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Abstract

Introduction: In Andean countries, specifically in Ecuador, a food transition in the population has been observed because of economic growth. The
Working Group for Preanalytical Phase in Latin America (WG-PRE-LATAM) of the Latin America Confederation of Clinical Biochemistry (COLABIOCLI)
was established in 2017, and its main purpose is to study preanalytical variability and establish guidelines for preanalytical procedures in order to be
implemented by clinical laboratories and healthcare professionals in Latin America. The aim of this study on behalf of COLABIOCLI WG-PRE-LATAM
was to evaluate whether an Andean breakfast can interfere with routine biochemistry and immunochemistry laboratory tests.

Materials and methods: We studied 20 healthy volunteers who consumed an Andean breakfast containing a standardized amount of carbohydra-
tes, proteins and lipids. We collected blood specimens for laboratory tests before breakfast and 1, 2, and 4 hours thereafter. Significant differences
between samples were assessed by the Wilcoxon ranked-pairs test.

Results: The Andean breakfast statistically (P < 0.05), modified the results of the following tests: triglycerides, insulin, cortisol, thyroid stimulating
hormone, free thyroxine, total protein, albumin, urea, creatinine, lactate dehydrogenase, alkaline phosphatase, amylase, lipase, total bilirubin, di-
rect bilirubin, iron, calcium, phosphorus, magnesium, and uric acid.

Condlusions: Andean breakfast can influence the routine biochemistry and immunochemistry laboratory tests and might expose patient safety to
some risks. Therefore, the COLABIOCLI WG-PRE-LATAM calls attention and highlights that the fasting time needs to be carefully considered when
performing blood testing in order to prevent spurious results and thus, reduce laboratory errors.
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Introduction

The Andean countries are a group of South Ameri-  zuela, Colombia, Ecuador, Peru, Bolivia, northern
can nations that geographically comprise Vene-  Argentina and Chile. Agricultural production and
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livestock farming are the basis of the usual diet in
these different countries. Nevertheless, improve-
ment of the means of transport, transculturation
due to the movements of the inhabitants, expand-
ed distribution of agricultural products, food, and
globalization, have contributed to generating a
multicultural Andean diet.

Ecuador has a total area of 283,561 km? (land +
Galapagos Islands). Population is more than 16 mil-
lion, with the majority living in the central provinc-
es, in the Andes, and near the Pacific ocean coast
(1). Economic growth has been the main cause of
changes in the Latin American population dietary
habits (2). Moreover, patients from Latin America
have a particularly lifestyle that could promote
changes in hormone levels, such as food intake,
the ingestion of local tea infusions, sport practices,
and also the altitude. The Andean breakfast in Ec-
uador include the Bolones, a fried green plantain
dumplings typically stuffed with cheese or with
chicharrones; briefly, chicharrones in Mexico and
Central America are fried pork rinds, whereas, in
Ecuador, these are actually chunks of deep fried
fatty pork meat.

All the procedures preceding laboratory testing —
the preanalytical phase - are responsible for the
main source of laboratory variability (3,4). Fasting
time for the majority of blood tests should be 12 h,
whereas for lipid profile alone there is an excep-
tion based on European consensus (5,6). Presently,
incorrect fasting status can be a source of errors
that can jeopardize patient safety (7-9). The Latin
American Working Group for Preanalytical Phase
(WG-PRE-LATAM) of the Latin America Confedera-
tion of Clinical Biochemistry (COLABIOCLI), estab-
lished in 2017, has the primary goal of studying
preanalytical variability and establishing guide-
lines for preanalytical procedures to be applied by
clinical laboratories and healthcare professionals
in Latin America. This study on behalf of COLABIO-
CLI WG-PRE-LATAM was aimed at evaluating
whether an Andean breakfast can interfere with
routine biochemistry and immunochemistry labo-
ratory tests done in either serum or plasma sam-
ples from the same individuals.
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Materials and Methods

Study design

A total of 20 healthy volunteers (12 women and 8
men; average age was 32 (21-52) years) were se-
lected from the personnel of the University of
Guayaquil (Ecuador) and included in the study. In-
formed consent was obtained from all study sub-
jects according to the 2013 Declaration of Helsinki
and the protocol was approved by the Ethics Com-
mittee.

After a 12 hour overnight fast, the first blood sam-
ple was collected between 8:00 and 8:30 a.m.
Then, immediately after the first venous blood col-
lection, the subjects ate the Andean breakfast,
containing standardized amounts of carbohy-
drates, protein, and lipids. Table 1 shows the exact
composition of the Andean breakfast. Subsequent
venous blood samples were performed at 1, 2, and
4 hours after breakfast.

