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ABSTRACT
Background: Glycosuria is one of the manifestations of acute tubulointerstitial nephritis (ATIN),
but may also be observed in other renal diseases. In this study, we investigated the value of
non-diabetic glycosuria as a diagnostic clue for ATIN.
Methods: We retrospectively reviewed the medical records of adult patients who underwent a
kidney biopsy as an evaluation for serum creatinine > 1.4mg/dL. Patients with proteinuria in the
nephrotic range, diabetes mellitus, or transplanted kidney were excluded. The laboratory abnor-
malities suggestive of tubular injury were compared between 28 patients (14 men and 14
women, mean age 48.5 ± 14.1 years) with ATIN and 116 patients (76 men and 40 women, mean
age 53.1 ± 15.0 years) with other diagnoses.
Results: In ATIN, glycosuria (� 1þ on dipstick; 68%) was more frequent than hypophosphatemia
(18%), hypouricemia (18%), hypokalemia (18%), and tubular proteinuria (40%). In other diagno-
ses, glycosuria (� 1þ) was detected in 7 (6%) patients; 6 of them had the histological diagnosis
of antineutrophil cytoplasmic antibody-associated glomerulonephritis. The presence of glycosuria
(� 1þ) had 68% sensitivity and 94% specificity for ATIN, with the positive likelihood ratio of
11.24 and the negative likelihood ratio of 0.34. Pyuria and low total CO2 were equally and more
sensitive (68% and 71%, respectively) than glycosuria (� 1þ), but had no diagnostic value due
to low specificities (58% and 60%, respectively).
Conclusion: In non-diabetic, non-nephrotic patients undergoing a kidney biopsy for azotemia,
1þ or higher glycosuria, if present, was a good predictor of the diagnosis of ATIN.
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Introduction

Acute tubulointerstitial nephritis (ATIN) is characterized
by infiltration of inflammatory cells into the interstitium
of the kidneys, which results in injury of tubular epithe-
lial cells. Clinically, it presents with acute kidney injury
and can be accompanied by fever, rash, eosinophilia,
hematuria, sterile pyuria and/or signs of tubular dam-
age [1,2].

Proximal and distal tubules both can be affected by
ATIN. Proximal tubules normally reabsorb small molecu-
lar weight proteins, phosphates, uric acids, glucose, and
bicarbonate that are filtered through glomerular capil-
lary wall. Injury of proximal tubules, therefore, causes
urinary loss of these substances and results in low
molecular weight proteinuria, phosphaturia, uricosuria,
glycosuria, and normal anion gap metabolic acidosis
with hypokalemia [3]. Distal tubules are the sites con-
centrating urine and excreting acid that is produced

though the metabolic process of amino acids, and
injury of distal tubules results in nephrogenic diabetes
insipidus and distal tubular acidosis [4].

Acute kidney injury caused by ATIN can be reversed
by early recognition, elimination of the offending drugs
and administration of corticosteroid [1,5]. In several
studies, a delay in the initiation of corticosteroid
resulted in worse recovery of kidney function [6,7].
Thus, prompt diagnosis is essential, but the specific
marker to suspect ATIN is absent and remains to be dis-
covered. In the past, urine eosinophil was considered to
be a specific indicator of ATIN, but was found to have
no diagnostic value in differentiating ATIN from other
renal diseases [8].

In patients with impaired renal function, serum phos-
phorus, uric acid, potassium and total CO2, and urinaly-
sis are usually included in the routine laboratory tests,
and hypophosphatemia, hypouricemia, hypokalemia or
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low total CO2 with normal anion gap, if present, may
suggest the presence of tubular injury [1].

Non-diabetic glycosuria is a sign of proximal tubular
injury [3]. ATIN may cause glycosuria as an isolated
tubular defect [9] as well as a global dysfunction of
proximal tubules, known as Fanconi syndrome [10].
However, glycosuria may also occur due to the tubular
injury associated with other renal diseases including
acute tubular necrosis (ATN) [11] and chronic kidney
disease [12].

