
Validation and Modification of Dried Blood Spot-Based 
Glycosylated Hemoglobin Assay for the Longitudinal Aging 
Study in India

Peifeng Hu1, Michael Edenfield2, Alan Potter2, Varsha Kale3, Arun Risbud3, Sharon 
Williams4, Jinkook Lee5,6, David E. Bloom7, Eileen Crimmins5, and Teresa Seeman1

1Division of Geriatric Medicine, David Geffen School of Medicine at UCLA, Los Angeles, CA 
90095

2Department of Laboratory Medicine, University of Washington, Seattle, WA 98195

3National AIDS Research Institute, Pune, India

4Science and Technology Policy Institute, Washington, DC 20006

5Andrus Gerontology Center, University of Southern California, Los Angeles, CA 90089

6RAND Corporation, Los Angeles, CA 90401

7Department of Global Health and Population, Harvard School of Public Health, Harvard 
University, Cambridge, MA 02138

Abstract

Objectives—This study aims to validate a modified dried blood spot (DBS)-based glycosylated 

hemoglobin (HbA1c) assay protocol, after a pretest in India showed poor correlation between the 

original DBS-based protocol and venous results.

Methods—The original protocol was tested on different chemistry analyzers and then simplified 

at the University of Washington (UW). A second pretest was conducted in India to validate the 

modified assay protocol, using 44 quality control specimens.

Results—Data from UW indicated that, using the original protocol, the correlation coefficients 

between DBS and venous results were above 0.98 on both Bio-Rad and Olympus chemistry 

analyzers. The protocol worked equally well on filter paper, with or without pre-treatment, and 

when the recommended amount of blood spot material, or less, was used. A second pretest of the 

modified protocol confirmed that DBS-based levels from both Olympus and Roche chemistry 

analyzers were well correlated with DBS results from UW (correlation coefficients were above 

0.96), as well as with venous values (correlation coefficients were above 0.94).

Conclusions—The DBS-based HbA1c values are highly correlated with venous results. The 

pre-treatment of filter paper does not appear to be necessary. The poor results from the first pretest 
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are probably due to factors unrelated to the protocol, such as problems with the chemistry analyzer 

or assay reagents.
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BACKGROUND

Glycosylated hemoglobin (HbA1c) measures average plasma glucose concentration over the 

previous three months and is used for the diagnosis of diabetes (American Diabetes 

Association, 2010). Among diabetic patients, higher levels of HbA1c indicate poorer 

glycemic control and are associated with increased risk of cardiovascular diseases, 

nephropathy, and retinopathy (Jun, et al., 2011; Holman, et al., 2008). Lack of fasting or 

biased reporting of fasting status often introduces error to blood glucose results. In contrast, 

an HbA1c measurement does not require a fasting specimen—an important advantage in 

community-based surveys, for which obtaining fasting specimens may not always be 

possible or may result in non-representative samples.

The measurement of HbA1c in a field setting has been made easier by the development of 

dried blood spot (DBS)-based assays, which have been adopted by several large studies, 

such as the Health and Retirement Study (HRS) and the National Social Life, Health, and 

Aging Project (NSHAP) (Heisler, et al., 2007; Williams and McDade, 2009; Crimmins, et 

al., 2014). However, the DBS-based HbA1c test was initially proprietary and available only 

in the United States. Therefore, the Study of Global AGEing and Adult Health (SAGE), 

organized by the World Health Organization (WHO), developed a DBS-based HbA1c assay 

protocol for use in other countries. The SAGE protocol uses a citrate-based solution to pre-

treat filter paper to prevent potential further glycosylation of hemoglobin after blood spot 

collection.

The Longitudinal Aging Study in India (LASI) team tested this SAGE protocol at the 

National AIDS Research Institute (NARI) in Pune, India, in 2012. The USC/UCLA Center 

on Biodemography and Population Health prepared quality control (QC) DBS samples from 

33 volunteers who also had simultaneous venous HbA1c measurements on a Primus Ultra2 

analyzer at UCLA Clinical Laboratory. These QC DBS specimens were shipped to NARI, 

maintaining a temperature of under −40° Celsius while in transit. The pretest data showed a 

poor correlation between venous values and DBS results, using an Olympus AU400 

chemistry analyzer at NARI. In this brief report, we summarize LASI’s effort to further 

modify and validate the original SAGE HbA1c protocol to enhance correspondence between 

its DBS results and the “gold standard” venous results.

