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Abstract t 

Introduction Introduction 

Familiall  Hypercholesterolemia (FH) is a common lipid disorder that predisposes for 

prematuree cardiovascular disease. Lipid-lowering treatment of affected individuals is 

widelyy advocated and maximum benefit can be obtained if medication is started early. A 

DNA-- and family based screening program for Familial Hypercholesterolemia is ongoing 

inn the Netherlands since 1994. In order to assess the extent of treatment and therapy 

compliance,, patients were followed up for two years, after the diagnosis was established. 

Methods Methods 

Dataa were obtained by a questionnaire survey. 

Results Results 

Thee 747 patients with FH, participating in the study were from the general community. Of 

thesee 62.4% were not receiving cholesterol-lowering medication. The overall percentage 

off  treated patients had risen from 37.6% at screening up to 92.5% one year later and then 

slightlyy decreased to 86% 2 years after screening. During follow-up, 6% of all patients 

discontinuedd their medication and 12% of untreated patients never started medication for 

variouss reasons, but unfortunately in the majority of cases as advised by their own physicians. 

Thee mean reduction in LDL-cholesterol levels in previously untreated patients was 30% 

(fromm 219 to 153 mg/dl), while for those already on treatment, an additional reduction of 

12%% (from 195 to 175 mg/dl) was obtained in the course of the program. 

Discussion Discussion 

Thee results of our survey indicate that the vast majority of patients was on treatment two 

yearss after identification and had a positive attitude towards the screening program. However, 

thee reduction of cholesterol levels still did not meet the nationally and internationally 

acceptedd goals of treatment. This underscores the fact that additional education is required 

too improve the treatment of individuals with Familial Hypercholesterolemia. 
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Introduction n 

Familiall  Hypercholesterolemia (FH) constitutes a common inherited disorder of 

lipoproteinn metabolism with a prevalence of 1 in 400 to 500 persons in Western Societies. 

Thee major risk conferred by FH is due to pronounced atherosclerosis leading to premature 

cardiovascularr disease (CVD) and untimely death.1 With the introduction of 3-hydroxy-

3-methylglutaryll  coenzyme A reductase inhibitors (statins), effective treatment for FH 

patientss has become feasible.2,3 It has become evident that aggressive reduction of low-

densityy lipoprotein (LDL) cholesterol levels in these patients can even lead to true 

regressionn of arterial wall abnormalities and that such a treatment is well tolerated and 

safe.44 5 The identification and subsequent treatment of FH patients has therefore become 

ann important task in the prevention of CVD. 

Inn 1994, a nation-wide screening program for the identification of individuals with FH 

hass been instituted in the Netherlands.6 The aim of this program is to identify FH patients 

inn the pre-symptomatic stage of the disorder, in order to offer them prophylactic therapy. 

Thee approach followed consisted of genealogical studies combined with DNA diagnostic 

testingg in family members of patients with a proven mutation in the LDL-receptor gene. 

Ass we reported earlier, at the time of examination approximately one third of adult FH 

patientss were receiving some form of cholesterol-lowering treatment, whereas one year 

laterr this percentage had risen considerably.6 

Thee attainment of low LDL plasma levels often requires high dose or combination drug 

therapy,, which may be limited by poor tolerance.7 In patients with FH lifelong treatment 

withh lipid lowering drugs is indicated. Therefore long-term appraisal of therapeutic goals 

iss warranted to provide a more accurate assessment of the effectiveness of the program. 

Wee therefore performed a large-scale follow-up study two years after the diagnosis FH 

hadd been established. Other important issues related to this family-based genetic testing 

program,, such as genotype-phenotype relations, costs-effectiveness and psychological 

andd societal issues, is the subject of separate reports. 

