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Abstract
Background and aims:

Familial hypercholesterolemia (FH) is an autosomal dominant genetic disorder of lipid metabolism which
leads to premature cardiovascular diseases. In patients with FH, blood in�ammatory markers may be
disrupted; however, its extent is unclear. In this study we aimed to evaluate, the NLR: Neutrophil to
lymphocyte ratio, PLR: Platelet count to lymphocyte count ratio, MPV: Mean platelet volume, RPR: Red
blood cell distribution width to platelet count ratio, WBC: White blood cell, PDW: Platelet distribution width
and platelets count.

Methods:

The study group consisted of 331 patients with FH and 260 control patients. Controls had a history of
hyperlipidemia and both groups could be on pharmacotherapy or not.

Results:

None of the CBC in�ammatory markers were not signi�cantly difference in patients with FH than non-FH.
Platelet count was signi�cantly higher among patients with FH when compared to control patients
(240.43±54.15 vs 228.52±47.37 p= 0.049*). When we used linear regression analysis, only RLR was
independently associated with total cholesterol (b=0.000, p=0.13). Here we showed that CBC markers are
nor different between FH and non-FH patients, however PLR is associated with cholesterol level not FH.

Conclusions:

Our results may show the important of high cholesterol on platelets activity and highlight the use of lipid
lowering drugs in patients with hyperlipidemia. 

Background
Familial hypercholesterolemia (FH) is a monogenic disorder which inherited in an autosomal dominant
trait [1]. lipoprotein metabolism is impaired in FH and results in severe elevation of low-density lipoprotein
cholesterol (LDL-C) concentration. Patients with FH have the greatest risk of premature cardiovascular
disease (CVD) [1]. A mutation in LDL receptor gene, Apo lipoprotein (Apo) B100 gene or proportion
convertase subtilisin/kexin type 9 (PCSK9) can be identi�ed in 30% to 80% of patients with clinically-
diagnosed FH. Alternatively, about 20% of clinical FH is thought to have a polygenic cause [2].

Molecular diagnosis is recommended for FH patients but still not easily available and also recent
reclassi�cation of genetic variants associated with FH limits its routine use. Therefore, FH remains sub
diagnosed and inadequately treated till now. New FH clinical diagnostic criteria like FAMCAT are being
tested and seems to be more accurate than the classical ones [3]. It has been shown that FH is
associated with in�ammation, endothelial activation and oxidative stress [4–5].
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The complete blood cell (CBC) count, an easily available test, is used wildly in clinical practice. Recently,
the indices derived from CBC are recognized as novel in�ammatory markers and predictors of outcome in
chronic in�ammatory diseases [6] and risk predictor for coronary heart disease [7]. Mean platelet volume
(MPV), Platelet distribution width (PDW) and platelet-to-lymphocyte ratio (PLR) are new in�ammatory
markers which have been recognized for the assessment of in�ammation and endothelial dysfunction in
many in�ammatory and cardiovascular diseases [8]. The neutrophil–lymphocyte ratio (NLR), another
CBC derived marker, is considered to evaluate systemic in�ammation and endothelial function. It has
been shown that NLR is associated with the severity of coronary artery disease [9].

Animal studies show the link between dyslipidemia and increased leukocytosis, however, this association
in human has not been well understood [10]. It has been shown that increased triglyceride is associated
with increased total white blood cell, lymphocyte, neutrophil, and monocyte counts [11]. It also has been
reported that increased LDL cholesterol levels are related to increased lymphocyte numbers [12–13] but
lower total white blood cell and monocyte and neutrophil counts [14]. A positive correlation between non-
HDL cholesterol levels and platelet counts has also been reported [15].

Because FH patients are at greater risk of developing atherosclerosis-related diseases and in earlier aged,
the need for early diagnosis is really important to initiate appropriate aggressive treatment. Therefore, we
aimed to investigate some hematologic in�ammatory factors in patients with FH to �nd any association
for early diagnosis that might need actions.

Methods
2.1.Study Population

The patients in this study were selected from IFH (Isfahan FH registry) [16]. Brie�y, the enrollment
framework in these approaches was based on �rst investigating laboratories for contacting patients with
high LDL-C to enroll them in our study (National Clinical Trial No.2865694). All individuals aged above 2
years, irrespective of their sex with LDL-C of more than 150 mg/dl (LDL-C > 190 mg/dl or LDL-C > 150
mg/dl but under pharmacological treatment) were contacted by phone to come to our clinic for further
evaluation. We used the Dutch Lipid Clinic Network Score (DLCNS), which was based on the clinical
symptoms of FH and family history. Patients who were clinically diagnosed with de�nite or probable FH
were enrolled in the study according to the DLCNS as previously described [17].

Key exclusion criteria were secondary causes of hyperlipidemia. All the eligible individuals signed the
constant form. The control group were selected from the patients with a history of hyperlipidemia but not
diagnosis with FH. Patients on pharmacotherapy were not excluded from our study.

Hypertension was de�ned as blood pressure ≥ 140/90 mmHg and diabetes mellitus was de�ned as two
fasting glucose levels > 126 mg/dl [18].

2.2.Biochemical measurement
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Venous blood samples were taken from patients after ≥ 8 hours of overnight fasting. High-density
lipoprotein (HDL-C), and Serum total cholesterol and triglycerides (TG) were measured by enzymatic
assays (Boehringer, Mannheim, Germany). LDL-C was measured by the LDL Cholesterol Assay Kit. The
automated machine was used to perform fasting blood sugar (FBS) and white blood cell count (WBC).
Other factors were measured with standard methods. All measurements were performed at the hospital’s
central laboratory.

