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Background and Aims: The association of familial hypercholesterolemia (FH) with risk

of cardiovascular events (CVE) and death in different cohorts is controversial. We aimed

to assess the risk of CVE and death in patients with FH in different cohorts, including

CHD and ACS patients, White and Asian, different diagnostic criteria.

Methods: We searched PubMed, MEDLINE, and Web of Science electronic databases

through May 2021 to identify cohort studies of CVE and death in patients with FH.

Results: We found 18 eligible studies with 1,139,788 participants, including 34,261

patients. There were 31,287 ACS patients, of whom 2,338 were combined with FH.

Randomized-effects meta-analysis showed that in patients with FH, relative risk (RR)

of CVE and death was 1.87 (95% CI 1.21–2.88), among which CVE was 2.14 (95%CI

1.26–3.64), all-cause of death RR = 1.12 (95% CI 0.89–1.41), and cardiac death RR

= 1.03 (95% CI 0.59–1.79). Risk of CVE and death in general population with FH was

2.85 (95% CI 0.72–11.21), hyperlipidemia population RR = 1.59 (95% CI 1.05–2.41),

coronary heart disease patients (CHD) RR = 1.46 (95% CI 1.24–1.72), and acute

coronary syndrome patients (ACS) RR= 1.71 (95% CI 1.19–2.46). Among ACS patients,

the RR of CVE in patients with FH was 1.91 (95% CI 1.55–2.35), the RR of all-cause

of death was 1.03 (95% CI 0.80–1.32), and the RR of cardiac death was 1.03 (95%

CI 0.59–1.79). The risk of CVE and death in ACS patients with FH in White was 1.69

(95% CI 1.09–2.64) and Asian 1.90 (95% CI 1.31–2.75). RR in patients with Dutch Lipid

Network criteria (DLCN) ≥6 vs. <3 points was higher (RR = 2.24, 95% CI 1.69–2.97).

RR for long-term follow-up was 1.68 (95% CI 1.09–2.61) and for short-term follow-up

was 1.80 (95% CI 1.16–2.78). The results of the overall population were similar, but RR

for overall population during a short-term follow-up was 1.49 (95% CI 0.81–2.73). We

followed PRISMA checklist to complete meta-analysis.
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Yu et al. Meta-Analysis of FH and CVE

FIGURE 2 | Comparison of the incidence of prognostic events. (A) the overall pooled RRs of CVE and death in FH patients; (B) Adjusted HR and non-adjusted RR of

CVE and death in FH patients. (C) RR of CVE, all-cause death and cardiac death; (D) RR of CVE and death in different cohorts, including general population,

Hyperlipidemia population, CHD and ACS population; (E) RR of different diagnostic criteria; (F) RR of short-time and long-time follow-up; (G) RR of Whites and Asians.

(95% CI 1.24–1.72), 1.71 (95% CI 1.19–2.46) and 1.75 (95%
CI 1.24–2.46), respectively (Figure 2D). The RR showed no
significant increase in the whole population.

Subgroup analysis was performed in ACS patients. Using
DLCN as the standard score, the score ≥6 was FH, and
the scores <3 was non-FH, RR was 2.24 (95%CI 1.69–
2.97) (Figure 3D). The results were similar in the overall
population, with RR 2.84 (95%CI 1.13-7.12) and 1.82
(95%CI 1.40–2.35) for three studies using genetic criteria
(Figure 2E).

Patients with ACS and FH had an increased risk in follow-
up ≤1 year and >1 year (RR = 1.80, 95%CI 1.16–2.78; RR =

1.68, 95% CI 1.09–2.61) (Figure 3E). However, in the overall
population, patients with FH had no significant increase in the
RR of CVE and death at≤ 1 year of follow-up (RR = 1.49, 95%
CI 0.81–2.73) (Figure 2F).

