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Background: Macrovascular atherosclerosis is an important long-term complication of type 2 diabetes 
mellitus. Concurrent dyslipidaemia acts as an additional risk factor for these complications. 
Hypovitaminosis D has been associated with adverse cardiovascular events. These modifiable risk 
factors of cardiovascular disease are inter-related. In the presence of an increasing incidence of type 2 
diabetes mellitus and its associated metabolic abnormalities and widespread vitamin D deficiency in 
Pakistan, this association needs to be investigated. The purpose of our study was to determine the 
pattern of dyslipidaemia and its association with low vitamin D levels in South Asian diabetics. 
Methods: The study was designed as a quantitative cross-sectional study. It was conducted at the 
Department of Medicine, Sir Syed College of Medical Sciences and Hospital, Karachi from January to 
June 2014. A total of 168 adult consecutive patients with type 2 diabetes mellitus of both the genders 
were included. Data was collected and analysed using SPSS-20.0. The association of dyslipidaemia 
with vitamin D status was computed through Chi-square test. Results:  We found that dyslipidaemia is 
highly prevalent in patients with type 2 diabetes mellitus in Pakistan. High total cholesterol, LDL 
cholesterol and triglycerides show significant association with vitamin D deficiency. Conclusion: In 
order to decrease the development of diabetic complications aggressive management of 
hyperglycaemia and dyslipidaemia is required. Vitamin D supplementation may play a dual role in 
these situations. 
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INTRODUCTION 

Cardiovascular mortality is the foremost reason of 
death the world over.1 The most common cause being 
ischemic heart disease. In South Asia cardiovascular 
mortality is increasing exponentially. There are many 
causes of this increase including population growth, a 
larger aging population and inadequate control of 
modifiable etiological factors.2 

Atherosclerosis plays key role in ischemic 
heart disease. There are many risk factors for 
development of atherosclerosis. The modifiable risk 
factors include obesity, smoking, lack of exercise, 
dyslipidaemia, diabetes mellitus, hypertension etc.  
Multiple risk factors, from the above-mentioned list 
for ischemic heart disease are present in the type 2 
diabetic patient.3  

One of these is dyslipidaemia which is a 
known metabolic abnormality in type 2 diabetes. 
Different patterns of dyslipidaemia are associated 
with this disease. The commonest being a raised 
triglyceride level and reduced HDL levels, although 
increased LDL levels have also been found to be 
associated with type 2 diabetes mellitus. Among the 
lipid fraction high LDL and low HDL have been 
known to predict cardiovascular disease. 
Triglycerides are also now implicated to contribute 
towards cardiovascular risk independantly.4 

Thus, diabetes mellitus and its associated 
dyslipidaemia both contribute to cardiovascular 
mortality. Diabetes is an independent risk factor for 
cardiovascular disease. The presence of 
dyslipidaemias has an additive effect on the 
macrovascular complications of diabetes including 
coronary heart disease and cerebrovascular disease. 
Many risk factors are associated with atherosclerosis 
among these altered lipid profile plays an important 
role. Dyslipidaemia is not only a metabolic feature of 
diabetes mellitus but is also independently associated 
with hypovitaminosis D.5,6 

A modifiable factor which contributes to 
both diabetes mellitus and dyslipidaemia is 
hypovitaminosis D. Deficiency of vitamin D is 
widely prevalent worldwide. It is interesting to note 
that vitamin D is associated with not only with its 
well-known skeletal and muscular effects but its 
deficiency is also associated with multiple illnesses. 
Vitamin D receptors are found on a number of cells 
including pancreatic islet cells, adipose tissue, 
cardiac muscle, skeletal muscle, bone cells and other 
36 different cells. Hypovitaminosis D plays an 
aetiological role in the development of 
atherosclerotic risk factors. It is postulated to play a 
role in hypertension, diabetes mellitus, 
dyslipidaemias, metabolic syndrome, endothelial 
inflammation, cardiac muscle hypertrophy and 
cardiac failure. Acute coronary syndrome has been 
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found to be related to vitamin D deficiency. It is also 
related to increased risk of major adverse cardiovascular 
events.7 