Methods s 

Thee screening program 
Thee screening program was executed as described previously6 Briefly: at a Lipid Clinic, 

partt of nation-wide network, patients were diagnosed with FH on clinical grounds, 
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accordingg to a uniform diagnostic protocol.8 DNA samples were analyzed for the presence 

off  a LDL-receptor gene mutation. Once a functional mutation had been identified in 

suchh a patient, this patient was referred to as an index case. Subsequently, first and 

second-degreee relatives of the index patient were actively contacted and tested for the 

mutationn present in the index case. Those shown to be carrier of the mutation were 

referredd to a Lipid Clinic or advised to visit a specialist for further assessment of their 

cardiovascularr risk, appropriate treatment and instructions about preventive measures to 

reducee risk factors. 

Participantss and inclusion criteria 
Consecutivee participants of the program, in whom a DNA diagnosis of FH was established, 

weree eligible for the follow-up study. A questionnaire was administered two years after 

thee participants were tested positively for the LDL-receptor mutation that caused FH in 

theirr family. Carriers younger than 18 years at the time of DNA-testing were excluded 

fromfrom the study, since drug therapy in this age group is currently not established. Care 

wass taken not to include many patients from the same family, in order to compose a 

studyy cohort representative for the total group of FH patients identified in the program. 

Consentingg participants received a letter explaining the purpose of the study and a 

questionnaire.. In case of non-response a reminder was sent within one month. If necessary, 

wee sought to contact the participant through their relatives by telephone. 

Thee questionnaire 
Thee questionnaire contained questions about type of treatment, diet, life style, adverse 

effectss of medication and in case therapy had not been initiated or had been discontinued, 

whatt the reason was. In addition, the opinion and perceived value of the screening program 

weree assessed. The questionnaires had a specific numbered code and could be returned 

anonymously. . 

Statisticall analysis 
Al ll  data were analyzed using SPSS software (version 9.0, SPSS, Chicago, USA). 

Differencess between baseline and two years plasma lipid and lipoprotein levels were 

testedd using a paired Student's t-test. 
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Results s 

Participation n 

Inn the period between January 1994 and January 1998, 896 consecutive individuals (487 

women,, 409 men) were identified as carriers of a FH causing mutation. Of these, 761 

weree older than 18 years. Nine (1.1%) did not consent and 5 (0.7%) were lost to follow-

up.. Complete two-year follow-up was therefore obtained in 747 (98.2%) FH patients 

(4155 women and 332 men). 

Figuree 1. Composition of the patient cohort studied and medication status of 747 FH patients 
afterr identification by DNA diagnosis. 

Totall  number 
off  FH pts 

withh follow-up 

747 7 

Att screening 
receiving g 

cholesterol l 
lowering g 
treatment t 

2811 (37.6%) 

Att screening 
NOT T 

receiving g 
cholesterol l 
lowering g 
treatment t 

4666 (62.4%) 

deceased d 
6(2.1%) ) 

medication n 
discontinued d 

17(6.1%) ) 

onn medication at 
follow-up p 

258(91.8%) ) 

deceased d 
8(1.7%) ) 

Neverr started on 
medicationn |—' 
566 (12%) 

medication n 
discontinued d 
300 (6.4%) 

onn medication at 
follow-up p 

3722 (79.8%) 

Ownn choice 
7(41.2%) ) 

Doctorss advice 
66 (35.3%) 

Other r 
44 (23.5%) 

Ownn choice 
15(26.8%) ) 

Doctorss advice 
333 (58.9%) 

Other r 
8(14.3%) ) 

Ownn choice 
144 (46.7%) 

Doctorss advice 
122 (40.0%) 

Other r 
4(13.3%) ) 

Effectt on therapeutic status 

Inn figure 1 an overview is given of the therapeutic status of the 747 FH patients with 

completee follow-up after DNA diagnosis. At screening, 281 (37.6%) of the patients 

weree already receiving cholesterol-lowering medication. This percentage had risen to 

92.5%% after one year, but subsequently 14 FH carriers died and another 47 discontinued 

theirr medication. The proportion of patients on lipid lowering treatment, two-years after 

diagnosis,, declined to 86.0%) (630 out of the still living 733). The 47 patients discontinued 

thee cholesterol lowering medication because of disinterest and own choice (29.8%), 
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adversee effects (14.9%), doctor's advice (34%), pregnancy (wish) or breast feeding 

(17.0%)) and while 2 patients stopped for unknown reasons (4.3%). 

