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Background: Familial Hypercholesterolemia (FH) is an autosomal dominant disease resulting from mutations of the LDL (LDLR) receptor gene leading to a diminished catabolism and elevated level of LDL cholesterol (LDL-C). It is associated with an increased risk for cardiovascular disease (CVD). The MEDPED (Make Early Diagnosis-Prevent Early Death) program, an initiative cited by the WHO Human Genetics Programme in their report on FH, initiated international collaboration to identify and follow-up patients with FH globally. From Asia-Pacific, only 6 countries are participating and no data among Filipinos particularly on genetic profiles is available at present. This study attempts to initiate data collection and participation in the global initiative. Objectives: Primary: 1. To describe the phenotype of Filipino patients with FH. 2. To determine and characterize the LDL-R gene mutations among Filipino patients with clinical features of FH Secondary: To determine the association of the clinical characteristics of FH with the presence of LDLR gene mutations Design: Cross- Sectional Study Setting: Multicenter, Outpatient Clinic Participants: 60 unrelated patients, 18 y/o and above from UP-PGH, Manila Doctors Hospital and Cardinal Santos Medical Center. FH was dignosed according to the Dutch Lipid Clinic Network Criteria cited by WHO which is based on a history of premature CVD, family history, tendon xanthoma, arcus cornealis, and LDL C levels. Methods: With informed consent, clinical history, physical examination and lipid profile data were determined. Blood samples were extracted, processed to isolate DNA specimens at the National Institutes of Health, Institute of Human Genetics, and sent to Canterbury Health Laboratories at Christchurch, New Zealand for DNA analysis. Analysis: Descriptive statistics, Fisher’s exact test and Student’s t-test using Stata version 6.0 software.
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Results: Sixty patients with a mean age of 55 y/o were included, including 39 (65%) females. The mean LDL level was 227 mg/dl. Cardiovascular Disease and a family history of dyslipidemia were present in 55 & 60% of the samples, respectively. Twenty percent had documented LDL-R gene mutations. Six of the mutations were considered novel. A family history of dyslipidemia, an elevated LDL-C level, and a high FH score exhibited a statistically significant association with mutations. Conclusion: The study population has a high prevalence of CVD at an average age of 55 years with a strong family history of dyslipidemia and very high average LDL-C levels. One out of every 5 patients had LDL-R gene mutations, 6 of which were considered novel. LDL-R gene mutation was significantly associated with family history of dyslipidemia, LDL-C Level and FH score. Clinical and Research Implication: This is the first international collaborative genetic study among Filipinos with FH. Data could allow the country to participate in the WHO/ MEDPED global program. Collaborative efforts will lead to more effective detection, treatment and prevention of CV events. Novel mutations were discovered and further analysis of these genes will be done. J Atheroscler Thromb, 2005; 12: 276–283. Key words: Familial hypercholesterolemia, LDL-R gene mutation, Genetics, Philippine, Lipids



Background Familial hypercholesterolemia (FH) is a genetic disorder that has been shown to be associated with arteriosclerosis and premature cardiovascular disease. Brown and Goldstein demonstrated that FH results from mutations in the gene coding for the receptor that transports LDL into cells (1). The gene has been mapped to the short arm of chromosome 19 and has been referred to as the “low-density lipoprotein receptor” (LDLR) gene (2). Mutations in the LDLR gene reduce the number or impair the function of the LDL receptor molecules at the surface of liver cells leading to a diminished catabolism of LDL cholesterol which results in an elevation of LDL cholesterol levels. FH is an autosomal dominant disease with two distinct clinical types. Heterozygous FH patients have approximately half the normal number of functioning receptors and elevated cholesterol levels. Symptomatic CAD typically develops by age 50 in men and age 60 in women. The more severely affected homozygotes have virtually no competent receptors, and markedly elevated levels of cholesterol, reaching 700 to 1,200 mg/dl. Symptomatic CAD typically develops before age 20; premature atherosclerosis is the rule. Therefore, patients with FH are considered a high risk group that needs to be identified and treated. Familial hypercholesterolemia is considered when there is an elevated LDL cholesterol level, the presence of xanthoma and a family history of premature coronary artery disease (CAD). However, a clinical diagnosis is not always clear cut especially among young patients in whom physical stigmata are not present. In such cases, a molecular analysis would be desirable for diagnosis and genetic counseling (3).



