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New Decision Criteria for Selecting Delta Check Methods 
Based on the Ratio of the Delta Difference to the Width 
of the Reference Range Can Be Generally Applicable 
for Each Clinical Chemistry Test Item
Sang Hyuk Park, M.D., So-Young Kim, M.D., Woochang Lee, M.D., Sail Chun, M.D., and Won-Ki Min, M.D.
Department of Laboratory Medicine, Asan Medical Center and University of Ulsan College of Medicine, Seoul, Korea

Background: Many laboratories use 4 delta check methods: delta difference, delta percent 
change, rate difference, and rate percent change. However, guidelines regarding decision 
criteria for selecting delta check methods have not yet been provided. We present new de-
cision criteria for selecting delta check methods for each clinical chemistry test item. 

Methods: We collected 811,920 and 669,750 paired (present and previous) test results for 
27 clinical chemistry test items from inpatients and outpatients, respectively. We devised 
new decision criteria for the selection of delta check methods based on the ratio of the 
delta difference to the width of the reference range (DD/RR). Delta check methods based 
on these criteria were compared with those based on the CV% of the absolute delta differ-
ence (ADD) as well as those reported in 2 previous studies. 

Results: The delta check methods suggested by new decision criteria based on the DD/
RR ratio corresponded well with those based on the CV% of the ADD except for only 2 
items each in inpatients and outpatients. Delta check methods based on the DD/RR ratio 
also corresponded with those suggested in the 2 previous studies, except for 1 and 7 items 
in inpatients and outpatients, respectively. 

Conclusions: The DD/RR method appears to yield more feasible and intuitive selection 
criteria and can easily explain changes in the results by reflecting both the biological varia-
tion of the test item and the clinical characteristics of patients in each laboratory. We sug-
gest this as a measure to determine delta check methods. 
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INTRODUCTION 

Delta check is a quality control method that compares present 

and previous test results of patients and detects whether the dif-

ference between the two results exceeds pre-defined criteria. If 

the difference is smaller than the pre-defined criteria, the result 

is automatically reported; however, if the difference exceeds the 

pre-defined criteria, the result is transacted only after manual 

confirmation by laboratory personnel [1-4]. Delta check meth-

ods ensure the detection of pre-analytical errors, clerical errors, 

and random errors that cannot be detected using commonly 

used quality control methods, thereby improving the reliability of 

clinical tests [5-8]. Excessive or inappropriate use of delta check 

methods can, however, delay reporting times and increase 

workload owing to the need for additional manual validation of 

test results. The use of the most appropriate delta check meth-

ods in each laboratory can thus minimize workload and improve 

the rates at which errors are detected [7]. Most laboratories rely 
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on one of the 4 standard delta check methods-delta difference, 

delta percent change, rate difference, and rate percent change-

for each of the test items [8-10]. 

 Time dependency and the extent of the variations in levels of 

each item are key primary considerations when choosing an  

appropriate delta check method. For instance, the delta method 

should be applied to electrolyte tests, as these always remain 

within a limited range owing to physiological homeostasis. By 

contrast, levels of uric acid fluctuate in a time-dependent manner, 

with fluctuations >2 mg/dL frequently encountered over the 

course of a month, albeit not over the course of a day. The rate 

method is therefore more appropriate for analyzing uric acid 

levels. In instances when the width of variation for the test results 

is quite large, the delta or rate percent change method should 

be applied, because the workload for additional manual valida-

tion is likely to increase if the delta or rate difference method is 

applied, due to greater changes in test results. If the width of 

variation for the test result is not large, the delta or rate differ-

ence method should be applied [8]. 

 A major challenge in the selection of delta check methods 

that awaits resolution is that there are no established decision 

criteria for the selection of delta check methods suitable for 

newly introduced test items. Although the CV% of the absolute 

delta difference (ADD) [8] has been used as a decision crite-

rion, a more reliable index that better reflects the variation in 

test results would be useful for the selection of delta check 

methods. Furthermore, the clinical characteristics of patients 

need to be considered when choosing an appropriate delta 

check method. The severe conditions of most inpatients usually 

account for substantial variations in their test results. This may 

warrant the use of a different delta check method than the 

methods used for outpatients, who are normally characterized 

by more stable conditions. Until now, however, no study has 

suggested separate delta check methods for inpatients and out-

patients. In addition, different delta check methods can also be 

used for patients receiving special therapeutic procedures. For 

example, following transarterial chemoembolization (TACE), 

liver-specific enzymes such as AST and ALT may rapidly in-

crease owing to the liver cell injury incurred during the treat-

ment. In the case of hemodialysis, levels of creatinine and blood 

urea nitrogen (BUN) may rapidly decrease after the procedure. 

However, to our knowledge, no study has analyzed delta check 

methods to identify those approaches ideally suited for patients 

undergoing special therapeutic procedures.

 Here we devise new decision criteria for selecting delta check 

methods that reflect the characteristics of the test items better. 

We suggest separate delta check methods for inpatients and 

outpatients and identify the most appropriate delta check 

method applicable to specific clinical conditions such as TACE 

or hemodialysis based on these criteria.

METHODS

1. Data collection 
We collected the present results, reporting times, and sample 

types for 27 clinical chemistry tests reported by the Department 

of Laboratory Medicine, Asan Medical Center over a 5-week pe-

riod (February 14-20 and April 4-May 1, 2011). We also collected 

test results reported over a 5-week period just before the present 

results, as previous results. Patients were classified as inpatient 

or outpatient; patients admitted to the emergency room of the 

institution were classified as inpatients, given that their clinical 

status was usually closer to that of inpatients than outpatients. 

 Overall, 811,920 and 669,750 paired test results were obtained 

from inpatients and outpatients, respectively. The overall re-

search methodology of our study is represented schematically 

in Fig. 1.

2. ‌�Delta check methods based on the CV% of the ADD and 
time dependency

The delta difference, delta percent change, rate difference, and 

rate percent change were calculated using the collected test re-

sults for each item in the inpatient and outpatient data, respec-

tively. We used these data to calculate the ADD. To analyze time 

dependency, the Pearson correlation coefficient (r) between the 

ADD and the time difference between the paired test results 

were calculated, and the time dependency of each item was as-

sessed.

