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Abstract

Background: The prevalence of type 2 diabetes mellitus (T2DM) 
in children and adolescents is increasing in both poor and rich 
countries. Epidemiologic studies have reported significant and 
continuous associations between HbA1c level and diabetes-related 
vascular complications. Younger adults with early exposure to hy-
perglycemia are at high risk for end-organ damage. Few studies 
have reported the relationship of age to glycemic control in patients 
with T2DM world-wide and little comparison among young adults 
and elderly patients especially in the Asian population. This study 
investigates the relationship of age and glycemic control in Asian 
patients with T2DM attending primary care clinics in Singapore.

Methods:  We included T2DM patients who had at least 2 visits 
to the public-sector primary care clinic for diabetes treatment in 
2009. Demographic characteristics, medical records and laboratory 
results were extracted from the enterprise-wide chronic disease reg-
istry. The mean HbA1c, blood pressure and LDL-cholesterol were 
trended by age. Multivariate logistic regression was used to identify 
the factors predicting “poor” glycemic control.

Results:   There were 58,057 T2DM patients and both the mean 
HbA1c and LDL-cholesterol were lower among elderly than adult 
patients. Mean HbA1c was 8.08 ± 1.62% for patients < 45 years old 
and 6.86 ± 0.99% for patients 85+ years old. Mean LDL-cholesterol 

levels were 2.84 ± 0.81 and 2.55 ± 0.73 mmol/L for the respective 
age groups. The Malay and Indian groups had significantly poorer 
glycemic control compared to the Chinese, AdjOR 1.65 (95% CI: 
1.54 - 1.77) and 1.50 (95% CI: 1.40 - 1.61) respectively. Other 
significant predictors of poor glycemic control included the male 
gender, presence of maculopathy or retinopathy, peripheral vas-
cular disease, coronary heart disease, heart failure, and being on 
insulin therapy (AdjOR 8.00; 95% CI: 7.54 - 8.48). Patients with 
poor LDL-c (4.1+ mmol/L) were 4.2 times more likely to have poor 
glycemic control (95% CI: 3.78 - 4.66) while those with Grade 2 
hypertension were 1.5 times (95% CI: 1.35 - 1.76) more likely than 
those without hypertension.

Conclusions:  Younger T2DM patients had poorer glycemic and 
cholesterol control than older patients in Singapore and they should 
have targeted interventions to achieve “optimal” glycemic and cho-
lesterol control.

Keywords:  Glycemia; LDL-cholesterol; Control; Younger; Type 
2 diabetes mellitus

Introduction

In Singapore, the prevalence of diabetes mellitus increased 
from 8.2% in 2004 to 11.5% in 2010 amongst its population 
aged between 18 and 69 years [1]. The increase in diabetes 
prevalence was observed across all ages, in both genders and 
all the major ethnic groups, especially the Malays. The prev-
alence estimates for 2010 (age-standardised to World Stan-
dard Population) from the International Diabetes Federation 
[2] indicate that Singapore’s prevalence is much higher than 
other Asian countries such as Hong Kong (8.5%), Taiwan 
(7.5%), South Korea (5.3%) and Japan (5.0%), and other 
Western countries such as France (6.7%), Australia (5.7%) 
and the United Kingdom (3.6%).

Type 2 diabetes mellitus (T2DM) is no longer a disease 
of middle aged and older individuals [3]. Its prevalence in 
children and adolescents is on the increase in all countries, 
whether poor or rich [2]. Epidemiologic and prospective 
studies have reported significant and continuous associations 
between HbA1c level and diabetes-related vascular compli-
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cations [4-9]. Younger adults with early exposure to hyper-
glycemia are at high risk for end-organ damage [4-8]. As 
with type 1 diabetes, many children with T2DM risk devel-
oping complications at an early age, adding to a significant 
burden on the family and society. There is growing recogni-
tion that T2DM in the young is fast becoming a global public 
health issue with a potentially serious health outcome [10].

