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Introduction: Implementation of effective measures to control rising burden of cardiovas-

cular diseases among patients with type 2 diabetes mellitus (T2DM) requires information on 

the adequacy of control and identification of specific groups with suboptimal control of blood 

glucose, lipids and blood pressure.

Methods: A cross-sectional study of patients with T2DM referred from primary care to a dia-

betes center was carried out to estimate the proportion of patients achieving the recommended 

therapeutic targets of four major modifiable cardiovascular risk factors: glycosylated hemoglobin 

(HbA1c <7%), low-density lipoprotein cholesterol <100 mg/dL, systolic blood pressure (SBP) 

<130 mmHg and diastolic blood pressure (DBP) <80 mmHg and their associations with age, 

gender, duration of diabetes and body mass index were studied.

Results: Mean (SD) age and the duration of the sample of 2422 (65% males) were 52 (11) and 

9 (3), respectively. Percentages with optimal HbA1c, low-density lipoprotein cholesterol, SBP 

and DBP were 25.2%, 24.3%, 32% and 56.7%, respectively. Only 2% had achieved optimal 

control of all four risk factors. Significantly higher percentages of males were having optimal 

HbA1C, SBP and DBP, and regression analysis revealed that male gender was significantly 

associated with optimal control of SBP.

Conclusion: Control of cardiovascular risk diseases factors among patients with T2DM man-

aged in the primary care settings needs further improvements in target achievement in all four 

modifiable risk factors.

Keywords: suboptimal control, therapeutic targets, type 2 diabetes mellitus, Sri Lanka

Plain language summary
What is known about this subject
Attainment of optimal levels of blood glucose, low-density lipoprotein and blood pressure is 

associated with significant reductions in morbidity and mortality among individuals with type 

2 diabetes mellitus.

What this paper reveals
•	 Optimal blood glucose and low-density lipoprotein levels were attained by one in four 

patients and optimal blood pressure levels were attained by one in three patients and control 

of all four risk factors were seen only in two out of 100 patients with diabetes at primary 

care setting in Sri Lanka.

•	 Compared to males, significantly higher percentage of female patients with diabetes had 

suboptimal control of glucose, systolic and diastolic blood pressures.
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•	 With increasing age, patients with diabetes have better control 

of glucose and low-density lipoprotein levels.

Introduction
Rising incidence of type 2 diabetes mellitus (T2DM) is 

associated with a substantial increase in the burden of cardio-

vascular diseases (CVD) among individuals in South Asian 

countries.1 Interventional studies have revealed that morbidity 

and mortality from CVD among individuals with and without 

diabetes could be significantly reduced by the interventions 

aimed at controlling modifiable risk factors for CVD such 

as elevated blood glucose, low-density lipoproteins (LDLs), 

systolic blood pressure (SBP) and diastolic blood pressure 

(DBP).2,3 Based on the findings of these studies, professional 

organizations such as the American Diabetes Association 

(ADA) recommend control of four major modifiable CVD 

risk factors below an optimal level for both primary and 

secondary prevention of CVD in patients with diabetes.4

There is a rising incidence of T2DM among both rural and 

urban populations in Sri Lanka.5,6 Hospital admissions caused 

by CVD including coronary artery disease (CAD) and cere-

brovascular diseases have also shown a marked increase in Sri 

Lanka.7 Although there is evidence of increasing incidence 

of T2DM and its heavy burden on the health care system, 

research focused on the adequacy of control of modifiable 

CVD risk factors and the proportion of patients with T2DM 

achieving recommended therapeutic goals of major CVD risk 

factors in Sri Lanka are limited. Effective implementation of 

population-based measures to control CVD in patients with 

T2DM requires not only the knowledge on the proportions 

of patients with suboptimal CVD risk factor control but also 

the recognition of special groups of patients with T2DM with 

suboptimal control of these risk factors. These data can help 

authorities to plan more focused and effective measures to 

reduce the rising burden of CVD in this community.

