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ABSTRACT

Objectives: Utilization of dried blood spot (DBS) assay provides an alternative approach to conventional assays
in blood or serum, particularly for neonates, older populations, and large-scale population-based studies. This
study aimed to standardize the DBS-based bioassay for the estimation of glycated hemoglobin (HbA1c), high-
sensitivity C-reactive protein (hs-CRP), creatinine, and high-density lipoprotein-cholesterol (HDL-C), and to
validate the levels of these analytes between venous and DBS.

Materials and Methods: Blood samples were collected on filter paper, dried at room temperature, and eluted.
HbA1c, hs-CRP, creatinine, and HDL-C levels were estimated in DBS and serum/plasma (whole blood in the case
of HbAlc).

Statistical analysis: DBS-to-serum equivalency was evaluated by linear regression analysis and Bland-Altman
plot analysis to assess the agreement and bias between both assays.

Results: The DBS assay was linear, sensitive, accurate, and precise with acceptable recovery and matrix effects for
HbA1lc, hs-CRP, creatinine, and HDL-C. Within- and between-batch precision was within an acceptable limit
(<10% for all analytes). A strong correlation and agreement in Bland-Altman analysis were revealed between
liquid and DBS measures for HbAlc (r* = 0.955), hs-CRP (r? = 0.973), and creatinine (r*> = 0.953). However, a
weak association was observed for HDL-C levels (1> = 0.572) between DBS and liquid bioassay.

Conclusions: We conclude that the HbA1lc, hs-CRP, creatinine, and HDL-C can be measured from DBS samples
and are readily transferable to a liquid phase for analysis, offering a convenient alternative for monitoring
cardiovascular disease risk factors.

Keywords: Bioassay development, Biomarkers, Dried blood spot

INTRODUCTION

Dried blood spot (DBS), in which drops of capillary whole blood are collected from a finger
prick, offers a minimally invasive alternative to venipuncture. Despite its advantages, of
being less invasive, requiring less volume of blood collection, ease of collection, requiring
no processing, and being less infectious due to drying, etc., the use of DBS for biochemical
analysis is limited. Validated assays for quantifying biomarkers in DBS samples are relatively
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low in comparison with serum or plasma, preventing their
widespread use.

The use of DBS is of special relevance in low- and middle-
income countries where the availability of good-quality
diagnostic laboratories is limited in remote settings. The
blood collected and dried on filter paper matrix can be
transported through a simple mail with no requirement for a
cold chain. The challenges of blood collection are deterrents
for biochemical analysis in large-scale community-based
research, particularly in remote field settings where access to
a centrifuge, freezer, or even electricity may be limited. DBS
is also a viable alternative in neonates, older adults, as well as
bedridden patients, and disabled persons.™?

A validated DBS protocol needs to demonstrate a reasonable
level of accuracy, precision, and reliability in laboratory
measurements These steps include deciding on reagents,
preparing calibration and quality control material, evaluating
elution protocols, optimizing sample quantity, and assessing
multiple aspects of assay performance, such as intra- and
inter-assay variation, lower limit of detection, accuracy,
stability, and agreement between results from matched
DBS and plasma samples.”! The objective of this study was
to establish a DBS-based assay for the measurement of
cardiovascular disease (CVD) risk markers such as glycated
hemoglobin (HbAIc), high-sensitivity C-reactive protein (hs-
CRP), creatinine, and high-density lipoprotein-cholesterol
(HDL-C), and to validate the levels of these analytes between
DBS and traditional venous approach.

MATERIALS AND METHODS

In this study, a protocol was established for calibration and
validation of the DBS bioassay for the estimation of CVD
risk biomarkers, including HbAlc, hs-CRP, creatinine, and
HDL-C, according to the United States Food and Drug
Administration (US FDA) guidelines.*’ For calibration
and validation studies, DBS were prepared from freshly
collected venous blood samples, analyzed in DBS as well as
in serum (whole blood in case of HbAlc), and compared.
After analysis, DBS were stored for different lengths of time
at different temperatures to assess the storage stability of
these analytes in the second part of the study. The storage
stability of creatinine and HDL-C in DBS was assessed,
whereas the storage stability of HbAlc and hs-CRP in DBS
has already been reported in previous studies.*® This study
was approved by the institutional ethics committee from the
All India Institute of Medical Sciences (AIIMS), New Delhi
(Ref No.: IEC-293/June 01, 2018).