Comprehensive and appropriate management of patients 
with diabetes should include early screening for complica-
tions and optimize control of glucose, blood pressure and 
cholesterol. Very few studies have reported the relationship 
of age to glycemic control in patients with T2DM and the 
focus was largely on middle-aged and elderly patients [11]. 
Conclusions have been mixed, showing high prevalence of 
poor control in elderly, better glycemic control in older pa-
tients [12], or no effect of age on metabolic control [13]. In 
2003, El-Kebbi et al studied the relationship of age to glyce-
mic control in an African American population and showed 
a high prevalence of obesity and poor glycemic control in 
young adults compared to older patients [14]. A German 
study in 2009 also reported that the highest percentage of pa-
tients with inadequate glycemic control in the T2DM popu-
lation is not found among the old but the 45 - 54 and 55 - 64 
age groups [15].

To date, there has been little comparison of the glycemic 
control in young adults and elderly patients especially in the 
Asian population. The aim of this current study was to in-
vestigate the relationship of age to glycemic control in Asian 
patients with T2DM attending the public-sector primary care 
clinics in Singapore and identify the factors predicting poor 
glycemic control.

 
Patients and Methods

This is a retrospective study of patients attending the Nation-
al Healthcare Group Polyclinics (NHGP) for the treatment of 
diabetes mellitus in 2009. The NHGP is a chain of 9 public 
sector primary care clinics providing basic comprehensive 
care for the population in the central and western parts of 
Singapore. It has an integrated electronic patient medical 
record which hosts both administrative and clinical infor-
mation. Medical records of all patients with chronic disease 
conditions such as diabetes mellitus, hypertension, dyslip-
idemia, stroke, and coronary heart disease are linked to the 
enterprise-wide National Healthcare Group (NHG) Disease 
Management System (CDMS) [16].

Study population

We selected all the patients with existing diagnosis of T2DM 
from the NHG CDMS who had at least 2 attendances in the 
same clinic in 2009. Patients who were newly diagnosed 
with type 2 diabetes mellitus in 2009 or those with type 1 

diabetes mellitus were excluded from the study.

Study parameters and data collection

All the demographic characteristics, medical diagnosis, 
clinical parameters and laboratory results were extracted di-
rectly from the NHG CDMS. Demographic characteristics 
included age, gender and ethnic group. Medical conditions 
were extracted based on ICD-9 CM diagnosis codes for hy-
pertension, dyslipidemia, coronary heart disease, stroke, reti-
nopathy, and peripheral vascular disease. Body Mass Index 
(BMI) and Glomerular Filtration Rate (GFR) were extracted 
and classified according to WHO guidelines.

Glycated hemoglobin (HbA1c) was the marker for mea-
suring glycemic control. The HbA1c results in 2009 were 
obtained and a mean HbA1c was calculated for every patient. 
Glycemic control was considered “optimal” if HbA1c was ≤ 
7.0%, “acceptable” if HbA1c was 7.1 - 8.0%, and “poor” if 
HbA1c was above 8.0%. Age was grouped into bands of 10 
years for comparison of glycemic control.

Two other intermediate outcome measures were also 
profiled with age bands. The latest blood pressure (both sys-
tolic, SBP, and diastolic blood pressure, DBP) and LDL-cho-
lesterol (LDL-c) levels in 2009 were recorded. BP control 
was considered “optimal” if SBP was ≤ 130 mmHg and DBP 
was ≤ 80 mmHg, “acceptable” if SBP was 131 - 139 mmHg 
and DBP was 81 - 89 mmHg, and “poor” if SBP was ≥ 140 
mmHg and DBP was ≥ 90 mmHg. Dyslipidemia control was 
considered “optimal” if LDL-c was < 2.6 mmol/L, “accept-
able” if LDL-c was 2.6 - 3.3 mmol/L and “poor” if LDL-c 
was ≥ 3.4 mmol/L.

