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ABSTRACT

Aims/Introduction: Body fluid volume imbalance is common in patients with kidney
failure, and is associated with all-cause mortality. This study aimed to investigate the asso-
ciation between fluid volume imbalance and albuminuria in patients with type 2 diabetes
mellitus without kidney failure.

Materials and Methods: Using data from one cohort study, a baseline cross-sectional
study of 432 participants and a longitudinal cohort study of 368 participants who could
follow up was carried out. Body fluid imbalance was determined by measuring the extra-
cellular water (ECW)-to-intracellular water (ICW) ratio (ECW/ICW) using bioelectrical impe-
dance analysis. A change in the urinary albumin-to-creatinine ratio (ACR) was defined as
the ratio of urinary ACR at follow up to that at baseline. The ECW/ICW ratio was com-
pared with the level of albuminuria.

Results: In this cross-sectional study, the ECW/ICW ratio increased with the level of albu-
minuria. There was an association between the ECW/ICW ratio and logarithms of urinary
ACR after adjusting for covariates (B = 0.205, P < 0.001). Furthermore, the ECW/ICW ratio
was associated with a change in the urinary ACR after adjusting for covariates (B = 0.176,
P = 0.004) in this longitudinal study. According to the receiver operating characteristic
curve, the optimal cut-off point of the ECW/ICW ratio for incident macroalbuminuria,
defined as ACR >300 mg/gCr, was 0.648 (area under the curve 0.78, 95% confidence inter-
val 0.58-0.90).

Conclusions: The ECW/ICW ratio is independently associated with the level of albu-
minuria in patients with type 2 diabetes mellitus without kidney failure. This reinforces the
importance of monitoring fluid balance in patients with type 2 diabetes mellitus.
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INTRODUCTION

The incidence of diabetic kidney disease (DKD), which is the
leading cause of end-stage renal disease (ESRD), has been
increasing worldwide'. DKD is also associated with cardiovas-
cular disease and all-cause mortality” ™. Lifestyle modifications
and medications for diabetes, hypertension, and dyslipidemia
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are effective for preventing kidney failure for patients with
DKD””.

Albuminuria, which indicates microvascular endothelial
injury, is an independent risk factor for progression to kidney
failure, particularly in patients with DKD*®, Diabetic nephropa-
thy is already advanced when proteinuria is manifested. Thus,
early detection of worsening of albuminuria is important in the
management of patients with diabetes mellitus.
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In healthy adults, fluid distribution between the intracellular
water (ICW) and extracellular water (ECW) compartments is
tightly regulated”. However, this regulation is impaired in
patients with kidney failure, including ESRD and hemodialysis,
as a result of the relative excess of ECW, which results in fluid
overload'®"". One of the mechanisms of fluid overload is thought
to be inflammation, which causes hypoalbuminemia and
increased vascular permeability'>. Although there are several
measurable inflammatory markers and cytokines, those are
unsuitable to evaluate micropermeability in peripheral tissues'.
Therefore, we suggest that focusing on the relationships between
the ECW/ICW ratio and urinary ACR from an early stage, and
the risk of development of diabetic nephropathy in cases where
the ECW/ICW ratio is above the cut-off level provides an oppor-
tunity for intensive complication assessment and prevention of
progression of complications. This extravascular fluid shift leads
to ECW volume overload, and would be a strong and indepen-
dent risk factor for mortality'*'”. Although diabetes patients with
microalbuminuria have no symptoms, microvascular endothelial
damage and urinary protein loss could lead to subtle fluid imbal-
ances. We therefore hypothesized that that there might be an
association between fluid imbalance and albuminuria. No studies
have reported on this association. In the present cross-sectional
and longitudinal study, we therefore investigated the association
between the ECW/ICW ratio and albuminuria in patients with
type 2 diabetes mellitus without kidney failure, and the effect of
the ECW/ICW ratio on the level of albuminuria, using bioelectri-
cal impedance analysis (BIA), which is used to evaluate body
composition and fluid compartments'®'. BIA can easily mea-
sure ECW and ICW in daily clinical practice at low physical and
financial cost to patients with diabetes, and is expected to be
widely applied as one method to assess the risk of the progression
of diabetic complications.

