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Abstract

Background—Nephrotic syndrome is defined as urine total protein >3.5 g/d or total protein-
creatinine ratio of >3.5 g/g, low serum albumin, high serum cholesterol, and peripheral edema.
These threshold levels have not been rigorously evaluated in diabetic kidney disease or using urine
albumin, the preferred measure of proteinuria in diabetes.

Study Design—Diagnostic test study

Setting and Participants—Adults with type 2 diabetes, hypertension and urine total protein
>0.9 g/d enrolled in the Irbesartan in Diabetic Nephropathy Trial.

Index Test—Baseline measures of proteinuria (total protein, albumin, and protein-creatinine and
albumin-creatinine ratios). Linear regression to relate measures.

Reference Test—Other signs and symptoms of nephrotic syndrome at baseline (serum albumin
<3.5¢/dl, serum total cholesterol >260mg/dI or use of a statin, edema or use of a loop diuretic);
progression of chronic kidney disease during follow up (doubling of baseline serum creatinine or
requirement for dialysis or kidney transplantation). Logistic regression to relate index and
reference tests.

Results—Among 1608 participants, total urine protein of 3.5 g/d was equivalent to urine
albumin of 2.2 (95% confidence interval 1.4-3.5) g/d. Of 1467 participants, 641 (44%) had urine
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total protein =3.5 g/d at baseline, 132 (9%) had other signs and symptoms of nephrotic syndrome
at baseline and 385 (26%) had progression of kidney disease over a mean follow-up interval of 2.6
years. Areas under the receiver operating curves for measures of proteinuria were 0.80 to 0.83 for
other signs and symptoms of nephrotic syndrome and 0.72 to 0.74 for kidney disease progression.
The threshold levels for nephrotic-range proteinuria and albuminuria were close to the points of
maximal accuracy for both outcomes.

Limitations—Study population limits generalizability; inability to adjust for several variables
known to affect serum albumin; lack of spot urine samples

Conclusions—The historical definition for nephrotic-range proteinuria appears reasonable in
diabetic kidney disease. The equivalent thresholds for nephrotic-range albuminuria and albumin-
creatinine ratio are 2.2 g/d and 2.2 g/g, respectively.

Index words

nephrotic syndrome; urine protein; urine albumin; proteinuria; albuminuria; protein-creatinine
ratio; albumin-creatinine ratio; diabetic kidney disease; edema; hypercholesterolemia;
hypoalbuminemia; chronic kidney disease progression; CKD

Nephrotic syndrome is one of the principal presentations of kidney disease, reflecting the
pathophysiologic effects of urinary losses of large quantities of protein. It is defined as urine
total protein 3.5 g/d, low serum albumin, high serum cholesterol, and peripheral edema (1,
2). Nephrotic syndrome is seen only in glomerular diseases, thus its identification provides
essential information about the cause of kidney disease, prognosis and treatment (3-6).

Proteinuria is the key finding differentiating edematous states due to kidney disease from
other diseases (7-9). The threshold level of total urine protein of 3.5 g/d was proposed based
on a case series of patients with predominantly primary glomerular disease (10), and later
extended to a total protein—creatinine ratio of 3.5 g/g (11). Although these thresholds for the
definition of nephrotic syndrome are widely accepted, they have not been rigorously tested
to our knowledge.

Diabetic kidney disease has replaced primary glomerular diseases as the leading cause of
proteinuria in the United States and Europe (12). However, there is evidence that diabetes
may directly or indirectly affect the presentation of kidney disease with proteinuria(13) and
urine albumin is now the preferred measure of urine protein in patients with diabetes (14,
15). For these reasons, we directly compared measures of proteinuria in adults with diabetic
kidney disease and undertook a rigorous evaluation of specific threshold levels of these
measures for the definition of nephrotic syndrome. Our goals were to define nephrotic-range
albuminuria and to evaluate threshold levels of measures of proteinuria (total protein,
albumin, and ratios of total protein-creatinine and albumin-creatinine) for the discrimination
of outcomes of kidney disease (other signs and symptoms of nephrotic syndrome and
subsequent kidney disease progression).