Sample collection and preparation of DBS

Left-over venous ethylenediaminetetraacetic acid anti-
coagulated blood samples from Centralized laboratory,
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Cardiothoracic Neurosciences Center, AIIMS, New Delhi,
were used to prepare DBS. 10 puL of whole blood was pipetted
onto Whatman®qualitative filter paper, Grade 3 (Cat No:
#1003-125, Whatman, USA). Blood-spotted filter paper was
kept to dry at room temperature (avoiding direct sunlight)
for 3 h on a non-absorbent thermocol sheet. After drying,
the DBS sample was transferred to a resealable plastic zip bag
individually and stored at 4°C until the analysis. Similarly,
sets of DBS were prepared to assess the storage stability and
stored at —20°C and —80°C.

Preparation of calibrators and quality controls on filter
paper

To eliminate matrix differences, calibrators and controls were
also prepared on filter paper similar to the samples. Blood-
based quality controls and calibrators were prepared by
mixing the quality control samples and washed erythrocytes
in the ratio 1:1. Human assayed multi-sera-level 3 (Cat No.
HE10401, Randox, UK) was used as a creatinine calibrator
with a target value of 4.3 mg/dL. Multiple calibrators were
prepared by serial dilution of this calibrator with deionized
water to get four different concentrations for creatinine
(4.3, 2.15, 1.07. 0.053 mg/dL) and a blank consisting of
only deionized water (as a zero calibrator) was used to plot
a calibration curve for the estimation of actual creatinine
level in DBS. Human assayed multi-sera-level 2 (Cat No.:
HN10400, Randox, UK) (concentration: 1.45 mg/dL) and
level 3 (Cat No.: HE10401, Randox, UK) (concentration:
4.3 mg/dL) were used as a control for creatinine. Lipid
control level 2 (Cat. No. LE2669, Randox, UK) with target
value 41.3 mg/dL (range 35.1-47.5 mg/dL) and lipid level 3
(Cat. No. LE2670, Randox, UK) with target value 62.1 mg/dL
(range 52.9-71.3 mg/dL) were used as controls for HDL-C
assay. Lipid control level 3 (62.1 mg/dL) was serially diluted
with deionized water to get the different concentrations for
HDL-C calibrators (62.1, 31.5, 15.7 mg/dL) and a blank
consisting of only deionized water (as a zero calibrator) and
used to generate the calibration curve. The calibrators and
controls for hs-CRP were provided with an enzyme-linked
immunosorbent assay (ELISA) kit, and the same was used for
the calibration of these analytes in the DBS assay.

Estimation of analytes in DBS extract and liquid specimen

One spot (6 mm diameter) was punched out from the blood
spot and pre-treated with 200 uL hemoglobin denaturant
reagent (provided with kits) and incubated at 37°C for
20 min. The samples were centrifuged at 3000 rpm for
10 min, and the extracted supernatant was used for analysis.
HbA1lc in DBS samples and whole blood was estimated by
the latex agglutination inhibition assay kit (Randox, UK) on
an auto-analyzer (Beckman coulter).
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For hs-CRP estimation, one spot (6 mm diameter) was
punched out and eluted with 200 uL of hs-CRP diluent
provided in the kit. Tubes were incubated on a shaker at
37°C for 1 h. Subsequently, the tubes were centrifuged at
3000 rpm for 10 min, and the supernatant was used for hs-
CRP estimation according to the manufacturer’s protocol.
The hs-CRP in DBS and serum was analyzed using an ELISA
assay using kits (BioCheck, Inc., Foster City, CA).