 In addition, we calculated the CV% of the ADD for each item, 

and used this to assess the variation among the test results for 

each item. The delta check method for each item was deter-

mined using the CV% of the ADD and the Pearson correlation 

coefficient. The values that corresponded to 2.5% and 97.5% of 

the determined delta check method were presented as the 

lower and upper limits of delta check [8]. The cut-off values of 

the CV% of the ADD and the Pearson correlation coefficient 

were defined using the median values of the 27 items. 

3. ‌�Delta check methods based on the ratio of the delta  
difference to the width of the reference range (DD/RR) 
and time dependency

We devised new decision criteria for selecting delta check meth-
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ods based on the ratio of the delta difference to the width of ref-

erence range. We subsequently called this the DD/RR ratio. Our 

intent was to use this to distinguish the difference method from 

the percent change method. For the reference range of each 

item, the data used in the authors’ hospital was used. For test 

items for which there was either an upper or a lower limit only, 

the width of the reference range was defined as the difference 

between 0 and the upper or lower limit. The cut-off value of the 

DD/RR ratio in the determination of the delta check methods 

was defined as the median of all of the items. To distinguish be-

tween the delta and rate methods, we used the Pearson correla-

tion coefficient between the ADD and the time difference, as 

described in the preceding section. 

4. ‌�Comparison of the 2 suggested delta check methods with 
previously reported delta check methods

We compared the 2 suggested delta check methods for each 

item in the inpatient and outpatient data, and further compared 

these 2 suggested delta check methods with those suggested in 

previous studies [8, 10].

5. ‌�Analysis of delta check methods for TACE or hemodialysis 
patients 

We determined the delta check method based on the DD/RR 

and time dependency for data from 77 inpatients who under-

went TACE and 72 patients who underwent hemodialysis at our 

institution between August 1 and 5, 2011. For the patients who 

underwent TACE, we analyzed the 5 items expected to be af-

fected by the treatment: AST, ALT, alkaline phosphatase (ALP), 

total bilirubin, and direct bilirubin. The 5 items analyzed for pa-

tients who had undergone hemodialysis were creatinine, uric 

acid, total bilirubin, BUN, and direct bilirubin. 

 The cut-off values of the DD/RR and the Pearson correlation 

coefficient that were obtained from inpatients in the previous 

analysis were applied for evaluations of data obtained for inpa-

tients who received either TACE or hemodialysis treatment. The 

result of the present analysis was compared with the result of 

the delta check method suggested for inpatients in the previous 

analysis. 

6. Statistical analysis
All statistical analyses were conducted using the SPSS 13.0.1 

software package (SPSS Inc., Chicago, IL, USA). 

RESULTS

1. ‌�Former delta check method determined based on the CV% 
of the ADD and time dependency

To determine the most appropriate delta check method for in-

patients, we used the median CV% of the ADD, and the median 

Pearson correlation coefficient between the ADD and the time 

interval between the paired test results. The median values for 

Fig. 1. Schematic diagram of the procedure for the determination of decision criteria for delta check method selection.
Abbreviations: ADD, absolute delta difference; DD, delta difference; RR, reference range; In, inpatients; Out, outpatients; TACE, transarterial chemoemboli-
zation; HD, hemodialysis. 
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these parameters, obtained by analysis of all 27 items, were 

121.63% and 0.049, respectively. Test items to which the delta 

difference method should be applied include electrolytes (e.g., 

calcium, phosphorus, sodium, potassium, chloride, and mag-

nesium) and proteins (e.g., albumin). The items to which the 

delta percent change method should be applied include glu-

cose, creatinine, total bilirubin, amylase, lipase, and creatine ki-

nase (CK). The items to which the rate difference method 

should be applied include uric acid, direct bilirubin, total CO2, 

iron, total iron binding capacity (TIBC), and LDL-cholesterol. 

The items to which the rate percent change method should be 

applied include enzymes, lipids, and lipoproteins. These include 

cholesterol, AST, ALT, ALP, BUN, triglyceride (TG), and HDL-

cholesterol (Table 1).

 To determine the most appropriate delta check method for 

outpatients, we used the median CV% of the ADD, and the me-

dian Pearson correlation coefficient between the ADD and the 

time difference between the paired test results. The median val-

ues for these parameters, obtained by analysis of all 27 test 

items, were 105.06% and 0.052, respectively. The items to 

Table 1. Delta check methods for inpatients based on the CV of ADD and time dependency

Test item
N. of 

samples
ADD Median time interval

(days)
Pearson  

r
Delta check 
methods*

Delta value†

Mean SD CV (%) Lower limit Upper limit

Calcium 40,402 0.39 0.38 95.70 1.95 0.023 DD -1.20 mg/dL 1.00 mg/dL

Glucose 37,712 37.00 49.65 134.18 2.00 0.001 DPC -51.80% 116.29%

Creatinine 50,161 0.16 0.39 246.71 1.10 0.02 DPC -33.33% 50.00%

Uric acid 34,670 0.74 0.84 113.42 2.04 0.059 RD -2.07 mg dL-1 day-1 1.61 mg dL-1 day-1

Cholesterol 38,412 18.39 45.29 246.29 1.99 0.11 RPC -36.18%/day 35.81%/day

Protein 44,773 0.52 0.51 99.56 1.71 0.048 DD -1.70 g/dL 1.30 g/dL

Albumin 45,738 0.32 0.32 99.20 1.63 0.034 DD -1.1 g/dL 0.8 g/dL

AST 46,864 27.67 180.71 653.00 1.30 0.05 RPC -66.34%/day 158.48%/day

ALT 46,885 19.55 86.45 442.18 1.30 0.081 RPC -46.13%/day 130.19%/day

ALP 45,315 18.18 42.29 232.56 1.59 0.089 RPC -34.68%/day 43.17%/day

T. bilirubin 46,357 0.43 0.89 208.53 1.30 0.011 DPC -50.00% 103.87%

Phosphorus 25,518 0.63 0.63 100.55 1.19 0.047 DD -1.8 mg/dL 1.7 mg/dL

BUN 45,751 4.03 5.73 142.28 1.09 0.059 RPC -56.73%/day 86.81%/day

D. bilirubin 13,611 0.36 0.42 115.28 1.04 0.063 RD -1.74 mg dL-1 day-1 1.83 mg dL-1 day-1

Sodium 52,970 2.28 2.09 91.80 1.04 -0.006 DD -6.00 mEq/L 6.00 mEq/L

Potassium 52,803 0.37 0.34 92.54 1.04 0.027 DD -1.00 mEq/L 1.00 mEq/L

Chloride 52,115 2.55 2.33 91.27 1.04 -0.009 DD -7.00 mEq/L 7.00 mEq/L

Total CO2 51,880 2.36 2.01 85.05 1.04 0.068 RD -6.40 mEq L-1 day-1 6.00 mEq L-1 day-1

