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Abstract

Background and Goal: LDL is one of the important risk factors that cause cardiovascular diseases. Improving
one's lifestyle accompanied by taking medicine can be effective in reducing the amount of LDL. This study aims at
comparing the effects of Atorvastatin on reducing LDL using systematic review method and meta-analysis.

Materials and Methods: In this systematic review, Pub Med, Scopus, Elsevier and Google Scholar search engine
were applied to do a search within the time span of 2003-2014 using standard key words. Articles which met the
entrance criteria were studied. Random effects model was used to integrate the results through meta-analysis. Data
were analyzed using Stata software (version 11.1).

Findings: In a systematic review, 11 articles were passed through the process of meta-analysis with a sample size
of 3662 individuals and a mean of 333 subjects per study. The rate of LDL reduction was 33.32 milligrams per
Deciliter by Atorvastatin. The meta-regression graph based on age showed that in the studies where the age of the
sample has been younger, the amount of LDL has been higher and in studies with older sample age, the LDL rate
has been lower. The meta-regression graph to BMI showed that people with higher BMI, showed more reduction in
LDL and individuals with lower BMI, indicated less LDL reduction.

Conclusion: According to the results of the study, LDL reduction takes place better and more quickly in the
elderly and fat individuals. Atorvastatin was more effective in reducing the rate of LDL.
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1. Introduction

Among the cardiovascular diseases, Coronary Artery Disease (CAD) is the major cause of death or disability.
Medicinal methods, interventional procedures and surgery are used to treat CAD (Di Angelantonio, 2010; Genser,
2008). One of the methods used in recent years to reduce myocardial necrosis while carrying out PCI, has been the
use of Statin medicines especially Atorvastatin and Rosuvastatin (Higgins, 2011; Begg & Mazumdar, 1994). Some
trial studies showed that using Atorvastatin reduces the rate of myocardial infarction, MI around non-emergency
PCI operations (Egger et al., 1997; Anagnostis et al., 2011). In addition, a few studies showed that using a high
dose of Atorvastatin such as a single 80 mg dose or Rosuvastatin such as a single 40 mg dose one day before PCI
would reduce the rate of infarction around PCI (Ferdinand et al., 2006; Milionis et al., 2006).

Other studies showed that the rate of LDL is related to the risk of myocardial infarction atherosclerosis and if we
can reduce the amount of LDL, we would be able to decrease the risk posed by those diseases. Healthy diet, doing
exercise and mild physical activities are some of the ways that can prevent LDL increase (Brunetti, 2007;
Stalenhoef, 2005). Studies indicate that Atorvastatin and Rosuvastatin reduce LDL but there are not any
meta-analytical studies that can tell us exactly what dose of Atorvastatin or Rosuvastatin would reduce how many
milligrams of the initial LDL and what dose of the medicines (Atorvastatin 40 mg or 80 mg, Rosuvastatin 40 mg or
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20 mg) would reduce what amount of body fat. Since numerous studies have been conducted about the effects of
Atorvastatin and Rosuvastatin on LDL reduction and in order to validate the results of those studies, it seems
necessary to carry out a meta-analysis so that precise and valid doses are provided for planners and researchers in
this field. The aim of this study is to determine and compare the amounts of LDL reduction caused by Atorvastatin
and specify those amounts according to geographical region, patients' age, year of study, sex and risk factors
through meta-analysis.

2. Materials and Methods

This study is a systematic review which adopts a meta-analysis method. The data for this study are extracted from
articles published in PubMed, Scopus, Elsevier and Google Scholar. Valid key words such as “meta-analysis”,
“Rosuvastatin”, “Atorvastatin” and “reduction of LDL” and their possible combinations were searched using AND
and OR operators.

2.1 Selection of Studies and Data Mining

First, the researchers collected all articles related to the effect of Atorvastatin on LDL reduction and after that
prepared a list of article abstracts. So, all papers in whose titles the phrases “effect of Atorvastatin and LDL
reduction” appeared were put on the list and other studies which discussed Atherosclerosis treatment through
surgery and risk factors that increase LDL were set aside. In the next step, a checklist of the essential data for the
study (researcher's name, article title, year, place, number of subjects in the sample, number of male subjects,
number of female subjects, effects of Atorvastatin on LDL reduction among men (before treatment and after
treatment), effects of Atorvastatin on LDL reduction among women (before treatment and after treatment), amount
of LDL reduction based on time, amount of LDL reduction based on sample size, place of conducting the study
shown by a code, age group, LDL risk factors and their subcategories which had been initially assessed were used
for final evaluation. Finally, the researchers examined the eventual checklist and the articles related to the study
entered the meta-analysis phase. In the primary search, 60 papers were made accessible using standard key words
and 30 of them which had relevant topics were put on the list of article abstracts. Eventually, the articles were
qualitatively assessed using a checklist of parameters including sample size, time of conducting research, effect of
Atorvastatin on LDL reduction (before and after treatment), in male and female subjects. Papers which studied the
rate of LDL reduction (before and after treatment), due to Atorvastatin use went through final confirmation. In the
end, nine appropriate articles entered the process of meta-analysis. The whole texts of the articles were reviewed
during analysis.

