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Abstract

Background

An elevated gamma gap (>4 g/dL), the difference between serum total protein and albumin,
can trigger testing for chronic infections or monoclonal gammopathy, despite a lack of evi-
dence supporting this clinical threshold.

Methods

Using the National Health and Nutrition Examination Survey (NHANES) 1999-2014,
gamma gap was derived in three subpopulations based on availability of testing for human
immunodeficiency virus (HIV; N = 25,680), hepatitis C (HCV; N = 45,134), and monoclonal
gammopathy of unknown significance (MGUS; N = 6,118). Disease status was confirmed
by HIV antibody and Western blot, HCV RNA test, or electrophoresis with immunofixation.
Sensitivity, specificity, and likelihood ratios were calculated for different gamma gap thresh-
olds. Area under the curve (AUC) was used to assess performance and cubic splines were
used to characterize the relationship between the gamma gap and each disease.

Results

Mean gamma gaps of participants with HIV, HCV, or MGUS ranged from 3.4-3.8 g/dL. The
AUC was 0.80 (95%Cl: 0.75,0.85) for HIV, 0.74 (0.72,0.76) for HCV, and 0.64 (0.60,0.69)
for MGUS. An elevated gamma gap of over 4 g/dL corresponded to sensitivities of 39.3%,
19.0%, and 15.4% and specificities of 98.4%, 97.8%, and 95.4% for HIV, HCV, and MGUS,
respectively. A higher prevalence of all three diseases was observed at both low and high
gamma gaps.
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Discussion

An elevated gamma gap of 4 g/dL is insensitive for HIV, HCV, or MGUS, but has a high
specificity for HIV and HCV, suggesting that the absence of an elevated gamma gap does
not rule out HIV, HCV, or MGUS. Conversely, an elevated gap may justify further testing for
HIV and HCV, but does not justify electrophoresis in the absence of additional clinical
information.

Introduction

The gamma gap, sometimes referred to as a protein gap, is the difference between total serum
protein and serum albumin, which is readily available through a frequently obtained compre-
hensive metabolic panel (CMP) [1]. It represents serum proteins other than albumin, includ-
ing al, 02, B, and v globulins [2]. This gap is associated with a variety of inflammatory and
infectious conditions [3-7] and serum acute phase reactants, such as haptoglobin and C-reac-
tive protein [2,8]. Furthermore, it is an independent risk factor for all-cause mortality [9,10]
even after adjustment for cardiovascular, pulmonary, and oncologic diseases [4]. Clinically, an
arbitrary value of 4.0 g/dL is sometimes considered an elevated gamma gap even though there
are no studies demonstrating an association between an elevated gamma gap and various clini-
cal conditions [4,11]. Nevertheless, an elevated gamma gap of 4.0 g/dL may trigger further
work-up such as serum electrophoresis and free light chain assessment despite a lack of pub-
lished evidence informing this testing [11-15]. Similarly, Western blots for HIV or serologic
antigen and antibody testing for HCV may be performed in response to an elevated gamma
gap.

Despite the clinical significance of the gamma gap and its widespread use, there are no
agreed upon thresholds to inform the decision of conducting further testing. In fact, the few
studies that exist suggest a low yield from elevated gamma gap as the sole rationale for further
workup. Two studies showed that among patients with a gamma gap >4 g/dl, less than 1% had
monoclonal gammopathy or paraproteinemia ascribed to MGUS or lymphoproliferative dis-
orders [16,17]. Furthermore, the utility of the gamma gap as a screening test for associated
conditions has not been established, which may contribute to inefficient, unnecessary and
potentially costly testing.

Here, we examine the performance of the gamma gap measured in a community-based
population as a diagnostic test for conditions thought to be associated with an elevated gamma
gap, namely, human immunodeficiency virus (HIV), hepatitis C (HCV), and monoclonal
gammopathy of unknown significance (MGUS).