AmJ Kidney Dis. Author manuscript; available in PMC 2014 May 28.
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Study Design and Population

Definitions

We performed a diagnostic test evaluation using secondary analysis using data from the
Irbesartan in Diabetic Nephropathy Trial (IDNT), a multicenter randomized controlled trial
comparing the angiotensin receptor blocker irbesartan or the dihydropyridine calcium
channel blocker amlodipine to placebo on the progression of diabetic kidney disease (16).
The study included 1715 patients enrolled from the years 1996-1999 and used the following
inclusion criteria: type 2 diabetes, hypertension (systolic or diastolic blood pressure >135 or
>85 mm Hg, respectively or taking antihypertensive medications), baseline urine total
protein =0.9 g/d, and baseline serum creatinine 1.0 to 3.0 mg/dl. We included patients with
urine total protein values <30 g/day. Follow-up was until December 21, 2000 and mean time
was 2.6 years. The investigational review board at Tufts Medical Center approved the study.

The index tests were baseline measures of proteinuria (total protein, albumin, and ratios of
protein-creatinine and albumin-creatinine), as reported from 24 hour collections. The
reference tests were outcomes of kidney disease, including other signs and symptoms of
nephrotic syndrome alone or in combination at baseline (for cross-sectional analysis) and
progression of kidney disease during followup (for longitudinal analysis). In clinical
practice, the nephrotic syndrome is considered as a binary characteristic, and therefore we
dichotomized the individual signs and symptoms. Hypoalbuminemia was defined as serum
albumin <3.5g/dl, hypercholesterolemia was defined as serum cholesterol >260mg/dl or use
of a statin, edema was recorded on case report forms or use of a loop diuretic. Kidney
disease progression during followup was defined as a doubling of baseline serum creatinine
or requirement for dialysis or kidney transplantation.

Data analysis

We used linear regression to relate urine total protein to urine albumin in 24 hour samples.
The measures were log transformed due to a skewed pattern on the residual diagnostic plot
using non-transformed values. The resulting regression equation was used to calculate the
albuminuia equivalent value of nephrotic-range proteinuria expressed both as excretion rate
and protein-creatinine ratio in 24 hour urine samples.

We used logistic regression to relate the measures of urine protein and other signs and
symptoms of the nephrotic syndrome at baseline. We used logistic regression as well as Cox
proportional hazards analysis to relate measures of urine protein at baseline to kidney
disease progression during follow-up. For both outcomes, we performed multivariate
analyses, adjusting for age, sex, race, body mass index, duration of diabetes, insulin use,
prior ACE (angiotensin converting enzyme) inhibitor use, systolic blood pressure, eGFR
(estimated glomerular filtration rate), systolic blood pressure, and randomly assigned
treatment group. The purpose of this step was to unequivocally establish the basic
relationship between the measures of urine protein and outcomes by addressing potential
confounding variables. Sensitivity analyses were performed using serum creatinine rather

AmJ Kidney Dis. Author manuscript; available in PMC 2014 May 28.



1duosnue Joyiny vd-HIN 1duosnue Joyiny vd-HIN

1duosnuely Joyny vd-HIN

Stoycheff et al.

RESULTS

Page 4

than eGFR. Model assumptions (e.g., proportional hazards) were checked with residual
diagnostics.

We created receiver operating characteristic (ROC) curves to relate the measures of urine
protein to outcomes using bivariate regression. The historical values for nephrotic syndrome
(3.5 g/day urine total protein and 3.5 g/g protein-creatinine ratio) as well as the equivalent
levels of urine albumin and albumin-creatinine ratio were compared with other potential
cutoff levels. For the outcome of kidney disease progression, we compared the c-statistics
derived from Cox models with the value derived from logistic regression to ensure
concordance between the two methods (17).

Sensitivity analyses of logistic regression, Cox models, and ROC curves were preformed
using different cutoff levels for hypercholesterolemia (200 mg/dl, 240 mg/dl, 300 mg/dI)
and without the inclusion of statin use and considering edema without the inclusion of loop
diuretic use. Sensitivity analyses were also preformed including the composite outcome of
death or kidney disease progression.

