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Aims: Familial hypercholesterolemia (FH) is currently underdiagnosed and undertreated. The establishment of a 
FH registry could facilitate a deeper understanding of this disease. We described the clinical characteristics of 
subjects with FH from the Thai FH Registry, compared our data with the regional and global data, and identified 
gaps in the care of these subjects. 

Methods: A multicenter, nationwide prospective FH registry was established in Thailand. Our data were 
compared with those of the European Atherosclerosis Society-FH Studies Collaboration. Multiple logistic 
regression analyses were performed for variables associated with lipid-lowering medication (LLM) use and the 
attainment of low-density lipoprotein-cholesterol (LDL-C) goal.

Results: The study includes 472 subjects with FH (mean age at FH diagnosis: 46±12 years, 61.4% women). A 
history of premature coronary artery disease was found in 12%. The percentage of LLM use in subjects with a 
Dutch Lipid Clinic Network score of ≥ 6 (probable or definite FH) in our registry (64%) was slightly lower than 
the regional data but higher than the global data. Among those who received statins, 25.2% and 6.4% achieved 
LDL-C levels of ＜100 mg/dL and ＜70 mg/dL, respectively. Women with FH were less likely to achieve LDL-C 
＜70 mg/dL (adjusted odds ratio: 0.22, 95% confidence interval: 0.06–0.71, p=0.012).

Conclusions: FH in Thailand was diagnosed late, and treatment was inadequate for the majority of subjects. 
Women with FH were less likely to achieve LDL-C goals. Our insights could potentially help raise awareness and 
narrow the gap in patient care. 
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follow-up. Second, we would like to address gaps in 
the knowledge and care of subjects with FH in our 
country. Third, we would like to raise awareness of 
FH among the medical community and the public in 
Thailand. Here, we present the first report of the Thai 
FH Registry in terms of its setup, the clinical 
characteristics of subjects with heterozygous FH in the 
database, a comparison of clinical information 
between our Thai registry and the global EAS-FHSC 
data, and an identification of the gaps in clinical care.

Methods

Identification of Index Cases
The Thai FH Registry was designed as a non-

interventional prospective nationwide multicenter 
disease registry in Thailand. Thai subjects with FH at 
various sites around the country were recruited. 
Potential FH index cases were identified by key 
collaborators at different sites using a variety of 
methods, including the identification of outpatients 
and inpatients who already had a clinical diagnosis of 
FH, the identification of potential index cases in the 
computer database of lipid levels or ICD-10-CM 
(E78.0), or cases of premature CAD. After initial 
identification, these potential index cases of FH were 
verified using the Dutch Lipid Clinic Network (DLCN) 
criteria. Secondary causes of hypercholesterolemia, 
such as untreated hypothyroidism, nephrotic 
syndrome, and cholestasis, were excluded. If their 
clinical characteristics were compatible with FH, they 
were enrolled in the Thai FH Registry. After the 
opportunistic screening of the index cases, cascade 
screening of the family members was performed to 
identify more potential cases.

As of September 2022, a total of 18 tertiary care 
hospitals around the country were included. Twelve 
hospitals were in Bangkok or its vicinity, including 
King Chulalongkorn Memorial Hospital, Siriraj 
Hospital, Ramathibodi Hospital, Rajavithi Hospital, 
Phramongkutklao Hospital, Bhumibol Adulyadej 
Hospital, Vajira Hospital, Chulabhorn Hospital, 
Police General  Hospital ,  Taksin Hospital , 

Introduction

Familial hypercholesterolemia (FH) is a genetic 
disease primarily caused by variants in genes that 
encode proteins involved in the regulation of low-
density lipoprotein (LDL). It is characterized by an 
abnormally high level of circulating LDL-cholesterol 
(LDL-C).  Complications of  FH are early 
cardiovascular diseases (CVDs), which may lead to 
premature cardiovascular death1, 2). Subjects with FH 
have a 20-fold increased risk of coronary artery disease 
(CAD). Men are more likely to experience 
cardiovascular events earlier than women, as around 
50% of men at the age of ＜50 years and 30% of 
women before the age of 60 years encounter 
cardiovascular events3). 

FH is now recognized as one of the most 
common heritable causes of CVDs and has become a 
global public health concern2, 4, 5). With early diagnosis, 
cardiovascular complications could be prevented 
among subjects with FH through therapeutic lifestyle 
changes and intensive lipid-lowering medications 
(LLMs). Unfortunately, it has been shown that ＜10% 
of subjects with FH worldwide have been diagnosed4, 6). 
Therefore, making the diagnosis earlier and giving 
proper treatment would be of utmost importance 
among subjects with FH. 

In Thailand, like in other parts of the world, FH 
is almost always underdiagnosed, and there are only 
scarce data on subjects with FH in Thailand. 
Establishing a local FH registry is an important first 
step in collecting country-specific data and identifying 
gaps in the clinical care of affected subjects with FH7). 
In Thailand, the Thai FH Registry was started in 2018 
as part of the global European Atherosclerosis 
Society-FH Studies Collaboration (EAS-FHSC). A 
multicenter nationwide registry was established in 
order to represent subjects with FH in Thailand. The 
Thai FH Registry has multiple objectives. First, we 
would like to identify FH index cases from various 
institutions, collect clinical data, examine the genetic 
basis, perform cascade screening among family 
members, and set up a cohort for a long-term 
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CVDs, xanthoma, or arcus cornealis. 
After data entry, these data were verified, looking 

for repeated or incomplete data to ensure the accuracy 
of the data. Verified data from the REDCap were then 
uploaded anonymously without identification to the 
EAS-FHSC website (www.easfhsc.org) to become part 
of the global data for subjects with FH worldwide. 
Premature CAD was defined as CAD that occurs 
before the age of 55 years in men or 60 years in 
women4). The statin intensity was according to the 
American College of Cardiology/American Heart 
Association classification10). LDL-C levels for goal 
attainment were according to the EAS/European 
Society of Cardiology guidelines11).

Data Comparison
In the Thai FH Registry, we enrolled both 

heterozygous and homozygous FH cases. For the 
current report, however, we excluded those with 
homozygous FH and focused only on heterozygous 
FH. In order to compare our data with those recently 
reported from the EAS-FHSC12), we also presented 
data on Thai subjects with FH who had a DLCN 
score of ≥ 6 (probable or definite FH) for direct 
comparison. According to the EAS-FHSC registry, the 
data were analyzed overall (global) and stratified 
geographically by World Health Organization regions 
(regional). Given the low number of subjects with FH 
in the South-East Asia, the data from that region were 
combined with those from the Western Pacific region 
to get meaningful results. To convert cholesterol levels 
from mg/dL to mmol/L, the values were divided by 
38.6, and to convert triglyceride levels from mg/dL to 
mmol/L, the values were divided by 88.6. Analysis of 
LDL-C goal attainment was performed only in those 
taking LLM.

Statistical Analysis
The data were tested for normal distribution 

using the Kolmogorov–Smirnov test. The continuous 
variables are reported as mean±standard deviation 
(SD), except for the results in a certain Table, which 
are presented in median and interquartile range to be 
compared with the data reported by the EAS-FHSC. 
Categorical variables are presented as counts and 
percentages. Comparison of continuous variables was 
performed using Student’s t-test, or one-way ANOVA 
with Bonferroni adjustment. Pearson’s chi-squared test 
was performed for the comparison of categorical 
variables. For analysis of factors associated with LLM 
use and attainment of the LDL-C goal, a univariate 
logistic regression analysis was performed, and the 
variables with a p-value of ＜0.10 were then analyzed 
using the stepwise method in a multivariate logistic 

Charoenkrung Pracharak Hospital, and Thammasat 
Hospital. Six tertiary care hospitals were located 
outside Bangkok and its vicinity: Maharaj Nakorn 
Chiang Mai Hospital in northern Chiang Mai, 
Srinagarind Hospital in northeastern Khon Kaen, 
Chonburi Hospital in eastern Chonburi, King 
Prajadhipok Memorial Hospital in eastern 
Chanthaburi, Songklanagarind Hospital in southern 
Songkhla, and Vachira Phuket Hospital in southern 
Phuket. 

