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Abstract

Background Albuminuria is a biomarker for chronic

kidney disease and an independent predictor of cardio-

vascular and all-cause mortality. A recent meta-analysis

concluded that these risks increase with urinary albumin

concentration, even when below the microalbuminuria

threshold. Thus, minimizing urinary albumin may be a

valuable therapeutic goal regardless of disease status.

Methods We investigated the benefits and safety of a

12-week lifestyle modification program including diet and

combined aerobic and resistance exercise for reducing al-

buminuria in 295 normoalbuminuric or microalbuminuric

Japanese adults, including 30 with type 2 diabetes mellitus

(T2DM), 104 with metabolic syndrome (MS), and 145 with

hypertension (HT).

Results In the study population, the urinary albu-

min:creatinine ratio (UACR) was reduced significantly

(DUACR -3.8 ± 16.8 mg/g, P \ 0.001) with no change

in estimated glomerular filtration rate (eGFR) (DeGFR

-0.4 ± 7.4 mL/min/1.73 m2, P = 0.343). The reduction

in UACR was associated with decreased fasting plasma

glucose (P \ 0.05). The UACR was also reduced in the

T2DM, MS, and HT groups with no change in eGFR.

Reduced UACR was associated with decreased fasting

plasma glucose in the MS group and decreased systolic

blood pressure in the HT group. The UACR was also re-

duced in 46 subjects using renin–angiotensin system in-

hibitors with no change in eGFR.

Conclusions Our 12-week lifestyle modification program

reduced UACR, maintained eGFR, and improved multiple

fitness findings in Japanese subjects including T2DM, MS,

and HT patients.

Keywords Albuminuria � Hypertension � Lifestyle

modification � Metabolic syndrome � Type 2 diabetes

mellitus

Introduction

Albuminuria is a biomarker of chronic kidney dis-

ease (CKD) [1] and a useful diagnostic and prognostic

indicator of diabetic kidney disease [2]. It is also common
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in patients with metabolic syndrome (MS) [3] and hyper-

tension (HT) [4]. Albuminuria was found to be an inde-

pendent predictor of cardiovascular and all-cause mortality

in the general population in both a large-scale Dutch study

[5] and a subsequent meta-analysis of 14 studies encom-

passing[100,000 adults from Europe, America, Australia,

and Asia [6].

The presence of ‘microalbuminuria’ is widely used to

screen patients for diabetic kidney disease and those at risk

of cardiovascular disease (CVD). However, CVD risk in-

creases with urinary albumin even at ‘submicroalbumin-

uric’ levels (10–30 mg per day) [6]. Minimization of

albuminuria may thus benefit normoalbuminuria adults as

well as albuminuric CKD patients [7] and reduce the risk of

cardiovascular events [5]. It is particularly important to

evaluate the levels of albuminuria in subjects at risk of

CKD or CVD and start intervention to decrease the levels

as early as possible.

Lifestyle modification, including diet and physical ex-

ercise, is a basic therapeutic approach to improve

metabolic parameters in patients with MS [8] and type 2

diabetes mellitus (T2DM) [9]. Combined aerobic and re-

sistance exercise was also reported to be more effective

than either aerobic or resistance exercise alone for im-

proving glycemic control in T2DM patients [10] and ab-

dominally obese subjects with insulin resistance [11].

However, the efficacy of lifestyle modification for reducing

albuminuria has not been tested.

We developed a 12-week lifestyle modification program

including diet and combined aerobic and resistance exer-

cise. In this study, we investigated the effectiveness and

safety of this program for reducing albuminuria in Japanese

adults with either normoalbuminuria or microalbuminuria,

including cases of T2DM, MS, and HT.

Methods

Participants and study design

This retrospective study analyzed the clinical data of 295

adult volunteers (97 men, age 21–75 years) recruited be-

tween December 2005 and December 2012 from par-

ticipants of a 12-week lifestyle modification program

conducted by Niigata Institute for Health and Sports

Medicine, Niigata, Japan. The program included both diet

instruction and aerobic and resistance training. Participant

anonymity was assured and retrospective data analysis was

approved by the Ethical Committee of Niigata Institute for

Health and Sports Medicine (approval number 32) in ac-

cordance with the principles of the Declaration of Helsinki.