We aimed to study the proportion of patients who achieve 

recommended therapeutic targets of four major cardiovas-

cular risk factors, namely, blood glucose, LDL cholesterol, 

SBP and DBP among patients with T2DM referred from 

different primary care settings for screening at a diabetes 

center in Southern Sri Lanka. We also studied the association 

of gender, age, duration of diabetes and body mass index 

(BMI) in relation to optimal control in each of the four car-

diovascular risk factors.

Methods
This descriptive study included patients with T2DM screened 

at a diabetes center over a period of 4 years from January 

2012. All included patients were primarily managed at the 

community settings (general practitioners, rural and district 

hospitals). We requested primary care practitioners to refer 

their patients with long-standing diabetes for a free single 

visit screening. All eligible patients were over the age of 

18 years and had diabetes for at least 1 year. All pregnant 

females and lactating mothers and patients with type 1 

diabetes and those with clinical diagnosis of T2DM for less 

than 1 year were excluded. Those with a history of hospital 

admission due to an infection before 3 months of referral 

(febrile illnesses with symptoms of urinary, chest or skin and 

soft tissue infection or presumed or confirmed viral infection) 

were also excluded. Patients with major comorbidities such 

as chronic liver disease, currently on treatment for malignan-

cies, long-term steroid treatment were also excluded. Patients 

with major comorbidities such as chronic liver disease, 

currently on treatment for malignancies, long-term steroid 

treatment were also excluded. Data on age (obtained from 

the national identity card) to the nearest year, duration of 

diabetes to the nearest year (verified from the clinic records) 

were obtained. Information of patient’s drug treatment at the 

time of the referral as on oral hypoglycemic agents with or 

without insulin, antihypertensive agents and lipid lowering 

drugs were also obtained. Patients’ weight and height were 

measured and their BMI was calculated. Blood pressure (BP) 

was recorded after at least 5-min rest using an electronic 

instrument (Omron Corporation, Tokyo, Japan), as the mean 

of two readings taken 5 min apart and drew venous blood 

into a fluoride tube to measure plasma glucose concentration. 

The initial data collections each took around 10–15 min. 

Roughly 15 patients were screened each week and the study 

was completed over a period of 4 years.

All chemical analyses including glycosylated hemoglobin 

(HbA1c) and LDL cholesterol were performed in the labo-

ratory attached to the Diabetes Center and same method of 

biochemical analysis was used throughout the study period. 

Overnight fasting venous blood samples were collected to 

measure lipid profile. HbA1c level was used as a measure of 

glucose control which was estimated using high-performance 

liquid chromatography (HPLC) method.

Ethical approval
Ethical clearance for the present study was obtained from 

the Institutional Ethics Committee of the Faculty of Medi-

cine, University of Ruhuna. Written informed consent was 

obtained from all study subjects in the local language.

Definition of optimal control
Recommended therapeutic targets laid down by the ADA 

for management of patients with diabetes were used as the 
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optimal cutoff levels. Optimal glucose control was defined 

as HbA1c of <7% and LDL cholesterol was defined as 

<100 mg/dL. Optimal SBP and DBP were defined as 130 

and 80 mmHg, respectively.8

Statistical analysis
Data were entered and analyzed using the Statistical Package 

for Social Sciences version 16.0. The findings were expressed 

in terms of proportions. Chi-square test was used to study the 

difference between the optimal versus non optimal glycemic 

control groups. P-value <0.05 was considered as statistically 

significant. Factors likely to be associated with glycemic 

control were further assessed by an independent sample t-test 

and logistic regression analysis.

Results
The mean (SD) age of the total study sample (n=2422) was 52 

(11) years and 65% of them (n=1563) were males. Descriptive 

data of the participants in the study are shown in Table 1.

Table 2 shows the metabolic control of the study group 

with regard to the individual risk factors considered. Of the 

total study sample, only 48 (2%) had optimal control with 

regard to all four parameters: glucose, LDL, SBP and DBP.