Central Institutional Review Board (IRB) 
approval was obtained from the Central Research 
Et h i c s  C o m m i t t e e  ( C R E C  p ro j e c t  c o d e 
CREC009/63BRm-MED and certificate number 
COA-CREC005/2021), and local IRB approval was 
also obtained from each site. Each participant gave 
written informed consent. 

Data collection was obtained using surveys with 
a questionnaire, interviews, physical examinations, 
and reviews of medical records. Blood samples were 
obtained for chemistry and stored for further genetic 
analysis. The human protocols were carried out in 
accordance with the Code of Ethics of the World 
Medical Association (Declaration of Helsinki).

Thai FH Registry Database Organization 
We used the Research Electronic Data Capture 

(REDCap), hosted at the Faculty of Medicine, 
Chulalongkorn University, for data entry and data 
retrieval8, 9). The format and organization of the data 
were according to the EAS-FHSC. To ensure data 
security and subject confidentiality, authorization 
verification was performed before data entry. The data 
input included:

1. Personal data, including age, gender, ethnicity, 
birthdate, hometown, occupation, education, smoking 
status, drinking status, and contact information.

2. Personal clinical data, including history of 
established CVDs (CAD, cerebrovascular disease, and 
peripheral artery disease [PAD]), history of previous 
coronary interventions or coronary artery bypass 
grafts, history of hypercholesterolemia, history of 
LLM use, underlying diseases, and medication use. 

3. Physical examination and anthropometric 
data, such as cutaneous xanthoma, tendon xanthoma, 
and arcus cornealis (corneal arcus), and laboratory 
results: total cholesterol, high-density lipoprotein- 
cholesterol, triglyceride, LDL-C, (either calculated or 
direct LDL-C), fasting plasma glucose, hemoglobinA1c, 
complete blood count, blood urea nitrogen, creatinine, 
electrolytes, liver function test, etc. 

4. Family members’ clinical data, such as the 
number of siblings and children, identified family 
members with either hypercholesterolemia, premature 



1806

Ganokroj et al.

found in 45%, 15%, and 40%, respectively (Table 1). 
Those with definite FH were significantly younger 
and had higher levels of highest total cholesterol, 
highest LDL-C, and LDL-C while on LLM than 
those with probable FH and possible FH. 

Using the results recently reported from the EAS-
FHSC12), we compared our results with those of the 
subjects with FH from the South-East Asia and 
Western Pacific regions and the global EAS-FHSC 
(Table 2). Compared with FH subjects from the 
South-East Asia and Western Pacific region, we found 
that the median age at registry entry and the median 
age of FH diagnosis in our registry were relatively 
similar. However, the percentages of subjects with 
current smoking, hypertension, and premature CAD 
were relatively lower in our registry. In addition, the 
percentage of subjects with FH on LLM in our Thai 
registry was lower compared with that of the regional 

regression model. The odds ratio (OR) and 95% 
confidence interval (CI) are presented. All data 
analysis was performed using the STATA 16.1 
statistical program, and a two-sided p-value of ＜0.05 
was regarded as statistically significant.

Results

The current report includes 472 subjects with a 
phenotypic diagnosis of FH in the Thai FH Registry. 
The baseline characteristics of our subjects are shown 
in Table 1. The mean age of those with FH diagnoses 
was 46±12 years, and 61.4% were women. A history 
of premature CAD was found in 11.9% of the 
subjects, and only 56.5% of the subjects were on 
LLM. When we categorized our subjects according to 
the DLCN score, possible FH (score 3–5), probable 
FH (score 6–8), and definite FH (score ＞8) were 

Table 1. Clinical characteristics of FH subjects according to the DLCN score

 All FH 
(N=472)

FH diagnosis category by DLCN score

Possible FH 
(N=210)

Probable FH 
(N=73)

Definite FH 
(N=189)

p-value

DLCN score ≥ 3 3-5 6-8 ＞8 -
Age at FH registry entry (y) 49±11 50±10 50±12 47±12a 0.028
Age at FH diagnosis (y) 46±12 49±10 48±13 43±12a, b ＜0.001
Women, n (%) 290 (61.4) 127 (60.5) 48 (65.8) 115 (60.9) 0.710
Body mass index (kg/m2) 25.0±4.2 25.2±4.3 24.2±4.2 25.3±4.1 0.162
Smoking, n (%) 26 (5.7) 13 (6.7) 2 (2.7) 11 (5.8) 0.661
Hypertension, n (%) 92 (19.5) 42 (20.1) 16 (21.9) 34 (17.9) 0.744
Diabetes, n (%) 45 (9.9) 13 (6.7) 7 (9.7) 25 (13.2) 0.101
History of CAD, n (%) 64 (13.9) 22 (11.1) 15 (20.6) 27 (14.3) 0.131
History of premature CAD, n (%) 55 (11.9) 18 (9.0) 13 (17.8) 24 (12.8) 0.125
History of premature CVA or PAD, n (%) 11 (2.3) 5 (2.4) 2 (2.7) 4 (2.1) 0.956
History of premature CAD in a first-degree relative, n (%) 88 (18.7) 20 (9.6) 22 (30.1) 46 (24.3) ＜0.001
History of premature CVA or PAD in a first-degree relative, n (%) 43 (9.2) 14 (6.7) 11 (15.3) 18 (9.6) 0.089
History of LDL-C ＞190 mg/dL in a first-degree relative, n (%) 90 (19.1) 20 (9.6) 19 (26.0) 51 (26.9) ＜0.001
First-degree relative with xanthoma, n (%) 28 (5.9) 1 (0.5) 3 (4.2) 24 (12.7) ＜0.001
First-degree relative with arcus cornealis, n (%) 37 (7.9) 5 (2.4) 4 (5.6) 28 (14.9) ＜0.001
Presence of xanthoma, n (%) 154 (32.7) 0 (0) 4 (5.6) 150 (79.4) ＜0.001
Presence of arcus cornealis, n (%) 156 (34.1) 3 (1.5) 52 (71.3) 101 (53.7) ＜0.001
Highest total cholesterol (mg/dL) 325±84 298±32 308±44 361±117a, b ＜0.001
Highest LDL-C (mg/dL) 240±75 213±25 220±43 279±101a, b ＜0.001
LDL-C in subjects on LLM (mg/dL) 150±75 137±50 124±59 169±90a, b ＜0.001
On LLM, n (%)† 266 (56.5) 97 (46.4) 43 (58.9) 126 (66.7) ＜0.001
Treatment with statin alone, n (%) 185 (39.6) 81 (38.8) 34 (47.9) 70 (37.4) 0.291
Treatment with combined statin＋bile acid sequestrant/ezetimibe/
PCSK9 inhibitor, n (%)

78 (16.7) 14 (6.7) 9 (12.7) 55 (29.4) ＜0.001

Data are reported in mean±SD or count (percentage);
a statistically significant compared with the Possible FH group; 
bstatistically significant compared with the Probable FH group
†missing data=1
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2019–2020 13), the smoking rate among Thai women 
was only 1.8%, whereas 30% was reported among 
Thai men in all age groups. In Table 2, all 16 current 
smokers with FH and a DLCN score of ≥ 6 were men, 
and all 163 women were non-smokers, so the 
percentage of smokers among men with FH was 
16.2% and was 0% among women with FH.