Study Participants

Of 1715 participants in IDNT, 1608 had complete data for measures of urine protein and
1467 patients for signs and symptoms of nephrotic syndrome (Figure 1). Characteristics of
these samples were similar to the original study and to those with missing data (data not
shown) (16). Distributions of urine total protein and albumin are shown in Figure 2. Table 1
show baseline characteristics and outcomes of the study sample according to baseline level
of total urine protein. A total of 641 participants (44%) had urine total protein 3.5 g/d.
Mean (SD) urinary creatinine excretion was 1.4 (0.5) g/d [1.6 (0.5) g/d in men and 1.1 (0.4)
g/d in women]. Sex-specific distributions of ratios of total protein—creatinine and albumin-
creatinine are shown in Figure 2.

Definition of nephrotic-range albuminuria

Figure 3 shows the relationship between log-transformed total urine protein and log-
transformed urine albumin. The regression equation used to calculate urine albumin from
urine total protein was: Albumin = 0.596 (95% CI [95% confidence interval] 0.58-0.60) x
(Total Protein)1-054 (95% CI 1.04-1.06) r_squared value for the regression was 0.92). Therefore,
a value of 3.5g/day for urine total protein was equivalent to 2.2 g/d for urine albumin and
3.5 g/g for urine total protein—creatinine ratio was equivalent to 2.2 g/g for urine albumin-
creatinine ratio (95% CI for individual value 1.4-3.5 for both).

Use of proteinuria cutoff levels to discriminate the signs and symptoms of nephrotic

syndrome

Table 2 shows unadjusted and adjusted logistic regression analysis of measures of
proteinuria with these outcomes. After multivariable adjustment, urine total protein (in log
base 2 form: meaning OR (odds ratio) signifies risk for each doubling of urine protein
measurement) was strongly associated with low serum albumin (OR and 95% confidence
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interval 3.33, 2.50-3.95), high serum cholesterol (1.52, 1.37-1.69), edema (1.47, 1.31-1.64),
and a composite of all three (3.20, 2.53-4.06). Regressions using urine albumin and urine
ratios of total protein—creatinine and albumin-creatinine as the independent variable gave
similar results as regressions using urine total protein (Table 2). Regressions using creatinine
rather than eGFR were not substantially different.

Figure 4 shows the ROC curves for discrimination of other signs and symptoms of nephrotic
syndrome at baseline according to baseline level of measures of proteinuria. The area under
the ROC was 0.80 (0.76-0.84) for urine total protein. The historical threshold level of 3.5
g/day had a sensitivity of 85% and specificity of 60%, which was close to the point of
maximal accuracy (4.5 g/day, sensitivity of 77% and specificity of 72%). The area under the
ROC was 0.83 (0.80-0.86) for urine total protein—creatinine ratio. The proposed definition
of 3.5 g/g was almost identical to the point of maximal accuracy (3.6 g/g) and had a
sensitivity and specificity 77% and 75%, respectively. The results were similar for
albuminuria, yielding areas under the curve of 0.80 (0.76-0.84) for urine albumin and 0.83
(0.80-0.87) for albumin-creatinine ratio. The equivalent value for urine albumin of 2.2 g/d
fell near the point of maximal accuracy (3.4 g/d) and the equivalent value for albumin-
creatinine ratio of 2.2 g/g was close to the point of maximal accuracy (2.6 g/g) (Figure 4).
Results of sensitivity analyses that varied the threshold level for high serum cholesterol and
considered the outcomes without the effects of statins and loop diuretics were not
substantially different.

Use of proteinuria cutoff levels to discriminate kidney disease progression

During follow-up, a total of 385 participants (26%) had kidney disease progression [316
(22%) had doubling of serum creatinine and 232 (16%) began dialysis or underwent kidney
transplantation] and 215 (15%) died. Table 2 shows unadjusted and adjusted logistic
regression analysis of measures of proteinuria with these outcomes. After multivariable
adjustment, urine total protein was strongly associated with kidney disease progression (OR
and 95% confidence interval 1.83, 1.60-2.10). Using the composite outcome of progression
of kidney disease or death, the association was similar (1.84, 1.62-2.07). Using Cox
regression analysis, the results of survival analysis for kidney disease progression were
similar, as was shown previously (18). Regressions using urine albumin and urine ratios of
total protein—creatinine and albumin-creatinine as the independent variable gave similar
results as regressions using urine total protein (Table 2). Regressions using creatinine rather
than eGFR were not substantially different.

