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The effect of measurement uncertainty for HOMA-IR in assessment of insulin resistance
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Abstract

In this study, it is aimed to estimate not just the uncertainty measurement for the parameters of glucose and insulin having role when calculating HOMA-IR, but also true 
positiveness and negativeness in terms of cut-off values. The evaluation of the acceptability of the uncertainty value was also among the goals of the study. The uncertainty 
measurement for glucose and insulin is calculated as uncertainty measurement of HOMA-IR based on Eurochem/CITAC Guide CG 4. The uncertainty measurement for 
glucose and insulin was estimated as 3.83% and 4.16%, respectively. The measurement uncertainty for the calculated test HOMA-IR was calculated with cut-off values 
as 27% (0.27). Based on the cut-off value for HOMA-IR of 2.5%, IR(+) and IR(-) patients were 155 and 265, respectively. If the uncertainty measurement for HOMA-IR 
was added to its calculation, the cut-off value was detected as 2.23-2.77%. We reported the measurement uncertainty of the calculated test HOMA-IR at 95 % CI as 0.27 
between 2.23 - 2.77. Especially for the tests used for screening; determination of cut-off values as a range including measurement uncertainty instead of a single value will 
be more suitable. No data is found in the literature for the calculated test HOMA-IR up to date. 
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Introduction

Insulin resistance (IR) can be defined as a state in which a given 
concentration of insulin is associated with a subnormal glucose 
response in clinical practice. Insulin resistance is known to play a 
significant pathophysiological role in the development of diabetes, 
dyslipidemia, hypertension and cardiovascular diseases [1,2]. 
Prospective studies have shown that it is a strong risk predictor 
for the development of diabetes or cardiovascular diseases [3-5]. 

Accurate measurement of IR requires complex techniques that are 
expensive and time-consuming. Therefore, a number of surrogate 
indices of IR had been developed [3,6]. The most widely used 
formula is the homeostatic model of assessment-insulin resistance 
(HOMA-IR), which uses fasting insulin and glucose levels to 
calculate IR [7]. HOMA-IR was calculated by using the following 
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formula: HOMA-IR=fasting serum glucose (mg/dL) × fasting 
serum insulin value (μU/mL)/405. HOMA-IR (the cut-off value 
for insulin resistance) ≥ 2.5 was identified as an indicator of insulin 
resistance [8].

In the clinical laboratory, all measurements are affected by some 
type of errors with different significancy. The potential sources 
of errors are classified basically as preanalytical, analytical and 
postanalytical [9]. The quantitative expression of the error is a 
value termed the uncertainty of measurement (UM) [10,11]. The 
practical benefit of UM is to check if the patient’s values correlate 
with quality goals or to compare the measured value of the same 
patient with the previous results or clinical decision value [12,13]. 
Clinicians mostly compare test results with reference values or 
previous values of the same patient. Laboratory results must be 
reliable and accurate for this reason, however, laboratory results 
include different type of errors in practice [9]. UM is important for 
accurately interpreting results, especially those that are close to the 
limit and are crucial for making a clinical decision [14]. Currently, 
few clinical laboratories present UM values in their reports. In 



the literature, measurement of uncertainty studies are limited in 
number. There are even fewer studies regarding hormone tests. 
Providing the clinician with the measurement uncertainty of the 
analysis will be of great importance in the treatment of the disease 
and patient’s follow-up care. When calculating UM, it is important 
to calculate the standard uncertainty value including all uncertainty 
factors. Total uncertainty value is calculated by combining all 
standard uncertainty values, while the expanded uncertainty value 
is estimated by multiplying total uncertainty by a coverage factor 
(k=1.96). UM is the value that is added to the laboratory results as 
± value representing the dispersion of the test result [9].

In this study, it is aimed to estimate not just the measurement 
of uncertainty for the parameters of glucose and insulin when 
calculating HOMA-IR, but also true positiveness and negativeness 
in terms of cut-off values. The evaluation of the acceptability of 
the uncertainty value was also among the goals of the study. 

Material and Methods 

The HOMA-IR results of 420 subjects admitted to Endocrinology 
Clinic in Bozok University, Faculty of Medicine were evaluated 
retrospectively for three months period between September and 
November 2017. Blood samples were collected into yellow 
capped gel containing tubes (5 mL BD Vacutainer SST II advance, 
Becton, Dickinson and Company Franklin Lakes, NJ, USA). 
Measurement of glucose and insulin were carried out with Abbott 
Architect ci8200 autoanalyser. Glucose levels were measured 
using hexokinase method, while insulin levels were estimated by 
chemiluminescence immunoassay technique. HOMA-IR≥2.5 was 
used as the cut-off value by our endocrinologists. Patients with 
fasting blood glucose ≥126 mg/dL were not included in the study. 
The UM for glucose and insulin were calculated by using internal 
and external quality (one world accuracy) control data. In this 
study, we used the Eurochem/CITAC Guide CG 4 to calculate the 
UM of HOMA-IR.

uCVglucose=√(((x1)2+(x2)2)/2)

uCVinsulin =√(((y1)2+(y2)2)/2)

x1 and y1: uncertainty of internal quality control 

x2 and y2: uncertainty of external quality control 

For routine use, homeostatic model of assessment-insulin 
resistance (HOMA-IR) is derived as follows:

HOMA-IR=fasting serum glucose (mg/dL)×fasting serum insulin 
(μU/mL)/405.

