obesity, physical inactivity, age-associated reduced
muscle mitochondrial function have been shown to contribute
to insulin resistance in the elderly [2,9].

Inflammatory markers like TNF-α has been strongly correlated
with insulin resistance in obese elderly patients with diabetes
[7,13]. People with obesity, those who consume diets that are
high in saturated fat and low in complex carbohydrates, or who
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are inactive are more likely to develop diabetes as they age 
[7]. Variations in glucose metabolism in elderly patients 
with diabetes mellitus have been reported in some studies, 
especially when compared to middle-aged patients with 
diabetes [14-16]. Interestingly, one-half of older persons 
with diabetes are undiagnosed as classical symptoms of 
hyperglycemia may not be present in the elderly population 
probably because the renal threshold for glucose increases 
with age, impairment of thirst with normal aging making 
polydipsia unlikely [7,17]. There is increased risk of both 
microvascular (retinopathy, neuropathy, nephropathy) and 
macrovascular complications (cardiovascular disease, 
cerebrovascular disease, peripheral arterial disease) in elderly 
patients with diabetes compared with controls and this has 
been correlated with duration of diabetes, HbA1c values and the 
presence of traditional risk factors such as smoking, 
hypercholesterolaemia and hypertension [1,7,17]. Thus, it could 
be mentioned that there appears to be existing differences 
between demographic and clinical characteristics of older adults 
with diabetes and those diagnosed in middle age, which may 
impact on approach to disease management in this group of 
people. Despite the projected significant increase in the 
diabetes population of the ageing societies in the coming years 
and the inevitable public health and economic challenges, not 
much information is available in sub-Saharan Africa, Nigeria 
inclusive on the clinical and metabolic characteristics of elderly 
patients with DM. The aim of this study is to determine the 
frequencies of abnormal cardio-metabolic indices among 
Nigerian older adults with type 2 diabetes attending Geriatric 
Centre, University College Hospital, Ibadan.

Materials and Methods

Study locat on and design
This was a retrospective cross-sectional study that was carried 

out at the outpatient diabetes clinic of the Chief Tony Anenih 
Geriatric Centre (CTAGC) at the University College Hospital, 
(UCH) Ibadan. UCH is the premier teaching hospital which 
serves the Ibadan environs and the country at large and also 
a referral centre in southwest geopolitical zone of Nigeria. 
The CTAGC is the pioneer Geriatric Centre in the West 
African sub-region established in November 2012. It was 
purposely built to take care of the health needs of the adults 
in Geriatric age group (senior citizens aged 60 years and above).

Data collect on procedure
Health records of older adults aged 60 years and above, 

diagnosed to have diabetes mellitus according to WHO clinical 
criteria, who were seen at the Diabetes Outpatient Clinic of the 
CTAGC, UCH, Ibadan within a 2-year period (May 2019-April 
2021) were accessed. Relevant data were captured from the 
clinic diabetes registry. A questionnaire proforma was used to 
obtain the data with regards to socio-demographic 
characteristics ((age, gender, etc.), clinical (weight, height, blood 
pressure, etc.) and laboratory profiles of the patients including 
fasting lipid profile, FPG and 2-hour PPG, serum creatinine and 
glycated hemoglobin). All clinical chemistry analytes were done 
at the central laboratory of the hospital using standard assay

procedures on automated Roche machine. The duration of
diabetes was also documented. History of hypertension,
cardiovascular risk factors and diseases and drug history were
obtained.

Ethical approval for the study was obtained from the Joint
University of Ibadan/University College Hospital Institutional
Ethical Review Board (UI/UCH IRB).

Criteria for sub-optimal cardio-metabolic risk factors were
defined as follows:

The Body Mass Index (BMI): Which is the weight in kilograms
divided by the square of the height in metres (kg/m2) was
calculated and classified as underweight, normal weight,
overweight, obese and extremely obese based on BMI values
<18.5, 18.5-24.9, 25.0-29.9, 30-39.9 and ≥ 40 kg/m2 respectively

Blood Pressure: A resting systolic blood pressure of ≥ 130
mmHg and/or a diastolic blood pressure of ≥ 85 mmHg.

Lipid Profile: Triglyceride >150 mg/dl (1.7 mmol/L); Total
cholesterol >200 mg/dl (5.2 mmol/L); LDL-cholesterol >135
mg/dl (>3.5 mmol/L); HDL-cholesterol <40 mg/dl in men and
<50 mg/dl in women.

Fasting plasma glucose: >120 mg/dl.

Two-hour postprandial glucose: >160 mg/dl.

Haemoglobin A1c: >7%.

Statistical analysis
Data analysis was conducted using the statistical software for 

the social sciences version 25.0.

