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Abstract

Background Elevated urine Mg excretion and its corre-
lation with histological damage in tubulo-interstitial
nephropathy (TIN) were reported. Here we investigated the
clinical significance of the fractional excretion of Mg
(FEMg) for the prediction of TIN.

Methods We enrolled and assessed 94 adult patients with
various renal diseases diagnosed principally by renal
biopsy.

Results  Our stratified analysis based on the value of the
conventional TIN parameter N-acetylglucosaminidase
(NAG) excretion showed that the high-NAG index group
(more than median value of NAG-to-Cr ratio, n = 47)
demonstrated significantly high FEMg values (p = 0.017).
A univariate analysis revealed a significant correlation
between the FEMg and the NAG index (R = 0.60) but not
for other parameters. A multivariate regression analysis
confirmed the significance of the FEMg as an effective
predictor of the NAG index. The FEMg showed a sig-
nificant correlation with the estimated glomerular filtration
rate (eGFR) in the patients with eGFR < 30 mL/min. The
correlation of FEMg with the NAG index was not observed
in the primary glomerulonephritis patients but was
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apparent in the patients with hypertensive nephrosclerosis
or interstitial nephritis.

Conclusion Our findings may indicate that the combina-
tion of the FEMg and the NAG index can provide a
specific, sensitive assessment for TIN in patients without
renal insufficiency.
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Introduction

Tubulo-interstitial nephropathy (TIN) has been recognized
as a significant determinant of disease severity or prognosis
in various kidney diseases, as have glomerular disorders [1,
2]. In primary glomerulonephritis and in glomerular injury-
predominant disorders such as diabetic nephropathy, it
would be reasonable to assess the disease activity or prog-
nosis by examining urine abnormalities such as proteinuria
or hematuria or by investigating changes in the serum Cr
level or GFR, because impaired filtration efficacy caused by
structural damage in the glomeruli often develops in such
glomerular injury-predominant disorders. However, in TIN,
the lack of an elevation of serum Cr does not straightfor-
wardly indicate less severity of interstitial damage, because
the glomerular injury would be secondary in the interstitial-
predominant disorders [3]. In TIN, the absence of apparent
urine abnormalities and the lesser elevation of Cr compared
to the severity of interstitial impairment are not rare.
Although TIN is frequently a secondary disorder following
glomerular injury, glomerular injury and TIN often exist
independently until severe renal impairment develops [3],
and it is generally known that the severity of interstitial
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impairment shows a more evident correlation with the renal
prognosis than does the glomerular injury [4]. The accurate
diagnosis and the assessment of the disease severity of TIN
often depend on a histopathological approach, but there is a
clinical limitation due to the inability to obtain a kidney
biopsy in many cases. Therefore, clinical parameters that
are sensitive and specific to TIN are required for the man-
agement of patients.

Both N-acetylglucosaminidase (NAG) and [2-mi-
croglobulin (B2MG)—which is more commonly used in-
stead of al-microglobulin in Japan—are regularly used as
clinical indexes for the assessment of TIN. B2MG, one of
the components of major histocompatibility complex, is
ubiquitously distributed on the surface of nucleated cells.
Excreted B2MG from the cell surface is completely filtered
through the glomerulus, and is mostly reabsorbed from the
proximal tubule. Consequently, dysfunction of the prox-
imal tubules associated with TIN would lead to an increase
in the B2MG excretion. However, the f2MG excretion
would also depend on the glomerular filtration and should
be affected by a glomerular injury, indicating that an
elevation of the B2MG excretion is not particularly specific
to TIN [5]. NAG is a lysosomal enzyme distributed ex-
clusively in the proximal tubules and prostate, and the in-
creased NAG excretion is generally believed to indicate
organic damage of the proximal tubules. However, NAG
excretion is also known to be enhanced in cases of
glomerulonephritis [6].

