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ABSTRACT

Fish oil and Niacin supplementation, both have shown to have potential in correcting lipid profile in
dyslipidemic patients which is associated as an important *risk factor for developing cardiovascular
disease. In this study we evaluated the effect of fish oil capsule and niacin supplementation in correcting
lipid profile (reducing serum triglyceride, total cholesterol, LDL, and increasing HDL) separately and in
comparison to each other in confirmed dyslipidemic patients. Total 90 dyslipidemic patients both male and
female were included and were further divided into 3 groups of 30 participants in each group. Group A
was taken as control group, group B was given fish oil supplementation 1g twice daily and group C was
given extended release niacin 500mg/day for 2 months. Fasting serum lipid profile test was taken and
recorded at initial (0 day), post 1 (30" day) and post 2 (60" day) to see any significant effect. Serum samples
of each individuals was analyzed at different hospitals and clinics in two major cities of Pakistan namely
of Lahore and Layyah and statistically evaluated as any significant difference among the groups. After
analyzing the mean difference between three groups, it can be seen that group 1l (fish oil) had shown
significant effect(p<0.05) in reducing total cholesterol level, LDL level and triglyceride level, whereas
group HlI (niacin) had shown significant effect (p<0.05) in increasing HDL level as compared to other
groups from 0 day till 60" day. We concluded that fish oil can be used if the goal is to reduce serum
LDL level, triglyceride level and total cholesterol level whereas, if the goal is to increase HDL
only then better choice could be Niacin as it has better effectin increasing HDL level more than
fish oil capsule.
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Introduction

Dyslipidemia is defined as elevated low levels of high-density lipoprotein (HDL) cholesterol,
low-density lipoprotein (LDL) cholesterol levels. It is an important risk factor for developing
stroke and coronary heart disease (CHD) (Fodor et al., 2010; Achila et al., 2022). The
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prevalence of dyslipidemia in Pakistan was 97.18% in diabetic males and 87.15% in diabetic
females (Sarfraz et al., 2016). Fish oil consist of omega 3 (n-3 LC-PUFA) including
docosahexaenoic acid (DHA; 22:6 n-3) and eicosapentaenoic acid (EPA; 20:5 n-3) (Dyerber,
1978; Douglas 2019). Omega 3 fatty acids are long chains of polyunsaturated fatty acid having
double bond three carbons away from the methyl end. Omega 3 such as Eicosapentaenoic acid
(EPA) having 20 carbon chain and Docosahexaenoic acid (DHA) having 22 carbon chain are
made up in the body in small amount (Whitney et al., 2015; Erdman 2011). Many studies
among epidemiological and genetic studies show that increased levels of triglycerides (TG)-
rich lipoprotein in circulation elevates the risk of developing cardiovascular diseases (Peter
2016; Robert 2021; Sapa 2022). By introducing omega3 fatty acids (docosahexaenoic acids
and eicosapentaenoic acids) in patients of severe hypertriglyceridemia, shows a decrease levels
of plasma triglyceride levels. Thus it has been approved for patients of hypertriglyceridemia to
reduce serum triglyceride levels (oscarossan et al, 2017; Annette 2010). A study conducted on
the effect of fish oil esters of plant sterols in improving the lipid profile of dyslipidemic patients
as compared to sunflower oil esters or fish oil of plant sterols. It was a single blind, semi
randomized study consisting of period crossover study consisting of experimental isoenergetic
diets for the period of 4 week each and then next 4 week intervening as washout time period.
These diets consisted of 30% of energy as fat, 70% of which was given from extra virgin olive
oil and it differed only in the supplement oil. Fish oil esters of plant sterol and fish oil both
provided total eicosapentaenoic acid and docosahexaenoic acid of 5.4 g /day. Whereas fish oil
esters of plant sterol, olive oil and sunflower oil esters of plant sterols provided 1.7, 0.02, and
1.7 g free plant sterols per day. The results and conclusion shows that supplementation of fish
oil esters of plant sterols and olive oil may reduce the risk of cardiovascular diseases than
supplementation with sunflower oil esters of plant sterol and fish oil (Demonty et al,. 2006).The
American Heart Association suggests a dose of omega 3 fatty acid upto 2-4g/day for those
patients requiring to lower their triglyceride levels (Kris-Etherton, 2002).Niacin is a water-
soluble vitamin also known as B3. It has two types of chemical structures; one is nicotinamide
and the other is nicotinic acid. Niacin is a unique vitamin among B vitamins as our body can
make it from tryptophan (amino acid). It only makes when its primary work is done which is
in protein synthesis (Whitney et al., 2015).Niacin has been considered as the most powerful
drug for increasing HDL-C. Niacin also is said to be an important drug for decreasing the
concentrations of all apoB containing lipoproteins that is, LDL, VLDL, LP(a) , IDL. Recent
studies show that decrease levels of thiamine, niacin and pyridoxine is associated with
increased incidence of insulin resistance, cardiovascular diseases and diabetes (zeman et al,.
2015).According to Harvard health publishing, the typical doses for niacin range from 250mg
twice daily to 500mg thrice daily (Simon et al.,2007).Studies have shown that Niacin
Supplementation may decrease LDL cholesterol levels, triglyceride levels and raise HDL
cholesterol levels (Whitney et al., 2015). A study conducted to investigate the effect of niacin
on atherogenic mixed dyslipidemia. It was a randomized control tial. Total number of
participants were 19 who were non-diabetic, obese and hypertriglyceridemic. They were given
niacin extended release for 8 weeks. The results showed that extended release niacin
supplements favored in normalizing plasma lipid profile and apolipoprotein profile, however
insulin resistance was seen to be increased. (Adiels et al,. 2018).