In this study, we investigated the frequency of
laboratory abnormalities suggestive of tubular injury in
adult ATIN patients, and examined the value of glyco-
suria as a diagnostic clue for ATIN in the non-diabetic,
non-nephrotic patients undergoing a kidney biopsy as
an evaluation for azotemia.

Materials and methods

Patients

To assess the utility of urine glucose test in identifying
ATIN as a cause of elevated creatinine, we performed a
retrospective analysis of adult patients who underwent
a native kidney biopsy at Asan Medical Center (Seoul,
Korea) as a diagnostic evaluation for serum creatinine
higher than 1.4mg/dL. Patients aged <18 years, having
diabetes mellitus or transplanted kidney were excluded.
The presence of diabetes mellitus was determined by
the positive history of diabetes mellitus, a fasting
plasma glucose � 126mg/dL or HbA1c � 6.5% [13].
Glycosuria may also occur in a person who doesn’t
have diabetes if blood glucose level rises higher than
170–200mg/dL and the filtered glucose load exceeds
the capacity for tubular glucose reabsorption [14]. So,
the patients with blood glucose higher than 170mg/dL
on the day when urine glucose was positive were also
excluded. Patients with proteinuria in the nephrotic
range (24-h urine protein > 3.5 g, urine protein/creatin-
ine >3.5 g/g or urine albumin/creatinine >2.5 g/g [15])
were excluded because ATIN-induced proteinuria is
mild and only rarely is in the nephrotic range [1,2]. In
some patients with nephrotic syndrome, ATIN was com-
bined to minimal change or focal segmental glomerulo-
sclerosis, and those patients were also excluded
because nephrotic syndrome itself was an indication of
a kidney biopsy to determine the pathologic type,
regardless of the presence of ATIN.

Diagnosis of ATIN was made by the characteristic
findings on a kidney biopsy, including interstitial mono-
nuclear cell infiltration, interstitial edema, and tubulitis
[16]. On November 2016, our hospital changed the
instruments for urinalysis, using the grading scale of

the glucose dipstick test different from the previous
one, and thus we recruited patients diagnosed before
this change. In the period between January 2001 and
October 2016, 28 ATIN patients were identified to meet
the inclusion criteria. We reviewed the medical records
with regard to their demographic data and the labora-
tory tests performed before and after the kid-
ney biopsy.

To compare the clinical and laboratory features of
ATIN with those of other causes of azotemia, we also
reviewed the medical records of 116 patients who were
not nephrotic but underwent a native kidney biopsy
between January 2010 and October 2016 as an evalu-
ation of serum creatinine higher than 1.4mg/dL and
had a histologic diagnosis other than ATIN.

Diabetes was ruled out by past medical history, fast-
ing plasma glucose and HbA1c, but HbA1c was not
done in 8 patients of ATIN group and 65 patients of
control group, maybe due to the lack of reason to sus-
pect diabetes.

This study was approved by the institutional review
board of Asan Medical Center.

Laboratory parameters

We collected the laboratory data including complete
blood count (CBC), serum creatinine, phosphorus, uric
acid, potassium, total CO2, glucose, HbA1c, urinalysis
with microscopy, 24-h urine protein, urine protein/cre-
atinine ratio, and urine albumin/creatinine ratio.

The urine dipstick for glucose has a pad impregnated
with glucose oxidase which reacts with glucose in urine
to form hydrogen peroxide, causing color change of a
chromogen. Urine glucose was graded as follows: nega-
tive (not detected), trace (100mg/dL), 1þ (250mg/dL), 2þ
(500mg/dL), 3þ (1000mg/dL), and 4þ (� 2000mg/dL).

Microscopic hematuria and pyuria were defined as
red blood cells � 3/high-power field and white blood
cells � 3/high-power field, respectively, on microscopic
evaluation of urinary sediment [17, 18].