Vitamin D deficiency has been documented to 
produce diabetes mellitus and it is also known to play a 
role in the development of dyslipidaemia. The 
relationship with diabetes is said to be due to its action 
on insulin resistance, pancreatic beta cell dysfunction 
and metabolic syndrome.8 

As hypovitaminosis D has been reported in all 
atherosclerotic conditions like acute coronary syndrome, 
cerebrovascular accident (CVA), congested cardiac 
failure (CCF) and peripheral vascular disease. Vitamin 
D levels are inversely associated with prevalence of 
hypertension, diabetes mellitus, increased triglycerides 
and obesity.9–11 

Diabetes has acquired epidemic proportions 
worldwide and especially in developing countries,12 The 
objective of this study is to evaluate the pattern of 
dyslipidaemia and its association with hypovitaminosis 
D in patients with type 2 diabetes. 

MATERIAL AND METHODS 
This was a cross-sectional study conducted in the 
Department of Medicine of a secondary care centre in a 
low socioeconomic area of Karachi namely Sir Syed 
Hospital, Sir Syed College of Medical Sciences, from 
January 2014 to July 2014. This study was approved by 
the ethical committee of the institution. The sample was 
collected through non-probability convenient sampling. 
All adult patients of both genders coming to the Medical 
Out-patient Department fulfilling the criteria for type 2 
diabetes mellitus were included in the study. The 
exclusion criteria included acute illnesses, chronic liver 
or kidney disease, pregnancy and patients on medication 
which changed vitamin D metabolism. Patients were 
included in the study after taking their informed consent. 

Patients were diagnosed to have diabetes 
mellitus if they fulfilled any of the following: WHO 
(World Health Organization) OGTT (oral glucose 
tolerance test) criteria, HbA1c criteria, a known history 
of diabetes and use of diabetes medication. Type 2 
diabetes mellitus was diagnosed when the patient 
fulfilled diagnostic criteria after 35 years of age 
irrespective of treatment and also if treated with diet or 
oral hypoglycaemic drugs irrespective of age at 
diagnosis. A structured pro forma was filled regarding 
the demographic data, treatment and complications of 
the disease. The laboratory investigations included: 
fasting and random blood glucose. HbA1c levels were 
also recorded for glycaemic control. Haemoglobin A1c 
was measured, by automated high-performance Liquid 
chromatography analyser (Bio_RadDiamat, Milan, 
Italy); The upper limit of normal for our laboratory was 
5.8%. The subject was labelled to have satisfactory 
control of diabetes if the level of HbA1c was 7 or below 

7. And was labelled unsatisfactory when the level of 
HbA1c was above7%. 

Vitamin D levels were measured at baseline as 
serum 25(OH) D by high-performance liquid 
chromatography. The subject was labelled as vitamin D 
deficient if the levels of vitamin D were below 20 
ng/ml, insufficient when the levels were 21–30 ng/ml 
and sufficient when vitamin D levels were >30 ng/ml. A 
cut off point of <30 ng/ml of 25(OH) D was used to 
classify patients as on low vitamin D status.7,13  

Total lipid profile was estimated after a twelve 
hour fast. Total cholesterol, LDL, HDL and triglyceride 
fractions of the lipid profile were assessed. 
Dyslipidaemia was defined as derangement of any 
single fraction of lipid profile. A total cholesterol above 
200 mg/dl was considered abnormal while LDL was 
considered abnormal if the level was above 130mg/dl, 
for triglycerides, the cut off point was 150 mg/dl and 
HDL level below 40 mg/dl was labelled as 
dyslipidaemic. 

