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Abstract 
 

Backgroud: Heterozygous familial hypercholesterolemia are either classical cases  with 

high LDL-C levels, tendon xanthomas and LDL receptor gene mutation or  probable 

cases with hypercholesterolemia without known  LDL receptor gene mutations. 

 

Aims & Objectives:  This study was done to compare the severity of 

hypercholesterolemia and risk of CVD in classical and probable cases of heterozygous 

familial hypercholesterolemia in tertiary care hospitals of Karachi. 

This was a case-series done from June 2008 to July 2010 at Dr Ziauddin Hospital and 

National Institute of Cardiovascular Diseases, Karachi, Pakistan. 

 

Methods: Out of more than 240 patients with dyslipidemia or premature coronary artery 

diseases 120  patients who had primary hypercholesterolemia and were found to have 

total cholesterol >230mg/dL and LDL-C >160mg/dL were included in the study. All 

these cases had premature coronary artery diseases or had a family history of coronary 

artery diseases.  They were grouped as classical or probable cases depending on raised 

LDL-C, xanthelasmas, xanthoma, premature coronary artery diseases and LDL-R gene 

mutations. Their blood samples were collected after twelve hours fasting. PCR was done 

for mutation specific primers for exons 3, 4, 9 and 14.  
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 Results: Out of these 120 patients with   heterozygous familial hypercholesterolemia, 

classical cases with LDL-receptor gene mutation were 42(35%) and probable cases 

without LDL-receptor gene mutations were 78(65%). Eleven (27%) of these classical 

cases had severe hypercholesterolemia having total cholesterol (>290mg/dL) and LDL-C 

(>200mg/dL) and were found to have xanthelasmas, xanthomas and arcus cornealis.  

 

Discussion/Conclusions: Amongst the HeFH patients from the tertiary care hospitals of 

Karachi, classical cases with tendon xanthomas and LDL receptor gene mutations had 

severe hypercholesterolemia with greater risk of CVD, they required more aggressive 

treatment. Probable cases were also at risk of CVD and needed statin therapy. 

 
 

Key words: HeFH Heterozygous familial hypercholesterolemia, LDL-R low density 

lipoprotein receptor, PCR polymerase chain reaction, TX tendon xanthomas, 

xanthelasmas CVD Cardiovascular diseases. 

 

  

 

Introduction 
 

Familial hypercholesterolemia is most common autosomal dominant disorder which is 

characterized by increased LDL-C, tendon xanthomas, arcus cornea, LDL-R gene 

mutation, family history of hypercholesterolemia and premature coronary artery diseases.   

Tendon xanthomas develop by the third or fourth decade of life. Thus a family history of 

coronary heart disease indicates strong genetic cause [1].  

Clinical characteristics of high lipid levels are premature coronary artery disease, tendon 

xanthomas or corneal arcus. The frequency is one in five hundred for heterozygous 

familial hypercholesterolemia (HeFH) and one in a million that are homozygous famililal 

hypercholesterolemia. The frequency of HeFH is much more in Afrikaners of South 

Africa [2]   and   French Canadians [3].    In autosomal dominant hypercholesterolemia 

there is one affected parent and positive history of premature coronary heart diseases. 

First degree relatives have 50% chance of this autosomal dominant disease. 

Tendon xanthomas are highly specific for FH in subjects with genetic high LDL 

cholesterol, and are an important diagnostic criterion. Tendon xanthomas are composed 

of monocyte-derived foam cells resulting from intracellular accumulation of lipids and 

connective tissue [4]. 

In patients with HeFH, the capacity of the liver for catabolism of LDL-cholesterol
 
in a 

regulated manner is impaired. LDL-cholesterol residence time in plasma
 
is therefore 

prolonged and the propensity of the cholesterol
 
particles to undergo oxidation increased. 

Cholesterol
 
deposits within the skin of the eyelids are xanthelasmas , those in connective 

tissues within and surrounding
 
extensor tendons, especially the Achilles and extensor 

tendons
 
of the hands, are  xanthomas and deposits along the corneal

 
margin are  arcus 

cornealis or corneal arcus. The most
 
dangerous deposits occur within arteries, where they 

have potential
 
to cause premature coronary artery diseases, stroke and peripheral vascular 

diseases [5, 6]. 
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The clinical significance of tendon xanthomas (TX) presentation  has not been fully 

established [7]. Because of the lipid and cellular similarities between tendon xanthomas  

and atherosclerotic plaques, it is probable that heterozygous FH subjects in whom  

xanthomas develops could also have a higher risk of atherosclerosis [8, 9]. 