In case of multiple measurements, the highest levels
of serum creatinine and urine glucose, the lowest levels
of phosphorus, uric acid, potassium and total CO2

among the results obtained within 1month before the
kidney biopsy were taken as the representative values.
Hypophosphatemia, hypouricemia, hypokalemia and
low total CO2 were defined as <2.5mg/dL, <3.0mg/dL,
<3.5 mEq/L and <20 mEq/L, respectively.

Estimated glomerular filtration rate (eGFR) was calcu-
lated by Chronic Kidney Disease Epidemiology
Collaboration (CKD-EPI) equation [19].
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Statistical analyses

Data were expressed as mean± standard deviation (SD)
for those with normal distribution or median (range) for
those with non-normal distribution. Statistical differen-
ces between 2 groups were determined by unpaired t-
test or the Mann-Whitney U test, as appropriate. The
categorical variables including fever, rash and eosino-
philia in ATIN and control groups were compared by
Chi-square test or Fisher’s exact test. The receiver oper-
ating characteristic (ROC) curve analysis was used to
assess the diagnostic value of glycosuria for the detec-
tion of ATIN. Pre-kidney biopsy eGFR was compared
with the follow-up eGFR by Wilcoxon Signed Rank test.
The statistical analyses were performed using SPSS ver-
sion 21 (IBM Co., Armonk, NY, USA). p values less than
.05 were considered statistically significant.

Results

Patient characteristics

There were 28 patients (14 men and 14 women) who
were diagnosed with ATIN. Their mean age was
48.5 ± 14.1 years (range 20–70 years). ATIN was possibly
associated with nonsteroidal anti-inflammatory drugs
(n¼ 4), herbal medicine (n¼ 3), antibiotics (n¼ 2),

rifampin (n¼ 1), uveitis (n¼ 1) or sarcoidosis (n¼ 1), but
the etiology was not clear in the remaining 16 patients.

The control group consisted of 116 patients (76 men
and 40 women) who were diagnosed with a disease
other than ATIN. Their mean age was 53.1 ± 15.0 years
(range, 20–85 years). The pathologic diagnoses of con-
trol groups are shown in Table 1.

Clinical manifestations and laboratory parameters

Clinical manifestations of ATIN and other diagnoses are
also shown in Table 1. There was no significant differ-
ence in the frequency of fever, but skin rash was more
common in ATIN (18%) than in other diagnoses
(4%; p¼ .024).

In CBC, hemoglobin was lower in ATIN (9.39 ±
1.85 g/dL) than in other diagnoses (10.91 ± 2.41 g/dL;
p¼ .001), while leukocyte and platelet counts and per-
ipheral eosinophilia were not different between the
two groups.

Prebiopsy serum creatinine of ATIN (median
3.71mg/dL, range 1.60–16.50mg/dL) was higher than
that of other diagnoses (median 2.15mg/dL, range
1.42–18.60mg/dL; p< .001).

In the urinalysis, pyuria was more common in ATIN
(68%) than in other diagnoses (41%; p¼ .012). In ATIN,

Table 1. Clinical features and laboratory data of the study population.
ATIN (n¼ 28) Other Diagnoses (n¼ 116) p-value

Age (years) 48.5 ± 14.1 53.1 ± 15.0 .144
Male/female 14/14 76/40 .128
Fever 8 (29%) 25 (22%) .428
Rash 5 (18%) 5 (4%) .024
White blood cells (�103/lL) 8.40 ± 3.17 8.28 ± 3.25 .859
Eosinophilia (>500/lL) 4 (14%) 18 (16%) 1.000
Hemoglobin (g/dL) 9.39 ± 1.85 10.91 ± 2.41 .001
Platelets (�103/lL) 263.7 ± 79.5 253.7 ± 92.9 .601
Creatinine (mg/dL) 3.71 (1.60–16.50) 2.15 (1.42–18.60) <.001
eGFR (mL/min/1.73m2) 17 (4–49) 31 (2–63) .002
Urine microscopy