The MEDPED (Make Early Diagnosis-Prevent Early Death) program, an initiative cited by the World Health Organization (WHO) Human Genetics Programme, Division of Noncommunicable Diseases Report on Strategies for Preventing Early Deaths in 1996 (4), initiated international collaboration to identify, follow-up, and promote treatment of patients with FH globally. It is an international humanitarian nonprofit project that also promotes education of patients and their doctors and encourages research for treatment of inherited high cholesterol disorders world wide. This group encourages different nations to register their own cohorts of FH patients to better understand this condition. Currently, it is coordinating a global registry of cases with FH. To facilitate identification of potential cases, the WHO Report on FH in 1998 has referred to the Dutch Lipid Clinic Network Criteria for identification of Familial Hypercholesterolemia. It sums up the numeric score involving family history, clinical history, presence of tendon xanthomata and arcus cornealis prior to 45 years of age, LDL- cholesterol level and DNA analysis. A diagnosis is considered certain if the score is greater than 8, probable if the score is 6 to 8, and possible if the score is between 3 and 5. A diagnosis is not made if the score is below 3 points (5, 6). Potential index cases subsequently may undergo genetic analysis to determine mutation. There are now over 800 mutations known to affect the LDLR gene. These include deletions, insertions, missense mutations, and nonsense mutations (2). To date, there are 37 countries collaborating in the MEDPED Program and only 6 countries are from the AsiaPacific. At present, no data is available regarding FH among Filipinos particularly on genetic profiles. This study attempts to initiate data collection and participation in the global initiative.
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278 Table 1. Baseline Characteristics of Patients.



Table 2. Proportion of Patients based on FH Score.



Factors Mean age, years (mean ± SD) Mean BMI (mean ± SD) Mean LDL-C, mg/dl (mean, SD) Sex Male Female Hypertension Combined CAD and CVD CAD post-CABG Cerebrovascular Disease (CVD) Family History of CAD Family History of Dyslipidemia Arcus cornealis Tendon xanthoma



55 24 227.07 n/N 21/60 39/60 34/60 33/60 25/60 12/60 8/60 39/60 36/60 22/60 17/60



± 14 y/o ±4 ± 57 (%) (35) (65) (57) (55) (42) (20) (13) (64) (60) (37) (28)



* CAD: coronary artery disease, CVD: cerebrovascular disease, CABG: coronary artery bypass grafting



Scores



Category



Number (%)



>8 6–8 3–5



certain probable possible



20 (33) 16 (27) 24 (40)



Patients with secondary causes of dyslipidemia such as a previous diagnosis of diabetes mellitus, renal disease such as nephrotic syndrome, chronic renal failure, liver disease, cirrhosis, hypothyroidism or dyslipidemia due to intake of corticosteroids, thiazides, beta-blockers and hormonal therapy were excluded in the study.



Setting Multicenter, Outpatient Clinic (University of the Philippines – Philippine General Hospital, Manila Doctors Hospital, Cardinal Santos Medical Center )



Methods Research Questions 1. What are the clinical characteristics of Filipino patients with a clinical diagnosis of Familial Hypercholesterolemia? 2. Among Filipinos with clinical features of Familial Hypercholesterolemia, are there LDLR gene mutations present? 3. Is there an association between the clinical characteristics of Familial Hypercholesterolemia and the presence or absence of LDLR gene mutation?



Objectives Primary 1. To describe the phenotype of Filipinos with Familial Hypercholesterolemia. 2. To determine and characterize the LDL receptor gene mutation among Filipinos with clinical features of Familial Hypercholesterolemia.



Secondary To determine the correlation of the clinical characteristics of FH with the presence of LDLR gene mutation.



