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ABSTRACT
Background
Dyslipidemia is a prominent cause of morbidity and mortality worldwide and it is one of the modifiable risk factors for cardiovascular disease. The purpose of this study was to determine the prevalence of dyslipidemia. 
Methods
A total of 9989 participants of every age were enrolled in the study. Enzymatic colorimetric techniques were used to examine the serum levels of total cholesterol and triglycerides. Dyslipidemia was defined based on serum lipids levels following the standard guidelines by National Cholesterol Education Program Adult Treatment Panel III. 
Results  
Data of 9989 patients presented with signs and symptoms of dyslipidemia referred to Benazir Bhutto Hospital Rawalpindi for the Lipid profile assessment in the previous 7 years (2015-2022), were retrieved from HMIS. Of the adult subjects, 4283(44 .7%) were males and 5305 (55.3%) were females while 401(4%) were subjects under 19 years of age.  Females have significantly high concentrations of cholesterol  median (min-max) 203.25(48-1157) vs 196.95(2-924).Mann Whitney U p value= 0.0001.No significant difference was observed for the concentrations of triglycerides and distribution of age  in both genders. A highly significant difference was observed  in concentrations of cholesterol and triglycerides in different age groups.Kruskal Wallise H 145.09 p-value 0.0001,Kruskal Wallise H 17151.09 p-value 0.0001,respectively.
Conclusion
Dyslipidemia is very common.These findings imply that measures to increase public awareness are necessary to prevent and manage dyslipidemia in people.

Keywords:
 Dyslipidemia, Cardiovascular diseases,Serum lipid level, cholesterol level, concentration of triglycerides.
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CHAPTER:1
INTRODUCTION
A lipid profile is a combination of blood tests to check the levels of lipids in the blood, such as cholesterol, HDL, LDL, and triglycerides1. Lipids are composed of fats and oils, yield high energy, and are responsible for different functions within the human body2.
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Figure 1.1: Structure of Lipid

Main Plasma lipids are cholesterol, triglycerides, phospholipids, and free fatty acids. Lipids are insoluble in water and therefore are transported in plasma in combination with proteins as lipoproteins. All lipoproteins consist of protein fraction (apolipoprotein) and varying amounts of triglycerides, cholesterol, and phospholipids. 
1.1 Classification of Lipoproteins:
Based on density, lipoproteins are reclassified as:
i. Chylomicrons:
The major lipid in chylomicrons is the triglycerides and the chylomicrons transport triglycerides from the gut to tissues and liver3. Triglycerides are a type of fat found in food that a person consumes. Blood triglyceride levels that are too high are linked to pancreatic inflammation and cardiovascular disease.

ii.VLDL(Very low density lipoprotein):
The major lipid in VLDL is triglycerides4.VLDL transports triglycerides from the liver to the tissues. It is typically only found in minimal concentrations in fasting blood samples since it is derived chiefly from recently consumed meals. This form of cholesterol may indicate faulty lipid metabolism if it increases in a fasting sample
iii. IDL: ( Intermediate density lipoprotein)
The major lipid in IDL is cholesterol ester, and it transports it to the liver and tissues5.
iv. LDL: (Low-density lipoprotein)
The major lipid in LDL is cholesterol ester, which transports cholesterol to tissues. Low-density lipoprotein cholesterol is the "bad cholesterol" subtype of cholesterol. A person's risk of developing the cardiovascular disease may increase if it builds up in the blood vessels.
v. HDL:(High density lipoprotein)
It mainly consists of cholesterol esters and transports cholesterol from the tissues to the liver. The so-called "good cholesterol," or high-density lipoprotein (HDL), aids in reducing LDL buildup in the blood vessels.
About 60% of plasma cholesterol is present in LDL,25% in HDL, and a small quantity in VLDL. In a fasting state, the central part of plasma triglycerides is present in VLDL since chylomicrons are absent from plasma.
Exogenous(dietary)lipids are carried in chylomicrons to the tissues and liver7. Endogenous lipids from the liver are incorporated in VLDL, which is metabolized to LDL through IDL.HDL removes cholesterol from the tissues to the liver; hence, it has a beneficial effect. Certain enzymes modify lipoproteins, and remnants are taken up by receptors on the cell, mainly in the liver. The metabolism of lipoproteins is controlled by their protein components Apo-lipoproteins. Apo A1 in HDL and Apo B-100 in LDL fraction are important8.Lipoprotein(a) is also present in human plasma. It is not derived from previously mentioned lipoproteins but is synthesized in the liver. It is similar in size but denser than LDL. It has cholesterol ester as a significant lipid and is an independent risk factor for ischemic heart disease. High serum levels of LDL and possibly VLDL are associated with premature atherosclerosis and an increased risk of ischemic heart disease9. High serum levels of HDL are a negative risk factor and low levels are associated with an increased risk of ischemic heart disease.
Hyperlipidemia means a high level of lipids in the blood. It may be primary or secondary to other diseases like diabetes mellitus, hypothyroidism, nephrotic syndrome, etc .10. The nature of a lipoprotein abnormality can usually be determined by plasma cholesterol and triglyceride concentrations, as shown in the table below11. In primary hyperlipidemia, it may be necessary to define the lipoprotein abnormality for treatment. Different genetic defects may result in similar lipoprotein abnormalities.