RBC (/HPF) .072
0–2 14 (50%) 37 (32%)
� 3 14 (50%) 79 (68%)

WBC (/HPF) .012
0–2 9 (32%) 68 (59%)
� 3 19 (68%) 48 (41%)

Pathologic diagnoses
ATIN 28 –
IgA nephropathy – 46
ANCA–associated GN – 34
Focal segmental glomerulosclerosis – 7
Hypertensive nephrosclerosis – 5
Malignant hypertension – 3
Acute tubular necrosis – 3
Advanced chronic GN – 2
Thrombotic microangiopathy – 2
Amyloidosis – 2
Others� – 12

Data are mean ± standard deviation, median (range) or n (%). ANCA: antineutrophil cytoplasmic antibody; ATIN: acute tubulointerstitial nephritis; eGFR:
estimated glomerular filtration rate; GN: glomerulonephritis. �Others; Henoch-Sch€onlein purpura (1), chronic interstitial nephritis (1), lupus nephritis (1),
ANCA-negative pauci-immune crescentic GN (1), polyarteritis nodosa (1), warfarin-related nephropathy (1), acute phosphate nephropathy (1), non-diagnos-
tic (5).
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urine culture was done in 17 of the 19 patients with
pyuria and 4 of the 9 patients without pyuria, and all
had no significant growth.

Frequency of glycosuria: ATIN vs other diagnoses

Urinalysis (median) was obtained 2 (range, 1–8) times in
the group of ATIN, and 2 (range, 1–7) times in the
group of other diagnoses in a period of 1month prior
to the kidney biopsy.

ATIN had a higher frequency of glycosuria as com-
pared with other diagnoses. Urinary glucose was nega-
tive in 5 patients, trace in 4 patients, 1þ in 9 patients,
2þ in 6 patients, 3þ in 3 patients and 4þ in 1 patient
with ATIN, while it was negative in 99 patients, trace in
10 patients, and 1þ in 7 patients with other diagnoses
(p< .001) (Table 2).

In ATIN patients with glycosuria � 1þ, urine glucose
(1þ or higher) was detected 2.11 ± 1.33 times by
2.53 ± 1.78 urinalyses per person. Fourteen of the 19
ATIN patients with glycosuria (� 1þ) had serum glu-
cose level measured on the day when urine glucose
was 1þ or higher, and 8 of the 9 ATIN patients with
negative or trace urine glucose had serum glucose level
measured on the day when the urinalysis was done.
Serum glucose was 107 ± 20mg/dL in patients with
glycosuria (� 1þ), while it was 99 ± 14mg/dL in
patients with negative or trace urine glucose (p¼ .257).
There was no difference in eGFR between those with
(n¼ 19, median 13, range 4–46mL/min/1.73m2) and
without (n¼ 9, eGFR, median 17, range 7–49mL/min/
1.73m2) 1þ or higher glycosuria.

Of the 7 patients with 1þ glycosuria in the group of
other diagnoses, 6 had the histological diagnosis of
antineutrophil cytoplasmic antibody (ANCA)-associated
glomerulonephritis, and the other one had IgA nephr-
opathy. Urine glucose 1þ was detected 1.17 ± 0.41
times by 2.67 ± 1.21 urinalyses per person in the 6
patients with ANCA-associated glomerulonephritis and
once by 3 urinalyses in the patient with IgA nephrop-
athy. Serum glucose level measured on the day when
urine glucose was detected was 128 ± 17mg/dL.

Sensitivity, specificity, positive and negative
likelihood ratio of glycosuria for ATIN

The area under the ROC curve (AUC) of urine dipstick
test for glucose in the prediction of ATIN was 0.87 (95%
confidence interval: 0.78–0.96) (Figure 1). Performance
of glycosuria to predict ATIN at the trace and 1þ cutoff
is shown in Table 3. At the cutoff of trace glycosuria,
the presence of glycosuria had 82% sensitivity and 85%
specificity for ATIN, with the positive likelihood ratio of
5.61 and the negative likelihood ratio of 0.21. When the
cutoff was increased to 1þ for a positive test, the sensi-
tivity declined to 68%, but the specificity increased to
94%, with the positive likelihood ratio of 11.24 and the
negative likelihood ratio of 0.34.