Magnesium 12,372 0.21 0.20 97.26 1.00 0.036 DD -0.58 mg/dL 0.68 mg/dL

Amylase 9,875 50.58 147.87 292.35 1.04 0.003 DPC -65.67% 201.03%

Lipase 9,797 30.04 148.00 492.63 1.04 0.01 DPC -64.00% 175.00%

CK 3,504 257.60 1387.31 538.55 1.00 0.005 DPC -77.41% 509.68%

Iron 203 38.46 40.90 106.34 99.96 0.165 RD -6.96 μg dL-1 day-1 4.35 μg dL-1 day-1

TIBC 200 55.56 52.47 94.44 100.01 0.249 RD -10.40 μg dL-1 day-1 5.86 μg dL-1 day-1

TG 1,905 51.07 82.11 160.78 15.45 0.055 RPC -53.07%/day 99.67%/day

HDL-Chol 1,214 9.09 11.63 127.98 35.37 0.102 RPC -7.53%/day 6.92%/day

LDL-Chol 913 25.16 25.93 103.07 34.20 0.055 RD -9.88 mg dL-1 day-1 5.82 mg dL-1 day-1

*The median CV% of the ADD (121.63%) and the median Pearson r between the ADD and the time difference between the paired test result (0.049) were 
used as the cut-off values for the determination of delta check methods for each test item; †The values that corresponded to 2.5% and 97.5% of the deter-
mined delta check method are presented as the lower and upper limits of delta check.
Abbreviations: ADD, absolute delta difference; ALP, alkaline phosphatase; T, total; BUN, blood urea nitrogen; D, direct; CK, creatine kinase; TIBC, total iron 
binding capacity; TG, triglyceride; Chol, cholesterol; DD, delta difference; DPC, delta percent change; RD, rate difference; RPC, rate percent change.



Park SH, et al.
New decision criteria for delta check

349http://dx.doi.org/10.3343/alm.2012.32.5.345 www.annlabmed.org

which the delta difference method should be applied include 

electrolytes such as calcium, sodium, potassium, chloride, and 

magnesium. The items to which the delta percent change 

method should be applied include glucose, creatinine, AST, 

ALT, total bilirubin, amylase, lipase, and CK. The items to which 

the rate difference method should be applied include uric acid, 

cholesterol, protein, albumin, phosphorus, total CO2, iron, TIBC, 

and HDL-cholesterol. The items to which the rate percent 

change method should be applied include ALP, BUN, direct bil-

irubin, TG, and LDL-cholesterol (Table 2).

2. ‌�New delta check method based on the DD/RR and time 
dependency

For inpatient data, the cut-off values of the DD/RR ratio were 

-0.2000 (the median value for the 27 items in cases in which the 

present result was smaller than the previous result), and 0.2000 

(the median value for the 27 items in cases in which the present 

result was bigger than the previous result). These values were 

used to distinguish the difference method from the percent 

change method. The median value of the Pearson correlation 

coefficient between the ADD and the time difference was used 

Table 2. Delta check methods for outpatients based on the CV of ADD and time dependency

Test item
N. of 

samples
ADD Median time interval

(days)
Pearson

r
Delta check 
methods*

Delta value†

Mean SD CV (%) Lower limit Upper limit

Calcium 45,050 0.30 0.26 87.33 92.05 0.027 DD -0.80 mg/dL 0.80 mg/dL

Glucose 45,098 19.33 30.36 157.03 92.99 -0.042 DPC -40.31% 63.46%

Creatinine 46,899 0.09 0.22 236.25 93.73 0.010 DPC -22.22% 33.33%

Uric acid 44,916 0.64 0.64 100.41 92.25 0.053 RD -0.08 mg dL-1 day-1 0.09 mg dL-1 day-1

Cholesterol 48,783 20.80 21.23 102.04 93.09 0.111 RD -2.18 mg dL-1 day-1 2.39 mg dL-1 day-1

Protein 46,908 0.33 0.31 93.16 92.14 0.082 RD -0.04 g dL-1 day-1 0.05 g dL-1 day-1

Albumin 47,103 0.21 0.21 96.58 92.08 0.126 RD -0.02 g dL-1 day-1 0.03 g dL-1 day-1

AST 47,943 7.84 20.89 266.56 93.06 0.001 DPC -48.35% 88.40%

ALT 47,985 10.04 27.79 276.84 93.04 0.002 DPC -60.87% 144.44%

ALP 46,946 13.69 37.79 276.02 92.09 0.110 RPC -1.40%/day 1.69%/day

T. bilirubin 47,037 0.22 0.54 248.69 92.08 0.046 DPC -41.67% 80.00%

Phosphorus 8,426 0.47 0.47 98.02 116.05 0.066 RD -0.05 mg dL-1 day-1 0.05 mg dL-1 day-1

BUN 15,221 3.70 4.85 131.04 128.00 0.145 RPC -1.66%/day 2.93%/day

D. bilirubin 1,604 0.16 0.69 418.26 97.01 0.086 RPC -3.17%/day 4.49%/day

Sodium 20,286 1.90 1.79 94.15 96.24 0.050 DD -5.00 mEq/L 5.00 mEq/L

Potassium 20,302 0.33 0.29 87.57 96.19 0.030 DD -0.90 mEq/L 0.90 mEq/L

Chloride 16,406 2.11 1.97 93.75 75.10 0.016 DD -6.00 mEq/L 5.00 mEq/L

Total CO2 16,246 2.12 1.76 82.79 78.00 0.101 RD -0.27 mEq L-1 day-1 0.33 mEq L-1 day-1