The null hypothesis of the study was that both fish oil and niacin supplementation have same
effect in correcting lipid profile of dyslipidemic patients. Whereas the alternative hypothesis
was that both fish oil and niacin supplementation does not have the same effect in correcting
lipid profile of dyslipidemic patients. The purpose of this study was to determine the effect of
fish oil and niacin separately and in comparison to each other and with control group. There is
not enough data on the comparison of fish oil capsules and niacin supplements in correcting
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dyslipidemia so this research has provide practitioners a good choice in supplements to select
in order to treat patients of dyslipidemia.

Materials and Methods

The study was approved from the institutional review board of Nur International University
and was conducted in different private clinics of Lahore and Layyah. It was a randomized
control trial. Total 90 dyslipidemic patients both male and female of age range between 20-60
years were included who were divided into 3 groups, group A (n=30) participants who were
supplemented with fish oil capsules (1g, containing of DHA and EPA at least 300mg tablet
twice daily), group B (n=30) participants who were supplemented with Niacin Extended release
(500mg tablet once daily) and group C (n=30) participants who received no treatment and was
the control group. The interventional study was completed in 2 months period, 3 samples were
collected at 0 day, 30th day, and 60th day and the total time including analytical procedure was
4 months. Convenient sampling was used for this study. The results of both interventional
group’s tests (pre interventional and post interventional) were being compared with each other
in reducing lipid profile (decreasing LDL cholesterol, triglyceride levels, cholesterol levels and
increasing HDL cholesterol) and also with the control group. Written informed consent was
obtained by the participants and any participant who were on statin drug therapy or who were
suffering from diseases apart from hypertension, diabetes, dyslipidemia, hypothyroidisim and
fatty liver were not included in the study.

Sample collection:

Fasting blood samples of 2.5cc were collected through 3cc syringe by the help of qualified
phlebotomist from a credible laboratory and was then stored in yellow top serum vial. After
clotting of the sample, it was centrifuged at 3000-4000rpm for about 1-3 minutes in order to
get serum and was then stored at temperature of 2-8°C in a fridge until it was transported from
collection center.