Raised   LDL-cholesterol levels in familial hypercholesterolemia are due to deficit in the 

function of LDL-R gene. The LDL-R gene on chromosome 19p13 and has 18 exons [10] 

The ‘Classical’ cases have elevated total cholesterol, LDL-cholesterol, tendon xanthomas 

or mutation of LDL-R gene. The ‘Probable’ cases of familial hypercholesterolemia have 

elevated levels of total cholesterol and LDL-cholesterol with a family history of 

hypercholesterolemia and coronary artery diseases (Simon Broome Register Group, 

1991) [11]. The classical cases of heterozygous familial hypercholesterolemia were 

reported with mutation at exon 3 and 4. The mutations were further confirmed by DNA 

sequencing [12].  

As no study comparing classical and probable cases of HeFH has been reported on the 

Asian population of Karachi, Pakistan, it is this research gap that has been addressed as it 

has been clinically observed that incidence of cardiovascular diseases is very high and 

one of the main risk factor is HeFH. 

 

 

Methods 
 

After interviews of over six hundred patients from Dr. Ziauddin Hospitals and National 

Institute of Cardiovascular Diseases, Karachi all those hyperlipidemic patients with 

diabetes, hypertension, thyroid diseases and using drugs causing hyperlipidemia were 

excluded from the study. A total of 240 patients were screened for hypercholesterolemia 

after performing lipid profile, having premature cardiac diseases, family history of   

hyperlipidemia or premature cardiac diseases. Age   range of these participants was 

between 22-60 years. This study was approved by Ethical Review Committee, Ziauddin 

University. All the participants gave written informed consent. 

These patients were screened for diabetes mellitus, hypertension, cigarette smoking and 

use of drugs as these factors alter the cholesterol levels. The lipid profile was determined 

by auto analyser, using Hitachi kits.  120 patients with  hypercholesterolemia with very 

high LDL- Cholesterol levels, have premature coronary artery diseases in second and 

third decades of life, were compared with twenty controls .  

The EDTA sample was used for LDL genotyping for the detection of mutation in exons 

3, 4, 9 and 14 and PCR was performed.  Genotyping was performed with a clear 

objective of establishing rapid, reproducible and direct molecular diagnostic assays 

utilizing direct polymerase chain reaction (PCR). PCR was done for LDL-R gene 

mutation with genomic DNA extracted by using DNA extraction kits (Epicenter, USA) 

[13]. 

 
Statistical analysis 
SPSS (16.0) package was used to analyze data. Mean and Standard deviation   

determined for lipid profile, total cholesterol, LDL- Cholesterol, triglycerides and HDL-
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Cholesterol for cases and controls. Students t test was applied to compare means of total 

cholesterol, LDL-cholesterol, triglycerides and HDL-cholesterol; p value less than 0.05 

was considered significant and 0.001 as highly significant. 

 

 

Results 
 

Total cholesterol was found significantly increased in ‘Classical hypercholesterolemia 

cases (272 ± 70 mg/dL) as compared to controls (184 ± 27.9 mg/dL). LDL- cholesterol in 

classical cases was (201± 62 mg/dL), as compared to controls (105.15 ± 22.32 mg/dL) 

*** p-value was statistically significant. Baseline characteristics of the heterozygous FH 

patients are given (Table1). 

The diagnosis of these familial hypercholesterolemia patients was based on clinical 

features (xanthomas, xanthelasmas, arcus cornealis), lipid profile (high LDL-cholesterol) 

premature coronary artery disease, family history of premature coronary artery diseases. 

Eleven of these patients were found to have xanthelasmas, xanthomas and arcus 

cornealis. (Figure 1). They all had family history of premature coronary artery diseases. 

Pedigrees of two of these patients are shown in (Figure 2).  

Classical subjects with heterozygous familial hypercholesterolemia with raised LDL-C 

and mutation in exons 3 and 4 of LDL-R gene as shown in (Figure 3). 

Probable cases were seventy eight with raised total cholesterol, LDL- C with positive 

family history of hypercholesterolemia and premature coronary artery diseases. 