For creatinine estimation, two spots (6 mm diameter) of
sample, calibrators, and controls were punched out into tubes,
and 100 uL of methanol was added. Tubes were incubated
on a shaker at 37°C for 1 h and further centrifuged at
3000 rpm for 10 min. Creatinine in DBS and serum samples
was estimated by the Jaffe method manually using a kit
from Roche (Ref No: 11875418216, Roche Diagnostics Ltd,
Germany) with minor modifications. Reagent R-1 (0.32 mol/L
Sodium Hydroxide) was freshly prepared in the laboratory,
and reagent R2, containing 25 mmol/L picric acid (provided
with the kit), was diluted to get a concentration of 20 mmol/L.
75 uL supernatant from the sample, calibrators (4.3, 2.15,
1.07, 0.053 mg/dL and a blank), and control extracted from
dried spot were mixed with 125 uL reagent R1 in a 96-well
plate, and after 60 s, reagent R2 was added. Absorbance (A,)
was taken at 492 nm in a spectrophotometer plate reader
immediately within 15 s, and then, the plate was incubated for
20 min at 37°C. The second absorbance (A,) was taken exactly
after 20 min. AA = (A,-A,) for the sample or standard was
calculated, and a standard curve was plotted with the values
obtained for calibrators, and creatinine levels in samples were
calculated using the standard curve.

For HDL-C estimation, one disk of 6 mm diameter was
punched out and eluted with 100 uL of reagent 1 (provided
with the kit). Tubes were incubated on a shaker at 37°C for
1 h with intermittent mixing and centrifuged at 3000 rpm for
10 min, and the supernatant was used for HDL-C cholesterol
estimation according to protocol. HDL-C in DBS and serum
was measured by the enzymatic method using HDL-C direct
assay kit (DIALAB Gmbh, Austria) based on immuno-
inhibition methodology.

Analytical parameters for DBS bioassay

The standardization of the DBS assays was performed according
to the US FDA guidelines of 2018." The analytical parameters,
including linearity, recovery, and between-batch coefficient of
variation (CV), were applied to assess the performance of the
DBS-based assay, and storage stability of proposed analytes was
also assessed in dried blood on filter paper.

Linearity

The linearity of the calibration curve generated from a
range of calibrators of HbAlc, hs-CRP, creatinine, and
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HDL-C eluted from filter paper was assessed and considered
acceptable if the coefficient of determination (r?) was >0.990.

Recovery

The recovery of the HbAlc, hs-CRP, creatinine, and
HDL-C from DBS was calculated by comparison of the
observed concentration of the particular analytes with the
actual concentration in whole blood using the following
equation: recovery (%) = ([observed concentration in DBS/
concentration in liquid specimen]) x 100.

Precision and accuracy

The precision of the bioassay was determined by the intra-
assay and inter-assay CV% of repeated measures of the
analytes. For the inter-assay CV, quality control samples
were run on different days, and for intra-assay CV, quality
control samples repeated multiple times in the same assay
were taken. Mean and standard deviation of values were
calculated, and CV was computed by dividing the standard
deviation by the mean and multiplying by 100 to express as
a percentage. Accuracy or percentage bias was computed by
subtracting the observed value in serum from the observed
value in DBS and dividing this by the observed value in
serum, and multiplying the value obtained by 100.

Validation of DBS assay

The estimations of analytes were performed in serum (whole
blood in case of HbAlc) as well as in DBS and compared.
Creatinine and HDL-C were assessed in 31 samples in serum
as well as DBS assay. HbAlc and hs-CRP were done in
22 samples.

Storage stability

Freshly prepared DBS were stored at three different
temperatures including 4°C, —20°C, and —80°C, and analytes
were assessed at baseline, 3 months, and 6 months, and
validated with baseline values of the same samples. The
percentage deviation/bias in the analyte value was computed
by subtracting values at baseline (T,) from those at other
time periods (Tx) using the following formulae: percentage
deviation/bias = ([Tx - To]/T,) x 100.