The fractional excretion of magnesium (FEMg) has been
adopted to evaluate TIN, and it was found that FEMg di-
rectly correlates with the degree of histological damage of
the interstitium [7—10]. A variety of disorders related to the
structure and function of the tubular epithelium can affect
magnesium reabsorption and lead to a further loss of
magnesium into the urine. Therefore, an elevation of the
FEMg beyond the normal range might indicate the exis-
tence of a tubular disorder or a disorder affecting tubular
function, such as TIN. Indeed, hypermagnesiuria was re-
vealed in a patient with Sjogren syndrome and another
patient with leptospirosis and interstitial fibrosis [11, 12]. In
those reports, the underlying mechanism was presumed to
be related to the tubular dysfunction associated with TIN.

These clinical observations and study findings strongly
suggest that TIN provokes urinary magnesium wasting due
to tubular dysfunction, and the findings might also indicate
that the evaluation of magnesium excretion would be
beneficial as an independent clinical parameter to estimate
the presence and severity of TIN. Despite the clinical
significance of hypermagnesiuria in patients with TIN,
previous studies and reports simply show the correlation
between urine magnesium excretion and the presence or
histological severity of TIN; they did not describe any
assessment of the correlations between urine magnesium
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excretion and conventional clinical indexes such as NAG
or B2MG.

Here we studied the evaluation of FEMg as an alternative
approach to estimate the presence of TIN by focusing on its
correlations with the urine excretions of NAG in patients
with a variety of renal disorders who were diagnosed mainly
by renal biopsy. Based on our findings, we propose that
FEMg shows high sensitivity for the assessment of TIN
similar to NAG excretion, and higher specificity for TIN
than NAG excretion. Therefore, we suggest that the com-
bination of NAG and FEMg measurements might provide a
more sensitive and specific assessment of TIN.

Materials and methods
Study subjects

This study was performed in accord with the principles of
the Declaration of Helsinki. We enrolled male and female
adult (15- to 80-year-old) patients at the outpatient unit of
our hospital between June 2001 and May 2012 who were
diagnosed mostly with histologically confirmed renal dis-
eases, and who provided their agreement to the use of their
laboratory data. Some patients were diagnosed based on
their clinical history of long-term hypertension in combi-
nation with the findings of eye ground, blood and urine
tests. Patients were excluded from this study if they ex-
hibited renal failure [estimated glomerular filtration rate
(eGFR) <15 mL/min], heart failure (New York Heart
Association functional class III or IV for dyspnea at ex-
ertion), or severe liver dysfunction. The aim of this study,
both advantages and disadvantages for the participants, and
the details of analysis were explained to each patient, and
informed consent was obtained. The investigational pro-
tocol was approved by the Ethics Committee for Human
Studies at Saitama Medical University on June 1, 2012.

Diuretics were not administered to these patients during
the testing or within 24 h prior to testing. Briefly, after a
regular supper, no additional food except ad lib drinking
water was allowed. Blood and urine were analyzed by the
laboratory unit of our hospital. The FEMg was calculated
using the following formula:

FEMg (%)= 100 x (U/P magnesium)/(U/P creatinine)

where, U represents the urine concentration and P repre-
sents the plasma concentration.

Study protocol

We enrolled 94 patients who satisfied the inclusion and
exclusion criteria and consented to participate in this study.
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We obtained blood and urine samples without any changes
in the patients’ therapy, including medication protocols.
The diagnosis of hypertension was performed following the
2009 Japanese Society of Hypertension Guidelines (sys-
tolic blood pressure >140 mmHg or diastolic blood pres-
sure >90 mmHg) [13]. The criteria for diabetes and
dyslipidemia were the use of antihyperglycemic medica-
tions or fasting blood glucose >125 mg/dL, and the use of
lipid-lowering medications or total cholesterol >220 mg/
dL and/or high-density lipoprotein-cholesterol <40 mg/dL
and/or triglyceride >150 mg/dL.