The patients were identified in the outpatient adult medicine/cardiology clinic. Those who satisfied the above criteria were asked for their informed consent (Appendix II). Clinical history, physical examination and determination of baseline lipid profile data were done. Ten milliliters of venous blood was extracted and placed in two 5 ml EDTA tubes and stored at 4°C. The blood was processed to isolate a DNA specimen at the National Institute of Health, Institute of Human Genetics, UP-PGH and sent to Molecular Pathology, Canterbury Health Laboratories, Christchurch, New Zealand for DNA analysis. For each DNA sample, the presence of LDLR gene mutation was identified by denaturing high performance liquid chromatography (DHPLC) and DNA sequencing (7, 8).



Statistical analysis The primary study results were reported in terms of percentages, standard deviation and means. For the secondary objective, the association of clinical variables with LDL-R gene mutation was explored using Fisher’s exact test and Student’s t-test.



Results Methodology Participants Unrelated adult Filipino patients, 18 years of age and above with clinical features of Familial Hypercholesterolemia according to the Dutch Lipid Clinic Network Criteria (5) were included in the study. The patients must have had a score of at least three points to be included (Appendix I).



Clinical characteristics of patients Sixty patients were included in the analysis. Among then were 21 (35%) males and 39 (65%) females with a mean age of 55 years. There was a high prevalence of hypertension (57%) and coronary artery disease (42%). A family history of premature coronary artery disease (64%) and dyslipidemia (60%) were also common. The mean LDL level of the patients was 227 mg/dl. The majority had an



Philippine Familial Hypercholesterolemia Study LDL level of ≥ 190 mg/dl. Table 1 shows the baseline characteristics of the patients with clinical features of Familial Hypercholesterolemia.



Table 3. Different LDL-R gene mutations detected with the corresponding number of patients. Number of Patients



FH score based on the Dutch Lipid Clinic Network Criteria The patients were categorized based on the FH score. Table 2 shows the proportion of patients in each category.



LDL-R gene mutations Genetic analysis revealed mutations in 12 (20%) of the 60 patients with a clinical diagnosis of FH. One patient had 2 mutations. The mutations detected were missense or splicing mutations at Exon 3, 7, 10, 12 and Intron 2 and 8. Six novel mutations were discovered. Table 3 shows the different mutations and the number of patients with each particular mutation.



Correlation of clinical characteristics with the presence and absence of LDL-R gene mutations Table 4 shows the characteristics of patients with and without LDL-R gene mutations. There was a statistically significant association between LDL-R gene mutation and a family history of dyslipidemia (p < 0.019), LDL-cholesterol level (mean 274.99 mg/dl, SD 63.75, p < 0.0007) and FH score (mean 9.5, SD 4.23, p < 0.005 ). The majority of those with mutations had a FH score of > 8.



Discussion This is the first international collaborative study on the genetic profile of Familial Hypercholesterolemia among Filipinos. The study was conducted by a group composed
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Mutations



2



Ex3 268G > A (D69N)



1



Ex7 986 G > A (C308Y)



1



Ex12 1747C > T (H562Y)



1



Ex3 G50R*



1



Ex10 D147N*



1



Ex10b C > A 1502 (A480E)*



1



Ex13 1602V*



3



Intron 2 190+4 A > T 5’ splice donor*



2



Intron 8 1187-10G > A 3’ splice acceptor*



* Novel mutation Note: numbers: refer to the exon/intron, nucleotide/codon positions, letters: refer to bases and amino acids



of clinicians, clinical researchers and geneticists from the Philippines in different clinical centers and the Institute of Human Genetics of the National Institutes of Health, as well as a Molecular Pathology Lab in New Zealand. Our cohort of 60 patients with clinical features of FH were relatively young and yet already had a high prevalence of coronary artery and cerebrovascular disease. The combined prevalence of CAD and CVD in our study is 55%. The average LDL-C cholesterol level is in the very high category. This data is consistent with the association of elevated LDL cholesterol levels with an increased risk of atherosclerotic disease (9). This also shows the significant potential adverse impact of dyslipidemia in the development of CVD among the young