Statistical analysis

Statistical analysis was carried out using IBM Statistical
Package for the Social Sciences, version 22.0. P < 0.05 was
considered significant. To evaluate whether the bias and
average absolute error of the DBS method were within
acceptable limits, we calculated the acceptable total change
limit (TCL) using the following formula: TCL = V([2.77 x
CV >+ [0.5 x CV,]?) as reported in a previous study.” CV,

| 335



Tarik, et al.: DBS-based assay establishment for CVD biomarkers

was derived from the coeflicient of analytical variation (inter-
assay CV) for the DBS assay for each assay, and biological
variation (CV,) was taken from values of biological variations
(CVy) compiled by Ricos ef al.®®

RESULTS

The analytical performance of the DBS assay for HbAlc,
hs-CRP, creatinine, and HDL-C is depicted in Table 1. The
coefficient of determination (r?) of the standard curve was
>0.990 for all analytes, which indicates an excellent linear
relationship between the absorbance and concentration
of standards for each analyte. The observed mean recovery
was >95% for HbAlc, hs-CRP, and creatinine, respectively,
indicating a satisfactory recovery of analytes from the dried
spot. Intra-assay CV and the inter-assay CV were <10%
for HbAlc, hs-CRP, creatinine, and HDL-C. The recovery
(94%) was lower for HDL-C as compared to other analytes.
The accuracy of the proposed assay was assessed as the bias
percent within a day. Within-day bias was 0.78%, 0.69%,
4.76%, and 8.50% for HbAlc, hs-CRP, creatinine, and
HDL-C, respectively.

Validation of liquid and dried bioassay

The results obtained with DBS and liquid assays were
compared through a linear correlation and Bland-Altman
analysis for agreement, as shown in Figure 1.

Validation of HbA1c levels between whole blood and DBS
bioassay

To validate the measurement of HbAlc, DBS of fresh whole
blood samples from 22 subjects was prepared and assessed
in whole blood as well as DBS. No significant difference was
observed in mean (+Standard deviation [SD]) HbAlc levels
in fresh whole blood (7.8 + 3.2%) and dried blood (7.7 +
2.3%). The average bias and absolute error rate were —1.2%
and 11.0% between liquid and dried blood, respectively
[Table 2], which was within acceptable TCL. The linear
correlation between DBS and whole blood HbA ¢ is depicted
in Figure la. The coefficient of determination (r?) was 0.955,
which indicates a strong linear relationship between both
assays (P < 0.0001). Bland-Altman analysis shows good
agreement between the DBS and whole blood HbAlc levels
[Figure 1b]. The mean difference in HbAlc levels between
both assays was —0.096% (£1.08), and the limit of agreement
(LoA) varied from —2.21 to 2.02%.

Validation of hs-CRP between serum and DBS bioassay

Hs-CRP was assessed in 20 samples in both serum and DBS
to validate results in both matrices. The mean hs-CRP levels
were 1.5 + 1.6 mg/L and 1.6 + 1.7 mg/L in plasma and DBS,
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Table 1: Analytical parameters of DBS assay.

Characteristic HbAlc hs-CRP Creatinine HDL-C
Linearity (r?) 0.999 0.999 0.999 0.991
Recovery (%) 103 99.3 109 94
Intra-assay CV% 5 6.9 5.1 7.2
Inter-assay: CV% 7.6 8.1 6.5 8.7
Accuracy (bias%) 0.78 0.69 4.76 8.5

HbA1lc: Glycated hemoglobin, hs-CRP: High-sensitivity C-reactive
protein, HDL-C: High-density lipoprotein-cholesterol, CV: Coeflicient of
variation, DBS: Dried blood spot

respectively. The average bias (4.6%) and absolute error
rate (18.9%) between plasma and dried blood were within
the TCL limit [Table 2]. We observed a linear relationship
(r* = 0.973) and a strong positive correlation (r = +0.986,
P < 0.0001) between both assays [Figure lc]. The mean
difference in hs-CRP levels between both assays was
0.11 mg/L, and the LoA varied from —0.66 to 0.44 mg/L; and a
good agreement between hs-CRP levels analyzed in DBS and
serum was observed in Bland-Altman analysis [Figure 1d].

