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Correlations Within and Between Highly Multiplexed
Proteomic Assays of Human Plasma
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INTRODUCTION:  The number of assays on proteomic
platforms has grown rapidly. The leading platforms,
SomaScan and Olink, have strengths and limitations.
Comparisons of precision on the latest platforms—
SomaScan 11k and Olink Explore HT—have not yet
been established.

METHODS: Among 102 participants in the Atherosclerosis
Risk in Communities Study (mean age 74 years, 53% wo-
men, 47% Black), we used split plasma samples to measure
platform precision. CV and Spearman correlations were
calculated for each assay. Cross-platform agreement was as-
sessed for overlapping proteins.

RESULTS: SomaScan 11k demonstrated a median cor-
relation of 0.85 for the 10778 assays and a median
CV of 6.8%, similar precision to earlier versions. The
5420 assays on Olink Explore HT exhibited a median
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correlation of 0.65 and median CV of 35.7%, which
was higher than observed in its predecessors (e.g.,
19.8% for Olink Explore 3072). Precision of Olink as-
says was inversely correlated with the percentage of sam-
ples above the limit of detection (LOD) (r=—0.77).
Upon replacing Olink values below the LOD with va-
lues half the LOD, the median correlation for Olink as-
says measured in duplicate increased to 0.79; the median
CV decreased to 13.3%. The distribution of between-
platform correlations for the 4443 overlapping proteins
had peaks at 7 approximately 0 and at r approximately
0.8. One-tenth of the protein pairs had cross-platform
correlations 7> 0.8.

CONCLUSIONS:  Precision of these 2 proteomics plat-
forms in human plasma has diverged as the coverage
has increased. These results highlight the need for care-
ful consideration in platform selection based on specific
research requirements.
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Introduction

The number of assays on highly multiplexed proteomic
platforms has grown 10-fold over the past 15 years from
less than 1000 to ~11 000. As the number of measurable
proteins expands, there is a continued need for valid-
ation studies of proteomic biomarkers, both in terms
of comparisons to earlier versions of the same platform
and across different technologies.

The leading aptamer-based and antibody-based plat-
forms have different strengths. For example, Eldjarn et al.
(1, 2) demonstrated that the aptamer-based SomaScan 5k
(4907 assays, assessed in 35892 Icelanders) and the
antibody-based Olink Explore 3072 (2931 assays, as-
sessed in 46 218 participants of the UK BioBank) had a
similar number of cis-protein quantitative trait loci among
all targets (2120 vs 2101), but SomaScan had fewer cis-
protein quantitative trait loci among the overlapping tar-
gets (1164 vs 1467). Analysis of split plasma measures
showed the SomaScan assays to be more precise: median
CV of 9.9% vs 16.5% for Olink (1, 2). Head-to-head
comparisons of the precision of the newest platforms’
versions—SomaScan 11k (>10700 assays, released in
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December 2023) and Olink Explore HT (>5400 assays,
released in July 2023)—have not yet been established.

Using data from the Atherosclerosis Risk in
Communities (ARIC) Study, we provide estimates of pre-
cision based on split plasma samples for the SomaScan
11k and for the Olink Explore HT and report on the
cross-platform agreement for proteins overlapping on
the SomaScan 11k and Olink Explore HT. We also pro-
vide comparisons of SomaScan 11k and Olink Explore
HT with clinically used targeted immunoassays.

Materials and Methods

STUDY DESIGN

The ARIC Study is a community-based prospective co-
hort study that began in 1987-1989 when the participants
were 45 to 64 years of age (3). The 15792 participants
were recruited from 4 US communities: suburban
Minneapolis, Minnesota; Jackson, Mississippi; Forsyth
County, North Carolina; Washington  County,
Maryland. Visit 2 occurred in 1990-1992 and was at-
tended by 14348 participants (46-70 years of age).
Visit 5 occurred in 2011-2013 and was attended by
6538 participants (66-90 years of age). Plasma samples
(never previously thawed) were thawed using a standar-
dized quick thaw and refreeze protocol (see
Supplemental Methods). Samples were aliquoted and
shipped on dry ice to SomalLogic for SomaScan 11k mea-
surements (visits 2 and 5, samples in duplicate) and to
Baylor for Olink Explore HT measurements (visit 5, sam-
ples in duplicate). Participants provided written informed
consent. The study was approved by a single institutional
review board at Johns Hopkins School of Medicine and at
each institution.

