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Objective To date, no reference interval is available for lipid profile, including total
cholesterol (TC), triglycerides (TGs), high-density lipoprotein (HDL), or low-density
lipoprotein (LDL)-cholesterol, etc., in a non-fasting state. Hence, the study was taken up
with the objective of exploring the possibility of establishing a reference interval for
non-fasting lipid profile consisting of serum TC, TG, LDL, HDL, and very low-density
lipoprotein (VLDL) cholesterol.

Materials and Methods A total of 1,350 apparently healthy subjects, including 636
healthy men and 714 healthy women of 18 years and beyond of age, were enrolled in
the study. Reference individuals were recruited using cluster sampling method from
various villages and semi-urban regions irrespective of their sex, religion, socioeco-
nomic status, or any other demographic profile, and samples were analyzed in Beckman
Coulter AU480 analyzer.

Results The mean age of 1,350 participants was 38.23 + 15.94 years. We found that
all the test parameters require a different reference interval than the established
fasting reference range, except for HDL cholesterol in females. The data were
subdivided into subjects below 40 years, between 40 and 60 years, and older than
60 years of age. All five parameters in the lipid profile were individually analyzed and
were compared age group-wise and gender-wise with the total study population.
Significant differences in the various dataset were found.

Conclusion A shift toward non-fasting lipid interval measurement is, thus, a piece of
evidence-driven mechanism. Even from a patient’s perspective, it sets in ease and
convenience in lipid-profile testing, subsequently leading to a more compliant cardio-
vascular management and monitoring.
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Reference Intervals for Non-fasting Lipid Profile

Introduction

An average human spends most of his life in the non-fasting
state, and yet in every clinical guideline, a fasting lipid profile
has been standardized. The rationale implied was that the
fasting lipid profile reduced the variability and accounted for
the low-density lipoprotein (LDL) cholesterol values by the
Friedewald formula.! Nonetheless, in clinical practice, the
conventional 8-hour fasting period lipid profile may not
reflect the daily mean of plasma lipid and lipoprotein levels.?
The European Atherosclerosis Society/European Federation
of Clinical Chemistry and Laboratory Medicine (EAS/EFLM)
joint consensus statement recommends fasting lipid profile
as not essential for assessment unless there are certain
conditions as serum triglyceride (TG) greater than 440 mg/dL
or if there is a high-risk or life-threatening conditions which
require an immediate specialist referral.> Estimation of
serum lipid profile is an integral part of overall cardiovascu-
lar risk assessment. A standard lipid profile consists of total
cholesterol (TC), high-density lipoprotein (HDL) cholesterol,
LDL cholesterol, and TG. All the parameters can be directly
assessed, and LDL-cholesterol can be directly measured or
estimated using the Friedewald formula. The adequacy of
studying these levels in a non-fasting state for cardiovascular
disease risk has been studied and verified by large prospec-
tive studies in the past decade. In studies involving both
fasting and non-fasting lipid profiles, it has been seen that
the results have been similar, or at times non-fasting lipid
profiles have had a better correlation with the risk.* Among
certain other studies comparing the two modalities of lipid
profile, minor and non-significant changes in serum LDL-
cholesterol and TG levels were observed. In the case of HDL-
cholesterol, there was no change. It has also been stated that
anon-fasting state is the primary physiological condition of a
person. Therefore, a non-fasting lipid profile may enhance
the strength of association with the various consequences
like cardiovascular diseases.’

A non-fasting lipid profile is a much easier and less
cumbersome procedure from a patient’s perspective. As it
does not interfere with the daily routine and allows for a
sample to be drawn at any instant, it is more practical for the
patient as well as from the laboratory perspective. It helps
reduce the number of visits by the patient as well as makes it
a convenient process on economic and safety grounds for a
certain group of patients, like the elderly or diabetic.'
Especially in the case of diabetics, where hypoglycemia
may be a concern because of fasting along with hypoglyce-
mic drugs, non-fasting profiling is a safer option.®

However, reporting the non-fasting lipid profile may be
challenging in some instances. Clinicians often raise the
concern regarding wrong stratification of individuals into a
lower risk category when assessing LDL cholesterol in non-
fasting state due to variability in TGs affecting LDL-C calcu-
lation via the Friedewald formula. The European consensus
has recommended that the laboratories should offer re-
measurement of fasting TGs if non-fasting TG levels are
350mg/dL or higher, because TG concentrations are more
stable in the fasting state. But, risk algorithms use TC and
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HDL cholesterol and not TGs or LDL cholesterol, hence there
is almost nil impact of non-fasting state on risk estimates
using these methods. An alternative for concerned clinicians
is to use the Martin-Hopkins equation which is a modified
version of Friedewald formula.” Sometimes, additional fast-
ing lipid testing may be required under certain clinical
conditions. The fasting sample may be required if samples
are also to be analyzed for fasting glucose or therapeutic drug
monitoring. Known cases of hypertriglyceridemia on follow-
up or subjects taking medications that can cause hyper-
triglyceridemia should be assessed with fasting lipids only.®