Table 1.1: Different Lipoprotein Abnormalities
	Type

	Electrophoretic pattern
	Lipoprotein
Increased
	Lipids
Increased

	I
	Increased Chylomicrons
	Chylomicrons
	Triglycerides

	IIa
	Increased β-lipoproteins
	LDL
	Cholesterol

	IIb
	Increased pre- β and  βlipoproteins
	VLDL and IDL
	Cholesterol and Triglycerides

	III
	‘Broad β’ band
	IDL

	Cholesterol and Triglycerides

	IV
	Increased pre-β lipoprotein
	VLDL
	Triglycerides

	V
	Increased pre-β lipoprotein and chylomicrons
	VLDL and Chylomicrons
	Cholesterol and Triglycerides



An array of blood tests known as a lipid panel or lipid profile detect abnormalities in lipids, including cholesterol and triglycerides.
The lipid profile typically includes the following:
· Low-density lipoprotein (LDL)
· High-density lipoprotein (HDL)
· Triglycerides
· Total Cholesterol
By using the values of the above parameters, lab technologists can also calculate the following:
· Very low-density lipoprotein
· Cholesterol: HDL (Ratio)

So, The lipid profile tests are of 7 types:
· Total lipids
· Serum total cholesterol
· serum HDL cholesterol
· Total cholesterol/HDL cholesterol ratio
· Serum triglycerides
· Serum Phospholipids
· Electrophoretic fractionation to determine the percentage of
· (a) Chylomicrons
· (b) LDL
· (c) VLDL
· (d) HDL
This test's results can be used to identify specific hereditary diseases and estimate the risks of developing cardiovascular disease, some types of pancreatitis, and other disorders. Lipid panels are typically ordered in combination with other panels, such as the complete blood count (CBC) and basic metabolic panel(BMP), as part of a physical examination12.
Following are the typical ranges of the lipid components present in the blood of an adult. The unit of measured Cholesterol levels is mg/dL. 
Table 1.2: Typical ranges of Lipid components in Adults by National Cholesterol Education Program Adult Treatment Panel
	Cholesterol Component
	Normal
	Borderline
	Unhealthy

	Total serum cholesterol
	< 200mg/dL
	200-239 mg/Dl
	>240 mg/Dl

	HDL
	> 60 mg/dL
	50-60 mg/Dl
	<40 mg/Dl

	LDL
	<100 mg/dL
	130-159 mg/Dl
	160-189 mg/Dl

	Triglycerides
	< 150 mg/dL
	150-199 mg/Dl
	200-499 mg/Dl

	VLDL
	5-40mg/dL
	40- 49 mg/Dl
	>50 mg/Dl

	Total cholesterol: HDL
	4:1 (optimal)
	4:1 – 5:1
	>5:1




The normal ranges of lipid components observed in children are as follows:
Table 1.3: Typical ranges of Lipid components in Children National Cholesterol Education Program Treatment Panel

	Cholesterol type
	Acceptable
	Borderline
	Unhealthy

	Total cholesterol
	< 170 mg/dL
	170-199 mg/dL
	>200 mg/Dl

	HDL
	>45 mg/dL
	~35-45 mg/dL
	< 35mg/Dl

	LDL
	<100 mg/dL
	100-129 mg/dL
	>130 mg/Dl

	Triglycerides
	<150 mg/dL
	150-199 mg/dL
	>200 mg/Dl



Disturbances in cholesterol and triglycerides are referred to as dyslipidemia. Dyslipidemia is a risk factor for many diseases, such as cardiovascular disease and pancreatitis13.  
As it's the era of modernization, most of the work done by hand in the past has been replaced with machines. And due to the modern lifestyle, people's attitudes towards physical activity and exercise are almost negligible, and they are getting obese daily. And obesity is the leading cause of dyslipidemia.
There is a significant difference in total cholesterol levels between people who do physical exercise and who do not do any physical activity16. As males exercise more than females, high-density lipoprotein cholesterol levels were higher in males than in females. Obesity and being overweight are the risk factors for hypercholesterolemia and hypertriglyceridemia17. Hypolipidemia develops in increasing frequency with severe COVID-19 disease18. It inversely correlates with levels of acute-phase reactants, indicating SARS-COV-2 as the causative agent for lipid and thyroid levels alteration.
Higher blood lipids are linked to smoking and alcohol consumption19. While a diet high in vegetables is associated with lower blood lipids and glucose, physical exercise is associated with lower blood lipids. It has been seen that various disturbances in cholesterol and triglyceride levels cause many diseases, including subclinical hypothyroidism, cardiovascular diseases, liver diseases, obesity, psychiatric disorders, and pancreatitis. Lipid profile screening is also helpful in detecting genetic disorders such as familial hypercholesterolemia, which can be lethal if not treated early20.
1.2 Risks associated with High levels of lipids :
Lipids are essential for our health. However, consuming an excessive amount of them can increase the risk of developing diseases, including liver disease and heart disease. Complications of hyperlipidemia include coronary heart disease, acute coronary syndrome, heart attack, stroke, peripheral arterial diseases, diabetes, and high blood pressure.
LDL cholesterol accumulation can narrow the arteries (atherosclerosis). These "clogs" can make the artery's opening smaller and cause a heart attack or stroke. High LDL levels are associated with diets high in saturated fats, which include deep-fried foods, processed foods, cheese, fatty or processed meats, cream-based sauces, and cheese.21
The leading cause of death in the US is cardiovascular disease22. According to estimates from the World Health Organization (WHO), 17.9 million individuals worldwide pass away from cardiovascular disease each year.
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                              Figure 1.2: Diseases associated with Dyslipidemia
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                                              Figure1.3: Atherogenic Dyslipidemia
1.3 Prevalence of high cholesterol in Pakistan :
Dyslipidemia is the critical factor contributing to the increased prevalence of CHD in South Asians23. In  Pakistan, high cholesterol is a serious lifestyle illness. It is a sign of several deadly conditions24. 
According to the most recent figures, one person in  Pakistan dies from a heart attack every 33 seconds25. It has been noted that the probability of dying from a heart attack (in young demographics) rises by 200% for every 40 points higher cholesterol levels26.
Currently, 72% of  Pakistanis have low levels of good cholesterol, and over 75% have dangerous cholesterol levels27.
                                  [image: ]
                                              Figure 1.4: Mortality by cause of death 

