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Intra-day changes in the levels of biochemistry parameters

An organism needs energy regularly for maintaining its life 
and functions. The main energy nutrients include carbohy-

drates, lipids, and proteins [1]. Fasting and nonfasting statuses 
are the most interesting issues in the nutritional area [2]. Peo-
ple mostly live in the nonfasting state during a normal 24-h cy-
cle. Therefore, nonfasting metabolic panels may be a confident 
indicator of average biochemical parameter levels because the 
fasting state only consists after fasting for at least 8 h [3, 4].
At hospital laboratories, biochemical tests are generally per-
formed on samples taken on fasting (preferably) between 
08:00 and 10:00 [5]. Due to the increased workload of hospi-
tals since the 2000s, patients have to wait for hours for sample 
collection even if they arrive at hospitals early in the morn-

ing [6]. This situation might cause stress in patients. Due to 
reasons such as the difficulties of employees in getting per-
mission from their jobs and the fast pace of life, patients visit 
hospitals to provide their samples for testing in the evening. 
Additionally, the number of blood samples taken during non-
fasting may often be higher than the number of those taken 
during fasting. In another aspect, it might not be possible 
for children and infants, who constitute an important part of 
the population, to stay hungry for many hours. The increased 
average age of the population also increases the number of 
patients aged over 70 years and those with chronic diseases. 
Prolonged fasting may cause health problems in these peo-
ple. In fact, the body’s metabolism is in a state of nonfasting 
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for most of the day, except for times of compulsory fasting [6, 
7]. Since 2010, some biochemical parameters such as the lipid 
profile have been routinely measured in nonfasting states 
in different countries [6, 8]. However, there is no study con-
ducted in Turkey about the effects of fasting and nonfasting 
on biochemical parameters. In this respect, it can be thought 
that our study can present a different approach to the litera-
ture data.
Studies on the difference between the biochemical values of 
fasting and nonfasting states are generally related to lipids. 
So far, only a limited number of studies have reported mea-
surements of other biochemical analytes including albumin 
(Alb), alkaline phosphatase (ALP), bilirubin, and uric acid [8, 9]. 
In this study, we evaluated a total of 18 biochemical param-
eters between 2010 and 2019, which includes Alb, aspartate 
aminotransaminase (AST), alanine aminotransaminase (ALT), 
Pİ, calcium (Ca), iron (Fe), gamma-glutamyltransferase (GGT), 
glucose, blood urea nitrogen (BUN), triglyceride (TG), ALP, 
creatine kinase (CK), total protein (TP), creatinine (Cr), high-
density lipoprotein cholesterol (HDL-C), total cholestrol (TC), 
amylase, and lipase. The aim of this study is to examine the 
levels of these analytes during different hours of the day and 
compare them statistically according to time groups. The re-
sults of this study will contribute to other studies on this topic. 

Materials and Methods
This is a retrospective study in which the data were obtained 
from the laboratory information system. Ethical approval 
for this study was obtained from the HMKU ethical commit-
tee (approval date is February 27, 2020, and the permission 
of ethics document’s number is 07). The groups of the study 
were formed using the automation data of 202,235 patients 
who visited the outpatient clinics between January 1, 2010, 
and December 31, 2019. The data of patients from the inpa-
tient clinics, intensive care units, oncology, pediatric, emer-
gency service, and nephrology clinics were not evaluated to 
minimize the effect of chronic diseases on biochemical values 
and not considered to represent a healthy population. A total 
of 18 different biochemical parameters, which are most com-
monly requested by clinicians, were included in the study.
The patient blood samples were divided into eight groups 
starting from those drawn in the morning toward those taken 
in the afternoon as follows: (a) 07:00-07:59, (b) 08:00-08:59, (c) 
09:00-09:59, (d) 10:00-10:59, (e) 11:00-11:59, (f ) 12:00-13:59, 
(g) 14:00-14:59, and (h) 15:00-17:00 (a-h represent specified 
time groups). The blood samples delivered to the laboratory 
through a pneumatic system were centrifuged at 4000 rpm for 
10 min after being kept for 20 min. Samples were analyzed us-
ing the original reagents and the same method using the Ab-
bott Architect c8000 autoanalyzer from 2010 to 2017 and the 
Siemens Advia 1800 Clinical Chemistry System autoanalyzer 
from 2018 to 2019. During this process, the patient samples 
were analyzed after the internal quality control samples were 
tested daily at two levels and at 12-h intervals.