METHODS

Study population

The present study was a subanalysis of the KAMOGAWA-DM
cohort study, the details of which have been described else-
where'®. Briefly, the KAMOGAWA-DM cohort study is an
ongoing cohort study of patients at Kyoto Prefectural Univer-
sity of Medicine (Kyoto, Japan) and Kameoka Municipal
Hospital (Kameoka, Japan). The purpose of this cohort study is
to clarify the natural history of people with diabetes. The inclu-
sion criteria of this cohort study are patients with diabetes who
agreed to participate in this cohort study. In the present study,
we investigated the relationship between the ECW/ICW ratio
and the prevalence of diabetic kidney disease in cross-section-
ally, and then, we investigated the association between the
ECW/ICW ratio and change in the albumin-to-creatinine ratio
(ACR) longitudinally.

The inclusion criteria of the present study were patients with
type 2 diabetes mellitus who had body composition analysis
and urinary ACR was measured during the years 2014-2017
from the KAMOGAWA-DM cohort study. The exclusion
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criteria of the cross-sectional study were as follows: missing
data of covariates (serum creatinine level and duration of dia-
betes) and patients with estimated glomerular filtration rate
(eGFR) <30 mL/min/1.73 m%' and the exclusion criteria of
the longitudinal study were no follow-up data (including treat-
ment interruption, transfer to another hospital, death and mea-
surement of urinary ACR <3 times).

Body mass index (BMI), ICW, ECW, total body water
(TBW), body fat mass and skeletal muscle mass were measured
in the fasting state by BIA*®. The ECW/ICW ratio and skeletal
muscle index (kg/m®) was calculated from the obtained
data®**, BIA consists of the multifrequency and eight-polar
tactile-electrode impedance method, and both its accuracy and
reproducibility have been well established regardless of age, sex,
race, body size, body composition results or renal function
compared with isotope dilution®® *>. Medication data were also
collected; medication for diabetes, including insulin and
sodium—glucose cotransporter 2 (SGLT-2) inhibitors; and medi-
cation for hypertension, including renin—angiotensin—aldos-
terone inhibitor and diuretics. The smoking status was
categorized into three groups: never-smoker, ex-smoker and
current smoker. ‘Exercise habit’ was defined as regularly carry-
ing out any type of sport more than once a week™.

Data collection

Systolic and diastolic blood pressure were measured twice after
a 5-min rest in a quiet space using a device (HEM-906:
OMRON, Kyoto, Japan) that automatically measures blood
pressure, and the reference was an average of two values. Gly-
cated hemoglobin (HbAlc), creatinine, triglycerides, and high-
density lipoprotein cholesterol were measured using the partici-
pants’ venous blood after an overnight fast. The eGFR was
determined using the Japanese Society of Nephrology equation:
eGFR = 194 x Cre "®* x age™®*® (mL/min/1.73 m? x0.739
for women)?.

Urinary albumin and creatinine concentrations were mea-
sured using early morning spot urine samples. In the present
study, a mean value for urinary ACR, which was determined
from three urine collections during 1 year, were used for analy-
ses. According to the Joint Committee on Diabetic Nephropa-
thy, we divided the participants into three groups; normo-
(ACR <30 mg/gCr) micro- (30-300 mg/gCr) and macroalbu-
minuria (ACR > 300 mg/gCr)"®. We assessed the percentage of
participants with chronic kidney disease, defined as two mea-
surements of eGFR <60 mL/min/1.73 m>*® Follow-up exami-
nations were carried out 1 year later; then, we also collected
urine samples for the calculation of urinary ACR three times a
year. The change in urinary ACR was calculated as follows: (di-
viding the follow-up urinary ACR by the baseline urinary
ACR) / follow-up year (1 year in this study)®.

