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ABSTRACT

Background. Serum globulin is a major component of total
protein and can be elevated in inflammatory disease states.
While inflammation is common in hemodialysis patients and
associated with mortality and morbidity, the association be-
tween serum globulin and mortality has never been examined
in hemodialysis patients.
Methods. In a retrospective cohort of 104164 incident
hemodialysis patients treated by a large dialysis organization
from 2007 to 2011, we explored the association between base-
line serum globulin, albumin: globulin (A:G) ratio and serum
protein levels and all-cause, cardiovascular and infection-
related mortality with adjustments for demographic variables
and laboratory markers of malnutrition and inflammation
using Cox proportional hazards models.
Results. Patients with a globulin concentration >3.8 g/dL
had a higher all-cause and infection-related mortality risk
{hazard ratio [HR] 1.11 [95% confidence interval (CI) 1.06–
1.16] and HR 1.28 [95% CI 1.09–1.51], respectively} in the
fully adjusted model when compared with the reference group
of 3.0– <3.2 g/dL. In addition, patients with an A:G ratio
<0.75 had a 45% higher all-cause mortality hazard [HR 1.45
(95% CI 1.38–1.52)] and patients with total serum protein
<5.5 g/dL had a 34% higher risk of death [1.34 (95% CI 1.27–
1.42)] when compared with the reference (A:G ratio 1.05–
<1.15 and total serum protein 6.5– <7 g/dL).
Conclusions. Among incident hemodialysis patients, a higher
globulin level was associated with a higher mortality risk
independent of other markers of malnutrition and inflam-
mation, including albumin. A lower A:G ratio and serum
protein was also associated with a higher mortality hazard. The
mechanisms that contribute to elevated serum globulin should
be further explored.

Keywords: albumin-to-globulin ratio, globulin, hemodialysis,
mortality, protein

INTRODUCTION
While the association between low serum albumin and
increased mortality risk has been well described in patients
with chronic kidney disease (CKD) on hemodialysis, the
same cannot be said of serum globulin, the other major
component of serum total protein [1–4]. Serum globulin, also
known as gamma gap or protein gap, is typically calculated
as the difference between total protein and albumin and
thus includes all non-albumin proteins, including globulin,
fibrinogen, C-reactive protein, interleukins, leukotrienes and
other regulatory and prothrombotic proteins [5]. Serum
globulin valuesmay be elevated in conditions such as infection,
inflammation and liver and connective tissue diseases, while a
decrease in serum globulinmay be caused bymalnutrition and
nephrotic syndrome due to decreased synthesis and protein
loss through the kidney, respectively [4, 6]. Serum protein
electrophoresis (SPEP) may be conducted to quantify the
fractional components of globulin in patients with abnormal
serum protein levels, which may be helpful in reaching a
diagnosis in a number of underlying plasma cell disorders, in-
cluding multiple myeloma,Waldenstrom’s macroglobulinemia
and primary amyloidosis [7, 8].

In a large cohort of 7.7 million life insurance applicants
ranging from 20 to 89 years old, Fulks et al. [9] showed an
increase in mortality risk with serum globulin>3.2 g/dL, with
values≥3.5 g/dL associatedwith at least a 25%highermortality
risk. Similarly, Juraschek et al. [10] analyzed data that included
12 260 participants of the National Health and Nutrition
Examination Survey (NHANES) and found that an increasing
gamma gap (per 1 g/dL) was associated with a higher all-cause
death risk and a higher risk for mortality due to pulmonary
causes, but not for cardiovascular (CV) mortality.

InCKDpatients, chronic inflammation is commonandmay
be caused by factors including uremic toxins, dialysis-related
factors and/or oxidative stress [11, 12]. Because inflammation
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KEY LEARNING POINTS

What is already known about this subject?
• In chronic kidney disease (CKD), hypoalbuminemia has long been associated with a higher mortality risk while less is
known about the other component of total serum protein, serum globulin.