Magnesium 1,199 0.13 0.11 86.70 21.99 -0.057 DD -0.35 mg/dL 0.36 mg/dL

Amylase 995 19.35 28.17 145.60 99.04 0.037 DPC -45.59% 66.67%

Lipase 893 8.74 24.07 275.33 102.96 -0.024 DPC -50.66% 93.84%

CK 1,588 66.44 507.15 763.28 172.98 -0.004 DPC -73.61% 148.32%

Iron 1,119 35.56 33.99 95.60 231.83 0.087 RD -1.30 μg dL-1 day 1.65 μg dL-1 day

TIBC 1,119 29.06 30.50 104.96 233.01 0.134 RD -0.96 μg dL-1 day 1.24 μg dL-1 day

TG 17,818 42.87 62.17 145.01 173.07 0.070 RPC -0.89%/day 1.56%/day

HDL-Chol 17,488 6.67 6.14 92.04 173.99 0.054 RD -0.23 mg dL-1 day-1 0.23 mg dL-1 day-1

LDL-Chol 14,372 19.05 20.03 105.16 175.99 0.130 RPC -0.59%/day 0.70%/day

*The median CV% of the ADD (105.06%) and the median Pearson r between the ADD and the time difference between the paired test result (0.052) were 
used as the cut-off values for the determination of delta check methods for each test item; †The values that corresponded to 2.5% and 97.5% of the deter-
mined delta check method are presented as the lower and upper limits of delta check. 
Abbreviations: ADD, absolute delta difference; ALP, alkaline phosphatase; T, total; BUN, blood urea nitrogen; D, direct; CK, creatine kinase; TIBC, total iron 
binding capacity; TG, triglyceride; Chol, cholesterol; DD, delta difference; DPC, delta percent change; RD, rate difference; RPC, rate percent change.
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to distinguish the delta method from the rate method. The value 

of this parameter was 0.049. The delta check methods that were 

determined as being applicable to the conditions in which the 

present result is smaller than the previous result, and to those in 

which the present result is greater than the previous result, were 

identical for the 27 items.

 For outpatients, the cut-off values of the DD/RR ratio were 

-0.1714 (the median value for the 27 items in cases in which the 

present result was smaller than the previous result), and 0.1750 

(the median value for the 27 items in cases in which the present 

result was bigger than the previous result). The median value of 

the Pearson correlation coefficient between the ADD and the 

time difference was used to distinguish the delta method from 

the rate method. The value of this parameter was 0.052. The 

delta check methods that were determined as being applicable 

to the conditions in which the present result is less than the pre-

vious result, and to those in which the present result is greater 

than the previous result, were identical for the 27 items (Table 3).

3. ‌�Comparison of the 2 suggested delta check methods with 
previously reported delta check methods 

Comparison of our new delta check method based on the DD/

RR ratio with the delta check method based on the CV% of the 

ADD showed that they were identical for 23 of the 25 items 

tested for inpatients, and for 23 of the 25 items tested for outpa-

tients. The 2 items that gave different results for the 2 methods 

in inpatients were direct bilirubin and CK. The 2 items that gave 

different results for the 2 methods in outpatients were calcium 

and LDL-cholesterol. 

 For inpatient data, a comparison of the delta check method 

based on the CV% of the ADD with the delta check methods 

suggested for the same 18 items in previous studies [8, 10] 

showed that the results were identical to those of at least 1 of 

the 2 previous studies for all the items, and identical to those of 

both previous studies for 11 of the 18 items. For outpatient data, 

the results were identical to those of at least 1 of the 2 previous 

studies in 12 of the 18 items, and identical to those of both pre-

vious studies for 6 of the 18 items. 

 Comparison of our delta check method based on the DD/RR 

ratio with the delta check methods suggested in previous stud-

ies [8, 10] showed that our results obtained using inpatient data 

were identical to those from at least 1 of the 2 studies for 7 of 8 

items. The only discrepancy was observed for assays of direct 

bilirubin. Analysis of the items for which variations were noted 

between the percent change method and the difference method 

indicated that the delta check methods for glucose, creatinine, 

total bilirubin, and direct bilirubin changed from the difference 

method in previous studies to the percent change method in 

this study, whereas that for uric acid changed from the percent 

change method in previous studies to the difference method in 

this study. 

 Using outpatient data, the results of our study were identical 

to those of at least 1 of the 2 previous studies for 6 items, but 

not for calcium, cholesterol, protein, albumin, ALT, phosphorus, 

and direct bilirubin. Analysis of the items for which variations 

were noted between the difference method and the percent 

change method indicated that the delta check methods for cal-

cium, glucose, creatinine, total bilirubin, and direct bilirubin 

changed from the difference method in the previous studies to 

the percent change method in this study, whereas those for uric 

acid and cholesterol changed from the percent change method 

in the previous studies to the difference method in this study. 

 In summary, the delta check method that was suggested 

based on the DD/RR ratio could be clinically useful for 25 items 

(excluding direct bilirubin and CK) in inpatient samples, and for 

19 items (excluding calcium, cholesterol, protein, albumin, ALT, 

phosphorus, direct bilirubin, and LDL-cholesterol) in outpatient 

samples (Table 4).

 

4. ‌�Identification of delta check methods for TACE or hemo-
dialysis patients

We used the DD/RR ratio and time dependency to identify ap-

propriate delta check methods for data from 77 inpatients who 

had undergone TACE. As a result, the rate percent change was 

suggested for the 5 items-AST, ALT, ALP, total bilirubin, and di-

rect bilirubin-expected to be affected by TACE. The results were 

identical to those of the test that was conducted for inpatients 

for AST, ALT, ALP, and direct bilirubin, but not for total bilirubin.

 In addition, the results of the same analysis that was con-

ducted on 72 inpatients who had undergone hemodialysis were 

identical to those of the test that was conducted on all of the in-

patients for 2 of the 5 items-creatinine, uric acid, total bilirubin, 

BUN, and direct bilirubin-that were expected to be affected by 

the hemodialysis. Rather than the rate method, however, the 

delta method was suggested for 3 of the 5 items: uric acid, 

BUN, and direct bilirubin. The comparison of the difference 

method and the percent change method showed that the re-

sults of the analysis are identical to those of the test that was 

conducted on all of the inpatients for creatinine, total bilirubin, 

BUN, and direct bilirubin, but not uric acid (Table 5).



Park SH, et al.
New decision criteria for delta check

351http://dx.doi.org/10.3343/alm.2012.32.5.345 www.annlabmed.org

Ta
bl

e 
3.