These analyses are based on data from up to 116
ARIC participants, as indicated (4). Briefly, participants
with prevalent coronary heart disease, stroke, or heart
failure at visit 5 were not eligible. Participants with inci-
dent coronary heart disease (5), stroke (6), or heart fail-
ure (7) after visit 5 could be cases, and controls included
those who did not have incident coronary heart disease,
stroke, or heart failure or who did not die within 5 years
of visit 5. Cases were balanced according to categories of
age (>73 or <73 years), sex, race (self-declared; Black or
White), and estimated glomerular filtration rate (>60 or
<60 mL/min/1.73 m®). Controls were frequency matched
to the age (within 10 years), sex, race, and estimated glom-
erular filtration rate groupings of cases.

APTAMER-BASED PROTEOMIC PLATFORM

We quantified 11 083 aptamer assays using the SomaScan
11k (v5.0) platform (8) (Somalogic) in plasma from 116
ARIC visit 5 participants using highly multiplexed modi-
fied DNA-based aptamer technology. We excluded 233
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mouse proteins and 72 nonproteins, resulting in a total
of 10778 protein measurements for investigation on the
SomaScan 11k platform (including viral proteins Seqld
2769-3 and Seqld 4792-51 for human immunodefi-
ciency viruses). Briefly, protein abundances were quanti-
fied with relative fluorescence intensity units, which
were calibrated and normalized for plate variation and
were standardized using adaptive normalization by max-
imum likelihood (8). We log,-transformed relative fluor-
escence intensity unit values. Somalogic reports an
intraplate CV of 3.3% and an interplate of 3.0% for
the SomaScan 11k measurements in plasma (9). One of
the 116 participants’ samples from visit 5 did not pass
SomaScan quality control; 2 additional participants
were excluded due to having outliers on one or more of
the first 10 protein principal components (defined as
>5 SD from the mean). Of the 103 participants with
plasma available at visit 2 for SomaScan 11k measure-
ments, there were 100 participants who had SomaScan
11k measurements at both visits 2 and 5.

IMMUNOASSAY PROTEOMIC PLATFORMS

We quantified 5420 antibody assays using the Olink
Explore HT platform (10) (Olink Proteomics) on ali-
quots of plasma from the same ARIC participants using
proximity extension assay technology. Briefly, relative
protein abundance in plasma was quantified based on
the binding of oligonucleotide-labeled antibody pairs to
the target protein. These unique hybridization sequences
were then amplified with real-time PCR. Olink proteins
were reported on a relative and logy-scale as Normalized
Protein eXpression values. Olink reports a median
intra-CV of 10.2% and median inter-CV of 8.8% for
the Olink Explore HT (10). Eleven participants from visit
5 had samples that did not pass Olink quality control (in-
cluding a participant whose sample did not pass ARIC
quality control for SomaScan); one additional participant
was excluded due to having outliers on one or more of the
first 10 protein principal components (defined as >5 SD
from the mean). Additional details on the Olink Explore
HT and information on clinical immunoassays are pro-

vided in the Supplemental Methods.

STATISTICAL ANALYSIS
Statistical analysis was performed using R version 4.3.0.

Within-Platform Assay Precision. Based on split plasma
samples, we calculated means (SDs) of the proteins mea-
sured in each batch. Among the 102 participants with
usable data on both platforms, we calculated CV (using
the Bland-Altman method) (11) and Spearman correla-
tions (r) for each assay available on the SomaScan 11k
and Olink Explore HT. These statistics for each protein
were summarized using histograms and percentiles. We
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Within and Between Proteomic Platform Comparisons

examined the precision of each protein according to
availability of the aptamer on prior SomaScan platforms
(based on Seqgld on the SomaScan 5k, 7k, or 11k) and
availability of the protein on prior Olink platforms (based
on uniprotid, OlinkIDs were not transferable across the
Olink 96, Explore 3072, or Explore HT platforms).
The SomaScan 11k platform fully includes all 7288 assays
on the SomaScan 7k platform and all 5284 assays on the
SomaScan 5k platform. Most assays on the Olink 96 plat-
forms and Olink Explore 3072 are found on the Olink
Explore HT platform. We also summarized the precision
of each assay according to dilution bins.