Analyzing the current evidence, it can be argued that the
use of non-fasting lipid profile is evidence-driven. In con-
trast, fasting is more likely belief-driven with a “we have
always done it that way” notion of having accepted it as a part
of an age-old practice.® Although reference intervals for
fasting lipid profile are widely mentioned in various text-
books of clinical chemistry and kit inserts from reagent
manufacturers, to date, no reference interval is available
for lipid profile or any of the individual components, e.g.,
TC, TG, or LDL-cholesterol in a non-fasting state. Hence, the
study was taken up with the objective of exploring the
possibility of establishing a reference interval for lipid profile
consisting of serum TC, TG, LDL, HDL, and VLDL cholesterol in
a non-fasting state.

Materials and Methods

Study Design and Setting

The present study was undertaken in the Clinical Biochem-
istry Laboratory of the Department of Biochemistry, All India
Institute of Medical Sciences (AIIMS), Bhubaneswar, Odisha,
India. This cross-sectional study was performed within the
period from April 2018 to March 2020.

Patient Selection

The study population was drawn from a previously con-
ducted study on anemia from our institute with 1,732
participants.'® Reference individuals had been recruited
using cluster sampling method from various villages and
semi-urban regions across Khordha district of Odisha prov-
ince, India, irrespective of their sex, religion, socioeconomic
status, or any other demographic profile. All the participants
were screened for history of smoking and alcohol intake, and
had been duly excluded from the study. History of diabetes,
obesity, recent surgery, cardiac illness, and regular strenuous
exercise was taken, and excluded if found positive. Subjects
in the study population were also asked to inform about any
endocrine abnormalities, hormone therapy, or any other
chronic illness for which medications are being taken.
They were also questioned about medication of any diseases
causing lipid alterations or drugs which affect lipid concen-
tration. All such subjects had been duly excluded from this
study. In addition to these pregnant women, women actively
using any form of oral contraceptives were also excluded
from this study. After these, only the subjects with a blood
hemoglobin level above 13 g/dL for men and 12g/dL for
women were selected. Only individuals with normal
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Table 1 %CV of the internal quality control data of the test parameters during the study period®

Parameter %CV of level 1 %CV of level 2 %CV from reagent manufacturer
Cholesterol 0.79 0.69 1.06
Triglycerides 1.35 1.17 1.46
Low-density lipoprotein (LDL) cholesterol 1.42 1.24 2.34
High-density lipoprotein (HDL) cholesterol 1.90 2.14 1.92

Number of runs =27.

hemoglobin concentrations were included in the study, as
there is evidence that low hemoglobin concentration tends
to influence serum lipid concentrations.!" Finally the total
participants for the study of non-fasting reference interval
were 1,350 non-anemic apparently healthy population that
included 636 males and 714 females who accorded to all the
conditions specified. The reference individuals were aged
from 18 years and over with body mass index between 18
and 24.99 kg/m?. No participant was advised for overnight
fasting, and blood samples were obtained in the forenoon
irrespective of time and type of last meal. Verbal confirma-
tion about non-fasting state was taken before taking blood
sample from each participant.

This research related to human use has complied with all
the relevant national regulations, institutional policies, and
is in accordance with the tenets of the Helsinki Declaration.
Approval of the Institutional Ethics Committee was taken
with AIIMS reference no. T/IM-NF/Biochem/17/38 before
collecting samples. Informed consent was obtained from
all the participants. Blood sample that had been collected
from the previous study and stored at —20°C after serum
separation, was used.'?