As shown in Table 3, we performed subgroup 
analyses according to sex. We found that men with 
FH were more likely to have premature CAD and 
receive an FH diagnosis earlier than women. LDL-C 
levels and the proportion of subjects with FH who 
received LLM were not significantly different between 
men and women. However, the percentages of men 
who attained LDL-C goals of ＜70 mg/dL and ＜100 
mg/dL were significantly higher than those in women, 
as shown in Fig. 1B.

In the total cohort of 472 subjects, 263 (55.7%) 
were on statin therapy. After excluding 51 subjects 
with missing data on statin intensity, we examined the 
proportion of subjects who reached their LDL-C 
treatment goal according to statin intensity. Among 

data. LDL-C levels in subjects with and without LLM 
were slightly lower than those of subjects with FH 
from the South-East Asia and Western Pacific regions.

When comparing our data with the global data 
of 56 countries from the EAS-FHSC (Table 2), we 
found that the median ages of our subjects with FH at 
registry entry and at FH diagnosis were slightly higher 
than those in the global data. The percentage of 
subjects with FH who had a current smoking status 
was lower, but more subjects in our registry had 
diabetes and premature CAD compared with those in 
the EAS-FHSC. The percentage of LLM use was 
slightly higher, and total cholesterol and LDL-C levels 
were also lower than those in the EAS-FHSC. The 
percentages of subjects who attained different levels of 
LDL-C goals were slightly higher in our registry 
(Fig. 1A). 

It is of note that the smoking rate in our registry 
is relatively lower than those in the regional and global 
data, mainly because Thai women have a very low 
smoking rate. According to the data from the 6th 
National Health and Nutrition Examination Survey in 

Table 2.  Clinical characteristics of subjects with FH who had a DLCN score of ≥ 6 in the Thai FH Registry compared with results
from the EAS-FHSC 

Clinical characteristics Thai FH Registry (N=262) South-East Asia and Western 
Pacific Regional data (N=2,179) 

EAS-FHSC Global data 
(N=42,617)

Age at registry entry (y) 49.5 (41.0–57.0) 50.0 (38.7–59.0) 46.2 (34.3–58.0)
Age at FH diagnosis (y) 47.0 (36.0–55.0) 48.2 (36.0–57.0) 44.4 (32.5–56.5)
Women, n (%) 163 (62.2) 1,097 (50.4) 21,999 (53.6)
Body mass index (kg/m2) 24.3 (22.1–27.5) 25.2 (22.5–28.3) 25.1 (22.5–28.2)
Smoking, n (%) 16 (6.1) 318 (17.3) 8,844 (23.5) 
Hypertension, n (%) 50 (19.1) 588 (28.0) 7,030 (19.2)
Diabetes, n (%) 32 (12.2) 229 (11.2) 1,843 (5.0)
History of CAD, n (%) 42 (16.0) 6057 (17.4) 467 (23.9)
History of premature CAD, n (%) 37 (14.1) 403 (20.2) 4,031 (11.3)
On LLM, n (%)† 168 (64.2) 1,154 (80.6) 23,175 (59.5)
Total cholesterol (mmol/L)＊

Subjects not on LLM 7.42 (6.80–8.24) 7.39 (6.50–8.43) 7.45 (6.15–8.86)
Subjects on LLM 5.49 (4.50–7.07) 6.01 (4.81–7.58) 6.15 (5.08–7.80)

LDL-C (mmol/L)＊

Subjects not on LLM 5.24 (4.68–6.08) 5.30 (4.40–6.52) 5.43 (4.32–6.72)
Subjects on LLM 3.58 (2.56–5.16) 4.35 (3.00–5.50) 4.23 (3.20–5.66)

HDL-C (mmol/L)＊

Subjects not on LLM 1.45 (1.24–1.74) 1.32 (1.10–1.60) 1.25 (1.01–1.53)
Subjects on LLM 1.46 (1.22–1.72) 1.30 (1.10–1.60) 1.23 (1.00–1.50)

Triglyceride (mmol/L)＊＊

Subjects not on LLM 1.42 (0.97–1.83) 1.41 (1.00–1.92) 1.28 (0.88–1.89)
Subjects on LLM 1.15 (0.81–1.56) 1.30 (0.90–1.85) 1.24 (0.85–1.82)

Data are reported in median (IQR) or count (percentage)
†missing data=1
＊To convert cholesterol from mmol/L to mg/dL, multiply by 38.6
＊＊To convert triglyceride from mmol/L to mg/dL, multiply by 88.6 
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Fig. 1. The proportion of subjects with FH who received LLM and attained LDL-C goals
To convert cholesterol from mg/dL to mmol/L, divide by 38.6. ＊: p＜0.05. A: The proportion of subjects with FH and a DLCN score of ≥ 6 
who received LLM and attained LDL-C goals in our registry (N=168) compared with that of EAS-FHSC (N=23,175). B: The proportion of 
subjects with FH (DLCN score ≥ 3) who received LLM and attained LDL-C goals according to sex (men=105 and women=159). C: The 
proportion of subjects with FH (DLCN score ≥ 3) who received LLM and attained LDL-C goals according to the intensity of statin. The 
numbers of subjects who received low-intensity, moderate-intensity, and high-intensity statins were 13, 72, and 127, respectively. D: The 
proportion of subjects with FH (DLCN score ≥ 3) who received LLM and attained LDL-C goals according to the presence of diabetes or a 
history of premature CAD. The number of subjects in the non-diabetes (no DM) group, diabetes (DM) group, no premature CAD group, 
and premature CAD group were 229, 38, 214, and 54, respectively.
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were more likely to receive statin therapy and achieve 
significantly lower LDL-C levels compared with those 
without diabetes. However, LDL-C levels while on 
LLM among the subjects with FH and diabetes were 
still high, and only 5.1% had LDL-C levels of ＜55 
mg/dL (Fig. 1D). Furthermore, 13.3% did not receive 
LLM at all. 

Similarly, subjects with FH and a history of 
premature CAD were more likely to receive statin 
therapy and achieve significantly lower LDL-C levels 
than those without CAD (Table 4). Nevertheless, 
LDL-C levels in subjects on LLM were still high. 
Only 16.7% had LDL-C levels of ＜70 mg/dL, and 
5.6% achieved LDL-C levels of ＜55 mg/dL 
(Fig. 1D).

No LLM use represents a major gap in the care 
of subjects with FH. We next compared subjects with 
FH who received and did not receive LLM, and the 
results are shown in Supplementary Table 1. 
Compared with those who did not receive LLM, 
subjects with FH who received LLM were more likely 

the remaining 212 subjects, 13 (6%), 72 (34%), and 
127 (60%) were on low-intensity, moderate-intensity, 
and high-intensity statins, respectively. The mean±
SD levels of LDL-C in subjects who received low-
intensity, moderate-intensity, and high-intensity 
statins were 157±53, 141±65, and 144±88 mg/dL, 
respectively (p=0.786). It was observed that a higher 
percentage of subjects who were on a higher intensity 
of statins achieved the LDL-C goal, but statistical 
significance was found only for the LDL-C goal of ＜
100 mg/dL (Fig. 1C). However, it is of note that only 
34.9% and 10.3% of subjects on high-intensity statins 
achieved LDL-C goals of ＜100 mg/dL and ＜70 mg/
dL, respectively. 