We conducted several analyses to examine the influence
of suggested Olink methods for handling assay values below
the limit of detection (LOD) on assay precision (99% of
SomaScan 11k assays had >80% of values above the LOD
in our study). We defined LOD based on the publicly avail-
able validation LOD data (12, 13). In our primary analysis,
we report results using plate-normalized results and include
all Normalized Protein eXpression protein values as reported
to us by Olink (including those below the LOD; intensity
normalized values yielded the same overall conclusions).
Secondary analyses followed alternative suggested methods
(14) for dealing with values below the LOD: (4) replacing
data below the LOD to a single value (we used the LOD di-
vided by 2), (6) excluding proteins assays with a large propor-
tion of samples below the LOD (we used >50% below
LOD), or (¢) treating values below the LOD as missing data.

Between-Platform Assay Comparisons. There were 102
participants with data available on both the SomaScan
11k and the Olink Explore HT for 4443 overlapping as-
says (targeting 3729 proteins based on SomaScan 11k
uniprotID and 3724 based on Olink uniprotID). We
calculated the between-platform correlation for each as-
say across the 102 individuals. We summarized the
cross-platform  correlations (based on measurements
from batch 1) in histograms according to categories of
protein detectability, i.e., [0-20%), [20%-50%),
[50%-80%), [80-100%), 100% of samples with pro-
teins above the Olink Explore HT LOD values. We
summarized the precision of the overlapping assays ac-
cording to dilution bins.

Comparisons of SomaScan 11k, Olink Explore HT, and
Clinical Immunoassays. We included scatterplots for
the relative abundance of proteins measured on the
SomaScan 11k platform and on the Olink Explore
HT data vs absolute measurement of proteins quantified
using targeted immunoassays. We generated Spearman
correlations of proteins measured on clinical immunoas-
says [cystatin-C, N-terminal pro-brain natriuretic pep-
tide (NT-proBNP), troponin-T] vs SomaScan 11k.
Using visit 2 data, we provide correlations and scatter-
plots for targeted immunoassays (cystatin-C,

NT-proBNP, troponin-T) to the SomaScan 11k mea-
sured. We also calculated correlations and included scat-
terplots for the change in targeted immunoassays vs
change in SomaScan 11k from visits 2 to 5.

Results

Plasma samples from 116 participants were assayed, of
which 102 had measurements on both the SomaScan 11k
and Olink Explore HT platforms at visit 5. The 102 parti-
cipants were mean age 74 years (SD 5 years), 47% self-
identified their race as Black, and 53% were women
(Table 1). The mean estimated glomerular filtration rate
was 62 mL/min/1.73 m? (SD:21), 38% had diabetes, and
78% had hypertension. By design, none of the participants
had cardiovascular disease at the time of blood draw, and
half of the participants developed incident cardiovascular
disease within the 5 years following visit 5. The 100 partici-
pants with SomaScan 11k measurements at visit 2 were a
mean age of approximately 57 years (SD 5 years) and had
fewer cardiometabolic risk factors (Supplemental Table 1).

PRECISION AND RELIABILITY OF PLASMA PROTEINS
QUANTIFIED ON THE SOMASCAN 11K

The median Spearman correlation for the 10 778 apta-
mers (9657 unique proteins based on uniprotlD) mea-
sured in 102 splic samples was 0.85 [interquartile
interval (IQI): 0.70-0.94; median SE for  0.053],
and the median CV was 6.8% (IQI: 5.1%-9.3%; CV
<20% for 10304 assays) (Fig. 1A and Table 2; see
Supplemental Table 2 for the individual assays). Assay
precision was similar when we stratified aptamers by
their prior availability on the SomaScan 5k and 7k plat-
forms (Table 2). Ninety-nine percent of the SomaScan
11k assays had >80% of values above the LOD.
Across dilution bins, the median of the correlations
and CVs of the SomaScan 11k assays measured in dupli-
cate were similar (Supplemental Table 3).