Materials and methods
Study population

The Continuous National Health and Nutrition Examination Surveys (NHANES) are a series
of cross-sectional, stratified, clustered probability national health surveys conducted by the
National Center for Health Statistics (NCHS) in two-year cycles, with samples that are repre-
sentative of the non-institutionalized U.S. population. The NHANES include ancillary tests to
their surveys that vary from cycle to cycle, based on sponsorship or current objectives of the
Centers for Disease Control and Prevention. As a result, the study population for each of the
following conditions varied based on test administration within certain cycles. For the
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purposes of our analyses, the subset of participants tested for each of the following conditions-
HIV, HCV, and MGUS-were treated as distinct populations nested within the broader
NHANES sample. Protocols for the administration and conduct of these studies were
approved by the NCHS institutional review board and informed consent was obtained from all
participants. All data were fully de-identified prior to being made publicly available.

Gamma gap

The gamma gap was determined using the laboratory data available in the Standard Biochem-
istry Profile, which was conducted for all participants in NHANES 1999-2014. Between 1999
and 2006, serum albumin was measured using the Boehringer Mannheim Diagnostic system
(now Roche Diagnostic Corporation, Indianapolis, Indiana) and then from 2007 onward
using the bichromatic Dcx800 assay (Beckman Coulter, Inc., Indianapolis, Indiana). Total pro-
tein was measured in serum using a colorimetric assay through 2002 and then was switched to
the Beckman Synchron LX20 through 2008. Measurements of total protein were done using
the Dcx800 system from 2009 onward [18]. Albumin was subtracted from total protein to cal-
culate the gamma gap. This was then rounded to the nearest tenth digit for analysis.

HIV testing

All 18-59 year-old participants between 1999-2014 were eligible, with 25,680 ultimately
undergoing HIV testing (N = 25,680). This population was selected by NHANES based on
known patterns of the distribution of HIV infection in the general population. For all of these
surveys, HIV testing was conducted using the Synthetic Peptide Enzyme Immunoassay (EIA)
from Genetic Systems HIV-1/HIB-2 Peptide EIA and confirmed by Western blot [19]. A posi-
tive HIV status required both tests to be positive.

HCYV testing

All participants over the age of 6 between 1999-2014 were eligible, with 45,134 ultimately
undergoing HCV testing. Participants were screened for antibodies to HCV core antigen.
Then, anyone with a positive HCV core antibody underwent a HCV-RNA test, which was
detected using the COBAS AMPLICOR HCV MONITOR Test version 2.0 [20,21]. A positive
HCV status was defined as a positive HCV-RNA test. Exposure to HCV was based on the pres-
ence of antibodies measured in serum specimens, using the Ortho HCV enzyme-linked immu-
nosorbent assay (ELISA), version 3.0 (Ortho-Clinical Diagnostics, Raritan, New Jersey). All
ELISA-positive specimens were confirmed via a recombinant immunoblot assay (RIBA HCV
3.0 Strip Immunoblot Assay, Chiron, Emeryville, California). Participants were required to be
positive on both tests to be considered as having been infected with HCV. Participants with
negative RIBA results, were considered anti-HCV negative. Positive and indeterminate cases
were assessed for HCV RNA (viral load) using an in vitro nucleic acid amplification test for
the quantitation of HCV RNA: COBAS AMPLICOR HCV Test (survey 2005-14), and COBAS
AmpliPrep/ TagMan HCV Test, version 2.0 (survey years 1999-2004). Participants were con-
sidered as having a chronic HCV infection if both the anti-HCV ELISA and RIBA tests were
confirmed positive or indeterminate and if the results of their test for HCV RNA test were
positive.

Monoclonal gammopathy of unknown significance

Electrophoresis to assess for monoclonal gammopathy of unknown significance (MGUS) was
performed in participants over the age of 50 between 1999-2004 (N = 6,118). Serum samples
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were first analyzed via agarose gel electrophoresis and then retested with immunofixation for
validation. MGUS was considered positive based on the presence of either heavy or light
chains Testing was conducted at the Protein Immunology Laboratory at Mayo Clinic in Roch-
ester, MN [22].

