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Abstract Background: Clinical biochemistry laboratory uses various methods for measuring the activity of alkaline phosphatase 
in serum. Many techniques are subject to interference from variety of sources. The aim of present study is to observe the 
effect of bilirubin interference on measured activity of alkaline phosphatase. Method: Present study of bilirubin 
interference effect was carried out as per the Clinical and Laboratory Standard Institute (CLSI) document EP07-A2. 
Result: There is a significant interference of bilirubin in analysis of activity of alkaline phosphatase. The experiment 
designed with five different concentration of bilirubin showed that bilirubin exerts negative interference in linear pattern 
with the estimation of alkaline phosphatase activity. Conclusion: Bilirubin has negative interference on analysis of 
alkaline phosphatase activity. In patients having hyperbilirubinemia, alkaline phosphatase alone should not be used as 
diagnostic marker. 
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INTRODUCTION 
In clinical chemistry, interference can be defined as a 
cause of clinically significant bias in the measured 
analyte concentration due to the effect of another 
component or property of the sample. Interfering 
substances can be a significant source of error in clinical 
biochemistry laboratory measurements. Any 
measurement procedure, whether qualitative or 
quantitative, may be subject to interference. Potential 
interfering substances can be metabolites, drugs, sample 

preservatives, contaminants or sample matrix itself 1. 
Three principal contributors of inaccuracy (total 
analytical error) are imprecision, method-specific bias 
and sample-specific bias.2,3 Frequently imprecision and 
method-specific bias are estimated in measurement 
procedure evaluation but sample-specific bias 
(interference) is wrongly considered as a problem with 
specific sample.4,5 For an individual patient, such sample-
specific bias is dependent on concentration of interfering 
substance in that particular sample and because of such 
sample to sample variation in bias could lead to 
erroneously interpretation which can worsen the clinical 
outcome. Serum alkaline phosphatase is one of the 
important clinical biochemistry laboratory tests used to 
screen for hepatobiliary diseases and bone diseases 
associated with increase osteoblastic activity 6. Higher 
serum alkaline phosphatase levels have been reported to 
be associated with incident as well as prevalence of 
metabolic syndrome which leads to increase mortality 7, 8, 

9. Bilirubin, a catabolic end product of heme is found to 
interfere in the estimation of various biochemical 
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parameters like creatinine, glucose, alkaline phosphatase, 
cholesterol, triacylglycerol, uric acid, and some enzymes 
10, 11, 12. Bilirubin is present in the blood in several distinct 
forms as conjugated and unconjugated bilirubin. 
Additionally, bilirubin photoisomers may be found in 
blood of the neonates 13. In patients with liver diseases, 
along with alkaline phosphatase, bilirubin level is also 
elevated. Bilirubin can interfere through two mechanisms: 
spectrophotometric interference due to its ability to 
absorb light between 400 to 540 nm and chemical 
interference as it consumes hydrogen peroxide which is 
intermediate in many reactions e.g. cholesterol, glucose, 
uric acid, triacylglycerol 14. Based on present knowledge, 
our study is primarily aimed to find out whether high 
concentration of bilirubin interferes with the detection of 
alkaline phosphatase in our laboratory settings. Secondly 
if bilirubin interference found significant then we also 
intend to evaluate effect of different concentrations of 
bilirubin on estimation of activity of alkaline 
phosphatase. 
 
MATERIALS AND METHODS 
This study was carried out in the Department of 
Biochemistry at Surat Municipal Institute of Medical 
Education and Research (SMIMER), Surat, Gujarat, 
India, during April-2019 to June-2019. This project was 
approved by institutional ethical committee of SMIMER. 
This study was experimental work carried out as per 
Clinical and Laboratory Standard Institute (CLSI) 
approved guideline EP7-A2 15. 
Instruments and Reagents: 
Instruments: 
Fully automated clinical chemistry analyzer Erba-XL-640 
(Transasia Bio-Medicals Ltd. Mumbai, India) was used 
for bilirubin and alkaline phosphatase estimation. 
Electronic balance ABJ 320-4 (Kern and Sohn, Germany) 
was used for weighing reagents. Both instruments were 
calibrated as per standard protocol. 
Reagents: 
Alkaline phosphatase activity was measured by AMP (2-
amino-2-methyl-1-propanol) buffer and pNPP (para-
nitrophenylphosphate) substrate-based kit (Randox 
Laboratories India Pvt Ltd, Bengaluru, India) [16]. 
Concentration of bilirubin was measured by kit based on 
dichloroaniline method (Meril Diagnostics, Vapi, India) 
[17]. Both kits were calibrated using Randox calibrator 
and quality check was made by Randox quality control 
sera. Commercially available analytical grade anhydrous 
bilirubin powder was used for making bilirubin stock 
solution. 
 