Similar to visit 5, the precision of the SomaScan
11k using visit 2 samples was high, even based on sam-
ples that had been stored for an additional about
20 years. At visit 2, the median Spearman correlation
for the 10 778 aptamers measured in 100 split samples
was 0.90 (IQI: 0.82-0.95; median SE for » 0.044).
The median CV for the 10778 aptamers measured in
split samples was 5.7% (IQI: 4.5%-7.9%) (see
Supplemental Table 4 for the individual assays using vis-
it 2 samples).

PRECISION AND RELIABILITY OF PLASMA PROTEINS
QUANTIFIED ON THE OLINK EXPLORE HT

For the 5420 Olink antibodies (5416 unique proteins)
measured in 102 split samples, the median Spearman
correlation was 0.65 (IQI: 0.37-0.90; median SE for
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Table 1. Participant characteristics overall and according to case and control status: ARIC Study
(2011-2017).2
Visit 5 characteristic Overall Controls Incident CVD cases
N 102 51 51
Age, years 74 (5) 74 (4) 75 (6)
Women (%) 54 (53) 30 (59) 24 (47)
Black race (%) 48 (47) 24 (47) 24 (47)
BMI, kg/m2 30 (6) 29 (5) 31 (6)
eGFR,” mL/min/1.73 m? 62 (21) 64 (21) 60 (21)
Diabetes (%) 38 (38) 14 (28) 24 (48)
Hypertension (%) 80 (78) 36 (71) 44 (86)
Incident CVD (%) 51 (50) 0 (0) 51 (100)
Incident CHD 14 (14) 0 (0) 14 (28)
Incident HF 33(32) 0 (0) 33 (65)
Incident stroke 15 (15) 0 (0) 15 (29)
Abbreviations: BMI, body mass index; CVD, cardiovascular disease; CHD, coronary heart disease; eGFR, estimated glomerular filtration rate;
HF, heart failure.
N (%) for dichotomous variables, mean (SD) for continuous variables. Three participants were missing data on BMI and 2 participants miss-
ing data on diabetes status at visit 5 (2011-2013).
PeGFR was calculated using the 2021 Chronic Kidney Disease Epidemiology equation incorporating creatinine and cystatin-C.

7:0.076) and the median CV was 35.7% (IQI: 14.5%-—
97.1%; CV <20% for 1804 assays) (Fig. 1A and
Table 2). The correlations of assays measured in dupli-
cate varied substantially according to the availability of
the assay on prior Olink platforms (i.e.,, Olink 3072
and Olink 96). Assays available on the Olink 96 and
Olink 3072 platforms had median correlations of 0.92
(IQI: 0.83-0.96) and 0.84 (IQI: 0.55-0.94), respectively,
whereas the median correlation for the assays added to the
newest Olink Explore HT was 0.45 (IQI: 0.28-0.66).
The corresponding median CVs rose from 10.9% to
19.8% to 67.9% (Table 2). The median CV for the
4366 Olink Explore HT assays in the 1:1 dilution bin
was 47.5%, and the median correlation for assays mea-
sured in duplicate was 0.54. Across the remaining dilu-
tion bins, the median CV for assays in other dilution
bins were lower (8.2%-12.9%) and the median correla-
tions were higher (0.83-0.92) (Supplemental Table 3).
Half of the Olink Explore HT assays had the major-
ity (>50%) of values above the LOD. Forty percent of
the assays had >80% values above the LOD. There
were 1563 Olink Explore HT assays where all 102 par-
ticipants had values that were above the published LOD,
and their median CV was 12.7%. The precision (CV) of
the Olink Explore HT assays was strongly inversely cor-
related (7: —0.77) with protein detectability (i.e., percent
of samples above the validation LOD) (Fig. 2). When
we replaced Olink values reported below the LOD to
half the LOD, the median correlation for the Olink
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assays measured in duplicate increased to 0.79 (IQI:
0.58-0.93), and the median CV decreased to 13.3%
(IQI: 8.7%-21.7%) (Fig. 1A and Table 2; see
Supplemental Table 5 for the individual Olink assays).
Focusing on moderately to highly detectable proteins
(i.e., with a majority of samples above the LOD) left
2446 assays with a median correlation for duplicate mea-
surements of 0.91 (IQI: 0.82-0.96) and median CV of
13.6% (IQI: 9.2%-22.6%). Treating values below the
Olink LOD as missing data left 4743 proteins with a
median correlation for duplicate measurements of 0.88
(IQIL: 0.68-0.96) and a median CV of 17.6% (IQI:
11.2%-28.5%).