According to the international EFLM-COLABIOCLI
recommendations, all venous blood sampling pro-
cedures were carried out by a single phlebotomist
(7). In order to eliminate possible blood distribu-
tion interferences, all volunteers were kept in an
upright sitting position for 15 min (10). Then, a vein
was located on the forearm, however, in order to
prevent venous stasis interference from the use of
the tournique, and thus, avoid clench, a subcuta-
neous tissue transilluminator device (Venoscépio
IV plus; Duan do Brasil, Brazil) was used (11,12). All
blood samples were collected directly into one 3.5
mL evacuated tube containing gel separator and
clot activator for serum samples, and into one 3.0
mL evacuated tube containing lithium heparin
and gel separator for plasma samples (Vacumed®,
FL Medical, Torreglia, Italy) using a 20 gauge nee-
dle in a closed evacuated system (FL Medical, Tor-
reglia, Italy). To eliminate any possible interference
due to either the contact phase or tissue factor,
approximately 2 mL of blood were preliminarily
collected in a discard tube without additive. The
blood collection procedure was appropriately
standardized in each phase, as already reported,
particularly, in regard to sample processing, cen-
trifugation and serum/plasma separation (13).
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TasLE 1. Nutritional composition of Andean breakfast

Nutritional composition Bolon chicharrén Scrambled eggs Yogurt Apple juice Total
Number 1 1 1 1 4
(overall weight, g) (380) (100) (185) (200) (865)
Kcal 506 121 130 70.0 827
KJ 2117 505 545 293 3460
Protein (g) 6.8 121 6.0 0.0 24.9
Carbohydrate (g) 20.5 3.45 NA 17.0 41.0
Total lipids (g) 44.8 6.90 4.0 0.0 55.7
Cholesterol (mg) 42.2 448 10.0 0.0 500

NA - not available. Kcal - kilocalorie. KJ — kilojoule. Bolon chicharrén: a fried green plantain dumplings stuffed with chicharrones;
briefly chicharrones in Ecuador are chunks of deep fried fatty pork meat.

All samples were assayed in a single analytical run
in the same instrument according to the manufac-
turer’s specifications and using proprietary rea-
gents. The panel of tests that were performed and
the instruments used by the International Laborato-
ries Services Interlab S.A. (Guayaquil, Ecuador), an
accredited laboratory due to International Organi-
zation for Standardization (ISO) 15189 standard, are
shown in Table 2. The Ecuadorian Accreditation Ser-
vice informed us that Ecuador has approximately
3900 clinical laboratories (3000 private and 900
public). However, the accreditation process accord-
ing to ISO 15189 standard started in 2010, and pres-
ently, there are only eight accredited laboratories.

The instruments were calibrated against appropri-
ate proprietary reference standard materials and
verified with independent third-party control ma-
terials from calibrator materials (Lyphochek” Level
1 for routine biochemistry tests and Lyphochek
Immunoassay Plus Control’, Level 1 for immuno-
chemistry assays, Bio-Rad, California, USA), as rec-
ommended (14). The evaluation of the within-run
precision by the internal quality control of the in-
struments used in this study, showed low coeffi-
cients of variation (Table 2).

Statistical analysis

For assessing statistical difference between sam-
ples, the Wilcoxon ranked-pairs test was used in
agreement with Simundic’s recommendations re-
garding sample size (i.e. less than 30), with a li-
censed statistical software (GraphPad Prism® ver-
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sion 5.01, La Jolla, CA, USA) (15). The level of statis-
tical significance was set at P < 0.05. Mean % dif-
ferences were determined according to the formu-
la: mean % difference = [(x h after breakfast — ba-
sal) / x h after breakfast] x 100%.

Finally, the mean % differences from blood sam-
ples at 1, 2 and 4 hours after breakfast, were com-
pared with the desirable specification for impreci-
sion (DSI) derived from biologic variation (16). DSI
was used as our criterion of acceptance in lipemia
analytical interference testing, then interfero-
grams were provided for each laboratory parame-
ter with significant difference between basal and x
h after Andean breakfast.