Figure 4 shows the ROC curve for discrimination of kidney disease progression during
followup according to baseline level of proteinuria. The area under the ROC was 0.72 (0.69-
0.75). The historical cutoff level 3.5 g/day had a sensitivity (67%) and specificity (65%),

and was close to the point of maximal accuracy (3.2 g/day, sensitivity of 73% and specificity
of 62%). The area under the ROC was 0.74 (0.71-0.77) for urine total protein—creatinine
ratio. The proposed definition of 3.5 g/g was close to the point of maximal accuracy (2.6
g/g) and had a sensitivity and specificity 53% and 79%, respectively. The results were
similar for albuminuria, yielding areas under the curve of 0.72 (0.70-0.75) for urine albumin
and 0.74 (0.72-0.77) for albumin-creatinine ratio. The equivalent value for urine albumin of
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2.2 g/d was almost identical to the point of maximal accuracy (2.1 g/d) and the equivalent
value for albumin-creatinine ratio of 2.2 g/g was close to the point of maximal accuracy (1.9
g/g). Sensitivity analyses that included death in the composite outcome were not
substantially different.
DISCUSSION

Proteinuria is central to the pathophysiology of nephrotic syndrome. Our study evaluated the
relationship of measures of proteinuria and threshold levels for definition of nephrotic
syndrome in diabetic kidney disease, the most common cause of proteinuria in the US and
Europe. In this study, values for urine alboumin and albumin-creatinine ratio of 2.2 g/d and
2.2 glg, respectively, were equivalent to the accepted threshold levels for urine total protein
and total protein-creatinine ratio of 3.5 g/d and 3.5 g/g, respectively. The threshold levels for
urine total protein and the equivalent levels for urine albumin were close to the point of
maximal accuracy for the discrimination of presence of other signs and symptoms of
nephrotic syndrome. Thus our findings confirm these widely accepted threshold levels for
application to diabetic kidney disease and define equivalent levels for urine albumin.

The recognition of signs and symptoms of nephrotic syndrome has evolved over many
years. As early as the ancient Greek period, all edema was considered as one disease, termed
“dropsy” (19). In 1827, Richard Bright identified a subset of patients with dropsy that also
had proteinuria and kidney disease (“Bright’s Disease”) (8, 9). The association of
proteinuria with other signs and symptoms of nephrotic syndrome was recognized in the
early 20t century (7, 20-24). The threshold level for urine total protein of 3.5 g/d appears to
have been proposed in the 1963 by Dr. George Schreiner who reported total urine protein in
186 patients with features of nephrotic syndrome (10). The lowest value was 3.5 g/d,
observed in two patients (Figure 5). In that study, the mean age of the patients was 37 years,
the majority had primary glomerular diseases, and the criteria for classification of patients as
having nephrotic syndrome was not specified. Twenty years later, Ginsberg and colleagues
proposed measuring urine total protein-creatinine ratio in random urine samples, and based
on the assumption that urine creatinine excretion is approximately 1 g/d, suggested a ratio of
3.5 g/g as the threshold for nephrotic syndrome. Recently, urine alboumin and albumin-
creatinine ratio have been suggested to be more reliable measures of proteinuria than urine
total protein— or protein-creatinine ratio (14, 15). Urine creatinine excretion was greater than
1.0 g/d in our study (Table 1), thus we observed values for ratios of total protein—creatinine
and albumin-creatinine ratio that were lower than values for urine total protein and urine
albumin expressed as g/d (Figure 2). Nonetheless, the accepted thresholds were close to the
points of maximal accuracy for all measures.

In our study, albumin accounted for approximately 60% of urine total protein, which is
similar to the relative contribution of albumin to total serum protein in normal individuals
(25). This is consistent with the understanding of pathophysiology of diabetic kidney
disease. Detailed studies in humans with type 2 diabetes suggest the filtration barrier is
altered both by an uniform widening of usual “pores” for filtration that allow filtration of
small serum proteins, as well as emergence of large pores (“shunts”) that allow filtration of
large serum proteins (26, 27). Patients with higher urine albumin exhibit a larger fraction of
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filtered macromolecules via the shunt pathway (28), thus the composition of urine protein
should mirror that of plasma proteins in patients with nephrotic syndrome due to diabetic
kidney disease.