CHAPTER: 2
LITERATURE REVIEW
Lipids are organic compounds that contain hydrogen, carbon, and oxygen atoms, which form the framework for the structure and function of living cells. All living cells are made up of lipids, which are important for numerous bodily processes. Lipids aid in hormone regulation, nerve impulse transmission, organ cushioning, and the storage of energy in the form of body fat.
The three main types of lipids are Phospholipids, sterols (which include the many types of cholesterol), and triglycerides (which make up more than 95% of the lipids in food)28.
A lipid profile is a combination of blood tests performed to check the cholesterol levels and the level of triglycerides in the blood.This is done to access different diseases. The study of lipid profiles and their implications in adults is an interesting area that requires to be explored in recent times. Hyperlipidemia can be associated with cardiovascular diseases, nephrotic syndrome, obesity, and hypertension. Awareness is the first step in lifestyle modification.
                            [image: ]
                                     Figure2.1:Components of Lipid Profile Test

2.1 Hyperlipidemia:
Hyperlipidemia is a very big health issue worldwide. The prevalence of hyperlipidemia is increasing in developed as well as developing countries. Hyperlipidemia incidence and prevalence is increasing in Pakistan due to change in the lifestyle of the Pakistani people. Hyperlipidemia is a major risk factor for cardiovascular disorders. Cardiovascular disorders are the leading cause of death in Pakistan. Hyperlipidemia has high mortality and morbidly because it is the major risk factor for developing stroke and cardiovascular disorders.
2.2 Dyslipidemias and cardiovascular disorders:
Blood lipid levels are modifiable risk factors for atherosclerosis and CHD. It has been observed that many lipid/lipoprotein abnormalities are prevalent in obesity and heart problems, collectively termed as dyslipidemia, however, these dyslipidemias are often hyperlipidemia wherein a majority of lipids are shifted towards the upper limits of range or higher than the range. Owing to the recent modernization of the lifestyle and availability of transportation means combined with a unique ethnicity have resulted in the high prevalence of metabolic disorders in Pakistan like the rest of the world. This not only affects daily activities, work performance, and social interactions but also poses a huge healthcare burden. Dyslipidemia is the principal cause of the excess burden of CAD in South Asians, which is characterized by increased levels of apolipoprotein (apo) B, TG, Lipoprotein Lp(a) and LDL-C, and low levels of HDL-C and apoA129. The liberal use of saturated and trans fats in daily cooking especially curry-based cuisines and extensive deep frying along with lack of physical activity is one the profound features of Pakistani culture, thus leading to raised lipid levels.
Previous studies in our population have provided diverse results; Jafar et al. reported high TG levels in 34.5%  .Kayani et al. documented 10%  and Khan et al. found 16% of all study subjects had raised cholesterol levels. In 2011, a study in Lancet reported the mean TG levels in Asians were not the highest but they were continuously on the rise owing to the epidemiological transition towards urbanization30.
2.3: Dyslipidemias and diabetes mellitus:
Dyslipidemia is one of the major risk factors for cardiovascular disease in diabetes mellitus. The characteristic features of diabetic dyslipidemia are a high plasma triglyceride concentration, low HDL cholesterol concentration, and increased concentration of small dense LDL-cholesterol particles. The lipid changes associated with diabetes mellitus are attributed to increased free fatty acid flux secondary to insulin resistance. 
 Lipid abnormalities constitute the risk factor for cardiovascular diseases. The global prevalence of various metabolic disorders, including dyslipidemia, is continuously rising at an alarming rate. Different prevalence patterns of lipid abnormalities have been reported in various countries. Uncontrolled hyperglycemic conditions also contribute to the alteration in lipid metabolism, thus posing a great risk for developing cardiovascular events. Dyslipidemia (hypertriglyceridemia being at its highest—61.9%) was observed to be higher among the Arabs with a poorly controlled glycemic status similar findings were observed in the Pakistani population.About 63% of the local subjects had shown lipid derangements. Among the varying lipid parameters, low HDL-C was observed to be frequent (17.3%). The high frequency of varying lipid parameters presents an independent risk factor for cardiovascular pathologies.Various epidemiological studies have shown a strong association between lipid variations with cardiovascular disease risk. Hypercholesterolemia and other lipid derangements have been established as significant risk factors for cardiac events and stroke. According to WHO reports, this outcome can cause 2.6 million deaths per year globally.
Several factors can cause lipid derangements, including diabetes (T2DM), hypertension, obesity, and family history. Dietary patterns, lifestyle, and various metabolic disorders can also constitute the onset of dyslipidemia.Insulin resistance has an impact on lipid metabolism modification. Generally, clinicians consider dyslipidemia as a late-onset complication of diabetes.A local study showed the presence of disturbed lipid profiles in newly diagnosed as well as known diabetics. Dyslipidemia alone and in diabetes is a risk predictor for the progression of CVDs. The growing number of individuals with deranged lipids is a matter of health concern. The earlier screening of lipid abnormalities in populations with and without hyperglycemic status might serve as an effective health management strategy. This can be achieved with the timely identification of lipid variations and the effective execution of lifestyle modification.