Bio chemical analysis:

Lipid profile were measured by using BT1500 Clinical chemistry. Analyzer (Biotecnia
Instrument, Spain). We did cholesterol oxidation and esterification in the presence of
cholesterol oxidase and cholesterol esterase and determine cholesterol. Under the catalysis of
peroxidase, the hydrogen peroxidase formed reacts, and to form a red violet quinonemine dye
ad indicator we used 4-aminophenazone and phenol.For low density lipoprotein, they were
precipitated at their isoelectric point (pH 5.04) by heparin. After the centrifugation the very
low density lipoprotein (VLDL) and the high density lipoprotein (HDL) remained in
supernatant, and were determined by the enzymatic methods. In addition of phosphotungstic
acid with magnesium ions the LDL fractions were precipitated quantitatively. After the
centrifugation, the concentration of cholesterol in HDL fraction remained in supernatant were
then determined by enzymatic method. We determined triglycerides after the enzymatic
hydrolysis with lipases. From hydrogen peroxide, 4-chlorophenol and 4 aminophenazone the
indicator which is quinonemine were formed under the catalytic influence of peroxidase (Jafri
et al,.2015).

Preferred cut of values:

For serum lipids we used NCEP-ATP 111 Guidelines. According to these guidelines. According
to these standard guidelines the normal range of LDL Cholesterol after 9-12 hour fasting is
<100mg/dl, total cholesterol should be <200mg/dl, HDL should be >60mg/dl and triglyceride
should be <150mg/dl.
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Statistical analysis:

We used SPSS (version 12) to perform the statistical analysis. All the variables (continuous)
were presented as mean value + standard deviation. A sample of size 90 (30 in each group) has
been selected using 5% level of significance, 95% confidence interval, 80% power of the test
and 0.35 cohen suggested effect size. Sample size is calculated by using power analysis in R
Statistical Computing programing language. ANOVA and Friedman test was used for the
analysis of the variables.

Results

Table 1. EFFECT OF THREE GROUPS (CONTROL, FISH OIL AND NIACIN) IN
REDUCING LDL LEVEL at 0, 30, 60 days.

Groups LDL Total P-Value
Group | 145.73+39.26
(control)
Pre (0 day) Group Il (fish  138.63+£32.29 155.34+40.88 0.0001**
oil)
Group I 181.67+38.00
(niacin)
Group | 141.10+£36.63
(control)
Post 1 (30t Group Il (fish  130.40+27.78 148.76x37.79 0.0001**
day) oil)
Group 111 174.77+34.06
(niacin)
Group | 135.50+38.00
(control)
Post 2 (60" Group Il (fish  122.67+30.61 142.11+38.02 0.46
day) oil)
Group Il 168.17+30.28
(niacin)
All the variables are presented in form of Mean=SD

**(P<0.01)

A total of 90 dyslipidemic patients were tested for their lipid profile test and were divided into
3 groups (n=30). Among them 68 were male and 22 were female. The mean difference of LDL
cholesterol between the groups is shown in table 1 as at 0 day it was 155.34mg/dI+40.88SD
with p>0.05, at 30" day was 148.76mg/dI+37.79SD with p<0.05 and at 60" day was
142.11mg/dI+38.02SD with p>0.05. This shows that LDL was reduced significantly before and
after 1 month of intervention between the 3 groups but it does not show any significant
reduction after the 2" month of intervention.

Table 2. EFFECT OF THREE GROUPS (CONTROL, FISH OIL AND NIACIN) IN
DECREASING TOTAL CHOLESTEROL at 0, 30" and 60™ day.