 
 

Methods: 
Preparation of bilirubin stock solution: 
Accurately weighed 60 mg of anhydrous analytical grade 
bilirubin powder was dissolved in 5 ml of 0.4% NaOH. 
This solution was constantly swirled and step wise (100µl 
in each step) supplementation of 0.4% NaOH was carried 
out until all the bilirubin powder dissolved completely. 
Such bilirubin stock solution was freshly prepared as and 
when required so that problems related to photolysis and 
degradation of bilirubin can be minimized. High 
concentration of bilirubin in stock solution is required 
because when we spike the sample with this bilirubin 
stock solution, minimum possible volume of stock 
solution should be used so that sample matrix 
modification is kept minimum [15]. Every time bilirubin 
stock solution prepared, we estimated concentration of 
total bilirubin 20 times in stock solution, calculated its 
mean ± SD and compared it with the calculated 
concentration. If calculated and estimated concentrations 
are in agreement then only bilirubin stock solution 
considered fit for experiment. 
 
𝐶𝑎𝑙𝑐𝑢𝑙𝑎𝑡𝑒𝑑 𝑏𝑖𝑙𝑖𝑟𝑢𝑏𝑖𝑛 𝑐𝑜𝑛𝑐𝑒𝑛𝑡𝑟𝑎𝑡𝑖𝑜𝑛 (𝑚𝑔/𝑑𝐿)

=
60𝑚𝑔

𝑇𝑜𝑡𝑎𝑙 𝑣𝑜𝑙𝑢𝑚𝑒 𝑜𝑓 𝑠𝑜𝑙𝑢𝑡𝑖𝑜𝑛 (𝑖𝑛 𝑚𝐿)
∗ 100 

Preparation of Base Pool samples: 
As per CLSI EP07-A2 guideline, Analyte test 
concentration for interference testing should include 
medical decision levels as far as possible. In present study 
we prepared three separate pooled serum of low, medium 
and high Alkaline phosphatase activity. Fresh serum 
samples were obtained from apparently healthy 
individuals who had not taken any medications including 
vitamins, dietary supplements in past 1 month and had 
not undergone any surgical procedure in last 1 year. 
Samples from pregnant women were also excluded from 
the study. Samples should not have any signs of icterus, 
hemolysis and lipemia. Samples having Alkaline 
phosphatase activity lower than 40 U/L were used for 
preparing low base pool, between 40 to 120 U/L were 
used for preparing medium base pool and more than 120 
U/L were used for preparing high base pool sera. 
Bilirubin is endogenously produced by breakdown of 
heme; therefore, it is necessary to keep bilirubin 
concentration minimum in the base pool sera. for purpose 
of keeping low bilirubin concentration in pooled sera, the 
samples which had bilirubin level more than 1mg/dL 
were not used for preparation of pooled sera. finally, the 
activity of alkaline phosphatase and concentration of 
bilirubin was measured 20 times and their mean and SD 
were estimated to establish base line characteristics of 
pooled sera. 
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Preparation of control and test pool sera: 
As per CLSI guideline, the volume of bilirubin stock 
solution which is added to base pool serum should be 
lower than 1/20th fraction (5%) of base pool serum to 
minimize the alteration in sample matrix [15]. Control 
pool preparation should be exactly as test pool in all 
respect except the test interferent is replaced with the 
same volume of solvent used to prepare bilirubin stock 
solution. As bilirubin is also present endogenously in base 
pool, final concentration of bilirubin should be measured 
by laboratory. Control pool was prepared by adding 
300µl of 0.4% NaOH in the 5700µl of base pool. Three 
different control pool were prepared in line with low, 
medium and high base pool. Test pools were prepared by 
adding 300µl of bilirubin stock solution in the 5700µl of 
base pool. So total 6 solutions (3 control pools and 3 test 
pools) were prepared as we have 3 different low, medium 
and high base pools. 
 