CHAPTER: 3
AIMS & OBJECTIVES
· The present study aims to evaluate the serum levels of Cholesterol and Triglycerides over the past 7 years in subjects presented to the Chemical pathology lab at Benazir Bhutto Hospital, Rawalpindi referred.
· To determine the trends of dyslipidemia among all age groups.














CHAPTER: 4
MATERIALS AND METHODS:
4.1 STUDY DESIGN:
[bookmark: STUDY_PERIOD:][bookmark: _bookmark8]Retrospective study
4.2 STUDY PERIOD:
03 months after the approval of the Research Proposal
4.3 SAMPLING TECHNIQUE:
Consecutive Non-Probability Sampling
4.4 SAMPLE SIZE:
A total of 9989  subjects were included in the study.
4.5 SETTING:
Clinical Chemistry lab, Benazir Bhutto Hospital, Rawalpindi.
4.6 SAMPLE COLLECTION AND EXAMINATION:
Lipid Profile data for  the year 2015-2022 was retrieved from the Hospital management information system, Benazir Bhutto Hospital 
4.7 INCLUSION CRITERIA:
All patients who were referred for lipid profile analysis.


            




METHODOLOGY:
4.8 PREPARATIONS NEEDED FOR LIPID PROFILE TEST:
1. Requires Fasting
2. Fasting samples needs to be collected after a minimum 12-14 hour overnight fasting status.
3. Clear fluids like water can be consumed during this period. Do not consume beverages like tea, coffee, and milk in the morning until specimen collection is completed.
4. In case of diabetics on oral or injectable hypoglycemic agents, please consult your physician about continuing with these medications before specimen collection."
5. You will be required to take several precautions before the test is performed. You should:-
· Not eat high-fat foods the night before 
· Not drink alcohol, and 
· Not exercise strenuously before the test
6. A doctor might ask you to fast before the test, which means that you cannot eat or drink anything except water for 9 to 12 hours before the test.
7. It is recommended to take your medicines on the morning of the test, with water. While fasting is not always necessary, it might be recommended. Doctor can inform patient about any additional precautions that will be needed to take before the test. Make sure to take history about:
· Any health symptoms or problems of the patient
· Family history of heart health
· Medications and supplements of patient 
4.9 MATERIALS REQUIRED FOR SAMPLING:
· Gloves
· Mask
· Tourniquet
· Antiseptic Solution
· 5ml disposable syringe
· Gel and Clot Activator Tube
· Cotton
4.10 BLOOD SAMPLING FOR LIPID PROFILE:
About 2 ml venous blood sample is taken in a gel tube after 8 -12 hours of fasting and allowed to clot.
4.11 SAMPLE TRANSPORTATION:
The sample was transported immediately to the lab without any further delay. In case of delay, serum was stored at -20℃.
4.12 SAMPLE PROCESSING:
4.12.1 ESTIMATION OF TOTAL CHOLESTEROL
 An enzymatic endpoint method ( CHOD-PAP) was used to estimate cholesterol.
Principle:
Cholesterol esters are hydrolyzed by cholinesterase esterase into cholesterol and fatty acids. Cholesterol is oxidized by cholesterol oxidase into cholestenone and H2O2. H202 in the presence of peroxidase reacts with phenol and 4-aminophenazone to form a red-colored substance(quinone). It was measured at 505 nm.
Specimens:
Serum or plasma stable at 2-8℃ for 7 days.
Reagents:
· Kits for the enzymatic determination of total cholesterol contain the following;
· Buffer and surfactant
· Enzymes
· The working reagent is obtained after reconstituting above mentioned and contains phosphate buffer, phenol,4 amino antipyrine, cholesterol oxidase, cholesterol esterase, and peroxidase.

