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Abstract

Purpose of review This review presents the risks and benefits of very low LDL cholesterol and the safety of using lipid-

lowering therapy to achieve these levels.

Recent findings A growing body of literature suggests that lower LDL cholesterol levels are associated with a reduced risk
of cardiovascular disease. Further, achieving these levels with pharmaceuticals is remarkably safe. Although statins may
slightly increase the risk of diabetes mellitus and hemorrhagic stroke, the benefits outweigh the risks.

Summary While recommendations from professional societies are increasingly aggressive, additional risk reduction could
be achieved by setting more even ambitious LDL cholesterol goals.

Keywords Hypobetalipoproteinemia - Lipid-lowering therapy - Atherosclerotic cardiovascular disease - Adverse effects

Introduction

While elevated low-density lipoprotein (LDL) cholesterol
has been the primary concern for cardiologists and lipidolo-
gists for many years, the cardiovascular outcomes of patients
achieving very low levels of LDL cholesterol (e.g., less than
50 mg/dL) are gaining interest. This is for two reasons.
First, novel lipid-lowering therapies can now significantly
reduce LDL cholesterol to levels previously unattainable.
Second, there is an increased recognition of syndromes with
very low cholesterol levels and a better understanding of the
outcomes of patients with these disorders.

In this review, we will focus on evaluating and managing
patients with very low LDL cholesterol levels (i.e., less than
the Sth percentile or less than 50 mg/dL) rather than low
levels of total cholesterol. The purpose of this review is to
present the risks and benefits of living with very low levels
of LDL cholesterol and the safety of driving LDL choles-
terol to these levels with the increasingly potent arsenal of
lipid-lowering therapy.
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Measurement

Investigators have used a wide range of values for defin-
ing hypocholesterolemia. In the literature, definitions have
included total cholesterol levels ranging from 100 mg/dL
to 190 mg/dL' or an LDL cholesterol less than the 5th per-
centile [2-6]. Depending on the definition, hypocholester-
olemia is estimated to occur in 2 to 3% of patients in the
general population and up to 6% of hospitalized patients [1].
In the National Health and Nutrition Examination Survey,
a total cholesterol less than 30 mg/dL was found in 1.8%
of self-identified white patients and in twice as many self-
identified black patients (3.6%). Similar racial/ethnic differ-
ences were found in a study of firefighters in which 3.6%
of self-identified black firefighters had hypocholesterolemia
compared to 2.9% of self-identified white firefighters [1].
While a majority of studies use the total cholesterol to
define hypocholesterolemia, this does not provide sufficient
detail for the provider. It is much more important to under-
stand if the hypocholesterolemia is driven by low high-den-
sity lipoprotein (HDL) cholesterol or low LDL cholesterol.
Typically, the LDL cholesterol is estimated rather than mea-
sured with direct techniques, such as ultras centrifugation
(i.e., beta quantification), because this is time-consuming
and costly [7]. The most commonly used method for esti-
mating LDL cholesterol has traditionally been the Friede-
wald Eq. [8]. Unfortunately, this equation can significantly
underestimate the LDL cholesterol if the triglyceride level
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is above 400 mg/dL or in patients with LDL cholesterol less
than 70 mg/dL [7, 9]. More recently, the Martin-Hopkins
method has been introduced, which calculates LDL choles-
terol more accurately when it is less than 70 mg/dL and when
the patient has significantly elevated triglyceride levels [10,
11]. For those with severely elevated triglyceride levels, the
Sampson equation may be appropriate as it improves esti-
mation up to 800 mg/dL.” However, at the extremes, it is
likely prudent to measure the LDL cholesterol directly.

