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Introduction:

 Diabetes mellitus is a group of metabolic disorders 

characterized by chronic hyperglycemia with 

disturbances in carbohydrate, fat and protein metabolism 

resulting from defects in insulin secretion, insulin action 
[1]

or both.  The chronic hyperglycemia is associated with 

microvascular and macrovascular complications 

including coronary artery disease (CAD), retinopathy, 

nephropathy and neuropathy. The number of diabetic 

patients is increasing worldwide, including in India 
[2]where cases reached 74 million in 2021,  and are 

expected to reach 93 million by 2030 and 125 million by 

2045. The World Health Organization (WHO) projects 

that diabetes will be the seventh leading cause of death in 
[3]2030,  with the number of worldwide diabetics reaching 

[2]
643 million from the current estimate of 537 million.

 Lipid metabolism disorders are more frequent in 

diabetic patients and it is aggravated by the presence of 

hyperglycemia and insulin resistance. One study showed 

that the prevalence of dyslipidemia in diabetes mellitus 
[4 ]patients is 95%.  Even in non-diabetics, FBS 
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Abstract:

 Introduction: The number of diabetes cases are rising globally along with comorbidities like hypertension and 

dyslipidemia. Objectives: To estimate the prevalence of dyslipidemia and hypertension in type 2 diabetes (T2DM) 

patients of Valsad, Gujarat, India. Methods: This is a cross-sectional study of total 62 blood samples of T2DM 

patients selected by convenience sampling which analysed fasting blood sugar (FBS), postprandial blood sugar 

(PP2BS), cholesterol, triglyceride (TG) and high-density lipoprotein (HDL) using standard methods at a tertiary care 

hospital of Valsad. Low density lipoprotein (LDL) and very low-density lipoprotein (VLDL) were also estimated 

using Martin-Hopkins and Friedewald equations respectively. Results: In the study participants, 11.29% had neither 

hypertension (HTN) nor dyslipidemia, 64.52% had HTN, 77.42% had dyslipidemia and 53.22% patients had HTN 

and dyslipidemia along with diabetes. Conclusion: Results suggest a high prevalence of dyslipidemia and HTN in 

study subjects. Early screening and administration of lipid-lowering agents are required in these patients.
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concentration and glycated haemoglobin (HbA1c) are 
[5]

associated with the risk of vascular disease.

 Out of more than 75,000 individuals having T2DM 

in the Swedish National diabetes register, 37% to 38% 
[6]

had untreated hypertriglyceridemia.  Higher levels of 

fasting TG are associated with higher levels of glucose, 
[7]HbA1c, insulin and mortality risk.  Improved glycemic 

control decreases circulating VLDL and increases LDL 

catabolism by reduced glycation and upregulation of 

LDL receptors, thus reducing cholesterol and TG levels 
[8]

and having a favourable effect on lipoprotein levels.

 Like dyslipidemia, HTN is also a common disease 
[9]

that coexists with diabetes at a greater frequency;  it is 

more than thrice as frequent in those with diabetes than in 

those without. The reasons for the development of HTN 

in diabetics are inappropriate activation of renin-

angiotensin-aldosterone system and sympathetic 

nervous system, endothelial dysfunction due to 

excessive reactive oxygen species production and 

mitochondrial dysfunction, inflammatory cytokines 

which impair insulin metabolic signalling and reduce 

insulin mediated nitric oxide production, increased 

circulating extracellular vesicles and their micro RNAs, 

and upregulation of sodium-glucose cotransporter 2 

causing increased glucose reabsorption from proximal 
[10]

tubule.

 The impact of diabetes, dyslipidemia and HTN is 

thought to be additive in their contribution towards CVD 
[11]events.  Thus, the combination of any of these diseases 

should be taken more seriously. It is also concerning that 

the combination of these three diseases has been 
[12]

rising.  India has the largest number of diabetes cases 

after China and this will continue to rise in the coming 

decades. Early detection and proper management of 

dyslipidemia in diabetic patients will help in the 

prevention of related complications. There is very little 

data available on the prevalence of dyslipidemia and 

diabetes from the Indian subcontinent, that available 

being mainly from the South Indian urban population 
[13,14]

and some from the North Indian urban population.  At 

present, there is a need for regional studies investigating 

diabetic dyslipidemia. Such studies in diabetic patients 

of South Gujarat could not be found. Therefore, the 

present study is an attempt to bridge this gap with the aim 

to detect the prevalence and pattern of dyslipidemia 

among diabetics in a district of South Gujarat.

Methods:

 It was a cross-sectional study of 2 months which 

included 62 known or newly diagnosed T2DM cases 

selected by convenience sampling, attending medicine 

outpatient department (OPD) of Gujarat Medical 

Education and Research Society (GMERS) Hospital at 

Valsad between July 2022 to September 2022. 