 D
el

ta
 c

he
ck

 m
et

ho
ds

 b
as

ed
 o

n 
th

e 
ra

tio
 o

f d
el

ta
 d

iff
er

en
ce

 to
 r

ef
er

en
ce

 r
an

ge
 (

D
D

/R
R

) 
an

d 
tim

e 
de

pe
nd

en
cy

Te
st

 it
em

RR

M
ed

ia
n 

DD
/R

R 
(D

elt
a 

ch
ec

k m
et

ho
ds

)
De

lta
 va

lu
es

‡

In
pa

tie
nt

s*
Ou

tp
at

ien
ts

†
In

pa
tie

nt
s

Ou
tp

at
ien

ts

Fo
r v

al
ue

 lo
we

r 
th

an
 p

re
vio

us
 on

e
Fo

r v
al

ue
 h

ig
he

r 
th

an
 p

re
vio

us
 on

e
Fo

r v
al

ue
 lo

we
r 

th
an

 p
re

vio
us

 on
e

Fo
r v

al
ue

 h
ig

he
r 

th
an

 p
re

vio
us

 on
e

Fo
r v

al
ue

 lo
we

r t
ha

n 
pr

ev
iou

s o
ne

Fo
r v

al
ue

 h
ig

he
r t

ha
n 

pr
ev

iou
s o

ne
Fo

r v
al

ue
 lo

we
r t

ha
n 

pr
ev

iou
s o

ne
Fo

r v
al

ue
 h

ig
he

r t
ha

n 
pr

ev
iou

s o
ne

Ca
lci

um
8.

3-
10

.0
 m

g/
dL

-0
.1

76
5 

(D
D)

0.
17

65
 (D

D)
-0

.1
76

5 
(D

PC
)

0.
17

65
 (D

PC
)

-1
.2

0 
m

g/
dL

1.
00

 m
g/

dL
-8

.4
2%

9.
52

%

Gl
uc

os
e

70
-9

9 
m

g/
dL

-0
.7

24
1 

(D
PC

)
0.

75
87

 (D
PC

)
-0

.3
44

8 
(D

PC
)

0.
34

48
 (D

PC
)

-5
1.

80
%

11
6.

29
%

-4
0.

31
%

63
.4

6%

Cr
ea

tin
in

e
0.

7-
1.

4 
m

g/
dL

-0
.4

28
6 

(D
PC

)
0.

42
86

 (D
PC

)
-0

.2
85

7 
(D

PC
)

0.
28

57
 (D

PC
)

-3
3.

33
%

50
.0

0%
-2

2.
22

%
33

.3
3%

Ur
ic 

ac
id

3.
0-

7.
0 

m
g/

dL
-0

.1
52

2 
(R

D)
0.

15
22

 (R
D)

-0
.1

52
2 

(R
D)

0.
15

22
 (R

D)
-2

.0
7 

m
g 

dL
-1
 d

ay
-1

1.
61

 m
g 

dL
-1
 d

ay
-1

-0
.0

8 
m

g 
dL

-1
 d

ay
-1

0.
09

 m
g 

dL
-1
 d

ay
-1

Ch
ole

st
er

ol
<

20
0 

m
g/

dL
-0

.2
80

0 
(R

PC
)

0.
28

00
 (R

PC
)

-0
.1

05
0 

(R
D)

0.
11

50
 (R

D)
-3

6.
18

%
/d

ay
35

.8
1%

/d
ay

-2
.1

8 
m

g 
dL

-1
 d

ay
-1

2.
39

 m
g 

dL
-1
 d

ay
-1

Pr
ot

ein
6.

0-
8.

0 
g/

dL
-0

.2
00

0 
(D

D)
0.

20
00

 (D
D)

-0
.1

50
0 

(R
D)

0.
15

00
 (R

D)
-1

.7
0 

g/
dL

1.
30

 g
/d

L
-0

.0
4 

g 
dL

-1
 d

ay
-1

0.
05

 g
 d

L-1
 d

ay
-1

Al
bu

m
in

3.
3-

5.
2 

g/
dL

-0
.1

57
9 

(D
D)

0.
15

79
 (D

D)
-0

.1
05

2 
(R

D)
0.

10
52

 (R
D)

-1
.1

 g
/d

L
0.

8 
g/

dL
-0

.0
2 

g 
dL

-1
 d

ay
-1

0.
03

 g
 d

L-1
 d

ay
-1

AS
T

<
40

 U
/L

-0
.2

50
0 

(R
PC

)
0.

22
50

 (R
PC

)
-0

.2
00

0 
(D

PC
)

0.
20

00
 (D

PC
)

-6
6.

34
%

/d
ay

15
8.

48
%

/d
ay

-4
8.

35
%

88
.4

0%

AL
T

<
40

 U
/L

-0
.2

50
0 

(R
PC

)
0.

25
00

 (R
PC

)
-0

.2
50

0 
(D

PC
)

0.
25

00
 (D

PC
)

-4
6.

13
%

/d
ay

13
0.

19
%

/d
ay

-6
0.

87
%

14
4.

44
%

AL
P

40
-1

20
 U

/L
-0

.2
50

0 
(R

PC
)

0.
25

00
 (R

PC
)

-0
.2

00
0 

(R
PC

)
0.

20
00

 (R
PC

)
-3

4.
68

%
/d

ay
43

.1
7%

/d
ay

-1
.4

0%
/d

ay
1.

69
%

/d
ay

T. 
bi

lir
ub

in
0.

2-
1.

2 
m

g/
dL

-0
.6

00
0 

(D
PC

)
0.

60
00

 (D
PC

)
-0

.6
00

0 
(D

PC
)

0.
60

00
 (D

PC
)

-5
0.

00
%

10
3.

87
%

-4
1.

67
%

80
.0

0%

Ph
os

ph
or

us
2.

5-
4.

5 
m

g/
dL

-0
.1

50
0 

(D
D)

0.
15

00
 (D

D)
-0

.1
00

0 
(R

D)
0.

10
00

 (R
D)

-1
.8

 m
g/

dL
1.

7 
m

g/
dL

-0
.0

5 
m

g 
dL

-1
 d

ay
-1

0.
05

 m
g 

dL
-1
 d

ay
-1

BU
N

10
-2

6 
m

g/
dL

-0
.3

12
5 

(R
PC

)
0.