The risk of CVE and death in patients with FH was no
related to ethnicity, regardless of the ACS patients or the overall
population. The RR of ACS patients with FH was 1.69 (95%
CI 1.09–2.64) in white patients and 1.90 (95% CI 1.31–2.75) in
Asian patients (Figure 3F). While in overall population, the RR
was 1.90 (95% CI 1.09–3.32) in white patients and 1.81 (95% CI
1.56–2.10) in Asian patients (Figure 2G).

Heterogeneity Testing
There was significant heterogeneity between studies (I2 = 99.3%,
Supplementary Table 1). Among ACS patients, there was little
heterogeneity in studies of cardiac death and CVE (I2= 0%);
There is still considerable heterogeneity in studies of all-cause
of death (I2= 74.51%). Therefore, different prognostic events
were considered to be important sources of heterogeneity
(P = 0.00) (Figure 3C). Similar results were found in the
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FIGURE 3 | Continued

overall population (P = 0.07, Figure 2C), and we believe that
different diagnostic criteria are also an important source of
heterogeneity in the overall population (P = 0.00) (Figure 2F).
Although Cochran’s Q-test showed small heterogeneity between
subgroups of different study populations, follow-up time, race,
and whether or not there were risk factors (P > 0.1),
studies grouped by the above factors showed large differences
in RR (Figures 2D,F,G; Supplementary Figure 1A). We did
a subgroup analysis by age (Supplementary Figure 1B). The
subgroup analysis of FH age larger than non-FH was not
significantly different. On the contrary, the results of FH smaller
than non-FH group were significantly different. Therefore, we
believe that age differences do not fully explain the heterogeneity
of this study.

Sensitivity Analysis
We performed a sensitivity analysis to test the robustness and
sources of heterogeneity of our meta-analysis results. First, we
used the method of omitting one study at a time to conduct
a sensitivity analysis for risk of total cardiovascular events and
death (Supplementary Figure 2; Table 3). Elimination of any
one of the 18 studies did not have a significant impact on the
total RR. Second, we combined the studies with the outcome
variables RR and HR, respectively, because HR contains time
variables, which is an important factor causing the difference

of results. Our results showed that the combined RR and HR
were different from the overall results, but the results were not
statistically significant (Figures 2A–C). In sum, we considered
the results of this meta-analysis is relatively stable.

Publication Bias
Supplementary Figure 3 presents a funnel plot for evaluating
publication bias in the included studies. The funnel plot did
not show an obvious symmetrical inverted funnel. The RR value
obtained by interpolating the right side of the funnel plot was
2.418 (95% CI:1.668–3.505); the results of an Egger’s regression
test were P>| Z |=0.6254.

DISCUSSION

In this meta-analysis, we found that the latest current evidence
from 18 longitudinal studies involving 1,139,788 participants
showed that the risk of CVE and death was significantly increased
in patients with FH, and the RR was higher after adjusting for
time factors, (Supplementary Figure 1A). Similar results were
found in ACS subjects. The data show that clinical criteria and
genetic diagnostic criteria (gold standard) have a similar ability
to predict the prognosis risk while DLCN≥6 points (diagnosis
of definite or probable FH) and DLCN <3 points (diagnosis of
unlikely FH) had the highest risk prediction ability. Therefore,
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FIGURE 3 | Continued

greater attention is needed toward patients with a DLCN score
≥6 owing to a higher clinical prognosis risk.

One of the most important problems with FH at present
is its low detection rate. However, the detection rate of FH
in patients with CHD, especially ACS, is 10 times higher
than that of the general population (4, 26). Our study
showed that patients with FH have a higher risk of CVE
and death in high-risk populations, including CHD and ACS,
while there is no significant difference in CVE and death
risk among subjects without CHD (Supplementary Figure 1C).
Therefore, FH screening may have greater clinical value in the
implementation of secondary prevention of CHD. Perez et al.
(27) found increased age, male, history of ASCVD, hypertension,
body mass index, active smoking, and elevated LDL-C and Lp(a)
levels as independent prospective predictors of increased risk of
ASCVD in patients with FH.

