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Introduction
The gamma gap  (γ‑gap), alternatively 
known as the paraprotein gap, represents 
the total serum protein concentration 
minus the albumin concentration, 
presented by equation 1: (γ‑gap  =  total 
protein‑albumin). An elevated γ‑gap is 
usually considered to be an indicator of 
latent infection, systemic inflammation, 
autoimmune inflammatory disease or 
malignancy.[1,2] An arbitrary value of 
40 g/L is considered a positive γ‑gap even 
though there are not enough prospective 
studies examining γ‑gap in association 
with clinical outcomes.[3,4] Serum proteins 
albumin, C‑reactive protein  (CRP), 
interleukin 6, carrier proteins, complement 
and immunoglobulins are useful markers 
of inflammation.[5] Chronic low‑grade 
inflammation plays a key role in the 
process of aging, arterial stiffening and 
increased mortality risk.[6,7] Between 30 
and 50% of CHPs have modified levels of 
serum proteins as inflammatory markers.[8,9] 
The main aim of this study was to test 
whether the gamma gap is a predictor of 
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Abstract
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mortality and whether it is associated with 
other predictors of mortality in CHPs.

Materials and Methods
This study was designed as a prospective 
cohort analysis in 100 CHPs who 
underwent clinical laboratory procedures 
at baseline and every next 6 months with 
a 48‑month follow‑up period. Demographic 
and clinical data were collected from 
the patient’s chart and included age, 
sex, weight, height, history of diabetes 
mellitus, smoking habit, hypertension, 
cardiovascular history including myocardial 
infarction and stroke, peripheral vascular 
disease, vascular surgery, revascularization, 
heart failure, and malignancy. The CHPs 
were eligible for entry into the study if 
they had been on chronic hemodialysis for 
at least 3 months and if they had no acute 
clinical manifestation of cardiovascular 
disease  (stroke, myocardial infarction, 
peripheral vascular occlusion, heart failure) 
and malignancy at least 6 months before 
entering in the study. All participants 
signed informed consent and the ethics 
committee of our institution approved the 
study.
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The hemodialysis session was tailored  (4–5 h, three times 
a week) to achieve the average Kt/V at least 1.2  [Kt/V ≥ 
1.2  (1.255  ±  0.336)] with urea reduction rate  (URR) = 
65.18  ±  5.73%, using a low‑flux synthetic membrane, at a 
blood flow rate of 185–210 mL/min via their arteriovenous 
fistulas. A bicarbonate dialysate was used at a flow rate of 500 
mL/min in each patient. Clinical and biochemical parameters 
(total protein, albumin, α‑1 globulin, α‑2 globulin, β‑globulin, 
γ‑globulin, CRP, and fibrinogen) were determined in all 
participants using standard laboratory procedures, performed 
on a Cobas Mira S Analyzer  (Roche Diagnostics, Holliston, 
MA) and electrophoresis performed on cellulose acetate 
system Compact SAIO  (Elettronica Srl, Pompei  [ISO 9001]) 
with electrophoresis KIT Aries. Blood was drawn immediately 
before the start of a dialysis session, early in the morning, in a 
fasting state. Mean values were obtained at baseline and every 
6 months during a 48‑month follow‑up period.

Statistical analysis

Statistical analysis was performed using MedCalc Statistical 
Software version  18.2.1  (MedCalc Software bvba, Ostend, 
Belgium; https://www.medcalc.org; 2018). The results were 
expressed as means  ±  SD or percentage, unless otherwise 
stated. Receiver operating characteristics (ROC) curve 
analysis assessed the distinction between patients who 
survived and patients who died from the all‑cause event, 
and their survival rates were analyzed using Kaplan‑Meier 
survival curves. The Cox proportional hazards regression 
model  (backward stepwise) was used to identify the 
independent determinants of mortality predictors.