31
25

 (R
PC

)
-0

.1
87

5 
(R

PC
)

0.
18

75
 (R

PC
)

-5
6.

73
%

/d
ay

86
.8

1%
/d

ay
-1

.6
6%

/d
ay

2.
93

%
/d

ay

D.
 b

ili
ru

bi
n

<
0.

5 
m

g/
dL

-0
.4

00
0 

(R
PC

)
0.

40
00

 (R
PC

)
-0

.2
00

0 
(R

PC
)

0.
20

00
 (R

PC
)

-6
8.

42
%

/d
ay

15
9.

41
%

/d
ay

-3
.1

7%
/d

ay
4.

49
%

/d
ay

So
di

um
13

5-
14

5 
m

Eq
/L

-0
.2

00
0 

(D
D)

0.
20

00
 (D

D)
-0

.1
00

0 
(D

D)
0.

10
00

 (D
D)

-6
.0

0 
m

Eq
/L

6.
00

 m
Eq

/L
-5

.0
0 

m
Eq

/L
5.

00
 m

Eq
/L

Po
ta

ss
iu

m
3.

5-
5.

5 
m

Eq
/L

-0
.1

00
0 

(D
D)

0.
10

00
 (D

D)
-0

.1
00

0 
(D

D)
0.

10
00

 (D
D)

-1
.0

0 
m

Eq
/L

1.
00

 m
Eq

/L
-0

.9
0 

m
Eq

/L
0.

90
 m

Eq
/L

Ch
lor

id
e

98
-1

10
 m

Eq
/L

-0
.1

66
7 

(D
D)

0.
16

67
 (D

D)
-0

.0
83

3 
(D

D)
0.

08
33

 (D
D)

-7
.0

0 
m

Eq
/L

7.
00

 m
Eq

/L
-6

.0
0 

m
Eq

/L
5.

00
 m

Eq
/L

To
ta

l C
O 2

24
-3

1 
m

Eq
/L

-0
.1

57
1 

(R
D)

0.
15

71
 (R

D)
-0

.1
71

4 
(R

D)
0.

17
14

 (R
D)

-6
.4

0 
m

Eq
 L-1

 d
ay

-1
6.

00
 m

Eq
 L-1

 d
ay

-1
-0

.2
7 

m
Eq

 L-1
 d

ay
-1

0.
33

 m
Eq

 L-1
 d

ay
-1

M
ag

ne
siu

m
1.

8-
3.

0 
m

g/
dL

-0
.1

16
7 

(D
D)

0.
11

67
 (D

D)
-0

.0
91

7 
(D

D)
0.

09
17

 (D
D)

-0
.5

8 
m

g/
dL

0.
68

 m
g/

dL
-0

.3
5 

m
g/

dL
0.

36
 m

g/
dL

Am
yla

se
30

-1
10

 U
/L

-0
.2

75
0 

(D
PC

)
0.

26
50

 (D
PC

)
-0

.2
37

5 
(D

PC
)

0.
25

00
 (D

PC
)

-6
5.

67
%

20
1.

03
%

-4
5.

59
%

66
.6

7%

Lip
as

e
22

-5
1 

U/
L

-0
.4

13
8 

(D
PC

)
0.

37
93

 (D
PC

)
-0

.3
44

9 
(D

PC
)

0.
34

49
 (D

PC
)

-6
4.

00
%

17
5.

00
%

-5
0.

66
%

93
.8

4%

CK
50

-2
50

 U
/L

-0
.1

65
0 

(D
D)

0.
15

50
 (D

D)
-0

.1
90

0 
(D

PC
)

0.
19

00
 (D

PC
)

-9
20

.8
7 

U/
L

76
1.

62
 U

/L
-7

3.
61

%
14

8.
32

%

Iro
n

50
-1

70
 μ

g/
dL

-0
.1

83
3 

(R
D)

0.
16

67
 (R

D)
-0

.1
66

7 
(R

D)
0.

17
50

 (R
D)

-6
.9

6 
μg

 d
L-1

 d
ay

-1
4.

35
 μ

g 
dL

-1
 d

ay
-1

-1
.3

0 
μg

 d
L-1

 d
ay

-1
1.

65
 μ

g 
dL

-1
 d

ay
-1

TIB
C

28
0-

40
0 

μg
/d

L
-0

.1
79

1 
(R

D)
0.

12
09

 (R
D)

-0
.1

66
7 

(R
D)

0.
17

50
 (R

D)
-1

0.
40

 μ
g 

dL
-1
 d

ay
-1

5.
86

 μ
g 

dL
-1
 d

ay
-1

-0
.9

6 
μg

 d
L-1

 d
ay

-1
1.

24
 μ

g 
dL

-1
 d

ay
-1

TG
<

20
0 

m
g/

dL
-0

.2
35

0 
(R

PC
)

0.
23

00
 (R

PC
)

-0
.2

20
0 

(R
PC

)
0.

21
50

 (R
PC

)
-5

3.
07

%
/d

ay
99

.6
7%

/d
ay

-0
.8

9%
/d

ay
1.

56
%

/d
ay

HD
L-

Ch
ol

>
40

 m
g/

dL
-0

.2
75

0 
(R

PC
)

0.
27

50
 (R

PC
)

-0
.1

50
0 

(R
D)

0.
15

00
 (R

D)
-7

.5
3%

/d
ay

6.
92

%
/d

ay
-0

.2
3 

m
g 

dL
-1
 d

ay
-1

0.
23

 m
g 

dL
-1
 d

ay
-1

LD
L-

Ch
ol

<
13

0 
m

g/
dL

-0
.1

15
4 

(R
D)

0.
11

54
 (R

D)
-0

.1
69

2 
(R

D)
0.