Att screening 466 (62.4%) patients were not receiving any cholesterol lowering treatment, 

butt 56 patients (7.5%) never were initiated on medication because of. Reasons for this 

were:: own choice and disinterest (26.8%), not necessary according to primary care 

physiciann (58.9%), pregnancy (wish) (7.1%) or unknown reasons (7.1%). 

Patientss who were still on medication after two years received their prescription from 

theirr general practitioner (41%), internist (37%) or cardiologist (21%). 

Effectt on plasma lipid and lipoproteins 

Inn the initial years of the program, DNA testing was combined with measurement of 

lipoproteinn levels, but the latter was discontinued in the years thereafter. For this reason 

thee study cohort in which lipoprotein levels were assessed was smaller. In Table 1 mean 

levelss of total-, LDL-, HDL-cholesterol and triglycerides at screening and follow up, of 

1833 FH patients untreated at the time of screening, are presented. Mean total-, LDL-

cholesteroll  and triglyceride levels fell by 23%, 30% and 9% respectively while HDL-

cholesteroll  increased by 6%. All these changes were statistically significant (P< 0.0001). 

Additionally,, Table 1 also shows the mean levels of total-, LDL -and HDL cholesterol 

andd triglycerides of 118 FH patients that were on cholesterol lowering treatment at time 

Tablee 1: Lipoprotein levels at screening and two years later in FH patients WITH and WITHOUT 
cholesteroll  lowering medication at the time of diagnosis. 

receivingg cholesterol 
loweringg medication 
att screening 

No o 

Yes s 

N N 

183 3 

118 8 

Totall  cholesterol 
Triglycerides s 
HDLL cholesterol 
LDLL cholesterol 

Totall  cholesterol 
Triglycerides s 
HDLL cholesterol 
LDLL cholesterol 

att screening* 

2988 (58) 
1655 (88) 
44(11) ) 
2199 (58) 

2744 (64) 
169(136) ) 
455 (12) 
1955 (60) 

22 years 
after r 

screening* screening* 

2300 (48) 
150(79) ) 
47(12) ) 
1533 (58) 

2499 (63) 
157(117) ) 
46(11) ) 
1755 (56) 

%% change 

-22.8 8 
-9.1 1 
++ 6.8 
-30.1 1 

-9.1 1 
-7.1 1 
++ 2.2 
-- 10.2 

P-- value* 

<< 0.0001 
<< 0.0001 
<< 0.0001 
<< 0.0001 

<< 0.0001 
<< 0.0001 
<< 0.0001 
<< 0.0001 

P-valueP-value (between levels at screening and after 2 years) was calculated using a paired Student t-test; N: 
numbernumber of patients; s.d.: standard deviation; LDL: low-density lipoprotein; HDL: high-density 
lipoprotein.lipoprotein. To convert lipoprotein levels from mg/dl to mmol/l, divide by 38.6 for cholesterol and by 
88.588.5 for triglycerides. *= Mean (standard delation) in mg/dl). 

88 8 



Long-termm compliance to medication 

off  screening and had continued medication during two years. The levels of total- and 

LDL-cholesteroll  and triglycerides decreased by an additional 8%, 12% and 6%, respectively, 

whereass HDL-cholesterol increased by 3%. All changes were statistically significant (P< 

0.0001).. Of all patients on treatment two years after the diagnosis was established, 66% 

achievedd treatment target levels for LDL-cholesterol of 135 mg/dl or lower. 