Data analysis

Data was analyzed using PASW (version 18.0). Significance 
testing of proportions was carried out using Chi-square test, 
and of means using analysis of variance (ANOVA), where a 
probability (P) of less than 0.05 was considered significant. 
Multivariate logistic regression was used to study the factors 
predicting “poor” glycemic control.

This study was approved by the NHG Domain Specific 
Review Board.

 
Results

There were 58,057 patients with T2DM from 9 primary care 
clinics in the study. Table 1 shows that females outnumbered 
males by 54% : 46%. There were more males than females 
in the younger age groups up to 54 years and the reverse 
was observed from 55 years and above. Age is normally dis-
tributed (mean 64.0 ± 11.6 years), with 64% aged 60 years 
and older. Overall, the disproportionately higher proportion 
of Indians (13%) in relation to the general Singapore popu-
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lation reflected the higher incidence of diabetes mellitus in 
this ethnic group. The Indians and Malays made up 23% and 
19% respectively among those below 45 years old, declining 
to below 10% for patients 75 years and above.

Other medical conditions

The prevalence of hypertension and dyslipidemia among 
these T2DM patients were 84% and 98% respectively. The 
prevalence of hypertension increased with age from 53% 
(below 45 years) to above 90% (65 years and above). The 
prevalence of dyslipidemia was high for all age groups, 
ranging from 95% to 99%.

The prevalence of vascular disease conditions increased 
with age. About 1 in 4 patients were also treated for coronary 
heart disease (range 5% to 40%), 11% had history of a cere-
brovascular event (range 2% to 26%), 9% had retinopathy 
(range 6% to 10%) and 4% had peripheral vascular disease 
(2% to 8%). The proportion of patients with Chronic Kidney 
Disease (CKD) stages 1 and 2 decreased with age (Table 1).

BMI distribution

Mean BMI was 26.3 ± 4.7 kg/m2. There were more patients 
being overweight or obese among the younger age groups 
compared to older age groups (Table 1). About 1% to 4% 
was underweight, with increasing prevalence among the old 
age groups. A larger proportion of the older patients, espe-
cially those 85 years and older, did not have a weight mea-
surement within the year.

Glycemic control

Mean HbA1c decreased with age, from 8.08 ± 1.62% for 
those below 45 years to less than 7% for those 85 years and 
above (Table 2). The distribution of HbA1c across the age 
groups is shown in Figure 1. The proportion of patients in 
each age group with HbA1c > 8% reduced with age, from 
40% (below 45 years) to 10% (85 years and above).

Blood pressure control

The mean blood pressure was 131/73 mmHg (Table 2). 
When comparing across the age groups, the proportion with 
“normal” and “high normal” blood pressure control reduced 
with age from 71.2% (below 45 years) to 55% (85 years and 
older).

LDL-cholesterol (LDL-c) control

Similar to HbA1c, the mean LDL-c decreased with age, from 
2.84 ± 0.81 mmol/L (below 45 years) to 2.55 ± 0.73 mmol/L 
(85 years and older). Proportion with “optimal” LDL-c con-
trol increased from 42% (below 45 years) to 57% (85 years Pa
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and above) (Fig. 2).

Management of diabetes mellitus

The average number of physician clinic visits per year for 
diabetes care increased with HbA1c level, from 4.1 (for 
patients with HbA1c below 7%) to 5.2 (for patients with 
HbA1c 9 - 10%) and 4.9 (for patients with HbA1c above 
10%). The proportion of patients who visited a Care Man-
ager at least once in the year also increased with HbA1c, 
from 6.8% (HbA1c below 7%) to 52% (HbA1c above 9%). 
Similarly, percentage of patients with visits to the Dietitian 
increased from 1.3% (HbA1c below 7%) to 10% (HbA1c 
above 9%).

The proportion of patients in each age group treated with 
insulin ranged from 6.2% to 15.4% and was associated with 
the degree of glycemic control, increasing from 30.3% (for 
patients with mean HbA1c 8.1 to 9.0%) to 45.5% (for pa-
tients with mean HbA1c above 10%).