Role of Cholesterol

To understand the potential complications and benefits of
very low LDL cholesterol levels, it is important to review
the role of cholesterol in homeostasis. Cholesterol is an
essential component of a number of substances that are
critical for normal development and health. For instance,
it is a component of vitamin D, estrogen, testosterone, cell
membranes, and myelin [12]. Most of the body’s cholesterol
is produced by the liver, which is responsible for approxi-
mately 80% of circulating cholesterol. This is from endog-
enous production, LDL cholesterol uptake, or the recycling
of bile acids [13]. The remainder of the cholesterol comes
from the diet. Notably, the brain is responsible for produc-
ing its own supply of cholesterol, which is nearly entirely
independent of the systemic circulation secondary to the
presence of the blood-brain barrier [14, 15].

The majority of circulating cholesterol is carried in LDL
because of its relatively long half-life (i.e., 2 to 3 days) com-
pared to other lipoproteins [14]. Studies have demonstrated
that LDL has a remarkably high affinity for its receptor
and that saturation of these receptors occurs at a level of
12.5 mg/dL."* As discussed in the manuscript, this is a much
lower level than most patients can hope to achieve. Other
than returning cholesterol to the liver, it remains unclear if
LDL performs other essential functions.

There are several lines of evidence that levels much
higher than 12.5 mg/dL are not necessary. A growing body
of literature suggests that the “normal” levels may range
between 25 and 60 mg/dL, rather than the much higher
levels sign in clinical practice [15]. For instance, newborns
have plasma LDL cholesterol of 50-70 mg/dL, while lev-
els in children average 95 mg/dL.>'® In addition, ethnic
groups that have maintained a hunter-gatherer lifestyle have
LDL cholesterol levels well below 50 mg/dL with no clear
known health consequences [13, 17, 18]. Similarly, those
who adhere to a vegetarian diet can drive their LDL choles-
terol below the Sth percentile without evidence of adverse
effects [19]. Even in children who adhere to a vegetarian
diet, complications related to the low LDL cholesterol have
not been reported [20].
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Benefits of Low LDL Cholesterol

It is well-established that LDL cholesterol values are asso-
ciated with CVD [7, 21]. Trials have consistently demon-
strated that the degree to which LDL cholesterol is lowered
correlates with CVD event incidence [21-23]. With the
publication of the IMProved Reduction of Outcomes: Vyto-
rin Efficacy International Trial (IMPROVE-IT) [24], the
benefits of LDL cholesterol lowering were demonstrated to
occur in patients taking lipid-lowering therapy other than
statins. This landmark trial provided the most substantial
evidence that it is the amount of LDL cholesterol reduc-
tion that is important, rather than some specific mechanism
unique to statins.

Further, trials have shown that aggressive lowering of
the LDL cholesterol with high-intensity statins can yield
even better results. For example, the Treating to New Tar-
gets (TNT) [16, 25] study showed that using high-intensity
statins was more effective than moderate-intensity statins at
reducing CVD events. Additional trials also have found that
there does not appear to be a floor in which LDL choles-
terol lowering is no longer beneficial, although there may
be diminishing returns [26]. Studies like the Further Car-
diovascular Outcomes Research With PCSK9 inhibitors in
Subjects With Elevated Risk (FOURIER) and several statin
trials [21] have shown that patients who achieved LDL cho-
lesterol values less than 50 mg/dL had a lower risk of CVD
events than those with LDL cholesterol values of 75 mg/
dL [27].

Based on an expected reduction of LDL cholesterol of
30 to 50% (approximately 77 mg/dL [2 mmol/L]) with a
high-dose statin, studies suggest it is not unreasonable to
suggest that patients could have a 40 to 50% reduction in
CVDrrisk [13, 16, 21]. Based on these studies, the European
Society of Cardiology recommends achieving LDL choles-
terol values less than 70 mg/dL in high-risk patients and less
than 55 mg/dL in very high-risk patients [28]. While the
American Heart Association/American College of Cardiol-
ogy did not include a specific LDL cholesterol goal for most
patients, it still recommends that high-risk patients start
additional lipid-lowering therapy even when LDL values
are 70 mg/dL.29