Procedure:
1. Bring all the reagents, samples, and controls to room temperature.
2. Add 1.0 ml of working reagent to the tubes marked as ‘test’, ‘standard and ‘blank’.
3. Add 10 ul of serum to the tube marked ‘test’,10 ul of cholesterol standard to the ‘standard’ tube, and 10 ul of water to the ‘blank’ tube.
4. Mix and incubate for 5 minutes at 37℃ in a water bath.
5. Read the absorbance of the test and standard against the reagent blank at 505nm, after setting the instrument to zero with the blank.
6. Total cholesterol in mg/dl =Absorbance of test / Absorbance of standard *Concentration of standard.
4.12.2 HDL - CHOLESTEROL ESTIMATION
Routinely it is measured by the enzymatic method. It can also be measured by ultracentrifugation and electrophoresis.
Principle:
The chylomicrons, VLDL and LDL contained in the sample are precipitated by phosphotungstic acid in the presence of divalent cations (Mg++). The supernatant obtained after centrifugation contains HDL-Cholesterol, and it is measured by the enzymatic method.
Specimen:
Serum or plasma is stable for 7 days at room temperature.
Reagents:
The commercial kit contains:
· The precipitant solution consists of phosphotungstic acid and magnesium chloride.
· GOD-PAP reagent consisting of 4-aminophenazone, glucose oxidase, and peroxidase.
· Standard solution – 50mg/dl
Procedure:
1. Take 1 ml of precipitant solution in a centrifuge tube.
2. Add 0.5 ml of the serum, mix, and allow to stand for ten minutes at room temperature.
3. Then centrifuge for 10 min at 4000 rpm.
4. Label the tubes as ‘test’, ‘standard’, and ‘blank’ and pipette 1 ml of prepared working reagent in all the tubes.
5. Add 0.1ml of supernatant into the labeled ‘test’.
6. Add 0.1ml of water and standard solution to the tubes labeled ‘blank’ and ‘standard’ respectively.
7. Mix and incubate for 5 minutes in a water bath at 37℃.
8. Read the absorbance of the ‘test’ and the ‘standard’ against the reagent ‘blank’ at 500nm or 546nm.
9.HDL-C (mg/dl) = Absorbance of test / Concentration of standard * Absorbance of standard
4.12.3 NON-HDL CHOLESTEROL ESTIMATION
By subtracting HDL Cholesterol from the total cholesterol, we get the value of Non-HDL Cholesterol.
4.12.4 LDL CHOLESTEROL ESTIMATION
Routinely it is measured by enzymatic and calculation methods. But it can also be measured by ultracentrifugation and electrophoresis.
Principle:
LDL cholesterol is precipitated. The supernatant is removed by centrifugation and the precipitate is re-suspended. The LDL cholesterol is measured by an enzymatic method.
Specimen:
Serum or plasma stable for 7 days at room temperature.
Calculation:
The establishment of a formula in 1972 by Friedwald has led to the use of a calculated LDL cholesterol value. The formula is based on the assumption that VLDL is only a carrier of TG and that the ratio of triglycerides/cholesterol is constant (2.2 / 1).
LDL-Chol = ( Total Chol )  ˗ ((HDL-Chol) + (TG / 2.2))
4.12.5 ESTIMATION OF TRIGLYCERIDES
In routine practice, enzymatic endpoint methods(GPO-PAP) are used to estimate TG.
Principle:
Triglycerides are hydrolyzed by lipases to release glycerol and fatty acids. Glycerol is converted by glycerol kinase to glycerol phosphate. Glycerol Phosphate is oxidized by glycerol phosphate oxidase to dihydroxyacetone phosphate. The hydrogen peroxide released during this reaction is exposed to phenol and 4-aminophenazone in the presence of peroxidase. A colored compound (quinone) is formed which is measured at 505nm.
Specimens:
Serum or plasma is stable in the sample for 7 days at 2-8℃.
Reagents:
The commercial reagent kit contains:
· Buffer: Pipes buffer pH 7.5 $ 4-chlorophenol.
· Enzyme reagents: 4 aminophenazone, ATP, Lipases, glycerol kinase, glycerol 3 phosphate oxidase, peroxidase.
· Standard: 2.29 mmol/L (200 mg/dl)
· The enzyme reagent bottle is reconstituted with buffer to form a working reagent.
Procedure:
1. Bring all the reagents, samples, and controls to room temperature.
2. Add 1.0ml of working reagent to the tubes marked as ‘test’, ‘standard’, and ‘blank’.
3. Add 10 ul of the serum to the tube marked ‘test’, 10 ul of the standard to the ‘standard’ tube, and 10 ul of water to the ‘blank’ tube.
5. Mix and incubate for 5 minutes at 37℃ in a water bath.
6. Read the absorbance of the ‘test’ and ‘standard’ against the reagent ‘blank’ at 505nm, after setting the instrument to zero with the blank.
7.Total triglyceridesin mg/dl= Absorbance of test / Absorbance of standard * Concentration of Standard.
Reference Range: 
<1.6mmol / L.
Conversion Factor:
Conventional unit (mg/dl)*factor (0.0114) = SI unit (mmol / L).
SI Unit (mmol/L) * factor (88.57) = Conventional unit (mg / dl)
4.13 DATA ANALYSIS :
Research protocols were reviewed and approved by Ethical Review Board at Rawalpindi Medical University. The personal information of the subjects was kept confidential.
4.13.1 STATISTICAL ANALYSIS:
The data were tested for normality by the Shapiro-Wilk test. Patients were stratified by gender and age for analysis. Continuous variables were presented as mean ± Standard deviation (SD) and median interquartile range (IQR). Categorical variables were expressed as frequency (percentages). A two-tailed p-value of less than 0.05 was considered statistically significant. All analyses were performed with SPSS Statistics, version 22.0 (IBM SPSS Inc., Chicago, IL) and  \Graph Pad Prism 7.
i.Descriptive Data Analysis:
A. Tables (Frequencies, Percentages)
B. Statistical Figures (Histogram, Scatterplot)
C.Statistical mean and standard deviation


ii. Inferential Data Analysis:
This approach is used to test the statistical hypothesis and Spearman correlative – factor for measuring the association between the quantitative variables.