In a sensitivity analysis, the overall precision of
Olink Explore HT based on results that were intensity
normalized were similar to plate-normalized results (me-
dian 7 0.68, IQI: 0.39-0.92; median CV: 30.6%, I1QI:
13.3%-87.0%).

COMPARABILITY OF OVERLAPPING PROTEINS ON SOMASCAN
11K VS OLINK EXPLORE HT

The between-platform median correlation for the 4443
overlapping assays on the SomaScan 11k and Olink
Explore HT platforms was 0.14 (IQI: 0-0.58), lower
than the 0.33 reported for the earlier versions of these
platforms (1, 2). The distribution of the correlations
for the overlapping assays had a mode of 0 with another
smaller peak at r approximately 0.8 (Fig. 1B). About
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Within and Between Proteomic Platform Comparisons

one-third of the protein pairs had modest to excellent
cross-platform correlations (407 proteins with »> 0.8;
875 proteins with 0.5<7<0.8) while the other
two-thirds had poor correlations (including 2481 pro-
teins with < 0.2). Approximately one-third of the over-
lapping proteins had 100% of values above the LOD on
Olink Explore HT, and those assays had a median
between-platform correlation of 0.52. Conversely, plas-
ma proteins with the majority of samples below the
LOD on the Olink platform showed poor correlation
to the corresponding SomaScan assay (Fig. 1B). For
the overlapping assays, the CVs for the Olink Explore
HT assays were strongly inversely correlated (r=
—0.82) with the percent of samples (in batch 1) above
the Olink LOD; the Somalogic 11k assay CVs were
weakly correlated with the percent of samples (in batch
1) above the SomaScan 11k LOD (»=—0.19). When
we restricted between-platform comparisons to the
2360 assays with greater than 80% of samples above
the platform-specific LOD, the median correlation in-
creased to 0.49 (IQI: 0.09-0.75). For the overlapping
assays with highly detectable proteins (>80% samples
above the LOD), the median CV on the SomaScan

11k was 6.6% (IQI: 5.0%-9.0%), and the median CV
on the Olink Explore HT was 11.6% (IQI: 8.4%-—
17.4%). Summary statistics for the individual overlap-
ping proteins and their precision on each platform are
reported in Supplemental Table 6.

After replacing protein values reported below the
LOD with the LOD divided by 2, the median correl-
ation for the 4325 proteins on both the SomaScan
11k and Olink Explore HT platforms was 0.13 (IQI:
—0.01-0.58), and these results were similar to our pri-
mary analyses (median r=0.14).

AGREEMENT OF PROTEINS QUANTIFIED ON THE SOMASCAN
11K AND OLINK EXPLORE HT PLATFORMS VS TARGETED
IMMUNOASSAYS

At visit 5, measurements of cystatin-C using clinical im-
munoassays correlated highly with the cystatin-C meas-
urement from the SomaScan 11k (r: 0.92) and from the
Olink Explore HT (: 0.93) (Fig. 3). Correlations for
visit 5 plasma NT-proBNP measurements with the
SomaScan 11k was 0.87 and with the Olink Explore
HT was 0.92. At visit 5, the correlation of the targeted
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Fig. 1. (A and B), Summary of within-platform precision and between-platform correlations among 102
ARIC Study participants (2011-2013). (A), Precision of proteins measured in duplicate on the SomaScan 11k
(10 778 assays) and on the Olink Explore HT (5420 assays) before and after imputing values below LOD to
the LOD divided by 2 (LOD2). CVs were capped at 50% for the display of the histogram; (B), Histogram of
Spearman correlations for the 4443 overlapping protein assay comparisons on the SomaScan 11k and Olink
Explore HT platforms, according to the percentage of samples with protein values above the Olink Explore
HT LOD. There were 1841 overlapping Olink proteins with 100% samples with protein values above the
LOD, 533 proteins with [80%-100%), 261 proteins with [5S0%-80%), 407 proteins with [20%-50%), 1399
with less than 20% above the LOD; 2 proteins were missing an Olink LOD. There were 4194 overlapping
proteins with 100% samples with protein values above the SomaScan LOD, 216 proteins with [80%—
100%), 18 proteins with [50%-80%), 8 proteins with [20%-50%), and 7 with [0-20%) above the LOD.
Color figure available at https://academic.oup.com/clinchem.
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Table 2. Summary of within-platform precision (overall and according to availability on prior versions) among 102 ARIC visit 5 participants.