The presence of type 2 diabetes or CAD in 
subjects with FH is considered a very high 
cardiovascular risk11). In the entire cohort, 45 subjects 
with FH had diabetes, and 55 had premature CAD. 
In Table 4, subgroup analyses were performed 
according to the presence of diabetes or premature 
CAD. We found that subjects with FH and diabetes 

Table 3. Clinical characteristics according to sex 

Sex p-value

Men (N=182) Women (N=290)

Age at FH diagnosis (y) 44±11 49±12 ＜0.001
History of CAD, n (%) 35 (19.6) 29 (10.3) 0.005
History of premature CAD, n (%) 31 (17.4) 24 (8.5) 0.004
Highest total cholesterol (mg/dL) 321±96 328±76 0.364
Highest LDL-C (mg/dL) 240±69 242±79 0.827
LDL-C in subjects on LLM (mg/dL) 145±78 154±73 0.368
Triglyceride (mg/dL) 141±87 123±73 0.015
HDL-cholesterol (mg/dL) 50±12 64±26 ＜0.001
On LLM, n (%)† 105 (57.7) 161 (55.7) 0.801

Data are reported in mean±SD or count (percentage)
†missing data=1

Table 4. Clinical characteristics according to the presence of diabetes and history of premature CAD 

Presence of diabetes＊ p-value History of premature CAD† p-value

Yes (N=45) No (N=410) Yes (N=55) No (N=406)

Highest total cholesterol (mg/dL) 333±82 325±86 0.580 331±104 324±81 0.591
Highest LDL-C (mg/dL) 253±72 241±77 0.299 252±105 239±70 0.226
LDL-C in subjects on LLM (mg/dL) 125±57 155±77 0.021 120±70 158±74 ＜0.001
Triglyceride (mg/dL) 134±60 130±82 0.729 123±62 130±81 0.571
HDL-C (mg/dL) 50±15 59±23 0.014 48±14 60±23 ＜0.001
Not on LLM, n (%) 6 (13.3) 179 (43.7) ＜0.001 1 (1.8) 189 (46.7) ＜0.001
Treatment with statin, n (%) 38 (84.4) 225 (54.9) 0.001 54 (98.2) 209 (51.6) ＜0.001

Data are reported in mean±SD or count (percentage)
＊missing data=17
†missing data=11
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statin therapy, only one-quarter achieved an LDL-C 
level ＜100 mg/dL. Among very high-risk groups of 
subjects with FH and diabetes and/or previous CAD, 
only a small number reached the recommended 
LDL-C target. 

The Thai FH Registry was established in 2018 
with the purpose of increasing awareness and 
enhancing our understanding of the clinical, genetic, 
epidemiological, and socioeconomic aspects of FH in 
Thailand. Our ultimate goal is to improve patient care 
to prevent morbidity and mortality in subjects with 
FH. Aside from providing important information for 
the local community, the Thai FH Registry, as part of 
the global EAS-FHSC, could also provide collective 
data to represent the South-East Asia and Western 
Pacific regions.

Currently, EAS-FHSC is the largest and only 
global FH registry that has data on subjects with FH 
from ＞70 countries worldwide12). Comparing our 
data with the global data of 42,617 subjects from 56 
countries recently reported from the EAS-FHSC12), 
we found that the age of diagnosis in our registry was 
3 years later than that of the global data (47 vs. 44 
years, respectively). Despite being a congenital 
disorder, FH is still underdiagnosed worldwide. 
Several guidelines have addressed this important issue, 
and several factors have been attributed to the 
underdiagnosis of FH, including a lack of awareness 
among the medical community and the public, a lack 
of uniform diagnostic criteria and limited access to 
genetic testing to confirm a diagnosis.

Among subjects with FH who had been 
diagnosed, the EAS-FHSC data showed that 
approximately 60% of subjects with FH received 
LLM, whereas the number was slightly higher at 64% 
in our Thai subjects with FH. This treatment gap has 
been repeatedly identified in all parts of the world14-17). 
Unfortunately, no significant predictor of non-LLM 
use has been identified in our study.

Sex disparity in diagnosis and care has been 
shown to exist among adult patients with FH18-20). 
Specifically, women are less likely than men to receive 
statin therapy and achieve LDL-C goals. In the general 
population, it is well known that women are less likely 
to use statins and attain LDL-C goals than men, and a 
number of potential reasons have been postulated, 
including decreased awareness of CVD risk in women, 
reduced effectiveness among dyslipidemic women, a 
higher risk of statin intolerance in women, and non-
adherence to statins21-24). In our study, women were 
diagnosed with FH 5 years later than men. The 
percentages of LLM use were quite similar between 
both genders, suggesting that there was no social 
difficulty for women to receive treatment. However, 

to have a personal history of CVD, CVD risk factors 
(hypertension and diabetes), a family history of CVD 
and LDL-C ＞190 mg/dL, tendon xanthoma, and 
arcus cornealis. The highest total cholesterol and 
LDL-C levels were also significantly higher in those 
receiving LLM, but the current LDL-C levels were 
significantly lower. We next performed logistic 
regression analyses to identify factors associated with 
LLM use (Supplementary Table 2). In univariate 
analysis, we found that hypertension, diabetes, the 
presence of xanthoma, and a family history of LDL-C 
＞190 mg/dL or CVD were associated with LLM use. 
In multivariate analysis, only hypertension and a 
family history of LDL-C ＞190 mg/dL were clinical 
characteristics associated with significant odds of 
receiving LLM. We did not find significant predictors 
of non-LLM use.

LDL-C goal non-attainment is another major 
gap in the care of FH. We compared subjects who 
attained and did not attain LDL-C goals, and the 
results are shown in Supplementary Table 3. Diabetes 
and CAD were significantly more prevalent among 
those who attained LDL-C goals compared with those 
who did not. We next evaluated predictors of attaining 
L D L - C  g o a l s  a m o n g  s u b j e c t s  o n  L L M 
(Supplementary Table 4). For the LDL-C goal of ＜
100 mg/dL, univariate analysis showed that diabetes, a 
history of premature CAD, and a family history of 
LDL-C ＞190 mg/dL were predictors of LDL-C goal 
attainment, whereas women, the presence of 
xanthoma, and LDL-C ≥ 190 mg/dL were less likely 
to attain the LDL-C goal. After multivariate analysis, 
a history of premature CAD, a family history of 
LDL-C ＞190 mg/dL, and an LDL-C level ≥ 290 mg/
dL remained significant. For the LDL-C goal of ＜70 
mg/dL, diabetes and a history of premature CAD were 
predictors of LDL-C goal attainment in univariate 
analysis. Women were also less likely to attain the 
LDL-C goal in both unadjusted and adjusted analyses 
(OR: 0.18, 95% CI: 0.05–0.57, p=0.004 and 
adjusted OR: 0.22, 95% CI: 0.06–0.71, p=0.012, 
respectively).

Discussion

In our first report of the Thai FH Registry, we 
described the clinical data of 472 subjects, 262 of 
whom had probable or definite FH based on the 
DLCN criteria. The median age of subjects with FH 
at diagnosis was comparable to that of the global EAS-
FHSC registry. Only 64% of FH subjects with 
probable or definite FH received LLM, which was 
lower than the regional data but slightly higher than 
the global registry. Among all of those who received 
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for consideration by the National Health Security 
Office Committee.

There are certain limitations to our study. First, 
our registry is a collaborative effort among physicians 
caring for subjects with FH around the country and 
they were concentrated around medical school 
hospitals and main referral centers. Therefore, 
asymptomatic subjects with FH who were followed at 
the smal l  community hospita l s  might  be 
underrepresented. Increasing the number of smaller 
hospitals, which is ongoing in the next phase of our 
registry, would hopefully yield more generalizable 
results. Second, we enrolled subjects with a phenotypic 
diagnosis of FH using the DLCN criteria in our 
current report. It is still possible that certain subjects 
might have polygenic hypercholesterolemia and not 
FH. Third, only a few of the subjects with FH in our 
report had confirmed genetic testing, which was partly 
due to limited access to genetic testing. Currently, the 
cost of genetic testing in Thailand is still rather high 
and only reimbursable for certain groups. Moreover, 
the expertise is not yet readily available in many 
institutions or clinics. As a result, the limited access to 
genetic testing could relate to the low number of 
subjects diagnosed with definite FH. It is of note that 
the diagnostic criteria for FH in Asian and Pacific 
countries, for example, Japan and China, do not yet 
rely on genetic testing32-34). Nevertheless, the genetic 
data on Thai subjects are currently emerging as part of 
the government-funded Genomics Thailand Project 
and will soon provide instructive information on the 
genetics of Thai subjects with FH. Fourth, since our 
report is cross-sectional and observational, associations 
between various factors and LDL-C goal attainment 
do not represent causality.