Multivariate logistic regression analysis

Table 3 shows the results of the multivariate logistic regres-

sion to predict “poor” HbA1c level above 8%. Compared to 
the group 85 years and above, those below 75 years old were 
significantly more likely to have “poor” HbA1c control. The 
adjusted OR for < 45 years was the highest (4.21; 95% CI: 
3.38 - 5.26), followed by 45 - 54 years (3.24; 95% CI: 2.64 
- 3.97), 55 - 64 years (2.12; 95% CI: 1.74 - 2.59) and 65 - 
74 years (1.31; 95% CI: 1.07 - 1.59). Male patients had an 
adjusted OR 1.21 (95% CI: 1.15 - 1.27) over the female pa-
tients. The Malay and Indian groups had significantly poorer 
glycemic control compared to the Chinese, with adjusted OR 
of 1.65 (95% CI: 1.54 - 1.77) and 1.50 (95% CI: 1.40 - 1.61) 
respectively.

Patients with known cardiovascular complications had 
higher odds of “poor” glycemic control than those without 
maculopathy or retinopathy, peripheral vascular disease, cor-
onary heart disease or heart failure (Table 3). Patients who 
were treated with insulin were 8.19 (95% CI: 7.70 - 8.73) 
times the odds for having “poor” glycemic control than those 
on oral hypoglycemic agents only. Those with “poor” gly-
cemic control also had correspondingly poorer LDL-c and 
blood pressure control. Compared to patients with “optimal” 
LDL-c < 2.6 mmol/L, the adjusted OR for “poor” glycemic 
control increased with poorer LDL-c control, from 1.42 

Figure 1. Distribution of mean HbA1c (%) by age group.

Figure 2. Distribution of mean LDL-cholesterol (mmol/L) by age group.
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Variable
“Poor” glycemic control (HbA1c > 8%)

Unadjusted OR 95% CI Adjusted OR 95% CI

Age, y

    < 45 6.67* 5.61 - 7.94 4.21* 3.38 - 5.26

    45 - 54 4.88* 4.16 - 5.73 3.24* 2.64 - 3.97

    55 - 64 2.99* 2.55 - 3.50 2.12* 1.74 - 2.59

    65 - 74 1.65* 1.41 - 1.94 1.31* 1.07 - 1.59

    75 - 84 1.28* 1.08 - 1.51 1.12 0.91 - 1.37

    [85+] 1 1

Gender

    Male 1.14* 1.09 - 1.20 1.21* 1.15 - 1.27

    [Female] 1 1

Race

    [Chinese] 1 1

    Malay 2.12* 2.01 - 2.24 1.65* 1.54 - 1.77

    Indian 2.05* 1.94 - 2.17 1.50* 1.40 - 1.61

    Others 1.59* 1.43 - 1.77 1.31* 1.15 - 1.49

Other Medical Conditions

    Maculopathy/Retinopathy (Yes) 2.14* 2.01 - 2.27 1.47* 1.36 - 1.59

                                               [No] 1 1

    Peripheral vascular disease (Yes) 1.77* 1.61 - 1.93 1.27* 1.12 - 1.43

                                                [No] 1 1

    Coronary heart disease (Yes) 0.99 0.95 - 1.05 1.15* 1.08 - 1.23

                                          [No] 1 1

    Heart failure (Yes) 1.39* 1.24 - 1.54 1.46* 1.27 - 1.68

                         [No] 1 1

    Ischemic stroke (Yes) 0.97 0.87 - 1.10 1.22* 1.06 - 1.40

                               [No] 1 1

    Stage of chronic kidney disease

        [Stage 1] 1 1

        Stage 2 0.54* 0.52 - 0.57 0.63* 0.60 - 0.67

        Stage 3 0.61* 0.57 - 0.65 0.69* 0.64 - 0.75

        Stage 4 0.99 0.87 - 1.12 0.75* 0.64 - 0.88

        Stage 5 0.81 0.60 - 1.09 0.32* 0.22 - 0.47

Table 3. Logistic Regression for Factors Significantly* Associated With “Poor” Glycemic Control