Results
Characteristics of participants

From March 2013 to March 2017, demographic data were 
collected from patients’ medical charts and laboratory 
examinations were successfully conducted on 100 CHPs with 
a mean follow‑up of 37.3  ±  15.2 months  [9 to 48 months 
(10–90 percentiles)]. The patient’s demographic and clinical 
characteristics calculated as the average value of multiple 
successive laboratory examinations are shown in Table  1. 
The mean, median, 25th and 75th percentiles, range and 
95% confidence interval for the mean of the γ‑gap and the 
albumin are shown with box and whisker plots in Figure 1. 
The outside values of γ‑gap and albumin are presented with 
small blue circles and small orange squares, respectively.

Patients’ outcomes

Sudden events caused by cardiovascular and 
non‑cardiovascular causes of deaths  (all‑cause mortality) 
were recorded in 41 CHPs  (41%, 23  male and 18  female) 

Table 1: Demographic and clinical variables in CHPs at 
baseline

Variables Mean, SD, n (%) Median Range
Demographic characteristics
Gender, male, n (%) 62 (62) / /

Age, years 59±12.3 56 37.5-78
BMI, kg/m2 23.46±3.57 23.1 17-35.4
Hypertension 32 (32) / /
Diabetes 18 (18) / /
Smokers 23 (23) / /

Duration of dialysis, years 6.5±4.7 4.25 0.3-24
Biochemistry

Total protein, g/L 66.98±6.37 66.3 52-80
Albumin, g/L 37.71±5.12 38 27.2-49.9
α‑1 globulin, g/dL 0.561±0.1238 0.5 0.4-0.8
α‑2 globulin, g/dL 0.897±0.2148 0.8 0.6-1.3
β‑globulin, g/dL 1.07±0.1927 1 0.8-1.5
γ‑globulin, g/dL 2.35±0.5383 2.2 1.6-3.7
γ‑GAP, g/L 29.29±6.66 28.85 16-48
CRP, mg/L 11.42±7.67 8.83 0.21-47
Fibrinogen, g/L 4.21±1.18 3.8 2.6-7.6

The results are expressed as mean, standard deviation (SD), number 
(n), percent  (%), median and range. CHPs: Chronic hemodialysis 
patients; BMI: Body mass index; CRP: C‑reactive protein
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during 48‑month follow‑up period and were marked by 
1  (one). The results of the most common disease groups 
as the cause of death in 41  patients are shown in Table  2. 
There was statistically high significance between the mean 
γ‑gap in the subgroup with endpoint 1  (41 non‑survived 
CHPs, γ‑gap  =  32.85  ±  7.22) and subgroup with endpoint 
0 (59 survived CHPs, γ‑gap = 26.83 ± 4.96, P < 0.0001).

Cutoff point estimation

Mostly based on ROC analysis, there are various 
methods to determine the test cutoff value.[10] The 
summary image of two ROC curves for γ‑gap and 
albumin as a prognostic marker for the all‑cause event 
are shown in Figure 2.

Survival and Cox regression analysis

During the follow‑up period, 41 deaths were 
recorded. The mean survival time was 37.3  ±  1.52 
months  (CI  =  34.304 to 40.316). We inserted in the Cox 
model the following covariates: total protein, albumin, 
α‑1 globulin, β‑2 globulin, γ‑globulin, CRP, fibrinogen, 
γ‑gap, dialysis duration, BMI, hypertension, diabetes 
and smoking status. Because of its multicollinearity 
phenomenon  (strong inter‑correlation of age with 
albumin, CRP, γ‑globulin and hypertension) we did not 
enter an age in Cox‑regression analysis. According to 
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the Cox‑regression analysis, the significant covariates 
retained by the model  (backward stepwise) were only 
γ‑gap, albumin, and CRP.

The predictor variables γ‑gap and CRP with positive 
regression coefficient  (b  =  0.1486 and b  =  0.0655, 
respectively) were associated with increased hazard and 
decreased survival times. Albumin with its negative 
regression coefficient  (b = −0.118) was associated with 

increased hazard and decreased survival times, too, but 
in the inverse direction. Its hazard ratio  (HR) coefficient 
Exp  (b) = 0.8887, indicates that HR increased by 
1.125239  (1/0.8887) with each unit decrease by self, or 
HR increased for 12.52% with each one g/L decrease of 
albumin (probability 99.9991%).