Ethical considerations
This study was approved by the ethics committee of the Kyoto
Prefectural University of Medicine (approval number RBMR-
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E-466-5), and undertaken in accordance with the Declaration
of Helsinki. Written informed consent was obtained from all
study participants. To protect the confidentiality of participants,
personal identifiable information was removed and medical
data stored in a database, which was password protected.

Statistical analysis

Statistical analyses were carried out using JMP version 13.2
software (SAS Institute, Cary, NC, USA). A P-value <0.05 was
considered significant. For normally distributed continuous
variables, data were summarized using the mean and standard
deviation. Continuous variables with a skewed distribution were
summarized using the median and interquartile range. Categor-
ical variables were described using proportions. Differences
between the groups were analyzed as follows: the baseline clini-
cal characteristics of the groups were compared using Pearson’s
’-test or Fisher’s exact test as appropriate. For normally dis-
tributed continuous variables, we compared the mean difference
between groups using one-way analysis of variance (ANOva)
and Tukey’s honestly significant difference test.

Because ACR had a skewed distribution, logarithmic trans-
formation was undertaken before correlation and multiple logis-
tic regression analyses. Variables found to be statistically
different in bivariate analysis were controlled for in multiple
regression analysis. We investigated the relationships between
the ECW/ICW ratio and the logarithm of ACR or other factors
using Pearson’s correlation coefficient. Instead of the measured
ECW, we also examined using the adjusted ECW, calculated by
the ECW divided by the body surface area of each partici-
pant™. Multiple regression analysis for the logarithm of urinary
ACR was undertaken.

Furthermore, we also investigated the effect of the ECW/
ICW ratio on the change of urinary ACR by multiple regres-
sion analysis. We considered several potential confounders as
co-varjants: age, sex, BMI, HbAlc, systolic blood pressure
(sBP), creatine, duration of diabetes, smoking status, exercise,
the use of renin—angiotensin—aldosterone inhibitor and SGLT-2
inhibitor, diuretics, ECW/ICW, and the logarithm of urinary
ACR at baseline examination. Receiver operator characteristic
analyses were carried out to calculate the area under the recei-
ver operator characteristic curve (AUC) of the ECW/ICW ratio
or traditional risk factors, such as BMI, HbAlc and sBP, for
incident macroalbuminuria®"*.

RESULTS

The inclusion of participants is summarized in Figure 1. Out of
the 481 (261 men and 220 women) participants eligible for the
study, 49 (30 men and 19 women) were excluded due to miss-
ing data on serum creatinine and duration of diabetes (Fig-
ure 1).

The baseline characteristics of the study participants are sum-
marized in Table 1. The mean age, BMI, skeletal muscle mass
and  skeletal muscle index were 66.7 £ 11.1 years,
243+ 398 kg/m’, 241+ 534 kg and 693 + 1.07 kg/m’,

http://wileyonlinelibrary.com/journal/jdi

respectively. The mean ECW/TBW ratio was 0.390 + 0.01, and
the mean urinary ACR was 134.5  397.6 mg/gCr. The mean
ICW and ECW were 203 +0.25 and 12.8 £ 0.15 kg in
patients ~ with  normoalbuminuria,  19.1 £ 0.37  and
123+ 022 kg in patients with microalbuminuria, and
20.6 £ 0.59 and 13.5 + 0.35 kg in patients with macroalbumin-
uria. The ECW/ICW ratio increased with albuminuria stage.

The differences of ECW/ICW ratio according to sex was
0.632 + 0.002 in men and 0.647 £ 0.002 in female (P < 0.001).
The associations between the ECW/ICW ratio and other
covariates is shown in Table 2. The log-transformed urinary
ACR was associated with an elevated ECW/ICW ratio
(r=0313, 95% confidence interval [CI] 0.226-0.396,
P <0.001), and there was also a significant relationship
between the ECW/ICW ratio adjusted by body surface area
and logarithm of ACR (r = 0.118, P = 0.015; Table 3). Further-
more, the ECW/ICW ratio was negatively associated with skele-
tal muscle index levels (r = —0.273, 95% CI —0.358 to —0.184,
P < 0.001). Table 4 shows the multiple regression analysis for
logarithms of urinary ACR, and shows the strong relationship
between the ECW/ICW ratio and urinary ACR (B = 0.205,
P < 0.001).