Syndromes

Abetalipoproteinemia and Familial
Hypobetalipoproteinemia

Monogenetic diseases that lead to severe hypocholester-
olemia are ideal for studying the effects of very low LDL
cholesterol levels. In these disorders, the total cholesterol
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often is less than 30 mg/dL, and the LDL cholesterol is
negligible. The three most severe forms of hypocholester-
olemia are abetalipoproteinemia, familial hypobetalipopro-
teinemia (FHBL), and chylomicron retention disease. Each
of these disorders are rare, occurring in approximately one
in one million people [30]. While caused by two different
mutations, the diseases are clinically indistinguishable. In
abetalipoproteinemia, a mutation in the MTTP gene, which
encodes the microsomal triglyceride transfer protein (MTP),
leads to improper folding of the apoB protein in the endo-
plasmic reticulum. The improperly formed apoB does not
acquire triglycerides and is quickly degraded, which results
in the inability to secrete triglycerides as either chylomi-
crons (in the intestine) or very low density lipoprotein (in
the liver).

FHBL is most commonly caused by mutations in the
gene encoding apoB, but it can also be caused by propro-
tein convertase subtilisin/kexin type 9 (PCSK9) mutations;
other genes are likely involved but not yet characterized.
This leads to a “truncated” apoB that is dysfunctional and
cannot accept triglycerides or cholesterol. Unlike abetali-
poproteinemia, FHBL is inherited in a codominant manner,
and less severe heterozygous forms exist.

Chylomicron retention disease is a slightly less severe
of hypocholesterolemia that is caused by mutations in the
SARIB gene. The SARIB protein is critical for assembly of
Coat Protein Complex (COPII)-coated vesicles that assist
in the transport of proteins critical for chylomicron forma-
tion. While sharing similar gastrointestinal and neurologi-
cal complications of FHBL and abetalipoproteinemias, it is
distinguished from these disorders by a normal triglyceride
level and often having an elevated creatine kinase level [19].

Abetalipoproteinemia and FHBL typically present in
infancy with symptoms related to fat malabsorption. As fats
accumulate in the enterocytes, they swell and absorption is
impaired. Patients develop diarrhea, vomiting, abdominal
distention, and failure to thrive. Over time, neurological
symptoms develop related to vitamin deficiencies, particu-
larly vitamin E. In addition, deficiencies in essential fatty
acids develop, such as skin abnormalities, poor growth and
development, and immunodeficiencies, among others [31].
The neurologic symptoms typically present in adolescence,
but evidence of neurological abnormalities may actually be
present in the first year of life. In severe cases, respiratory
failure has been described as secondary to respiratory mus-
cle weakness. Ophthalmological disease is a common find-
ing in adulthood but less so until the third or fourth decades.

Heterozygous FHBL

Patients with the heterozygous form of FHBL also have
very low levels of LDL cholesterol, but they typically have

values of at least 30 mg/dL. The primary concern in these
patients is the risk of developing hepatic steatosis. Studies
suggest up to 25% of patients with hypolipoproteinemia
progress to hepatitis and that one in five of those patients
develops cirrhosis. Studies have shown that patients with
FHBL have hepatic triglyceride levels three times higher
than those in normal controls. Interestingly, the relation-
ship between insulin resistance and non-alcoholic fatty liver
disease found in the general population is absent in these
patients [30].

Familial Combined Hypolipidemia

In a disorder with a similar clinical profile as heterozy-
gous FHBL, Familial Combined Hypolipidemia (FCH) is
an autosomal recessive disorder that results from muta-
tions in the ANGPTL3 gene, which is important in regu-
lating lipoprotein lipase and endothelial lipase [6, 14, 32,
33]. Inhibition of ANGPLT?3 leads to increased clearance of
triglyceride-rich lipoproteins and, subsequently, lower lev-
els of LDL cholesterol [6, 14, 32, 33]. This is a relatively
rare form of hypocholesterolemia, occurring in about 10%
of patients [32]. Clinically, there is a 60 to 70% reduction in
both the LDL cholesterol and triglyceride levels. While gen-
erally also considered to decrease HDL cholesterol, this was
not found in the Dallas Heart Study [32, 34]. Interest in this
disease is its absence of adverse consequences compared to
the other forms of hypolipoproteinemia. In fact, it even has
a reduced risk of diabetes mellitus [32]. In a study by Min-
cocci [35], there was an increase in carotid-intima medial
thickening in patients who were homozygous for ANGPLT3
mutations, despite the lower LDL cholesterol. However, in a
pooled analysis of patients with FH, cardiovascular disease
was absent in those with homozygous mutations in ANG-
PLT3 [36]. Currently, this disease requires no treatment or
follow-up.