Results

The results of the routine biochemistry laborato-
ry tests are presented as median (interquartile
range) in Table 3. Among all the results, statistical
significant differences between basal and x h af-
ter the Andean breakfast were observed for the
following parameters: triglycerides (TG), insulin
(Ins), cortisol, thyroid stimulating hormone (TSH),
free thyroxine (FT4), total protein (TP), albumin
(Alb), urea, creatinine (CREA), lactate dehydroge-
nase (LD), alkaline phosphatase (ALP), amylase
(AMY), lipase (LIP), total bilirubin (TBIL), direct bili-
rubin (DBIL), iron (Fe), calcium (Ca), phosphate
(Phos), magnesium (Mg), and uric acid (UA) (Figure
1). In regards to serum vs. plasma (Table 3), both
specimen types showed differences mainly relat-
ed to the same tests, except for UA at 2 h (signifi-
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TaBLE 2. Results of within-run precision by the internal quality control of the used instruments

Instrument Test Method IQC assigned values CVa (%)
CHOL enzymatic, cholesterol oxidase / cholesterol esterase 4.82 mmol/L 0.5
HDL accelerator selective detergent, cholesterol oxidase / 0.80 mmol/L 17
cholesterol esterase
TG enzymatic, glycerol phosphate oxidase 1.07 mmol/L 0.7
TP biuret 62.5g/L 0.5
Alb bromocresol green, colorimetric 40.6 g/L 0.3
Urea UV, urease 5.42 mmol/L 1.5
CREA kinetic, alkaline picrate 232 pmol/L 0.9
CRP immunoturbidimetric 4.92 mg/L 0.7
UA enzymatic, uricase 0.33 mmol/L 0.6
ALP p-nitrophenyl phosphate 124 U/L 0.5
AMY CNPGS3 substrate 76.7 U/L 1.0
AST IFCC, UV without P5P, 37 °C 34.1 U/L 1.3
ARCHITECT ALT IFCC, UV without P5P, 37 °C 34.0 UL 1.8
C8000, ABBOTT
GGT L-Gamma-glutamyl-3-carboxy-4-nitroanilide substrate 55.0 U/L 1.1
LD IFCC, UV lactate-pyruvate 220 U/L 1.6
LIP quinone dye 43.0U/L 0.8
CK N-acetyl-L-cysteine, NAC 137 U/L 1.3
TBIL diazonium salt 17.8 umol/L 1.0
DBIL diazo reaction 18.6 umol/L 1.1
Phos UV, phosphomolybdate 1.42 mmol/L 0.6
Ca arsenazo lll, colorimetric 2.36 mmol/L 0.6
Mg arsenazo, colorimetric 0.91 mmol/L 1.3
Fe ferene, colorimetric 19.3 umol/L 1.0
Na ion-selective electrode 143 mmol/L 0.2
K ion-selective electrode 4.00 mmol/L 0.2
c ion-selective electrode 99.0 mmol/L 0.2
IMMULITE 2000 TSH chemiluminescence, biotin—streptavidin based 0.42 mlU/L 3.4
XP, Siemens FT4 chemiluminescence, biotin-streptavidin based 12.1 pmol/L 5.6
Cobas e-601, Ins electrochemiluminescence, biotin—streptavidin based 176 mIU/L 1.6
Roche Cortisol electrochemiluminescence, biotin-streptavidin based 94.4 nmol/L 1.7

IQC - internal quality control. CVa - analytical coefficient of variation. CHOL - cholesterol. HDL - high density lipoprotein. TG —
triglycerides. TP — total protein. Alb — albumin. CREA — creatinine. CRP — C reactive protein. UA — uric acid. ALP - alkaline phosphatase.
AMY - amylase. AST — aspartate aminotransferase. ALT — alanine aminotransferase. GGT — gamma glutamyl transferase. LD - lactate
dehydrogenase. LIP - lipase. CK — creatine kinase. TBIL - total bilirubin. DBIL - direct bilirubin. Phos — phosphate. Ca - calcium. Mg -
magnesium. Fe —iron. Na - sodium. K — potassium. Cl — chloride. TSH - thyroid stimulating hormone. FT4 - free thyroxin. Ins — insulin.