METHODS

Validation and modification of DBS-based HbA1c assay protocol at the University of 
Washington (UW)

As the first step in the validation process, the UW laboratory, which had established a 

validated DBS-based HbA1c assay using a Bio-Rad system, tested its HbA1c protocol and 
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the SAGE protocol on both Bio-Rad Variant II and Olympus AU400 chemistry analyzers. 

UW also explored whether pre-treatment of filter paper would affect HbA1c results. Table 1 

shows the correlation coefficients and mean differences between DBS-based and venous 

HbA1c values by different assay protocols, type of chemistry analyzer, and pre-treatment of 

filter paper. All correlation coefficients were above 0.984. However, the absolute values 

from DBS were generally lower than venous results with BioRad system, but higher than 

venous results with Olympus system.

The UW laboratory also modified the original SAGE protocol by 1) reducing the amount of 

DBS material from two 3.2 mm punches to one; 2) reducing the volume of hemolyzing 

reagent by 50%; and 3) decreasing sample elution time. Subsequent testing indicated that the 

revised protocol worked equally well. Details of this revised DBS protocol have been 

summarized in Table 2.

Second HbA1c pretest at NARI

Because NARI had purchased a Roche Cobas Integra 400 chemistry analyzer after the first 

pretest, both Olympus and Roche HbA1c kits were purchased to test the modified protocol. 

NARI had the Olympus chemistry analyzer serviced prior to the second pretest, during 

which only untreated blood spots were used.

UW provided NARI with 24 DBS QC samples with known DBS-based HbA1c values. The 

HbA1c levels from these UW specimens ranged from 4.1% to 11.8%. NARI also tested 20 

frozen LASI DBS validation samples with known venous values from UCLA, ranging from 

4.3% to 8.2%. These specimens were also used during the first pretest.

Statistical analysis

Pearson correlation coefficients were calculated to examine the relationship between the 

results from different assay methods and different laboratories. We also reported summary 

statistics and coefficients of variation (CVs) for repeated measurements. For comparison 

between DBS and venous results, we performed Bland-Altman analysis, plotting both the 

differences and ratios of DBS to venous results on the y-axis (McDade, 2014).

RESULTS

Results from the Olympus AU400 system

The NARI laboratory measured HbA1c levels twice on the 24 UW DBS QC samples with 

known HbA1c values from Bio-Rad Variant II. The correlation coefficient between the 

average of two NARI measurements and UW values was 0.961, with NARI recording higher 

absolute HbA1c values. The mean difference was 1.4% (standard deviation: 0.7%). The CVs 

for NARI’s repeated measurements ranged from 0% to 7.16%.

For the 20 LASI QC samples, the correlation coefficient between DBS and venous values 

was 0.939. The DBS values were higher than the venous values (mean absolute difference: 

1.5%; standard deviation: 0.5%). Bland-Altman analysis revealed no evidence of change in 

variability across the assay range.
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Results from the Roche Cobas Integra 400 system

The initial validation attempt on the Roche analyzer encountered several problems, 

including suboptimal calibration curves and out-of-range control sample results. Further 

investigation identified that 1) the local vendor supplied the incorrect type of hemolyzing 

reagent; and 2) the Roche chemistry analyzer at NARI had not received maintenance service 

for over five months. After correcting these problems, NARI re-measured the 24 UW QC 

samples. Figure 1 shows the scatter plot of the DBS HbA1c values from NARI’s Roche 

system and UW’s Bio-Rad Variant II. The correlation coefficient was 0.993. The average 

difference in absolute numbers was 0.03% (standard deviation: 0.3%). The between-

laboratory CVs ranged from 0.29% to 5.54%.

For the 20 LASI QC DBS samples with known venous HbA1c levels, the correlation 

coefficient between DBS and venous results was 0.960. NARI’s DBS values were again 

higher than the venous values (mean absolute difference: 0.5%; standard deviation: 0.4%). 

Bland-Altman analysis showed no variability across the assay range.