Other laboratory abnormalities suggestive of
tubular injury: ATIN vs other diagnoses

Hypophosphatemia, hypouricemia and hypokalemia,
the blood chemistries suggestive of tubular injury, were
detected in 5 (18%), 5 (18%), 5 (18%) patients, respect-
ively, with ATIN, and in 3 (3%), 1 (1%), 11 (9%) patients,
respectively, with the other diagnoses. The difference
between the two groups was statistically significant for
hypophosphatemia (p¼ .007) and hypouricemia
(p¼ .001), but not for hypokalemia (Table 4).

Low total CO2, the parameter suggestive of meta-
bolic acidosis, was also more common in ATIN (71%)
than in the other diagnoses (40%; p¼ .002).

Table 2. Distribution of glycosuria levels in ATIN and
other diagnoses.
Urine Glucose on dipstick ATIN (n¼ 28) Other Diagnoses (n¼ 116)

Negative 5 99
Trace 4 10
1þ 9 7
2þ 6 0
3þ 3 0
4þ 1 0

Figure 1. Receiver operating characteristic (ROC) curve for
predicting acute tubulointerstitial nephritis from urine dipstick
tests for glucose. AUC: the area under the ROC curve; CI: con-
fidence interval.
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Urine samples were submitted to the laboratory for
protein electrophoresis in 20 patients with ATIN. In 4 of
them, urine protein concentration was too low to per-
form protein electrophoresis. Accordingly, urine protein
electrophoresis was performed in 16 patients, and tubu-
lar proteinuria was identified in 8 patients (40% of the
patients who submitted urine for protein electrophor-
esis), in whom glycosuria was negative in 1 patient, 1þ
in 2 patients, 2þ in 3 patients, 3þ in 1 patient and 4þ
in 1 patient.

Recovery of renal function in ATIN

After the diagnosis of ATIN was made, twenty-seven
patients received steroid in intravenous methylpredni-
solone pulse therapy (n¼ 2, 500mg for 3 days followed
by oral prednisolone) or oral prednisolone (n¼ 25,
0.76 ± 0.24mg/kg) with tapering the doses afterwards.
In some patients, oral cyclophosphamide was added to
the steroid therapy. The remaining 1 patient improved
without steroid treatment. Pre-kidney biopsy eGFR was
compared with eGFR derived from the last serum cre-
atinine measured within 6months after the kidney
biopsy. The eGFR (median) increased from 17.0mL/min/
1.73m2 (range, 4–49) to 51.5mL/min/1.73m2 (range,
11–107) (p< .001). Two patients had no improvement
of eGFR, but the other 26 patients had an increment of
eGFR at least 12mL/min/1.73m2.

Discussion

In the present study, we evaluated whether the labora-
tory abnormalities suggestive of tubular injury may
serve as a marker for ATIN in patients with elevated
serum creatinine, and our data demonstrate that glyco-
suria in the absence of diabetes mellitus is a valuable
clue in suspecting ATIN.

Glycosuria is one of the manifestations of ATIN. In chil-
dren, there have been several studies that reported the
frequency of glycosuria in ATIN, and 5 of 13 (38%)
patients [20], 9 of 10 (90%) patients [21], 17 of 25 (68%)
patients [22], and 8 of 10 (80%) patients [23], respectively,
had glycosuria. In a recent larger study of adult ATIN [24],
glycosuria was found in 68% (107/157) of the patients. In
these studies, however, it was not stated how glycosuria
was defined, and the frequency of glycosuria may vary
depending on the definition of glycosuria.