Continuous variables are shown as mean±standard devia-
tion (SD) or minimum (min) value and maximum (max) value. 
Categorical variables are expressed as a number (n). Statisti-
cal analyses were performed using SPSS software (version 
21, SPSS, Inc., Chicago, IL, USA). A p-value less than 0.05 was 
considered statistically significant in the evaluation of the 
differences between the groups. As clinical significance was 
investigated in this study, the effect size was used as another 
measurement parameter in evaluating the difference be-
tween the time groups [10]. The effect size refers to the mini-
mum amount of difference that is clinically significant. The ef-
fect size value, which can produce more accurate results for a 
large number of patients, was used together with the p-value 
to evaluate the difference between groups.
According to Hedges’ g statistic, a value of 0.2 is considered to 
be a small effect size, a value between 0.5 and 0.8 represents a 
medium effect size, and a value greater than 0.8 means a large 
effect size [11, 12]. In this study, the effect size values ranged 
between 0.10 and 0.30, t values recategorized as t=0-0.10, tt= 
0.10-0.20, and ttt=0.20-0.30.
First, the data were cleaned out of noisy data, and outlier val-
ues were eliminated by using a box plot method. Then, one-
way ANOVA was used to determine the statistical significance 
of the overall time periods. Brown-Forsythe analysis was used 
for homogeneity of variances in the time periods. Pairwise 
comparison of the time periods with statistically significant 
differences between variables was performed using Scheffe’s 
and the Games-Howell post hoc tests. Finally, the effect size 
values were calculated separately for each variable and time 
period to determine the clinical significance level in the pair-
wise comparison of the time periods.

Results
A total of 202,235 patients were included in the study, the 
mean age of patients was 48.2±18.1 years, and the minimum 
and maximum values were 18 and 72, respectively. Of them, 
114,961 (56.8%) were females with a mean age of 47.4±17.6 
years and 87,274 (43.2%) were males with a mean age of 
49.4±18.6 years.
Table 1 presents the comparison of the biochemical parame-
ters according to the time periods of the day. We divided our 
samples into eight groups according to their collection times. 
As shown in Table 1, a statistically significant difference was 
observed for the Alb, ALT, AST, inorganic phosphorus (Pi), Ca, 
TC, Cr, Fe, glucose, BUN, lipase, TG, ALP, HDL-C, and CK param-
eters (Alb, p=006; ALT, p=0.004; ALP, p=0.011; AST, Pi, Ca, TC, Cr, 
Fe, glucose, BUN, lipase, TG, HDL-C, and CK, p<0.001). However, 
there was no statistically significant difference between the 
groups in terms of the amylase (p=0.661), GGT (p=0.233), and 
TP (p=0.066) parameters. All effect size values calculated to de-
termine the clinical significance level in the pairwise compar-
isons of the groups were found to be lower than 0.30 (t<0.30). 
Accordingly, the changes in the Alb, ALT, AST, Pi, Ca, TC, Cr, Fe, 
glucose, BUN, lipase, TG, ALP, HDL-C, and CK parameters in time 
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groups were found not to be clinically significant (t<0.20). The 
effect size value was not found to be high even for the param-
eters with the highest differences (Pi and CK) (t<0.30).
Table 1 also shows the mean±SD and min-max values of the 
parameters. As shown in Table 1, the most noticeable change 
was observed in the TG level for the lipid panel (TC, TG, and 
HDL-C). The TG levels increased after 10:00-10:59, whereas 
this increase was statistically significant (p<0.001), but it was 
clinically weak significance (t=0-0.10). Regarding the kidney 
function tests of BUN and Cr, the lowest and highest levels 
were, respectively, 0.75±0.17 and 0.77±0.18 mg/dL for Cr, 
where the highest time-based change of mean concentration 
was 0.02 mg/dL. The levels throughout the time periods var-
ied from 13.03±5.14 to 13.5±5.26 mg/dL for BUN, where the 
highest change of concentration was 0.54 mg/dL. These mean 
concentration changes expressed clinically weak significance 
(t=0-0.20). The minimum and maximum values were mea-
sured, respectively, as 2 and 247 µg/dL for serum Fe, which is 
frequently affected by diurnal variation during the day. How-
ever, the mean values of the patients were very close to each 
other, where the highest difference was 4.76 µg/dL. The high-
est mean value of serum Fe was measured between 10:00 and 
10:59 (67.9±41 µg/dL), and the lowest mean value was mea-
sured between 15:00 and 17:00 (63.2±37.7 µg/dL). The differ-
ence between the groups in terms of serum glucose, which is 
an important metabolic indicator, was statistically significant 
(p<0.001), but it was clinically weak significant according to 
the effect size value obtained from the pairwise comparisons 
of the groups (t=0-0.20). The highest change of mean concen-
tration in the serum glucose levels, for which different refer-
ence intervals were used according to the state of fasting and 
nonfasting at our laboratory, was found to be 2.26 mg/dL in 
time groups (t<0.30) (p<0.001).
Figure 1 presents the concentration-time graphs showing 
time-based changes in the biochemical parameters. These 
changes in the time periods are expressed in the graph as 
mean±SD. Thus, different groups are shown according to the 
post hoc tests, which express statistical and clinical signifi-
cance between the time groups (a-h). As shown in Figure 1, 
the t value varied between 0 and 0.10 for Alb, BUN, ALT, lipase, 
and TC, between 0.10 and 0.20 for Cr, Ca, AST, Fe, ALP, glucose, 
TG, and HDL-C, and between 0.20 and 0.30 for Pi and CK, sug-
gesting time-based changes in the parameters that are not 
clinically significant. As there was no statistically significant 
difference between the groups in terms of GGT, amylase, and 
TP at any time period, the t value was not calculated.