Table 3 shows a comparison of characteristics in relation 

to glucose control in patients with diabetes. Patients with opti-

mal control of glucose were significantly different with those 

with suboptimal glucose control with regard to age, duration 

of disease, gender and BMI (P <0.05). Regression analysis 

revealed that only age (OR = 1.02; 95% CI: 1.01–1.03) and 

duration of T2DM (OR =0.97; 95% CI: 0.95–0.98) were 

significantly associated with optimal blood glucose control.

Table 4 shows a comparison of characteristics in relation 

to optimal SBP control in patients with diabetes. Except 

BMI, all other factors considered were significantly differ-

ent among patients with optimal control of SBP with those 

without good control (P < 0.05). Regression analysis revealed 

that male gender (OR =1.28; 95% CI: 1.06–1.53), age (OR 

= 0.94; 95% CI: 0.93–0.95) and duration of T2DM (OR = 

0.97; 95% CI: 0.95–0.99) were significantly associated with 

optimal control in SBP.

Table 5 shows a comparison of characteristics in rela-

tion to DBP control in patients with diabetes. All the factors 

considered were significantly different among patients with 

optimal control of DBP with those without good control 

(P <0.05). Regression analysis revealed that age (OR = 

0.97; 95% CI: 0.96–0.98) and BMI (OR =0.95; 95% CI: 

0.92–0.99) were significantly associated with optimal con-

trol in DBP.

Table 6 shows a comparison of characteristics in relation 

to LDL control in patients with diabetes. Patients with optimal 

control of LDL were significantly different with those without 

good LDL control with regard to age, duration of disease, 

BMI and waist circumference (P <0.05). Regression analysis 

revealed that only age (OR =1.01; 95% CI: 1.00–1.02) and 

Table 1 Descriptive data of the patients with diabetes (n=2422)

Factors Male  
(n=1563)

Female  
(n=859)

P-value

Age (years) 51 (11) 53 (10) 0.09
Duration of diabetes (years) 9 (3) 9 (3) 0.09
SBP (mmHg) 124 (16) 127 (18) 0.08
DBP (mmHg) 78 (9) 79 (8) 0.12
HbA1c (%) 7.5 (0.7) 7.4 (0.7) 0.14
LDL 124 (35) 126 (35) 0.09

Abbreviations: SBP, systolic blood pressure; DBP, diastolic blood pressure; 
HbA1c, glycosylated hemoglobin; LDL, low-density lipoprotein.

Table 2 Metabolic control with regard to control on HbA1c and 
low-density lipoprotein

Factors Percentage

Glucose control (HbA1c< 7%) 25.2

LDL control (<100 mg/dL) 24.3

SBP control (<130 mmHg) 56.7

DBP control (<80 mmHg) 32

Abbreviations: HbA1c, glycosylated hemoglobin; LDL, low-density lipoprotein; 
SBP, systolic blood pressure; DBP, diastolic blood pressure.

Table 3 Comparison of characteristics between patients with 
and without optimal glucose control

Variable Patients with  
optimal glucose  
control

Patients with  
suboptimal  
glucose control

P-value

Age (years) 53 (11) 52 (10) 0.001
Duration (years) 8.2 (3) 8.8 (3) 0.02
Gender (male) 60.2% 65.8% 0.01
BMI (kg/m2) 24.8 (4.4) 24.3 (3.8) 0.02

Note: Data are mean (SD) or n (%).
Abbreviation: BMI, body mass index.

Table 4 Comparison of characteristics between patients with 
and without SBP control

Variable Patients with  
optimal SBP  
control

Patients with  
suboptimal SBP  
control

P-value

Age (years) 48.9 (10.1) 56.1 (9.8) 0.000
Duration (years) 7.6 (5.2) 10.0 (6.4) 0.000
Gender (male) 68.5% 59.3% 0.000
BMI (kg/m2) 24.3 (4.1) 24.6 (3.8) 0.13

Note: Data are mean (SD) or n (%).
Abbreviations: SBP, systolic blood pressure; BMI, body mass index.
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duration of DM (OR =1.03; 95% CI: 1.01–1.04) were signifi-

cantly associated with optimal LDL control.