CHAPTER:5
RESULTS
A total of 9989 participants (4500 males and 5489 females) from the previous 7 years (2015-2022) were included in this study. All subjects were tested for lipid profile at Benazir Bhutto Hospital. Frequencies and percentages of baseline characteristics are shown in table 5.1. 

Table 5.1: Frequencies and percentages of Baseline Characteristics
	Characteristic
	Groups
	Frequency
(Total = 9989)
	Percentage

	Age
	0-13
	207
	2.1

	
	14-26
	1044
	10.5

	
	27-36
	2335
	23.4

	
	40-52
	3529
	35.3

	
	53-65
	2168
	21.7

	
	66-79
	583
	5.8

	
	80-100
	123
	1.2

	Gender
	Male
	4500
	45.0

	
	Female
	5489
	55.0

	Before Covid
	Normal
	3214
	53.2

	
	Borderline
	1646
	27.25

	
	High risk
	1179
	19.52

	After Covid
	Normal
	1739
	44.0

	
	Borderline
	1119
	28.3

	
	High risk
	1092
	27.6

	Triglycerides
	Normal
	4011
	40.2

	
	Borderline
	2145
	21.5

	
	Unhealthy
	3833
	38.4

	Cholesterol
	Normal
	4953
	49.5

	
	Borderline
	2765
	27.6

	
	Unhealthy
	2270
	22.7


The following tables show the mean values of triglyceride and cholesterol in study participants.

Table 5.2: Mean value Of Cholesterol among different age groups
	Age groups
	Mean Cholesterol
	χ2  value,
p-value

	0-13
	227.05
	
124.233
0.0001



	14-26
	194.31
	

	27-39
	208.06
	

	40-52
	209.66
	

	53-65
	206.58
	

	66-79
	195.26
	

	80-100
	188.32
	



Table 5.3: Mean value Of Triglyceride among different age groups
	Age
	Mean Triglycerides
	χ2  value,
p-value

	0-13
	234.7784
	

117.13
0.0001

	14-26
	175.3168
	

	27-36
	207.7346
	

	40-52
	212.0707
	

	53-65
	206.9516
	

	66-79
	193.8499
	

	80-100
	180.2960
	












Average cholesterol levels in men and women were found to be 203.1169 and 208.8669 mg/dl, and average triglyceride levels in men and women were 206.7403 and 203.7927, respectively. Regarding triglyceride levels, 40.2 % were normal,21.5% were borderline, and 38.4% were unhealthy,while cholesterol levels, 49.6 % were normal,27.7% were borderline, and 22.7% were unhealthy.



5.1 Age Wise Distribution(n=9989):
Patients were divided into seven groups according to their age.2.1% (n=207)of patients were 1-13 years in age,10.5%(n=1044) of patients were 14-26 years in age, 23.4% (n=2335) patients were 27-39 years in age,35.3%(n=3529) patients were 40-52 years in age, 21.7%(n=2168) patients were 53-65 years in age, 5.8%(n=583) patients were 66-79 years in age and 1.2%(n=123) patients were 80-100 years in age. Dislipidemia is mostly seen in 40-52 years of patients.

      
Fig.5.1 Bar chart showing the Age Wise distribution of patients presented for lipid profile

5.2: Gender-Wise Distribution:
This graph shows the gender-wise distribution of the Lipid profile of patients who were prescribed at Benazir Bhutto Hospital from 2015-2022.

Fig.5.2 Pie chart showing the Gender Wise distribution of patients presented for lipid profile

5.3 Year-wise Distribution:
A graph showing the frequency of patients every year is shown below. The lipid profile of patients was also stratified into two groups; before covid and after covid and we came to know that dyslipidemia is more common in individuals after Covid.

Fig. 5.3 Bar chart showing the Year Wise distribution of patients presented for lipid profile


	Table 5.4: Dunnett t-test Dunnet T-test to compare TG and cholesterol conc. in different years



	Multiple Comparisons

	

	Dependent Variable
	(I) Year_of_analysis
	
	
	Std. Error
	Sig.
	95% Confidence Interval

	
	
	
	
	
	