Institutional Human Ethics Committee clearance was 

obtained prior to the initiation of the study. Study 

participants were enrolled according to inclusion criteria 

and informed consent (verbal and written) was obtained 

from them before documentation. Detailed history was 

taken, and clinical examination was done for all enrolled 

patients. Anthropometric measurements (weight, height, 

waist circumference, hip circumference) were taken 

using standard methods. Blood pressure was measured 

with a mercury sphygmomanometer in a sitting position 

after 5 minutes of rest. A fasting blood sample was 

collected for serum lipid profile and FBS investigation 

after 10 hours of an overnight fast. Again, patients were 

called after 2 hours of lunch for PP2BS analysis . Serum 

cholesterol, serum TG and serum HDL levels were 

measured by Trinders method, glycerol phosphate 

oxidase Trinders method and direct enzymatic method 

respectively. The laboratory tests and their sample 

collection were done at the same hospital and no charges 

were levied on the participants. Serum LDL was 

calculated by Martin-Hopkins novel equation using a 

free, online access, automated Excel-based calculator 

developed by Johns Hopkins Medicine and serum VLDL 
[15-17]

was estimated using the Friedewald equation.  Cut-

off normal values for individual lipid levels and blood 

pressure were taken as per the National Cholesterol 
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Education Program (NCEP) Expert Panel on Detection, 

Evaluation and Treatment of High Blood Cholesterol in 
[18]

Adults (Adult Treatment Panel III) (ATP III).  

American Diabetes Association criteria for the treatment 

of diabetes (fasting plasma glucose >126 mg/dl or 

postprandial glucose >200 mg/dl for two consecutive 

visits i.e., current and previous) were used to divide the 
[1]patients into controlled and uncontrolled groups.  

Patients having a body mass index (BMI) of more than 
223 kg/m  were considered to be overweight by WHO 

[19]criteria for the Asian population.  For evaluating the 

effect of antidiabetic medication patients were divided 

into three groups viz., newly diagnosed, patients on 

metformin and patients on metformin with other blood-

sugar-lowering agents which included sulfonylureas, 

voglibose, teneligliptin and insulin. These other agents 

are collectively referred to as “others” in the treatment 

group section of  Table 1.

Inclusion criteria

•� Cases of T2DM of either sex who attended the 

medicine OPD during the study period.

Exclusion criteria

•� T2DM patients with a history of or diagnosed with 

CAD, cerebrovascular accidents and other chronic 

systemic or metabolic disorders during enrolment.

•� T2DM patients already taking lipid-lowering drugs 

or any other drug which can affect plasma lipid levels 

like oral contraceptive pills, steroids and diuretics.

Statistical analysis

 Raw data calculation and statistical analysis by 

LibreCalc Version: 7.3.4.2 (Windows x64) / Libre Office 

Community.

 The p-value was calculated using one-way analysis 

of variance (ANOVA). The results were presented as 

mean ± standard error. Statistical significance was 

considered at the level of p < 0.05.

Results:

 The prevalence of dyslipidemia in the studied 

diabetic population was 77.42% (n = 48) and the 

prevalence of HTN was 64.52% (n = 40) (Figure 1). The 

mean age of the study population was 54.02 ± 10.78 

years (male: 54.94 ± 11.2 and female: 52.82 ± 10.29). 

The mean duration from the first diagnosis of diabetes 

for the study patients was 6.83 ± 5.96 years. (Table 1). 

The mean BMI of the study population was 24.86 ± 6.24 
2

kg/m  (male: 24.17 ± 5.16 and female: 25.76 ± 7.42). The 

mean systolic blood pressure of all patients was 124.45 ± 

16.32 mmHg and diastolic was 79.22 ± 10.3 mmHg. The 

mean systolic blood pressure of hypertensive patients 

was 131.9 ± 13.14 mmHg and diastolic was 82.35 ± 

11.06 mmHg.

Figure 1. Venn diagram of dyslipidemic and hypertensive diabetics (n = 62)
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Note. *Values were calculated by subtracting the average of the corresponding deranged group from recommended 

values and then finding their percentage relative to the recommended values.

Serum Lipid Mean ± SD Abnormal value Deranged Relative residuals from recommended

  (mg/dl) (mg/dl) lipid level n (%)  values of  dyslipidemic*

Cholesterol 172.44 ± 27.30 >200 10 (16.13) 9.35%

Triglycerides 116.03 ± 25.69 >150 8 (12.90) 9.747%

HDL 43.74 ± 5.75 <40 12 (19.35) 10.8%

LDL 106.79 ± 21.25 >100 42 (67.74) 17.48%

VLDL 23.21 ± 5.14 >32 5 (8.06) 29%

Table 2. Serum lipid levels of Diabetic Patients.   (n = 62)
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Table 1: Characteristics of Study Participants (n = 62)

Note. *Other includes sulfonylureas, voglibose, teneligliptin and insulin

Characteristic Number of patients Dyslipidemia Hypertension

  n (%) n (%) n (%)

Age (years)

 <45 14 (22.58) 10 (71.43) 7 (50)