Treatment of Inherited Hypocholesterolemia

While a discussion of the treatment of these syndromes is
not the purpose of this review, understanding the approach
to the management of these patients provides critical insight
to the consequences of very low levels of LDL cholesterol.
For instance, even though LDL cholesterol is nearly unde-
tectable in the homozygous forms, cholesterol supplementa-
tion is not part of the treatment. In fact, the cornerstone of
treatment in homozygous hypocholesterolemia is fat restric-
tion and the supplementation of fat-soluble vitamins. In gen-
eral, a diet containing less than 30% of calories from fat will
reduce gastrointestinal symptoms and improve absorption
[32], with reductions as much as 10 to 15% recommended
in some patients [31].
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The second component of the treatment of homozygous
hypocholesterolemias is vitamin supplementation with fat-
soluble vitamins. While patients with these disorders often
require extremely high doses of vitamins (e.g., vitamin E
doses as high as 100 to 300 international units per kilogram
per day or 15,000 international units per day of Vitamin A),
vitamin deficiencies are rarely seen in patients whose LDL
cholesterol is driven to very low levels pharmacologically
[7, 30]. It is worth noting that only vitamin E is associated
with LDL cholesterol levels [13]. While initial clinical tri-
als of PCSK9 inhibitors found total vitamin E levels were
reduced in those achieving very low LDL cholesterol, more
sophisticated measurements (i.e., vitamin E concentrations
in red blood cells) demonstrate that tissue delivery remains
unaffected [13, 14, 37].

For heterozygous FHBL, the management largely relies
on monitoring for fat-soluble vitamin deficiencies and the
management of non-alcoholic fatty liver disease. In general,
patients remain asymptomatic throughout their lives and
can be considered to have a reduced risk of CVD.

Familial Hypercholesterolemia

Similar to the insights garnered from understanding hypo-
betalioproteinemias regarding the function of LDL cho-
lesterol, conditions characterized by persistently elevated
levels of LDL cholesterol, such as familial hypercholes-
terolemia, can similarly yield valuable information. The
heterozygous form of familial hypercholesterolemia is the
most common autosomal dominant disorder in the United
States and affects approximately 1 in 250 people; the homo-
zygous form is much rarer and found in 1 in 1 million indi-
viduals [38, 39]. It is most often caused by a defect in the
LDL receptor but also can be caused by mutations in apo-
lipoprotein B and PCSK9. There also is a form of famil-
ial hypercholesterolemia that is inherited in an autosomal
recessive pattern caused by mutations in the gene encod-
ing for low-density lipoprotein receptor adaptor protein
(ILDLRAP1). While patients with heterozygous forms of
familial hypercholesterolemia only have a reduced capacity
to update LDL cholesterol, those with most forms of homo-
zygous familial hypercholesterolemia have a near-total
inability to uptake circulating LDL cholesterol through the
LDL receptor. However, this does not appear to be prob-
lematic. For instance, there is normal fetal development
during a period of relatively rapid cellular replication and
growth. In addition, there is no evidence of ill effects on bile
acid formation or adrenal hormone synthesis. However, it
should be noted that there are a few reports of suboptimal
responses to adrenocorticotropic hormone in some patients
with homozygous familial hypercholesterolemia [14]. Even
following LDL apheresis, in which LDL cholesterol rapidly
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decreases to levels less than 30 mg/dL, patients tolerate the
rapid fluctuations without problems [7]. Interestingly, as
opposed to patients with low LDL cholesterol, patients with
familial hypercholesterolemia appear to be at a reduced risk
of developing diabetes mellitus, but this mechanism is not
fully understood.