Descriptive statistics were summarized using frequency 
tables. Bivariate analyses (using Chi-square tests) were used to 
determine the association between respondents’ characteristics 
and glycemic control (good or poor glycemic control). Student’s 
t- and/or analysis of variance tests as applicable were used to
compare the means of glycemic control and respondents’ clinical
characteristics, including the mean duration of diabetes, body
mass index, waist circumference, systolic blood pressure,
diastolic blood pressure, total cholesterol, triglycerides, low
density lipoprotein, high density lipoprotein and glomerular
filtration rate. P-values <0.05 were regarded as statistically
significant.

Results
Overall, 95 (73.1%) of the participants were females; 41 

(78.8%) of those aged 60 years-69 years were females, 
compared to 37 (66.1%) aged 70 yeaars-79 years and 14 (73.7%) 
aged ≥ 80 years (Table 1). The overall median (range) duration of 
diabetes was 8 (0.25-40) years. The duration of diabetes 
increased across the age groups. There were no significant 
differences between the male and female participants in most 
parameters including BMI, waist circumference, systolic and 
diastolic blood pressures glycemic profile and eGFR. However, 
compared to the men, the women had significantly higher total 
cholesterol: 168.5 ± 42.5 and 198.0 ± 48.0 for males and females 
respectively.
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Table 1: Units of variables.

Characteristic Males Females P

N=35 (27.6%) N=92 (72.4%)

Age (years): 60-69 11 (21.2) 41 (78.8)

70-79 19 (34.5) 37 (66.1) 0.3

≥ 80 5 (26.3) 14 (73.7)

Diabetes duration (years) 11.5 (9.2) 10.3 (9.3) 0.56

Family history of DM 10 (20.4) 39 (79.6) 0.11

BMI (kg/m2) 27.4 (4.8) 28.3 (4.5) 0.39

Waist circumference (cm) 99.7 (11.6) 99.5 (10.7) 0.95

Systolic blood pressure (mmHg) 135.9 (18.8) 140.1 (23.4) 0.34

Diastolic blood pressure (mmHg) 77.7 (10.1) 79.7 (12.6) 0.42

Fasting blood glucose (mg/dl) 160.3 (62.1) 180.3 (80.6) 0.22

2-hour postprandial (mg/dl) 256.7 (99.4) 251.7 (111.0) 0.42

Hemoglobin A1c (%) 10.0 (3.2) 9.5 (2.5) 0.34

Total cholesterol (mg/dl) 168.5 (42.5) 198.0 (48.0) 0.01*

Triglycerides (mg/dl) 117.6 (70.6) 132.2 (68.1) 0.38

LDL cholesterol (mg/dl) 102.8 (35.7) 119.9 (41.4) 0.07

HDL cholesterol (mg/dl) 47.4 (15.5) 53.8 (18.0) 0.12

eGFR (ml/min/1.73 m2) 76.1 (25.9) 76.9 (25.8) 0.89

Table 2 shows the distribution of renal and cardio-metabolic 
risk factors among the three groups of participants. Overall, the 
systolic blood pressure, LDL cholesterol and all the glycaemic 
indices indicate suboptimal control. Generally, the 70 years-79 
years age group had higher BMI, waist circumference and blood 
pressure compared to the other two groups of 60 years-69 years 
and ≥ 80 years, although with no statistically significant 
differences.

   Across the three age groupings, the glycaemic profile (HbA1c, 
fasting and 2-hour postprandial glucose) and eGFR progressively 
decrease from 60 years-69 years to >80 years. The LDL 
cholesterol and triglycerides were significantly different among 
the age groups, with LDL cholesterol being highest in the ≥ 80 
years group while triglyceride was highest among those 60 
years-69 years.

Variable All N=130

N (%)

60-69 years n=55
n (%)

70-79 years n=56
n (%)

≥ 80 years n=19 
n (%)

BMI (kg/m2) 28.1 ± 4.5 28.5 ± 4.1 28.0 ± 5.1 27.1 ± 4.0 0.83

Waist circumference 99.6 (10.9) 99.6 (9.8) 100.3 (12.0) 96.3 (10.7) 0.39

Systolic BP (mmHg) 138.8 ± 21.9 136.8 ± 20.7 140.8 ± 21.0 138.7 ± 27.7 0.38

Diastolic BP
(mmHg)

79.1 ± 11.8 78.5 ± 11.6 80.6 ± 11.1 76.3 ± 13.9 0.34

Glycemic profile

HbA1c (%) 9.6 ± 2.7 10.0 ± 2.6 9.6 ± 2.6 8.5 ± 3.0 0.95

FBG (mg/dl) 176.1 ± 75.6 193.8 ± 86.1 166.7 ± 66.5 144.8 ± 55.0 0.16

Postprandial
glucose (mg/dl)