(5202) 9:1£ Ansiway) [ed1ud 289

Summary of Spearman r Summary of CV
N N 25th 50th 75th Mean 25th percentile 50th percentile 75th percentile
participants proteins Mean percentile percentile percentile (%) (%) (%) (%)
SomaScan 11k 102 10778 0.80 0.70 0.85 0.94 8.6 5.1 6.8 9.3
Assays in SomaScan 11k but not 5k, 7k 3487 0.74 0.62 0.77 0.90 9.0 5.2 7.1 10.2
Assays in SomaScan 7k but not 5k 2303 0.82 0.73 0.87 0.95 8.5 5.1 6.8 9.1
Assays in SomaScan 5k, 7k, and 11k 4988 0.83 0.75 0.88 0.95 8.4 5.0 6.5 8.8
Olink Explore HT (5k) 102 5420 0.61 0.37 0.65 0.90 110 14.5 35.7 97.1
Assays in Olink 5k but not 96, 3k 2591 0.47 0.28 0.45 0.66 173 35.4 67.9 203
Assays in Olink 3k but not Olink 96* 2394 0.73 0.55 0.84 0.94 56.5 10.8 19.8 44.2
Assays in Olink 96, 3k, and 5k 435 0.85 0.83 0.92 0.96 26.6 7.6 10.9 18.3
Olink Explore HT (5k, impute < LOD to LOD/2)® 102 5160 0.72 0.58 0.79 0.93 24.4 8.7 13.3 21.7
Assays in Olink 5k but not 96, 3k 2410 0.64 0.48 0.70 0.84 31.0 9.0 14.7 24.6
Assays in Olink 3k but not Olink 96* 2317 0.78 0.68 0.86 0.95 19.4 8.9 12.7 20.3
Assays in Olink 96, 3k, and 5k 433 0.87 0.84 0.93 0.96 14.1 7.3 10.1 15.4
Olink Explore HT (5k, exclude proteins with 102 2446 0.86 0.82 0.91 0.96 35.0 9.2 13.6 22.6
>50% of samples < LOD)
Assays in Olink 5k but not 96, 3k 448 0.78 0.68 0.86 0.94 93.3 13.5 21.8 39.0
Assays in Olink 3k but not Olink 96° 1611 0.87 0.82 0.91 0.96 23.2 9.3 131 21.4
Assays in Olink 96, 3k, and 5k 387 0.90 0.87 0.93 0.97 17.0 7.3 9.9 14.6
Olink Explore HT (5k, excluding values < 102 4743 0.75 0.68 0.88 0.96 31.0 11.2 17.6 28.5
LOD)“
Assays in Olink 5k but not 96, 3k 2111 0.68 0.57 0.81 0.95 43.6 15.8 23.6 36.9
Assays in Olink 3k but not Olink 96* 2208 0.80 0.75 0.89 0.95 22.0 9.9 14.5 22.6
Assays in Olink 96, 3k, and 5k 424 0.86 0.85 0.93 0.96 14.7 7.5 10.4 15.6

SomaScan 11k results are Adaptive Normalization by Maximum Likelihood and Olink Explore HT (5k) results are plate-normalized. Of the SomaScan platforms listed, SomaScan 5k was released first,
followed by SomaScan 7k and then SomaScan 11k. Of the Olink platforms listed, Olink 96 was released first, followed by Olink 3072 (3k) and then Olink Explore HT (5k).