Statistical analysis

Most of the biochemical parameters are expressed as
means + standard deviations. The protein-to-creatinine
ratio, the urine NAG-to-creatinine and the urine B2MG-to-
Cr ratios (NAG and B2MG indexes) did not have a para-
metric distribution; and therefore, they are expressed as
median and 1st- and 3rd-quartile values. We determined
the significance of differences in continuous variables with
a parametric distribution by a two-tailed unpaired #-test for
two groups’ comparison if an analysis of variance
(ANOVA) demonstrated an equal distribution and by
Welch’s t-test if the ANOVA demonstrated a nonequal
distribution. The significance of paired and unpaired vari-
ables with a nonparametric distribution was evaluated us-
ing Wilcoxon’s signed-rank test and the Mann—Whitney
U test, respectively. All statistical analyses were under-
taken using a microcomputer-assisted program with SPSS
(version 20.0) for Windows XP (IBM, Armonk, NY). A
p value <0.05 was considered significant.

Results
Clinical profile of enrolled patients

Table 1 provides the clinical profile of the 94 enrolled
patients. The mean age of the enrolled patients was
52 years, but the ages of the individual patients were
widely distributed, from 16 to 80 years. All cases of pri-
mary glomerulonephritis were histologically diagnosed by
renal biopsy and included ten cases of IgA nephropathy,
eight cases of focal segmental glomerulosclerosis, seven
cases of membranous nephropathy, and nine cases of post-
minimal change nephrotic syndrome.

The clinical category of nephrosclerosis included ten
cases of histologically diagnosed hypertensive nephroscle-
rosis. The remaining 11 cases were diagnosed based on the
clinical features of a hypertension history for >10 years,
eye ground findings compatible with hypertensive fine ar-
teriole sclerosis (>=H2S2 of Scheie’s classification), and

Table 1 Clinical profiles of the enrolled patients

n 94
Age (year) 524 + 16.1
Male (n) 64 (68.1 %)
Body mass index (BMI) (kg m™2) 23.8 + 4.3
Obesity (n) 36 (38.3 %)
Diagnosis of renal disorders
Primary glomerulonephritis (n) 38 (41.5 %)
Tubulo-interstitial nephritis (1) 22 (23.4 %)
Nephrosclerosis (1) 21 (22.3 %)
Diabetic nephropathy (n) 6 (6.4 %)
Lupus nephritis () 5(5.3 %)
Others (n) 2 (2.1 %)
Concomitant disorders
Hypertension (1) 64 (68.1 %)
Dyslipidemia (n) 42 (44.7 %)
Medication usage
ARB (n) 68 (72.3 %)
ACEi (n) 6 (6.4 %)
Calcium channel blockers (n) 37 (39.4 %)
Eplerenone (n) 3(3.2 %)
Aliskiren (n) 332 %)
Statins (n) 39 (41.5 %)
Furosemide (n) 8 (8.5 %)
Thiazide and thiazide-analogue (n) 13 (13.8 %)
Spironolactone (n) 3(3.2 %)
Predonisolone (1) 25 (26.6 %)

Average dose 12.5 £ 10.2 mg/day

Definition of obesity: BMI >25.0

Definition of dyslipidemia: the use of lipid-lowering medications or
total cholesterol >220 mg/dL and/or high-density lipoprotein-
cholesterol <40 mg/dL and/or triglyceride >150 mg/dL

ARB angiotensin receptor blocker, ACEi angiotensin converting en-
zyme inhibitor

elevated serum creatinine or the presence of proteinuria.
All cases of TIN were histologically diagnosed as TIN-
predominant renal disorder, including four cases of acute
TIN.