Data was entered and analysed on SPSS 
version 20.0. Mean±SD was computed for quantitative 
variables like age, duration of diabetes, fasting and 
random blood sugar level, HbA1c levels, lipid profile, 
and 25-hydroxy vitamin D levels. Categorical variables 
were described as frequencies and percentages. These 
variables included gender, level of glycaemic control 
(satisfactory and unsatisfactory), therapeutic agents 
used, presence of complications, presence of 
dyslipidaemia and status of vitamin D level. 
Relationship of dyslipidaemia with the glycaemic 
control and that of dyslipidaemia with vitamin D status 
was analysed through Chi-square test. p-value of ≤0.05 
was considered statistically significant. 

RESULTS 

In our study 168 patients with type 2 diabetes mellitus 
were enrolled. They had a mean age of 46.7±12 years. 
The patients had been diagnosed with diabetes for a 
mean duration of 7±4.4 years. Most of the patients 
(62%) had poor glycaemic control. The glycaemic 
indices were much above the desired range with a 
fasting blood glucose of 170±64.6 and a random blood 
glucose of 261±86.9 while HbA1c was 8.3±2.28. Most 
of the patients were deficient in vitamin D (80%) while 
only 5.5% of the patients had vitamin D levels within 
the sufficient range. 

The fasting lipid profile showed mean total 
cholesterol 192±45, mean LDL 119.6±33.5, mean HDL 
38.2±13.5 and mean triglycerides 186.25±76.3. The 
other characteristics of the subjects revealed that 70% of 
the patients had a complication caused by diabetes 
mellitus. Around 83% of the patients were taking oral 
anti diabetic agents only, 15% were taking oral agents 
along with insulin while 2.4% were taking only insulin. 
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The characteristics of the studied population according 
to glycaemic control are enumerated in table-1. The 
lipid profile showed low HDL 35.6±12.0 and high 
triglycerides 194.6±86.7 in patients with poor glycaemic 
control. Vitamin D3 levels were lower in patients with 
poor glycaemic control. (Table-1). The relationship of 
different characteristics of the patients according to their 
vitamin D status is shown in Table-2. While age shows 
that patients with sufficient vitamin D levels had a 
higher mean age. Females showed lower vitamin D 
levels as compared to males. Fasting and random blood 
glucose levels were higher in patients with low vitamin 
D levels as was HbA1c. Also, total cholesterol, LDL 

cholesterol and serum triglycerides were higher in 
patients with hypovitaminosis D. HDL was the only 
lipid fraction which was higher in patients with 
insufficient vitamin D levels. (Table-2) 

The relationship of vitamin D status with the 
lipid profile is shown in table-3. This shows a strong 
association of vitamin D deficiency with total 
cholesterol, LDL and serum triglycerides. Majority of 
the subjects who had high cholesterol were deficient in 
vitamin D (62.2%). Patients with the LDL fraction high 
were also significantly deficient in vitamin D (p-value 
<0.05); while patients with high triglycerides were also 
vitamin D deficient (p-value<0.01).  

 

Table-1:  Characteristics of subjects according to glycaemic control 
Variable Good glycaemic control Poor glycaemic control 

Age 42±12 49±11 
Male 36% (23) 51% (53) Gender 

 Female 64% (41) 49% (51) 
Duration of diabetes 6.4±0.5 7.5±4.6 
Fasting blood sugar 124.5±20 198±67 
Random blood sugar 217±53.6 288±93.23 
Hba1c 6.4±0.5 9.5±2.1 
Total cholesterol 191.79±47.13 193.05±44.07 
LDL 118.71±32.1 119.19±34.57 
HDL 42.31±14.69 35.59±12.01 
Triglyceride 172.82±53.53 194.6±86.71 
Vitamin D level 17.2±7.8 11.7±7 

Deficient 71.4% (45) 86.5% (90) 
Insufficient 19% (12) 10.5% (11) 

Vitamin D3 levels 
 

Sufficient 9.5% (6) 3% (3) 
Yes 64% (41) 74% (77) Presence of complications 
No 36% (23) 26% (27) 

