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Enzyme Cycling Based tHcy Test Procedure
Test procedure Tor 3 reagen! system

H1 240 ul R1 35l
Sample 18 ul
! e I c
: e ;
o 50 10 100 min
Al ot 340nm A2 at ¥MOnm
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Figure 20

What are the advantages and disadvantages of
these tHcy test methods?

There are significant differences among these tHcy
testing methods including precision, speed, and cost.
Figure 21 depicts these differences.

The HPLC method gives better precision over the
immunoassay method, but requires manual sample
pre-treatment steps, and therefore is more labor-

intensive. This method is not widely used in major
clinical laboratories.
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The Immunoassay method, although automated,
requires special instruments that can handle more
than 4 reagents per test and a special detection system
such as fluorescent polarization (FP). Since the assay
involves 4 or more reagents, and multiple steps, it is
more expensive, and takes 30-45 min per test. The
precision of the immunoassay is often lower than that
of HPLC or enzymatic assays.

The enzyme cycling test uses less reagents and
is faster on a per-test basis, and therefore is less
expensive. It does not require sample pre-treatment
and special instruments and can be used on any
major automated clinical chemistry analyzers. It is the
preferred method, especially for those laboratories
routinely testing large numbers of samples.

Food intake and diurnal and seasonal variations: A
small meal will not influence tHcy concentrations in
healthy people, whereas intake of a large, protein-rich
meal may increase the plasma tHcy concentration by
10-15% after 6-8 hours. This may explain the diurnal
variation, with tHcy concentrations being lowest in the
first part of the day and highest in the evening. Plasma
tHcy is most likely not subject to seasonal variation.
For accurate tHcy testing, there is no need for fasting
before blood collection, however, a light meal or low
protein food intake is recommended.

Serum or plasma preparation: After blood collec-
tion, but prior to removal of the blood cells, there is
a time and temperature-dependent increase in tHcy.
This is because the synthesis of Hcy is still taking place
inside the red blood cells and Hcy is continuously
released into the serum or plasma. At room temper-
ature, the increase in tHcy is about 1 pumol/L per hour,
but is not dependent on the initial tHcy concentration.
Hence, this corresponds to an ~10% increase per hour
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at room temperature in a typical sample with

10 umol/L tHcy. Therefore, it is very important

to centrifuge blood samples immediately after
collection to separate the plasma and the blood cells.
If immediate centrifugation of anticoagulated whole
blood is not possible, the artificial increase of tHcy
can be reduced by keeping the blood on ice and
separating the plasma from the cells within 1 hour.

For plasma preparation, heparin or EDTA are the
recommended anticoagulants. For serum prepara-
tion, SST tubes (gel serum tubes) are recommended
to separate cells and serum by centrifugation within
30 min. The tHcy concentration remains stable for at
least 48 hours at room temperature without removal
of serum from the tubes since the gel cloth prevents
the diffusion of Hcy from packed cells into the serum
phase. Thus, the use of SST tubes for tHcy determina-
tion is preferred as it simplifies the blood collection
procedure.

Use of Hcy stabilizers has been suggested, but is not
recommended since some of the stabilizers may not be
compatible with tHcy testing methods. For example,
SAH hydrolase inhibitor 3-deazaadenosine can not be
used as a Hcy stablizer when either the immunoassay
or enzyme cycling assay are used for tHcy testing. This
is because both of these methods use SAH hydrolase
in their assays.

Stability of tHcy in stored plasma/serunm:. After
removal of the blood cells, tHcy in plasma or serum
is stable. No changes are observed for at least 4 days
at room temperature, for several weeks at 4°C, or for
several years at -20°C.

Freeze-thaw cycles are usually well tolerated,
however, after freezing, it is often observed that
heterogenesity of the sample matrix isa common
problem. Given this, thorough mixing of the samples
is required after thawing.
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Reference ranges, normally defined as the central
95% confidence interval of tHcy in a presumed healthy
population will vary with age, gender and ethnicity of
the specific population studied. Therefore, the refer-
ence range should be determined by each laboratory
to conform to the characteristics of the population
being tested.