[ ] depicts reference group; Adj OR: adjusted odds ratio; CI: confidence interval; NS: not significant
* P < 0.05 by stepwise logistic regression analysis
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(1.34 - 1.50) for group with LDL-c 2.6 - 3.3 mmol/L to 4.30 
(3.87 - 4.78) for the group with LDL-c above 4.1 mmol/L. 
Similarly, compared to those with normal blood pressure, 
adjusted OR for “poor” glycemic control among grade 1 hy-
pertension was 1.20 (1.12 - 1.70) and grade 2 hypertension 
was 1.47 (1.27 - 1.70).

Discussion
  
A few studies described the relationship of age to glycemic 
control in patients with diabetes [12, 13, 17]. In the Strong 
Heart Study among native Americans, age was found to be 
inversely related to HbA1c level [12]. There was no change 
in the median HbA1c level at baseline (1989 - 1992) and 
follow-up (1994 - 1995) surveys. The NHANES III (1988 - 
1994) also reported that younger patients were more likely to 
have an elevated HbA1c level, although there was no signifi-
cant association between age and HbA1c levels in a predom-

inantly white population [13]. In an Australian study, Bruce 
et al also reported that age was inversely associated with 
glycemic control whereas duration of diabetes and treatment 
with either oral hypoglycemic agents or insulin were posi-
tively associated with glycemic control [18]. It was noted 
that octogenarians in Australia differed significantly from 
younger age groups, those with longer diabetes duration did 
not demonstrate the increase in hyperglycemia seen in other 
age groups. A significantly greater proportion of the oldest 
diabetic subjects had satisfactory HbA1c levels compared 
with younger subjects.

The Diabcare-Asia project from Singapore, India and 
Taiwan had earlier reported that one-third to one-half of the 
diabetic population had poor glycemic control and subop-
timal lipid control [19-21]. Our study also supports that, in 
a predominantly Asian patient population attending primary 
care clinics, the younger patients had poorer HbA1c and 
LDL-c control than older patients. The prevalence of hy-
pertension and dyslipidemia were high across all ages and 

Table 3. Logistic Regression for Factors Significantly* Associated With “Poor” Glycemic Control (Cont’d)

[ ] depicts reference group; Adj OR: adjusted odds ratio; CI: confidence interval; * P < 0.05 by stepwise logistic regression 
analysis

Variable
“Poor” glycemic control (HbA1c > 8%)

Unadjusted OR 95% CI Adjusted OR 95% CI

Diabetes Treatment and Control of Risk Factors

    Insulin (Yes) 8.09* 7.67 - 8.53 8.19* 7.70 - 8.73

                [No] 1 1

    LDL-c control, mmol/L

        [< 2.6] 1 1

        2.6 - 3.3 1.33* 1.26 - 1.39 1.42* 1.34 - 1.50

        3.4 - 4.0 2.22* 2.07 - 2.39 2.42* 2.24 - 2.62

        4.1+ 4.20* 3.83 - 4.62 4.30* 3.87 - 4.78

    Blood pressure control

        [Normal] 1 1

        High Normal 1.06 1.00 - 1.11 1.10* 1.04 - 1.17

        Grade 1 Hypertension 1.06 1.00 - 1.13 1.20* 1.12 - 1.70

        Grade 2 Hypertension 1.27* 1.13 - 1.43 1.47* 1.27 - 1.70

    Body Mass Index (BMI)

        Underweight 0.80* 0.66 - 0.95 1.24 0.99 - 1.54

        [Normal] 1 1  

        Overweight 1.26 1.19 - 1.32 1.31* 1.15 - 1.49

        Obese Class 1 1.63* 1.52 - 1.74 1.29* 1.20 - 1.39

        Obese Class 2 1.94* 1.75 - 2.14 1.39* 1.27 - 1.53
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higher than the prevalence in the general population. As 
expected, the prevalence of vascular complications such as 
coronary heart disease and cerebrovascular disease increased 
with age and were higher than the general population with-
out diabetes mellitus [22-25].