In normal individuals, nearly all glucose filtered
through the glomerulus is reabsorbed in the tubules,
mainly in the proximal tubules, and glucose appears in
the urine at the concentration less than 25mg/dL [25].
Because glucose concentration measured as ‘trace’ in
the dipstick test represents 100mg/dL, even ‘trace’
glycosuria may indicate abnormal presence of glucose
in the urine. In the present study, glycosuria� trace
was present in 82% of ATIN patients. In the other renal
diseases including glomerular diseases, however, glyco-
suria may also occur due to the concurrent tubular
injury [11, 26], and glycosuria� trace was present in
15% of patients with other diagnoses. Thus, glycosur-
ia� trace was not very specific to ATIN.

So far, the amount of non-diabetic glycosuria that
indicates tubular dysfunction has not been well
defined, but urine glucose 3þ or higher was suggested
as one of the criteria indicating drug-induced tubular
dysfunction [27]. In the present study, urine glucose 3þ
or higher was observed in only 4 (14%) of 28 patients
with ATIN, and was not sensitive in detecting ATIN. At
the cutoff of 1þ, glycosuria had 68% sensitivity and
94% specificity for ATIN, with the positive likelihood
ratio of 11.24. The latter indicates about 11-fold
increase in the odds of having ATIN if a patient has a
positive test result [28]. Thus, even 1þ glycosuria
detected on urine dipstick significantly increases the

Table 3. Performance of the different cutoffs for glycosuria to predict ATIN.
Cutoff (Glycosuria) Sensitivity (95% CI) Specificity (95% CI) Positive Likelihood Ratio (95% CI) Negative Likelihood Ratio (95% CI)

Trace 82 (63–94) 85 (78–91) 5.61 (3.50–8.99) 0.21 (0.09–0.46)
1þ 68 (48–84) 94 (88–98) 11.24 (5.25–24.09) 0.34 (0.20–0.59)

Table 4. Blood chemistries suggestive of tubular injury.
ATIN (n¼ 28) Other Diagnoses (n¼ 116) p-value

Phosphorus (mg/dL) 3.34 ± 0.82 3.86 ± 1.08 .019
Phosphorus< 2.5mg/dL 5 (18%) 3 (3%) .007
Uric acid (mg/dL) 4.53 ± 2.16 7.45 ± 2.15 <.001
Uric acid< 3.0mg/dL 5 (18%) 1 (1%) .001
Potassium (mEq/L) 3.91 ± 0.47 4.32 ± 0.67 .003
Potassium< 3.5 mEq/L 5 (18%) 11 (9%) .311
Total CO2 (mEq/L) 18.4 ± 4.2 21.5 ± 5.1 .003
Total CO2 < 20 mEq/L 20 (71%) 46 (40%) .002

Data are mean ± standard deviation or n (%).

RENAL FAILURE 1019



probability of ATIN. Of the other diagnoses, glycosuria
was detected mainly in ANCA-associated glomeruloneph-
ritis in which interstitial nephritis is often found in add-
ition to crescentic glomerulonephritis [29]. The frequency
of 1þ glycosuria was 18% (6/34) in ANCA-associated
glomerulonephritis. Our data suggest that if those
patients are excluded by ANCA testing, non-diabetic
glycosuria can be further specific for ATIN.

Non-diabetic glycosuria can also be observed in ATN.
The proximal tubules are subdivided into S1, S2 and S3
segments. Normally, 90% of filtered glucose is reab-
sorbed in the S1 and S2 segments and the remaining
10% is reabsorbed in the S3 segment [30]. In ischemic
ATN, the most severe tubular injury takes place in the S3
segment [31]. Of the nephrotoxins, aminoglycosides
affect the S1 and S2 segments, whereas cisplatin affects
the S3 segment [32]. The resulting tubular injuries may
cause glycosuria as well as azotemia [11]. In patients with
suspected ischemic or nephrotoxic ATN, however, the
diagnosis is made clinically and kidney biopsy is usually
not performed. Thus, ATN was not a significant cause of
glycosuria in the present study where the patients under-
went a kidney biopsy for azotemia of uncertain etiology.