If the calculation is done by multiplication or division, the squares 
of the CVs are summed and the square roots are taken (15). 

uCVglucose = √(((x1)2+(x2)2)/2)        

uCVinsulin =√(((y1)2+(y2)2)/2)

uCV HOMA-IR=√ (uCVglucose)2+ (uCVinsulin)2

SD HOMA-IR= uCV HOMA-IR  x HOMA-IR  (The cut-off value 
for HOMA-IR=2.5 )

The expanded uncertainty of HOMA-IR;

U HOMA-IR= SD HOMA-IR x1.96 (k)

Measurand (analyte)=value +/-U

U is the expanded uncertainty of HOMA-IR

The study was approved by the Ethical Committee of Bozok 
University, Faculty of Medicine (Ref number.2017/58).

Results 

Mean age of 420 subjects (M=74, F=346) included in the study 
was 37±10 years. In accordance to the routinely used cut-off value 
(≥2.5) in our hospital, 265 participants were IR negative and 155 
were IR positive. UM of the internal quality control for insulin and 
glucose tests in our laboratory were calculated as 5.8%, 4.28%, 
respectively, while external quality control measurements for these 
tests were estimated as 1.03% and 3.32%, respectively  (Table 2 and 
3). The measurement uncertainty for the calculated test HOMA-
IR was calculated with cut-off values as 0.14 ((5.66x2.5)/100). 
Expanded HOMA-IR value was calculated as (0.14x1.96) x0.27 
(Table 3). 

Our test result according to expanded measurement uncertainty of 
HOMA-IR is 2.5±0.27. In 95% of confidence interval, our real 
value is between 2.23-2.77. At this maximum error rate,  the limit 
values were determined as 2.5 for 0 error rate, 2.23 for -0.27 error 
rate and 2.77 for +0.27 error rate (Table 4). 

Retrospective evaluation of HOMA-IR values of 420 subjects 
(according to cut-off value) revealed 265 results as negative, while 
155 results as positive when the cut-off is defined as 2.5. When 
the maximum low error rate (-0.27) was accepted, 193 subjects 
were positive, 227 subjects were negative. When the maximum 
high error rate (+0.27) was accepted, 121 subjects were positive, 
while 299 were negative (Table 5).
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Table 1. %CV values of internal quality control 

Glucose (n=128)
Level1 control

(mg/dL)

Glucose (n=128)
Level2 control

(mg/dL)

Glucose (n=128)
Level3 control

(mg/dL)

Insulin (n=91)
Level1 control

(µIU/mL)

Insulin (n=91)
Level2 control

(µIU/mL)

Insulin (n=91)
Level3 control

(µIU/mL)

Mean 45.36 123.67 285.74 15.06 46.93 113.39

SD 1.88 6.45 9.29 0.95 3.16 4.48

%CV 4.15 5.22 3.25 6.32 6.74 3.95

Rw 4.28 5.8

SD: Standard deviation; %CV: (SD/Mean)*100; Rw: Laboratory reproducibility
Rw=√(L1 control material %CV)²+(L2 control material %CV)²+( L2 control material %CV)2/3
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Table 2. External quality control within and between groups bias values and Standard uncertainty for glucose 

EQA Samples Glucose bias within group 
(deviation%)

Glucose biasEQA2 within 
group 

Glucose bias between groups 
(deviation%)

Glucose biasEQA2 between 
groups

1 -3.6 12.96 -6.2 38.44

2 -9.5 90.25 -7.3 53.29

3 -3.4 11.56 -5.7 32.49

Uncertainty value % 4.68 0.11

RMS bias 3.32

RMS bias: √[(glucose bias within group)2 + (glucose bias between groups)2]/2

Table 3. External quality control within and between groups bias values and Standard uncertainty for insulin

EQA Samples Insulin bias within group 
(deviation%)

Insulin biasEQA2 within 
group 

Insulin  bias between groups 
(deviation%)