The pathophysiology of nephrotic syndrome has been extensively studied in primary
glomerular diseases (29). The primary abnormality is loss of urine albumin leading to low
serum albumin and low serum oncotic pressure, with consequent renal sodium retention and
increased hepatic synthesis of apolipoproteins. However, independent of kidney disease and
proteinuria, diabetes is associated with a variety of alterations which could also affect serum
albumin and cholesterol levels (30-33). Patients with diabetes exhibit differences in
interstitial osmotic gradients (30, 31) and glycosylation of albumin can alter its transport
properties across certain tissues, which could potentially influence the development of
peripheral edema (34). Furthermore, diabetes can cause elevated triglyceride levels,
decreased HDL (high-density lipoprotein) levels, and abnormal LDL metabolism (32, 33).
Nonetheless, in our study the relationships of urine total protein and albumin with other
signs and symptoms of nephrotic syndrome were strong and robust to multivariable
adjustment.

Threshold values (or “cut-off values™) to categorize continuous variables can aid in medical
teaching and practice by simplifying clinical decision making. In our study, the relationships
between level of measures of proteinuria and outcomes appeared continuous. However, the
historical threshold values for urine total protein and equivalent values for urine aloumin
provided an adequate level for discrimination for the other signs and symptoms of nephrotic
syndrome. Interestingly, these same threshold values also provided reasonable
discrimination for short-term progression of kidney disease or the composite outcome of
kidney disease progression and survival over a relatively short interval. Other studies report
levels of proteinuria far below these thresholds are associated with increased long-term risk
for kidney disease progression and for occurrence of cardiovascular disease events (35-37).

There are several limitations. First, IDNT included only patients with type 2 diabetes and
urine total protein >0.9 g/d, which restricts the generalizability of the results. However, the
pathophysiology of nephrotic syndrome makes it is unlikely that signs and symptoms would
occur at lower levels of proteinuria, and therefore IDNT may represent an appropriate study
population in type 2 diabetes for this purpose. Additional studies in patients with type 1
diabetes and nondiabetic kidney disease are necessary to extend our findings to these
populations. Second, we did not have sensitive measures of important factors that affect
serum albumin (for example, C-reactive protein as a marker of inflammation and prealbumin
as a marker of malnutrition). However, the analysis did include hemoglobin, which often
mirrors inflammation in CKD (chronic kidney disease), and BMI (body mass index), which
could roughly estimate patients in the poorest categories of nutritional status, and adjustment
for these factors did not change the results (38). Third, current practice guidelines
recommend the use of untimed (“spot”) collections to assess the albumin-creatinine or
protein-creatinine ratio; however, only 24-hour samples were available to us (14, 39).
However, previous literature has established that the ratios in spot samples correlate
reasonably well with 24 hour urine excretion rates (11, 40).

Am J Kidney Dis. Author manuscript; available in PMC 2014 May 28.
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In conclusion, the historical definition for nephrotic range proteinuria of >3.5 g/d and the
more recent proposal for nephrotic range protein-creatinine ratio of >3.5 g/g appear
reasonable in diabetic kidney disease. Equivalent thresholds for the definition of nephrotic-
range albuminuria and albumin-creatinine ratio are >2.2 g/d and >2.2 g/g, respectively.
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Figure 2. Histograms of proteinuria in the study population
Dotted line indicates the historical threshold value for definition of nephrotic-range

proteinuria, and proposed threshold value for nephrotic range albuminuria. Urine total
protein—creatinine and albumin-creatinine ratios are stratified by sex (men=black;
women=grey).
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Figure 3. Relationship of log transformed urine albumin and log transformed total total protein
Linear regression line (solid)Values for albumin are approximately 0.6 times the values for

total protein; 2.2 g/d (95% confidence interval 1.4-3.5g/d) is the urine albumin equivalent of
nephrotic-range total protein, 3.5 g/d (small dashed line).
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Figure 4. Receiver operating curves relating measures of urine protein to outcomes
All three other signs and symptoms of nephrotic syndrome (thick blue line) and kidney

disease progression (thin red line) and sensitivity and specificity for selected values.
Historical threshold value for nephrotic range urine total protein and equivalent value for
nephrotic range albumin; point of maximum accuracy (circle); point of 90% sensitivity
(triangle); point of 90% specificity (inverted triangle).
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Figure 5. Urine total protein excretion in 186 patients with nephrotic syndrome reported by
Schreiner
Reproduced with permission from Strauss and Welt.10

Am J Kidney Dis. Author manuscript; available in PMC 2014 May 28.