Measurement of Lipid Profile

Tests for serum TC, TG, LDL, and HDL cholesterol were
performed by a photometric method with the AU480 ana-
lyzer (Beckman Coulter, Brea, California, United States). All
the parameters were assayed under standard assay protocol
using reagents, and reference intervals from Beckman Coul-
ter, United States, and serum concentration of very low-
density lipoprotein (VLDL) cholesterol was calculated. Serum
cholesterol was assayed by the cholesterol oxidase-peroxi-
dase method, and serum TG was assayed by the glycerol
phosphate oxidase-peroxidase method. HDL cholesterol was
quantified with an enzyme chromogen system where anti
human-B-lipoprotein antibody in first reagent binds to lip-
oproteins other than HDL (LDL, VLDL, and chylomicrons). The
antigen-antibody complexes formed, block enzyme reac-
tions when second reagent was added. Estimation of LDL
cholesterol was performed with the help of a protecting
agent which protects LDL from enzymatic reactions. All non-
LDL lipoproteins (HDL, VLDL, and chylomicrons) were broken
down by reaction with cholesterol esterase and cholesterol
oxidase (CHO). Hydrogen peroxide produced by this reaction
is decomposed by catalase of first reagent. When second
reagent was added, the protecting reagent was released from
LDL and catalase inactivated by sodium azide. LDL was then
quantified by the CHO/PAP system. Quality control was
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maintained using two levels of internal quality control
samples daily from Bio-Rad Laboratories (Hercules, Califor-
nia, United States) and external quality control by monthly
samples from the Association of Clinical Biochemists of India
prepared by Christian Medical College (CMC), Vellore, India.
The coefficient of variation (%CV) of the parameters TC, TG,
LDL, and HDL cholesterols was satisfactory during the study
period. The %CV were compared with the values provided by
the reagent manufacturer as mentioned in =Table 1. Hb%
was measured in samples collected in EDTA tubes using the
XP100 analyzer (Sysmex, Kobe, Japan). There was no change
in the equipment, reagents, calibration standards, and qual-
ity control lot during the study period.

Statistical Analysis

We calculated the lipid profile’s reference range based on
the Committee on Reference Intervals and Decision Limits
(CG-RIDL), International Federation for Clinical Chemistry
and Laboratory Medicine.'? In the non-parametric method,
data are arrayed in increasing order depending on the
reference ranks.'> The most important considerations in
developing reliable reference intervals were the proper
selection of reference subjects, testing an adequate number
of subjects, and avoiding preanalytical sources of error.'*
The data were subjected to the Shapiro-Wilk test to deter-
mine whether it was normally distributed or not. All
statistical analysis of the data was done using RefVal,'
which follows the procedures established by the various
guidelines and adds bootstrapping. The data were thus
analyzed using both parametric and non-parametric meth-
ods, after removal of outliers. The outliers were removed by
Horn’s Algorithm that has been pre-initiated in the RefVal
software. All the data points are internally converted into a
Box-Whisker plot, and a Tukey’s Fence Factor (in our case
1.5) determines the outliers. So, any data points further
from 1.5 times of the IQR from the first and third quartile
are considered outliers. This has previously been demon-
strated by Solberg and Lahiti as an efficient way to remove
outliers for reference interval calculations.'® A bootstrap-
ping process was suggested by Solberg in which a random
draw to create a subset was used. The bootstrapping was
done such that the random resampling number was high (in
this case 500). This was done with a 95% confidence
interval, and reference limits were set at 2.5 and 97.5 for
the lower and upper limits, respectively. The decision to
partition the data and the partitioning criteria followed the
recommendation of Lahti et al.'” All other statistical analy-
ses and visualization of data were done using IBM SPSS
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v23.0 and JASP v0.12.2. The significance level was expressed
as a p-value, and p of less than 0.05 was considered
significant.

Results

Distribution of the Data

The data was non-parametric for all the parameters as the
Shapiro-Wilk p-value was less than 0.001. Also, on logio
transformation, the Shapiro-Wilk p-value was still less than
0.001 except for LDL cholesterol (p=0.200). Therefore, all
data were primarily expressed as a mean, median, and
interquartile range. All statistical analysis was done based
on the data being not normally distributed. The median age
of 1,350 participants was 36 years with an IQR of 26 to
50 years. 52.9% of the study participants were male. = Table 2
presents the descriptive data of the study population and
shows that the outliers for each parameter were excluded
from the reference interval analysis.

Reference Interval

The reference values were calculated by bootstrapping 500
iterations. Non-parametric reference ranges were used as the
parametric transformations didn’t have the required Good-
ness-of-Fit, and hence it was not recommended to use those
values. The partitioning was done based on gender. Accord-
ingly, it was portioned into male and female gender, and
there was a total of 714 female and 636 male participants in
our study as shown in =Table 3. As per the recommendation
of Lahti et al, if the % difference between the reference limits
exceeds 4.1 or is less than 0.9, the partitions require a
different reference range than the one for the population.!”
From =Table 3, it is found that all the test parameters require
adifferent reference interval than in their fasting state except
for HDL cholesterol in females.