Opinionn of the participants 
AA total of 624 FH patients (85%) reported a positive attitude towards the screening 

program,, 95 (13%) expressed a neutral opinion and 14 (2%) communicated a negative 

opinionn and regretted the DNA testing. 

Discussion n 

FHH represents the ideal paradigm for genetic testing, since effective medication for 

treatmentt of the disorder is widely available and effective therapy for FH can be easily 

assessedd by measurement of lipoprotein levels and possiblyy by non-invasive imaging of 

thee thickness of thee intima-media complex of the carotid arteries.5 

FHH patients have a high risk for the development of cardiovascular disease at a relative 

youngg age; a risk that can be reduced by the timely institution of effective drug therapy. 

Stilll  many FH patients suffer from under-diagnosis and lack the appropriate risk reducing 

therapy.9nn We recently demonstrated that a DNA based screening program was highly 

effectivee in identifying patients with FH.6 Our current findings extend these observations 

andd demonstrate that long-term adherence to therapeutic intervention is feasible and that 

aa sharp reduction in cholesterol plasma levels was achieved. 

Ourr study showed that following identification through screening, the percentage of FH 

carrierss treated with cholesterol lowering medication exhibited a striking increase from 

38%% to 86% after 2 years. As could be expected, total and LDL cholesterol and triglyceride 

levelss decreased and HDL cholesterol increased significantly in the previously untreated 

groupp of FH carriers. But also in patients that were already receiving cholesterol-lowering 

medicationn at the time of screening, an improvement of the lipoprotein levels was 

observed.. These changes are likely to result in an important decrease of C VD risk. Various 

studiess have demonstrated that a 1% reduction of LDL cholesterol will lead to a decrease 

inn CVD incidence of 1 to 1.7%.1213 

Meann baseline LDL-cholesterol levels were 219 mg/dl but fell to 153 mg/dl after two 
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years,, which represents a reduction of 30.1 %. Therapeutic goals in these patients include 

aa reduction of LDL-cholesterol concentrations to less than 135mg/dl for primary 

preventionn according to the European guidelines.1415 This treatment target was achieved 

66%% of the patients, both in men and women. It is therefore evident that efforts should be 

directedd towards more vigorous reduction of LDL-cholesterol levels in these FH patients. 

Evenn in FH carriers already receiving cholesterol-lowering treatment, significant effects 

onn plasma lipoproteins were observed after identification by DNA-testing. Mean LDL-

cholesteroll  levels at the time of screening (195 mg/dl) indicated that these patients were 

severelyy under-treated. After two years these levels fell significantly to 175 mg/dl, but 

stilll  did not reach the treatment target levels of 135 mg/dl or lower. 

Thee psychosocial consequences and the unavoidable breach of privacy caused by active 

geneticc screening are widely discussed and often with a negative connotation. However 

studiess in families at risk for Huntington's disease or hereditary breast cancer have, as 

yet,, shown littl e evidence of significant psychological suffering as a result of genetic 

testing.166 It is noteworthy that in the present study, under anonymous conditions, a high 

percentagee of FH carriers (85%) had a positive attitude, whereas only 2% expressed a 

negativee experience with the program. Data on the percentage of participants that regretted 

predictivee testing afterwards, except for the MEN-2 syndrome (5%) and for cystic fibrosis 

(10-12%),, is sparse but do no seem to indicate major dissatisfaction.1719 

Recently,, Marteau and Lerman reported that behavioral change after identification of a 

geneticc risk was difficult to achive.20In contrast, the results of our survey, such as the 

significantt increase in treatment levels and the overall positive attitude towards the 

screeningg program, do not support their findings. Indeed, 103 of 733 patients (14%) still 

livingg at the time of the follow-up study, discontinued or never initiated medication, but 

thee decision to do so was mainly based on general disinterest or on advice of the treating 

physician.. This indicates that for this relatively small group of patients and their treating 

physicianss additional education is required. 
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