Discussion
Results of this study revealed several important findings on 

the control of four modifiable cardiovascular risk factors 

among patients with T2DM, managed at the primary care 

setting in a developing country. One of the main highlights is 

the very high percentage of patients with suboptimal control 

of individual CVD risk factors with only 23%, 24% and 32% 

achieving the recommended therapeutic targets in glucose, 

LDL cholesterol and DBP, respectively. Control of SBP was 

marginally above 50%. Only 2% of the participants in this 

study had achieved optimal control of all four risk factors.

Because of significantly higher incidence of coronary 

artery and cerebrovascular diseases, T2DM is considered by 

some as a cardiovascular risk equivalent.9 In the management 

point of view, therapeutic measures to reduce morbidity and 

mortality from CVD in patients with T2DM are directed 

toward stringent control of four major modifiable risk factors 

for CVD: blood glucose, LDL cholesterol, SBP and DBP. 

Interventional studies have revealed that control of all four 

factors together could result in significantly higher additive 

benefits and improve clinical outcomes from CVD than the 

control of individual risk factor alone.10 Therefore, profes-

sional organizations have advocated multipronged approach 

by recommending optimal therapeutic targets for major CVD 

risk factors in order to combat rising incidence CVD morbid-

ity and mortality among patients with diabetes.11 However, 

many studies conducted in different settings mentioned 

subsequently reveal disappointing results with regard to the 

proportion of patients achieving recommended therapeutic 

goals in the aforementioned risk factors.

Published literature on the control of CVD risk factors 

among individuals with T2DM in Sri Lanka is very limited. 

The only available study has reported that <50% of 230 

patients attending a diabetes clinic achieved optimal glucose 

control (fasting plasma glucose level of less than 126 mg/dL).12 

Research conducted in most other developing countries on 

this subject also report similar findings. A cross-sectional 

study from Iran involving 2640 patients with T2DM attend-

ing a tertiary care diabetes center has reported that HbA1c 

<7%, BP of 140/90  mmHg and LDL cholesterol less than 

100 mg/dL was achieved by 37.4%, 35.3% and 48.9% of the 

subjects studied, respectively. Only 7.7% has achieved all three 

targets.13 A multicenter study from South Korea, involving 

2610 patients with T2DM, has reported that the recommended 

target achievement of HbA1c, BP and LDL cholesterol were 

24.8%, 49.4% and 63.6%.14 In this study too, the percentage 

achieving the recommended optimal target control of all four 

risk factors was higher (7.8%) than the finding (2%) in our 

study. But, they have used HbA1c level of 6.5% as the optimal 

glucose control target. A multicenter, cross-sectional survey 

involving nine developing countries in Latin America (Argen-

tina, Brazil, Chile, Costa Rica, Ecuador, Guatemala, Mexico, 

Peru and Venezuela) has reported that HbA1C of <7% was 

seen among 43% of participants (n=3592).15 All these studies 

report a comparatively higher target achievement by patients 

with T2DM, especially with regard to optimal blood glucose 

control than the findings in our study.