Other covariates

Demographic data were self-reported by study participants: age, sex, race/ethnicity (catego-
rized as recommended by the CDC/NCHS as Non-Hispanic White, Non-Hispanic Black,
Mexican-American, Hispanic, or Other). The following biomarkers were measured as part of a
comprehensive metabolic panel: total calcium, aspartate aminotransferase, alanine amino-
transferase, alkaline phosphatase, and total bilirubin.

Statistical analysis

Means and proportions (with standard deviations) were used to characterize participants by
disease status for each of the corresponding survey populations. Area under the curve (AUC)
was calculated from receiver operating curves (ROC) based on logistic regression to determine
the overall discriminatory performance of the gamma gap for each outcome of interest. AUCs
were determined for each item of the comprehensive metabolic panel. We also determined
sensitivity, specificity, positive likelihood ratio, and negative likelihood ratio for each of the dif-
ferent gamma gap thresholds for HIV, HCV, and MGUS. Poisson regression with cubic splines
was used to model prevalence ratios, characterizing the relationship between the gamma gap
and each condition. Both logistic and Poisson regressions were adjusted for age, sex, and race.
All statistical analyses were conducted using Stata 14.0 (StataCorp).

Results

Our study included subpopulations of NHANES for HIV (N = 25,680 during 1999 to 2014),
HCV (N = 45,134 during 1999 to 2014), and MGUS (N = 6,118 during 1999 to 2004). Demo-
graphic characteristics are shown in Table 1. Across all subpopulations, approximately 50% of
participants were women. Compared to the HIV and HCV subpopulations, the MGUS group
had a higher proportion of white participants (57.7%) and a higher mean age of 67 years

(SD = 10.5). The mean gamma gap of participants positive for the three diseases ranged from
3.4 g/dL to 3.8 g/dL, which were higher than those without these diseases (3.0 g/dL to 3.1 g/
dL). Of those positive for HIV, 37.8% of them had an elevated gamma gap of 4 g/dL, compared
to 18.8% for HCV and 15.4% for MGUS. The median (25™ and 75" quartiles of gamma gap
for each of the three conditions was 2.9 (2.7, 3.2) g/dL, 3.0 (2.7, 3.7) g/dL, and 3.1 (2.8, 3.4) g/
dL, for HIV, HCV, and MGUS, respectively.

For HIV, gamma gap demonstrated an AUC of 0.80 (95% CI: 0.75, 0.85) (Tables 2 and S1
and S1 Fig). At the elevated gamma gap threshold of 4 g/dL, the sensitivity and specificity for
HIV were 39.3% and 98.4% (LR+ = 24.2; LR- = 0.6) respectively. The continuous association
between gamma gap and HIV may be found in Fig 1. Notably, the relationship was U-shaped
with higher prevalence ratios below 2.5 g/dL as well as above 3.0 g/dL (Fig 1).

For HCV, the gamma gap demonstrated an AUC of 0.74 (95% CI: 0.72, 0.76) (Tables 3 and
S2 and S2 Fig). While an elevated gamma gap of 4.0 g/dL represented a specificity of 97.8%, a
gamma gap of 2.5 or lower corresponded with a sensitivity of 97.8% (Table 3). Similar to HIV,
we observed a non-linear, U-shaped relationship between gamma gap and the risk of having
HCV (Fig 2).

For MGUS, gamma gap demonstrated an AUC of 0.64 (95% CI: 0.60, 0.69) (Tables 4 and
S3 and S3 Fig). At the elevated gamma gap threshold of 4 g/dL, the sensitivity and specificity
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Table 1. Baseline characteristics.

