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Hemoglobin and glycosylated hemoglobin (HbA1C) are frequently monitored health indicators in population based 
studies for information about the status of nutrition and diabetes control. We present here possibly for the first time the 
findings of simultaneous estimation of Hemoglobin and HbA1C on Dried blood spot (DBS) samples by a single test. 
Validation was done by turbidimetric inhibition immunoassay (TINIA) using Roche Integra 400 plus instrument. Paired 
whole blood and DBS samples were tested for HbA1C estimation by Integra 400 plus. Total hemoglobin values obtained 
during HbA1C estimation were compared with hemoglobin values estimated by Coulter AcT 5 Diff CP Hematology 
counter. Agreement in HbA1C and hemoglobin values between paired whole blood and DBS samples was found to be high 
with R2 values of 0.994 and 0.9349, respectively. Intra- and inter- assay precision was found to be within 10% for both 
parameters. Values obtained after assaying DBS samples prepared by spotting proficiency samples on Whatman 
903 protein saver cards demonstrated acceptable standard deviation indices resulting in successful participation in 
EQAS programs for both these parameters. The results reveal the potential of TINIA for simultaneous estimation of 
hemoglobin and HbA1C from a single punch of the DBS samples. 
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Dried blood spot (DBS) samples are widely accepted 
as an alternative to conventional blood collection 
techniques and have been validated for several 
biomarkers1,2. As they require a small volume of 
blood, they can be prepared from finger pricks greatly 
reducing efforts and expenses spent at the time of 
collection. The low volume also reduces risk of 
transmission of blood borne pathogens through these 
samples significantly3. Since they require minimum 
space, a large number of samples can be stored in a 
compact space easily. Due to these advantages, they 
are often the preferred samples in population-based 
research2. Large-scale community based studies are 
required to be conducted for estimating incidences or 
prevalence of the conditions of global public health 
importance as well as for identifying different risk 
factors associated with them for developing various 
intervention strategies. It is also necessary to conduct 
such studies for assessing effectiveness of 
intervention strategies implemented for their control. 
Anemia and diabetes mellitus are among the most 
important global health problems as they affect most 
of the countries worldwide.  

Anemia is diagnosed and its severity is assessed by 
measuring hemoglobin concentrations4.Hemoglobin is 
a commonly assessed biomarker in many community 
based studies being an indicator of nutrition and 
health of a population5. Diagnosis of diabetes can be 
done using glycosylated hemoglobin (HbA1C) 
estimation as per the recommendations of WHO 
expert consultation. It indicates glycemic control over 
the previous 3-4 months rather than informing about 
the short-term control6,7. An HbA1c of 6.5% is 
recommended as the cut point for diagnosing diabetes 
by WHO8. Further, HbA1C can be used to identify 
pre-diabetic condition helping to introduce 
intervention strategies even before the actual disease 
is developed9. It is also used for monitoring glycemic 
control in patients on antidiabetic medications10. 
HbA1c represents the fraction of hemoglobin which 
non-enzymatically binds to glucose in the 
bloodstream specifically at the N-terminal valine of 
its β chain11. Estimation of HbA1C involves 
estimation of total hemoglobin as well as glycosylated 
hemoglobin to calculate its percentage. Some of the 
platforms used for its estimation require a separate 
system to estimate total hemoglobin levels based on 
which HbA1C percentages are calculated12. Many of 
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the tests routinely done nowadays for HbA1C do not 
require separate hemoglobin estimation. 
 

Considering importance of estimation of these 
markers at population level, here, we considered 
validating these markers on DBS which are the 
preferred samples for population based studies. 
Reports on validation of HbA1C estimation using 
DBS samples by Tina-quant are available. 
Additionally, we conducted a study to determine if the 
total hemoglobin values assessed during the 
estimation of HbA1C levels by Tina-quant 
Turbidimetric inhibition immunoassay (TINIA) in 
DBS samples correlate with the hemoglobin estimated 
by the gold standard routine diagnostic method used 
in our laboratory. 
 