16
92

 (R
D)

-9
.8

8 
m

g 
dL

-1
 d

ay
-1

5.
82

 m
g 

dL
-1
 d

ay
-1

-0
.8

0 
m

g 
dL

-1
 d

ay
-1

0.
58

 m
g 

dL
-1
 d

ay
-1

*T
he

 c
ut

-o
ff 

va
lu

es
 o

f t
he

 D
D

/R
R

 r
at

io
 w

er
e 

-0
.2

00
0 

(f
or

 v
al

ue
 lo

w
er

 th
an

 p
re

vi
ou

s 
on

e)
 a

nd
 0

.2
00

0 
(f

or
 v

al
ue

 h
ig

he
r 

th
an

 p
re

vi
ou

s 
on

e)
; † T

he
 c

ut
-o

ff 
va

lu
es

 o
f t

he
 D

D
/R

R
 r

at
io

 w
er

e 
-0

.1
71

4 
(f

or
 

va
lu

e 
lo

w
er

 th
an

 p
re

vi
ou

s 
on

e)
 a

nd
 0

.1
75

0 
(f

or
 v

al
ue

 h
ig

he
r 

th
an

 p
re

vi
ou

s 
on

e)
; ‡ T

he
 v

al
ue

s 
th

at
 c

or
re

sp
on

de
d 

to
 2

.5
%

 a
nd

 9
7.

5%
 o

f t
he

 d
et

er
m

in
ed

 d
el

ta
 c

he
ck

 m
et

ho
d 

ba
se

d 
on

 D
D

/R
R

 a
re

 p
re

-
se

nt
ed

 a
s 

th
e 

lo
w

er
 a

nd
 u

pp
er

 li
m

its
 o

f d
el

ta
 c

he
ck

.
A

bb
re

vi
at

io
ns

: A
LP

, a
lk

al
in

e 
ph

os
ph

at
as

e;
 T

, t
ot

al
; B

U
N

, b
lo

od
 u

re
a 

ni
tr

og
en

; D
, d

ire
ct

; C
K

, c
re

at
in

e 
ki

na
se

; T
IB

C
, t

ot
al

 ir
on

 b
in

di
ng

 c
ap

ac
ity

; T
G

, t
rig

ly
ce

rid
e;

 C
ho

l, 
ch

ol
es

te
ro

l; 
D

P
C

, d
el

ta
 p

er
ce

nt
 

ch
an

ge
; R

D
, r

at
e 

di
ffe

re
nc

e;
 R

P
C

, r
at

e 
pe

rc
en

t c
ha

ng
e;

 R
R

, r
ef

er
en

ce
 r

an
ge

.



Park SH, et al.
New decision criteria for delta check

352 www.annlabmed.org http://dx.doi.org/10.3343/alm.2012.32.5.345

DISCUSSION

For most of the delta check methods, it is generally considered 

clinically important if the measured value is higher than the pre-

vious value. In the case of electrolytes or HDL-cholesterol, how-

ever, it is also considered clinically important if the measured 

value is lower than the previous value. Thus, the selection of ap-

propriate delta check methods to identify both these cases 

would enable a more efficient operation of laboratories by en-

suring a more precise validation of measured values. The CV% 

of the ADD has been used as an index of the variation widths of 

each item in previous studies. However, this method cannot 

separately recognize those cases in which the measured value 

is either higher or lower than the previous value, because ADD 

converts the difference between the measured value and the 

previous value into an absolute value.

 To overcome this limitation, we investigated whether the DD/

RR ratio might offer a better index of the range in the variation 

of each item in this study. We hypothesized that this metric 

might be more suitable than the CV% of the ADD as an index of 

Table 4. Comparison of the 2 suggested delta check methods with previously reported methods 

Test item
Suggested delta check methods Previous study

CV% of ADD & Pearson r 
(Inpatients)

CV% of ADD & Pearson r 
(Outpatients)

DD/RR & Pearson r
(Inpatients)

DD/RR & Pearson r 
(Outpatients)

Kim JW et al. [8] Min WK et al. [10]

Calcium DD DD DD DPC DD DD

Glucose DPC DPC DPC DPC DPC DD

Creatinine DPC DPC DPC DPC RD DPC

Uric acid RD RD RD RD RPC RD

Cholesterol RPC RD RPC RD DPC RPC

Protein DD RD DD RD DD DD

Albumin DD RD DD RD DD DD

AST RPC DPC RPC DPC RPC DPC

ALT RPC DPC RPC DPC RPC RPC

ALP RPC RPC RPC RPC RPC DPC

T. bilirubin DPC DPC DPC DPC RD DPC

Phosphorus DD RD DD RD DD DD

BUN RPC RPC RPC RPC RPC RPC

D. bilirubin RD RPC RPC RPC RD

Sodium DD DD DD DD DD DD

Potassium DD DD DD DD DD DD

Chloride DD DD DD DD DD DD

Total CO2 RD RD RD RD

Magnesium DD DD DD DD

Amylase DPC DPC DPC DPC

Lipase DPC DPC DPC DPC

CK DPC DPC DD DPC

Iron RD RD RD RD

TIBC RD RD RD RD

TG RPC RPC RPC RPC RPC

HDL-Chol RPC RD RPC RD

LDL-Chol RD RPC RD RD

Abbreviations: ALP, alkaline phosphatase; T, total; BUN, blood urea nitrogen; D, direct; CK, creatine kinase; TIBC, total iron binding capacity; TG, triglycer-
ide; Chol, cholesterol; DD, delta difference; RR, reference range; DPC, delta percent change; RD, rate difference; RPC, rate percent change; ADD, absolute 
delta difference.
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the variation range of each item, because it can reflect both the 

width of the reference range (an index of the biological variation 

range determined in each item) and the width of the delta dif-

ference (which represents the clinical characteristics of pa-

tients). There were no differences in terms of time-dependency 

between this study and previous studies. Moreover, there was 

no evidence of new variables, such as analyte half-life, in our 

study relative to the previous studies. This was because con-

stant rates of production and elimination of items such as elec-

trolytes and glucose preclude differences in the levels and half-

lives of these items in clinical samples. 

 In this study, we used the DD/RR ratio both for cases in which 

the present result is higher than the previous result, and for 

those in which the present result is lower than the previous re-

sult. These were then compared using the delta check method 

based on the CV% of the ADD to validate the clinical reliability 

of the results. As a result, no difference was found between the 

delta check method that can be applied to cases where the 

present result is higher than the previous result, and the delta 

check method that can be applied to cases where the present 

result is lower than the previous result. The comparison of the 

newly suggested delta check method with the delta check 

method that was based on the CV% of the ADD showed that 

both were identical for all of the items tested in inpatients, ex-

cept for direct bilirubin and CK, as well as for all of the items 

tested in outpatients, except for calcium and LDL-cholesterol.