Number of replicates: 
The number of replicates needed to detect various 
interference effect with 95% confidence level (α=0.05) 
and 95% power (β=0.05) were calculated based on 
maximum allowable error derivative (dmax) and within-
run repeatability (SD) of the analytic technique. In 
present study, for the purpose of calculating dmax, the 
maximum allowable error was determined based on the 
biological variation of alkaline phosphatase activity in 
serum. Ricos et al (1999) estimated total error (TE) of 
serum alkaline phosphatase based on biological variation 
as 11.7% [18] and we considered this value in present 
study. The dmax of each pool was calculated by below 
mentioned formula. 

𝑑  𝑜𝑓 𝑒𝑎𝑐ℎ 𝑝𝑜𝑜𝑙
= 𝑀𝑒𝑎𝑛 𝑜𝑓 𝑏𝑎𝑠𝑒 𝑝𝑜𝑜𝑙

∗
𝑇𝑜𝑡𝑎𝑙 𝑎𝑙𝑙𝑜𝑤𝑎𝑏𝑙𝑒 𝑒𝑟𝑟𝑜𝑟(%)

100
 

Within-run repeatability of alkaline phosphatase was 
determined by analyzing each base pool (low, medium 
and high) 20 times and their standard deviation was 
calculated. These calculated dmax and SD values were 
used in following formula to find number of required 
replicates (n) [19]. In case of non-integer value, rounding 
up to the next integer value was considered. 

𝑛 = 2 𝑧 + 𝑧 ∗
𝑆𝐷

𝑑
 

Where, z values were used from standard statistical table 
for percentile for confidence level and power. 
 

Sample analysis: 
The test (T) and control (C) samples were analyzed in 
alternate order e.g. C1T1C2T2C3T3….CnTn. To prevent 
the effect of carryover from test samples to control 
samples, additional control serum samples were 
intermittently added e.g. 
C1T1CxCxC2T2CxCxC3T3…CxCxCnTn, where Cx is 
the additional control serum sample. Later on, the results 
from additional control serum results were discarded. 
Analysis of both serum bilirubin and alkaline phosphatase 
were carried out simultaneously.  
Data analysis: 
Control and test pool analysis data were used to compute 
the ‘point estimate’ of the observed interference effect, 
dobs, as the difference between the means of the test and 
control samples. 

𝑑 = 𝐼𝑛𝑡𝑒𝑟𝑓𝑒𝑟𝑒𝑛𝑐𝑒 =  𝑥 − 𝑥  
The cut-off value for two-sided test, dc, was used to 
determine whether null hypothesis should be accepted or 
rejected. In present study, null hypothesis states that 
bilirubin do not interfere with the estimation of alkaline 
phosphatase activity (dnull = 0). The cut-off value, dc, can 
be determined by following formula 
 

𝑑 =
𝑑 + 𝑆𝐷 ∙ 𝑧 /  

√𝑛
 

Where, dnull = Value stated in null hypothesis = 0 in 
present study 
n = number of replicates 
 
If the point estimate, dobs, is less than or equal to the cut-
off value, dc, than null hypothesis should be accepted 
otherwise alternate hypothesis i.e. bilirubin interferes 
with the estimation of alkaline phosphatase activity, 
should be accepted. If the interferent effect is found, then 
we need to carry out dose response series of interferent to 
determine the degree of interference as a function of the 
interferent concentration. 
Preparation of five level dose-response samples: 
A series of test samples, systematically varying only in 
the concentration of interferent, is prepared by making 
proportionate mixture of two pools, one at highest 
concentration to be tested and the other at lowest. In this 
part of experiment, earlier used test pool sample was used 
as high bilirubin concentration sample and control pool 
sample was used as low bilirubin concentration sample. 
The proportionate mixture of high and low bilirubin 
concentration serum for all three alkaline phosphatase 
level pools are shown in table-1. 
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Table 1: Preparation method of dose-response samples along with measured concentration of bilirubin in each pool 