Assessments (regression coefficient [b], standard error [SE], 
Wald, P  value, hazard ratio coefficient Exp  [b], and 
95% CI  [confidence interval] of Exp  [b]) of independent 
predictors for all‑cause outcome after Cox‑regression 
model analysis are shown in Table 3. A plot of the Kaplan–
Meier estimate of the survival function presented as series 
of horizontal steps of declining magnitude, approaching 
the true survival function in CHPs is shown in Figure 3. 
Vertical drop indicates an event.

Discussion
An electronic search under the term “gamma gap and 
renal diseases” yielded zero references. After removing the 
quotes, search with the same term as a keyword showed 
only several studies that included participants from the 
general population[1,3,5] but not studies among CKD. The 
small number of obtained references in the field of the 
gamma gap and renal diseases was the motivation for this 
research in CHPs. Some of the studies investigated the 
gamma gap prediction in all‑cause mortality in the older 
age population,[3,5,11] but there are no studies that estimated 
the gamma prediction of all‑cause mortality in CKD 
population.

Despite the widespread application of the γ‑gap in clinical 
practice, there is currently very little literature guiding 
its use.[3] To our knowledge, this is the first longitudinal 
prospective study that evaluates all‑cause mortality 

Table 2: Causes of death in 41 CHPs during 4‑year 
follow‑up

List of causes of death Number of 
patients (%)

Stroke 5 (12.19)
Myocardial infarction 6 (14.63)
Arrhythmia 4 (9.75)
Pulmonary edema 3 (7.31)
Sudden cardiac death 4 (9.75)
Malignant tumors 4 (9.75)
Non‑ketotic hyperglycemic syndrome with coma 2 (4.87)
Ketoacidosis 2 (4.87)
Infections 3 (7.31)
Gastrointestinal bleeding 5 (12.19)
Other causes 3 (7.31)
Total 41 non‑survival n=41 (99.93%)
CHPs: Chronic hemodialysis patients

Figure 1: Box and whisker plots of the mean, median, 25th and 75th percentiles, 
range and 95% confidence interval for the mean of the γ‑gap and the albumin

Figure 2: Receiver‑operating characteristics curves for γ‑gap and albumin 
as prognostic markers for all‑cause event
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in CHPs and that identifies the serum proteins  (total 
protein, albumin, α‑1 globulin, α‑2 globulin, β‑globulin, 
γ‑globulin), calculated γ‑gap, CRP and fibrinogen as 
determinants of mortality predictors.

The results for γ‑gap among non‑survived patients in 
our study are in line with the results of recent cohort 
study by Juraschek et  al.[3] who reported that an elevated 
γ‑gap ≥31 g/L was an independent risk factor for 
all‑cause mortality among a large population of U.S. 
adults.[3] Although in clinical practice, a somewhat arbitrary 

threshold of 35 g/L or 40.0 g/L is used, Loprinzi[5] used 
the cutoff point of 31.0 g/L in a study which examined 
the association between the γ‑gap and all‑cause mortality 
risk,[5] the same value as in ours and in the Juraschek’s 
study. Because of the different values of the analyzed 
cutoff values for γ‑gap in previously mentioned studies, we 
presented results for different likelihood ratios for γ‑gap 
in intervals from 32 to 37 g/L with calculated risk for 
all‑cause mortality 1.2 to 4.3  times increased than CHPs 
with the mean (29.29 ± 6.66 g/L) values of γ‑gap.

The previously mentioned study by Juraschek 
et al.[3] evaluated different cut‑off points that might be used 
to define a positive γ‑gap.[3] They defined that γ‑gap was 
associated with all‑cause mortality when it is ≥29 g/L. It is 
the same value of γ‑gap with the mean value for calculating 
the likelihood ratios in our study with an HR risk of 1.39.

