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Abstract

Purpose of the Review: Nonfasting lipid testing has been introduced into several guidelines
over the past decade or so however, the uptake into clinical practice has not been universal. This
review highlights some of the prevalent reasons for provider reluctance to use nonfasting testing
and the evidence to support nonfasting testing for routine screening in most patients.

Recent Findings: Several studies have found nonfasting lipids to be as, or more, strongly
associated with CVD risk prediction. In particular, nonfasting tests improve system efficiency, are
safe for patients with diabetes, the elderly, children, and in the vast majority of patients, do not
need to be followed up with fasting studies due to severe hypertriglyceridemia.

Summary: Nonfasting lipids are a convenient first test for screening that offers equivalent, if not
improved CVD risk prediction. Common misconceptions about nonfasting tests are not supported
by the evidence.
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Introduction:

It is well known that cholesterol levels measured early in life influence long-term
cardiovascular risk. (1-3) Recent guidelines suggest that cholesterol screening for children
with a nonfasting sample should start early (age 10 years) and repeated every 5 years. (1) In
higher risk populations, if there is a family history of hypercholesterolemia or premature
cardiovascular disease, cholesterol screening should start even earlier at age 2 and repeated
every 3 to 5 years for early identification of familial hypercholesterolemia and hereditary
dyslipoproteinemias, even if the initial profile is normal. Guidelines also suggest that in
adults, lipid panel and risk factor screening should start at age 20 and continue at least every
5 years depending on the individual. (2, 4, 5)
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Nonfasting Testing in the Guidelines

While routine lipid panel screening has been part of clinical practice for decades, obtaining
these tests without the prerequisite 8 to 12 hour fast has evolved only over the past decade.
The first recommendations adopting nonfasting lipid testing on a national level came from
the 2009 Danish Society for Clinical Biochemistry, which recommended nonfasting testing
for all their national laboratories. Since then several international societies have approved of
nonfasting lipid testing for routine screening.(5, 6-8) In 2014 the US Department of
Veterans Affairs clinical practice guidelines became the first US guidelines to approve use of
nonfasting lipid tests. These were followed in 2017 by the American Association of Clinical
Endocrinologists and American Association of Endocrinology recommendations. (9) In
2018, the American College of Cardiology/American Heart Association (ACC/AHA)
cholesterol guidelines modified previous 2013 recommendations for fasting and allowed
nonfasting testing for routine screening, re-iterated again in the 2019 ACC/AHA prevention
guidelines. (2, 4) Furthermore, these guidelines also considered fasting or nonfasting
triglycerides 2175 mg/dL as a risk enhancing factor that could prompt consideration for
initiating or intensifying statin therapy. (2,4) In the 2020 American Diabetes Association
guidelines, nonfasting or fasting elevation in triglycerides =175 mg/dL serves as an
indication for physicians to address lifestyle factors (obesity, metabolic syndrome) and also
search for secondary causes such as medications that can raise triglycerides or other medical
conditions such as undiagnosed diabetes, liver and kidney disease. (10) Key clinical
guidelines and statements related to nonfasting panels are summarized in the Table. Despite
these guidelines, the adoption of nonfasting tests as the screening method of choice for
routine screening has not been embraced comprehensively. About two thirds of surveyed
laboratories in Europe use nonfasting panels routinely, leaving one third still using fasting
tests as first line studies. (11) In addition, while the prevalence of nonfasting testing in the
US is currently unknown, it is certainly not universal. In this review, we will discuss the
advantages of nonfasting studies in daily practice and highlight the evidence in support of
nonfasting tests for routine screening.

Evidence for Nonfasting Testing

Changing established practice is difficult, however there are several valid arguments for
more widespread acceptance of nonfasting testing. On a physiological level, the rationale
behind using nonfasting testing is appealing since, except for a few hours in the morning,
most of us spend the majority of our lives in a nonfasting state. Capturing lipids and
identifying risk while nonfasting therefore provides a more accurate representation of our
normal physiological state. In fact, the adequacy of nonfasting lipids for general screening of
CVD risk has been verified by numerous large prospective studies, over the past several
decades. (12) An evidence-based review of the published literature from >300,000
individuals found no diminution of lipid relationships with predicting incident events for
nonfasting lipids (6) and at least three large statin clinical trials have used nonfasting lipids
(involving nearly 43,000 patients). (6) More recently, data from the UK Biobank study add
to the growing evidence base that fasting is not necessary when assessing lipid-related
cardiovascular risk. In a study involving 346,686 participants with non-fasting blood
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samples, risk associations with CVD were similar to those previously found from other
studies for fasting or nonfasting lipids. (13)