Conclusion

Our first report of the nationwide multicenter 
Thai FH Registry showed that the diagnosis of FH in 
Thailand was rather late and the attainment of LDL-C 
goals was still far from the current guideline 
recommendations, suggesting that a treatment gap 
exists in the clinical care of patients with FH. Early 
diagnosis, early initiation of high-intensity statins or a 
combination of LLMs, evaluation and management of 
modifiable cardiovascular risk factors, and evaluation 
of the cause of non-attainment of LDL-C goals, 
especially in women, are key areas for improvement to 
close this gap.

Acknowledgements

This work was supported by fundings from the 

the percentages of LDL-C goal attainment (LDL-C ＜
100 and ＜70 mg/dL) were significantly lower in 
women. In comparison to men, women had about a 
half (50%) lower chance to attain the LDL-C goal ＜
100 mg/dL and about a one-fifth (18%) lower chance 
to attain the LDL-C goal ＜70 mg/dL. The underlying 
reasons for this gender disparity in attaining LDL-C 
goals are not readily apparent from our study an d 
merit further investigation. 

Among subjects with FH on LLM, 13.6% in the 
EAS-FHSC registry12) attained the LDL-C goal ＜100 
mg/dL. Our data of 25.2% was higher than those of 
the global data, but still less than those reported 
elsewhere25, 26). For LDL-C ＜70 mg/dL, 2.7% in the 
EAS-FHSC registry achieved this12) and ＜5% was 
reported from Asian and Pacific countries, such as 
Japan, China, Malaysia, and Vietnam27, 28), whereas 
6.4% was demonstrated in our study. Higher 
percentages of goal attainment, varying from 7.8% to 
22.0% were observed in other reports 18, 19, 29). 
Different possibilities can potentially explain the non-
attainment of the LDL-C goal in our registry. First, it 
is possible that not all the physicians who actually 
cared for the subjects with FH were aware of the FH 
diagnosis and its very high risk of CVD. FH is well 
known to be underrecognized and undertreated 
worldwide 4, 27). Even with the FH diagnosis, treatment 
inertia might still be responsible30, 31). Second, limited 
therapeutic drug options due to differences in health 
insurance systems are also possible. In Thailand, 
approximately three-quarters of Thai citizens are 
covered by the Universal Coverage Scheme, in which 
the use of simvastatin and atorvastatin is unrestricted. 
Although other statins, ezetimibe, and both PCSK9 
inhibitors (alirocumab and evolocumab) are available 
in Thailand, their use in this segment of the 
population is restricted and generally not reimbursable 
by the Universal Coverage Scheme. Third, non-
adherence to LLMs is also a problem in Thai subjects, 
partly due to misinformation about the benefits and 
adverse effects of statins in various social networks.

Our data, along with the global data from the 
EAS-FHSC and others, identify gaps in both diagnosis 
and treatment between guideline recommendations 
and current clinical practice. Our lesson reinforces the 
opportunity to increase the detection rate of subjects 
with FH and to intensify the treatment to the 
recommended LDL-C goal in order to help prevent 
cardiovascular morbidity and mortality in subjects 
with FH worldwide. R ecently, our proposal for 
expanding the healthcare benefits of Thai subjects 
with homozygous and severe heterozygous FH in the 
Universal Coverage Scheme (including genetic testing 
and non-statin LLMs) has been preliminarily accepted 



1812

Ganokroj et al.

Al-Rasadi K, Badimon L, Bernal LM, Bogsrud MP, Braun 
LT, Brunham L, Catapano AL, Cillíková K, Corral P, 
Cuevas R, Defesche JC, Descamps OS, de Ferranti S, 
Eiselé JL, Elikir G, Folco E, Freiberger T, Fuggetta F, 
Gaspar IM, Gesztes ÁG, Grošelj U, Hamilton-Craig I, 
Hanauer-Mader G, Harada-Shiba M, Hastings G, 
Hovingh GK, Izar MC, Jamison A, Karlsson GN, 
Kayikçioglu M, Koob S, Koseki M, Lane S, Lima-
Martinez MM, López G, Martinez TL, Marais D, Marion 
L, Mata P, Maurina I, Maxwell D, Mehta R, Mensah GA, 
Miserez AR, Neely D, Nicholls SJ, Nohara A, 
Nordestgaard BG, Ose L, Pallidis A, Pang J, Payne J, 
Peterson AL, Popescu MP, Puri R, Ray KK, Reda A, 
Sampietro T, Santos RD, Schalkers I, Schreier L, Shapiro 
MD, Sijbrands E, Soffer D, Stefanutti C, Stoll M, Sy RG, 
Tamayo ML, Tilney MK, Tokgözoglu L, Tomlinson B, 
Vallejo-Vaz AJ, Vazquez-Cárdenas A, de Luca PV, Wald 
DS, Watts GF, Wenger NK, Wolf M, Wood D, Zegerius 
A, Gaziano TA, Gidding SS: Reducing the clinical and 
public health burden of familial hypercholesterolemia: A 
global call to action. JAMA Cardiol, 2020; 5: 217-229 

7) EAS FH Studies Collaboration, Vallejo-Vaz AJ, Akram A, 
Kondapally Seshasai SR, Cole D, Watts GF, Hovingh GK, 
Kastelein JJ, Mata P, Raal FJ, Santos RD, Soran H, 
Freiberger T, Abifadel M, Aguilar-Salinas C, A, Alnouri F, 
Alonso R, Al-Rasadi K, Banach M, Bogsrud MP, Bourbon 
M, Bruckert E, Car J, Ceska R, Corral P, Descamps O, 
Dieplinger H, Do CT, Durst R, Ezhov MV, Fras Z, Gaita 
D, Gaspar IM, Genest J, Harada-Shiba M, Jiang L, 
Kayikcioglu M, Lam CS, Latkovskis G, Laufs U, 
Liberopoulos E, Lin J, Lin N, Maher V, Majano N, 
Marais AD, Marz W, Mirrakhimov E, Miserez AR, 
Mitchenko O, Nawawi H, Nilsson L, Nordestgaard BG, 
Paragh G, Petrulioniene Z, Pojskic B, Reiner Z, Sahebkar 
A, Santos LE, Schunkert H, Shehab A, Slimane MN, 
Stoll M, Su TC, Susekov A, Tilney M, Tomlinson B, 
Tselepis AD, Vohnout B, Widén E, Yamashita S, 
Catapano AL, Ray KK: Pooling and expanding registries 
of familial hypercholesterolaemia to assess gaps in care 
and improve disease management and outcomes: 
Rationale and design of the global EAS Familial 
Hypercholesterolaemia Studies Collaboration. Atheroscler 
Suppl, 2016; 22: 1-32 

8) Harris PA, Taylor R, Thielke R, Payne J, Gonzalez N, 
Conde JG: Research electronic data capture (REDCap) – 
A metadata-driven methodology and workflow process for 
providing translational research informatics support. J 
Biomed Inform, 2009; 42: 377-381 