Studies from developed countries such as USA on control 

of CVD risk factors reveal that a much higher percentages 

of patients with T2DM achieve recommended therapeutic 

targets in glucose, BP and LDL cholesterol compared to the 

respective figures from the developing countries. National 

health and Nutrition Examination Survey which examined 

10,367 patients with T2DM revealed that 58.2% had achieved 

HbA1c <7% and LDL <100 mg/dL and BP of 130/80 mmHg 

was seen among 43.8% and 44.2%, respectively.16

Improved socioeconomic level with better health literacy 

rates of patients and better delivery of health promotion 

and health care delivery in the developed compared to the 

developing countries may explain the observed differences in 

achieving the recommended therapeutic targets in CVD risk 

Table 5 Comparison of characteristics between patients with 
and without DBP control

Variable Patients with  
optimal DBP  
control

Patients with  
suboptimal DBP  
control

P-value

Age (years) 49.6 (10.9) 53.1 (10.2) 0.000
Duration (years) 8.1 (5.4) 8.9 (6.0) 0.001
Gender (male) 68.6% 62.5% 0.004
BMI (kg/m2) 23.9 (3.5) 24.7 (4.1) 0.000

Note: Data are mean (SD) or n (%).
Abbreviations: DBP, diastolic blood pressure; BMI, body mass index.

Table 6 Comparison of characteristics between patients with 
and without LDL control

Variable Patients with  
optimal LDL  
control

Patients with  
suboptimal LDL  
control

P-value

Age (years) 53.6 (10.5) 51.6 (10.6) 0.000
Duration (years) 9.6 (5.9) 8.4 (5.8) 0.000
Gender (male) 66.9% 63.5% 0.14
BMI (kg/m2) 24.8 (3.7) 24.3 (4.0) 0.02

Note: Data are mean (SD) or n (%).
Abbreviations: LDL, low-density lipoprotein; BMI, body mass index.
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factors in these studies. However, a later study that examined 

the trends in the control of CVD risk factors among 2403 

patients with T2DM in the USA over a decade from 1999 to 

2010 had revealed that only one-fourth of patients with T2DM 

achieve optimal levels of all four risk factors in America and 

there was an improvement in achievement of recommended 

therapeutic goals which was more marked among those 

without CVD than those with CVD.17

Gender differences in the control of CVD risk factors with 

more females failing to achieve recommended therapeutic 

levels than males are often highlighted in cardiovascular 

epidemiology. Almost all the studies describing suboptimal 

CVD risk factor control in women compared to men in litera-

ture come from developed countries in Europe and America.

A study of 201 (46% women) patients with T2DM attend-

ing Diabetes Clinic in Europe has revealed that women had 

higher mean (SE) SBP (155.4 [22.5] vs 141.0 [19.8] mmHg 

for men; P<0.001) and total cholesterol (TC) (5.28 [1.34] vs 

4.86 [1.29] mmol/L for men; P<0.05), but a lower TC:HDL-

C ratio (4.1 [1.19] vs 4.5 [1.2] for men; P<0.05).18 Slightly 

more men (32.4%) than women (26.9%) reached the thera-

peutic goal of <7.0% for glycosylated hemoglobin. Women 

with diabetes duration <10 years received oral antidiabetic 

therapy less frequently (P<0.05). Women diabetes duration 

longer than 10 years had hypertension more frequently 

than their male counterparts (100% vs 86.0%, respectively; 

P<0.01). Men had greater overall adherence to diabetes and 

cardiovascular risk guidelines than did women (66.4% vs 

58.9%, respectively; P<0.01). Another cross-sectional study 

of 680 people recruited from three primary care settings in 

USA which studied the composite control CVD risk factors 

(HbA1c <7%, BP of <130/80 mmHg and LDL cholesterol 

level of <100 mg/dL) has reported women had poorer 

composite control compared with men (5.9% vs 17.3%).19 

Adjusted logistic models showed that men were significantly 

more likely to have composite risk factor control (odds ratio 

2.90; 95% CI: 1.37–6.13) compared with women. A meta-

analysis on gender-specific mortality in diabetes has reported 

that CVD and CHD mortality in men was lower for diabetes 

alone (CVD mortality HR: 0.82, 95% CI: 0.69–0.98; CHD 

mortality HR: 0.73, 95% CI: 0.65–0.83). In contrast, rates 

appeared to be higher in women with diabetes alone (CVD 

mortality HR: 1.29, 95% CI: 0.79–2.26; CHD mortality HR: 