In the longitudinal study, out of the 432 people (231 men
and 201 women) eligible for the study, 64 (32 men and 32
women) were excluded, resulting in a study population of 368
people (199 men and 169 women; Figure 1). Table 5 summa-
rizes the characteristics of the study participants of the longitu-
dinal study. Table 6 shows the results of the multiple
regression analysis with change in the urinary ACR. The ECW/
ICW ratio was associated with change in the urinary ACR after
adjusting for covariates (f = 0.176, P = 0.004). According to
the receiver operator characteristic curves, the optimal cut-off
point of the ECW/ICW ratio for incident macroalbuminuria
was 0.648 (AUC 0.78, 95% CI 0.58-0.90, sensitivity = 0.80,
specificity = 0.71, P < 0.001). Furthermore, we also compared
the AUC of the ECW/ICW ratio for incident macroalbumin-
uria with the traditional risk factors, such as BMI, HbAlc and
sBP. The AUC of the ECW/ICW ratio (AUC 0.78, 95% CI
0.58-0.90) was greater than that of HbAlc (AUC 0.53, 95% CI
0.38-0.67, P =0.022) and tended to be greater than that of
BMI (AUC 0.60, 95% CI 0.39-0.78, P = 0.066) and sBP (AUC
0.64, 95% CI 0.48-0.78, P = 0.345; Figure 2).

DISCUSSION

We investigated the association of fluid volume imbalance and
albuminuria in patients with type 2 diabetes without kidney
failure based on our hypothesis that fluid imbalance occurred
in diabetes patients without kidney failure, and was associated
with changes in albuminuria. The present study’s findings sup-
port the hypothesis.

Previous studies have shown the association of fluid overload
and increased risk of eGFR decline and all-cause or cardiovas-
cular mortality in patients with kidney failure, including both
ESRD and patients on dialysis'*'"*"***’. Recently, Faucon
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KAMOGAWA-DM cohort Study
Jan 1512014-Dec 3152017
n =481 (261 men and 220 women)
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Exclusion:

Missing data of serum creatinine level and duration: n =49 (30 men and 19 women)

Study population of cross-sectional study
n=432 (231 men and 201 women)

Exclusion: n = 64 (32 men and 32 women)
Tretment interruption: n = 31(11 men and 20 women)
Transfer to another hospital: n =7 (4 men and 3 women)
Death: n =2 (1 man and 1 woman)
Less than three measurement of urinary ACR:
n= 24 (16 men and 8 women)

Study population of retrospective study
n =368 (199 men and 169 women)

Figure 1 | Inclusion and exclusion flow chart of participants. ACR, albumin-to-creatinine ratio.

et al”® showed that a higher ECW was associated not only
with ESRD and mortality, but a faster GFR decline in a larger
cohort of almost 1,600 patients with chronic kidney disease
stage 1-4. The present study’s mean ECW/TBW ratio of
0.390 % 0.01 was lower than that reported in recent studies of
patients with chronic kidney disease stage 4 or 5 (0.39783—
0.512)*7%%, This finding suggests that fluid imbalance is less
likely to occur in patients with early nephropathy than in
patients with kidney failure.

Water shift from ICW to ECW led to changing the ECW/
ICW ratio’. Cell volume is regulated by apoptosis, which is a
morphological hallmark of programmed cell death*'. The loss
in cell volume during apoptosis might play a role in the change
in balance between ICW and ECW content. In addition, ure-
mic status might also cause cell shrinkage. Previous studies
have reported that erythrocytes might undergo suicidal death
or eryptosis associated with cell shrinkage, which can be stimu-
lated by uremic toxins*.