Discussion
Laboratory tests, which are the main sources of medical data, 
are an important part of modern medicine and quality health-
care services, and laboratories are very important health cen-
ters for clinicians to evaluate patient diagnosis, treatment, and 
follow-up. The effect of clinical laboratories in deciding diagno-
sis and treatment is approximately 70% [13]. One of the most Ta
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important factors for reliable laboratory results is to ensure 
the appropriate test request and optimal sample collection 
[14]. The body metabolism is in a state of nonfasting for most 
of the day, except for times of compulsory fasting, and many 
European countries have changed their reference intervals for 
biochemical parameters according to nonfasting values [6].

In the literature approach to the lipid profile, which is adopted 
in many countries such as the USA, Switzerland, and Canada, 
there is no significant difference between fasting and non-
fasting status, and thereby many countries make changes to 
their reference intervals [5, 15]. A recent prospective study by 
Wang et al. [16] evaluated lipid profile values in fasting and 
4-h postprandial status. The results showed that there were no 
significant differences in lipid levels between the fasting and 
nonfasting samples. In our study, although there was a statisti-
cally significant difference between the time groups for HDL-C 
(n=41,709), TC (n=42,878), and TG (n=49,370) tests (p<0.001), 
this difference was not clinically significant according to the 
effect size values that were calculated (t<0.30). Additionally, 
the lowest and highest mean values for TG were 141±7.62 
and 151±85 mg/dL, respectively, where the highest change of 
mean value was 10.3 mg/dL. The mean values for HDL-C and 

TC were very close to each other, where the highest differences 
between the mean values were 1.69 and 3.4 mg/dL, respec-
tively (Table 1). Several studies have shown that fasting is not 
substantially necessary for routine lipid level measurements 
[3, 16, 17]. As a result of studies including children, women, 
and men with diabetes from the USA, Denmark, and Canada, 
plasma lipids and lipoproteins have been observed to change 
slightly in response to the patient’s usual food intake (p>0.05). 
These studies, which compared fasting and nonfasting lipid 
profiles, found no significant difference in HDL-C concentra-
tions, despite minor decreases in plasma TG, TC, and LDL-C 
concentrations (p>0.05). As a result, it has been reported that 
these minimal and temporary changes in lipid concentrations 
are not clinically significant [6, 8, 18]. Similarly, the comparison 
of the mean±SD values of lipid parameters was not clinically 
significant (t<0.30) in our study and is consistent with the data 
reported in the literature (Table 1).

American Heart Association and the British National Institute 
of Health and Care have recommended the use of nonfasting 
lipid profiles. For that reason, many laboratories in the USA and 
the UK have revised their reference intervals [19, 20]. Indeed, 
the Hypertension Canada’s Guidelines, the European Society 
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of Cardiology, the European Atherosclerosis Society, and rel-
evant organizations in many other countries reviewed their 
laboratory guidelines according to nonfasting status [19, 21].
Pasic et al. [9] have collected four blood samples from each of 
27 healthy individuals 2 h after breakfast, 2 h after lunch, and 
in the afternoon (at 17:00), and they compared laboratory an-
alytes including ALT, AST, ALP, GGT, TP, Ca, glucose, TG, HDL-C, 
CK, Cr, amylase, Fe, total bilirubin (TBIL), lactate dehydroge-
nase, Pi, and transferrin, which are thought to be affected in 
fasting status. As a result, they found a significant difference 
between the fasting and nonfasting levels of Alb, ALT, AST, 
ALP, Ca, TP, and TG (p<0.05), and they observed diurnal vari-
ation in Alb, ALP, Fe, ALT, AST, Ca, TC, and HDL-C. In our study, 
a statistically significant difference was found between the 
groups in terms of all parameters except amylase, GGT, and 
TP (p<0.05), but this difference was not clinically significant 
(t<0.30). As shown in Table 1 and Figure 1, the mean concen-
tration changes in the parameters were very close to one an-