 

 

Discussion 
 

Xanthelasmas and xanthomas were seen in cases with severe hypercholesterolemia in 

study by Civeira et al. (2005) [14], their study also shows that tendon xanthomas in 

familial hypercholesterolemia are associated with cardiovascular risk independent of low-

density lipoprotein receptor gene mutation. In our study out of one hundred and twenty 

subjects who participated eleven had xanthomas, xanthelasmas and arcus cornea with 

severe hypercholesterolemia and premature ischemic diseases. Tendon xanthomas seen in 
classical cases in this study are associated high LDL-cholesterol level with increased risk of 

cardiovascular diseases. 

Approximately 26.9% of heterozygous FH patients with genetic diagnosis have tendon 

xanthomas [8]  In this study 27% heterozygous familial hypercholesterolemia patients 

were found to have tendon xanthomas, xanthelesmas. 

 

 According to Simon Broom Register [15] the total cholesterol in HeFH subjects is 

greater than 7.5mmol/L (>290mg/dL) and LDL – cholesterol is greater than 4.9 mmol/L 

(> 191mg/dL) [15]. In this study mean total cholesterol in HeFH subjects was greater 

than 260 mg/ dL and LDL –cholesterol was greater than 192 mg/dL. Their triglycerides 

were not raised significantly and HDL-cholesterol were low (mean HDL- C< 37 mg/dL).  
Descamps et al [16] reported that LDL-R gene mutation is common cause of familial 

hypercholesterolemia in Belgian population and mutation of exon 4 was most common.  
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When present in a heterozygous form, most of the mutations
 
identified thus far have been 

reported to cause a typical clinical
 
picture of FH, with grossly elevated serum LDL 

cholesterol levels,
 
tendon xanthomas and premature coronary heart disease [17]. In a 

study done on United Kingdom population, the greatest number of LDLR gene mutations 

were found in exons 3 (10%), exon 4 (28%), exon 10 (10%) and exons 14 (21%)
  
[18].  

Mutations have been reported in exons 3, 4, 9, and 14 of LDLR gene amongst Indians 

settled in South Africa, which suggests an increased frequency of FH in India [19]. The 

common mutations were identified at exons 3 and 4 in the various ethnic groups of one 

hundred and twenty hypercholesterolemia patients in Karachi, Pakistan [20] . 

Genetic diagnostic tests assist in the identification of family members with 

hypercholesterolemia thus improving cardiovascular risk prediction, prevention of 

disease and treatment efficacy. The most cost effective diagnosis for FH is to screen the 

family members [21].
 
The large DNA rearrangement is associated with Alu element. 

When present in a heterozygous form, most of the mutations
 
identified thus far have been 

reported to cause a typical clinical
 
picture of FH with grossly elevated serum LDL 

cholesterol levels,
 
tendon xanthomas and premature coronary heart diseases [22].  

In fact, the presence of xanthomas has been associated with very premature 

cardiovascular diseases, although a recent study from the Simon Broome Register Group 

in the United Kingdom showed a similar atherosclerosis risk among patients with or 

without xanthomas. Similarly elevated cardiovascular diseases   risk suggests that in 

adulthood groups of HeFH patients should be treated equally aggressively with HMG Co 

A reductase inhibitors [23]. 

 

Conclusions 
 

Amongst patients with HeFH from tertiary care hospitals of Karachi, classical cases with 

severe hypercholesterolemia were found to have LDL receptor gene mutation. The 

probable cases also had increased risk of premature CVD thus both groups require 

intensive therapy to prevent CVD morbidity and mortality  

 

 

Acknowledgement 
We acknowledge the assistance of staff of  Dr. Ziauddin Hospital and Laboratory, 

National Institute of Cardiovascular Diseases and Dr. Rubina Ghani’s Molecular and 

pathology laboratory for their valuable assistance. 

 

 

References: 
1. Goldstein JL, Hobbs HH, and Brown MS. Familial hypercholesterolemia. In: Scriver 

CR, Sly WS and Childs B et al. The metabolic and molecular  basis of inherited 

diseases. New York, NY McGraw-Hill Companies, 2001;  2863-914. 



International Journal of Collaborative Research on Internal Medicine & Public Health 

 
 
 

 
  Vol. 4 No. 7 (2012) 

 

1368 

     2. Loubser O,  Marais AD,  Kotze MJ,  Godenir N,  Thiart R,  Scholtz CL,de Villiers JNP,  

Hillermann R,  Firth JC,  Weich HFH,  Maritz F,  et al . Founder mutations in the LDL 

receptor gene contribute significantly to the familial hypercholesterolemia phenotype 

in the indigenous South African population of mixed ancestry. Clin Genet, 1999; 55: 

340–345. 