Series No. 
Proportionate mixture Measured concentration of bilirubin 

Low bilirubin 
concentration sample 

High bilirubin 
concentration sample 

Low alkaline 
phosphatase pool 

Medium alkaline 
phosphatase pool 

High alkaline 
phosphatase pool 

1 (L) 400 µl 0 µl 0.53 mg/dl 0.6 mg/dl 0.63 mg/dl 
2 (3L + 1H) 300 µl 100 µl 18.7 mg/dl 18.5 mg/dl 17.6 mg/dl 
3 (2L + 2H) 200 µl 200 µl 37.06 mg/dl 36.35 mg/dl 34.6 mg/dl 
4 (1L + 3H) 100 µl 300 µl 55.3 mg/dl 54.2 mg/dl 51.6 mg/dl 

5 (H) 0 µl 400 µl 73.6 mg/dl 72.1 mg/dl 68.7 mg/dl 
In present study a total five concentrations were analyzed in triplicates within the same analytical run. Further to 
minimize drift effects, all the samples and replicates were run in random order sequence which was generated from table 
of random numbers. 
Data analysis of dose-response sample: 
Observed interference effect at each bilirubin concentration sample was calculated by taking average alkaline 
phosphatase activity of low bilirubin concentration pool and deducting it from all the individual result of alkaline 
phosphatase activity. These results were plotted with observed effect on the y-axis and the interferent concentrations on 
x-axis to examine the shape of dose-response relationship. If data appeared randomly distributed about a straight line, 
linear least square regression was applied to determine slope, intercept and residual error from individual observations. If 
linear relationship found between interferent concentration and analyte, the regression slope represents the bias per unit 
of interferent and the y-intercept represents the correction factor for the endogenous interferent concentration. 
 
OBSERVATIONS AND RESULTS 
 

Table 2: Evaluation of the interfering effects of total bilirubin on the determination of alkaline phosphatase 

Description of data 
Level of alkaline phosphatase in pool 

Low Medium High 
ALP activity in base pool (U/L) 40.8 88.1 184 

Total allowable error (TE%) 11.7% 11.7% 11.7% 
dmax 4.7 10.3 21.5 
SD 0.63 0.31 1.05 

No of required replicates 3 3 3 
ALP activity in control pool (U/L) 38.6 81.6 172.3 

ALP activity in test pool (U/L) 28 72.3 167.3 
Error caused by interference -27.46% -11.4% -2.9% 

dobs -10.6 -9.3 -5 
dc 0.7 0.35 1.18 

Interference judgement Yes Yes Yes 
Evaluation of interferent effect of total bilirubin was illustrated in Table-2. As we can see from table-2, three pools of 
alkaline phosphatase were prepared. Alkaline phosphatase activity was 40.8 ± 0.63 U/L, 88.1 ± 0.31 U/L and 184 ± 1.05 
U/L in low pool, medium pool and high pool respectively. Based on calculated dmax values, no of required replicates 
were 3 for all three pools. After preparing control and test pools their alkaline phosphatase activity was measured 3 
times. Mean alkaline phosphatase activity in control pool was 38.6 U/L, 81.6 U/L and 172.3 U/L in low, medium and 
high pool respectively whereas activity in test pool was 28 U/L, 72.3 U/L and 167.3 U/L in low, medium and high pool 
respectively. The observed difference was more than the cutoff limit in all three pools which indicated that interference 
exists for all three alkaline phosphatase pools. 
Dose response experiment of bilirubin interference on alkaline phosphatase analysis: 
Different concentrations of bilirubin interference error can be estimated by linear least square regression analysis as 
shown in figure 1-3. 
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Figure 1                    Figure 2         Figure 3 

Figure 1: Dose response experiment of bilirubin interference (Low ALP); Figure 2: Dose response experiment of bilirubin interference 
(Medium ALP); Figure 3: Dose response experiment of bilirubin interference (High ALP) 
As shown in figure 1, 2 and 3, as total bilirubin concentration increases in serum, corresponding decrease in alkaline 
phosphatase activity occurs at all three levels of alkaline phosphatase. It also shows that bilirubin interference is 
maximum when alkaline phosphatase activity is low and bilirubin concentration is higher. 
 
