
 

 

Cross-Sectional Analyses of Non-Urea Nitrogen 

Appearance (NUNA) in a CAPD Population 

In dialysis patients who are in stable nitrogen balance, it is 
considered reasonable to estimate dietary protein intake from urea 
nitrogen appearance (UNA) and direct protein losses (1-5). Such 
calculations are based on previous measurements of the 
relationship of total nitrogen appearance (TNA) and UNA in 
dialysis patients (1-4). Relationships in patients with chronic renal 
failure not on dialysis (5), or in normal controls (5), are similar to 
those in dialysis patients. In prospective serial studies, the 
relationship of TNA to UNA is linear with a slope near 1.0 and an 
intercept (at a UNA of zero) > 1.0, 

indicating non-urea nitrogen appearance (NUNA) 
(5). With increased protein intake, increases in 
UNA account for almost all increases in TNA, 
and NUNA remains nearly constant, as reflected 
by an almost fixed value for TNA UNA (2,5). 
The ratio UNA/ TNA increases as UNA increases 
since the equal increments represent smaller 
percentage increases in TNA (5-7). Estimates of 
dietary protein intakes from these UNA are 
usually normalized to standard weight (g/kg st 
wt/day) and termed the normalized protein 
equivalent of nitrogen appearance (nPNA) (1). 

The purpose of this study was to assess the 
variability TNA UNA (which is NUNA) in our 
own CAPD population. 

MATERIALS AND 

METHODS 

In 80 patients on CAPD (43 males and 37 
females), we collected 24 hour dialysates and 
urines, and measured UNA and total Kjeldahl 
nitrogen therein. The nPNA was calculated as per 
Randerson formulas (2), which are similar to the 
Borah equation plus protein losses (3). Fixed 
estimates of fecal and skin nitrogen losses are 
incorporated in the formula. We have previously 
compared Randerson 1 and Randerson 2 formulas 
in our CAPD patients and find similar results 
with both (2,8). In Randerson 1: PNA (g/day) = 
0.262(UG + 54) + protein losses (g/day). Here 
UG is urea appearance in &mu;mol/minute. In 
Randerson 2: PNA(g/day) = 0.301(UG + 52). 
UGis as above. Protein losses are incorporated as 
a fixed average 7.3 g/day. In both equations, fecal 
and skin nitrogen losses are included as an 
estimated 1.3 g/day (2). In both, PNA was 
normalized to standard weight (nPNA). 

Dialysate effluent, urine, and serum samples 
were analyzed for concentrations of urea 
nitrogen, creatinine, and total protein by methods 
previously described (9,10). Fecal and skin 
nitrogen losses were neither measured nor 
estimated, except in the calculation of nPNA via 
Randerson. Total nitrogen concentrations were 
measured by the Kjeldahl method (11). Estimated 
body surface area (BSA), total body water 
(TBW), residual renal creatinine clearance by 
glomerular filtration rate (L/wk/l.73 m2 BSA), 
total weekly creatinine clearances (L/wk/l.73 
m2), total weekly Kt/V urea, urea nitrogen 
appearance (g/day), and lean body mass (kg and 
percentage body weight) were determined as 
previously described ( 8-10 ) .TN A (g/day) was 
calculated as the sum of the products of dialysate 
and urine volumes times their respective total 
nitrogen concentrations. PNA was normalized to 
standard body weight calculated as TBW/0.58. 
TBW was estimated according to Watson et al. 
(12). 

Mean &plusmn; standard deviations of 
important outcome measures were calculated. A 
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RESUL

TS 

Table 1 summarizes the population characteris-
tics of the 80 CAPD patients. Table 2 
summarizes selected nutritional and adequacy 
indices. Mean values for indices of nutrition and 
clearances are similar to those previously 
reported (8,10). The nPNA from Randerson 1 is 
shown. Randerson 2 PNA was 0.93 &plusmn; 
0.22. 

Figure 1 shows the relationship of total 
Kjeldahl nitrogen output (TNA in grams per day) 
to total urea nitrogen output (UNA in grams per 
day). Identity and regression lines are shown. 
There is a very high correlation but substantial 
scatter around the linear regression line. The 
intercept of2.44, a mean value of TNA -UNA 
of2.87 &plusmn; 1.9, and a slope of 1.07 support 
previous reports implying that increases in UNA 
account for almost all increases in TNA as UNA 
increases (5). Thus, TNA UNA remains relatively 
constant as UNA increases as indicated by the 
near parallelism of the regression and identity 
lines. Accordingly, there was no significant 
correlation of TNA UNA (representing NUNA) 
with nPNA by either calculation. There were also no significant 

correlations of NUNA with components of 
NUNA, such as creatinine and protein losses, 
suggesting unpredictable variable proportions of 
NUNA substances from patient to patient. There 
was a significant positive correlation ofNUNA 
with total Kjeldahl nitrogen losses (r = 0.69, p < 
0.0001) compatible with the slope of 1.07 in 
Figure 1, suggesting some very small increases in 
NUNA as UNA and TNA increase. 

DISCUSSION 

We have recently compared nPNA calculated 
by Randerson to that calculated by multiplying 
total Kjeldahl nitrogen output by 6.25 (8). This 
previous report found that nPNA calculated from 
urea kinetics and protein losses in CAPD patients 
was highly correlated with PNA calculated from 
Kjeldahl nitrogen output. 

The standard deviation for TNA UNA of 1.9 
implies a potential variation of more than (1.9 x 
6.25) or 11.9 grams ofPNA per day at a given 
UNA in onethird of the population on CAPD. 
Based on the average standard weight of 65.5 kg 
(mean TBW of 38/0.58), this represents a 
variation of more than 11.9/65.5 = 0.18 
g/kgfornPNA, normalized to standard body 
weight. Thus, some caution is necessary in 
calculating PNA and nPNA from UNA based on 
unpredictable variations  in NUNA from patient to 
patient. Reports with less variation of NUNA 
probably include serial measurements ofNUNA at 
varying protein intakes in the same patient rather 
than cross-sectional single measurements per 
patient as in our study. 
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Our linear regression results are consistent with NUNA remaining nearly fixed as UNA increases, as reported by others even though ours is a 
crosssectional study (5). The use of standard formulas to calculate PNA from UNA (based on previously determined relationships of TNA to 
UNA) is subject to some error based on variation ofNUNA from patient to patient, accounting for scatter around linear regression lines. The 
error in nPNA is of a magnitude >0.18 g/kg standard body weight in over one-third of the CAPD patients. Thus, the average nPNA of 0.91 
calculated from UNA could be associated with a true value more than 1.09 or less than 0.73 in one-third of patients. NUNA in each patient 
represents a summation of creatinine nitrogen, protein nitrogen, urate nitrogen, amino-acid nitrogen, and other non-urea nitrogen outputs that 
seem to have different proportions of each from patient to patient, since there were poor correlations of NUNA with individual components of 
NUNA in our cross-sectional study. Also, protein intake and increased UNA result in only slight increases in NUNA (TNA to UNA linear re-
gression slope = 1.07). 
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