	Lower Bound
	Upper Bound

	Cholesterol
	2015
	
	
	9.14209
	.636
	-36.7196
	11.5196

	
	2016
	
	
	3.21851
	.092
	-16.2333
	.7495

	
	2017
	
	
	2.24641
	.000
	-16.2044
	-4.3510

	
	2018
	
	
	2.08284
	.000
	-20.1283
	-9.1380

	
	2019
	
	
	2.26680
	.009
	-13.2411
	-1.2801

	
	2020
	
	
	2.52788
	.234
	-1.6254
	11.7132

	
	2021
	
	
	2.31038
	.995
	-4.8468
	7.3442

	Triglycerides
	2015
	
	
	20.41448
	.993
	-42.1203
	65.5989

	
	2016
	
	
	7.18699
	.979
	-13.9120
	24.0109

	
	2017
	
	
	5.01629
	1.000
	-13.2712
	13.1977

	
	2018
	
	
	4.65102
	.820
	-17.4539
	7.0877

	
	2019
	
	
	5.06180
	.033
	-27.4672
	-.7581

	
	2020
	
	
	5.64480
	.785
	-21.4957
	8.2897

	
	2021
	
	
	5.15913
	.717
	-20.1557
	7.0670

	                                                              
                   *. The mean difference is significant at the 0.05 level.


Dunnett t-tests treat one group(2022) as a control and compare all other groups against it.








Table 5.5 Mann Whitney U  Test to compare Age,  TG and  cholesterol in both genders

Ranks 
	

	
	Gender
	N
	Mean Rank
	Sum of Ranks

	Cholesterol
	Male
	4500
	4778.80
	21504619.00

	
	female
	5488
	5171.36
	28380447.00

	
	Total
	9988
	
	

	Triglycerides
	Male
	4500
	4983.52
	22425850.50

	
	female
	5488
	5003.50
	27459215.50

	
	Total
	9988
	
	

	Age
	Male
	4500
	4971.54
	22371937.00

	
	female
	5488
	5013.33
	27513129.00

	
	Total
	9988
	
	



Test Statistics
	

	
	Cholesterol
	Triglycerides
	Age

	Mann-Whitney U
	11377369.000
	12298600.500
	12244687.000

	Wilcoxon W
	21504619.000
	22425850.500
	22371937.000

	Z
	-6.770
	-.345
	-.721

	Asymp. Sig. (2-tailed)
	.000
	.730
	.471

	a. Grouping Variable: Gender






                                                                                                                




5.4 Frequency and Percentage Distribution of Cholesterol and Triglyceride Level:
 Following is the Line chart showing the frequency and percentage distribution of patients presented for lipid profile.
           
Fig.5.4 Line Chart showing the Group Wise distribution of Cholesterol and Triglyceride Levels
5.5 Hypothesis Testing Results
         5.5.1 “The distribution of Triglycerides is the same across categories of Gender”.
According to the results evaluated from the Independent Samples of the Kruskal-Wallis Test, the developed hypothesis has been approved. The result shows both genders have the same distribution of triglycerides. The sig. value by the Kruskal-Wallis test is .861**. It demonstrates that hypertriglyceridemia or hypotriglyceridemia does not depend upon gender. Thus, the hypothesis is accepted.
          5.5.2 “The distribution of Cholesterol is the same across categories of Gender”.
According to the results evaluated from Independent Samples Kruskal-Wallis Test, the developed hypothesis has been rejected. The result shows the different distribution of cholesterol among both genders. The sig. value by the Kruskal-Wallis test is .000**. It demonstrates that hypercholesterolemia or hypocholesterolemia depends upon gender due to different lifestyles. Thus, the hypothesis is rejected.
5.6 T-Test Results:
By applying the T-test, we came to know about the mean value of cholesterol and triglycerides in both genders and the mean age of both genders.


Fig5.5 Bar Chart showing the mean values of Cholesterol and Triglycerides in both genders