 

      3. Leitersdorf E, Tobin EJ, Davignon J, Hobbs HH. Common low-density lipoprotein 

receptor  mutations in the French Canadian population. J Clin Invest.1990; 85: 1014 –

1023. 

 

4.  Kruth HS.  Lipid deposition in human tendon xanthomas. Am J Pathol.1985; 121:  

311–315.   

 

 5. Varret M, Abifadel M, Rabes J-P, Boileau C. Genetic heterogeneity of autosomal 

dominant hypercholesterolemia. Clinical Genetics, 2008; 73:1-13. 

 

6. Moorjani S, Roy M, Torres A, Betard C, Gagne C, Lambert M, Brun D, Davignon J,   

Lupien P. Mutations of low-density-lipoprotein-receptor gene, variation in plasma 

cholesterol, and expression of coronary heart disease in homozygous familial 

hypercholesterolemia. Lancet, 1993; 341:1303-1306. 

7. Civeira F, Castillo S,   Alonso R,  Meriño-Ibarra E,   Cenarro A,   Artied M,  Martín 

Fuentes P, Ros E,  Pocoví M. Tendon xanthomas in familial hypercholesterolemia are 

associated with cardiovascular risk independently of the low-density lipoprotein 

receptor gene mutation. Arteriosclerosis, Thrombosis and Vascular Biology, 2005; 25: 

1960. 

 

8. Hopkins PN, Stephenson S, Wu LL, Riley WA, Xin Y, Hunt SC. Evaluation  of 

coronary risk factors in patients with heterozygous familial hypercholesterolemia. Am J 

Cardiol. 2001;  87: 547–553.10.  

 

9.  Jensen HK, Jensen LG, Meinertz H, et al. Spectrum of LDL receptor gene mutations 

in Denmark: implications for molecular diagnostic strategy in heterozygous familial 

hypercholesterolemia. Atherosclerosis, 1999; 146:337–44. 

 

10. Hobbs HH, Brown MS, Goldstein JL. Molecular genetics of the LDL receptor gene in 

familial hypercholesterolemia. Hum Mutat, 1992; 1: 445-4 

 11. Scientific Steering Committee on behalf of the Simon Broome Register Group.  Risk   

of fatal coronary heart diseases in familial hypercholesterolemia. BMJ, 1991; 142:105-

12. 

 

12. SP Khan, Ghani R, KZ Ahmed, Yaqoob Zia. Genetic basis for diagnosis of novel 

mutation of LDL receptor gene.  IJCRIMPH, 2011, Vol.3. 858-866. 

 

13. Shimizu H and Burns J.C. In: PCR strategies, Innis, M.A.et al. (eds). Academic 

Press, 1995,  San Diego, 2. 



International Journal of Collaborative Research on Internal Medicine & Public Health 

 
 
 

 
  Vol. 4 No. 7 (2012) 

 

1369 

 

14. Civeira F,  Castillo S,   Alonso R,  Meriño-Ibarra E,   Cenarro A,   Artied M,  Martín 

Fuentes P, Ros E,  Pocoví M. Tendon xanthomas in familial hypercholesterolemia are 

associated with cardiovascular risk independently of the low-density lipoprotein 

receptor gene mutation. Arteriosclerosis, Thrombosis and Vascular Biology, 2005, 

25: 1960. 

 15. Yuan G, Wang J and Hegele R.  Heterozygous familial hypercholesterolemia: an 

under recognized cause of early cardiovascular disease. CMAJ, 2006, 174 (8). 

16. Descamps 0, Hondekijn JC, Van Acker P, Deslypere JP, Heller FR. High 
prevalence of a novel mutation in the exon 4 of the low-density lipoprotein receptor 

gene causing familial hypercholesterolemia in Belgium. Clinical genetics, 1997, 51: 

303-308. 

 

17. Ferrieres J, Lambert J, Lussier-Cacan S, Davignon J . Coronary artery disease in 
heterozygous familial hypercholesterolemia patients with the same LDL receptor 

gene mutation. Circulation, 1995, 92: 290–295. 

  

18. Heath KA,   Humphries S, Middleton-Price H, Boxer M.  A molecular genetic 
service for diagnosing  individuals with familial hypercholesterolaemia (FH) in the 

United Kingdom. European Journal of Human Genetics, 2001, 244-252. 