Groups Total Total P-Value
Cholesterol

Group | 147.70+£25.42

(control)
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Pre (0 day) Group Il (fish  218.80+45.77 179.04+43.93 0.002*
oil)
Group I 170.63+21.39
(niacin)
Group | 146.20£23.79
(control)
Post 1 (30" Group Il (fish  205.50+27.62 173.59+34.25 0.0001**
day) oil)
Group 111 169.07£20.53
(niacin)
Group | 143.83+22.40
(control)
Post 2 (60" Group Il (fish  182.33+£25.56 164.46+27.66 0.0001**
day) oil)
Group I 167.20+20.38
(niacin)

All the variables are presented in form of Mean£SD.

**(P<0.001)

The mean difference of total cholesterol level between the three groups is shown in Table 2 as
at 0 day it was 179.04mg/dI+43.93SD with p<0.05, at 30" day it was 173.59mg/dI+34.255D
with p<0.05 and at 60™ day it was 164.46mg/dI+27.66SD with p<0.05. Total cholesterol level
has been seen between the groups to be significantly decreasing before and after the

intervention.

Table 3. EFFECT OF THREE GROUPS (CONTROL, FISH OIL AND NIACIN) IN
REDUCING TRIGLYCERIDE LEVEL.:

Groups Triglyceride Total P-Value

Group |

(Control) 143.53+£32.21
Post (at 0 Group Il (Fish  267.27+80.82 211.59+80.05 0.000**
day) Qil)

Group 111 223.97+62.78

(Niacin)

Group | 142.83+31.61

(Control)
Post (at 30 Group Il (Fish  239.40+69.18 197.60+67.15 0.000**
day) Qil)

Group 111 210.57+54.49

(Niacin)

Group | 142.40£32.24

(Control)
Post (at 60 Group Il (Fish  213.80+61.74 184.48+57.62 0.000**
day) Qil)

Group 111 197.23+49.48

(Niacin)

All the variables are presented in form of Mean£SD.

** (P<0.001)
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Table 3 shows the mean difference of triglyceride between the three groups at 0 day as
211.59mg/dI+80.05SD, at 30" day was 197.60mg/dlI+67.15SD at 60" day as
184.48mg/dI+57.62SD (p<0.05). Our results shows a significant decrease of serum triglyceride
level among the participants before and after the intervention period.

TABLE 4. EFFECT OF THREE GROUPS (CONTROL, FISH OIL AND NIACIN) IN
INCREASING HDL LEVEL at 0, 30" and 60™ day.

Groups HDL Total P-Value

Group | 38.37+9.20

(Control)
Post (at 0 Group Il (Fish  44.97+13.56 40.88+10.84 0.000**
day) 0il)

Group Il 39.30+8.08

(Niacin)

Group | 39.20+9.17

(Control)
Post(at30  Group Il (Fish 45 10,15 g1 43271074 0.001**
day) Qil) T T '

Group 111

(Niacin) 42.50+8.02

Group |

(Control) 40.13+9.08
Post(at60  Group Il (Fish g4 37,1338  46.17+41151  0.000%*
day) Oil)

Group 111

(Niacin) 47.00+8.87

All the variables are presented in form of MeanzSD.
**(P<0.01)

Table 4 shows the mean difference of HDL level between the three groups at 0 day as
40.88mg/dl+10.84SD, at 30" day as 43.27mg/dl+10.74SD and at 60" day as
46.17mg/dI+11.51SD. It shows that there was significant increase in HDL before and after the
intervention period of 2 months.

TABLE 5. EFFECT OF PLACEBO ON LIPID PROFILE OF GROUP I (CONTROL):

Groups LDL P-Value
Pre (0 day) 242
Group 1 Post 1 (30th day) 203 0.002*
(control) '
Post 2 (60" day) 1.55
Groups HDL P-Value
Pre (0 day) 1.38
Group 1 Post 1 (30th day) 1.95 0.000**
(control)
Post 2 (60" day) 2.67
Groups Cholesterol P-Value
Pre (0 day) 2.27
Group 1 Post 1 (30th day) 2.00 0.118
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(control)
Post 2 (60" day) 1.73
Groups Triglyceride P-Value
Pre (0 day) 2.07
Group 1 Post 1 (30th day) 1.97 0.905
(control)
Post 2 (60" day) 1.97

All the variables are presented in form of Mean+SD
Friedman Test **(P<0.001)

Table 5 shows group 1(control) to be decreasing serum LDL level and increasing serum HDL
level more after the 2" month of intervention than at initial reading with p<0.05. Whereas
insignificant decrease of serum total cholesterol level (p=0.118) and triglyceride level
(p=0.905) after the intervention period was seen.