1.28, 95% CI: 0.75–2.22). All-cause mortality in men was 

similar for diabetes and previous CVD (HR: 1.02, 95% CI: 

0.93–1.12), whereas among women, it was at least as high 

and possibly higher for diabetes alone (HR: 1.25, 95% CI: 

0.89–1.76).20

Findings of our study, although based on data in a single 

center, is the first to describe similar trend in higher percent-

age of females with poorer CVD risk factor control than 

males with T2DM from a developing country in the South 

Asian region. Underlying reasons for this finding among 

females could be multifactorial. They include patient fac-

tors such as reduced health literacy rates, non-adherence to 

prescribed medications and lifestyle changes in females and 

physician factors such as inertia of prescribing and uptitrating 

the medication doses to achieve recommended therapeutic 

goals.21,22 Findings of the studies cited here along with ours 

reveal that the phenomenon of gender-based discrepancy of 

unfavorable CVD risk factor control affects the females with 

diabetes in the developed and developing countries alike.

Although there were significantly higher percentages of 

females with suboptimal HbA1C, SBP and DBP regression 

analysis revealed that female gender is significantly associ-

ated with suboptimal control of SBP only. Association of the 

other three CVD risk factors with female gender remained 

non-significant. Regression analysis also found that with 

increasing age of patients with T2DM, there was better con-

trol of HbA1c and LDL cholesterol. In other words, younger 

patients with T2DM are more likely to have suboptimal 

HbA1c and LDL cholesterol levels. Studies done elsewhere 

also have revealed that younger age is associated with sub-

optimal control of glucose and CVD risk factors.23,24 This 

could probably be due to lack of symptoms in the early years 

of diabetes and lack of proper guidelines to treat elevated 

cholesterol in younger patients and or poor adherence to 

prescribed dietary advices and medications among younger 

individuals with diabetes compared to the elderly patients 

with symptoms and complications.

BP control both systolic and diastolic was better among 

younger patients with T2DM on the regression analysis. This 

is quite expected finding as the prevalence of BP is anyway 

associated with increasing age even in the normal population.

Regression analysis revealed that the advancing age of 

the patient and longer duration of diabetes was associated 

with optimal LDL cholesterol levels in this study. More fre-

quent prescription of LDL cholesterol reducing drugs such 

as statins with comorbidities associated with increasing age 

such as coronary and cerebrovascular diseases may account 

for this finding.

In summary, our study found that the control of four 

major modifiable CVD risk factors, either as single or as a 

composite of all four factors among patients with T2DM is 

worse than the reported figures from studies conducted in 

the other developing countries. The observed figures in our 
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study were very much unsatisfactory when compared with 

those from the developed countries. We also found the worse 

control of three of the four factors in a significantly higher 

percentage of females.

The main strength of this study is the recruitment of all 

the participants managed in the different settings at primary 

care including general practitioners, district hospitals, etc. 

This enabled us to study a real-life situation of CVD risk fac-

tor control of more than 2000 patients with T2DM managed 

at the primary care. Being a single-center study is a notable 

limitation of this study and hence generalizing these results 

to represent the whole country should be done with caution. 

We hope our findings would be an impetus to the public health 

authorities in our country to design multicenter study to get 

a better picture of CVD risk factor control among patients 

managed in the primary care setting in the future.

Conclusion
We report that the CVD risk factor control among patients 

with T2DM managed at the primary care level is very 

unsatisfactory with regard to achieving the recommended 

therapeutic targets in glucose, LDL cholesterol and SBP and 

DBP. Finding of mere 2% of the sample achieving the optimal 

control of all four risk factors poses a major challenge and 

concern on the preventive care strategies practiced at the 

primary care level in a developing country, which is currently 

burdened with the dual epidemics of T2DM and CVD.

Disclosure
The authors report no conflicts of interest in this work.
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