• Higher serum globulin, also known as gamma gap, has previously been shown to be associated with a higher mortality risk
in nondialysis CKD patients.

What this study adds?
• Among incident hemodialysis patients, higher globulin concentration, lower A:G ratio and lower total protein
concentration are associated with higher all-cause, cardiovascular and infection-related mortality.

• The association between higher globulin and mortality was notably found to be independent of serum albumin.
What impact this may have on practice or policy?
• Our findingsmay be useful in establishing thresholds for gamma gap andA:G ratio values to determine the need for further
testing and monitoring in patients starting hemodialysis.

is associatedwith adverse outcomes in this population [13–16],
we sought to determine if higher serum globulin is associated
with greater mortality outcomes in incident hemodialysis
patients. Recent studies have also presented the albumin:
globulin (A:G) ratio as a prognosticator for mortality risk in
CKD patients [5, 17], so we further examined the A:G ratio
and total serum protein concentration in relation to mortality
outcomes.

MATERIALS AND METHODS
Study population and data source
We examined the data from a total of 208820 patients with

end-stage renal disease (ESRD) who initiated hemodialysis
therapy from 1 January 2007 to 31 December 2011 in a large
dialysis care organization in the USA. This cohort has been
previously described [18]. We excluded 46156 patients who
had <60 days of total treatment during their total follow-up
time, 29502 for receiving treatment with amodality other than
in-center hemodialysis, 21145 for not having treatment data
in the first patient quarter (91 days from patient first dialysis
date) and 7853 for not having globulin and A:G ratio data in
the first patient quarter. The final analytical cohort consisted of
104164 incident hemodialysis patients (Supplementary data,
Figure S1). In additional analyses, two patients were excluded
for missing total protein concentration in the first patient
quarter, resulting in a secondary analytical cohort of 104162
incident hemodialysis patients.

All data were obtained from the electronic records database
of a large dialysis organization (LDO), including information
on race/ethnicity (self-categorized), primary insurance and the
presence of diabetes. International Classification of Diseases,
Ninth Revision codes were used to determine presence of
the following conditions with a look back period of one year
prior to dialysis initiation: alcohol dependence, congestive
heart failure, chronic obstructive pulmonary disease, cere-
brovascular disease, human immuno deficiency virus (HIV),
history of cancer, history of hypertension, atherosclerotic heart
disease, liver disease, other cardiac disease, diabetes mellitus,
dyslipidemia and drug dependence.

Blood samples were drawn using standardized techniques
in all dialysis clinics and were transported to a central
laboratory in Deland, Florida, USA, typically within 24 hours.
All laboratory values were measured using automated and
standardized methods. To minimize variability, variables with
repeated measures within each patient quarter were averaged
to obtain a single quarterly mean value. Measurements taken
during the first patient quarter after dialysis initiation were
used as baseline values. Bodymass index (BMI) was calculated
using average post dialysis body weight over the first quarter.

The study was approved by the institutional review com-
mittees of the University of California, Irvine. The study was
exempt from informed written consent due to its nonintrusive
nature and anonymity of patients.

Exposure and outcome ascertainment
Globulin was the primary exposure of interest and was

extracted from the laboratory dataset. Globulin is typically
calculated as the total protein minus the serum albumin
level. We divided serum globulin concentrations into nine a
priori categories (<2.4, 2.4–<2.6, 2.6–<2.8, 2.8–<3.0, 3.0–
<3.2, 3.2–<3.4, 3.4–<3.6, 3.6–<3.8 and≥3.8 g/dL). In further
analyses, theA:G ratio and total proteinwere used as secondary
exposures of interest. The A:G ratio was divided into 10 a
priori selected groups (<0.75, 0.75–<0.85, 0.85–<0.95, 0.95–
<1.05, 1.05–<1.15, 1.15–<1.25, 1.25–<1.35, 1.35–<1.45,
1.45–<1.55 and ≥1.55), while total protein was divided into 6
a priori selected groups (<5.5, 5.5–<6.0, 6.0–<6.5, 6.5–<7.0,
7.0–<7.5 and≥7.5 g/dL). Reference values for the exposures of
interest were selected based on median values: serum globulin
3.0–<3.2 g/dL, A:G ratio 1.05–<1.15 and total protein 6.5–
<7 g/dL.