CHAPTER:6
DISCUSSION
Dyslipidemia has become a major public health concern, and its prevalence is rising at a steady pace, particularly in developing countries31. The increasing prevalence of dyslipidemia is associated with several factors, many of which are modifiable and dependent on socioeconomic, cultural,  and ethnic characteristics 32. Changes in lifestyle and diet contribute to a significant portion of risk factors associated with dyslipidemia. Risk factors for dyslipidemia are lack of physical activity, obesity, particularly central obesity, metabolic syndrome, hypertension, old age, and a diet rich in saturated fats and  cholesterol33. Pharmacological intervention can effectively control dyslipidemia but, more importantly, through dietary and lifestyle modification34.Unfortunately, a lack of awareness and appropriate therapeutic intervention and management are emerging as barriers to preventing complications related to dyslipidemia. Dyslipidemia is a major pathogenic risk factor for atherosclerotic cardiovascular disease (CVD). Various cardiovascular incidents reported are all associated with uncontrolled dyslipidemia35. Surveys conducted in  China showed that the incidence of ischemic CVD is significantly reduced by controlling lipid profile among individuals, decreasing the mortality and morbidity associated with it36.
The asymptomatic nature of dyslipidemia is also a  concerning issue. Hence,  early screening and preventive measures are equally important in controlling it37. A National Health and Nutrition Examination   Survey was conducted in the United States (U.S.) from 2003 through 2006. The proportion of the U.S. population with abnormalities in the lipid profile was assessed. In this study, it was stated by Toth et al. that about 53 percent of U.S. adults have at least one lipid  abnormality38. A similar survey in China reported that approximately 41.9  percent of the Chinese population was found to have dyslipidemia 39. These studies reflected the threat dyslipidemia poses to the population's general health. Our study showed that approximately 50% of the population had dyslipidemia, which is significantly greater than the prevalence described in the above countries.
The prevalence of dyslipidemia increases with age;  however, it is essential to note that it also affects younger adults 40. Moreover, the process of atherosclerosis starts early in life. A  compilation of various observations made by the  Bogalusa  Heart Study established an association between coronary atherosclerosis and cardiovascular risk factors in young people,  among which serum  LDL and serum triglyceride concentration were significant factors, along with many  others41. Therefore, young adults with abnormal levels of lipids are at an increased risk of developing cardiovascular complications, such as coronary heart disease, later in life. Considering the lack of literature on dyslipidemias and its importance in the early detection of cardiovascular risks, we have highlighted the significance of identifying dyslipidemia in adults. Our study showed that the prevalence of dyslipidemia is higher in females than males. Our result is coherent with a cross-sectional survey conducted in Chongqing, China.
In this study, the prevalence of dyslipidemia in women was 55% as compared to 45%  in men. This was primarily due to differences in the frequency of overweight, obesity, and central   obesity42.In a  study conducted in  Iran,  the incidence of dyslipidemia was 37.4% for males and 55.4% for females and, therefore, higher in females, which is consistent with the result of our study43. However, a vast amount of literature provides evidence that the prevalence of dyslipidemia is much higher in men than women. This was shown by a cross-sectional study by Pan et al. in which the incidence of dyslipidemia was higher in males than in females(41.92%  vs. 32.47%).44Likewise  in 2002, the Chinese national nutrition and health survey concluded the prevalence of dyslipidemia in Chinese adults as 22.2%  and 15.9%  in males and females respectively45. Moreover, a systemic review on dyslipidemia in Chinese adults published between  2003  and  2013  stated that dyslipidemia was more common in men than women.27 Prior research has established that abnormal lipid profile is more prevalent in men than women.46 This could be due to a  higher frequency of cigarette smoking and more consumption of alcohol and high-cholesterol food in men.47The prevalence of isolated hypercholesterolemia and isolated hypertriglyceridemia in the total population of our study was 47.12% and 59.9%, respectively. Pan et al.'s study showed that this prevalence was 2.9% and 11.9%, respectively.19 Extensive surveys in   China organized from   2002   to   2010   revealed that low   HDL-C   and hypertriglyceridemia were the two major types of dyslipidemia in Chinese adults.48These, findings were reinforced in a  meta-analysis by  Huang et al.49 However, these trends are different in western countries where high cholesterol and high LDL-C were more common forms of dyslipidemia.50 This was largely due to a  high dietary fat and cholesterol intake in American residents. Furthermore, according to our study, isolated hypertriglyceridemia was higher in males than females. The results are consistent with the  Korean  National  Health and  Nutrition  Survey. The large difference in  HDL-C  across six countries was secondary to smoking, alcohol consumption,  age,  fat intake,  BMI, and educational level. High levels of estrogen in women partly explain the gender difference in  HDL-C. This explains the lower mortality rate due to cardiovascular diseases in the female gender. Hence HDL-C is believed to be protective51. The early detection of dyslipidemia is important for implementing management strategies. These strategies can reduce the risk of cardiovascular diseases that may manifest later in life. Certain lifestyle modifications and lipid-lowering drugs can effectively treat individuals with abnormal lipid profiles. However, literature regarding the benefits of early screening and initiation of treatment is sparse. A systematic review in the United States by Chou et al. stated that no prior study could provide strong evidence for the effects of screening or treatment on clinical outcomes in younger adults. Moreover, the benefit of early treatment was not clear. Therefore trials conducted on a big scale are needed to find evidence for the benefits and harms of dyslipidemia screening or treatment in younger adults.




CHAPTER:7
CONCLUSION, LIMITATIONS, AND RECOMMENDATIONS
7.1 CONCLUSION:
Dyslipidemia, a major risk factor for many systemic diseases, should be detected early in life so that effective management is carried out before the start of actual manifestations. This study gave a  high prevalence of dyslipidemia in asymptomatic adults. Furthermore, lipid-lowering and anti-diabetic drugs should be affordable to patients to avoid sudden complications.
7.2 LIMITATIONS:
1. This study was conducted only in a single Benazir Bhutto Hospital in Rawalpindi. There is a need to conduct this study all across Pakistan.
2. Potential risk factors of dyslipidemia were not taken into consideration. 
7.3 RECOMMENDATIONS:
This study shows that dyslipidemia should not be neglected as its consequences can be severe. Future Public Health strategies involving education and food fortification programs with diet to reduce appreciable levels of lipids in Pakistan should also involve all key stakeholder groups working together. This includes government personnel, physicians involved with Medical Colleges, clinical pharmacologists, and relevant patient organizations working urgently to address the current rates of Dyslipidemia in Pakistan. Several Western countries have lipid food fortification policies serving as an example. Consequently, Pakistan should follow this lead and include other strategies in its forthcoming National Health Plan to reduce the extent of Dyslipidemia and its consequences on morbidity and mortality.
Secondly, A  national program on the yearly Lipid assessment is urgently needed. This builds on patient concerns regarding developing chronic heart diseases and obesity, etc.
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