Potential Complications Related to Low LDL
Cholesterol

As described, the benefits of lowering LDL cholesterol are
clear. However, concerns about excessive lowering have
arisen based on the outcomes of patients with genetic forms
of hypocholesterolemia and the results of clinical trials and
Mendelian randomization studies. The following reviews
these concerns.

Diabetes Mellitus

One of the first off-target effects of statins was their effect on
the risk of diabetes mellitus. Initially, it appeared that statins
may offer protection against the development of diabetes
mellitus based on the results of the West of Scotland Coro-
nary Prevention Study (WOSCOPS) [40]. However, later
randomized clinical trials of statins, Mendelian randomiza-
tion studies [21], and several meta-analyses [40—44] have
suggested a small but clinically significant increased risk of
diabetes mellitus depending on the statin and its dose.

The exact mechanism by which statins increase the risk of
diabetes mellitus has not been determined. However, there
is evidence that mutations in 3-hydroxy-3-methylglutaryl-
coenzyme A (HMG CoA reductase), LDL receptor gene
(LDLRI), and others may be involved [45]. In the Metabolic
Syndrome in Men (METSIM) cohort, various measures of
insulin secretion and sensitivity suggested that both of these
proteins were negatively affected by statins [45]. This may
be achieved by activation of AKT in skeletal muscle or by
reducing the activity of HMG CoA reductase [45]. Simi-
larly, mutations in the PCSK9 gene may also lead to excess
cholesterol within the cell, which may disrupt glucose
homeostasis [16, 46]. Others have suggested that it is related
to hepatic-induced insulin resistance through Niemann-Pick
Cl-Like 1 [13, 47]. At this time, there are ongoing stud-
ies to better understand the interactions between cholesterol
metabolism and insulin resistance.

While there appears to be a dose-response relationship
between statin dose and risk of diabetes mellitus [21], the
relationship is not necessarily related to the degree of LDL
cholesterol lowering. For instance, there was no increased
risk of diabetes mellitus in those who achieved an LDL cho-
lesterol of less than 50 mg/dL in JUPITER [21]. Evidence
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that the risk of diabetes mellitus is from the mechanism
of action of statins rather than a low LDL cholesterol is
further emphasized by the absence of an association with
other classes of lipid-lowering therapy despite achieving
very low levels of LDL cholesterol [13]. Neither OSLER
or FOURIER found a difference in new onset diabetes mel-
litus nor was glycemic control affected [48]. This was true
even in those achieving the lowest LDL cholesterol levels in
FOURIER [7, 49]. Further, a meta-analysis of studies using
PCSKD9 inhibitors, including over 160,000 patients, did not
find a more significant reduction in LDL cholesterol associ-
ated with an increased risk of diabetes mellitus [7, 49, 50].

While Mendelian randomization studies [ 16] indicate that
PCSKD9 inhibition may promote insulin resistance, PCSK9
inhibitors block plasma (i.e., circulating) PCSK9 rather than
intracellular PCSK9. Mendelian randomization studies can-
not differentiate between these locations since they arise
from the same gene. This suggests that intracellular inhibi-
tion of PCSK9 may increase the risk of diabetes mellitus
through a similar pathway as the inhibition of HMG-CoA
reductase, while inhibition of circulating PCSK9 may not.
Further, patients with monogenic hypobetalipoproteinemia
caused by PCSK9 mutations do not have an increased risk
of diabetes mellitus either [6]. This suggests that the genetic
mutations that lead to very low levels of LDL cholesterol
may contribute to raising the diabetes mellitus risk, but that
the low LDL cholesterol levels are not a causal risk factor.