Owing to the imperfect medical record system in most
hospitals and incomplete information needed for a clinical
diagnosis of FH (including physical examination such as tendon
xanthoma or corneal arch), especially in retrospective studies, the

rate of missed diagnosis of FH is high. Gene testing is the gold
standard for FH diagnosis. The genetic diagnostic subsets in this
study were highly homogenous. However, due to its high cost,
it is difficult to be widely used in clinical practice. The number
of subjects with genetic diagnosis in this study was only 2.37%
(n = 3,233), which was a defect of the study. Nanchen et al.
found that the prevalence of FH detected using three different
clinical diagnostic criteria differed, and the prognosis risk also
differed (21). We think all patients with early-onset CVD or
severe hyperlipidemia should be examined for corneal arch and
tendon xanthoma to improve the diagnostic rate of FH; these
may be a simpler clinical diagnostic standard. Additionally, the
clinical diagnostic criteria for patients with ACS have not been
put into practice. Some studies state that the DLCN diagnostic
criteria are not fully applicable for patients with ACS. and the
prevalence of clinical diagnoses of FH ranges from 1 to 14% in
different study cohorts of ACS (17). Genetic testing should be
performed in young patients with ACS and patients with high
LDL cholesterol level to identify patients with FH and relatives at
high risk in a timely manner (28).
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FIGURE 3 | Continued

There was no significant difference in cardiac death, and all-
cause of death between patients with and without FH, except
for CVE. This may be owing to the lack of comprehensive
evaluation of outcome events because MACE events showed
significant differences between these groups. Mundal et al.
obtained similar results, in that there was no significant difference
in the standardized mortality ratio (SMR) of FH all-cause of
death, and the SMR of cardiac death was significantly higher
(29). Some study showed that in addition to CHD, the risk
of stroke/TIA/peripheral vascular disease was also significantly

increased (15, 30), while other suggest that the risk of fatal
stroke in FH diagnosed using the SB criteria was not significantly
increased (31). Takasaki et al. found that the recurrence rate
of cardiovascular events in patients with ACS and FH was
not higher than the rate in patients without FH in short-term
follow-up (9). There was no significant difference in the risk
among patients who had MI with or without FH in a Chinese
population, without adjusting for risk factors (24). This may
be related to underestimation of the FH prevalence owing to
a decrease in LDL levels 12 to 24 h after the occurrence of
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FIGURE 3 | Continued

ACS or the overestimation of FH prevalence owing to the lack
of consideration of polygenic hypercholesterolemia in clinical
diagnosis (32–34). In our study, the longer the follow-up, the
worse the prognosis, which is consistent with the long-term
process of FH induced CVE and death. However, ACS patients
with FH had a significantly increased risk of CVE and death

at < 1 year of follow-up, which was inconsistent with the
overall results. There were significant differences in short-term
follow-up outcomes among patients with FH, which may be
related to differences in follow-up duration and whether only
patients with acute myocardial infarction were included and the
use of different medications cannot be ruled out. More trials
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FIGURE 3 | Continued

should be conducted in the future to assess the outcomes of FH
patients, especially ACS patients. Secondly, the difference of LDL-
C compliance rate is also one of the reasons. The proportion
of subjects receiving lipid-lowering treatment in FH group was
significantly higher than that in non FH subjects. Due to cascade
screening or selective survival, some FH patients received early
treatment and improved lifestyle, which means that susceptible
individuals die early, so the risk of survival is relatively low
(35). Although most studies did not provide dose information
of lipid-lowering treatment, the treatment of FH was seriously
insufficient, and high-intensity statins and PCSK9 inhibitors
were not better applied to FH patients. Finally, different FH
definition standards will certainly lead to the deviation of the
results. Dyrbuś et al. found that the mortality rate in patients
with FH at 1 month was significantly higher than that in
patients without FH; however, at 1-year, 3-year, and 5-year
follow-up, no significant difference was observed between the
two groups. After propensity score matching, patients with FH
had significantly higher all-cause of death during 3-year and 5-
year follow-up (16). On the contrary, Rerup et al. found that

patients with MI and FH had a higher risk of recurrent MI but
there was no significant difference in all-cause of death (11),
which was associated with the use of DLCN >3 to diagnose
FH (36).