The outcomes of interest were all-cause mortality, CVmor-
tality and infection-related mortality, which were ascertained
from death records from the LDO database.

Statistical analysis
Data were summarized using proportions, means [± stan-

dard deviation (SD)] or median [interquartile range (IQR)] as
appropriate and multiple linear regression models were fitted
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to construct Pearson’s and partial correlations. We evaluated
the association between all-cause mortality, CV mortality,
and infection-related mortality with globulin, A:G ratio and
total protein, respectively, using Cox proportional hazards
regressionmodels. Patients were considered at-risk until death
or censoring for renal transplantation, transfer to another
dialysis clinic or the end of the study period (31 December
2011). The proportionality assumption was checked for all
proportional hazards regression models.

For sensitivity analysis, we examined associations of serum
globulin, A:G ratio and total protein with all-cause mortality
using restricted cubic splines with four knots at the 5th, 35th,
65th and 95th percentiles.

Additionally, percentile rank score analysis was performed
with baseline serum globulin and serum albumin as exposure
to assess the influences of concordant and discordant changes
in values [19]. Patients were ranked with respect to baseline
serum globulin and serum albumin from the 0th to 100th
percentiles and the difference between percentiles of serum
globulin minus serum albumin were determined, resulting in
a percentile rank score value between −100 to +100.

For each analysis, three sequential models of adjustment
were used: an unadjusted model that included mortality as the
outcome; a case-mix adjusted model that included age, gender,
race/ethnicity (African American and other self-categorized
black, Caucasian, Asian, Hispanic and other), primary insur-
ance (Medicare, Medicaid and other), the 13 different comor-
bid conditions, dialysis access type and dialysis adequacy as
indicated by Kt/V; and malnutrition-inflammation complex
syndrome (MICS)-adjusted models that included all of the
covariates in the case-mix model as well as surrogates of
nutritional status and inflammation including 15 laboratory
variables: serum albumin, serum creatinine, serum total iron-
binding capacity (TIBC), serum ferritin, serum phosphorus,
serum calcium, serum bicarbonate, peripheral white blood
cell (WBC) count, potassium, hemoglobin, iron saturation, al-
kaline phosphatase (ALP), aspartate aminotransferase (AST),
intact parathyroid hormone and normalized protein catabolic
rate (nPCR) as an indicator of daily protein intake, also known
as the normalized protein nitrogen appearance (nPNA).
Additionally, the MICS model included post dialysis session
weight, systolic blood pressure and diastolic blood pressure.
There were two exceptions: analysis with A:G ratio and total
protein, as exposure did not include serum albumin in the
MICS model, and percentile rank score analysis with serum
globulin and albumin, as exposure did not include serum
albumin in the MICS model.

Subgroup analyses were conducted to examine associations
of mortality with higher globulin (≥3.2 g/dL) versus reference
lower globulin (<3.2 g/dL) across strata of a priori selected
subgroups. We further explored the effect modification of
serum albumin on high globulin levels (serum globulin
≥3.2 g/dL) and all-causemortality associationwith adjustment
for demographics and biomarkers of malnutrition and inflam-
mation by using restricted cubic spline models.

Missing covariate data (<1% for demographic variables and
<5% for laboratory variables) were imputed bymean. Analyses
were completed using SAS version 9.4 (SAS Institute, Cary,NC,

USA) and Stata version 13.1 (StataCorp, College Station, TX,
USA).

RESULTS
Baseline demographic, clinical and laboratory
characteristics
Our final study cohort consisted of 104164 patients, for

which the mean age was 63 ± 15 years, 44% were female,
31% were African American, 58% were diabetic and 36% had
congestive heart failure (Table 1). The mean globulin was
3.1 ± 0.6 g/dL, mean A:G ratio was 1.2 ± 0.3 and mean total
protein was 6.6 ± 0.7 g/dL.