It should be noted that even with this increased risk of
diabetes mellitus, statins are still recommended even in
those at the highest risk of diabetes mellitus, and statins
are not discontinued if it develops. Using data from meta-
analyses, for approximately every 250 patients treated with
a statin, one excess case of type 2 diabetes mellitus would
be expected, which is about a 9% increased risk [40]. As
others have suggested, this suggests that 5 to 10 CVD events
would be prevented for each new case of diabetes mellitus
[51].

Hemorrhagic Stroke

While the evidence for reducing ischemic stroke with
aggressive lipid-lowering is well-established, the associa-
tion between low LDL cholesterol and the risk of hemor-
rhagic stroke has been more challenging to establish.
Several observational studies, along with two Mendelian
randomization studies, have suggested an inverse asso-
ciation between LDL cholesterol and risk for hemorrhagic
stroke. However, clinical trials and meta-analyses have been
inconsistent [52—-55]. In the largest and most recent meta-
analysis, a small but statistically significant association
between the use of statins and hemorrhagic stroke was noted
[54]. Interestingly, other forms of lipid-lowering therapy

were not associated with an increased risk of hemorrhagic
stroke in this meta-analysis. In a previous American Heart
Association Scientific Statement, the authors concluded that
there may be a risk but that this risk is likely limited to a
subset of patients at higher risk for hemorrhagic stroke [15].

While statins may play a role, no clearly established
pathway has linked LDL cholesterol with hemorrhagic
stroke. As mentioned, cholesterol homeostasis in the brain is
largely independent of the serum cholesterol [15], and there
is no clear role of LDL cholesterol in developing hemor-
rhagic strokes. Even in the Stroke Prevention by Aggressive
Reduction in Cholesterol Levels (SPARCL) study, while the
number of hemorrhagic strokes increased, it was unrelated
to the magnitude of LDL cholesterol reduction [56]. As in
the case of low levels of LDL cholesterol and the risk of
diabetes mellitus, Mendelian randomization studies may
suffer from the same inability to accurately reflect in vitro
drug action. As was the case for diabetes mellitus, trials of
PCSKD9 inhibitors have not replicated the findings of statin
trials. For instance, FOURIER and ODYSSEY did not find
a relationship. Further, patients in these trials, as well as in
IMPROVE-IT, were not at an increased risk of hemorrhagic
stroke even when achieving extremely low LDL-cholesterol
[13]. Similarly, in the previously mentioned meta-analysis,
only statins were found to have an association, and other
classes of lipid-lowering therapy (i.e., PCSK9 inhibitors,
ezetimibe, and omega-3 fatty acid supplements) did not
[54].

Further evidence that LDL cholesterol is not related to
hemorrhagic stroke risk comes from a secondary prevention
study of high-risk subjects from France and South Korea
with a history of ischemic stroke. In this study of patients
with a history of ischemic stroke, the risk of hemorrhagic
stroke did not differ by degree of LDL cholesterol lower-
ing and there was a lower risk of CVD in those achieving
lower LDL cholesterol levels [7, 57]. Based on this evi-
dence, a conservative conclusion would be that there is a
slight increase in the risk of hemorrhagic stroke. Still, it is
limited to a subgroup of patients taking statins and is not
likely related to the LDL cholesterol level.

Cancer

An additional concern for aggressive lipid lowering is the
possibility of an increased risk of cancer. In the Pravastatin
in elderly individuals at risk of vascular disease (PROS-
PER) [58], there was an increased number of cases of can-
cer in those treated with pravastatin compared to placebo.
Similarly, in the Cholesterol And Recurrent Events (CARE)
trial [59], there was an increased risk of breast cancer with
lipid-lowering therapy. Patients in the Copenhagen City
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Heart Study who had an LDL cholesterol lower than the
10th percentile had a 43% increased risk of cancer [1].