2.2 Statistical Analyses

Since the effect of Atorvastatin on the rate of LDL (before treatment and after treatment) and sample size had been
extracted from each article, binomial distribution was used to calculate the variance of each study. To blend
different rates of LDL reduction, weighted average was used. A weight was given to each study proportionate to its
inverse variance. Due to great differences in LDL reductions in different studies (i.e. heterogeneity of the studies)
and significance of the heterogeneity index (I*), random effects model was used in the meta-analysis. The rate of
heterogeneity in this study was 98.141% which puts it in the category of studies with severe heterogeneity (Low
heterogeneity is when I” index is smaller than 25%, it is medium when the index is between 25% and 75% and high
when the index is above 75%).

Meta-regression analysis was used to compare the effects of Atorvastatin on LDL reduction taking into account the
year in which the study was conducted and investigating the reason for which the results became heterogeneous.
The effects of Atorvastatin on LDL reduction among male and female subjects (before treatment and after that)
were studied considering LDL reduction based on time, sample size, age group and year of the study through the
analysis of subcategories. Data were analyzed using STATA software (version 11.1).

3. Findings

In a systematic review of 60 articles, abstracts of 30 papers were selected after investigating the topics and
different aspects to be studied were extracted from the abstract and put on the checklists. After the final analysis, 11
papers were checked and passed through the checklist and the researcher gained access to the full texts of the
articles (Figure 1: the study's flowchart).

The eventual investigations were completed between 2003 and 2014. The total sample size was 3662 people with a
mean of 333 individuals in each study. Globally, six studies were conducted in Asia (54.54%) in the countries of
South Korea, Japan and China, three studies (27.27%) were carried out in Europe in the countries of Finland,
Greece and Italy, one study was performed in America (9.09%) and one study was conducted in Africa (9.09%).
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Sampling method in all these studies was in the form of listing the researches that met the criteria of entrance.
These criteria included reporting the rate of LDL (Milligrams in Deciliter) before and after therapy and estimating
the effects of Atorvastatin on LDL reduction. The least amount of LDL reduction by Atorvastatin was reported in
Keith (2006) in Africa which was 31.8 milligrams per deciliter and the highest amount was reported in Anagnostis
(2011) in Greecewhich showed 82 milligrams per deciliter reduction in LDL. The information about the articles
investigating the effect of Atorvastatin on the rate of LDL reduction is shown in Table 1.

Due to heterogeneity of the studies (I index = 98.48%), confidence intervals for each study and for all studies
based on the random effects model are shown in graph 1 A) Forest plot for the effect of Atorvastatin on LDL
reduction before treatment .

Graph 2 A) is the forest plot for the effect of Atorouvastatin on LDL reduction before treatment. The initial LDL
reduction rate using Atorvastatin was 42.098 milligrams per deciliter with the significance level of P=0.000 and I
index was 98.141%. LDL reduction rate was 33.23 milligrams per deciliter with the significance level of P=0.000
and I” index of 98.489%. High I? index shows that the results of the studies are drastically different from one
another and low I indicates that the results are significantly similar.

Meta-regression graph of the studies based on age, shows that in the studies where the sample's age were young,
the rate of LDL was high and in the studies where the sample's age was older, LDL had a lower amount (graph 3).

Meta-regression graph of the studies based on BMI shows that individuals who had higher BMIs, their LDL was
reduced more and people who had smaller BMIs, showed less LDL reduction. It means that the higher the weight,
the more LDL would be reduced through Atorvastatin consumption (graph 4).

Publication bias obtained through the results is shown in graph 5 and indicates that in this type of studies, bias has
not had any effect. It is shown in the form of symmetry in a funnel-shaped graph. The sizes of circles show the
weights of the studies (Greater circles have more subjects in their samples and the smaller circles have less
subjects).

First, 60 articles entered the study through the initial search and were reviewed

systematically

Q‘C'es were omitted/

30 articles entered the next stage

19 articles of low quality were

\\ omitted /

11 articles with desirable quality entered the process of analysis.