Stratified analysis by the NAG index

First of all, to identify the clinical parameters which
showed difference according to the estimated severity of
the interstitial injury, multiple parameters were stratified by
the median value of the NAG index. As demonstrated in
Table 2, the stratified analysis revealed that in the high-
NAG index group, parameters that generally indicate renal
dysfunction (including serum creatinine, eGFR, serum uric
acid and the urine protein-to-Cr ratio) showed significantly
high values. The P2MG index values did not differ sig-
nificantly between the high-and low-NAG index patient
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Table 2 Stratified analysis of

High-NAG index (n = 47) Low-NAG index (n = 47) p value
enrolled patients by the median
value of NAG index NAG index (Unit mgCr™") 1.07 (0.86, 1.83) 0.39 (0.32, 0.55)
Clinical profile
Age (year old) 57.8 £16.7 46.7 £ 134 <0.001
Male (n) 36 (74.4 %) 28 (59.6 %)
Primary glomerulonephritis (n) 18 20
Tubulo-interstitial nephritis (1) 14 8
Nephrosclerosis (n) 15
Diabetic nephropathy (n) 1
Blood test
Albumin (g dL™") 3.62 + 0.99 4.16 + 0.52 0.012
Cr(gL™) 1.58 & 1.11 0.98 & 0.29 <0.001
eGFR (ml min~") 49.1 £ 25.1 64.1 = 19.9 0.002
Uric acid (mg dL™") 6.83 + 1.50 6.01 + 1.37 0.013
Na (mEq L™") 141.1 £ 2.2 140.8 + 2.3 n.s.
K (mEq L™ 442 + 0.62 429 + 0.37 <0.001
Mg (mg dL™") 211 £ 1.17 1.93 + 0.27 n.s.
Urine test
fﬁz ﬁoesti:t‘:"egzi};émgggcm Creatinine (g i{') 89.4 + 71.4 133.6 + 104.2 n.s.
globulin/urine, f2MG index Na (mEq gCr™ ) 85.0 £ 41.6 131.1 £ 61.9 n.s.
urine B2MG-to-Cr ratio, NAG K (mEq L™ 31.0 + 21.7 445 +18.3 ns.
N—acetylglucosaminiqase, NAG Protein-to-Cr ratio (mg mgCr~—")  0.51 (0.13, 1.31) 0.05 (0.00, 0.11) <0.001
’f;’j;’l‘oiﬁc’extcorecnroflag? FEMg B2MG index (ug ¢CrY) 151.3 (0.0, 1132.9) 100.0 (42.9, 123.7) n.s.
magnesium, FENa fractional FEMg 4.96 + 4.09 3.14 £ 3.24 0.017
excretion of sodium, FEUA FENa 1.57 & 1.65 0.83 &+ 0.42 0.017
fractional excretion of uric acid, FEUA 708 + 431 6.94 + 3.32 s,

n.s. not significant

groups (n = 47 each). The serum concentrations of sodium
and magnesium were not significantly different between
the two groups, whereas the FEMg was significantly high
in the high-NAG index group (p = 0.017). The serum
potassium level and the fractional excretion of sodium
(FENa) were also significantly high in the high-NAG index
group as a result of renal dysfunction.

Correlation analysis of FEMg with NAG index
and B2MG Index

We next studied the correlation between FEMg and the
NAG index by performing a univariate analysis focusing
on the parameters that showed a significant difference in
the stratified analysis. As shown in Table 3, FEMg showed
a significant correlation with the NAG index, whereas all
other parameters did not show a significant correlation. Our
subsequent multivariate analysis revealed that FEMg was
the only significant predictor for the NAG index among all
the parameters that showed a significant difference in the
stratified analysis.

For a comparative assessment, we also performed a
univariate analysis between FEMg and the B2MG index
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(Table 3). Unlike the analysis with the NAG index, mul-
tiple parameters showed a significant correlation.
Similarly, the multivariate analysis revealed multiple pa-
rameters as predictive factors for the f2MG index, sug-
gesting that the B2MG index was principally affected by
the reduced GFR or the diminished number of functional
nephrons, and consequently, indicating that the specificity
of the P2MG index for TIN would be inferior to that of
the NAG index.