Methodology 
 

Equipment 
Cobas Integra 400 plus Biochemistry analyzer 

(Roche Diagnostics, Switzerland) and Coulter Act 5 
diff analyzer (Beckman Coulter, USA) was used for 
HbA1Cand hemoglobin estimation. A Shaker 
incubator (Heidolph Instruments, Germany) was used 
for sample preparation. 
 

Reagents and kits 
Tina-quant Hemoglobin A1c Gen.3 Cassettes 

(Roche Diagnostics, Switzerland) were used for 
HbA1C estimation in whole blood and dried blood 
spots samples. COBAS INTEGRA Hemolyzing 
Reagent Gen.2 and Hemolyzing Reagent for Tina-
quant HbA1c (Roche Diagnostics, Switzerland) were 
used for hemolyzing whole blood and DBS samples, 
respectively. Internal quality controls and calibrators 
manufactured by Roche Diagnostics were used for 
quality control of HbA1C estimation. Hemoglobin 
was estimated in the whole blood samples by Coulter 
AcT 5 Diff CP Hematology counter using calibrators 
and reagents supplied by the same manufacturer while 
internal quality control materials used were 
manufactured by Biorad, USA. The laboratory also 
participated in an External quality assurance program 
run by Christian Medical College (CMC), Vellore, 
India for HbA1C estimation and that by All India 
Institute of Medical Sciences (AIIMS), New Delhi, 
India for hemoglobin estimation.  
 

Preparation of controls for HbA1c and haemoglobin 
estimations 

Around 50 L Liquid internal and external quality 
controls were spotted on predefined circles of the 
Whatman 903 protein saver card to prepare DBS 

controls. Two level Control Norm and Control Path 
manufactured by Roche Diagnostics were used for 
preparing DBS controls for HbA1c testing. Three 
level of Low, Normal and High controls 
manufactured by Biorad, USA were used for 
preparing Control DBS cards for hemoglobin 
estimation. The Spots were allowed to dry overnight 
and stored at 20C after complete drying into a zip 
lock bag along with desiccants and humidity indicator 
card. Liquid external quality control samples were 
treated similarly to prepare DBS controls. The 
controls were processed in the same manner as that of 
the DBS samples to estimate hemoglobin and HbA1C 
by Tina-quant method. 
 

Sampling 
Whole blood samples were collected by 

venipuncture in EDTA vacutainer tubes from the 
study participants after obtaining informed consent 
from them. The study protocol was approved by 
ICMR-NARI Ethics Committee (Protocol No.: NARI-
EC/2017-12). Hemoglobin was assessed from fresh 
whole blood using a hematology analyzer and HbA1C 
was assessed by Cobas Integra 400 plus using the 
manufacturer’s instructions. Dried blood spot (DBS) 
samples were prepared by placing 50 µL blood 
samples on predefined circles of the Whatman 903 
protein saver card. The cards were allowed to dry 
overnight at room temperature (20-25C). The 
individual dried blood spot card was placed into a zip 
lock bag along with desiccants and humidity indicator 
card and stored at 20C. 
 

Processing of DBS samples for HbA1C estimation by Cobas 
Integra 400 plus 

Single 3.2 mm DBS punch was eluted in 250 µL of 
hemolyzing reagent followed by shaking at 1250 rpm 
for 2 h at room temperature. The samples were 
properly mixed by pipetting several times till the DBS 
discs became completely white and the eluted sample 
was transferred to a sample cup for HbA1c 
estimation. 
 

Stability study 
The stability of HbA1C and Hemoglobin 

estimations in DBS samples was assessed by 
comparing the results of measurements on DBS 
samples stored at 20C with those stored at ambient 
temperature (20-30C) for 7 and 15 days. 
 