Table 6. EFFECT OF FISH OIL ON LIPID PROFILE IN GROURP II:

Groups LDL P-Value
Pre (0 day) 2.40
Group 2 Post 1 (30th day) 200 0.008*
(Fish Qil) '
Post 2 (60" day) 1.60
Groups HDL P-Value
Pre (0 day) 1.05
Group 2 Post 1 (30th day 195 0.000**
(Fish Qil) '
Post 2 (60" day) 3.00
Groups Cholesterol P-Value
Pre (0 day) 2.73
Group 2 Post 1 (30th day) 207 0.000**
(Fish Qil) '
Post 2 (60" day) 1.20
Groups Triglyceride P-Value
Pre (0 day) 2.97
Group 2 Post 1 (30th day) 193 0.000**
(Fish Qil) '
Post 2 (60" day) 1.10

All the variables are presented in form of Mean+SD
Friedman Test **(P<0.001)

Table 6 shows group 2 (Fish Qil) to be significantly decreasing serum LDL level, serum total
cholesterol level and serum triglyceride level with p<0.05. Whereas it has been seen as
significantly increasing serum HDL level with p<0.05 after the intervention period.

Table 7. EFFECT OF EXTENDED RELEASE NIACIN OF LIPID PROFILE OF
GROUP III:

Groups LDL P-Value
Pre (0 day) 3.00
Group 3 Post (30th day) 0.000**
0 2.00
(Niacin)
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Post (60" day) 1.00
Groups HDL P-Value
Pre (0 day) 1.07
Group 3 Post (30th day) 0.000**
o 1.93
(Niacin)
Post (60" day) 3.00
Groups Cholesterol P-Value
Pre (0 day) 2.47
Group 3 Post 1 (30th day) 0.000**
o 2.07
(Niacin)
Post 2 (60" day) 1.47
Groups Triglyceride P-Value
Pre (0 day) 3.00
Group 3 Post (30th day) 0.000**
o 2.00
(Niacin)
Post (60" day) 1.00

All the variables are presented in form of Mean+SD
Friedman Test **(P<0.001)

Table 7 shows group 3 (Niacin) to be significantly decreasing serum LDL level, serum total
cholesterol level and serum triglyceride level with p<0.05. Similarly it has been shown to be
significantly increasing HDL level with p<0.05 after the intervention period.

Discussion

Dyslipidemia is one of the major cause of cardio vascular diseases. There is said to be a
relationship between ischemic heart disease and total plasma cholesterol concentration in the
blood and the risk of morbidity and mortality. It is important to correct serum lipid without any
harmful medication and can be done by introducing supplementation like fish oil and niacin
which have been seen to be effective in correcting lipid profile. However only few researches
have shown which treatment (fish oil or niacin) have shown the maximum effect in correcting
dyslipidemia. This research provides a better choice in selecting supplement for correcting
dyslipidemia. The study found that fish oil supplementation had shown the maximum
difference in reducing LDL as compared to niacin and control as p<0.05 from 0 day till 60th
day as it can be seen in table 1. Similarly fish oil had shown the maximum difference in
reducing the total cholesterol level and triglyceride level as compared to niacin and control
with p<0.05 from 0 day till 60th day (table 2 and 3). Our study also found that Niacin had
shown the maximum difference in increasing as compared to fish oil and control with p<0.05
from 0 day till 60th day (table 4). A similar study conducted also showed similar results in
decreasing LDL, total cholesterol and triglyceride levels by fish oil supplementation and in
increasing HDL by niacin supplementation at the end of their intervention period (Savinova et
al,. 2015).