9) Harris PA, Taylor R, Minor BL, Elliott V, Fernandez M, 
O'Neal L, McLeod L, Delacqua G, Delacqua F, Kirby J, 
Duda SN; REDCap Consortium: The REDCap 
consortium: Building an international community of 
software partners. J Biomed Inform, 2019; 95: 103208 

10) Grundy SM, Stone NJ, Bailey AL, Beam C, Birtcher KK, 
Blumenthal RS, Braun LT, de Ferranti S, Faiella-
Tommasino J, Forman DE, Goldberg R, Heidenreich PA, 
Hlatky MA, Jones DW, Lloyd-Jones D, Lopez-Pajares N, 
Ndumele CE, Orringer CE, Peralta CA, Saseen JJ, Smith 
Jr SC, Sperling L, Virani SS, Yeboah J: 2018 AHA/ACC/
AACVPR/AAPA/ABC/ACPM/ADA/AGS/APhA/ASPC/
NLA/PCNA Guideline on the management of blood 

Health Systems Research Institute (63-082 and 
64 -093 ) ,  Ra t chadap i s ek sompotch  Funds , 
Chulalongkorn University (CU_GR_63_94_30_01, 
RA-MF-58-63 and RA-MF-18/64), the Endocrine 
Society of Thailand, the Medical Council of Thailand 
and the Royal College of Physicians of Thailand.

Conflict of Interest

All authors have no conflict of interest to declare. 

References 
1) Gidding SS, Champagne MA, de Ferranti SD, Defesche J, 

Ito MK, Knowles JW, McCrindle B, Raal F, Rader D, 
Santos RD, Lopes-Virella M, Watts GF, Wierzbicki AS; 
American Heart Association Atherosclerosis, Hypertension, 
and Obesity in Young Committee of Council on 
Cardiovascular Disease in Young, Council on 
Cardiovascular and Stroke Nursing, Council on 
Functional Genomics and Translational Biology, and 
Council on Lifestyle and Cardiometabolic Health: The 
agenda for familial hypercholesterolemia: A Scientific 
Statement From the American Heart Association. 
Circulation, 2015; 132: 2167-2192 

2) Vallejo-Vaz AJ, Kondapally Seshasai SR, Cole D, Hovingh 
GK, Kastelein JJ, Mata P, Raal FJ, Santos RD, Soran H, 
Watts GF, Abifadel M, Aguilar-Salinas CA, Akram A, 
Alnouri F, Alonso R, Al-Rasadi K, Banach M, Bogsrud 
MP, Bourbon M, Bruckert E, Car J, Corral P, Descamps 
O, Dieplinger H, Durst R, Freiberger T, Gaspar IM, 
Genest J, Harada-Shiba M, Jiang L, Kayikcioglu M, Lam 
CS, Latkovskis G, Laufs U, Liberopoulos E, Nilsson L, 
Nordestgaard BG, O'Donoghue JM, Sahebkar A, 
Schunkert H, Shehab A, Stoll M, Su TC, Susekov A, 
Widén E,  Catapano AL,  Ray  KK:  Fami l ia l 
hypercholesterolaemia: A global call to arms. 
Atherosclerosis, 2015; 243: 257-259 

3) Slack J: Risks of ischaemic heart-disease in familial 
hyperlipoproteinaemic states. Lancet, 1969; 2: 1380-1382 

4) Nordestgaard BG, Chapman MJ, Humphries SE, 
Ginsberg HN, Masana L, Descamps OS, Wiklund O, 
Hegele RA, Raal FJ, Defesche JC, Wiegman A, Santos 
RD, Watts GF, Parhofer KG, Hovingh GK, Kovanen PT, 
Boileau C, Averna M, Borén J, Bruckert E, Catapano AL, 
Kuivenhoven JA, Pajukanta P, Ray K, Stalenhoef AF, 
Stroes E, Taskinen MR, Tybjærg-Hansen A; European 
Atherosclerosis Society Consensus Panel: Familial 
hypercholesterolaemia is  underdiagnosed and 
undertreated in the general population: Guidance for 
clinicians to prevent coronary heart disease: Consensus 
statement of the European Atherosclerosis Society. Eur 
Heart J, 2013; 34: 3478-3490a 

5) Vallejo-Vaz AJ, Ray KK: Epidemiology of familial 
hypercholesterolaemia: Community and clinical. 
Atherosclerosis, 2018; 277: 289-297 

6) Representatives of the Global Familial Hypercholesterolemia 
Community; Wilemon KA, Patel J, Aguilar-Salinas C, 
Ahmed CD, Alkhnifsawi M, Almahmeed W, Alonso R, 



1813

Gaps in the Care of Subjects with FH from the Thai FH Registry

CM, Underberg JA, Thompson P, Duffy D, Linton MF, 
Shapiro MD, Moriarty PM, Knowles JW, Ahmad ZS: 
Health disparities among adult patients with a phenotypic 
diagnosis of familial hypercholesterolemia in the 
CASCADE-FH patient registry. Atherosclerosis, 2017; 
267: 19-26 

20) Mszar R, Santos RD, Nasir K: Addressing Gaps in Racial/
Ethnic Representation in familial hypercholesterolemia 
registries: Implications and recommendations for 
equitable access to research and care. Circ Cardiovasc 
Qual Outcomes, 2021; 14: e007306 

21) Mombelli G, Bosisio R, Calabresi L, Magni P, Pavanello 
C, Pazzucconi F, Sirtori CR: Gender-related lipid and/or 
lipoprotein responses to statins in subjects in primary and 
secondary prevention. J Clin Lipidol, 2015; 9: 226-233 

22) Lewey J, Shrank WH, Bowry AD, Kilabuk E, Brennan 
TA, Choudhry NK: Gender and racial disparities in 
adherence to statin therapy: A meta-analysis. Am Heart J, 
2013; 165: 665-678.e1 

23) Cangemi R, Romiti GF, Campolongo G, Ruscio E, 
Sciomer S, Gianfrilli D, Raparelli V: Gender related 
differences in treatment and response to statins in primary 
and secondary cardiovascular prevention: The never-
ending debate. Pharmacol Res, 2017; 117: 148-155 

24) Goldstein KM, Zullig LL, Bastian LA, Bosworth HB: 
Statin adherence: Does gender matter? Curr Atheroscler 
Rep, 2016; 18: 63 

25) Blom DJ, Almahmeed W, Al-Rasadi K, Azuri J, Daclin V, 
Kayikcioglu M, Mercier F, Ruiz AJ, Santos RD; ICLPS 
study group: Low-density lipoprotein cholesterol goal 
achievement in patients with familial hypercholesterolemia 
in countries outside Western Europe: The International 
ChoLesterol management Practice Study. J Clin Lipidol, 
2019; 13: 594-600 

26) Bogsrud MP, Græsdal A, Johansen D, Langslet G, 
Hovland A, Arnesen KE, Mundal LJ, Retterstøl K, Wium 
C, Holven KB: LDL-cholesterol goal achievement, 
cardiovascular disease, and attributed risk of Lp(a) in a 
large cohort of predominantly genetically verified familial 
hypercholesterolemia. J Clin Lipidol, 2019; 13: 279-286 

27) Kalra S, Chen Z, Deerochanawong C, Shyu KG, Tan RS, 
Tomlinson B, Yeh HI: Familial hypercholesterolemia in 
Asia Pacific: A review of epidemiology, diagnosis, and 
management in the region. J Atheroscler Thromb, 2021; 
28: 417-434 

28) Yamashita S, Masuda D, Harada-Shiba M, Arai H, Bujo 
H, Ishibashi S, Daida H, Koga N, Oikawa S: Effectiveness 
and safety of lipid-lowering drug treatments in Japanese 
patients with familial hypercholesterolemia: Familial 
Hypercholesterolemia Expert Forum (FAME) Study. J 
Atheroscler Thromb, 2022; 29: 608-638 