Studies have suggested that early onset T2DM was as-
sociated with an increased risk for complications compared 
with later onset diabetes [26] and that the development and 
progression of complications might be more rapid in early 
onset disease [27-29]. Song et al in 2009 reported that the 
management of risk factors for diabetes complications was 
inadequate among the early onset T2DM cohort and they 
were at substantial risk of developing diabetes complications 
in later years and at an earlier stage [30]. Our study also 
showed that the poor glycemic control among the younger 
T2DM patients was associated with poorer cholesterol and 
blood pressure control. These younger patients have a higher 
lifetime risk of developing micro- and macro-vascular com-
plications and should be treated much more aggressively to 
achieve “optimal” glycemic, blood pressure and cholesterol 
control [7, 9, 22, 31-36].

It is not fully understood why younger patients have 
worse glycemic control than older patients. In Singapore, 
all citizens regardless of age have equal access to medical 
care provided by the public sector. The older patients may 
be more motivated to take care of their diabetes and are 
more compliant with their medication and eat healthy low-
fat diet [37]. On the other hand, younger patients might be 
more likely to disregard diabetes as being important and be 
less adherent to medication, lifestyle and diet restrictions. 
Similar findings were reported by El-Kebbi in 2003 that the 
persistence of HbA1c elevation in younger individuals could 
be due to inadequately low medication dosage or infrequent 
use of combination drug regimens [14]. The younger patient 
also tends to be more obese than older patients with resul-
tant higher insulin resistance and may need more aggressive 
therapy to achieve glycemic control. In addition to treating 
raised HbA1c, physicians should be alerted to commence or 
reinforce aggressive lifestyle intervention, lipid-lowering 
and anti-hypertensive therapy especially for the younger 
T2DM patients.

This study also showed that patients with “optimal” gly-
cemic control had fewer visits to the clinic annually for the 
treatment of diabetes. Those with “poor” glycemic control 
were more likely to have visited a Care Manager and Di-
etitian for general self-management tips, health information 
and dietary advice on diabetes. The overall healthcare utili-
zation and expenditure would be correspondingly higher for 
patients with poorer glycemic control. Wagner showed that 
a sustained reduction in HbA1c level among adult diabetic 
patients is associated with significant cost savings within 1 to 
2 years of improvement [38].

There are several limitations in this study. As data was 
drawn from the Diabetes Registry, we were unable to collect 

data to adjust for the duration of diabetes mellitus which may 
be associated with progressive impairment of insulin secre-
tion. There was also no data on physical activity and adher-
ence of diet and lifestyle. Some patients, especially the older 
ones, did not have BMI measurement.

Nonetheless, this study of an Asian population with dia-
betes mellitus has provided an insight into the variation of 
glycemic and cholesterol control with age. We analyzed the 
data of a large captive population from the Diabetes Registry 
and we were able to study the prevalence of hypertension, 
dyslipidemia and other vascular complications in patients 
with T2DM. All laboratory results were captured directly 
and were accurate and complete. The mean HbA1c for the 
year was calculated for every patient to reflect the average 
glycemic control over a year instead of using a single HbA1c 
reading.

Younger diabetics are at higher cumulative risk to de-
velop vascular-related complications over time. The reasons 
for poor glycemic and cholesterol control are not well un-
derstood and are likely to be multifactoral. Future research 
could study patient’s health literacy and their understanding 
of diabetes, health-seeking and treatment-adherence behav-
ior across the ages.

This study shows that younger patients with T2DM had 
poorer glycemic and cholesterol control than older patients 
in Singapore. Those with poor glycemic control also had 
corresponding poorer cholesterol and blood pressure con-
trol. These patients had a higher lifetime risk of developing 
micro- and macro-vascular complications and more research 
should be done to investigate reasons for the poorer control 
so that targeted interventions can be designed for them.
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