255.5 ± 105.7 275.6 ± 103.4 238.1 ± 100.1 239.7 ± 120.7 0.78
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Lipid profile

Total Cholesterol
(mg/dl)

191.3 ± 48.3 196.0 ± 50.0 182.7 ± 50.3 203.4 ± 27.9 0.12

Triglycerides (mg/dl) 128.3 ± 68.7 135.0 ± 65.4 133.2 ± 81.5 94.4 ± 20.5 0.04*

LDL (mg/dl) 115.5 ± 40.1 122.2 ± 45.9 104.2 ± 31.4 128.3 ± 34.2 0.01*

HDL 52.1 (17.5) 49.9 (17.5) 52.1 (17.3) 60.6 (17.0) 0.94

eGFR 76.7 (25.7) 80.1 (26.0) 75.3 (25.7) 70.7 (25.2) 0.92

Note: BP: Blood Pressure; LDL: Low Density Lipoprotein; HDL: High Density Lipoprotein; eGFR: estimated Glomerular Filtration
Rate; BMI: Body Mass Index; FG: Fasting Blood Glucos; HbA1c: Haemoglobin A1c.

In Figure 1, the frequencies of at target CMR factors among 
the participants are displayed. Haemoglobin A1c and triglyceride 
had the least and highest percentages {20 (16.8%) and 66 
(73.3%)} respectively of these geriatric patients at treatment 
targets of the 119 (95.0%) patients with documented weights, 
21 (17.6%) had normal BMI (<25 kg/m2), while 98 (82.4%) had 
excess weight (BMI>25 kg/m2).

Discussion
Diabetes mellitus is the sixth most common cause of death 

among adults who are elderly and cardiovascular diseases 
constitute a major cause of mortality [7,18]. Age-related 
alterations in carbohydrate metabolism, including changes in 
glucose-induced insulin release and resistance to insulin-
mediated glucose disposal, in association with genetics account 
for the increase in diabetes incidence with the aging process [7]. 
Hyperglycemia, dyslipidemia, obesity, insulin resistance, 
inflammation, hypertension, autonomic dysfunction and 
diminished vascular responsiveness have been identified as 
contributory factors to CVD risk in diabetes [18]. The aim of this 
study is to determine the frequencies of abnormal cardio-
metabolic indices among older adults with type 2 diabetes 
attending a Geriatric Centre in Nigeria.

More of the participants in our study were females (73.1%) 
similar to a study by Enang, et al., in Lagos, Nigeria on elderly 
patients with diabetes [19]. In contrast, Jain, et al., in India 
reported equal "numbers" of male and females with diabetes 
[20].

This may be due to an improved health seeking behavior among
the women, the reported slightly higher prevalence of DM in
African female older adults than the male counterparts and/or
the fact that some of the women were widows who might have
lost their spouses to cardiovascular diseases and would want to
prevent further occurrence via improved health care attendance
[1,20,21].

The median duration of DM was 8 years in this study and it is
important to note that the longer the duration of DM, the higher
likelihood of patients manifesting with complications, especially
in the setting of advancing age [22]. Furthermore, Hateren, et
al., reported that among elderly diabetes patients with a disease
duration of 8 years and longer, higher lipids were predictive of
increased cardiovascular mortality [23].

The study showed no significant difference between male and
female participants as regards BMI, waist circumference,
glycaemic profile and blood pressure. This is similar to a study by
Kumar, et al., in India about incidence of metabolic syndrome
and its characteristics among patients with DM where similar
BMI and blood pressure were recorded for both males and
females [24]. However, Alamgir, et al., in Pakistan had contrary
results where female patients with T2DM were found to be
overweight, have higher blood pressure and uncontrolled
hyperglycemia when compared to their male counterparts [25].
This may be due to the fact that much older patients were not
included in their study (none of the participants was older than
65 years).

Generally, our study showed a suboptimal glycaemic control
(FBG, postprandial blood glucose and HbA1c) among the
participants with about 16.8% reaching the HbA1c target,
comparable to report by Zhu, et al., in China and Alamgir, et al.,
in Pakistan [25,26]. A prominent feature of type 2 diabetes in
older adults is postprandial hyperglycemia, [2,10,27] and some
prospective epidemiologic studies have demonstrated a strong
correlation between HbA1c values and the risk of complications
in elderly population [7,17]. It has been proposed that elderly
patients with shorter duration of type 2 diabetes and without
established atherosclerosis might have cardiovascular benefit
from intensive glycemic control, but potential risks of intensive
glycaemic control may outweigh its benefits in other patients
with a very long duration of diabetes, known history of severe
hypoglycemia, major comorbid illness, advanced atherosclerosis
and advanced age/frailty [2,28].
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The glycaemic control across the age groups in our study 
maintained a downward trend (though suboptimal), similar to a 
retrospective study of elderly T2DM persons by Huang, et al., in 
the North California Diabetes registry, where older patients had 
lower HbA1c values [29]. An explanation could be the likelihood 
that older persons had shorter duration of diabetes or may also 
be on insulin. Generally, this finding looks atypical considering 
the expected worsening of glycaemic control with diabetes 
duration or advanced age. It is possible that other factors that 
could affect metabolic control like medication adherence, other 
comorbities like chronic kidney disease and lifestyle changes 
differ across the age groups as well [26].