HIV HCV MGUS
Overall Negative Positive Overall Negative Positive Overall Negative Positive
(n=25680) | (n=25545) | (n=135) | (n=45,134) | (n=44,676) | (n=458) | (n=6,118) | (n=5,949) | (n=169)

Age, yr (SD) 34.3 (11.3) 34.3 (11.4) 38.9 (9.6) 40.7 (21.8) 40.6 (21.8) 51.7 (11.6) | 66.9(10.5) 66.8 (10.5) 72.0 (9.5)
Women, % 13459 (52.4) | 13425 (52.6) | 34(25.2) | 22997 (51.0) | 22849 (51.1) | 148(32.3) | 3090 (50.5) | 3021 (50.8) | 69 (40.8)
Race, %

Non-Hispanic White 10381 (40.4) | 10361 (40.6) | 20 (14.8) | 19145 (42.4) | 18974 (42.5) | 171(37.3) | 3529(57.7) | 3429 (57.6) | 100 (59.2)

Non-Hispanic Black 5576 (21.7) 5484 (21.5) 92 (68.1) | 10130 (22.4) | 9944 (22.3) 186 (40.6) 977 (16.0) 937 (15.8) 40 (23.7)

Mexican American 5539 (21.6) 5525 (21.6) 14 (10.4) | 10051 (22.3) | 9998 (22.4) 53 (11.6) 1194 (19.5) | 1172(19.7) | 22(13.0)

Hispanic Other 2029 (7.9) 2021 (7.9) 8(5.9) 3153 (7.0) 3121 (7.0) 32 (7.0) 237 (3.9) 235 (4.0) 2(1.2)

Non-Hispanic Other 2155 (8.4) 2154 (8.4) 1(0.7) 2655 (5.9) 2639 (5.9) 16 (3.5) 181 (3.0) 176 (3.0) 5 (3.0)
Albumin, g/dL (SD) 4.3 (0.4) 4.3 (0.4) 4.1(0.4) 4.3 (0.4) 4.3 (0.4) 4.1(0.4) 4.2 (0.3) 4.2 (0.3) 4.1(0.3)
Total Protein, g/dL 7.2 (0.5) 7.2 (0.5) 7.9 (0.8) 7.3 (0.5) 7.3 (0.5) 7.5 (0.6) 7.3 (0.5) 7.3 (0.5) 7.5(0.7)
Gamma Gap, g/dL (SD) 3.0 (0.4) 3.0 (0.4) 3.8 (0.9) 3.0 (0.4) 3.0 (0.4) 3.5 (0.6) 3.1(0.5) 3.1(0.5) 3.4(0.7)
Gamma Gap Fraction 0.4 (0.0) 0.4 (0.0) 0.5 (0.1) 0.4 (0.0) 0.4 (0.0) 0.5 (0.1) 0.4 (0.0) 0.4 (0.0) 0.5 (0.1)
Gamma Gap > 4 g/dL, % 446 (1.7) 395 (1.5) 51 (37.8) 1037 (2.3) 951 (2.1) 86 (18.8) 285 (4.7) 259 (4.4) 26 (15.4)
Gamma Gap Distribution, g/dL

1st percentile 2.1 2.1 2.2 2.1 2.1 2.4 2.1 2.1 2.4

5th percentile 2.3 2.3 2.4 2.3 2.3 2.6 2.4 2.4 2.5

25th percentile 2.7 2.7 3.2 2.7 2.7 3.0 2.8 2.8 3.0

50th percentile 2.9 2.9 3.6 3.0 2.9 3.4 3.1 3.1 3.3

75th percentile 3.2 3.2 43 3.2 3.2 3.8 3.4 3.4 3.8

95th percentile 3.7 3.7 5.4 3.7 3.7 4.6 3.9 3.9 5.0

99th percentile 4.2 4.1 6.6 4.2 4.2 5.5 4.5 4.5 5.9

HIV testing was conducted in participants between the ages of 18 and 59 from 1999-2014

HCYV testing was conducted in participants over the age of 6 from 1999-2014

MGUS testing was conducted in participants over the age of 50 from 1999-2004

https://doi.org/10.1371/journal.pone.0224977.t001

for MGUS were 15.4% and 95.4% (LR+ = 3.4; LR- = 0.9) respectively. Similar to the preceding
conditions, we observed a non-linear, U-shaped relationship between gamma gap and risk of
having MGUS (Fig 3) as well as a wide distribution of gamma gap resulting in 85% of partici-
pants with MGUS having a gamma gap of less than 4 g/dL (Table 1).
Compared with other items from the comprehensive metabolic panel, the gamma gap dem-
onstrated the highest AUC for HIV and MGUS, but AST and ALT demonstrated the highest
AUC for hepatitis C (S4 Table).