Oral only 89.1% (57) 78.8% (82) 

Oral +insulin 9.45% (6) 18.3% (19) 
Type of therapeutic agent 
 

Insulin only 1.6% (1) 2.9% (3) 

Table-2: Characteristics of subjects according to vitamin D status 
Variable Deficient Insufficient Sufficient 

Age (years) mean± SD 46.1±12 47±11 52.7±14.5 
Male %(number) 42.2% (57) 47.8 (11) 77.8 (7) Gender 

 Female %(number) 57.8% (78) 52.2 (12) 22.2 (2) 
Duration of diabetes (years) mean±SD 7.3±4.4 5.9±4.5 6±3 
Fasting blood sugar (mean±SD) 179±66 141.7±44.7 112.3±25.3 
Random blood sugar (mean±SD) 274.6±84 217±88.8 168.6±28 
Hba1c ( mean±SD) 8.6±2.3 7.76±2.1 6.4±1 
Total cholesterol (mean±SD) 200±42 170±45 146±37.7 
LDL ( mean±SD) 122±32 112±38 98±32 
HDL ( mean±SD) 38±14 40.5±12 34.66±6.4 
Triglyceride ( mean±SD) 195±79 149±46.5 151.77±57 
Vitamin D level (mean±SD) 10.76±4.3 22.78±2.1 35.5±3.7 

Satisfactory % (number) 33.3 (45) 52.2 (12) 66.7 (6) Glycaemic control 
 Unsatisfactory % (number) 66.7 (90) 47.8 (11) 33.3 (3) 

Yes % (number) 69.9 (94) 78.3 (18) 55.6 (5) Presence of complication 
 No % (number) 30.4 (41) 21.7 (5) 44.4 (4) 

Oral only %(number) 14.8 (20) 17.4 (4) 11.1 (1) Type of therapeutic 
agent Oral +Insulin % (number) 83.7 (113) 73.9 (17) 88.9 (8) 

Table-3: Relationship of vitamin D status with lipid profile indices 
Vitamin D status 

Lipid profile Deficient 
percentage(number) 

Insufficient 
percentage(number) 

Sufficient 
percentage(number) 

p-value 

<200 37.3 (50) 73.9 (17) 88.9 (8) Total cholesterol 
>200 62.2 (84) 26.1 (6) 11.1 (1) 

0.00 

<130 24.4 (33) 34.8 (8) 66.7 (6) LDL 
>130 74.8 (101) 65.2 (15) 33.3 (3) 

0.019 
 

<40 63.6 (84) 47.8 (11) 77.8 (7) HDL 
>40 36.4 (48) 52.2 (12) 22.2 (2) 

0.69 

<150 26.1 (35) 56.5 (13) 55.6 (5) Triglyceride 
>150 73.3 (99) 43.5 (10) 44.4 (4) 

0.005 
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DISCUSSION 

Type 2 diabetes is responsible for more than 90% of 
all cases of diabetes in most countries and therefore the 
major health burden worldwide is because of the rising 
prevalence of type 2 diabetes mellitus.14 The 
increasing prevalence of obesity, diabetes mellitus, 
hypertension, dyslipidaemia and cardiovascular 
disease in the developing countries reflect urbanization 
and change of lifestyle in these countries.15  Metabolic 
abnormalities manifest systemically as the 
complications of diabetes mellitus with macro and 
microvascular involvement.16 The best known 
metabolic effect of diabetes mellitus is hyperglycaemia 
which occurs as a result of disturbed carbohydrate 
metabolism. Many risk factors are associated with it. 
Cardiovascular disease is an important cause of 
mortality and morbidity in patients who have diabetes 
mellitus.17 

In our study we have researched the 
association between glycaemic control and its effect on 
the lipid profile. We have also clarified the relationship 
between low vitamin D levels and lipid profile. 
Dyslipidaemia was seen in a majority of patients in our 
study. These lipid abnormalities were greater in 
patients with unsatisfactory glycemic control. The 
dyslipidaemia was also significantly associated with 
hypovitaminosis D. Dyslipidemias should be treated in 
the patient with type 2 diabetes mellitus. The treatment 
will include lifestyle modification, better glycemic 
control, pharmaceutical therapy directed against the 
abnormal lipid fraction and interestingly maybe 
vitamin D supplementation. The increased 
atherogenicity of dyslipidaemia in diabetes may well 
be due to its multifactorial causation. 