Statistical analysis 
Simple linear regression and Bland Altman 

analysis were done using GraphPad prism to assess 
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the agreement of HbA1C and hemoglobin 
measurements between the two types of samples. 
Internal DBS controls prepared for hemoglobin and 
HbA1C estimations were tested in replicates on a 
single and multiple days to assess intra and inter-
assay precision. Co-efficient of variation (CV) was 
calculated by dividing standard deviation of control 
values by their mean after testing them in replicates. 
Data are presented as mean (±SD), and the accepted 
level of significance was P <0.05.The standard 
deviation Index (SDI) for proficiency samples was 
reported by EQAS providers. 

Results 

Comparison of HbA1c values in whole blood and DBS 
samples by Cobas Integra 400 plus 

HbA1c values were compared in a total of 37 
paired whole blood and DBS samples. HbA1c values 
ranged from 4.41-15.16% (Median: 6.06%) in venous 
blood as measured by Cobas Integra 400 plus, which 
was used as the gold standard. HbA1c values on DBS 
ranged from 5.06 to 15.16% (Median: 6.2%) when 
measured by Cobas Integra 400 plus. The values 
correlated with each other with R2 of 0.994 
(P <0.0001) when assessed by simple linear 
regression analysis (Fig. 1A). Bland Altman’s 
analysis showed a bias of 0.126% with 95% CI of 
–0.29 to 0.54% (Fig. 1B).

Comparison of Hemoglobin concentrations obtained in DBS 
samples by Cobas Integra 400 plus with Coulter readings 

Hemoglobin concentrations were compared in a 
total of 37 paired whole blood and DBS samples. 
Hemoglobin concentrations ranged from 6.2-20.2 g/dL 
(Median: 12.8 g/dL) as measured by Coulter analyzer, 
which was used as the gold standard. Hemoglobin 
concentrations in DBS ranged from 4.5 to 20.4 g/dL 
(Median: 12.4 g/dL) when measured by Cobas 
Integra 400 plus. The values correlated with each 
other with R2 of 0.934 (P <0.0001) when assessed by 
simple linear regression analysis (Fig. 1C). Bland 
Altman’s analysis showed a bias of 0.356 g/dL with 
a 95% CI of -2.33 to 1.62 g/dL (Fig. 1D). 

Internal and external quality control 
Internal quality control was assessed by calculating 

intra and inter-assay precision. Intra-assay precision 
was calculated by running two levels of DBS controls 
5 times in a single run. The coefficient of variation 
was found to be 1.6 and 0.72% for normal and 
pathological HbA1C controls, respectively. % CV for 
hemoglobin was found to be 1.4 and 6.04 for normal 
and low controls. Inter-assay precision was estimated 
by running the controls over 20 runs. Inter-assay 
precision was 2.92 and 2.13 for normal and 
pathological HbA1C controls and 7.20 and 4.91 for 
normal and low hemoglobin controls, respectively. 
The laboratory passed successfully in all round of 

Fig. 1 — Agreement of HbA1C and hemoglobin values estimated using whole blood and DBS samples. (A) Linear regression of whole 
blood (X-axis) and DBS (Y-axis) HbA1C values estimated by Integra 400 plus analyzer showing R2 value; (B) Bland Altman plot of the 
regression analysis showing bias between whole blood and DBS HbA1C values. The graph is plotted with average of the two values on 
X-axis and difference between them on Y-axis; (C) Linear regression of whole blood (X-axis) hemoglobin values assessed by hematology 
analyzer and DBS (Y-axis) hemoglobin values estimated by Integra 400 plus analyzer showing R2 value; and (D) Bland Altman plot of 
the regression analysis showing bias between whole blood and DBS hemoglobin values. The graph is plotted with average of the two 
values on X-axis and difference between them on Y-axis.
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EQAS conducted for HbA1C over a period of one 
year with SDIs ranging from 0.84 to 1.23 as shown 
in Fig. 2A. EQAS panel for hemoglobin estimation 
was processed twice. The laboratory passed 
successfully with SDI of 0.66 and 1.48 in these two 
rounds. 