 46-60 31 (50) 24 (77.42) 20 (64.52)

 >60 17 (27.42) 14 (82.35) 13 (76.47)

Gender

 Male 35 (56.45) 25 (71.43) 25 (71.43)

 Female 27 (43.55) 23 (85.19) 15 (55.56)

Locality   

 Urban 40 (64.52) 30 (76.92) 26 (65)

 Rural 22 (35.48) 18 (78.26) 14 (63.64)

Control of diabetes   

 Controlled 16 (25.81) 10 (62.50) 12 (75)

 Uncontrolled 46 (74.19) 38 (82.61) 28 (60.87)

Obesity   

 Overweight (BMI >23) 39 (62.90) 30 (76.92) 26 (66.67)

 Non-overweight (BMI<23) 23 (37.10) 18 (78.26) 14 (60.87)

Hypertension   

 Hypertensive (>130/85) 40 (64.52) 33 (82.50) 

 Normotensive (<130/85) 22 (35.48) 15 (68.18) 

Dyslipidemia   

 Dyslipidemic 48 (77.42)  33 (68.75)

 Nondyslipidemic 14 (22.58)  7 (50)

Duration of diabetes (years)   

 <2 18 (29.03) 14 (77.78) 12 (66.67)

 >5 15 (24.19) 12 (80.00) 11 (73.33)

 >10 14 (22.58) 10 (71.43) 7 (50)

 >10 15 (24.19) 12 (80.00) 10 (66.67)

Treatment group   

 Newly diagnosed 15 (24.19) 11 (73.33) 10 (66.67)

 Metformin 7 (11.29) 5 (71.43) 4 (57.14)

 Metformin + others* 40 (64.52) 32 (80) 26 (65)
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Discussion:

 The obtained results indicate a very high prevalence 

of dyslipidemia in the Gujarati diabetic study 

population, similar to reports from America where they 

noted an overall prevalence of lipid abnormalities of 
[20]70% among diabetic patients.  A multinational 

multicentric study of 28 countries from Asia, Europe, 

Central America, South America and North America, 
[21]

reports that around 30% of diabetics had dyslipidemia.

 The findings of this study were consistent with those 
[14] [22]

of Pandya H. et al.  and Borle A. et al.  who found the 

prevalence of dyslipidemia to be 82.5% and 86% 

respectively. A higher prevalence of dyslipidemia was 

observed due to the fact that many patients had 

uncontrolled diabetes which was reflected by their 

elevated blood sugar levels. The most prevalent lipid 

abnormality in diabetic patients in this study is high 

LDL, followed by low HDL, hypercholesterolemia and 

hypertriglyceridemia. These patterns were not quite 

surprising because of similar trends in previous 
[23,24]studies.  There was a slightly greater prevalence of 

dyslipidemia in females than males which was in 

agreement with a retrospective study in Kolkata 

involving 150 diabetic patients and other Indian as well 
[23-25]

as international studies.  Prevalence of dyslipidemia 

increased with ageing, though it was not as steep 
[26]

compared to a study of the Nepalese population.  It was 

observed that dyslipidemia prevalence in diabetics was 

almost the same irrespective of its duration.

 Similar trends were seen in HTN. According to 

previous literature, HTN and diabetes are strongly 
[27]

associated with the elderly age group.  The prevalence 

of HTN is comparable to a study conducted in Punjab 

which showed that 60% of diabetics had raised blood 
[28]pressure.  The prevalence of HTN in diabetes found in 

the present study falls in the range reported by African 
[29,30]studies, theirs being 50% to 70%.  According to a 

systematic review, the rates of HTN among diabetics in 
[31]

Asia were at or above 70% which is close to this study.  

A greater prevalence of HTN is observed in males which 

is in concordance with a retrospective cohort involving 

the original and offspring diabetic subjects from the 
[32]

Framingham Heart Study.

 Interestingly, comparable dyslipidemia and HTN 

were seen in both overweight and non-overweight as 

well as in urban and rural populations.

 The lipid profile of the metformin-taking group was 

expected to be near optimal values, but it was not so. This 

might be due to less number of patients in the metformin 

group as compared to other groups. Large sample and 

baseline values are required for better comparison.

Conclusion:

 From this study, it can be concluded that 

dyslipidemia and HTN are prevalent respectively in 

77.42% and 64.52% of the diabetics of Valsad. 

Particularly, those who are older than 60 years of age 

have lower HDL than younger ages. Therefore, early 

screening of diabetics for dyslipidemia is highly 

imperative. 

Limitations:

 Parameters of non-diabetics were not collected due 

to which comparison with baseline characteristics was 

not possible. Sample size in this study was quite less. 

Moreover, patients taking different classes of blood 

sugar lowering agents were all grouped as one. These 

findings are not representative of the entire population 

and hence should not be generalised for South Gujarat as 

patients were selected by convenience sampling. Despite 

above mentioned limitations, this study was conducted 

as per standard protocols to minimise bias.
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