Table 4. Characteristics of Patients with and without LDL-R gene mutations. Clinical variables Age BMI LDL FH score Sex Male Female Hypertension CAD s/p CABG Cerebrovascular disease Family history of dyslipidemia Family history of CAD Arcus cornealis T. xanthoma Significant at p value < 0.05



With mutation n = 12 54.17 23.17 274.99 9.5 3 9 4 3 3 3 11 10 6 6



(± 16.07) (± 3.33) (± 63.75) (± 4.23) (25%) (75%) (33%) (25%) (25%) (25%) (92%) (83%) (50%) (50%)



Without mutation n = 48 55.46 24.81 214.84 6.35 18 30 29 22 9 5 25 31 16 11



Odds Ratio (95% CI)



(± 13.84) (± 4.22) (± 48.73) (± 3.04) (38%) (62%) (60%) (46%) (19%) (10%) (52%) (65%) (33%) (23%)



p value 0.780 0.215 0.0007 0.0050



0.56 (0.013, 2.3)



0.513



0.33 0.39 1.44 2.86 10.2 2.7 2 3.3



0.114 0.327 0.692 0.191 0.019 0.306 0.327 0.081



(0.09, 1.2) (0.095,1.6) (0.32, 6.4) (0.57,14.22) (1.2, 84) (0.56, 7.2) (0.56, 7.2) (0.9, 12.6)
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to middle-aged and productive individuals. There were 12 patients (20%) with gene mutations detected among the 60 patients with clinical features of FH in our study. This is comparable with other foreign studies. In New Zealand, the incidence of LDLR gene mutations in their FH cohort was 25% (10). Korea reported LDLR gene mutations in 31% of 86 families screened (11) while Singapore detected mutations in 10% of their 21 index cases of Familial Hypercholesterolemia (12). Of the different LDL-R gene mutations discovered, 6 were considered novel. These were not found in other cohorts and as probably unique to Filipinos. More studies are being planned for this group. The other mutations had been reported previously (3, 13, 14). The Dutch Lipid Clinic Network Criteria for the clinical diagnosis of FH were cited by the World Health Organization (WHO) for the identification of clinical FH. The Dutch team had ascertained that 83% of patients with a score of 8 or more had mutations. The remaining 17% had the same clinical diagnosis, but in all likelihood had another genetic defect (15). In our study, 20/60 patients (33%) had a FH score of more than 8. Among these 20 patients, 8 (40%) had LDLR gene mutations. It is still possible that the rest had different mutations of LDLR and apolipoprotein B. Among those with a score of 6–8 and 3–5, 1 (6%) and 3 (13%) had mutations respectively. Combining the probable and certain groups (which means a score of 6 or higher) would yield 9/36 (25%) positive for genetic mutation. Focusing on the 12 patients with mutations, 8 (67%) had a score of > 8, 1 (8.3%) had a score of 6–8, and 3 (25%) had a score 3–5. These results have emphasized that the higher the FH score, the higher the chance of having an LDLR mutation. With regards to the secondary objective, the investigators explored the correlation between clinical characteristics and the presence or absence of mutation. Statistical analysis had shown a significant association between mutation and the following clinical variables: family history of dyslipidemia, FH score, and LDL-cholesterol level. Based on our data, the odds of having a LDLR gene mutation is 10 times higher among those with a strong family history of dyslipidemia than those without. Moreover, patients with LDLR gene mutations have higher over-all FH scores (score of 9) than patients without mutations which is consistent with the report of Defesche (15). Those with LDLR gene mutations also have higher LDL-C levels (275 mg/dl). This finding is consistent with the report of Khoo in his study among a Southeast Asian population with FH which included Malays, Chinese, and Indians. The mean cholesterol levels of those with mutations was 276 mg/dl. These results support the detection of potential FH cases based on clinical history, physical examination, and subsequent lipid profile among patients who have clinical features of FH.



Familial Hypercholesterolemia is a distinct entity with known etiology, pathophysiology, signs and symptoms. FH patients have a significantly higher risk of developing CHD than other hypercholesterolemic patients in the general population. According to WHO, about 200,000 persons in the world die each year of preventable early heart attacks due to FH (5). The morbidity and mortality of FH patients has indeed a significant impact on health care and family. Since there exist treatment strategies shown to be effective in reducing LDL-C levels as well as the risk of cardiovascular (CV) events among patients with hypercholesterolemia, for example the use of HMG Co A reductase inhibitors, early detection and treatment of this high risk group is imperative.