*The cardiovascular disease 2, 3, inflammation, organ damage, and cardiometabolic panels data (460 assays) were included as part of the Olink 96 platform.

PImpute Normalized Protein eXpression values reported below the LOD to half of the LOD (we excluded 260 assays where all samples had Normalized Protein eXpression values below the LOD in
either batch or assays that were missing an LOD).

‘We excluded 677 assays where <2 samples had a Normalized Protein eXpression value that was above the LOD in both batches or assays that were missing an LOD. The median percentage of
observations above the LOD were 55.9% overall and 13.7% in assays in Olink 5k but not 96, 3k; 99.0% proteins in Olink 3k but not Olink 96; and 100% in proteins in Olink 96, 3k, and 5k.
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3000% 1

1000% 1

300% 1

100% 1

30% 1

10% 4

CV Olink Explore HT measured in duplicate

0% 25%

Samples with Olink protein values > LOD (Batch 1)

50% 75% 100%

Fig. 2. Scatterplot of the percentage of participants with protein values above the LOD vs CV (displayed
on the log, scale) on the Olink Explore HT among 102 ARIC participants. Dashed line represents a linear
regression of the percentage of participants with protein values above the LOD and the CV for the Olink
Explore HT (log, transformed). Color figure available at https://academic.oup.com/clinchem.

immunoassay of troponin-T with the SomaScan 11k ap-
tamer was 0.70, and the correlation with the Olink
Explore HT protein was —0.03.

At visit 2, the correlations of the cystatin-C
(n 0.85), NTproBNP (r=0.66), and troponin-T
(7 0.54) with the SomaScan 11k aptamers were lower
compared to visit 5 (likely a function of the narrower
distribution of these biomarkers in middle age)
(Supplemental Fig. 1). The correlations for the change
in cystatin-C (= 0.80) and NTproBNP (r 0.76) was
high, whereas the correlation of the change in
troponin-T for the SomaScan vs targeted was modest
at 0.40 (Supplemental Fig. 1).

Discussion

In the ARIC Study, we identified substantial differences
in precision within and across the latest large-scale prote-
omic platforms available. Over 10 300 assays (of 10 778)
can be measured with CV<20% on the latest
SomaScan 11k platform based on split samples.
Approximately 1800 assays (of 5420) can be measured
with CV <20% on the Olink Explore HT. We demon-
strated the substantial impact that different methods for
addressing values below the LOD can have on precision

within the Olink Explore HT platform. Our findings

indicate that the precision of these 2 leading platforms
in human plasma has diverged as the number of in-
cluded proteins has increased.

Our results provide important data on the precision
of the latest SomaScan 11k and Olink Explore HT plat-
forms and their cross-platform agreement within an epi-
demiologic cohort. We found substantial differences in
measurements of relative protein abundance across the
latest and largest-scale proteomic platforms currently
available. Only 30% of the overlapping protein pairs on
the SomaScan 11k and Olink Explore HT have modest
to excellent agreement. Cross-platform comparison studies
of prior proteomic platforms (SomaScan 1.1, 1.3, 5k, 7k;
Olink 96, 3072) have reported that approximately half of
the overlapping proteins have modest to excellent agree-
ment and that the remaining half have poor agreement
(Supplemental Table 8) (1, 2, 4, 15-19). Proteins with ex-
cellent cross-platform agreement included plasma proteins
with a greater proportion of individuals in our study above
the Olink LOD. Proteins with low detectability in plasma
tended to have the poorest agreement across platforms.
Investigators should be mindful of this potentially large
disagreement for most overlapping protein measurements
on the latest, large-scale proteomic platforms in
community-dwelling populations.