Control group have shown to be effective in increasing HDL levels and decreasing LDL levels,
however it had no effect on total cholesterol levels and triglyceride levels at the end of
intervention period (table 5). Fish oil have shown a positive effect in reducing LDL, Total
Cholesterol and triglyceride levels and in increasing HDL levels (table 6) whereas Niacin had
shown a positive effect in reducing LDL, Total Cholesterol and triglyceride levels and in
increasing HDL levels after the intervention period. A similar study was conducted showed
their control group showed similarity to our study as they showed no effect on total cholesterol.
Their fish oil group also had shown to be increasing HDL levels and decreasing triglyceride
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levels .whereas it showed opposite results to our study as their fish oil group showed an increase
in LDL levels and total cholesterol levels (Caslake et al,.2008).

Conclusion

It was revealed that both Fish oil and Niacin have played a role in correcting dyslipidemia.
Significant association can be seen in fish oil in lowering lipid profile as the P<0.05 and had
more strong effect on lowering LDL, Total Cholesterol and triglyceride levels. Niacin too have
significant association in correcting dyslipidemia as P<0.05 and had more strong effect in
increasing HDL levels. Fish oil can be used if the goal is to reduce serum LDL level,
Triglyceride level and Total Cholesterol level as it showed no side effect. If the goal is to
increase HDL only than better choice could be Niacin as it have an effective drug in increasing
HDL level more than fish oil capsule. We faced some limitations that we could only include
90 patients of which males were more than females, this was due to covid-19 pandemic. Time
duration should be extended for further studies in order to get more clear results.

References

1. Fodor, G. (2010). Primary prevention of CVD: treating dyslipidaemia. BMJ clinical evidence,
2010.

2. Achila OO, Fessahye N, Mengistu ST, et al. A community based cross sectional study on the
prevalence of dyslipidemias and 10 years cardiovascular risk scores in adults in Asmara,
Eritrea. Sci Rep. 2022;12(1):5567. Published 2022 Apr 2. doi:10.1038/s41598-022-09446-9.

3. Sarfraz, M., Sajid, S., & Ashraf, M. A. (2016). Prevalence and pattern of dyslipidemia
in hyperglycemic patients and its associated factors among  Pakistani population.  Saudi
journal of biological sciences, 23(6), 761-766.

4. Dyerberg, J., Bang, H. O., Stoffersen, E., Moncada, S., & Vane, J. R. (1978).
Eicosapentaenoic acid and prevention of thrombosis and atherosclerosis?. The
Lancet, 312(8081), 117-1109.

5. Tocher DR, Betancor MB, Sprague M, Olsen RE, Napier JA. Omega-3 Long-Chain
Polyunsaturated Fatty Acids, EPA and DHA: Bridging the Gap between Supply and Demand.
Nutrients. 2019 Jan 4;11(1):89. doi: 10.3390/nu11010089. PMID: 30621155; PMCID:
PMC6356973.

6. Whittney E,Rofles S.R. 2015. Understanding nutrition. 14" Edition.

7. Institute of Medicine (US) Committee on Nutrition, Trauma, and the Brain; Erdman J, Oria M,
Pillsbury L, editors. Nutrition and Traumatic Brain Injury: Improving Acute and Subacute
Health Outcomes in Military Personnel. Washington (DC): National Academies Press (US);
2011. 13, Eicosapentaenoic Acid (EPA) and Docosahexaenoic Acid (DHA) Available from:
https://www.ncbi.nlm.nih.gov/books/NBK209320/.