Albuminuria is known to reflect endothelial dysfunction and
subclinical inflammation caused by oxidative stress and inflam-
matory cytokines®'>**, Kidney endothelial dysfunction plays an
important role in the development of albuminuria by reducing
vascular relaxation and inflammatory cell infiltration®. Under
physiological conditions, tubuloglomerular feedback (TGF) sig-
naling maintains a stable GFR by modulating pre-glomerular
arteriole tone. Early in nephropathy, chronic hyperglycemic
conditions impair SGLT-2-mediated reabsorption of sodium
and glucose in the proximal tubule. Thus, despite increased
GFR, the macula densa is exposed to low sodium concentra-
tions. This impairment of TGF signaling likely leads to inade-
quate arteriole tone and increased renal perfusion. As a result,
impairment of TGF causes increased body fluid and fluid
imbalance® . A previous study showed that both humans
and animals with volume overload have significantly higher
pro-inflammatory cytokines, such as interleukin-6 or tumor
necrosis factor-o™®, which can be the result of kidney

© 2020 The Authors. Journal of Diabetes Investigation published by AASD and John Wiley & Sons Australia, Ltd
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Table 2 | Univariate analysis: Correlation between the extracellular
water-to-intracellular water ratio and covariates
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Table 4 | Multiple regression analysis of logarithms of the albumin-to-
creatinine ratio

Variables r (95% Cl) P Variables B (95% Cl) P
Age (years) 0420 (0339, 0494) <0001  Age (years) 0.036 (-0.009, 0.018) 0488
Body mass index (kg/mz) 0027 (-0.121, 0.067) 0572 Male 0028 (—0.094, 0.177) 0.546
Skeletal muscle index (kg/m?) —O 273 (0358, —O 184) <0.001 Body mass index (kg/m?) 0066 (-0.009, 0.058) 0.155
HbA1c (mmol/mol) 4 (-=0081, 0.108) 0.778 ECW/ICW ratio 7 (6423, 17.207) <0.001
Creatinine (umol/L) 0088( 0.006, 0.181) 0067  HbAlc (mmol/mol) 6 (0.005, 0.026) 0.004
Logarithm of urinary ACR 0313 (0.226, 0.396) <0001  Creatinine (umol/L) 0299 (0008, 0.014) <0.001
Duration of diabetes 0208 (0.116, 0.296) <0001  Duration of diabetes (years) 044 (-0.007, 0.019) 0354
Current smoker 0059 (—-0.054, 0314) 0.166
To investigate the relationships between the extracellular water-to-intra- Exercise habit —0049 (-0.197, 0051) 0250
cellular water (ECW/ICW) ratio and logarithm of albumin-to-creatinine Use of RAS inhibitor 0188 (0.150, 0410) <0001
ratio (ACR) or other factors, Pearson'’s correlation coefficient was carried Use of insulin 0017 (<0130, 0.195) 0695
out. Use of SGLT-2 inhibitor 0057 (=0.057, 0.290) 0.187
Use of diuretics 0060 (—0.068, 0.372) 0.176

Table 3 | Univariate analysis: co-relation between the extracellular
water-to-intracellular water ratio adjusted by body surface area and
covariates

Variables r (95% Cl) P

Age (years) 0438 (0.762, 1.130) <0.001
Body mass index (kg/m?) —0495 (0447, —0.320) <0001
Skeletal muscle index (kg/m?) —0.795 (~ 0177 —0.154) <0.001
HbATc (mmol/mol) 0006 (<0211, 0.239) 0906
Creatinine (umol/L) 0088 (—OOO6 0.181) 0067
Logarithm of urinary ACR 8 (0007, 0.061) 0015
Duration of diabetes 0211 0241, 0617) <0001

Examination with the adjusted extracellular water (ECW), calculated by
ECW divided by body surface area of each participant, instead of the
measured ECW. To investigate the relationships between the ECW-to-in-
tracellular water (ECW/ICW) ratio adjusted by body surface area and
logarithm of the albumin-to-creatinine ratio (ACR) or other factors, Pear-
son’s correlation coefficient was carried out.

endothelial dysfunction and impairment of TGF. Furthermore,
inflammation-induced hypoalbuminemia and increased vascular
permeability enhance extravascular fluid shift, thereby resulting
in extravascular fluid volume overload'®. In fact, the ECW/
TBW ratio, which is substantially the same as the ECW/ICW
ratio, has been used as a marker of ECW excess>*°.