A low level of serum phosphorus, uric acid or potas-
sium in patients with azotemia also suggests the possi-
bility of ATIN [1]. In the present study, the frequency of
hypophosphatemia, hypouricemia or hypokalemia in
ATIN was much lower than that of glycosuria. It may be
because decreased glomerular filtrations of phosphorus,
uric acid and potassium due to the accompanying
acute kidney injury in ATIN may mask urinary losses of
phosphorus, uric acid and potassium. ATIN may also
cause an isolated tubular defect with benign reversible
glycosuria [9] rather than global dysfunction of prox-
imal tubules known as Fanconi syndrome.

In proximal tubular injury, low molecular weight pro-
teins filtered through glomeruli are not reabsorbed and
appear in the urine. The tubular proteinuria can be
identified in protein electrophoresis by its characteristic
pattern [33], and can be a clue for ATIN. In this study,
some of the samples had too low protein concentration
for electrophoresis, and tubular proteinuria was
detected in 8 (40%) of 20 patients who submitted urine
for the test. Thus, the sensitivity of urine protein elec-
trophoresis in the detection of ATIN was lower than
that of urine glucose test. However, there was a patient
who had no glycosuria, but had a positive result of
tubular proteinuria. So, urine protein electrophoresis
may be used in conjunction with urine glucose to
improve the sensitivity in the diagnosis of ATIN.

Pyuria and low total CO2 were equally and more sensi-
tive (68% and 71%, respectively) than glycosuria (� 1þ),

but had no diagnostic value due to low specificities (58%
and 60%, respectively).

Clinical suspicion of ATIN is important for early diag-
nosis, but it is not easy due to lack of a sensitive and
specific marker for ATIN. Recently, patients with ATIN
were shown to have higher levels of urine TNF-a and
IL-9 than those with other diagnoses, and inclusion of
urinary TNF-a and IL-9 was suggested to improve pre-
biopsy diagnosis of ATIN [34]. AUC is a measure of the
overall performance of a test in the diagnosis of a dis-
ease [35]. Measurements of urinary TNF-a and IL-9
improved AUC over clinicians’ prebiopsy diagnosis (0.84
vs. 0.62). As compared with the urinary cytokine meas-
urements, the dipstick test for urine glucose has several
advantages. It is simple and much cheaper, and rou-
tinely performed in patients with azotemia. In addition,
AUC of renal glycosuria to predict ATIN was 0.87 which
is not inferior to that of combined tests of urine TNF-a
and IL-9.

Our study has potential limitations. First, the sample
size is small, and so the present study did not cover
ATINs of diverse etiologies. Second, the urinary dipstick
measurement of glucose is semi-quantitative, and the
results can be affected by the level of urine concentra-
tion. Quantitative measurements such as urine glucose/
creatinine ratio or fractional excretion of glucose could
be more appropriate to define glycosuria. Third, the
glucose dipstick test may have false positives and false
negatives. For example, it can be false negative in
patients taking ascorbic acid which interferes with the
reaction for glucose detection in the dipstick test.
Commercial soft drinks or green tea may contain a
large amount of ascorbic acid as an antioxidant [36]. So,
ascorbic acid or ascorbic acid-containing beverage
should be avoided before obtaining samples for urin-
alysis, but it was not checked in our study population.
Fourth, there may be a selection bias as it is a retro-
spective study. If renal glycosuria was present, it is
more likely to make a decision to do a kidney biopsy,
which may result in the inclusion of ATIN patients with
glycosuria more than those without it.

In conclusion, glycosuria was more common in ATIN
than in other renal pathologies. In non-diabetic, non-
nephrotic patients undergoing a kidney biopsy for azo-
temia, 1þ or higher glycosuria, if present, was a good
predictor of the diagnosis of ATIN. Due to the retro-
spective design of this study, our findings need further
validation in future prospective studies.
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