Bearing in mind that we compared two different population 
groups (CHPs in our study and general population in 
other studies), it is expected that the results of the mean 
value of the γ‑gap in our study  (29.29  ±  6.66 g/L, in 100 
CHPs) will be significantly different (P < 0.0001, t = 4.15) 
from the results of other studies  (27.0  ±  5.0 g/L, 801 
general population participants).[12] The significantly higher 
γ‑gap value in CHPs is due to the reduced albumin level 
(according to equation 1) because of malnutrition and 
inflammation, acute‑phase reactants and the plasma volume 
status accompanied by albumin redistribution, exogenous 
loss and decreased albumin synthesis.[13] The differences in 
γ‑gap in both examined populations also result from higher 
total protein values in the general population compared to 
CHPs. Low values of total protein in CHPs are a result 
of the high prevalence of protein‑energy malnutrition, 

Table 3: Cox‑regression survival analysis (predictors of all‑cause outcome)
Cox proportional‑hazards regression

Cases summary
Number of eventsa 41 41%
Number censoredb 59 59%
Total number of cases 100 100%
aEnd point=1; bEnd point=0.
Method, backward. Enter variable if P<0.05; Remove variable if P>0.1
Overall model fit
Null model ‑2 Log‑likelihood 342.507
Full model ‑2 Log‑likelihood 306.706
Chi‑squared 35.801
Significance level P<0.0001

Coefficients and Standard Errors
Covariate b SE Wald P Exp (b) 95% CI of Exp (b)
α‑gap 0.1486 0.0290 26.2568 <0.0001 1.1602 1.0964-1.2278
Albumin ‑0.118 0.0355 11.0486 0.0009 0.8887 0.8293-0.9524
CRP 0.0655 0.0206 10.1099 0.0015 1.0677 1.0256-1.1114
Dialysis duration 0.6078 0.3289 3.4138 0.0647 1.8363 0.9637-3.4990
Variables not included in the model: Total protein, α‑1 globulin, α‑2 globulin, β‑globulin, α‑globulin, fibrinogen, body mass index, 
hypertension, diabetes, and smoking status. b, b regression coefficient; P value of statistical significance; Exp [b]‑hazard ratio coefficient. 
CI: Confidence interval; CRP: C‑reactive protein; SE: Standard error

Figure 3: Cox‑regression survival analysis (predictors of all‑cause outcome)
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increased protein catabolism due to acidemia, losses 
into dialysate of such biologically valuable nitrogenous 
compounds as amino acids, peptides, and proteins. Possible 
causes for hypoproteinemia include resistance to anabolic 
hormones  (insulin, insulin‑like growth factor‑1) and a 
chronic inflammatory state associated with increased levels 
of pro‑inflammatory cytokines.[1,14‑16]

The associative connection of γ‑gap with serum acute‑phase 
proteins, however strong it is, does not mean that 
mentioned variables  (CRP, fibrinogen, total protein, and 
albumin) would be strong predictors for all‑cause mortality 
in CHPs. We found an important fact that γ‑gap is not 
correlated with age  (P  =  0.741) and with dialysis duration 
(P  =  0.472). In many studies, the strong correlation of 
age with other predictors of mortality is not favorable due 
to its statistical impact, called multicollinearity. In our 
study, there is no phenomenon of multicollinearity, which 
emphasizes the predictor importance of other variables, 
excluding the impact of aging and dialysis duration. In this 
way, the impact of γ‑gap on the all‑cause mortality is more 
realistic, because of the impact of the natural aging process 
which is reduced to a minimum. The lack of correlative 
relationships between these variables is an encouraging 
fact that mortality should not largely dependent on the 
natural aging process or dialysis. This assumption will be 
confirmed by the Cox‑regression analysis.