Validation of creatinine levels in serum and DBS bioassay

Fresh blood samples were collected from 31 subjects, and
creatinine was assessed in serum and dried spot at baseline
to validate the DBS bioassay. Mean (+SD) creatinine levels
were comparable in serum (1.04 + 0.67 mg/dL) and dried
blood (1.11 *+ 0.8 mg/dL). The average bias and absolute
error rate were 7.4% and 15.8% between liquid and dried
blood, respectively [Table 2]. The linear correlation and
Bland-Altman analysis for creatinine levels between serum
and DBS are depicted in Figure le and f. The coeflicient of
determination (r?) was 0.935, which indicates a strong linear
relationship between both assays, and a positive correlation
(r=+0.967, P < 0.0001) was observed between both matrices.
Bland-Altman analysis shows a good agreement between the
creatinine levels of the DBS and serum sample (mean bias:
0.08 mg/dL; LoA: —0.29-0.45 mg/dL).

Validation of HDL-C between serum and DBS bioassay

HDL-C validation was performed in 38 samples. The mean
HDL-C levels were (37.2 £ 9.1) in the DBS assay, which
was comparable to mean serum HDL-C levels (36.7 +
9.9 mg/dL) with acceptable average bias (1.5%) and absolute
error rate (15.2%) between both matrices [Table 2]. The
linear correlation between HDL-C levels between serum and
DBS is depicted in Figure 1g. The coefficient of determination
(r*) was observed to be 0.572, and a positive correlation
(r =+0.756, P < 0.001) was observed. Bland-Altman analysis
shows a good agreement between HDL-C levels of DBS and
serum samples [Figure 1h].
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Figure 1: Comparison between analytes levels assessed in liquid and dried bioassay: Correlation and Bland-Altman agreement. For HbAlc,
(a) represents the linear regression plots and solid line represents the data best fit (r> = 0.955); and (b) shows Bland-Altman plot for agreement
analysis of dried blood and venous blood. The bias was —0.096% and limit of agreement (LoA) ranged from —2.21 to 2.02%. (c and d) represent
the linear regression plots (r* = 0.973) and Bland-Altman plot for agreement analysis (mean bias: 0.11 mg/L; LoA: —0.66-0.44 mg/L) between
high-sensitivity C-reactive protein levels in dried and liquid bioassay, respectively. (e and f) represent the linear regression plots (r* = 0.953)
and Bland-Altman plot for agreement analysis (mean bias: 0.08 mg/dL; LoA: —0.29-0.45 mg/dL) between creatinine levels in dried and
liquid bioassay, respectively. (g and h) represent the linear regression (r*> = 0.572) and Bland—-Altman analysis (mean bias: 1.97 mg/dL; LoA:
—-12.4-16.3 mg/dL) between high-density lipoprotein-cholesterol levels in dried and liquid bioassay, respectively. hs-CRP: high-sensitivity
C-reactive protein, HDL-C: high-density lipoprotein-cholesterol, DBS: Dried Blood Spot.

Storage stability of creatinine and HDL-C levels in DBS

All blood spots used for validation of creatinine and HDL-C
in DBS (n = 31) were also stored at 4°C, —20°C, and —80°C
to check the storage stability in DBS after 3 months and
6 months. No significant difference was observed in mean
creatinine and HDL-C levels after 3 months and 6 months
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of storage at all temperatures, and average bias and absolute
error rate were within the acceptable change limit [Table 2].