Stability study 

The stability of hemoglobin and HbA1C was 
determined in DBS samples by storing the samples at 
ambient temperature (20-30C) for 7 and 15 days and 
comparing the values with those stored at –20C after 
overnight drying at the ambient temperature. There 
was no significant difference in both HbA1C and 
Hemoglobin values in DBS samples stored at the 
ambient temperature up to 15 days as compared to 
those stored at 20C. The coefficient of variation 
was below 10% for all the samples as shown in 
Fig. 2 B & C. 

Table 1 — Linearity results for HbA1C and hemoglobin (Hb) 
Ref. val. (%) Mean % Accuracy % CV 
HbA1C Hb HbA1C Hb HbA1C Hb HbA1C Hb 
15.11 20.5 14.5325 23.362 3.821972 12.2507 0.812974 3.331256 
11.42 17.3 11.944 19.398 4.58844 10.8155 0.660837 6.550557 
9.83 14.5 10.362 15.276 5.412 5.07986 0.464837 8.308358 
8.19 11.8 8.376 12.74 2.27106 7.37834 0.705472 5.410606 
5.26 9.2 5.676 9.22 7.90875 0.21692 0.617889 4.801111 
4.46 4.9 4.724 5.046 5.91928 2.89338 1.455864 4.651036 

Linearity 
Good linearity was observed over the range of 4.46 

to 15.11%for HbA1C and4.9 to 20.5 g/dL for 
hemoglobin. R2 values were 0.99and 0.98 for HbA1C 
and hemoglobin, respectively. Accuracy, as calculated 
by percent variation from the reference value, was 
within 15%, and %CV indicating precision was 
within 10% for both the parameters (Table 1). R2 
values observed in the linearity experiments using ‘in 
house’ controls were more robust than those observed 

Fig. 2 — EQAS results and stability studies. (A) The graph shows standard deviation indices (SDI) plotted on Y-axis for proficiency 
samples after preparing DBS cards and processed during January 2020 to February 2021 as shown on X-axis; (B & C) The bar graphs 
show results of the stability study performed on two samples stored at 20C, room temperature for 7 and 15 days after overnight drying.
Storage conditions are plotted on X-axis. HbA1C (B) and hemoglobin (C) values are plotted on Y-axis. The figure also shows coefficient
of variation for HbA1C and hemoglobin values of these samples. 
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for actual samples as reported in the previous sections 
indicating influence of certain factors while collection 
and transportation of samples on accuracy of the 
results. 

 
Discussion 

Hemoglobin as well as HbA1C estimations are 
important for diagnosing two important global public 
health problems namely anemia and diabetes mellitus, 
respectively. Low to middle income countries are 
more severely affected by anemia due to higher 
prevalence of nutritional deficiencies as well as 
different infections and infestations13. It is responsible 
for increased morbidity and mortality associated with 
its severity14-17 in different groups of populations. 
WHO has defined cut off values based on prevalence 
of anemia for classifying its public health significance 
recognizing its public health importance18,19. Thus, 
estimation of hemoglobin levels for determining 
prevalence and severity of anemia at population levels 
is important. Similarly, global health significance of 
diabetes mellitus cannot be under rated as it is 
responsible for one of the top 10 causes of death in 
adults20 with its ever increasing incidence globally21.  

 

HbA1C estimation is an attractive alternative 
approach for diagnosing diabetes especially in 
population based studies as it doesn’t require fasting 
or postprandial conditions for sample collection and 
has higher reproducibility and convenience over 
estimation of blood glucose levels22-24. HbA1C 
estimation involves measurement of percentage of 
total hemoglobin which is glycosylated using 
different platforms such as immunoassay, ion-
exchange or boronate affinity high-performance liquid 
chromatography (HPLC), and enzymatic assays25. 
There have been several studies on the validation of 
HbA1C estimation on DBS samples using some of 
these platforms26-29. Similarly, successful validation of 
hemoglobin estimation in DBS samples by different 
colorimetric methods using Drabkin’s or Sulfolyser 
reagents30,31 has been reported. However, validation 
reports on simultaneous hemoglobin and HbA1C 
measurements in a single test are lacking. We used 
Tina-quant Hemoglobin A1c Gen.3 reagent with 
Roche Integra 400 plus system for performing 
HbA1C estimation. It detects hemoglobin and HbA1c 
simultaneously without requiring any additional 
reagents. It measures liberated hemoglobin after 
hemolysis of the blood samples bichromatically 
during the preincubation phase of the HbA1C after 