An increase in the ECW/ICW ratio caused by fluid overload
affects the vascular and endothelial level by oxidative stress,
chronic activation of the renin-angiotensin system, sympathetic
activation and an increase of inflammation, which leads to
atherosclerosis®’. In addition, the excess volume status would
increase venous pressure and interstitial pressure, and also
cause renal efferent pressure and glomerular hypertension, lead-
ing to an eventual decline in eGFR**. Even in the subclinical
state, early changes in volume and cardiac stretch, venous con-
gestion or subclinical atherosclerosis might contribute to
reduced kidney function. Taking these findings together, an
increase of the ECW/ICW is associated with the presence of

Current smoker was defined as never- and ex-smoker (0), or current
smoker (1); exercise habit was defined as non-regular exerciser (0), regu-
lar exerciser (1); use of each medicine was defined as non-user (0) or
user (1). ACR, albumin-to-creatinine ratio; ECW, extracellular water;
HbA1c, glycated hemoglobin; ICW, intracellular water, RAS, renin—an-
giotensin—system; SGLT-2, sodium—glucose cotransporter 2.

albuminuria and a change in albuminuria. In addition, SGLT-2
inhibitor or diuretics cause extracellular fluid loss; however, the
result was almost the same if we excluded patients with SGLT-
2 inhibitor or diuretics. In the present study, we showed the
cut-offt ECW/ICW ratio level of 0.648 for incident macroalbu-
minuria. Therefore, we consider that focusing on the relation-
ships between the ECW/ICW ratio and urinary ACR from an
early stage, and the risk of the development of diabetic
nephropathy in patients where the ECW/ICW ratio is above
the cut-off level, provides an opportunity for intensive compli-
cation assessment and prevention of progression of complica-
tions. Therefore, we consider that focusing on the relationships
between the ECW/ICW ratio and urinary ACR from an early
stage, and the risk of development of diabetic nephropathy in
patients where the ECW/ICW ratio is above the cut-off level,
provides an opportunity for intensive complication assessment
and the prevention of progression of complications. That is
why this early alternation of fluid balance has value for clinical
intervention. In addition, previous studies showed that the fluid
balance is severely imbalanced in end-stage nephropathy. In
addition to this fact, we showed, for the first time, that fluid
balance was already imbalanced in the early stages of the dis-
ease in the present study. This fact has an important meaning,
because this fluid imbalance would also become the early treat-
ment target.

These results should be interpreted considering the study’s
limitations. First, the sample size might not have been adequate
to determine if a significant relationship existed between albu-
minuria and the ECW/ICW ratio, resulting in selection bias.
Second, our assessment of lifestyle (exercise habit, alcohol
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Table 5 | Characteristics of study participants of the retrospective study
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Table 6 | Multiple regression analysis for the factors affecting change