DISCUSSION

In this study, we have developed the DBS assays for the
estimation of analytes considered as cardiovascular risk
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Table 2: Validation of HbA ¢, hs-CRP, Creatinine, HDL-C, and their storage stability at 3 months and 6 months.
Analytes HbAlc (%) hs-CRP (mg/L) Creatinine (mg/dL) HDL-C (mg/dL)
Temperatures 4°C 4°C 4°C -20°C —-80°C 4°C -20°C -80°C
n 22 12 31 31 31 31 31 31
Baseline (Liquid) mean (+SD) 7.8£3.2 1.5%1.6 1.04+0.7 1.04+0.7 1.04+0.7 36.7+9.9 36.7£9.9  36.7£9.9
Baseline (DBS)
Mean (£SD) 7.7+2.3 1.6+1.7 1.11+£0.8 1.11+0.8 1.11+0.8 37.249.1 37.249.1  37.249.1
Bias (%) -1.2 4.6 7.4 7.4 7.4 1.5 1.5 1.5
AER (%) 11 18.9 15.8 15.8 15.8 15.2 15.2 15.2
3 months (DBS)
Mean (+SD) - - 1.02+0.7 1.12+0.7 1.08+0.7 36.6£10.3 37.2+11.7 36.6+9.5
Bias (%) - - -1.2 7.7 44 -0.3 1.5 -0.1
AER (%) - - 11.4 17.1 17.3 19.7 18.7 15.2
6 months (DBS)
Mean (+SD) - - 0.98+0.7 1.04+0.7 1.06+0.7 33.5%8.1 36.7+£7.9  35.3%8.6
Bias (%) - - -4.8 0.1 5.6 -8.8 0.1 0.2
AER (%) - - 13.7 17.8 134 14.4 16.0 12.6
TCL (%) 21.07 33.41 18.25 24.37
Table shows the comparison of mean (+SD) levels of HbA1c, hs-CRP, and Creatinine, HDL-C and the bias and AER in their levels (DBS) at baseline, 3
months, and 6 months in DBS stored at 4°C, —20°C, and—80°C from baseline levels (Liquid). DBS: Dried blood spot, SD: Standard deviation,
HbA1lc: Glycated hemoglobin, hs-CRP: High-sensitivity C-reactive protein, HDL-C: High-density lipoprotein-cholesterol, AER: Average error rate,
TCL: Total change limit

biomarkers, including HbAlc, hs-CRP, creatinine, and
HDL-C. We have established the analytical protocol and
performed the validation of these analytes between dried and
liquid specimens. Analytical parameters such as linearity,
recovery, and accuracy intra- and inter-assay CV (<10%) for
the DBS assay were within the accepted criteria as proposed by
the US FDA.M A good recovery was obtained for HbAlc, hs-
CRP, creatinine, and HDL-C levels from filter paper. A direct
comparison between levels of these analytes measured in
DBS and liquid specimens demonstrated a good positive
correlation in regression analysis, and a good agreement was
obtained between HbAlc, hs-CRP, and creatinine values in
dried and liquid samples in Bland-Altman analysis. However,
a moderate correlation (r*> = 0.572) was revealed for HDL-C
levels between liquid and DBS samples. The percentage bias
and absolute error were within acceptable limits for all four
analytes. The finding of our study suggests good suitability of
the DBS assay for the measurement of these analytes.

The analytical parameters of DBS-based HbAlc assay
include linearity of the calibration curve (r* = 0.999),
recovery (103%), intra-assay (5%), inter-assay precision
(7.6%), and accuracy (bias = 0.78%), indicating an excellent
performance. The results of the validation study between
whole blood and DBS-based HbAlc bioassay revealed
an excellent linear relationship (r* = 0.955, P < 0.0001)
and good agreement in Bland-Altman analysis (mean
bias = -0.096%; LoA: —2.21-2.02%). The results of this