1duosnue Joyiny vd-HIN 1duosnue Joyiny vd-HIN

1duasnuely Joyny vd-HIN

Stoycheff et al.

Baseline characteristics and outcomes of study participants according to level of urine total protein

Table 1

Total number

Age (years)

Men

White race

BMI (kg/m2)

Insulin use

Duration of diabetes (years)
Retinopathy

History of cardiovascular disease
ACE inhibitor at baseline
SBP (mmHg)

Serum creatinine (mg/dl)
eGFR (ml/min/1.73m2)
Hemoglobin (g/dl)

Urine total protein (g/day)*k
Urine albumin (g/day)*

Urine total protein—creatinine ratio (g/g)*
men
women
Urine albumin-creatinine ratio (g/g)*
men
women
Urine creatinine (g/day)
men
women
Edema or use of loop diuretic*
High serum cholesterol or use of statin*
Low albumin®
Al three of the above™
Doubling of serum creatinine (Scr)*
End stage renal disease (ESRD)*

Doubling of serum creatinine or ESRD™

Death™

Overall

<3.59/d

>3.5g/d

n (%) or mean (std)
1608
59 (8)
1077 (67%)
1167 (73)
31(6)
924 (58%)
15 (8)
1067 (69%)
725 (45%)
704 (44%)
159 (20)
1.7 (0.6)
48 (18)
13 (2)
2.9 (1.7-5.3)

1.9 (1.0-3.5)

1.9 (1.1-35)
2.7 (1.7-5.2)

1.3 (0.7-2.4)
1.8 (1.0-3.3)
1.4(0.5)
1.6 (0.5)
1.1(0.4)
729 (50%)
663 (45%)
345 (24%)
132 (9%)
316 (22%)
232 (16%)
385 (26%)

215 (15%)

n (%) or mean (std)
915
60 (7)
610 (67%)
672 (73%)
30 (6)
498 (54%)
14 (8)
576 (66%)
383 (42%)
387 (42%)
157 (19)
1.6 (0.5)
51 (18)
13 (2)
1.8 (1.2-2.5)

1.1 (0.7-1.6)

1.2 (0.8-1.7)
1.8 (1.2-2.5)

0.7 (0.4-1.1)
1.1(0.7-1.6)
1.4(0.5)
1.5 (0.5)
1.1(0.4)
321 (39%)

303 (36%)
75 (9%)
21 (3%)

103 (13%)
64 (8%)

126 (15%)

93 (11%)

n (%) or mean (std)
693
58 (8)
467 (67%)
495 (71%)
32 (6)
426 (61%)
15 (8)
491 (74%)
342 (49%)
317 (46%)
162 (20)
1.8 (0.6)
44 (16)
13 (2)
5.8 (4.5-8.1)

3.9 (3.0-5.4)

3.8 (2.8-5.5)
5.5 (3.7-7.5)

2.6 (1.9-3.7)
3.4 (2.5-4.9)
15(0.6)
1.7 (0.6)
1.2(0.4)
408 (64%)

360 (56%)
270 (42%)
111 (17%)
213 (33%)
168 (26%)
259 (41%)

122 (19%)

p value

<0.01
0.8
0.4
<0.01
<0.01
0.08
<0.01
<0.01
0.2
<0.01
<0.01
<0.01
<0.01
<0.01

<0.01

<0.01
<0.01

<0.01
<0.01
<0.01
<0.01
<0.01
<0.01

<0.01
<0.01
<0.01
<0.01
<0.01
<0.01

<0.01

*median (IQR)

+
total n = 1467 for edema or loop diuretic, high cholesterol or statin, low albumin, all three, or kidney disease outcomes, respectively
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Conversion factors for units: estimated GFR in ml/min/1.73m2 to ml/s/1.73m2, x0.01667; serum creatinine in mg/dL to mol/L, x88.4; hemoglobin
and albumin in g/dl to g/L, x10.

Abbreviations: ACE, angiotensin-converting enzyme; BMI, body mass index; SBP, systolic blood pressure; eGFR, estimated glomerular filtration
rate.
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