Association between baseline serum globulin and
mortality outcomes
Patients in our cohort had a median follow-up time of

484 days (IQR 227–897) and 26750 deaths (26%) occurred
during a maximum follow-up time of 5 years. Using a serum
globulin of 3.0–<3.2 g/dL as the reference group, we observed
a J-shaped association between serum globulin and all-cause
mortality in an unadjusted model (Figure 1A; Supplementary
data, Table S1A). While higher globulin was associated with
higher mortality, patients with a baseline globulin ≤2.4 g/dL
had a 16% higher risk of death {hazard ratio [HR] 1.16 [95%
confidence interval (CI) 1.10–1.22]} compared with patients
with globulin levels in the referent group. After adjustment
for demographics and comorbidities, thismortality association
for lower globulin was reversed and lower serum globulin
levels were associated with an 8%, 14%, 9% and 8% lower
mortality risk for serum globulin groups ≤2.4, 2.4–<2.6, 2.6–
<2.8 and 2.8–<3.0 g/dL, respectively. At higher levels of
globulin (≥3.8 g/dL) we observed a 58% higher risk of all-
cause mortality [HR 1.58 (95% CI 1.51–1.66)] that remained
significant after full adjustment [HR 1.11 (95% CI 1.06–1.16)].

Furthermore, higher serum globulin levels trended to-
ward a higher CV mortality hazard in both the unad-
justed and case-mix-adjustedmodel (reference 3.0–<3.2 g/dL)
(Figure 1B; Supplementary data, Table S1B). This association
wasmost pronounced in patients with baseline serum globulin
≥3.8 g/dL in the case-mix model [HR 1.42 (95% CI 1.31–
1.53)], as well as in the full adjustment model [HR 1.16 (95%
CI 1.07–1.26)].

Finally, the serum globulin and infection-related mortality
followed a reversed J-shaped pattern in the unadjusted and
case-mix-adjusted model (Figure 1C). The association was
mitigated for higher globulin groups after MICS adjustment.
Patients with serumglobulin of 2.4–<2.6 g/dL consistently had
the lowest infection-relatedmortality hazard [HR 0.71 (95%CI
0.59–0.87) and HR 0.78 (95% CI 0.64–0.96) for the case-mix
andMICS-adjusted model, respectively] (Supplementary data,
Table S1C).

For the 32452 African American patients included in our
cohort, 6840 deaths occurred during a median follow-up
of 557 days (IQR 264–981), while among 48608 Caucasian
patients 15571 deaths occurred during a median follow-up
of 412 days (IQR 195–791). In African Americans, higher
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FIGURE 1: Associations of serum globulin (g/dL) with (A) all-cause,
(B) cardiovascular and (C) infection-related mortality with
hierarchical adjustments in 104 164 incident hemodialysis patients.

serum globulin levels were associated with higher mortality
when compared with the reference group (3.0–<3.2 g/dL)
in the unadjusted and case-mix-adjusted model. Notably,
African Americans with baseline serum globulin ≥3.8 g/dL
had a 61% higher mortality hazard in the case-mix-adjusted
model [HR 1.61 (95% CI 1.48–1.74)]. This association was

mitigated in the fully adjusted model, but remained signif-
icant [HR 1.15 (95% CI 1.06–1.25)] (Supplementary data,
Table S2A, Figure S2A). In Caucasian patients, the serum
globulin–mortality association followed a linear shape. In the
case-mix-adjusted model, Caucasian patients with baseline
serum globulin concentrations ≥3.2 g/dL had a higher
mortality risk compared with the reference group (3.0–
<3.2 g/dL), with the highest risk for patients with serum
globulin ≥3.8 g/dL [HR 1.43 (95% CI 1.33–1.53)]. This
association was no longer seen after adjusting for variables
of malnutrition and inflammation (Supplementary data, Table
S2B, Figure S2B).