cant for serum, not for plasma). Moreover, plasma
samples showed higher mean values for TP, clear-
ly due to fibrinogen presence as expected. Mean
values of serum ALP and AMY were slightly high-
er than plasma, whereas potassium (K) was signif-
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icantly lower in plasma than in serum, an effect
most probably due to lithium heparin an ion
which competes with K for intracellular transport,
and formation of coagulum, which is accompa-
nied by extraction of potassium from platelets.
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TasLE 3. Postprandial variation on laboratory tests after Andean breakfast
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A: TG - triglycerides. B: Ins — insulin. C: cortisol. D: TSH - thyroid stimulating hormone. E: FT4 - free thyroxin. F: TP — total protein. G:
Alb - albumin. H: Urea. I: CREA - creatinine. J: LD - lactate dehydrogenase. K: ALP — alkaline phosphatase. L: AMY - amylase. M: LIP -
lipase. N: TBIL - total bilirubin. O: DBIL — direct bilirubin. P: Fe - iron. Q: Ca - calcium. R: Phos — phosphate. S: Mg — magnesium. T: UA -
uric acid. Hours after the Andean breakfast (x-axis) are plotted against bias values (y-axis). Solid line — bias. Dashed lines - acceptable
criteria based on desirable specification for imprecision (DSI) derived from biologic variation.

Discussion

Our results mirror the metabolic course of TG, Ins
and cortisol in the postprandial period (Figure
1A, 1B, and 1Q), in accordance with previous find-
ings that evidence the importance of the entero-
endocrine system in nutrient sensing and assimi-
lation (17). Moreover, according to Page et al.,
“following a meal, the gastrointestinal hormones
act in concert to regulate appetite, food intake,
gastric acid secretion, gastrointestinal motility,
and glucose homeostasis” (17). Each of the more
than 20 known gastrointestinal hormones were
initially thought to be produced by specific en-
teroendocrine cells, but it is now understood that
these cells are flexible and express a range of
peptide precursors (18). Moreover, since physi-
cians presently request laboratory thyroid evalu-
ation, avoiding fasting time, a comment is need-
ed: our results (Figure 1D and 1E) showed a sig-
nificant decrease of both TSH, and FT4 1h after
breakfast and no return to baseline in the follow-
ing 4 hours after food intake. The induced eleva-
tion of circulating somatostatin in the postpran-
dial period and the consequent suppression of

https://doi.org/10.11613/BM.2019.020702

TSH could explain these results (19). This is in ac-
cordance with independent researchers that
showed similar results by using different analyti-
cal methods for TSH and FT4 assays (19,20). There-
fore, patients should be in a fasting condition to
avoid both unclear thyroid laboratory results, and
a misdiagnosis of hypothyroidism.

The Andean breakfast statistically modified both
TP and Alb concentrations (Figure 1F and 1G).
These results are in agreement with other studies,
which showed that feeding stimulates Alb and
other protein syntheses, since this event might im-
prove the storage of essential amino acids (21-24).
Moreover, Lima-Oliveira et al., have shown a simi-
lar result for Alb after a light Italian meal, without
significant changes in total protein (13). However,
the Andean breakfast is richer in proteins than the
light Italian meal - 24.9 g vs. 14.6 g — and this could
explain the differences that were shown. Further-
more, the higher protein content of the Andean
breakfast can also explain the urea and CREA re-
sults (Figure TH and 1l). Thus, the outcome of such
laboratory tests on non-fasting patients can inter-
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fere with the validity of the results and possibly,
jeopardize patient safety.

Regarding enzymes, either transaminases (AST,
ALT), gamma-glutamyl transferase or creatine ki-
nase, did not show statistically relevant changes
after the Andean breakfast (Table 3); LD and ALP
showed statistical relevant changes after the An-
dean breakfast with variability in conformity with
DSI (Table 3, Figure 1J and 1K). However, a signifi-
cant increase in AMY and LIP activities was shown
(Figure 1L and 1M). Boivin et al., had experimental-
ly demonstrated that the activity of pancreatic en-
zymes are influenced by diet type (25). This can ex-
plain why our results differ from Lima-Oliveira et
al., who did not evidence changes for either AMY
or LIP in the Italian study with a light meal (13).

The significant decrease observed for bilirubin
(Figure 1N and 10) is in agreement with Meyer et
al. (26). Iron fluctuations caused by intra-day varia-
bility and by the diet are thought to influence test
results, and may affect clinical patient manage-
ment (27). Moreover, the measurement of electro-
lytes is frequently requested and tested on pa-
tients avoiding fasting time. Our results showed a
significant decrease of Fe concentration at 2h and
4h following the Andean breakfast (Figure 1P),
whereas Ca, Phos and Mg significantly increased
after food intake (Figure 1Q, 1R and 1S). Therefore,
fasting should be required for evaluating bilirubin,
iron, calcium, phosphate, and magnesium.

Differences demonstrated between serum and
plasma are in agreement with the recent critical
review published by Lima-Oliveira et al.: i) the con-
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