In this study, the current data results do not indicate a
significant difference in the risk of prognosis of FH between
Whites and Asians, which may be related to the different
populations and diagnostic criteria. And the number and
proportion of cases involving Asians are very small. Some Asian
studies have shown that the DLCN and SB criteria are not
applicable to Asian populations, with some changes having been
proposed (37, 38). For example, Jung et al. found that the
improved MEDPED standard is most consistent with the FH
phenotype among Korean populations (14).

CONCLUSION

Our results showed that patients with FH had a higher
RR of CVE and death. The more co-morbidities and
longer follow-up, the higher RR of CVE, but ACS patients
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FIGURE 3 | Forest plots analysis performed in different cohorts of ACS patients with FH. (A) the overall pooled RRs of CVE and death; (B) Adjusted HR and

non-adjusted RR of CVE and death. (C) RR of CVE, all-cause of death and cardiac death; (D) RR of different diagnostic criteria; (E) RR of short-time and long-time

follow-up; (F) RR of Whites and Asians.

with short-term follow-up also had a higher risk of CVE
and death. young FH patients may have a greater risk
of prognosis. These findings suggest that clear clinical
diagnostic criteria (such as DLCN score ≥6 vs. <3) or
genetic testing should be used to diagnose FH so as to
reduce missed diagnoses of FH and accurately identify
patients with FH and prognostic risk, for timely assessment
of whether high-intensity lipid-lowering therapy is needed
to improve poor clinical prognosis. (Registration Number:
INPLASY2021110010. There is no modification to the protocol
or registration information).

LIMITATIONS

First, the heterogeneity among studies was significant, which
may be owing to the different populations, diagnostic criteria,

follow-up times, and defined outcome events. Different
diagnostic criteria and outcome events in particular contribute
more to the heterogeneity among studies. Second, some studies
did not report the rate of loss to follow-up, so we could not
accurately evaluate bias owing to loss to follow-up nor whether
this bias is an important source of heterogeneity and whether
it could lead to overestimation of the prognosis risk of FH.
Third, our subgroup analysis was a non-paired analysis; we
cannot exclude the influence of the differences in factors other
than grouping factors (i.e., confounding factors) on subgroup
comparisons. However, this is a common shortcoming in
subgroup analyses of all systematic reviews. Finally, the number
of FH subjects was significantly less than that of non FH subjects,
which is an irresistible factor and may lead to overestimation of
the results. Therefore, we need simple and accurate screening
methods to improve the diagnosis rate of FH.
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TABLE 3 | Sensitivity analysis of the included studies.

References Estimate 95%CI

Takasaki et al. (9) 0.6541 0.2121 1.096

Singh et al. (17) 0.6566 0.2073 1.1059

Iyen et al. (15) 0.5039 0.2725 0.7353

Nanchen et al. (21) 0.5882 0.142 1.0345

Svendsen et al. (22) 0.6136 0.1593 1.0679

Jung et al. (14) 0.6228 0.164 1.0816

Al-Rasadi et al. (23) 0.6193 0.1703 1.0683

Dyrbus et al. (16) 0.6498 0.1645 1.1351

Rallidis et al. (12) 0.6325 0.1833 1.0817

Masana et al. (20) 0.6062 0.0399 1.1725

Tscharre et al. (18) 0.6169 0.1667 1.0672

Danchin et al. (19) 0.6065 0.1554 1.0576

Silva et al. (13) 0.6101 0.1616 1.0586

Auckle et al. (24) 0.6307 0.182 1.0794

Rerup et al. (11) 0.6682 0.2137 1.1226

Khan et al. (10) 0.6375 0.187 1.088

Yasuda et al. (8) 0.5981 0.1489 1.0472

Wang et al. (25) 0.6073 0.1592 1.0554

Combined 0.6191 0.1834 1.0548
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