In subgroup analysis, the fully adjusted mortality HRs were
above unity across almost all examined subgroups, which
indicates a higher mortality risk with higher globulin levels
(≥3.2 g/dL) compared with the reference group (globulin
concentration <3.2 g/dL) (Figure 2). For all-cause mortality,
significant interactions between globulin ≥3.2 g/dL and
subgroups were observed for age, diabetes, congestive heart
failure, chronic obstructive pulmonary disease, atheroscle-
rotic heart disease, serum calcium, ferritin and WBC count
(Supplementary data, Table S3).

We also found that serum albumin did not substantially
alter the globulin–mortality association in patients with
serum globulin ≥3.2 g/dL. Lower and higher serum albumin
enhanced the mortality risk associated with higher serum
globulin (Figure 3).

Association between baseline serum A:G ratio and
mortality outcomes
The A:G ratio–mortality association followed a reverse

linear pattern across all three models for all-cause and
CV mortality (Supplementary data, Figure S3A and S3B).
Compared with the reference group (A:G ratio 1.05–<1.15),
lower A:G ratio groups were associated with higher all-cause
mortality risk, while higher A:G ratio groups were associated
with lower all-cause mortality risk. Patients with an A:G
ratio <0.75 had a 45% higher mortality risk [HR 1.45 (95%
CI 1.38–1.52)] and patients with an A:G ratio≥1.55 had a 30%
lower mortality risk [HR 0.70 (95% CI 0.66–0.74)] after full
adjustment (Supplementary data, Figure S3A, Table S4A).

Likewise, in the fully adjusted model, patients with an
A:G ratio <0.75 had a 28% higher CV mortality risk [HR
1.28 (95% CI 1.17–1.39)] when compared with the reference
group. In contrast, an A:G ratio ≥1.15 was associated with
lower risk, with the greatest benefit for patients with an A:G
ratio ≥1.55 [HR 0.69 (95% CI 0.63–0.76)] (Supplementary
data, Figure S3B, Table S4B).

The association between A:G ratio and infection-related
mortality followed a reverse linear pattern, where patients with
an A:G ratio <1.15 had a higher risk for infection-related
mortality. Notably, a 71% higher mortality risk was found in
patients with anA:G ratio<0.75 [HR 1.71 (95%CI 1.44–2.03)]
when compared with the reference group in the fully adjusted
model (Supplementary data, Figure S3C, Table S4C).

Percentile rank score analysis showed that the combination
of a lower serum globulin level with a higher serum albumin
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FIGURE 2: Subgroup analyses examining the association of high serum globulin (≥3.2 g/dL) with all-cause mortality in the fully adjusted model
among 104164 hemodialysis patients. ASHD, atherosclerotic heart disease; COPD, chronic obstructive pulmonary disease; CVC, central
venous catheter; AV, arteriovenous; CHF, congestive heart failure; CVD, cardiovascular disease; CBVD, cerebrovascular disease; HGB,
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level was protective, while a higher serum globulin but lower
serum albumin level increased the death risk across all three
models (Figure 4A–C).

Association between baseline serum total protein and
mortality outcomes
The association between serum total protein and mortality

outcomes followed a reversed J-shaped pattern, with higher
mortality in patients with lower baseline serum total
protein in the unadjusted model (reference 6.5–<7.0 g/dL)
(Supplementary data, Figure S4). In the fully adjusted
model, patients with serum total protein <5.5 g/dL had

a 34% higher all-cause mortality risk [HR 1.34 (95%
CI 1.27–1.42)], while patients with serum total
protein ≥7.5 g/dL had a 10% higher risk [HR 1.10
(95% CI 1.05–1.16)] (Supplementary data, Figure S4A,
Table S5A). The association between serum total protein
and higher CV mortality was mitigated after adjustment
for patient demographics and comorbidities, remaining
significant only for patients with baseline serum total
protein <6.5 g/dL. Patients with serum total protein <5.5,
5.5–<6 and 6–<6.5 g/dL had a 22%, 21% and 7% higher
CV mortality risk, respectively, compared with the reference
group in the fully adjusted model (Supplementary data,
Figure S4B, Table S5B). Lastly, in the fully adjusted model,
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serum total protein <5.5 and ≥7.5 g/dL was associated with
a higher infection-related mortality hazard [HR 1.37 (95%
CI 1.13–1.65) and HR 1.32 (95% CI 1.11–1.59), respectively]
(Supplementary data, Figure S4C, Table S5C).