Furthermore, lower and upper reference ranges
should be established in countries with mandatory
food folic acid fortification, like in the U.S. and Canada.
In these countries, vitamin supplementation has re-
sulted in a considerable reduction of tHcy values in the
general population.

The values listed in the table below were presented
by Vilaseca, et al. (Clin Chem 43:690, 199) and; Faure-
Delanef, et al. (Am J Hum Genet 60:1001, 1997). In
most of the U.S. clinical laboratories, the cut-off value
for adults (<65 years old) is 15 pmol/L. However, in the
European countries, a plasma tHcy concentration of
12 pmol/L has been used as the upper limit of the

“normal” range (see Table 5).
Age tHcy, pmol/L
Newborns 3-6
Adolescents 5-8
Adults (15-65 years old):
Male 6-15
Female 3-12
Elderly (>65 years old) 15-20
Centenarians 25-27
Table 5

Generally, newborns and pregnant women have the
lowest normal ranges (3-6 pmol/L), whereas the elderly
(>65 years old) have the highest normal range (15-20
pmol/L).
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The Nutrition Committee of the American Heart
Association has suggested that “a basal tHcy level
<10 pmol/L is a reasonable therapeutic goal for
subjects at increased risk, rather than the definition
of “normal” based on population statistical values of
the mean + 2SDs." The distribution of tHcy frequency
levels in humans is depicted in Figure 22. Most people
have tHcy levels between 6-11 pmol/L.

Borderline Hcy levels (12-15 umol/L). This range
may vary considerably with the population studied
and might trigger clinical decisions like cause-finding
of Hcy elevation or treatment.

High Hcy levels (>20-30 umol/L): This range is
normally considered an indication for Hcy lowering
therapy, irrespective of the cause of elevation.

The color-shift from green to red in Figure 22

indicates the increasing urgency of clinical decision
making and therapeutic actions.

Frequency (%)

5 Excellent 10 o 15 Risk 20
Homocysteine (pmol/L)

Figure 22

Although there is no conclusive answer on whether
lowering plasma tHcy levels reduces the risks in the
development of cardiovascular disease, numerous
large-scale clinical trials to address the efficacy of using
vitamins as a means to lowering Hcy in the treatment
of cardiovascular diseases are ongoing in various

countries.
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Raymond Meleady and lan Graham, two leading
scientists in Hcy research, recommend that:

“While awaiting the outcome of these trials, there
may already be sufficient evidence to prescribe homo-
cysteine-lowering therapy in subjects deemed to be at
high risk of cardiovascular disease.”

It has been well established that vitamins B12 and
folate are effective in lowering plasma levels of tHcy.
Ward, M., et al,, (QJM, 1997, 90: 519-24) conducted a
Hcy lowering study on 30 healthy male volunteers
using low doses of folic acid for various periods of time
(6-14 weeks) as shown in Figure 23. The tHcy lowering
efficacy is dependent on the initial levels of tHcy.
People with high levels of initial tHcy will have a higher
percentage of tHcy reduction than the reduction of
those with lower initial levels of tHcy. The tHcy level
will eventually return to the initial level when vitamin
treatment is terminated.

Figure 23

Similar results have been observed in a study by
Ubbink et al. On average, a daily intake of 0.65 mg
of folic acid showed similar Hcy lowering effects as
compared to a combination of folic acid (0.65 mg),
vitamin B6 (10 mg) and vitamin B12 (0.4 mg). Average
reductions were 42 and 50%, respectively as shown in

Figure 24.
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Hecy-Lowering Effects of Folic Acid Alone,

or Combined B Vitamins
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Figure 24
In general, the following regimen of tHcy lowering
therapy should be effective to most moderate or mild
homocysteinemia patients.

« Folicacid 400-800 pg/day
- B12 500 pg/day
- B6 25-100 mg/day

It has been estimated that in typical Western
populations, supplementation with a combination of
0.5-5 mg folic acid and about 0.5 mg vitamin B12 daily
would reduce blood tHcy concentrations by about
one-quarter to one-third.