However, these findings have yet to be supported by Men-
delian randomization studies, other clinical trials, or meta-
analyses [13, 14]. For instance, Mendelian randomization
studies found that mutations in HMG-CoA reductase may
be protective for cancer [14]. In addition, Mendelian ran-
domization studies have not found an association between
cancer and PCSK9 [14]. The Atherosclerosis Risk in Com-
munities Study (ARIC) study also did not find that patients
with the PCSK9 variant had any increased risk of cancer
[19, 60]. Findings from a meta-analysis of statin trials by the
Cholesterol Treatment Trialists’ (CTT) Collaboration [61]
did not find an association between cancer and lipid-lower-
ing therapy use, regardless of the intensity of the statin, the
reduction in LDL cholesterol, or the baseline LDL choles-
terol. While earlier results of the Simvastatin and Ezetimibe
in Aortic Stenosis (SEAS) trial [62] suggested an increased
risk of cancer, longer-term follow-up of the subjects did not
find an association [63]. Therefore, while early studies sug-
gested a relationship may exist between the risk of cancer
and LDL cholesterol, genetic studies and more recent clini-
cal trials have failed to find that LDL cholesterol is associ-
ated with the risk of cancer.

Cataracts

As the lens of the eye requires substantial cholesterol, low-
ering the LDL cholesterol could theoretically lead to lens
dysfunction (i.e., cataracts). A slight increase in the risk of
cataracts was found in those receiving rosuvastatin in the
Heart Outcomes Prevention Evaluation (HOPE-3) trial
[64]. A pooled analysis of alirocumab trials found the risk
increased in those with LDL cholesterol levels less than
25 mg/dL.>” However, a majority of evidence suggests no
association between either pharmacologic lowering of LDL
cholesterol or very low levels of LDL cholesterol with cata-
racts [52, 65, 66]. Larger and more recent meta-analyses of
statins and PCSKO9 inhibitors have failed to find an associa-
tion [66, 67]. For instance, JUPITER did not find an associa-
tion between LDL cholesterol and cataracts, even in those
achieving very low LDL cholesterol levels. One criticism
of HOPE-3 and JUPITER was that the presence of cata-
racts was self-reported. However, the Expanded Clinical
Evaluation of Lovastatin (EXCEL) [68] and Scandinavian
Simvastatin Survival Study (4 S) [69] trials obtained rou-
tine ophthalmologic exams, and neither found a relationship
between cataracts and statin use [65, 66]. Based on these
results, the risk of cataracts seems exceedingly small.
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Overall Mortality

While a majority of studies demonstrate a reduction in
CVD events and a decrease in all-cause mortality, obser-
vational studies have occasionally linked very low LDL
cholesterol with an increase risk of mortality. Several obser-
vational studies of patients with low LDL cholesterol have
found that these patients have an increased susceptibility to
infections and overall mortality [1]. However, these stud-
ies likely reflect the influence of inflammation on the lipid
panel, which often drives the LDL cholesterol lower, rather
than an active role of low LDL cholesterol on outcomes.
For instance, cancer, infections, and even gastrointestinal
diseases have been shown to lead to hypocholesterolemia
[1, 70]. However, in JUPITER, rosuvastatin was associated
with a lower instance of pneumonia [14]. Similarly, stud-
ies have found that PCSK9 inhibition improved survival in
sepsis [13].

Conclusions

The ability to drive LDL cholesterol to unprecedented levels
has opened the door to substantially reduce CVD. It also has
prompted concerns that extremely low levels of LDL cho-
lesterol may have adverse effects. While statins may affect
glucose metabolism and increase the risk of hemorrhagic
stroke at very low levels (i.e., less than 50 mg/dL), this is
not clearly associated with LDL cholesterol. Further, the
results of clinical trials, Mendelian randomization studies,
and meta-analyses suggest that using other forms of lipid-
lowering therapy, such as PCSK9 inhibitors, ezetimibe, and
evinacumab to achieve very low LDL cholesterol levels is
remarkably safe. While recommendations from professional
societies are increasingly aggressive, additional risk reduc-
tion could be achieved by setting more even ambitious LDL
cholesterol goals and helping providers be more comfort-
able caring for patients with very low levels.
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