 

19. Ashavaid TF, Kondkar AA and  Nair KG.  Identification of two LDL-Receptor 
mutations causing familial hypercholesterolemia in Indian subjects by a simplified 

rapid PCR-heteroduplex method. Clinical Chemistry, 2000, 46:1183-1185. 

20. Khan SP, Ghani R, Ahmed KZ, Yaqoob Z.  Two novel mutations in exon 3 and 4 of 
low density lipoprotein (LDL) receptor gene in patients with heterozygous familial 

hypercholesterolemia. 

 

21.Vergopoulos A, Knoblauch H, Schuster H (2002) DNA testing for familial  

hypercholesterolemia: improving disease recognition and patient care. Am J  

Pharmacogenomics  2(4):253-62. 

 

22. Civeira F. Guidelines for the diagnosis and management of heterozygous familial 

hypercholesterolemia. Atherosclerosis, 2004; 173(1):55-68.  

 
23. Neil HA, Huxley RR, Hawkins MM, Durrington PN, Betteridge DJ, Humphries SE; Simon 

Broome Familial Hyperlipidaemia Register Group and Scientific Steering Committee. 

Comparison of the risk of fatal coronary heart disease in treated xanthomatous and non-

xanthomatous heterozygous familial hypercholesterolaemia: a prospective registry 

study. Atherosclerosis. 2003; 170:73–78. 



International Journal of Collaborative Research on Internal Medicine & Public Health 

 
 
 

 
  Vol. 4 No. 7 (2012) 

 

1370 

Table 1: Base Line Characteristics of Heterozygous Familial Hypercholesterolemia 

Characteristics      Heterozygous  Familial  Hypercholesterolemia   (n=120)                                           
                                    

                                Classical  (n=42)        Probable (n= 78)        Controls(20)     p 
 

Age (yrs)                                    30 ± 8.6                         39 ± 8.6                     30 ± 10 
 

 

Male : Female                               22:  20                             40: 38                   12:9 
 

Lipoproteins                                Mean ± SD                Mean ± SD           Mean ± SD                                    

Total Cholesterol (mg/dL)              272  ± 70                  267  ± 42                  184  ± 24        0.001   

LDL-Cholesterol  (mg/dL )             201.71± 62.11            187± 42                 105  ± 23        0.001   

HDL-Cholesterol  (mg/dL)                33 ±  9                       37 ± 42                  39 ± 4          0.33                           

Triglycerides (mg/dL)                       215 ± 70                     194  ± 42              190 ± 15      0.77                   
 
 

Clinical features                   ( n= 120) 
 

Xanthomas/ Xanthelasmas              11                                           

Myocardial Infarction                     70                                               

Family history of CVD/ FH           120                                             
 

 

 
 

        

                                                                                       

                                                                                                

                                                                                               

 

 

 

 

 

  

                                                                                          

 

 

 

 
 

Figure 1: Xanthelasmas and Xanthomas (Photos of The Study Cases) * 

 
* The figures show xanthelasmas due to cholesterol deposited on skin of eyelids.  

Xanthomas on connective tissue in extensor tendon of elbow 
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  Figure 2:  Pedigree of Two Families with Familial Hypercholesterolemia 

 
 All the cases included in the study had positive family history of hypercholesterolemia 
and premature coronary artery diseases. Two families pedigree are shown above                                        

Pedigree A, show Proband (age 35 years) with LDL-C 284mg/dL  and had CABAG, he 

has eight sibling, two brothers and one sister had premature myocardial infarction and 

father died before forty due to cardiac failure one sister also had CABAG at 30 years of 

age. Pedigree B, Proband (age 32 years) having LDL-C 379 mg/dL, her father died due 

to cardiac failure in his third decade  and two siblings are diagnosed with familial 

hypercholesterolemia, her younger brother had a CABAG. 
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        Figure 3:  LDL-R Gene Mutation on Exon 4 and Exon 4 & 3 

 
 

The gel analyzed the mutation on exon 3 (162bp) and exon 4 (431bp) for LDL receptor 

gene. Lane N is the negative control, lane M is the DNA ladder used is 100 bp and lane P 

is the positive control used showing mutation of exon 3. Lane 1, 3, 7 and 9 shows 

mutation of exon 4. Lanes -2, 4,5, 6 and  8 show two mutation on exon 3 and 4. 
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