A decline in eGFR across the age groups was also observed in 
our study, indicative of declining renal function (manifesting as 
Chronic Kidney Disease-CKD) with prolonged duration of DM 
and advanced age, similar to findings from other studies 
[7,22,29,30]. In the Northern California Kaiser Permanente 
Diabetes Registry of older people with T2DM, Huang, et al., 
reported that CKD stage 3 (eGFR 30–59 ml min-1 [1.73 m]-2) was 
found in 32% and CKD stage 4 (eGFR 15–30 ml min−1 [1.73 m]−2) 
in 2.6% of participants. This underscores the importance of 
monitoring for detection of CKD when it sets in and the need for 
follow up, which may be instructive as regards selection of the 
appropriate glucose-lowering agent, prevention of hypoglycemia 
and dose adaptation when progression of kidney impairment 
occurs. Apart from glycaemic control and advanced age, 
exposure to higher blood pressures also serves as a risk factor 
for CKD, especially in this study where the systolic BP was largely 
suboptimal [31].

Compared to the males in our study, the females have 
significantly higher level of total cholesterol and this is in 
agreement with report by Alamgir, et al., in Pakistan, Loh, et al., 
in Singapore, Habib, et al., in Saudi Arabia and Ogbera, et al., in 
Nigeria [25,31-33]. Dietary and lifestyle factors like a sedentary 
living, reduced activity, hormonal factors in female subjects may 
be contributory to the findings [25,31,32]. It has been 
discovered that a steep rise of total cholesterol occurs around 
menopause in women, and is majorly determined by the 
increase in LDL-cholesterol concentration [31,34]. This may have 
an implication for worsened cardiovascular events among the 
women.

The 70 years-79 years age group had higher anthropometry 
and blood pressure compared to the other groups, which is 
almost similar to findings by Hateren, et al., [23]. It is likely that 
patients in this group have less frailty and sarcopenia, which 
may be challenges with much older adults who are at least 80 
years old [2,30].

There was significant difference among the age groups 
concerning low density lipoprotein and triglyceride, with the LDL 
being highest in the older adults at least 80 years old while the 
TG was highest in the 60 years-69 years age group. This is in line 
with another study by Zafar, et al., where elevated LDL was 
reported with increasing age of subjects with DM up to the older 
age group. Considering that there are more females in this 
study with significantly higher total cholesterol level, the finding 
about the LDL may not be surprising since total cholesterol is 
mostly determined by the level of LDL [31,34,35]. The highest

level of triglyceride was recorded in the 60 years-69 years group 
and not the oldest group probably because of likely reduced 
appetite/meal intake, weight loss with advancing age, as well as 
variation in body composition [2,30,36]. Alamgir, et al., had also 
reported increased TG level with age and highest in 55-64 age 
group [25]. In addition, 73.3% of participants in our study 
attained the triglyceride target (highest cardio-metabolic risk 
factor target reached), higher than 54% reported by Mohamed, 
et al., in Malaysia, despite the younger patients in their study 
than this study [37].

As regards BMI, about three-quarters of the participants were 
overweight and obese, similar to report by Bays, et al., [38]. This 
is however, higher than what was reported from another 
Nigerian study by Enang, et al., where 68% of elderly patients 
with T2DM have at least BMI 25 kg/m2 but it is notable that the 
sample size was smaller than this present study [19]. Dietary and 
lifestyle factors with effect of urbanization over the years might 
have resulted in the increasing BMI [1,5,7,26].

Conclusion
This study has revealed varied outcomes in terms of cardio-

metabolic indices. While dyslipidaemia remains a major risk 
factor for cardiovascular disease it appears the heterogenous 
findings in elderly patients with DM suggest that apart from lipid 
profile, other factors like duration of DM have a role to play in 
predicting cardiovascular morbidity or mortality. According to 
Hateren, et al., in their study, dyslipidaemia correlates with 
cardiovascular mortality for younger elderly patients but for 
older adults, duration of DM looks important as higher lipid 
levels were related to increased mortality with duration of DM 
at least 8 years.
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