In addition, nonfasting lipid panels can provide clinicians with incremental knowledge when
assessing patients” CVD risk with studies reporting similar or even stronger risk associations
of nonfasting lipids with CVD, particularly for triglycerides. (14) Specifically, genetic
studies using Mendelian randomization have linked nonfasting triglycerides and remnant
cholesterol to increased risk of CVD and mortality. (15) In certain patients, including those
with metabolic syndrome, diabetes mellitus, or specific genetic abnormalities, fasting can
mask abnormalities in triglyceride metabolism which is captured by nonfasting
measurements. In a large primary prevention study, nonfasting lipids were associated with
higher levels of triglycerides as well as large very low density lipoprotein (VLDL)
cholesterol and particles, inclusive of chylomicrons, and medium sized VLDL cholesterol
and particles, compared with fasting samples. (16) Nonfasting panels therefore may help to
identify residual lipid-related CVD risk in patients with a proatherogenic milieu, despite
optimal guideline-based treatment. (17, 18)

Resistance to Nonfasting Testing

One of the major concerns regarding nonfasting testing has been the argument that
population level risk associations would not capture individual variability based on fasting
status. Recent data published on 8,270 participants from the Anglo-Scandinavian Cardiac
Outcomes Trial-Lipid Lowering Arm (ASCOT-LLA) trial with prospective follow-up
provided robust evidence addressing this concern. (18) Both fasting and nonfasting lipids
were measured in the same individuals four weeks apart with no intervention or advice given
between the two visits. The association of baseline lipids with CVD events was similar
irrespective of fasting status, and importantly, results were similar by randomized allocation
to statin versus placebo (18).

A somewhat related concern has been regarding misclassification of individuals into a lower
CVD risk category based on variability of low density lipoprotein (LDL) cholesterol levels
in nonfasting panels. This variability is directly related to known variability in triglycerides
in the hours following food intake and the relationship of triglycerides to LDL cholesterol
calculation via the Friedewald equation. However, nonfasting vs. fasting differences in
routine lipids are small: high-density lipoprotein [HDL] cholesterol change is negligible;
slightly lower levels are seen [up to —8 mg/dL(0.21 mmol/L)] for nonfasting total
cholesterol, LDL cholesterol, and non-HDL cholesterol compared with fasting; and modest
changes [up to 26 mg/dL (0.3 mmol/L) higher] for triglycerides (4, 16). Importantly the
widely used atherosclerotic CVD risk calculator utilizes pooled cohort equations for risk
calculation which use total cholesterol and HDL cholesterol (not triglycerides or LDL
cholesterol), hence there is little impact of nonfasting on risk estimates using these methods.
Addressing the possibility of misclassification in particular, the ASCOT-LLA study found no
significant misclassification that would adversely affect the decision for initiation of statin
therapy, with high concordance (94.8%) between fasting and nonfasting lipids measured
from the same individuals for classification into CVD risk categories. (18) Recently
investigators assessed the use of nonfasting TC and HDL cholesterol alone and found no
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benefit to adding nonfasting LDL cholesterol into risk prediction models (13) suggesting
that the current risk assessment methods are adequate when using nonfasting samples.

For clinicians concerned about using nonfasting LDL cholesterol when titrating therapies for
patients close to an absolute LDL cholesterol target, there is data to promote the use of the
more accurate Martin-Hopkins equation, a modification of the Friedewald equation, when
LDL cholesterol is low and for nonfasting samples (4,19). In fact, this is now the standard
calculation method for LDL cholesterol reporting by a large global clinical laboratory
provider and would therefore not require additional computation time on the part of health
care providers in busy office settings. More recently, a novel equation to calculate LDL
cholesterol has been proposed as being more accurate than current methods, including the
Martin-Hopkins equation, especially in the setting of elevated triglycerides. (20) Authors of
this study assessed accuracy of their equation by sex and fasting state (fasting vs. nonfasting)
and found its accuracy to be unaffected by either. Authors concluded that their method
should be used to provide a more accurate LDL cholesterol measure in all patients, but
especially those with elevated triglycerides > 400 mg/dL. (20)