The initial idea to show the γ‑gap impact on cardiovascular 
mortality in CHPs (beside all‑cause mortality) was rejected 
because of the lack of statistical significance  (P  =  0.518) 
between deceased patients who died from cardiovascular 
disease and patients registered that died from all‑causes 
mortality. Comparing the clinical variables in the survived 
and non‑survived CHPs as potential predictors for all‑cause 
mortality, we noted reduced survival time in elderly 
patients, in patients with an elevated level of γ‑gap, 
fibrinogen, CRP and total protein, and in patients with a 
decreased level of albumin. We kept our attention on the 
γ‑gap and associated variables albumins, and CRP with their 
prognostic significance in determining all‑cause mortality, 
presented by ROC curves and Cox regression analysis. The 
ROC curve results of γ‑gap and albumin showed a close 
similar significant surface area and significant sensitivity 
and specificity of these variables in the detection of an 
all‑cause lethal event.

As opposed to the traditional clinical practice of defining a 
γ‑gap at a value of 40 g/L, we showed maximal likelihood 
ratio with an increased risk of mortality of 4.317 for γ‑gap 
≥37 g/L.[1,3] The increased risk for all‑cause mortality in our 
study is still persistent and significant even at lower values 
for γ‑gap  (31–35 g/L) with a likelihood ratio of approx. 
1.2 unlike the results of Juraschek et al.[3] who showed that 
γ‑gap cutoff value above 37 g/L was non‑significant. For 
these reasons, the γ‑gap cutoff value of 37 g/L which is 
not statistically significant as a threshold value (survived/

deceased) in the general population, in our study presents 
the highest sensitivity and specificity pair for a variable in 
the detection of all‑cause mortality.

We also confirmed the prediction value of the γ‑gap, 
albumin and CRP in the 4‑year follow‑up period. The γ‑gap 
HR risk  (1.16) for all‑cause mortality increases by 16.02% 
with its each unit increase, albumin HR risk  (−1.12) 
increases by 12.52% with its unit decrease and CRP HR 
risk  (1.06) increases by 6.77% with its unit increase. 
Comparing the HR results of Juraschek’s study[3] presented 
as the association between γ‑gap and all‑cause mortality 
at different cutoff points we concluded that our results 
are very close: 1.11 to 1.36 HRs for cardiovascular and 
all‑cause mortality, for every unit increase of γ‑gap. The 
similar and very close results were in Yang et  al.  (2018) 
study: HR of 1.19 for γ‑gap as continuous variable per 
every unit increase.[12] We are aware of the inadequate 
comparison of the HR risk results of the γ‑gap between two 
different populations  (CHPs and the general population). 
We consider that the lack of studies among chronic renal 
disease patients justified this kind of comparison.

Because of this fact, the influence of inflammation on 
cardiovascular events must not be neglected, which in our 
study was 43.8% of the deceased CHPs. When compared 
with the general population, dialysis patients have been 
reported to have an up to a 100‑fold increase in the 
age‑adjusted risk of mortality due to infections associated 
with sepsis, as well as a 10‑fold increased risk of death 
due to pulmonary infection.[17,18] Inflammation is an 
important predictor of low serum albumin levels among 
dialysis patients, independent of nutritional status. Both 
serum CRP and albumin levels are predictors of all‑cause 
mortality. Even in the absence of severe inflammation, 
the presence of severe hypoalbuminemia, regardless 
of CRP level, is associated with elevated in‑hospital 
mortality.[19,20] Several recent studies have confirmed 
that inflammation, as reflected by elevated levels of 
serum CRP or proinflammatory cytokines, are significant 
independent predictors of mortality in hemodialysis 
patients.[21‑24]

Study limitations

The first limitation of our study is the relatively small 
number of patients studied. The second limitation is a 
relatively short period of follow‑up. Recruiting CHPs in 
a sufficient number with prolongation of the monitoring 
period would have yielded surely better results.

Conclusions
We conclude that γ‑gap is an independent predictor 
of overall mortality in patients undergoing dialysis, 
side‑by‑side to other independent predictors: CRP as 
a prototypical positive acute‑phase protein and serum 
albumin as a negative acute‑phase protein, over a relatively 
short time period. The continuous monitoring of total 
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protein and albumin may be beneficial in the clinical setting 
and we highlight a potentially beneficial role in CHPs 
with elevated gamma gap in the prevention and treatment 
of inflammatory syndrome, together with CRP and other 
biochemical inflammatory markers.
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