Association between time-varying serum globulin and
mortality outcomes
We further explored the relationship of serum globulin and

all-causemortality using time-varyingmodels (Supplementary
data, Table S6). Similar to the baseline results, a J-shaped
association was found across all levels of adjustment. In
the unadjusted model, time-varying globulin ≥3.8 g/dL
was associated with a 2-fold higher all-cause mortality risk
[HR 2.41 (95% CI 2.30–2.52)] compared with the reference
(globulin 3.0–<3.2). After adjustment for time-varying MICS
covariates, this association remained consistent, where higher
time-varying globulin (≥3.2 g/dL) was associated with a 26%,
47%, 67% and 161% higher all-cause mortality risk for time-
varying globulin groups 3.2–<3.4, 3.4–<3.6, 3.6–<3.8, and
≥3.8 g/dL, respectively, compared with our reference group.

DISCUSSION
In the present study we examined the association between
serum globulin, A:G ratio and serum total protein each
with all-cause mortality in a cohort of ESRD patients. In
104154 incident hemodialysis patients, higher serum glob-
ulin (≥3.8 g/dL) was associated with a higher all-cause
and infection-related mortality risk in a model adjusted for
patients’ demographics, comorbidities and other variables of
malnutrition and inflammation. Moreover, a lower A:G ratio
and lower total serum protein were also associated with higher
all-cause, CV and infection-related mortality.

A recent Chinese study showed that the gamma gap was
an independent predictor for 4-year all-cause mortality in
individuals ≥90 years of age, and ageing, similar to ESRD, is

linked to low-grade inflammation [20, 21]. Indeed, an increase
in globulins can be found in conditions associated with
inflammation such as infections, malignancy, hematological
disorders and connective tissue disease [6, 7, 22]. Infection and
infection-related complications are major causes of morbidity
and mortality in hemodialysis patients, in which vascular
access site, dialysate back-leak, impaired humoral and cellular
immunity and non sterile dialysate are all risk factors for
infection in this population [23, 24]. We found that incident
hemodialysis patients with higher serum globulin tended to
have a higher all-cause, CV and infection-related mortality
risk in the model adjusted for patients’ demographics and
comorbidities. The association was mitigated after further
adjustment for variables of malnutrition and inflammation;
however, the globulin–mortality relationship persisted for all-
cause mortality in patients with serum globulin ≥3.8 g/dL
and for infection-related mortality in patients with serum
globulin ≥3.6 g/dL.

A higher serum globulin level is most commonly due to
an increase in the immunoglobulin fraction [4]. Immunoglob-
ulins are crucial in fighting infections and may also be
involved in the pathophysiology of different disease states. For
instance, immunoglobulins have been shown to contribute to
the formation of atheromatous lesions in CV disease [25, 26].
Notably, in our subgroup analysis, we found that patients with
atherosclerotic heart disease and serum globulin ≥3.2 g/dL
were at greater mortality risk. Moreover, it has been suggested
that globulinmay be amarker of severity in chronic obstructive
pulmonary disease (COPD) patients, correlating with the
number of readmissions after 6 months of hospitalization and
forced expiratory volume in 1 sec [27]. Similarly, we also
found that COPD patients with serum globulin ≥3.2 g/dL
tended to have a higher all-cause mortality risk compared with
non-COPD patients. Finally, our subgroup analysis revealed
that patients with a higher WBC count or ferritin and serum
globulin concentrations ≥3.2 g/dL had a higher all-cause
mortality risk than patients with a lower inflammatory milieu.