Table 2. Diagnostic performance of gamma gap for HIV using different gamma gap thresholds, N = 25,680.

Gamma gap (g/dL) Sn, % Sp, % LR + LR - Overall AUC (95% CI)
> 2.5 94.8 10.5 1.1 0.5 0.80 (95% CI: 0.75, 0.85)
> 3.0 84.4 51.9 1.8 0.3
>3.5 59.3 88.1 5.0 0.5
> 4.0 39.3 98.4 24.2 0.6
> 4.5 19.3 99.6 54.1 0.8
> 5.0 10.4 99.9 139.4 0.9
>55 4.4 100.0 283.9 1.0

https://doi.org/10.1371/journal.pone.0224977 1002
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Fig 1. A restricted cubic spline model of the relationship between gamma gap and HIV adjusted for age, gender, and race with three knots. Adjusted
prevalence ratio (solid line) and 95% CI were plotted against the gamma gap. Plot was truncated at the 0.5th and 99.5th percentiles. Gamma gap
distribution in the case (positive for HIV) sample (red) compared to the control (negative for HIV) sample (black) are also included. The vertical grey line
at 4g/dL indicates the commonly used gamma gap cutoff.

https://doi.org/10.1371/journal.pone.0224977.9001

Discussion

This study is the first examination of the diagnostic performance of the gamma gap in a gen-
eral, community-based population for commonly associated conditions. A gamma gap of 4 g/
dL demonstrated a high specificity for HIV and HCV, making it useful for increasing the post-
test likelihood of having these conditions. However, a threshold of 4 g/dL was insensitive for
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Table 3. Diagnostic performance of gamma gap for HCV using different gamma gap threshold, N = 45,134.

Gamma gap (g/dL) Sn, % Sp, % LR + LR - Overall AUC (95% CI)
> 2.5 97.8 9.9 1.1 0.2 0.74 (95% CI: 0.72, 0.76)
> 3.0 80.8 50.2 1.6 0.4
> 3.5 44.5 86.9 3.4 0.6
> 4.0 19.0 97.8 8.5 0.8
> 4.5 7.0 99.5 13.7 0.9
>5.0 2.6 99.8 16.3 1.0
>55 1.1 99.9 13.9 1.0

https://doi.org/10.1371/journal.pone.0224977 1003

HIV and HCV, limiting its usefulness in ruling out these conditions. The poor sensitivity of
the gamma gap for all three diseases is partially explained by higher prevalence ratios at low
gamma gap levels. With regards to MGUS, the gamma gap was neither sensitive nor specific
suggesting minimal utility in absence of additional clinical information. As a result, our study
does not support use of the gamma gap as the sole rationale for MGUS testing.

In the United States a comprehensive metabolic panel is frequently ordered clinically as a
bundle of measurements, which includes total protein, albumin, total calcium, aspartate ami-
notransferase, alanine aminotransferase, alkaline phosphatase, and total bilirubin. The gamma
gap is derived as the difference in total protein and albumin obtained as part of this panel.
While the gamma gap is often not the primary purpose of a comprehensive metabolic panel,
the incidental finding of a gamma gap may prompt additional diagnostic work-up. There is
limited evidence guiding the practice of subsequent testing.

Our study found that an elevated gamma gap demonstrated a high specificity for HIV,
which is consistent with HIV’s effect on humoral immunity resulting in hypergammaglobuli-
nemia [23-25]. However, the gamma gap generated by hypergammaglobulinemia is affected
by severity of HIV per CD4 count and viral load [26] and its treatment status [25,27,28], which
may explain the higher prevalence ratios at lower gamma gap thresholds as well as the poor
sensitivity of elevated gamma gap for HIV. Prior studies have shown that regardless of treat-
ment status and viremic level, those with HIV exhibit more intense staining at the gamma
region of the serum electrophoresis, represented by antibodies such as IgG and IgA, than those
without HIV [27,29], resulting in hypergammaglobulinemia. With HIV treatment [25],
gamma gap decreases at 6 and 12 months with concomitant reductions in the staining of IgG
in immunofixation studies [27,28]. Thus, while HIV widens the gamma gap, disease severity
and treatment status may lead to variation in gamma gap levels, influencing sensitivity.