Longer duration of diabetic illness and lack of 
medication compliance are considered important 
factors responsible for poor glycemic control in type II 
diabetics. Uncontrolled DM was frequently noted in 
our patients. Our study compared patients with type 2 
diabetes mellitus having good or poor glycaemic 
control. It shows that patients with diabetes who had 
poor glycaemic control as defined by a HbA1c of more 
than 7.0 have higher total cholesterol, LDL cholesterol, 
and triglycerides; and lower HDL cholesterol than 
patients who had a good glycemic control. 

Prevalence of dyslipidemia in type II 
diabetics is variable. Some form of dyslipidaemia was 
noted in at least 49% of type 2 diabetics in an Iranian 
study.13 While 94% of diabetic patients in a Pakistani 
study which evaluated dyslipidaemia in type 2 
diabetics revealed dyslipidaemia.14 Most common 
pattern of dyslipidaemia in type 2 DM is elevated 
triglyceride level, decreased HDL cholesterol levels, 
and a preponderance of smaller and denser LDL 
particles.15,16    

Some studies have shown that increased triglyceride 
levels along with high LDL cholesterol and low levels 
of HDL are all associated with diabetes mellitus and 
these play an important role in development of 
atherosclerotic plaques. In a local study high 
triglycerides, low HDL, high total cholesterol and high 
LDL cholesterol were seen in the given order of 
prevalence in diabetic patients. Similar results are seen 
in other studies.14  

In our population people do not take their 
health seriously especially chronic illnesses which 
require long-term lifestyle modification and 
medication. This needs motivation on the patients’ part 
and re-enforcement of health education regarding their 
illness on the health personnel’s part. Almost 62% of 
the subjects in our study had poor glycaemic control. 
Poor glycaemic control. In studies from Saudi Arabia, 
Jordan, and Kuwait 73%, 65.1%, and 66.7% patients 
respectively had poor glycaemic control. Similar 
figures have been noted in studies conducted in UK as 
well.17 

Association between atherogenicity in plasma 
with HbA1c is already known. Correlation exists 
between glycemic control and dyslipidemia in type 2 
DM patients. In local studies dyslipidemia were more 
frequent in poorly controlled diabetics compared to 
diabetics with good glycemic control.18 

Vitamin D has garnered a lot of attention 
recently because of its role in many disease processes. 
Vitamin D deficiency is a common phenomenon 
worldwide. It has been found to be deficient in 55–
80% of the population in different regions of the 
world. Vitamin D deficiency has been observed in 
regions which receive less sunlight especially 
extremes of the hemispheres, but has also been 
observed in tropical regions. Other factors which 
contribute to its deficiency are an increasing age, 
darker skin tone, air pollution, use of sunscreen and a 
sedentary indoor lifestyle, increased body coverings, 
obesity, malnutrition, malabsorption, renal and 
hepatic diseases and use of certain drugs like steroids, 
antiepileptic and certain antiviral drugs.8–10 

Many studies have highlighted the role of 
vitamin D in multiple cardiovascular risk factor 
development. Its role development of type 2 diabetes 
mellitus, metabolic syndrome and hypertension and 
coronary heart disease are well-documented.  