 Given that previous studies that proposed the use of delta 

check methods did not discriminate between inpatients and 

outpatients in their analyses, their results cannot be easily com-

pared with the results of our study. However, the comparison of 

the DD/RR ratio with the delta check methods suggested in 2 

previous studies for 18 items showed that they were identical to 

1 of these 2 studies for 17 items (all except for direct bilirubin) 

for inpatient data, and to 1 of these 2 studies for 11 items (all 

except for calcium, cholesterol, protein, albumin, ALT, phospho-

rus, and direct bilirubin) for the outpatient data. These results 

show that when the DD/RR ratio is used as a new delta check 

method selection criterion, this method alone can be applied 

both to cases in which the present result is less than the previ-

ous result and to those in which the present result is greater 

than the previous result. They also show that the DD/RR ratio is 

clinically useful for the selection of the stratified delta check 

method as an index of the range of biological variation for each 

item. This can be attributed to the high level of consistency be-

tween the delta check method based on the DD/RR ratio and 

the delta check method based on the CV% of the ADD.

 In this study, among the 9 items that showed a discrepancy 

between the delta check method based on the DD/RR ratio for 

inpatients and outpatients, we demonstrated a difference be-

tween the rate method and the delta method for 5 items. This is 

likely to be attributable to differences in the time-dependencies 

of the items due to the differences in the manner in which levels 

of different items were tracked in inpatients and outpatients. 

Whereas the percent change method is generally considered 

suitable for enzyme assays, the difference method is generally 

considered suitable for assays of electrolytes. In the cases of 

other classes of items, differences were dependent on the se-

verity of the indications presented by patients and the charac-

teristics of hospitals. If many patients with severe conditions are 

included, the range of variation for that item seems to be signifi-

cant. Thus, the percent change method is expected to be more 

suitable than the difference method, and vice versa. In the 

cases of calcium, glucose, creatinine, total bilirubin, and direct 

bilirubin, the difference method was suggested in the previous 

studies, although the percent change method was suggested in 

this study. This is likely to be attributable to the fact that this 

study was conducted on a relatively large number of patients 

with diabetes and liver and kidney disorders. In addition, the 

previous studies were conducted on fewer than several thou-

Table 5. Delta check methods for inpatients with TACE or hemodi-
alysis based on DD/RR methods

Analyte
N. of 

samples

Median DD/RR 
Pearson 

r

Median 
time

interval 
(days)

Delta 
check 

methods*

For value 
lower than

previous one

For value 
higher than
previous one

For TACE patients

AST 77 0.9750 0.389 1.62 RPC

ALT 77 0.5500 0.308 1.62 RPC

ALP 77 0.2125 0.422 1.62 RPC

T. bilirubin 77 0.6000 0.059 1.62 RPC

D. bilirubin 16 0.5000 0.160 0.99 RPC

For hemodialysis patients

Creatinine 72 -2.1429 -0.166 1.01 DPC

Uric acid 38 -0.4500 0.031 0.98 DPC

T. bilirubin 53 -0.4000 -0.254 1.00 DPC

BUN 71 -1.3125 -0.304 1.01 DPC

D. bilirubin 13 -0.4000 -0.339 0.98 DPC

*The cut-off values of the DD/RR ratio were -0.2000 (for value lower than 
previous one) and 0.2000 (for value higher than previous one).
Abbreviations: TACE, transarterial chemoembolization; DD, delta difference; 
RR, reference range; ALP, alkaline phosphatase; T, total; BUN, blood urea 
nitrogen; D, direct; DPC, delta percent change; RPC, rate percent change.
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sands of patients, which is a smaller sample size than we used 

in this study. 

 For both the delta check methods that we investigated in this 

study and the critical value reporting used for validation systems 

in many laboratories, it has been reported that the establish-

ment of stratified criteria for patient characteristics and clinical 

departments improves the efficiency with which laboratories op-

erate, as it can reduce unnecessary validation procedures [11]. 

The authors’ institution has also been running a customized re-

porting system that applies different criteria for each clinical de-

partment by reflecting patient characteristics that may differ be-

tween departments. Accordingly, in this study, based on the 

possibility that a particular treatment will affect test results de-

pending on the test items, we identified the delta check meth-

ods that could be applied to patients who had undergone TACE 

or hemodialysis. For 4 of the 5 items that we expected to be af-

fected, the results for the patients who had undergone TACE 

were identical to the results obtained for inpatients. Instead of 

the rate method, the delta method was selected for 3 items in 

patients who had undergone hemodialysis. This is likely to be 

attributable to the reduced effect of the correlation between the 

ADD and the time difference between the paired test results 

due to the conduct of the test within a regular time range of 

0.98-1.01 day. On the other hand, in the selection of the differ-

ence method and the percent change method, the result was 

identical to the result obtained from inpatients for 4 items, albeit 

not for uric acid. This result shows that delta check methods 

that are generally applied to inpatients can also be applied to 

patients who have undergone TACE or hemodialysis.

 In the case of mid-sized and small hospitals, the range of bio-

logical variation in test results and treatment methods may de-

pend on the size of the hospital and the type of patient popula-

tion. Thus, unlike in large hospitals, the data from a single hos-

pital are unlikely to reflect the general characteristics of the sub-

ject group. In addition, the delta check method that was deter-

mined using the DD/RR ratio (the new criterion suggested in 

this study) can reflect the characteristics of each medical insti-

tution. Thus, the aforementioned selection criteria for delta 

check methods used in large hospitals can be applied to mid-

sized and small hospitals. However, the selection criteria of mid-

sized and small hospitals seem to be difficult to apply to large 

hospitals. Therefore, the results of the analysis that was con-

ducted on the patients of a small hospital using the same crite-

ria that were used in the authors’ hospital were not compared 

with those obtained from the patients of the authors’ hospital.

 In conclusion, the new delta check method based on the DD/

RR ratio is highly consistent with the delta check methods sug-

gested in previous studies and the delta check method that was 

suggested based on the CV% of the ADD. This method is appli-

cable to patients undergoing special therapeutic procedures 

such as TACE or hemodialysis, which can affect the results ob-

tained for specific test items. Therefore, this method seems to 

be intuitive and generally applicable, while reflecting both the 

biological variation of test item and the clinical characteristics of 

patients in each laboratory. We suggest this as a measure to de-

termine delta check methods for clinical chemistry test items.
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