After the overall data analysis, we have subdivided the
data into three groups of subjects below 40 years of age
(n=733), subjects between 40 and 60 years of age (n =520),
and subjects older than 60 years of age (n=97). When
analyzed for differences in the required reference range it
was noted that according to our criteria all the group needed
a separate reference range for serum cholesterol, serum TG,
and VLDL. However, in case of HDL the age group of less than
40 years of age did not need a separate reference interval.
Similarly, for LDL only the age group between 40 and 60 years
needed a separate reference interval. This has been summa-
rized in ~Fig. 1.

Discussion

The primary objective of this study was to explore the
possibility to determine the non-fasting lipid profile refer-
ence range. No such reference currently exists as fasting lipid
estimation in serum has been the norm. However, the ease
non-fasting lipid profile would bring in for all the stake-
holders has been effectively known for a long. Still, a study in
this regard is lacking. Again, stratification according to age
and sex is essential as the physiological state differs within
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Table 2 Descriptive data of the study population with details of lower and upper determined reference range and detail of number of outliers removed
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Abbreviations: HDL, high-density lipoprotein; LDL, low-density lipoprotein; VLDL, very low-density lipoprotein.
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the case of partitioning based on age as well. Also, this should
be considered that as the population in this study belongs to
the Eastern Indian population setting, the dietary and life-
style habits are mostly homogenous throughout the sample
size. Keeping that in mind, the confounding factors of both
dietary factors as well as broad sociodemographic factors
may well be negated. This aligns with the major purpose of
the study, i.e.,, to find out a less cumbersome and more
generalized lipid profile reference system akin to the general
populace without any preparations or constraints.

The principle proposed by Lahti et al was followed to
determine the separation of reference range from the general
population. If the percentage difference between the refer-
ence limits exceeds 4.1 or is less than 0.9, then the partitions
require a different reference range than the one for
population.’”

Our study is one of the few studies on determining reference
intervals for non-fasting lipid profiles in adults. A major
strength of this study is that it is a community-based study,
thus, recruiting a large study population from their place of
residence, and no recruitment was done in a hospital set up. As
our study is monocentric, we cannot state that our study
population is representative of the whole Indian subcontinent
in general as dietary and geographical diversities are there. A
further multicentric study needs to be performed to present
the reference intervals for the general population in India.

The belief-driven practice of advising fasting lipid profile
to avoid substantial variability in results due to food intake
has been extant for a long and hence seemed to be the only
right option. If we look at the present global scenario, the
utility of non-fasting testing in clinical decision making was
first recognized in 2009 by the Danish Society for Clinical
Biochemistry when they recommended its use over fasting
profiles as the tests of choice for their national laboratories.
Since then, several societies have approved the non-fasting
lipid testing for routine screening and clinical decision
making.>?'2> In 2018 the American College of
Cardiology/American Heart Association (ACC/AHA) choles-
terol guidelines modified previous 2013 recommendations
for fasting, and allowed non-fasting testing for routine
screening which was reiterated again in the 2019 ACC/AHA
prevention guidelines.?*?> There was a concern that popu-
lation level risk associations would not capture individual
variability based on fasting status which was used against
adopting widespread non-fasting lipid testing. But as per the
data published on 8,270 participants from the Anglo-Scan-
dinavian Cardiac Outcomes Trial-Lipid Lowering Arm trial
with prospective follow-up, they provided robust evidence
addressing this concern.?® The results of this study suggested
that such a strategy would be highly effective and offer many
advantages for cardiovascular risk screening and treatment
decisions, including for initiating statin or antihypertensive
therapy. This study conclusively provided robust evidence
supportive of broader adoption of non-fasting lipid level
measurement in clinical practice.

Hence, given the increasing adoption of a non-fasting lipid
profile, it will evenly aid diagnosis and early treatment. A
shift toward non-fasting lipid interval calculation is thus a
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step toward precise evidence-driven mechanism procedure.
Even from the perspective of a patient, it sets in ease and
augment convenience for the laboratory services.”?’ This
may lead to more increased compliance from patients and
could usher in newer future research to modify and better
the norms improving the practice, thus making health care
availability more convenient by rendering it more accessible
and affordable.

Conclusion

Our study aimed at exploring a novel approach for lipid
profile testing, i.e., by a non-fasting modality. Based on the
data derived from the population and the subsequent study it
can be well suggested that the non-fasting approach to lipid
profile testing does require a different set of reference ranges
as compared with currently used ones. In addition to that,
separate references should be used for patients based on sex
and age. All this has been suggested as per the guidelines
drawn from previous literature as well as IFCC recommen-
dations. Such a novel approach might go a long way into
easing the case for patients and providing availability of lipid
profile testing to the masses at their convenience.
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