The role of vitamin D in diabetes mellitus is 
also well-documented. Its deficiency increases the 
risk of development of type 2 diabetes mellitus and 
worsens glycaemic control through beta cell 
dysfunction and insulin resistance. These effects are 
produced through its action on calcium metabolism 
and vitamin D receptor activation which are present 
on pancreatic beta cells, liver cells and adipocytes.19 
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In our study the levels of vitamin D in type 2 diabetic 
patients was found to be deficient or insufficient in a 
large majority of cases (80.4% and 13.7% 
respectively). We observed no significant 
relationship between low 25-hydroxyvitamin D levels 
and subjects with gender, duration of diabetes, 
presence of diabetic complications or the anti-
diabetic agent being used, while glycaemic control 
and presence of dyslipidaemia was significantly 
associated vitamin D deficiency. Another local study 
has shown a significant relationship of 
hypovitaminosis D with a higher a mean serum 
glucose level.20 

A European study revealed hypovitaminosis 
D related significantly to prevalence of type 2 
diabetes and poorer glycaemic control in the study 
population.21 

Total cholesterol levels show a markedly 
significant relationship to hypovitaminosis D in 
diabetic patients in our study, this is similar to an 
Indian study where the mean total cholesterol was 
higher in participants who had deficient vitamin D 
than in those subjects who were sufficient in vitamin 
D. Similar results have been obtained in Europe, 
North America and Asia.6,12  Our study showed no 
association of HDL with serum 25-hydroxy vitamin D 
levels. This was in contrast with an Indian study which 
showed significantly lower levels of high-density 
lipoprotein in subjects with deficiency of 25-
hydroxyvitamin D. Similar relationship was observed 
in other studies.21 

This conflicting result is not readily 
explainable. The subject population differed in the 
respect that in our study only type 2 diabetics were 
assessed. As mentioned earlier low HDL levels were 
significantly related to poor glycaemic control (p-

value<0.01). But when analysed with relationship to 
vitamin D levels HDL was higher in patients with 
insufficient vitamin D. This may be because total 
cholesterol and LDL are related to increase BMI while 
HDL has more of an association with physical activity. 
Patients with a high BMI have a higher body fat 
content. Obesity is directly related to hypovitaminosis 
D as it is postulated that vitamin D being a fat-soluble 
vitamin may be sequestered in the fat compartment of 
the body. Thus, both total cholesterol and LDL 
cholesterol will be high in patients with 
hypovitaminosis D. 

The LDL fraction of lipid profile also 
significantly related to low vitamin D levels in our 
study. This finding is supported by the results of other 
studies.21 

We also found a significant relationship 
between deficiency of 25-hydroxyvitamin D and high 
triglycerides. This finding is duplicated in other 
studies.12 Two main mechanisms have been postulated 
to be responsible for hypertriglyceridemia associated 
with vitamin D deficiency. Firstly, vitamin D leads to 
increase in serum calcium by enhancing intestinal 
calcium absorption. This process will then lead to 
reduction in serum triglycerides through decreased 
production of triglycerides from the liver.  Second 
mechanism could be that vitamin D has a suppressive 
effect on serum PTH concentration. As plasma post 
heparin lipolytic activity is reduced by elevated PTH 
concentration, low serum PTH may reduce serum 
triglycerides due to increased peripheral removal. 
Apart from the above, two other mechanisms have also 
been implicated. Vitamin D may regulate triglyceride 
metabolism by causing the expression of VLDL 
cholesterol receptors in some types of cell resulting in 
removal of triglycerides from the circulation. 

Satisfactory diabetic control and treatment of 
dyslipidaemias associated with diabetes will lead to 
reduction of risk of development of coronary artery 
disease. Supplementation with vitamin D can help in 
achieving these goals. 

CONCLUSION 

Keeping in view the high prevalence of 
hypovitaminosis D in the diabetic population under 
review multiple metabolic abnormalities were 
associated with it. There was an inverse 
relationship of different fractions of lipid profile 
with vitamin D levels.  

Dyslipidaemia was also associated with 
unsatisfactory glycaemic control in our patients. In 
order to control and prevent the complications of 
diabetes mellitus a multipronged and tailored 
management is required for every diabetic patient. 
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