The number of assays available on the leading
aptamer-based platform (e.g., SomaScan 5k to 7k to
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Fig. 3. (A-F), Correlations of SomaScan 11k and Olink Explore HT with targeted immunoassays
(cystatin-C, NTproBNP, troponin-T) at visit 5. All values are provided on the log2 scale. The Olink valid-
ation LOD (on the Normalized Protein eXpression scale) was —6.17 for cystatin-C (OID45345, 100% sam-
ples above LOD on Olink), 0.0074 for NT-proBNP (OID44822, 95% samples above LOD on Olink), and
1.35 for troponin-T (OID40669, 0% samples above LOD on Olink). The SomaScan 11k validation LOD
was 6.09 for cystatin-C (Seqld-2609-59, 100% samples above LOD on SomaScan), 8.34 for NT-proBNP
(Seqld-7655-11, 100% samples above LOD on SomaScan), and 8.16 for troponin-T (Seqld-5315-22,
100% samples above LOD on SomaScan). Color figure available at https://academic.oup.com/clinchem.
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11k) and antibody-based platform (e.g., Olink 96 to
Explore 3072 to Explore HT) has grown rapidly. The
SomaScan 11k has the largest coverage at >10 700 pro-
tein measurements and, in our study, retains high preci-
sion based on duplicate measurements (visit 5 median
CV: 6.8%; median r: 0.85). These findings are consist-
ent with data from the Baltimore Longitudinal Study of
Aging, which reported that the median interplate CVs
for the SomaScan 7K and 11K were similar (median
CV of 4.5% and 5%, respectively) (20). On Olink
Explore HT, the precision of the assays available on
the 5 Olink 96 panels measured in ARIC and Olink
3072 was high. However, we found low precision for
many assays unique to the Olink Explore HT platform.
The plasma proteins unique to Olink Explore HT
tended to be low abundance in our study, but precision
may increase if the same proteins are found at high
abundance in certain disease states or when analyzed
using different specimen types. Nevertheless, our results
suggest that there are a growing number of low abun-
dance proteins or intracellular proteins on the latest plat-
forms that can be harder to measure precisely in plasma
among relatively healthy adults.

We demonstrated how different methods for hand-
ling protein values below the LOD can substantially im-
pact results in proteomics studies. In our primary
analyses, we analyzed the proteomic data as reported to
us by the company (including values below the declared
LOD). Within-platform precision and cross-platform
correlations were vastly improved when we used different
methods (e.g., imputation or exclusion of low detectable
proteins) to address the large number of low-value pro-
teins in Olink Explore HT. In our study, we would
have excluded 2974 (55%) Olink Explore HT proteins
with low detection (i.e., protein below LOD on the ma-
jority of samples). Researchers should thoughtfully con-
sider the different methods for handling measurements
below the LOD in the context of their own studies.

Our study has limitations. First, the sample size is
small, and between-run precision was calculated based
on 2 measurements. Future work could consider analyz-
ing proteomic measurements based on additional repli-
cates and comparison to reference methods to assess
protein accuracy. Nevertheless, our cross-platform corre-
lations of SomaScan 11k and Olink Explore HT provide
important information for investigators when a study
has 1 platform but not both. Second, proteomic plat-
forms measure relative abundance (not absolute) of the
proteins, and proteins may not be on the same scale
across platforms. Third, LOD values were not derived
within our study since our study only included 2
Olink plates. We used LOD validation data that is avail-
able publicly. Strengths of this study include the largest
number of proteins measured using the latest proteomic
platforms, the availability of duplicate measurements of

both the SomaScan 11k and Olink Explore HT plat-
forms within the same study, and comparisons to clinic-
ally used immunoassays. The high level of agreement of
the proteomic platforms with cystatin-C provides sup-
port for the validity of the laboratory analyses, although
the lack of agreement for troponin-T indicates that this
may not always be the case. Additionally, the reliability
of cystatin-C measured in duplicate was high on both
the SomaScan 11k (visit 2 »=0.90; visit 5 »=0.96)
and on the Olink Explore HT (visit 5 »=0.96).

In conclusion, the field of proteomics is expanding
rapidly, and thousands of proteins, particularly those in
higher abundance, can be measured with great precision.
We identified substantial differences in precision within
and across the latest large-scale proteomic platforms
available. Expanding the coverage of human plasma
proteomic profiling retains precision with SomaScan’s
aptamer-based technology. In contrast, newly added
antibodies on the latest Olink platform often yielded im-
precise values below the LOD of the assay in human
plasma. These results highlight the need for careful con-
sideration in platform selection based on specific re-
search requirements.
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