29) Duell PB, Gidding SS, Andersen RL, Knickelbine T, 
Anderson L, Gianos E, Shrader P, Kindt I, O'Brien EC, 
McCann D, Hemphill LC, Ahmed CD, Martin SS, Larry 
JA, Ahmad ZS, Kullo IJ, Underberg JA, Guyton J, 
Thompson P, Wilemon K, Roe MT, Rader DJ, Cuchel M, 
Linton MF, Shapiro MD, Moriarty PM, Knowles JW: 
Longitudinal low density lipoprotein cholesterol goal 
achievement and cardiovascular outcomes among adult 
patients with familial hypercholesterolemia: The 
CASCADE FH registry. Atherosclerosis, 2019; 289: 

cholesterol: Executive summary: A report of the American 
College of Cardiology/American Heart Association Task 
Force on Clinical Practice Guidelines. J Am Coll Cardiol, 
2019; 73: 3168-3209 

11) Mach F, Baigent C, Catapano AL, Koskinas KC, Casula 
M, Badimon L, Chapman MJ, De Backer GG, Delgado 
V, Ference BA, Graham IM, Halliday A, Landmesser U, 
Mihaylova B, Pedersen TR, Riccardi G, Richter DJ, 
Sabatine MS, Taskinen MR, Tokgozoglu, L, Wiklund O, 
ESC Scientific Document Group: 2019 ESC/EAS 
Guidelines for the management of dyslipidaemias: Lipid 
modification to reduce cardiovascular risk. Eur Heart J, 
2020; 41: 111-188 

12) EAS FH Studies Collaboration: Global perspective of 
familial hypercholesterolaemia: A cross-sectional study 
from the EAS Familial Hypercholesterolaemia Studies 
Collaboration (FHSC). Lancet, 2021; 398: 1713-1725 

13) Aekplakorn W, Phakcharoen H, Satheannoppakao W: 
The 6th National Health and Nutrition Examination 
survey 2021. Available from https://www.hsri.or.th/media/
printed-matter/detail/13443 

14) Teramoto T, Sawa T, Iimuro S, Inomata H, Koshimizu T, 
Sakakibara I, Hiramatsu K: The prevalence and diagnostic 
ratio of familial hypercholesterolemia (FH) and 
proportion of acute coronary syndrome in Japanese FH 
patients in a healthcare record database study. Cardiovasc 
Ther, 2020; 2020: 5936748 

15) Oh J, Lee CJ, Kim DI, Rhee MY, Lee BK, Ahn Y, Cho BR, 
Woo JT, Hur SH, Jeong JO, Jang Y, Lee SH: Target 
achievement with maximal statin-based lipid-lowering 
therapy in Korean patients with familial hypercholesterolemia: 
A study supported by the Korean Society of Lipid and 
Atherosclerosis. Clin Cardiol, 2017; 40: 1291-1296 

16) Schmidt N, Dressel A, Grammer TB, Gouni-Berthold I, 
Julius U, Kassner U, Klose G, König C, Koenig W, Otte 
B, Parhofer KG, Reinhard W, Schatz U, Schunkert H, 
Steinhagen-Thiessen E, Vogt A, Laufs U, März W: Lipid-
modifying therapy and low-density lipoprotein cholesterol 
g o a l  a t t a i n m e n t  i n  p a t i e n t s  w i t h  f a m i l i a l 
hypercholesterolemia in Germany: The CaReHigh 
Registry. Atherosclerosis, 2018; 277: 314-322 

17) van Delden XM, Huijgen R, Wolmarans KH, Brice BC, 
Barron JK, Blom DJ, Marais AD: LDL-cholesterol target 
achievement in patients with heterozygous familial 
hypercholesterolemia at Groote Schuur Hospital: 
Minority at target despite large reductions in LDL-C. 
Atherosclerosis, 2018; 277: 327-333 

18) Perez de Isla L, Alonso R, Watts GF, Mata N, Saltijeral 
Cerezo A, Muñiz O, Fuentes F, Diaz-Diaz JL, de Andrés 
R, Zambón D, Rubio-Marin P, Barba-Romero MA, Saenz 
P, Sanchez Muñoz-Torrero JF, Martinez-Faedo C, 
Miramontes-Gonzalez JP, Badimón L, Mata P; 
SAFEHEART Investigators: Attainment of LDL-
cholesterol treatment goals in patients with familial 
hypercholesterolemia: 5-year SAFEHEART registry 
follow-up. J Am Coll Cardiol, 2016; 67: 1278-1285 

19) Amrock SM, Duell PB, Knickelbine T, Martin SS, 
O'Brien EC, Watson KE, Mitri J, Kindt I, Shrader P, 
Baum SJ, Hemphill LC, Ahmed CD, Andersen RL, Kullo 
IJ, McCann D, Larry JA, Murray MF, Fishberg R, 
Guyton JR, Wilemon K, Roe MT, Rader DJ, Ballantyne 



1814

Ganokroj et al.

Japan Atherosclerosis Society for Making Guidance of 
Familial Hypercholesterolemia: Guidelines for diagnosis 
and treatment of familial hypercholesterolemia 2017. J 
Atheroscler Thromb, 2018; 25: 751-770 

33) Harada-Shiba M, Ako J, Hirayama A, Nakamura M, 
Nohara A, Sato K, Murakami Y, Koshida R, Ozaki A, 
Arai H: Familial hypercholesterolemia in patients with 
acute coronary syndrome: Genetic insights from 
EXPLORE-J. J Atheroscler Thromb, 2022; 29: 1201-
1212 

34) Shi Z, Yuan B, Zhao D, Taylor AW, Lin J, Watts GF: 
Familial hypercholesterolemia in China: prevalence and 
evidence of underdetection and undertreatment in a 
community population. Int J Cardiol, 2014; 174: 834-
836 

85-93 
30) Langer A, Mancini GBJ, Tan M, Goodman SG, Ahooja V, 

Grégoire J, Lin PJ, Stone JA, Leiter LA: Treatment inertia 
in patients with familial hypercholesterolemia. J Am 
Heart Assoc, 2021; 10: e020126 

31) Ogura M, Harada-Shiba M, Masuda D, Arai H, Bujo H, 
Ishibashi S, Daida H, Koga N, Oikawa S, Yamashita S: 
Factors associated with carotid atherosclerosis and Achilles 
tendon thickness in Japanese patients with familial 
hypercholesterolemia: A subanalysis of the Familial 
Hypercholesterolemia Expert Forum (FAME) Study. J 
Atheroscler Thromb, 2022; 29: 906-922 

32) Harada-Shiba M, Arai H, Ishigaki Y, Ishibashi S, 
Okamura T, Ogura M, Dobashi K, Nohara A, Bujo H, 
Miyauchi K, Yamashita S, Yokote K; Working Group by 



1815

Gaps in the Care of Subjects with FH from the Thai FH Registry

Supplementary Table 1. Comparison of clinical characteristics between subjects on and not on lipid-lowering medication (LLM)

Clinical characteristics Subjects on LLM 
(N=66)