Discussion

Diabetes mellitus and metabolic syndrome have become major public health problems in 

many developing countries experiencing rapid economic growth (Cheema, et al., 2014; Yan, 

et al., 2012). Incorporating biomarkers into community-based studies improves 

measurement of an overall health profile, especially in populations for whom self-reported 

status is often biased due to lower education levels and limited access to health care services 

(Johnston, et al., 2009). Measuring biomarkers also affords a better understanding of the 

biological pathways through which socioeconomic factors influence population health 

(Seeman, et al., 2004). Because of the cost, burden, and logistics associated with venous 

blood collection, DBS serves as a low-cost, less invasive, and field-friendly alternative 

(McDade, et al., 2007; McDade, 2014).

To our knowledge, this is the first study that has systematically evaluated the validity of 

DBS-based HbA1c assays on multiple chemistry analyzer platforms both in and outside the 

United States. The data show that DBS-based HbA1c results at NARI are highly correlated 

with DBS values at UW and the venous values. The correlation coefficients for the Bio-Rad, 

Olympus, and Roche platforms are all above 0.94. These findings suggest that, with proper 

personnel training and ongoing quality assessment, a DBS-based HbA1c assay can have a 

validity that approximates venous-based testing and may be successfully implemented in 

community-based surveys in less-developed countries, realizing benefits of cost and 

flexibility for such studies.

In addition to working with different chemistry analyzers, our team has explored ways to 

simplify the original SAGE protocol, including the amount of blood spot material, elution 

time, and pre-treatment of filter paper. The results indicate the DBS-based HbA1c protocol 

is robust, and pre-treatment of filter paper does not improve assay results. The latter finding 

is particularly important, because the revised protocol will reduce the complexity of field 

operations and offer more flexibility in the use of DBS for different assays.
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Some limitations of our QC work should be considered. First, our sample size for QC 

specimens is relatively small, and all samples had HbA1c levels below 11.8%. While this 

range covers non-diabetic individuals and most patients with diabetes, we are not able to 

evaluate how well the assay protocol works when the HbA1c level is very high. Second, 

although we have identified non-protocol-related factors that may affect assay results, such 

as issues related to the chemistry analyzer and assay reagents, we cannot isolate the precise 

reasons the HbA1c results were so poor during our first pretest.

Despite these limitations, our study produced the following findings: the DBS-based HbA1c 

protocol appears to be robust and works well on different chemistry analyzer systems. DBS-

based HbA1c values have a very highly correlation with venous measurements. Pre-

treatment of filter paper for this test does not appear to be necessary. During the assay, it is 

essential to devote attention to other technical aspects beyond the protocol itself, such as the 

regular servicing of chemistry analyzers, the proper training of laboratory personnel, and the 

condition of assay reagents.
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Fig. 1. 
Comparison of dried blood spot-based glycosylated hemoglobin results from the National 

AIDS Research Institute (NARI) Roche analyzer system and the University of Washington 

Bio-Rad Variant II system
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Table 2

Revised dried blood spot (DBS) based glycosylated hemoglobin (HbA1c) assay protocol for Olympus AU400 

chemistry analyzer.

Method: Total hemoglobin concentration is measured by a colorimetric method monitoring the change in absorbance at 600 nm. 
HbA1c concentration is measured by a turbidmetric immunoinhibition method monitoring the change in absorbance at 700 
nm. HbA1c concentration is expressed as a percentage of total hemoglobin.

Filter paper Whatman 903 protein saver cards without additional pre-treatment with a citrate-based solution

DBS punch size One 3.2 mm (1/8 inch) punch

Materials 1 HbA1c kit # OSR 6192

2 HbA1c Controls #ODC 0022

3 HbA1c Calibrator #ODR 3032

4 96-well deep well plates or 1.5 ml micro tubes (1 per sample)

5 Analyzer sampling cup (1 per sample)

Procedure 1 Bring an aliquot of hemolyzing reagent to room temperature prior to use. DO NOT PIPETTE DIRECTLY 
FROM STOCK BOTTLE

2 Label test tubes-one for each sample.

3 Add one 3.2mm DBS punch to the appropriately labeled tube. ADD BLOOD SPOTS TO TUBES BEFORE 
THE HEMOLYZING REAGENT

4 Reverse pipette 300 μL of the hemolyzing reagent directly into the bottom of each test tube. AVOID 
CREATING BUBBLES AND HAVING REAGENT CLING TO THE SIDES OF THE TUBE.

5 Place the dried blood spots on the shaker to mix for one hour.

6 Pipette approximate 250 μL of the hemosylate into analyzer cup. ANALYZE HEMOSYLATE 
IMMEDIATELY
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