study are consistence with the previous studies. A systematic
review and meta-analysis of 16 studies by Affan et al.”
described the comparative analysis based upon standard
methods (affinity chromatography, high-performance liquid
chromatography, immunoassay, immunoturbidimetric assay,
liquid chromatography-mass spectrometry [LC-MS/MS],
and ion-exchange chromatography) of HbAlc and lipid
levels assessed in DBS and venous blood samples. The author
reported a close agreement between the assays for HbAlc
levels based on DBS and venous specimens (DBS = 0.9858
venous +0.3809), except for assays based upon affinity
chromatography. The author speculated that the source of
the variation and basis between the various analytic methods
could be due to variability in the preparation of the DBS
samples, such as storage, transportation, and the analytes
extraction procedure between the analytic assays. The
validation of DBS-based HbAlc assays was also performed
on multiple chemistry analyzer platforms, and a high
correlation was reported between DBS and venous values
for the Bio-Rad, Olympus, and Roche platforms (correlation
coeflicients, all above r? = 0.940). The author concluded that
DBS-based HbAlc assays may be successfully implemented
in community-based surveys.!"”

Hs-CRP is estimated using ELISA in the previous studies
as well as in the present study, and has shown excellent
performance in DBS-to-serum equivalency. An acceptable
performance was revealed for the DBS-based hs-CRP
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assay in the present study, as evidenced by the analytical
parameters. In the validation analysis for hs-CRP levels
between dried and venous serum, a good correlation
(r* = 0.973) and agreement in Bland-Altman analysis
(mean bias: 0.11 mg/L; LoA: —0.66-0.44 mg/L) confer the
potential of DBS-based hs-CRP assay to be implemented in
clinical and population-based studies. The DBS-based hs-
CRP assay has been reported in several studies. Schakelaar
et al." assessed C-reactive protein (CRP) levels in plasma
and DBS prepared from capillary blood on a chemistry auto-
analyzer. The author reported a good correlation in capillary
DBS to plasma (r? = 0.986) CRP levels with acceptable bias
(0.045 mg/L) but with a large range of LoA (95% confidence
interval [CI] = -3.78-3.87 mg/L) as indicated in Bland-
Altman plot.

The DBS-based creatinine assay showed adequate analytical
performance and we found a good correlation (r* = 0.935,
P <0.0001) and agreement in Bland-Altman analysis (mean
bias: 0.08 mg/dL; LoA: —0.29-0.45 mg/dL) for creatinine
levels between serum and DBS in the present study. The
validation of DBS-based creatinine assay has been reported
in earlier studies. The results of our study are in accordance
with previous studies. In a recent study, Scribel et al.l'?
estimated vancomycin and creatinine levels in DBS and
plasma concentrations by LC-MS/MS. The author reported
a good analytical performance, indicated by accuracy
(94.4-102.6%), intra-assay (2.1-5.6%), and inter-assay
(3.5-7.0%) precision. In a pilot study, the creatinine levels
in capillary serum and DBS collected by fingerpick were
estimated using Mass Spectrometry,!* and a good agreement
(Spearman: r = 0.77, P < 0.01; Pearson: r = 0.56, P = 0.04;
Bland Altman: Mean bias = 0.01 mg/dL; lower LoA = -2.18;
upper LoA = 2.22 mg/dL) was reported with acceptable
variance (standard error of measurement [SEM]: 88.7; CV:
10.7%; intraclass correlation coefficient (ICC): 0.57 [95%
CL: 0.06-0.84]). Mathew et al.l'¥ reported that the mean
(95% CI) bias was 1.00 (-2.73-4.72)% between venous and
DBS for creatinine levels estimated by LC-MS/MS assay and
validated with traditional venous sampling and 69.4% of
patient values of creatinine were within the limits of clinical
acceptance (within 15% agreement against the venous
samples). In comparison to other studies, a strong correlation
and agreement were revealed for creatinine levels between
dried and liquid-based assays in our study.