2.3.Statistical analysis

Quantitative variables were described as mean and standard deviation and qualitative variables as
frequency and percentage. Kolmogorov test was used for checking the normality distribution.
Independent t-test or Mann–Whitneytest was used for comparing quantitative variables between groups
in case of normality or non-normality distribution. Chi-square test was used for comparing qualitative
variables between groups. Univariate general linear model was applied and all the test were adjusted b
age, sex, CVD history, use of lipid lowering drugs and type 2 diabetes. In addition, correlation analysis was
performed to identify the relationship of blood in�ammatory markers with lipid parameters. Variables
showing correlation with cholesterol and LDL-C at a level of signi�cance of P <.05 were included into the
linear regression analysis and were made to determine the independent association between those
markers and confounders. Statistical signi�cance was de�ned as a 2-tailed P <.05. Statistical analysis
was done by SPSS Ver.14. In all tests, P-value < 0.05 was considered as statistical signi�cance.

Results
The demographic and clinical characteristics of patients with FH and Non-FH group are summarized in
table 1. The mean of age in FH and Non-FH group was 50.54±13.58 and 50.96±13.37 respectively. In FH
group 42.6% and in another group 50.4% of patients were male. As it is shown in table 1 and table 2, there
were no statistically differences between the two groups in respect of age, gender, smoking, anti-platelet
drug use, hypertension, diabetes mellitus (DM) type 1 and the level of TG and HDL. On the other hand,
these two groups have signi�cant differences in serum LDL, total cholesterol, FBS, LDL/HDL ratio, DM
type 2, History of CVD and use of Lipid-lowering Therapy (LLT).

Table 3 showed the CBC derived in�ammatory markers in FH and Non-FH patients in our study. The NLR,
PLR, WBC, PDW and platelet count were higher in FH group compared with control but not signi�cant.
However, RPR was lower in FH group than control but not signi�cant.

Table 4. shows the correlation between LDL-C, cholesterol and hematological in�ammation factors, PLR
and PRP were associated with cholesterol level,

They both were included into the linear regression analysis and were made to determine the independent
association between PLR and confounders. These variables were diabetes, sex, history of CVD, Platelet
therapy, lipid lowering therapy and total cholesterol for PLR and cholesterol, TRG, sex and smoking for
RPR. Table 5. Shows that the coloration was signi�cant only for PLR.



Page 5/12

Discussion
This study for the �rst time evaluate the colorations of CBC in�ammatory markers and FH. After multiple
adjusting for relevant covariates, we showed that there is a signi�cant coloration between PLR and
cholesterol in FH patients. However, there was not signi�cant differences between two groups regard of
CBC derived in�ammatory markers.

This study has been conducted in patients with various level of LDL-C some of them were FH patients
with reduced LDL-C and some of them were patients suffering from hyperlipidemia but not FH. We also
show that Platelet count is different between two groups.

Severe elevations of total cholesterol and LDL-C levels lead to premature atherosclerosis disease at an
early age [19]. High serum cholesterol levels also increase the production of cellular adhesion molecules
and pro in�ammatory cytokines. Increased in plasma level of this molecules leads to in�ammatory
status. FH patients also have endothelial dysfunction [20], which can be explained with in�ammatory
nature of disease.

NLR, PLR and RPR are known as the hematological markers of systemic in�ammation. NLR is used to
determine the severity of in�ammation [21]. Till now, it has been shown that some diseases such as
diabetes mellitus, thyroid functional abnormalities, and malignancies may affect the NLR. Here we
showed that after multiple adjustments NLR is not different between patients with or without patients.
PLR was found to be an independent prognostic risk factor in patients with malignancies such as
pancreatic or colorectal cancer [ 22]. RPR is another valuable laboratory test to predict mortality in some
diseases such as hepatic �brosis and cirrhosis [23–24]. In our study; we assessed PLR and RPR as the
predictors of hyperlipidemia. After multiple adjustment we showed that PLR is associated with higher
cholesterol.

Previous study showed that MPV is increased in patients with FH and that is independently associated
with total cholesterol level [25]. platelet cholesterol (PC) can be correlated with serum LDL-C cholesterol.
Increased in PC content may affect platelet membrane �uidity, thereby resulting in platelet hyperactivity
[26].

Here we could not �nd any differences between MPV in FH and control, the different control groups can
explain our different results as in the previous study the control was the norm lipid population, however in
both studies the platelet count was signi�cantly difference between groups.

Conclusions
It has been suggested that higher total cholesterol is associated with lower total white blood cell count
and also lower monocyte count and neutrophil count. The regression analysis proposed that both the
associations may be more important at lower total cholesterol levels, and �atter at higher total cholesterol
levels, with a threshold at approximately 155 and 204 mg/ld., respectively [27]. In our study all patients
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had history of hypercholesterolemia and we did not observed differences between their WBC count
however we observed signi�cant differences when compare in�ammation markers consists of WBC
component and platelet count based on LDL-C and Cholesterol level.

Limitations of the Study

First, study data were collected from one center and also limited population. Second, we did not conduct
a genetic test to con�rm FH. Third, we included the patients who received any lipid-lowering agent which
may affect the sample size after adjustment.

In conclusion, our �ndings show that PLR is signi�cantly associated with higher cholesterol in patients
with or without FH, which emerge the treatment of hyperlipidemia for any reason.

Abbreviations
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