Similar to HIV, the gamma gap demonstrated a high specificity for HCV infection. The
mechanism for this specificity could also be related to B cell activation [30,31] in addition to
reduced albumin synthesis secondary to liver disease and poor nutrition [26]. Like HIV, dis-
ease severity and treatment status affect gamma gap levels and may contribute to its poor sensi-
tivity. With B cell activation, serum IgG and gamma globulin are not only higher in patients
with HCV compared to alcoholics and healthy controls [32] but they are also elevated as His-
tology Activity Index score, grading score, and staging score of HCV patients increases [33].
After interferon therapy or pegylated interferon plus ribavirin, serum gamma-globulin and
IgG are significantly reduced [33] along with a concomitant rise in albumin by as much as 4-5
g/L [34]. Thus, severity and treatment of HCV affect the gamma gap level, reducing the sensi-
tivity of an elevated gamma gap threshold. Furthermore, we observed better performance
between hepatitis C and aspartate aminotransferase or alanine aminotransferase, which are
both components of the comprehensive metabolic panel. This suggests that the gamma gap
maybe less useful than these other two items.
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Fig 2. A restricted cubic spline model of the relationship between gamma gap and HCV adjusted for age, gender, and race with
three knots. Adjusted prevalence ratio (solid line) and 95% CI were plotted against the gamma gap. Plot was truncated at the 0.5th and
99.5th percentiles. Gamma gap distribution in the case (positive for HCV) sample (red) compared to the control (negative for HCV)
sample (black) are also included. The vertical grey line at 4g/dL indicates the commonly used gamma gap cutoff.

https://doi.org/10.1371/journal.pone.0224977.9002

Table 4. Diagnostic performance of gamma gap for MGUS using different gamma gap thresholds, N = 6,118.

Gamma gap (g/dL) Sn, %
>25 97.6
>3.0 75.7
>35 39.1
> 4.0 15.4
>45 7.7
> 5.0 53
> 5.5 3.0

https://doi.org/10.1371/journal.pone.0224977 1004

Sp, % LR +
6.4 1.0
39.9 1.3
80.1 2.0
95.4 3.4
98.9 6.9
99.7 16.7
99.8 17.6

LR -
0.4
0.6
0.8
0.9
0.9
0.9
1.0

Overall AUC (95% CI)
0.64 (95% CI: 0.60, 0.69)
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Fig 3. A restricted cubic spline model of the relationship between gamma gap and MGUS adjusted for age, gender, and race with three knots.
Adjusted prevalence ratio (solid line) and 95% CI were plotted against the gamma gap. Plot was truncated at the 0.5th and 99.5th percentiles. Gamma
gap distribution in the case (positive for MGUS) sample (red) compared to the control (negative for MGUS) sample (black) are also included. The
vertical grey line at 4g/dL indicates the commonly used gamma gap cutoff.

https://doi.org/10.1371/journal.pone.0224977.9003

The gamma gap had both low specificity and sensitivity for MGUS. As opposed to HIV and
HCV, which involve polyclonal activation of humoral immunity, MGUS is derived from a dys-
plastic condition and monoclonal gammopathy. Furthermore, MGUS is at the most stable end
of the multiple myeloma spectrum, proliferating at a low rate until a second “hit” triggers
malignant transformation, such as IL-6 stimulation, which has been shown to increase the
amount of the monoclonal protein produced by plasma cells and inhibit albumin synthesis in
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the liver simultaneously [35-38]. Moreover, across the spectrum of plasma cell dyscrasias,
MGUS has the lowest M-protein concentration (M-spike), a direct contributor to the gamma
gap. Thus, its minimal severity may not be sufficient to mount an elevated gamma gap. This is
further supported by significantly less production of IgG, IgA, and IgM as well as minimal
reduction in albumin synthesis in MGUS compared to smoldering multiple myeloma and
multiple myeloma [39]. As such, gamma gap is a poor proxy for this disease and alone does
not provide sufficient evidence for further MGUS screening. Notably, there is no recom-
mended treatment for MGUS to prevent or delay transformation to multiple myeloma and
related diseases, and thus the value of screening for MGUS is unclear. Thus, the gamma gap is
not a cost effective screening tool.