A moderate association was revealed between venous and
DBS measures for HDL-C in the present study (r* = 0.572).
The results of our study are in accordance with previous
studies™ but poor performance of DBS-based HDL-C
assay was reported in some studies.!"'***! Samuelsson et al.l!]
reported a poor correlation for HDL-C (r* = 0.118). In other
studies, Lacher et al.l' reported poor correlation for total
cholesterol (r? = 0.34) and HDL-C (r* = 0.30) and a strong
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correlation for hemoglobin Alc (r* = 0.92), CRP (r* = 0.84)
and glucose (r* = 0.81) between DBS and venous methods.
Crimmins et al.'”! reported a little better correlation between
venous and DBS samples for HDL-C levels from two sites
of study, the University of Washington (r?* = 0.49) and the
Heritage site (r> = 0.314). In a recent study by Kumari
et al'™® CVD risk markers, including HbAlc, C-reactive
protein, and lipids (total cholesterol, HDL-C, triglycerides),
were measured in venous and DBS samples. A significant
relationship between venous and DBS measures was
observed for HbAlc (r* = 0.41), CRP (r? = 0.87), triglycerides
(r* = 0.37), and total cholesterol (r*> = 0.49), (P < 0.0001 for
all,) in bivariate correlations and good agreement in Bland-
Altman plots. However, this association was not revealed for
HDL-C (Adjusted r* = 0.005, p = 0.08) between venous and
DBS measures. The author concluded that less successful
measurement of HDL-C between venous and DBS measures
may be related to the stability of HDL-C in the DBS samples.
A poor correlation was also observed for other analytes
except CRP, indicating that proper instructions may not be
followed for the preparation of DBS, such as over-drying of
spots during self-collected DBS sampling, resulting in lower
recovery of analytes from DBS. Cholesterol measures (total
cholesterol and HDL-C) have been shown to be sensitive to
many pre-analytical factors, including small spots, shipping
time, high temperature, and humidity."*?*) We have found a
good correlation and agreement in Bland-Altman analysis
between venous and DBS measures for total cholesterol and
triglyceride in our previously reported studies®®?? wherein
methanol was used to elute the analytes from DBS. HDL-Care
complex particles are composed of a central hydrophobic
core (60% lipids: Cholesterol ester and triglyceride), which
is surrounded by a hydrophilic membrane consisting of
multiple proteins (40%). The elution of these molecules
from the DBS may be critical in a complex form. This could
be a main reason for the weak correlation between venous
and DBS measures for HDL-C. However, we tried a number
of combinations of elution buffer/eluent, such as 20-80%
methanol with PBS or water, x1 PBS with 0.1% tween 20. The
highest yield was obtained with x1 PBS with 0.1% tween 20
and with reagent 1 (provided with kit). There is still a need to
improve the analytical assay for estimation of HDL-C in DBS
specimens.

We further observed that the creatinine was stable in DBS
samples for 6 months at 4°C, —20°C, and —80°C. However,
HDL-C was less stable in DBS during 6 months of storage at
4°C, compared to DBS samples stored at —20°C and —80°C.
The HDL-C levels were reduced by —8.8% from baseline at 4°C
during 6 months. However, deviation/bias and absolute error
were within the acceptable limit (TCL = +24.37%). Several
studies have reported that creatinine is unaffected by storage at
<10°C™ and to the best of our knowledge, the storage stability
of HDL-C in DBS has not been reported previously.
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Limitations and strengths

The limitation of the study was that the blood samples in
the present study were collected and DBS prepared in a
well-controlled environment in a laboratory, not a field
setting, and therefore do not mimic situations involving
variability in spot size, prolonged shipping, storage, and
delayed transportation. The strength of the study was that
we followed the standard guidelines for the validation of the
bioanalytical assay.

Translational potential

Transportation of blood samples from the site of collection
to the laboratory is a challenge in epidemiological studies,
particularly when they are multicentric, involve distant
locations, and include large numbers of subjects, especially
older adults and children. The measurement of biochemical
analytes provides more objective measures as compared
to questionnaire-based assessments, which are semi-
quantitative for the risk assessment of chronic diseases. The
measurement of these analytes in DBS, as attempted in this
study, opens up the possibility of including biochemical
analytes in large-scale studies, as these are easy to collect and
transport.

CONCLUSIONS

We conclude that for measurement of HbAlc, hs-CRP,
creatinine, and HDL-C, blood samples can be collected on
filter paper and dried and are readily transferable to a liquid
phase for analysis, offering a convenient alternative for
monitoring of CVD risk factors.
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