Insulin  biasEQA2 between 
groups

1 -0.93 0.8649 4.55 20.7025

2 -2.44 5.9536 7.45 55.5025

3 2.01 4.0401 11.56 133.6336

Uncertainty value % 0.34 1.42

RMS bias 1.03

RMS bias: √[(insulin bias within group)2 + (glucose bias between groups)2]/2

Table 4. Calculation of uncertainty value 

Calculations Uncertainty value %

UCV(glukoz) √(Rw(glucose)2+RMS(glucose)2)/2

√(((4.28)2+(3.32)2))/2 3.83

UCV(insulin) √(Rw(insulin)2+RMS(insulin)2)/2

√(((5.8)2+(1.03)2)/2 4.16

UCV(HOMA-IR) √( UCV(glucose)2+ UCV(insulin)2

√(((3.83)2+(4.16)2))/2 5.66

SD(HOMA-IR) UCV(HOMA-IR)x 2.5/100

(5.66x2.5)/100 0.14

U(HOMA-IR) SD(HOMA-IR)x k

Expanded uncertainty (confidence interval 95%) 0.14x1.96 0.27

Table 5. Error rates for 0.27 uncertainty, cut-off values and values of true positive and true negative

Mistake rate Cut off IR+ IR-

0 2.5 155 265

-0.27 2.23 186 234

+0.27 2.77 126 294

Discussion

Uncertainty of Measurement (UM) parameter, associated with 
the result of measurement, that characterizes the dispersion of the 
values that could reasonably be attributed to the measured (the 
quantity intended to be measured) [16]. UM provides quantitative 
estimates of the level of confidence that a laboratory has in its 
analytical precision of test results. Therefore, it represents the 
expected variability in a laboratory result if the test is repeated 
a second time. Both imprecision and bias are taken into account. 
Hence, it is a measure of precision to which biological variation 
and a confidence level (coverage probability based on normal 
distribution) have been applied. UM is reported in standard 

deviation (SD) units or relative SD expressed as the coefficient of 
variation (%CV) [15,16]. Errors near values of clinical decision 
limits have gain much importance lately. These errors are mainly 
caused by measurement uncertainty [17]. These errors may cause 
increase in medical expenses, malpractices and sometimes even life 
threatening situations for patients [18]. For these reasons, reporting 
of patient results with UMs is much important in tests with critical 
values which help clinical diagnosis. However, consensus have not 
been reached up to date on this subject. The determination of UM 
for calculated tests according to clinical decision concentration or 
cut-off value will be helpful. In the present study, we reported the 
measurement uncertainty of the calculated test HOMA-IR at 95% 
CI as 0.27 between 2.23-2.77 which takes attention to consideration 
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of UM results in determination of cut-off values. Especially for the 
tests used for screening, determination of cut-off values as a range 
including measurement uncertainty instead of a single value will 
be more suitable. 

Internal and external quality control data for glucose and insulin 
were used in this study for determination of uncertainty. Internal 
quality control data reflects the precision of the method used, 
while external quality control data gives an objective evaluation 
of laboratory performance [19,20]. Any research related to the 
calculated test as HOMA-IR have not been conducted in the 
literature yet. The aim of this study is to detect the lower limit for 
a reporting range of HOMA-IR formula in order to determine UM 
for clinical decision limits and cut-off values to lower the rate of 
false negatives. In our study, low limit of the cut-off value with 
UM was calculated as 2.23 and 7% (25 cases) false negative ratio 
was detected, which may underestimate true diagnosis. 

The primary goal of medical laboratories is to produce and report 
high quality, accurate reproducible results. Each laboratory should 
evaluate their analysis routines, compare their performance 
characteristics with other laboratories and periodically update 
their performance characteristics as it will be affected by time, 
new chemicals and equipment’s [21,22]. The standardization 
problems in insulin test is currently persistent. That’s why UM 
(from systematic and random errors) of each measured parameter 
should be calculated to detect 95% CI and acceptability in terms of 
Westgard database should be questioned.  

In our study, the measurement uncertainty of glucose in HOMA-
IR calculation is 3.83% and expanded uncertainty is 7.66%. Our 
data seems to exceed total acceptable error limits (TEa%) give in 
Westgard biological database criteria (6.96%) [23], however it is 
in concordance with CLIA 88 (10%) and Fraser (7.9%) criteria 
[24]. Ozlem et al. detected measurement uncertainty of glucose 
as 7.26% in their study. UM value detected in our data is 7.66% 
which was higher than those in the study conducted by Ozlem et 
al. [25]. In a similar study was found measurement uncertainty 
of glucose as 7.38% [26]. UM for insulin was found as 4.16% 
and expanded uncertainty was found as 8.32% in our study. These 
values are within the TEa (32%) of Westgard [23]. There are 
limited number of studies for UMs of calculated tests. In addition, 
to our knowledge any studies have not been carried out for UMs of 
both insulin and HOMA-IR. 

Conclusion

As a result, when evaluating insulin resistance calculation, 
consideration of glucose and insulin measurement uncertainties 
may be helpful in clinical decision for not only the management of 
treatment, but also overcoming misdiagnosis. Notification of the 
clinicians for UM is of great importance. 
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