Assessment of the effect of the eGFR
on the significance of FEMg

The correlation between the FEMg and the eGFR was also
studied to examine the influence of the GFR on the FEMg
(Fig. 1). The FEMg showed a significant negative corre-
lation with the eGFR (Fig. 1a), indicating that the FEMg
was markedly influenced by the eGFR in addition to the
TIN. However, when the patients for the analysis were
limited to those who showed an eGFR > 30 mL/min, the
significant correlation disappeared (Fig. 1b). In contrast,
the correlation between the FEMg and the NAG index was
still preserved in the same limited set of patients (Fig. 1c).
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Table 3 Univariate and multivariate analyses of parameters related to the NAG index and the B2MG index as responder variables in all cases

Parameters Univariate analysis Multivariate analysis
Correlation coefficient (R) p value Partial regression coefficient S.E. p value
To the NAG index
FEMg 0.596 0.0316 0.0828 0.0300 0.007
FENa 0.384 0.1954 0.0922 0.0872 0.294
FEK 0.053 0.8624
FEUA —0.301 0.3183
Cr 0.024 0.9383
eGFR —0.170 0.1876 —0.0009 0.0036 0.800
B2MG index (ug gCr™ " 0.041 0.8952
Urine protein-to-Cr ratio (mg mgCr_l) 0.113 0.7130
To the B2MG-index
FEMg 0.678 0.0109 914.5 320.7 0.007
FENa 0.619 0.0241 473.0 1082.4 0.006
FEK 0.245 0.4197
FEUA 0.682 0.0103 691.9 212.6 0.002
Cr 0.885 0.0001
eGFR —0.633 0.0203 —43.89 37.12 0.244
NAG index (Unit mgCrf') 0.041 0.8952
Urine protein-to-Cr ratio (mg mgCr™") —0.131 0.6691

p2MG B2-micro globulin/urine, f2MG index urine B2MG-to-Cr ratio, NAG N-acetylglucosaminidase, NAG index NAG-to-Cr ratio, FEMg
fractional excretion of magnesium, FENa fractional excretion of sodium, FEK fractional excretion of potassium; FEUA fractional excretion of

uric acid, eGFR estimated glomerular filtration rate

FEMg and eGFR

FEMg and eGFR

FEMg and NAG index
(eGFR = 30 mL/min)

(all cases) b (eGFR = 30 mL/min) c
120 R =0.508 120 R =0.203 ~ 4.0
= p<0.01 = l= p=0102 G
= 90{ n=94 =901 . n=79 £ 3.0] -
E £ -3 S :
- — o =
E 60 E 60} . 5 20
& | M 2 R =0.372
O 30 O 30 . o 10 p=0.017
(0] (0] < o n=79
zZ NG
0 0 0k
0 5 10 15 20 0 5 10 15 20 0 5 10 15 20
FEMg (%) FEMg (%) FEMg (%)

Fig. 1 The correlation of the FEMg with the eGFR and with the
NAG-to-Cr ratio in patients with different glomerular filtration rates.
The individual correlations between the FEMg and the eGFR of all

Significance of the FEMg in various disease settings

For the assessment of the clinical benefit of FEMg mea-
surement, we sampled the cases of the patients with the
diagnoses of primary glomerulonephritis, TIN, and
nephrosclerosis, which are disease settings showing a
glomerular injury-dominant impairment, an interstitial in-
jury-dominant impairment, and injury of both glomeruli
and interstitium, respectively, and we assessed the cases by
a univariate analysis. When the NAG index was used as a

cases (a), those with eGFR values >30 mL/min (b), and the NAG-to-
Cr ratio in patients showing eGFR > 30 mL/min (¢). Regression lines
show a significant correlation

response variable and the FEMg and eGFR were used as
predictor variables, there was no significant correlation in
the primary glomerulonephritis group (Table 4; Fig. 2a),
indicating that urine NAG excretion is independent of both
the FEMg and eGFR in this disease criterion. However, in
the nephrosclerosis group, the NAG index showed sig-
nificant correlations with both the FEMg and eGFR
(Table 4; Fig. 2b). Interestingly, the NAG index in the TIN
group showed a significant correlation only with the FEMg,
not with the eGFR (Table 4; Fig. 2c), suggesting that the
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Table 4 Univariate analysis between the NAG-to-creatinine ratio as a response variable and the FEMg and the eGFR as predictor variables

Parameters Primary glomerulonephritis (n = 38) Nephrosclerosis (n = 21) Tubulointerstitial nephritis (n = 22)
Correlation coefficient (R) p value Correlation coefficient (R) p value Correlation coefficient (R) p value

FEMg —0.364 n.s. 0.839 <0.001 0.743 0.002

eGFR -0.516 n.s. —-0.713 0.003 —0.384 n.s.