Altogether, our study provides a framework for interpreting the gamma gap in an ambula-
tory, community-based population. Our study shows that the gamma gap is not a sensitive test
and thus cannot be used to exclude any of these three diseases. While an elevated gamma gap
of 4 g/dL or greater is associated with HIV and HCV, no level of the gamma gap can effectively
rule in or rule out MGUS. Thus, for HIV, clinicians should continue to screen all persons aged
13 to 64 years who present to a healthcare provider for HIV, irrespective of the presence of risk
factors per the revised 2006 CDC recommendations [40], a recommendation that is congruent
with high prevalence ratio even in the lower gamma gap threshold. In the presence of an ele-
vated gamma gap of 4 g/dL or greater, it would be even more prudent to screen for HIV. Simi-
larly, for HCV, AASLD-ISDA recommended screening for HCV based on birth cohort, risk
behaviors, risk exposures, and other co-infection such as HIV [41], which should be continued
regardless of the gamma gap level.

In contrast, electrophoresis and free light chains should not be performed on the basis of
gamma gap alone, regardless of its threshold and in the absence of additional clinical data.
This conclusion is confirmed by a clinical decision rule developed by Thakkinstain et al [3]
that combines age, gender, gamma gap, hemoglobin, and eGFR to whether or not to proceed
with electrophoresis for MGUS screening.

There are several limitations in our study that warrant comment. First, each of these condi-
tions was only measured in a subset of NHANES participants with limited overlap. As a result,
we could not compare performance between diseases. Second, we did not have details related
to temporality, severity, duration of disease, or treatment status. It is unknown whether these
pathologic features influence levels of gamma globulinemia. Third, HIV and MGUS were only
assessed in age groups at higher risk for these conditions. As a result, performance of these
tests should be interpreted in the context of their NHANES populations. Fourth, the NHANES
include a community-based, ambulatory population representative of the US adult population.
However, sicker patients with multiple comorbidities as well as with rare conditions in the US,
such as autoimmune conditions (e.g. Sjogren’s or lupus) or chronic infections (e.g. malaria or
leishmaniasis) that may be associated with polygammopathies are not well-represented in our
study. Additional research in hospitalized patients is warranted to determine test performance
in settings with more complex and advanced disease. A higher prevalence of other inflamma-
tory conditions in a reference group (“false positives”) would reduce the specificity of the
gamma gap for any particular disease. Finally, we were unable to examine multiple myeloma
as this diagnosis was not available in our dataset.

This study has a number of important strengths. First, we utilized a large, representative
population of the US. Second, the NHANES includes high quality, standardized measures of
three conditions most often associated with the gamma gap. Third, our ambulatory population
reflects a setting where the gamma gap may be incidentally found in clinical practice. As a
result, our study provides meaningful guidance on whether a positive gamma gap should be
followed by further testing.
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In conclusion, the gamma gap, as defined by a 4 g/dL threshold, is not a sensitive test to
rule out HIV, HCV, MGUS. However, a positive gamma gap does strongly suggest HIV or
HCV, but not MGUS. As a result, in clinical settings where HIV or HCV may be relevant, sub-
sequent testing is reasonable, but testing for MGUS (e.g. via electrophoresis) is not warranted
in absence of additional clinical indicators. Subsequent research should evaluate factors influ-
encing the gamma gap, such as disease severity and treatment status. While there is no evi-
dence that a gamma gap be performed for the sole purpose of screening, given the high
availability and low cost of this test, further studies should examine the role for the gamma gap
as a means of improving clinical decision making in the context of additional clinical data as
well as the hospital setting.

Supporting information
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