In our cohort, patients grouped into higher globulin
baseline groups also tended to have lower serum albumin
concentrations, a trend that is characteristic for many inflam-
matory states (e.g. late phase of acute inflammation, chronic
inflammation or chronic active inflammation) [22]. Thus a
lower A:G ratio can be driven by low albumin, high globulin or
a combination of both, and in this way the measure combines
two strong predictors of mortality that is independent of fluid
status.

In recent years, the prognostic value of the A:G ratio has
been investigated not only in a number of clinical contexts,
predominantly for prognosis in cancer patients [28–36], but
also in small cohorts of CKD patients [5, 17, 37]. Our findings
that a lower A:G ratio is associated with higher all-cause,
CV and infection-related mortality in incident hemodialysis
patients is consistent with the reverse linear associations
between theA:G ratio and all-cause andCVmortality reported
in all three of these previous studies, though their cohorts
consisted of patients on peritoneal dialysis [5, 37] or an
undefined dialysis modality (hemodialysis versus peritoneal
dialysis) [17]. These findings were further corroborated with
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percentile rank score analysis, which showed that patients with
lower serum albumin and higher globulin had a higher risk for
all-cause mortality.

Furthermore, we observed racial/ethnic disparities in the
globulin–mortality association. In our cohort, African Amer-
icans tended to have higher globulin concentrations than
Caucasian patients, which has been previously observed [38,
39]. Interestingly, in Caucasian patients, the higher globulin–
mortality association was abolished after adjustment for
other markers of malnutrition and inflammation, whereas it
persisted inAfricanAmericanswith serumglobulin≥3.8 g/dL.
This racial/ethnic disparity appears consistent with a study that
found that African Americans had higher mortality rates after
adjustment for markers of the malnutrition–inflammation
complex and postulated that more favorable nutritional and
inflammatory profiles among African Americans may poten-
tially explain the survival disparities between racial/ethnic
groups [40]. The mechanism remains to be elucidated but may
be related to the increased incidence of autoimmune disease
or blood dyscrasias in African Americans that affect serum
globulin levels [41–43].

Strengths of this study include a large and diverse sample
size, thorough adjustment for common markers of malnu-
trition and inflammation and refined categories of serum
globulin, A:G ratio and serum total protein. Nevertheless,
several limitations of this study should be mentioned. We
are inclined to believe that the association between globulin
and mortality is independent of the etiology of increased
globulin given that the association remained after adjustment
for multiple comorbid conditions, although further studies are
needed to confirm our findings and elucidate the underlying
pathophysiology between increased globulin levels and mor-
tality. In addition, our cohort included many patients with
catheters, which are associated with higher mortality and also
a cause of inflammation, but we adjusted for catheter use
in an attempt to limit confounding. However, there remains

the possibility of residual confounding. We are unable to
pinpoint a specific mechanism driving the serum globulin–
mortality association, in part due to lack of data on the
fractional components of serum globulin as well as other
confounders such as C-reactive protein, fibrinogen, markers of
oxidative stress and dietary intake and information on surgical
procedures or infectious status that were unavailable for
analysis. Moreover, we cannot provide additional information
on medication data, including antibiotic treatment. Despite
these limitations, our findings may be useful in establishing
thresholds for gamma gap and A:G ratio values to determine
the need for further testing andmonitoring in patients starting
hemodialysis.

In conclusion, we demonstrated that higher globulin con-
centrations, lower A:G ratio and lower total protein concen-
tration are associated with higher all-cause, CV and infection-
related mortality in incident hemodialysis patients. Moreover,
the association between higher globulin and mortality was
found to be independent of serum albumin. Future prospective
studies are needed that analyze the fractional components of
serum globulin in order to elucidate the driving mechanisms
for our findings and to guide therapeutic strategies for better
long-term clinical outcomes in CKD patients.
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