None of those articles was omitted

\\—_—-

Eventually, 11 articles were systematically reviewed and went through the process of

meta-analysis

Figure 1. Flowchart of the stages that studies go through to enter the processes of systematic review and
meta-analysis

255



gjhs.ccsenet.org Global Journal of Health Science Vol. 9, No. §5; 2017

Table 1. Characteristics of the articles under investigation related to the effect of Atorvastatin on LDL reduction in
Mg/dl

Change LDL(after

LDL( Mg/d]) treatment) LDL(initial) Male(N) Female(N) Numbers Year City Aoutor
42.5 Mg/dl 218.5 261 100 65 165 2005 Fanland  Anton 11
50.4 Mg/dl 237.6 288 80 107 187 2003 USA Evan 12
31.8 Mg/dl 157.3 189.1 133 250 383 2006  Africa Keith13
47 Mg/dl 70 117 63 17 80 2011 SO yoing 14
Korea
69 Mg/dl 93 162 34 65 99 2011 Japan  Keifro 15
5178 Mg/dl 91.48 142.26 34 20 54 2009 China  Haiyan 16
3.9 Mg/l 95.2 99.1 11 5 16 2007 Italy 17 Natale
65.48 Mg/dl 98.37 163.85 67 11 178 2010 Seuth - joun-seon
Korea 18
54 Mg/dl 75 129 21 7 28 2012 Japan If;nsa ke
; - 149 618 187 805 2014 China  20yankle
82 Mg/dl 110 192 10 42 52 2011 Greece  Anagnostis
21

Numbers indicate the reference numbers in the text.

Study name Statistics for each study Std diff in means and 95%Cl

Std diff Standard Lower Upper Relative Relative

inmeans emor Variance limit limit ZValue p-Value weight  weight
Anton 0554 0059 0.003 -0.670 0438 -9.367 0.000 [ ] 9.78
Evan 0986 0049 0.002 -1.082 -0.890 -20.171 0.000 [ | 9.82
Keith 1220 0047 0.002 -1.313 -1.127 -25.699 0.000 [ | 9.83
young -1.987 0152 0.023 -2.285 -1.688 -13.035 0.000 L 3 9.13
keifro -1.583 0106  0.011 -1.791 -1.374 -14.876 0.000 | ] 9.51
Haiyan 3904 0353 0125 4.597 -3.211 -11.045 0.000 — 6.81
Natale 0060 0177 0.031 -0407 0287 -0.341 0733 L & 889
joun-seon 1487 0078 0.006 -1.639 -1.335 -19.170  0.000 [ | 9.70
Kensale 1113 0240 0.058 -1.584 -0.642 4.628 0.000 - 8.18
yanke 0442 0032 0.001 0.505 0.380 -13.854 0.000 [ | 9.87
Anagnosis ~ -1.681 0215 0.046 -2.104 -1.259 -7.804 0.000 B o 847

1295 0165 0.027 -1.618 -0.972 -7.860 0.000 ‘

4.00 200 0.00 2.00 4.00

Forest plot for the effect of Atorvastatin on LDL reduction before treatment with the confidence interval of
95%

Graph 1. Effect of Atorvastatin on LDL reduction before treatment with the confidence interval of 95% generally
and separately for all studies according to random effects model, segments show the confidence interval for
amount of LDL reduction in each study. The middle point in each segment is an estimation of the amount of LDL
reduction in each study. The diamond shows the confidence interval for the amount of LDL reduction for all the
studies
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Group by Study name
Year

After2010 Young
After2010 Keifro
After2010 Joun-seon
After2010

Before2010 Anton
Before2010 Evan
Before2010 Keith
Before2010 Haiyan
Before2010 Netale
Before2010

Overall

-3.015
1610
-1.346
-1.960
0810
179
-1.558
5.627
0.201
-1.522
-1.667

Statistics for each study

Std diff - Standard

inmeans emor  Variance limit

0.208
0107
0.074
0.359
0.063
0.052
0.053
0494
0179
0252
0.206

Lower Upper

0.043 -3423 -2.607 -14.486
0.012 -1.820 -1.399 -14.988
0.005 -1.490 -1.201 -18.238
0129 -2664 -1.256 5456
0.004 0.934 -0.686 -12.767
0.003 -1.281 -1.076 -22.582
0.003 -1.663 -1.453 -29.134
0244 6.595 4.659 -11.393
0032 0.551 0.149 -1.125
0.064 2016 -1.028 6.037
0.043 2071 1262 -8.076

limit  ZValue p-Value

0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.260
0.000
0.000

4.00

Std diff in means and 95% Cl

200

0.00

200 4.00

Forest plot for the effect of Atrovastatin on LDL reduction after treatment with the confidence interval of 95%

Graph 2. The amount of Atrovastatin effect on LDL reduction after treatment with the confidence interval of 95%
generally and separately for all studies based on the random effects model, segments show the confidence interval

for amount of LDL reduction in each study. The middle point in each segment is an estimation of the amount of
LDL reduction in each study. The diamond shows the confidence interval for the amount of LDL reduction for all