DISCUSSION 
In clinical chemistry, both pre- and post-analytical factors 
can cause erroneous results. Identification and evaluation 
of interferences is recommended as an integral part of the 
Quality Control Program thereby assuring patient safety 
and high-quality healthcare 20. The interference caused by 
bilirubin is one of the main concerns for the laboratory 
medicine and could result in positive or negative sample-
specific bias which causes increase in the total analytical 
error and leads to erroneous reporting of patient results. 
Total analytical error consists of three principle 
components: imprecision, method-specific bias and 
sample specific bias 2,3. Evaluation of measurement 
procedures more frequently estimates only imprecision 
and method-specific bias. Sample specific bias (i.e. 
interference) is often viewed as an isolated problem with 
specific samples, rather than as a measurable 
characteristic of the procedure. Interference study might 
be best carried out by reagent and instrument 
manufacturers rather than clinical laboratories, however 
clinical laboratories have to ensure that measurement 
procedures are able to meet the needs of their clients so 
laboratories should also investigate discordant results to 
identify any interfering substances and objective feedback 
should be provided to manufacturer for continuous 
improvement in quality 15. This study was carried out in 
two parts: in part one, ‘interference screen’ was carried 
out in which ‘paired difference testing’ between bilirubin 
spiked sample as test and same sample pool without 
added bilirubin as control pool were evaluated. Relatively 
higher bilirubin was added in test pool to simulate ‘worst 
case’. If part one shown clinically significant bias then 
only part two of experiment was carried out. In part two, 
analysis of dose response series was carried out to 
determine the degree of interference as a function of 
interferent concentration. As shown in table-2, high 
concentrations of bilirubin have negative interference on 
analysis of alkaline phosphatase activity. In low, medium 

and high alkaline phosphatase pool bilirubin causes -
27.46%, -11.4% and -2.9% measurement of alkaline 
phosphatase activity. Similar negative interference of 
bilirubin was also observed in several other studies 21, 22. 
Figure 1-3 shows effect of incrementing bilirubin 
concentration on measurement of alkaline phosphatase 
activity. The regression linear formula can also be used 
by clinical laboratories to predict the actual activity of 
alkaline phosphatase in clinical samples when bilirubin 
concentration is higher. As shown in figure 1-3, we 
observed maximum bilirubin interference whenever there 
is low alkaline phosphatase or higher bilirubin level, 
better predictor of bilirubin interference can be ratio of 
bilirubin to alkaline phosphatase rather than just bilirubin 
level however further studies are required to reach at that 
conclusion. In general, mechanism of interference can be 
because of chemical artifacts, detection artifacts, physical 
artifacts, enzyme inhibition, non-specificity, cross-
reactivity or water displacement 23, 24 however the actual 
mechanism involved in negative bilirubin interference on 
analysis of alkaline phosphatase is not clear but bilirubin 
by being reducing agent can weaken electron and proton 
transmission which can lead to reduced enzyme activity 
25. Frequently in patients with liver diseases, simultaneous 
increase in bilirubin and alkaline phosphatase levels are 
observed, our results suggest that in icteric samples, 
alkaline phosphatase alone should not be used as 
diagnostic or prognostic marker as it may produce 
clinically unreliable results. In case of icteric sample, 
total bilirubin concentration should be estimated and 
regression formula shown in figure 1-3 should be applied 
to predict the magnitude of interference on alkaline 
phosphatase activity. However, it is advisable for 
laboratories to carry out interference experiment in their 
own clinical settings. Our study had certain limitations: 
first, we used commercially available bilirubin to spike 
the samples, its properties might be different from in vivo 
bilirubin. Second, the test samples were diluted and so 
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matrix might be modified so it may not represent the ideal 
sample of clinical settings. 
 
CONCLUSIONS 
In present study, interference effect of bilirubin on 
estimation of alkaline phosphatase was carried out as per 
CLSI guideline EP07-A2 at clinical biochemistry 
laboratory of tertiary care hospital. Important findings of 
this study are: 

 Bilirubin has negative interference on analysis of 
alkaline phosphatase activity. 

 In patients having hyperbilirubinemia, alkaline 
phosphatase alone should not be used as 
diagnostic marker. 

 In case of hyperbilirubinemia, one of regression 
formula derived in this study can be used to 
predict the magnitude of interference on alkaline 
phosphatase activity. 
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