at the baseline examination

in the urinary albumin-to-creatinine ratio

Total Variables B (95% CI) P
n 368 Age (years) 010 (-0.016, 0.019) 0870
Age (years) 655+ 112 Male 31 (0.030, 0.799) 0035
Male 199 (54.1) BMI (kg/m?) O 1 12 (0.001, 0.088) 0046
Height (cm) 161.1 £ 935 ECW/ICW ratio 69 (284, 1697) 0.006
Weight (kg) 632+ 127 HbA1c (mmol/mol) 0142 (OOOS 0.035) 0.008
Body mass index (kg/m? 243 + 397 Creatinine (umol/L) 0.028 (-0.008, 0.012) 0661
Body surface area (m?) 166 + 0.19 Logarithm of urinary ACR —0.197 (-0.344, —0.093) 0.0007
Body composition Duration of diabetes 0.076 (-0.005, 0.029) 0.180
Body fat mass (kg) 188 + 781 Current smoker —0.047 (0342, 0.126) 0365
Skeletal muscle mass (kg) 241 £ 534 Exercise habit —-0014 (-0.183, 0.140) 0.793
Skeletal muscle index (kg/m?) 692 £ 1.09 Usage of RAS inhibitor 0023 (-0.275, 0419) 0683
ICW (kg) 199 £ 414 Use of insulin 0495 (0226, 0623) 0359
ECW (kg) 12.7 £ 245 Use of SGLT-2 inhibitor —0.053 (0662, 0217) 0.320
ECW/ICW ratio 064 £ 0027 Use of diuretics 0.082 (-0.137, 1.052) 0.131
ECW/TBW ratio 0392 + 001
HbATc, mmol/mol (%) 545+ 110 (714 + 101) Current smoker was defined as never- and ex-smoker (0), or current
Creatinine (umol/L) 692 + 200 smoker (1); exercise habit was defined as non-regular exerciser (0), regu-
Urinary ACR (mg/gCr) 1090 + 3181 lar exerciser (1). ACR, albumin-to-creatinine ratio; ECW, extracellular
Duration of diabetes (years) 134 + 102 water; ICW, intracellular water; RAS, renin-angiotensin—system; SGLT-2,
Smoking: never-/ex-/current smoker 220/86/62 (598/233/168)  sodium-glucose cotransporter 2.
Exercise habit 184 (500)
Usage of RAS inhibitor 171 (46.5)
Use of insulin 69 (189)
Use of SGLT-2 inhibitor 63 (17.1)
Use of diuretics 31 (84) 10
Data are expressed as the number (percentage) and mean * standard 08
deviation. ACR, albumin-to-creatinine ratio; ECW, extracellular water;
ICW, intracellular water; RAS, renin—angiotensin-system; SGLT-2, sodium - 06 — ECW/ICW ratio
—glucose cotransporter 2; TBW, total body water. ;§ ’ — B
é 04 = HbAlc
consumption) and medication intake only at baseline means sBP
that changes in these factors during follow up might have influ- 02
enced a change in urinary ACR. Third, isotope dilution is a
gold standard of the measurement of ICW, ECW and TBW. 00

However, the result of BIA is closely correlated with isotope
dilution®*>*, Finally, the inclusion of only Japanese diabetes
patients without kidney failure could limit the generalization of
the findings to non-Japanese patients.

Despite the limitations, the present study was a well-designed
epidemiological study of patients with type 2 diabetes. The
measurement of body fluid composition by BIA has the advan-
tage of being non-invasive, fast and reproducible, making it
high versatile and constructive. Finally, we addressed threats to
internal validity by adjusting for confounding variables and lab-
oratory measurements. This reduced risk of biases.

In conclusion, to our knowledge, this is the first study to
show that the imbalance of body composition evaluated by the
ECW/ICW ratio is independently associated with the presence
and increment of albuminuria, even in diabetes patients without
kidney failure. Therefore, we recommend that clinicians pay
more attention to monitoring the fluid status among patients

0.0 0.2 0.4 0.6 0.8 1.0
1-Specificity

Figure 2 | The receiver operating characteristic (ROC) curve and area
under the ROC curve (AUQ) for incident macroalbuminuria. The ROC
and AUC showing the ability of the extracellular water-to-intracellular
water (ECW/ICW) ratio or traditional risk factors, such as BMI, HoA1c
and sBP, for the incident macroalbuminuria. The red line represents
ECW/ICW ratio, black line represents BMI, the blue line represents
HbA1c, the green line represents sBP. According to the ROC curves,
the optimal cut-off point of ECW/ICW ratio for incident
macroalbuminuria was 0648 (AUC 0.78, 95% ClI 0.58-0.90). The AUC of
the ECW/ICW ratio was greater than that of glycated hemoglobin
(HbA1c; AUC 053, 95% Cl 0.38-067, P = 0.022), and tended to be
greater than that of BMI (AUC 060, 95% Cl 0.39-0.78, P = 0.066) and
systolic blood pressure (sBP; AUC 064, 95% Cl 048-0.78, P = 0.345).
BMI, body mass index.
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with type 2 diabetes mellitus, and maintaining fluid balance in
the early stage of diabetic kidney disease.
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