converting it into a derivative having a characteristic 
absorption spectrum32.  

We observed a high level of agreement between 
whole blood and DBS HbA1C values by Tina-
quant(R) II Turbidimetric inhibition immunoassay as 
was also reported previously for this method33. We 
also evaluated whether the total hemoglobin values 
estimated by Tina-quant(R) II Turbidimetric 
inhibition immunoassay as a part of HbA1C 
estimation were in agreement with the values obtained 
through Coulter hematology analyzer which was used 
for routine hematology investigations in the 
laboratory. The hematological investigations were 
NABL accredited and passed successfully in the 
Biorad EQA program. Total hemoglobin values 
obtained through Integra 400 plus analyzer on DBS 
samples correlated highly with those estimated by the 
Coulter counter using whole blood samples. Since the 
lower limit of detection of hemoglobin by Integra 400 
plus is 3.99 g/dL, it did not report the values which 
were below the detection limit. Inter and intra-assay 
coefficient of variation for HbA1C and hemoglobin 
estimations were found to be within 10% indicating 
good precision of the assay. 

Sample transportation may be a problem in some of 
the hard to reach areas causing delays in timely 
storage and analysis of samples in community-based 
studies. Hence it is important to assess stability of the 
analytes of interest at room temperature. DBS 
samples have been shown to have a robust stability as 
number of analytes have been shown to be stable up 
to days to even years at room temperature34-36. Hence, 
they can be transported at room temperature in light 
weight packages without cold chain maintenance 
requirements. Analytes in DBS samples stored at low 
temperatures were also shown to be more stable than 
their respective plasma samples37 indicating their 
utility in long term storage. HbA1C estimation on 
DBS samples was shown to be relatively insensitive 
to shipping and weather conditions38. We also found 
that along with HbA1C values, hemoglobin values 
were stable even after storing the samples at room 
temperature for 15 days. We assessed the stability in 
just two samples having two different levels of the 
analytes as a few other publications had also reported 
the stability in limited number samples with different 
ranges of the analytes31,33. However, further studies 
are required on more number of samples to prove 
stability of both these analytes.  

HbA1C estimation is likely to be affected by 
hemoglobin levels as it represents the ratio of 
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glycosylated Hemoglobin to total Hemoglobin39. 
Presence of anemia has been shown to influence 
HbA1c levels in many studies suggesting need for 
correcting anemia before the levels are used for 
diagnosing diabetes and also for monitoring glycemic 
control in known diabetic patients40,41. Hence, it is 
important to interpret raised HbA1C levels in the 
presence of anemia even in population based studies. 
Hence, simultaneous measurement of HbA1C and 
hemoglobin is important in order to avoid erroneous 
interpretations.  
 

Conclusion 
We report here, possibly for the first time, 

validation results of hemoglobin estimation in dried 
blood spot (DBS) samples by the TINA-quant HbA1c 
method using Integra 400 plus analyzer. The 
methodology used for estimation showed good 
agreement of DBS values with their paired whole 
blood values for hemoglobin as well as HbA1C. 
Results of precision, stability and linearity studies 
also stressed utility of this method for measurement of 
these markers in DBS samples. Simultaneous 
measurement of the two important markers viz. 
HbA1C and hemoglobin by single test gains 
importance as it saves time, labour, cost as well as the 
precious samples collected in large-scale community 
based studies. 
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