Limitations of the study The study included 60 patients with clinical features of FH from an outpatient adult medicine/cardiology clinic. The sample does not represent the general population. The sample size allowed for a limited analysis of the correlation between the clinical variables and presence of genetic mutations. The novel mutations discovered need confirmatory studies among the family of index patients to determine if they segregate with the hyperlipidemia among the family members



Conclusions 1. The study sample was made up of relatively young patients with a high prevalence of CAD, very high levels of LDL-C, and in a majority of cases, family history of CAD and dyslipidemia. 2. Twenty percent of the study sample had LDLR gene mutations. There were 6 novel mutations discovered. 3. There was a statistically significant association between LDL-R gene mutations and the following clinical variables: family history of dyslipidemia, LDL level and FH score. Ninety two percent of subjects had a family history of dyslipidemia. The patients with LDLR gene mutations had high LDL-C levels with a mean of 275 mg/dl, and a FH score of 9.5.



Clinical Implications This study shows that Familial Hypercholesterolemia exists in our population. Although this is a high risk group, the prognosis for patients and families with FH has improved substantially due to advances in both the recognition and treatment of this disorder. The challenge among clinicians is early recognition of individuals with clinical features of FH and subsequent evaluation of family members to allow early detection of this high risk group. Moreover, there is a need for a clear commitment for continuous and effective treatment of these patients.



Philippine Familial Hypercholesterolemia Study Education campaigns need to be established to effectively improve the awareness of FH among the public and health care professionals. A registry of FH patients, their affected and at-risk relatives, and associated physicians should be established in order to assist in case detection through family screening, education of patients and their physicians, and long term follow-up. Collaborative efforts among clinicians and geneticists should be maintained for more effective detection, treatment and prevention of CV events.



Research Implications This is the first international collaborative genetic study among Filipinos with FH. We recommend continuing the registering and evaluation of patients with clinical features of FH and to pursue a cohort study with a larger sample population. This will allow us to validate the initial findings, particularly the association of the different clinical variables with LDLR gene mutations. In addition, we recommend further study of the 6 novel mutations discovered. Evaluation of family members would provide more data that would allow confirmation of these novel findings. The present data could allow the country to participate in the MEDPED global program. The results of the study will be submitted to the MEDPED Global FH Registry to initiate further international collaboration. Contributing data to the worldwide database will aid in the understanding of this disease entity.
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Appendix I.. Dutch Lipid Clinic Network Criteria in the Diagnosis of FH. Family History 1 2 1 2



First degree relative with premature (men < 55 years, women < 60 years) coronary and vascular disease First degree relatives with LDL cholesterol > 95th percentile and or First degree relative with tendon xanthomata and/or arcus cornealis Children below 18 years with LDL cholesterol > 95th percentile



1



2



Clinical History 1 2



Patient has premature (men < 55 years, women < 60 years) CAD Patient has premature (men < 55 years, women < 60 years) cerebral or peripheral vascular disease



2 1



Physical Examination 1 2



Tendon xanthomas Arcus Cornealis below the age of 45 years



6 4



Laboratory Analysis 1 2 3 4



LDL cholesterol LDL cholesterol LDL cholesterol LDL cholesterol



Mmol/l > 8.5 6.5–8.4 5.0–6.4 4.0–4.9



Mg/dl > 330 250–329 190–249 155–189



8 5 3 1



DNA Analysis 1Functional mutation low-density lipoprotein receptor gene present Diagnosis of FH is Certain when Probable when Possible when