Subjects not on LLM 
(N=202)

p-value

Age at FH diagnosis (y) 46±13 48±9 0.072
Women, n (%) 161 (60.5) 127 (62.9) 0.606
Body mass index (kg/m2) 24.9±4.1 25.2±4.4 0.543
Smoking, n (%) 16 (6.0) 10 (5.3) 0.753
Hypertension, n (%) 77 (28.9) 14 (6.9) ＜0.001
Diabetes, n (%) 39 (14.7) 6 (3.2) ＜0.001
History of CAD, n (%) 64 (24.1) 0 (0) ＜0.001
History of premature CAD, n (%) 54 (20.3) 0 (0) ＜0.001
History of premature CVA or PAD, n (%) 8 (3.0) 0 (0) 0.012
History of premature CAD in a first-degree relative, n (%) 63 (23.7) 24 (11.9) 0.001
History of premature CVA or PAD in a first-degree relative, n (%) 30 (11.3) 11 (5.5) 0.003
History of LDL-C ＞190 mg/dL in a first-degree relative, n (%) 66 (24.8) 24 (11.9) ＜0.001
First-degree relative with xanthoma, n (%) 21 (7.9) 7 (3.5) ＜0.001
First-degree relative with arcus cornealis, n (%) 25 (9.6) 12 (6.0) ＜0.001
Presence of xanthoma, n (%) 98 (36.9) 55 (27.2) 0.026
Presence of arcus cornealis, n (%) 104 (38.8) 52 (27.4) 0.017
Family history of CVD, n (%) 125 (46.9) 70 (37.0) 0.008
Highest total cholesterol (mg/dL) 337±101 310±51 ＜0.001
Highest LDL-C (mg/dL) 254±88 224±48 0.001
Current LDL-C level (mg/dL) 150±74 198±51 ＜0.001

Data were reported as mean±SD or count (percentage)

Supplementary Table 2. Univariate and multivariate logistic regression analyses for lipid-lowering medication (LLM) use

Variables Univariate analysis Multivariate analysis

Odds ratio 
(95% CI)

p-value Adjusted odds ratio 
(95% CI)

p-value

Age at FH diagnosis 0.98 (0.97 - 1.00) 0.085 - -
Women 0.90 (0.62 - 1.32) 0.610 - -
Hypertension 4.94 (2.74 - 8.91) ＜0.001 4.04 (2.01 - 8.11) ＜0.001
Diabetes 5.03 (2.08 - 12.15) ＜0.001 2.61 (0.96 - 7.1) 0.059
Presence of xanthoma 1.61 (1.08 - 2.39) 0.019 1.58 (0.99 - 2.51) 0.051
Family history of a first-degree relative with LDL-C ＞190 mg/dL 2.44 (1.82 - 3.27) ＜0.001 2.06 (1.46 - 2.89) ＜0.001
Family history of CVD 1.65 (1.15 - 2.37) 0.007 - -
Highest LDL-C level
＜190 mg/dL reference - - -
190 – 289 mg/dL 0.33 (0.13 - 0.79) 0.013
≥ 290 mg/dL 1.29 (0.45 - 3.68) 0.625
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Supplementary Table 3.  Comparison of clinical characteristics among subjects with lipid-lowering medication (LLM) who 
attained LDL-C goal ＜100 mg/dL and LDL-C goal ＜70 mg/dL

Clinical characteristics LDL-C goal attainment 
＜100 mg/dL

p-value LDL-C goal attainment 
＜70 mg/dL

p-value

Yes (N=67) No (N=198) Yes (N=17) No (N=248)

Age at FH diagnosis (y) 49±13 45±13 0.045 43±13 46±13 0.269
Women, n (%) 32 (47.8) 128 (64.7) 0.015 4 (23.5) 156 (62.9) 0.002
Body mass index (kg/m2) 24.4±3.9 25.1±4.1 0.241 24.6±3.3 25.0±4.1 0.724
Smoking, n (%) 5 (7.5) 11 (5.6) 0.571 1 (5.9) 15 (6.1) ＞0.999
Hypertension, n (%) 25 (37.3) 53 (26.3) 0.085 8 (47.1) 69 (27.8) 0.091
Diabetes, n (%) 16 (23.9) 23 (11.6) 0.014 6 (35.3) 33 (13.3) 0.013
History of CAD, n (%) 36 (53.7) 28 (14.1) ＜0.001 10 (58.8) 54 (21.8) 0.001
History of premature CAD, n (%) 27 (40.3) 27 (13.6) ＜0.001 9 (52.9) 45 (18.2) 0.001
History of premature CVA or PAD, n (%) 2 (2.9) 6 (3.1) ＞0.999 0 (0) 8 (3.2) ＞0.999
History of premature CAD in a first-degree relative, n (%) 13 (19.4) 49 (24.8) 0.623 3 (17.7) 59 (23.8) 0.357
History of premature CVA or PAD in a first-degree relative, n (%) 7 (10.5) 22 (11.2) 0.721 1 (5.9) 28 (11.3) 0.552
History of LDL-C ＞190 mg/dL in a first-degree relative, n (%) 17 (25.4) 48 (24.2) 0.072 6 (35.3) 59 (23.8) 0.153
First-degree relative with xanthoma, n (%) 2 (3.0) 18 (9.1) 0.054 0 (0) 20 (8.2) 0.194
First-degree relative with arcus cornealis, n (%) 8 (12.5) 16 (8.2) 0.588 2 (11.8) 22 (9.1) 0.370
Presence of xanthoma, n (%) 16 (24.2) 81 (40.9) 0.015 3 (17.7) 94 (38.1) 0.120
Presence of arcus cornealis, n (%) 30 (44.8) 72 (36.6) 0.371 7 (41.2) 95 (38.5) 0.915
Family history of CVD, n (%) 30 (44.8) 95 (47.9) 0.770 6 (35.3) 119 (47.9) 0.399
Highest total cholesterol (mg/dL) 304±53 348±112 0.003 312±66 339±104 0.292
Highest LDL-C (mg/dL) 222±49 265±96 0.001 233±68 256±90 0.312
Current LDL-C level (mg/dL) 78±14 175±71 ＜0.001 59±9 157±73 ＜0.001

Data were reported as mean±SD or count (percentage)
There were one missing data on attaining the LDL-C goal.

Supplementary Table 4.  Univariate and Multivariate logistic regression analyses for attaining LDL-C goal ＜100 mg/dL and
LDL-C goal ＜70 mg/dL

Variables LDL-C goal attainment ＜100 mg/dL LDL-C goal attainment ＜70 mg/dL

Univariate analysis Multivariate analysis Univariate analysis Multivariate analysis

Odds ratio 
(95% CI)

p-value Adjusted odds ratio 
(95% CI)

p-value Odds ratio 
(95% CI)

p-value Adjusted odds ratio 
(95% CI)

p-value

Age at FH diagnosis 1.02 (0.99 - 1.04) 0.050 - - 0.97 (0.94 - 1.01) 0.262 - - 
Women 0.50 (0.28 - 0.88) 0.017 0.55 (0.29 - 1.00) 0.053 0.18 (0.05 - 0.57) 0.004 0.22 (0.06 - 0.71) 0.012
Hypertension 1.65 (0.92 - 2.98) 0.091 - - 2.29 (0.85 - 6.18) 0.101 - -
Diabetes 2.37 (1.16 - 4.82) 0.017 - - 3.53 (1.22 - 10.21) 0.020 - - 
Presence of xanthoma 0.46 (0.24 - 0.87) 0.018 - - 0.35 (0.09 - 1.25) 0.109 - -
History of premature CAD, n (%) 4.25 (2.25 - 8.02) ＜0.001 4.39 (2.20 – 8.77) ＜0.001 5.05 (1.85 - 13.81) 0.002 4.02 (1.43 – 11.29) 0.008
Family history of a first-degree relative with 
LDL-C ＞190 mg/dL

1.46 (1.05 - 2.04) 0.023 1.47 (1.02 - 2.11) 0.037 1.67 (0.94 - 2.97) 0.079 - -

Highest LDL-C level
＜190 mg/dL Reference Reference 
190 – 289 mg/dL 0.22 (0.09 - 0.57) 0.002 - - 0.22 (0.06 - 0.80) 0.022 - -
≥ 290 mg/dL 0.10 (0.03 - 0.33) ＜0.001 0.23 (0.09 - 0.72) 0.002 0.36 (0.08 - 1.62) 0.187 - -
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