FEMg fractional excretion of magnesium, eGFR estimated glomerular filtration rate, n.s. not significant

a Primary glomerulonephritis b Nephrosclerosis c Tubulointerstitial nephropathy
5 4.0 R=0364 = 4.0 R =0.839 5 40 R=0.743
o . p>0.05 o p <0.001 =] p =0.002
£ 301 ¢ n=38 £ 30 n=21 £ 30 n=22
=) =) S
x 201, x 2.0 3 20
[¢) (] k]
£ 2 £
= 1.01 ¢ = 1.0 ¢ 1.0 =
(O] KRN (O] P 4
< RIS < prd *
P4 0 z 0 0
5 10 15 20 5 10 15 20 5 10 15 20
FEMg (%) FEMg (%) FEMg (%)

Fig. 2 Correlations of the FEMg and the NAG-to-Cr ratio in patients
diagnosed with biopsy-proven glomerulonephritis (a, n = 38), hy-
pertensive nephrosclerosis (b, n = 21), and tubulointerstitial damage-

severity of TIN would not directly affect the reduction of
GFR.

Discussion

The results of the present study showed a significant cor-
relation between the FEMg and the NAG index, indicating
the potential practicality of the FEMg for the assessment of
TIN. Our present findings also revealed that the FEMg
would be more selective for distinguishing TIN from
glomerular injury-predominant disorders compared to the
NAG index. Additionally, the significant positive correla-
tion with the NAG index in the TIN-predominant disease
group suggested the conceivable significance of FEMg as a
possible predictor of the severity of TIN. Consequently, the
combination of FEMg and the NAG index would enable
clinicians to evaluate patients with TIN more thoroughly in
cases showing an eGFR of 30 mL/min or more.

A positive correlation between urine magnesium ex-
cretion and the degree of histological impairment of the
interstitium has been demonstrated in multiple studies [8,
10]. However, the correlation between FEMg and con-
ventional parameters, and the specificity of FEMg to TIN-
predominant disorders have never been studied yet in those
previous studies [8, 10]. The kidney plays a central role in
the maintenance of magnesium metabolism in the body by
reabsorbing the majority of filtered magnesium into the
tubules [14]. The most susceptible tubule subsegments for
the magnesium reabsorption are proximal tubules, the thick
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predominant renal disorder confirmed by renal biopsy (c, n = 22).
Regression lines show the significant correlations

ascending limb of Henle (TAL), and distal convoluted
tubules, which are responsible for reabsorbing 10-30,
40-70 and 5-10 % of the filtered magnesium, respectively
[14]. Therefore, elevated urine magnesium excretion
showing an inhibition of tubular magnesium reabsorption
could be caused by disorders of the various tubular seg-
ments. This might be a critical point and an advantage of
the FEMg as a parameter of TIN in the various parts of the
kidney, unlike the urine NAG excretion, which would be
affected primarily by an injury to the proximal tubules or
glomeruli.

Conventionally, the NAG and f2MG indexes have been
widely used in clinical assessments of the presence and
severity of TIN in Japan. The urine excretion of NAG in
particular is known to show higher values according to the
severity of TIN, and its specificity is considered to be
higher than that of f2MG [15, 16]. Likewise, it was re-
ported that the FEMg is useful as a noninvasive parameter
for estimating the severity of TIN and also for the indica-
tions for a renal biopsy [10]. However, the correlation
between the parameters of the FEMg and the NAG index
had not been studied yet, to our knowledge. The significant
correlation between the NAG index and the FEMg shown
in the present study contributes to the clinical usefulness of
the FEMg as a parameter of TIN.