8



> 8 points 6–8 points 3–5 points



Appendix II.. Patient Consent Form Patient Name: Address: Telephone: Title: Genetic Profile of Filipino Patients with Clinical Features of Familial Hypercholesterolemia You are invited to be in a research study. You need to decide whether you want to participate or not. Please take your time to decide. Carefully read the following and feel free to ask the study doctor or the research coordinator any questions you may have. (Ikaw ay inaanyayahan na sumali sa isang pag-aaral. Kailangan mong magbigay ng desisyon kung nais mong sumali o hindi. Bigyan ng oras ang pagbasa at pagtindi ng mga sumusunod.) Why is this study being done? (Bakit isasagawa ang pag-aaral?) The purpose of the study is to assess the phenotypic expression of Familial Hypercholesterolemia among Filipinos and determine if it is comparable with the genetic patterns identified in other countries. (Ang pag-aaral na ito ay isasagawa upang alamin ang “phenotypic expression” ng “Familial Hypercholesterolemi” at tignan kung ito ay katulad ng nakikita sa ibang bansa) Who should not be in the study? (Sino ang hindi maaring sumali sa pag-aaral) You should not be in the study if any of the following statements apply to you: Secondary hypercholesterolemia of the following etiologies: 1. Renal disease such as nephritic syndrome, chronic renal failure,glomerulonephritis 2. Obstructive liver disease, cirrhosis 3. Hypothyroidism
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(Hindi maaring sumali ang mga may sumusunod na kondisyon): Mataas na kolesterol sanhi ng 1. Sakit sa bato 2. Sakit sa atay 3. Goiter What will I be asked to do? What are my requirements? (Ano ang kailangan kong gawin) At the clinic, you will give informed consent. You will undergo a full medical check, a complete PE and blood extraction. Any current treatment with a lipid-lowering agent will not be discontinued.. (Sa clinic visit, ikaw ay hihingan ng katunayan ng pagpayag na sumali sa pag-aaral. Ikaw ay titignan at kukuhanan ng dugo.) How long will I be in the study? (Gaanong panahon tatagal ang pag-aaral) No additional visits will be required. (Isang clinic visit lamang) How many other people will be participating in the study? (Ilang katao pa ang isasama sa pag-aaral) About 50 people will be participating in the study. (Limampu-50) Will I receive reimbursements for my expenditure related to the study? (Ako ba ay tatanggap ng kabayaran para sa aking magagastoa na may relasyon sa pag-aaral?) yes (Oo) What adverse(bad) effects can happen to me by participating in the study? (Anong mga side effects and maaaring mangyari) Aside from mild pain of the extraction site, no complications are expected. (Maaaring magkaroon ng kaunting kirot sa pagkuha ng dugo’) What benefit can I expect? (Anong pakinabang ang maari kong makuha sa pag-aaral?) If the test becomes positive, you may be counseled regarding familial hypercholesterolemia. (Kung ang resulta ay positibo, maari kang masabihan ng mga kaalaman tungkol sa “familial hypercholesterolemia”) Who will be able to see my records and know that I am in the study? (Sino ang maaring makakita ng aking mga tala tungkol sa pag-aaral?) If you agree to become part of the study, your name will be held in confidence. Unless required by law, only the study doctor and the staff involved in the study, and an independent ethics committee will have direct access to your medical records to check the study information. (Kung ikaw ay papayag na sumali sa pag-aaral, ang iyong pangalan ay “confidential”. Ang mga doctor lamang at mga taong kasama sa pag-aaral na ito ang maaaring tumingin sa iyong mga tala) Who do I call if I have questions? (Sino ang maari kong tawagan sa aking tanong?) Rody Sy, MD, Felix Eduardo R. Punzalan, MD Cardiovascular Research Unit 523-2010, 521-8450 loc 3155 Can I refuse to be in the study or be asked to leave the study? (Maari ba akong tumanggi o kaya ay paalisin sa pag-aaral na ito?) Your participation in this study is voluntary. You can choose not to take part in the study. You will not lose any benefits to which you are entitled. You will not be prevented from participating in future studies. (Ang iyong pagsali ay kusang loob. Maari kang tumanggi na sumali. Walang pakinaban na mawawala kung sakali na ikaw ay tumanggi.) You will receive a signed copy of this consent form. (Ikaw ay makatatanggap ng kopya ng sulat ng pahintulot)
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