other. Moreover, this study found the lowest and highest mean 
concentrations as, respectively, 20.1±10.3 and 20.7±10.7 U/L 
for ALT and 20.7±6.81 and 21.5±7.2 U/L for AST. This change 
was below 1 U/L, suggesting that collecting blood samples at 
any time of the day does not constitute a significant difference 
for ALT and AST (t=0-0.20). Some studies on fasting and non-
fasting evaluation of the ALT and AST parameters suggested 
no significant difference between these two metabolic states, 
whereas others suggested a significant difference between 
them [22, 23].
There is a limited number of studies suggesting no significant 
difference between the status of fasting and nonfasting for 
ALP [24, 25]. In this study, we evaluated a total of 27,159 ALP 
samples and found that the mean±SD values between the 
time periods were very close to one another, where the lowest 
and highest mean values were 72.4±25.3 and 75.4±26.6 U/L, 
respectively (Table 1). Plumelle et al. [24] conducted a study 
with a total of 20 healthy adults aged between 23 and 33 years. 

Figure 1. Evaluation of clinical significance of biochemical tests with the effect size.
Alb, BUN, ALT, lipase, TC: t; Cr, Ca, AST, Fe, ALP, glucose, TG, HDL-C: tt; Pi, CK: ttt; GGT, amylase, TP: no difference. t=0-0.10; tt=0.10–0.20; ttt=0.20–0.30. Statistically different 
time groups are shown in lowercase alphabets (a-h). Cr: Creatinine; Pi: Inorganic phosphorus; Alb: Albumin; TP: Total protein; Ca: Calcium; BUN: Blood urea nitrogen; 
ALT: Alanine aminotransaminase; AST: Aspartate aminotransaminase; GGT: Gamma-glutamyltransferase; Fe: Iron; ALP: Alkaline phosphatase; CK: Creatine kinase; TG: 
Triglyceride; TC: Total cholesterol; HDL-C: High-density lipoprotein cholesterol.
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They evaluated 37 biochemical parameters in fasting and non-
fasting, using blood samples collected in three groups: 12-h 
fasting, 3 h after breakfast, and 3 h after lunch. They found 
that only 7 out of 37 biochemical parameters were affected in 
fasting and nonfasting status (uric acid, TBIL, brain natriuretic 
peptide, Cr, glucose, P, and TP), where the difference was not 
clinically significant because the total change limit (TCL) was 
observed the same [TCL=√(2.77CVa)²+(0.5CVb)²].

The findings from this study suggest that there is no clinically 
significant difference in all biochemical parameters except 
GGT, amylase, and TP according to the effect size values. Stud-
ies on the difference between the biochemical values of peo-
ple in fasting and nonfasting states are generally conducted 
about lipids. The present study confirms previous findings and 
contributes to research that measures biochemical parame-
ters at different time periods.

Limitations of the study
This is a retrospective study in which 202,235 patients were 
evaluated and the first application of each patient was ac-
cepted. Planning the study prospectively may lead to a reduc-
tion in the data set and a subjective assessment that requires 
survey research based on the collection of information from 
patients. In addition, direct measurement of LDL-C is an ex-
pensive, time-consuming technique and requires large sam-
ple volumes. Also, we did not evaluate the association be-
tween levels of direct LDL-C and estimated LDL-C. Therefore, 
we excluded both types of LDL-C from the study. Although our 
study was designed as a study evaluating biochemical param-
eters at different hours of the day, it would be better to evalu-
ate biological variations or diurnal variations. In future studies, 
it may be planned to evaluate these variations together with 
biochemical parameters.

Conclusion
Consequently, we suggest that recording nonfasting samples 
routinely taken every hour at clinical laboratories, addition-
ally, could be revised with minor changes in the reference in-
tervals. When considering all of the findings from this study, 
nonfasting screening would not only be acceptable but also 
make physiologic sense. In recent years, there has been an 
increasing amount of literature on fasting and nonfasting is-
sues, which has also increased the interest of researchers in 
the area. However, there are limited studies on this issue in 
Turkey. This research will serve as a base for future studies, and 
the findings from the study make contributions to the current 
literature.
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