8. Toth PP. Triglyceride-rich lipoproteins as a causal factor for cardiovascular disease. Vasc
Health Risk Manag. 2016 May 6;12:171-83. doi: 10.2147/VVHRM.S104369. PMID: 27226718;
PMCID: PMC4866746.

9. Robert S. Rosenson, Aleesha Shaik, Wenliang Song, New Therapies for Lowering
Triglyceride-Rich Lipoproteins: JACC Focus Seminar 3/4, Journal of the American College of
Cardiology, Volume 78, Issue 18, 2021, Pages 1817-1830, ISSN 0735-1097,
https://doi.org/10.1016/j.jacc.2021.08.051.

10. Sapa et al. Association of Uremic Solutes With Cardiovascular Death in Diabetic Kidney
Disease. American Journal of Kidney Diseases. March 26, 2022

11. Oscarsson, J., & Hurt-Camejo, E. (2017). Omega-3 fatty acids eicosapentaenoic acid and
docosahexaenoic acid and their mechanisms of action on apolipoprotein B-containing
lipoproteins in humans: a review. Lipids in health  and disease, 16(1), 149.

12. Annette Hauenschild, Reinhard G. Bretzel, Henning Schnell-Kretschmer, Hans-Ulrich Kloer,
Philip D. Hardt, Nils Ewald; Successful Treatment of Severe Hypertriglyceridemia with a
Formula Diet Rich in Omega-3 Fatty Acids and Medium-Chain Triglycerides. Ann Nutr Metab
1 April 2010; 56 (3): 170-175. https://doi.org/10.1159/000283561.

Migration Letters


https://www.ncbi.nlm.nih.gov/books/NBK209320/
https://doi.org/10.1016/j.jacc.2021.08.051

1396 Comparative Effect Of Fish Oil And Niacin Supplementation In Lowering Lipid Profile In
Dyslipidemic Patients

13. Demonty, I., Chan, Y. M., Pelled, D., & Jones, P. J. (2006). Fish-oil esters of plant sterols
improve the lipid profile of dyslipidemic subjects more than do fish-oil or sunflower oil esters

of plant sterols. The American journal of clinical nutrition, 84(6), 1534-1542.

14. Kris-Etherton, P. M., Harris, W. S., & Appel, L. J. (2002). Fish consumption, fish oil, omega-

3 fatty acids, and cardiovascular disease. circulation, 106(21), 2747-2757.

15. Zeman, M., Vecka, M., Perlik, F., Hromadka, R., Staiikova, B., Tvrzicka, E., & Zak, A. (2015).
Niacin in the treatment of hyperlipidemias in light of new clinical trials: has niacin lost its
place?. Medical science monitor: international medical journal of experimental and clinical

research, 21, 2156.
16. Simon,H.On call: Niacin for cholesterol. harvard health publishing, 2007.

17. Adiels, M., Chapman, M. J., Robillard, P., Krempf, M., Laville, M., Borén, J., & Niacin Study
Group (2018). Niacin action in the atherogenic mixed dyslipidemia of metabolic syndrome:
Insights from metabolic biomarker profiling and network analysis. Journal of clinical

lipidology, 12(3), 810—  821.el.

18. Jafri, S. A., Qasim, M., ur Rehman, K., & Masoud, M. S. (2015). Serum lipid profile
college/university students taking home made food or market fast food. Pure and Applied

Biology, 4(1), 118.
19. Savinova, O. V., Fillaus, K., Harris, W. S., & Shearer, G. C. (2015). Effects of niacin

omega-3 fatty acids on the apolipoproteins in overweight patients with elevated triglycerides

and reduced HDL cholesterol. Atherosclerosis, 240(2), 520-525

20. Caslake, M. J., Miles, E. A., Kofler, B. M., Lietz, G., Curtis, P., Armah, C. K.,... & Napper, F.
L. (2008). Effect of sex and genotype on cardiovascular biomarker response to fish oils:

the FINGEN Study. The American journal of clinical nutrition, 88(3), 618-629.