The primary cause of the increased NAG excretion is
considered to be an organic disorder of proximal tubule
epithelial cells, which contain a large amount of NAG.
However, NAG excretion is also affected by a glomerular
injury. It is known that urine NAG excretion is enhanced



Clin Exp Nephrol (2015) 19:1071-1078

1077

concomitantly with a glomerular injury such as primary
glomerulonephritis [6], suggesting that the FEMg could be
a more selective parameter for the diagnosis of TIN. In
addition, fractional excretion of other ions, FENa or FEK,
did not show significant correlation with the NAG index
(data not shown). Multiplicity of tubular reabsorption of
sodium or potassium might be involved in this dissociation,
and the remaining number of functional nephrons might
affect FENa or FEK rather than the severity of TIN.

To examine the specificity of the FEMg for TIN, we
assessed the correlation between the FEMg and the NAG
indexes in three subgroups of patients whose rates of
glomerular and interstitial damage differed. The results
showed that the correlation between the FEMg and the NAG
index was significant in groups with TIN and nephroscle-
rosis but not with primary glomerulonephritis, suggesting
that the elevated NAG excretion in the patients lacking the
significant correlation is caused principally by the
glomerular injury, and demonstrating that the FEMg would
be more selective for TIN compared to the NAG index.

In this study, the FEMg showed an inverse correlation
with the eGFR, conceivably suggesting that the FEMg is
strongly affected by the decrease in the number of func-
tional nephrons rather than the interstitial impairment.
However, our findings revealed that the correlation was not
significant when the analyzed subjects were limited to the
patients with an eGFR > 30 mL/min, although the corre-
lation between the FEMg and the NAG indexes was still
significant in these patients. This result indicates that the
FEMg was affected by the interstitial damage more ap-
parently than the decrease in GFR in the patients whose
glomerular filtration is moderately preserved, and that the
FEMg as a clinical parameter for TIN should be applied to
patients showing eGFR > 30 mL/min.

The mechanism underlying the correlation between
magnesium excretion and TIN have not been well studied
or elucidated. Some examples of drug-induced hypermag-
nesiuric hypomagnesemia associated with interstitial im-
pairment, such as by gentamicin [17], FK506 [18], and
carboplatin [19], have been reported. Interestingly,
Deekajorndech et al. [10] demonstrated that the estimated
blood flow of peritubular capillaries (PTCs) and magne-
sium excretion show an inverse correlation, suggesting that
ischemia or oxidative stress may be highly involved in the
increase in the FEMg.

The normal range of the FEMg is generally considered
to be less than 2.2 % [10]. Considering that in the present
study the upper limit of the confidence interval of the
FEMg values in the low-NAG index group was 6.4 %, an
approximately 6 % FEMg may be a reliable standard as a
cut-off value for accepting the presence of TIN if patients
show an eGFR > 30 mL/min. Shah et al. [20] reported that
the fractional excretion of ionized magnesium above 4 %

in subjects with normal kidney function generally indicates
renal magnesium wasting. The ionized ratio of serum
magnesium would be approximately 70 %, resulting in a
5.7 % FEMg when the value of 4.0 % FEMg is converted
to the value using total (not ionized) magnesium, which is
almost consistent with the cut-off value of FEMg in the
present study. We believe that a FEMg value of more than
6.0 % would provide a more accurate and noninvasive
assessment of TIN in combination with an abnormally
elevated NAG index.

There is a limitation in this study. Dietary magnesium
intake in individual subject was not considered in the
analysis. Because the variation of daily magnesium intake
must somewhat influence FEMg, obtained results might be
partly affected.

In conclusion, an increase in the FEMg might be of use
as a clinical parameter for the assessment of TIN. Par-
ticularly, high values of both FEMg and the NAG index
would strongly suggest the presence of a TIN-predominant
renal disorder, and a dissociation of these two parameters
may be a reliable sign of a glomerular injury-predominant
disorder.
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