Several societal guidelines also allow for nonfasting non-HDL cholesterol or apolipoprotein
B to be used to guide therapy as it is well-known that both of these are better risk markers
than LDL cholesterol, in particular in the setting of low LDL cholesterol or when
triglycerides are =200 mg/dL(2.3 mmol/L) (21). Non-HDL cholesterol may represent a more
complete view of risk related to circulating plasma cholesterol content, as shown in an
international study of more than 500,000 individuals with more than 40 year follow-up. (22)
Established treatment goals for non-HDL cholesterol are 30 mg/dL higher than for LDL
cholesterol (fasting or nonfasting) and these values are automatically reported by most
laboratories regardless of fasting status. Beyond cholesterol, it has been demonstrated that
the concentration (number of particles per unit volume] of atherogenic lipoprotein particles
(the lipid-protein assemblies which transport cholesterol and triglycerides in the circulation)
might better reflect the potential for these cholesterol transporters to be taken up into the
neointima of atheromatous lesions, depositing cholesterol which becomes modified, inciting
and then propagating atherosclerotic coronary disease. (7) Most studies, but not all, found
that apoB was more closely associated with cardiovascular risk than LDL cholesterol. (7)
Recently studies examining genetic variants that mimic discordance between apoB and LDL
cholesterol suggest that genetically determined lipid risk also tracked more closely with
apoB than LDL cholesterol. (23) Hence, although in most patients’ standard lipids will
suffice for risk assessment and management, in the subset of patients with multiple
cardiometabolic risk factors or low LDL cholesterol, testing for apoB captures lipoprotein
cardiovascular risk information that may not be captured by cholesterol alone. The 2018 and
2019 ACC/AHA cholesterol and prevention guidelines included apoB>130 mg/dL (>80t
population percentile) as a risk-enhancing factor that could inform patient-clinician risk
discussions and guide the need for initiating or intensifying statin therapy among borderline
or intermediate risk patients for the primary prevention of cardiovascular disease. Notably,
apoB and non-HDL cholesterol testing, similar to LDL or total cholesterol, also show
minimal variation with fasting status.
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Nonfasting and Postprandial Triglycerides

Triglyceride levels peak about 4-6 hours after a meal, however individual plateau levels vary
depending on multiple factors. (16) Genetic studies suggest that the association between
plasma triglycerides and cardiovascular risk is causal, but many genetic variants are
pleotropic and are often also associated with differences in VLDL/remnant cholesterol,
apoB, or HDL cholesterol, making it challenging to identify the causal atherogenic
component. In a meta-analysis of randomized statin and non-statin trials (N=374,358
participants), triglyceride lowering was associated with lower cardiovascular risk (~ 15%
lower risk per 1 mmol/L reduction in triglycerides), which was somewhat lower than for
LDL cholesterol (~ 20% lower risk per 1 mmol/L reduction in LDL cholesterol) and
attenuated when the REDUCE-IT trial was excluded. (24)

Given the independent risk conferred by elevated triglycerides and triglyceride-rich
lipoproteins, the cut-point associated with higher risk in terms of nonfasting triglyceride
levels has also been investigated. Most guidelines, including the latest US and European
guidelines, define elevated nonfasting triglycerides as =175 mg/dL (=2 mmol/L), a cut point
that has been validated prospectively in a large study of US women. (2, 14, 25) Similarly, the
2018 and 2019 ACC/AHA guidelines also consider fasting or nonfasting triglycerides
greater than 175 mg/dL (2 mmol/L) as a risk enhancing factor that could prompt
consideration for initiating or intensifying statin therapy. (2, 4)

There are some differences in the guideline cut-points for severe hypertriglyceridemia,
defined as fasting triglycerides =500 mg/dL (5.7 mmol/L) in US guidelines (b) and >10
mmol/L (885 mg/dL) in European guidelines. (5) At high triglyceride levels (>4.5 mmol/I,
400 mg/dL), the Friedewald calculation for LDL cholesterol becomes inaccurate as it
assumes a fixed triglyceride to cholesterol ratio and underestimates the true LDL
cholesterol. Instead, guidelines recommend using non-HDL cholesterol or apoB instead of
calculated LDL cholesterol in patients with hypertriglyceridemia, as direct LDL cholesterol
assays may also be inaccurate. (7)

Nonfasting Lipids Suitable for All?

In a general US study population enriched with African American participants, there were
no significant race specific effects on lipoprotein levels and nonfasting status. (16) More
data is needed to address the role of specific ethnicities on nonfasting lipoprotein cut-points.
In addition, for some patients, concerns that consumption of a fatty meal prior to testing will
result in markedly increased triglycerides and reduced test validity with respect to accurate
LDL cholesterol levels has been cited as a potential disadvantage for nonfasting samples.
However, numerous studies have found that the increase in plasma triglycerides, observed
after habitual food intake, is much less than that observed during a fat tolerance test, making
this less of a concern for most patients. (18, 26) Simply advising patients to have a lighter
meal or avoid fast food prior to their nonfasting blood draw would be sufficient counsel for
patients prior to testing.
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Special Populations