Std diffin means

Regression of Age on Std diff in means

the studies

0.00
£0.40 -

080

.20 1
-1.60 -
-2.00
-2.40
-2.80
-3.20
-3.60

@

-4.00
45.68

41.26

48.85

5043 5202 53.60

Age

55.18

56.77

58.35

Graph 3. Meta-regression of the studies according to age:

50.94

61.52

This figure shows the relationship between age and the amount of LDL through Atorvastatin treatment. In the
studies where the subjects are younger, the amount of LDL is higher and in those where the subjects are older, the
amount of LDL is lower.
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Regression of BMI on Std diff in means
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Graph 4. Meta-regression of the studies according to BMI and LDL reduction relationship through the use of
Atorvastatin

This figure shows that in the individuals with higher BMI, LDL reduction is more and in subjects with lower BMI,
LDL reduction is lower.

Funnel Plot of Standard Error by Std diff in means
00
0
0
S
- 03
0
04
4 3 2 f 2 3 4
Std diffin means

Graph 5. Publication bias of the articles according to Atorvastatin effect on LDL reduction
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Publication bias obtained through the results is shown in figure 5 and indicates that in this type of studies, bias has
not had any effect and it is shown in the form of symmetry in a funnel-shaped graph. The sizes of the circles show
the weights of the studies (greater circles have a higher number of samples and smaller ones have a lower number
of samples).

4. Discussion

11 studies were conducted between 2003 and 2014. The total sample size was 3662 subjects with an average of 333
individuals in each study. The distribution of the studies in the world shows that six studies (54.54%) were
conducted in the Asian continent in the countries of South Korea, Japan and China, three studies (27.27%) were
performed in the European continent in the countries of Finland, Greece and Italy, one study (9.09%) was carried
out in the American continent and one (9.09%) was conducted in the African continent.

According to the results of the study, the initial LDL reduction through Atorvastatin was 42.098 milligrams per
Deciliter and the amount of LDL reduction after treatment by Atorvastatin was 33.23 milligrams per deciliter
(Stalenhoef et al, 2005; Stein et al., 2003; Ferdinand et al., 2006; Hong et al., 2011; Saku et al., 2011; Qu et al.,
2009; Brunetti et al., 2007).

The results of this study showed that the relationship between age and LDL reduction through Atorvastatin is
significant. In studies where the ages of the people participating in the study was younger, the rate of LDL was high
and in the studies where the ages of the people in the sample was older, the rate of LDL was lower. It can be said
that LDL decreases more and faster in older people than younger ones and it can be controlled better. These results
are consistent with the results of other studies (Park et al., 2010, Toyama et al., 2012, Liu et al., 2014 and
Anagnostis et al., 2014).

According to the results of the study, the relationships between BMI and LDL reduction through Atorvastatin are
significant. Thus, in subjects with higher BMI, LDL reduction is more and in subjects with lower BMI, LDL
reduction is less. It can be concluded that Atorvastatin can reduce LDL faster in fat people compared to thin
individuals. Other studies show similar results (Stalenhoef et al., 2005, Hong et al., 2011 and Park et al., 2010).

The results also show that the lowest amount of LDL reduction using Atorvastatin is 31.8 milligrams per deciliter
(Ferdinand et al., 2006) and the highest rate of reduction by Atorvastatin is 82 milligrams per deciliter (Anagnostis
et al., 2014). The average reduction by Atorvastatin is 33.33 milligrams per deciliter and this rate is consistent with
the result of Keith's study and inconsistent with that of Anagnostis. Different statistical populations and different
times at which the studies were conducted can be the reasons for this inconsistency.

Differences in the statistical population can be effective but differences in lifestyle or simultaneity of using
different ways such as dieting and doing exercise might be the reason for such differences.

5. Limitations of the Study
The following can be some of the limitations of this study:

Most of the subjects in the sample were not selected randomly and this resulted in the selection of a sample of
patients who were not representative of a population of patients with high blood fat. The variables studied were
very few and limited so that in some studies different daily, weekly and monthly periods of treatment were reported
but the precise amounts of LDL were not mentioned. In some studies, only other medicines were reported but the
exact amounts before and after treatment were not reported. In some studies, comparisons regarding the subjects'
sex or age were not carried out and data were provided generally. The total rate of LDL reduction through
Atorvastatin was reported but comparison among different age groups was not done and individuals at risk were
not recognized as belonging to different groups.

6. Conclusion

According to the results of the study Atorvastatin is a medicine in reducing LDL. It reduces the rate of LDL faster
and to a larger extent. In addition, the amount of LDL reduction in the elderly and obese people takes place better
and quicker that the young and thin individuals. The role of an inappropriate lifestyle such as eating fast food,
immobility and lack of physical exercise must not be ignored.
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