Recently, Ward, et al., conducted a meta-analysis
of 72 studies in order to examine whether the asso-
ciation of serum tHcy concentration with ischaemic
heart disease, deep vein thrombosis and pulmonary
embolism, and stroke is causal. The authors found that
there were significant associations between tHcy and
the three cardiovascular diseases. According to the
authors, this meta-analysis provided strong evidence
for the hypothesis that the association between tHcy

and cardiovascular disease is causal.
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The authors estimated that lowering homocysteine
concentrations by 3 pmol/L would reduce the risk of
ischaemic heart disease by 16%, deep vein thrombosis
by 25%, and stroke by 24% as shown in Figure 25.
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Figure 25

Another major piece of evidence proving the causal
relationship between elevated tHcy and cardiovascu-
lar disease and stroke came from a government study
conducted by Dr. Quanhe Yang, an epidemiologist at
the U.S. Centers for Disease Control and Prevention.
The study, published in Circulation (Yang, Q., et al 2006,
1335-1343), compared the mortality rates of stroke
and heart attacks before and after folate fortification.
The U.S. folate fortification program began in 1996 to
prevent birth defects. This government study found
that the program also appears to have a striking effect
against cardiovascular disease, preventing an estimat-
ed 48,000 deaths a year from strokes and heart attacks.

From 1990 to 2001, there were almost 26 million
deaths among Americans over age 40, including 8.2
million from heart disease and 3.2 million from stroke.
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After commencement of the folate fortification
program, stroke mortality declined drastically. Prior to
1997, stroke mortality was declining about 1 percent
per year. This decline has accelerated to almost 5 per-
cent annually since. The decline was especially steep
among black men, falling 7 percent a year after com-
mencement of the program.

In all, the researchers estimate that folate fortifica-
tion led to 31,000 fewer deaths from stroke and 17,000
from heart disease each year from 1998 to 2001.

The proposed clinical action is to check tHcy levels
and to adhere to physician’s advice for tHcy lowering
treatment if the tHcy level is >15 umol/L. tHcy levels
can be lowered by various Hcy-lowering agents includ-
ing B vitimins, betaine, and N-acetylcysteine. Lifestyle
changes can also help to lower levels of tHcy (Danker
et al. Aging Clin. Exp. Res. 2004, 16: 437-442). It is
recommended that each patient consult with their in-
dividual physician for specific tHcy-lowering treatment.

=
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: Is fasting prior to Hcy testing required or is a

morning sample necessary?

No, but avoid heavy meals 6-12 h before
sampling.

: Posture during blood collection?

Not important; slightly lower in supine position.

: Duration of stasis?

Not important.

: Blood collection tube?

Heparin plasma preferred SST tube for serum
if possible.

: Use of Hcy stabilizers ?

Debated, do not use 3-deazaadenosine.

: Stability of tHcy in whole blood?

Increases 10% per hour at room temperature;
keep cool until centrifugation, or centrifuge
within 30-60 min.

: Stability of tHcy in plasma/serum after removal

of blood cells?

Stable for at least 4 days at 20°C, for several
weeks at 4°C, and several years at -20°C.

: Does mild/moderate hemolysis change the

measured tHcy level?
No, but it may interfere with some methods.

: What is a significant change between tHcy

measured in blood collected on two separate
occasions?

20 % (depends on method performance).

: How often is it necessary to check a normal

tHcy level?

Consult with your doctor.
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: When is repeat testing necessary to check

vitamin response?

: 14 days and 3 months after the start of treat-

ment, then every 1-3 years.

: How are borderline tHcy levels treated?
: Asymptomatic subjects: new test in 6-12

months; give advice on lifestyle changes.

: Are there international tHcy calibrators?

No, currently, no universally certified tHcy
standard is available.

: Can tHcy measured in two different

laboratories be compared?
Only if the same calibrators are used.

: What analytic range is required for a tHcy test

method?

The method should cover the 0.5th-95th
percentiles in the general population
(~3-40 pmol/L).

: Is the tHcy test interfered with by plasma

cystathionine?
Yes, some enzymatic methods are interfered
with by endogenous cystathionine.

: How critical is cystathionine interference to

patient tHcy levels?

It is critical since millions of renal failure
patients have significantly elevated plasma
cystathionine levels, and method interfered by
cystathionine will falsely report significantly
higher (20-300%) tHcy levels.

: Whatif the tHcy level is beyond the analytic

range?
Dilute the serum sample with water.
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