In patients being screened for lipoprotein (a) (Lp(a)), fasting status has minimal effect on
Lp(a) levels, therefore nonfasting tests for this biomarker can be performed with accuracy.
(6,16) Indeed, when assessing the risk of incident type 2 diabetes, a prospective study from
the Women’s Health Study (N=26,746 participants) that examined fasting and nonfasting
Lp(a) levels found that nonfasting Lp(a) was significantly more robust for prediction of
incident type 2 diabetes in this population during a 13 year period. (27) For patients with
suspected familial hypercholesterolemia, recent recommendations suggest that nonfasting
screening can be performed as the initial routine screening evaluation, with subsequent
referral to specialty lipid clinics upon diagnosis. (28) Finally, it is well known that
triglycerides and lipoprotein cholesterol levels increase markedly with pregnancy, as part of
the normal physiology of pregnancy. In general, it is recommended that routine lipid
screening for cardiovascular risk assessment occurs prior to pregnancy. (29)

Fasting-Evoked En-Route Hypoglycemia in Diabetes (FEEHD)

Recently, an important safety issue has been raised by investigators exploring the association
of fasting for laboratory testing and the incidence of hypoglycemic episodes in patients with
diabetes. In this population, the potential for fasting induced hypoglycemia has been
highlighted as an under-appreciated concern with as many as 1 in 4 patients with diabetes
reporting a fasting-evoked en-route hypoglycemic event (FEEHD) due to fasting for routine
blood work. (30-33) These hypoglycemic episodes add unnecessarily to patient morbidity
that could easily be avoided by adopting nonfasting screening.

The (Limited) Role of Fasting Lipids

Robust and high-quality evidence supports the use of nonfasting lipid testing for the majority
of patients (Figure). Fasting panels may be useful in selected patients prior to starting
treatment that may itself result in or modify significant hypertriglyceridemia and in patients
with genetic lipid disorders being followed for hypertriglyceridemia in lipid clinics. There is
no consensus between the various guidelines as to the triglyceride cut-point that may prompt
providers to order a repeat fasting panel at this time, although based on the Danish
experience, about 10% of routine panels were repeated fasting due to hypertriglyceridemia.
For those with known primary chylomicronemia, which results in significantly elevated TGs
usually beyond cut-points suggested for nonfasting studies, in accordance with published
guidelines, we suggest that fasting studies would be preferred for management. (34)

Improved Healthcare Delivery

From a systems perspective, nonfasting screening allows for more efficient healthcare
delivery and resultant patient and provider satisfaction. Even though there are no studies to
date assessing the cost-effectiveness of fasting versus nonfasting lipid testing, clinicians can
relate to the frequency of patients presenting for follow up appointments without having
performed tests due to either forgetting to fast or not scheduling time for repeat laboratory
visits. Management decisions are then deferred until follow up tests and visits can be
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scheduled, with resultant increased outpatient waiting times and potential decreased access
to care for other patients. Laboratory workflow can also suffer from an influx of early
morning visits for fasting tests, decreasing system efficiency. It is not hard to surmise that
decreased efficiency in multiple levels of the health care system leads to increased costs,
burden on healthcare providers, and decreased patient satisfaction.

Conclusion

The weight of the evidence suggests that nonfasting lipid screening is suitable in routine
settings and may in fact provide more a tailored approach to CVD risk management in
certain members of the population (Figure). While it may take some more time for universal
acceptance of nonfasting screening, the advantages afforded by nonfasting tests such as
improved risk prediction especially related to triglyceride-related risk identification,
improved safety considerations in patients with diabetes, more streamlined healthcare
delivery and patient satisfaction should be easily identified as benefitting us all.
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Key Points

1 We spend the majority of our lives in a nonfasting state thus nonfasting lipid
screening is more reflective of our physiological state.

2. Nonfasting lipids have been accepted as suitable alternatives to fasting lipid
panels for routine screening by numerous guidelines over the past decade.

3. Nonfasting lipids and lipoproteins have similar or even stronger risk
associations for CVD risk prediction.

4. Nonfasting studies are safer for patients with diabetes, elderly, children, and
may improve healthcare systems’ efficiency, costs and stakeholder
satisfaction.
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Can result in FEEHD Safe for patients with
Patient Not necessary for most diabetes, elderly, children
: patients Suitable in all patients
Populatlon May be considered for below established TG cut-
specific TG monitoring points
Often needs second visit Often done same visit
. Increased burden on Decreased burden on
Efficiency patients/providers/ labs patients/providers/labs
Improved workflows
Risk Does not capture all TG and Better assessment of TG
Lo atherogenic lipoprotein and atherogenic
Prediction related risk lipoprotein related risk
Figure.

Summary of the Advantages and Disadvantages of Nonfasting and Fasting Lipid Screening
TG= Triglycerides, FEEHD= Fasting-evoked en-route hypoglycemia in diabetes
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