Each participant provided written informed consent. This

study excluded candidates with histories of secondary

hypertension, uncontrolled hyperglycemia (fasting plasma

glucose [13.8 mmol/L or currently taking insulin),

elevated serum creatinine ([132.6 lmol/L), or macroal-

buminuria (C300 mg/g). Subjects that changed medica-

tions during the program (including antidiabetic,

antidyslipidemic, or antihypertensive drugs) were also ex-

cluded, as were any participants judged unfit by the

physicians in charge.

Lifestyle modification program

The participants visited Niigata Institute for Health and

Sports Medicine once a week. They provided data on daily

diet and exercise and were examined for body weight and

physical condition on each visit. Nutritional instruction was

based on daily dietary information collected from each

participant during weekly interviews with registered dieti-

cians. The recommended diet was in accordance with the

guidelines of the Japanese Ministry of Health, Labour and

Welfare (Tokyo, Japan), and individually tailored based on

estimated energy requirements calculated from basal

metabolism and metabolic equivalent. Carbohydrates

comprised 50–70 %, fat\20–30 %, and proteins\20 % of

total calories. The recommended diet was formulated by

Excel Eiyo-kun software version 4.0–6.0 for Food Fre-

quency Questionnaire, which analyzes each participant’s

diet information collected on the Food Frequency Ques-

tionnaire Based on Food Groups version 2.0–3.5 (KEN-

PAKUSHA, Tokyo, Japan). The combined aerobic and

resistance exercise regimen was performed once a week at

the facility under the guidance of Japan Health Promotion

& Fitness Foundation-certified fitness instructors and

3 days per week at home. Aerobic exercise was performed

at 40–60 % of maximum heart rate reserve (moderate in-

tensity) for 20–30 min per session. Resistance exercise

involved 1–3 sets each of 13–15 repetitions at 10–15

repetition maximum resistance for the upper and lower

extremities and trunk. The participants were also instructed

on proper stretching before and after exercise. The par-

ticipants underwent physical and biochemical laboratory

examination under fasting conditions before and after the

12-week program.

Clinical data collection

Information on medical history and current medical con-

ditions was provided by the participants or their physicians.

Medical examinations measured height, body weight, waist

circumference, blood pressure, blood biochemical profiles,

and urinary parameters after overnight fasting at baseline

and after the 12-week program.

Participants were diagnosed as having T2DM, MS, and

HT based on baseline data. The criteria for T2DM were
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(1) fasting plasma glucose C7 mmol/L and HbA1c C6.5 %

or (2) current use of antidiabetic drugs. The definition of

MS in this study was adapted from the National Choles-

terol Education Program-Adult Treatment Panel III [12]

modified according to the International Obesity Task Force

central obesity criteria for Asia [13]. Accordingly, a par-

ticipant was diagnosed as having MS if he or she had three

or more of the following: (1) abdominal obesity defined as

waist circumference C90 cm for men and C80 cm for

women, (2) plasma triglycerides C1.69 mmol/L or current

use of antidyslipidemic medication, (3) plasma HDL-

cholesterol \1.03 mmol/L in men and \1.29 mmol/L in

women, (4) systolic blood pressure C130 mmHg, diastolic

blood pressure C85 mmHg, or use of antihypertensive

drugs, (5) fasting plasma glucose C5.55 mmol/L. HT was

defined as systolic blood pressure C140 mmHg or diastolic

blood pressure C90 mmHg in accordance with the World

Health Organization criteria [14] or current use of antihy-

pertensive medications. Some participants (n = 122) did

not meet the criteria for T2DM, MS, or HT, while others

had some combination of these disorders. In other words,

the disease groups T2DM (n = 30), MS (n = 104), and

HT (n = 145) overlapped (Fig. 1). Participants who did

not have T2DM were defined as non-DM (n = 295 - 30 =

265), but some may have had MS or HT. Similarly, par-

ticipants who did not have MS were defined as non-MS

(n = 295 - 104 = 191) but may have had T2DM or HT,

and participants who did not have HT were defined as non-

HT (n = 295 - 145 = 150) but may have had T2DM or

MS.

Assessment of albuminuria and renal function

Urinary albumin concentration was measured by latex ag-

glutination turbidimetric immunoassay in spot urine sam-

ples, and UACR was calculated as urine concentration

divided by urinary creatinine concentration as measured by

an enzymatic assay. Serum creatinine was also measured

by an enzymatic method. Based on the UACR cutoff values

suggested previously [15], the participants were divided

into three groups: microalbuminuric (30–299 mg/g), high-

normoalbuminuric (10–29 mg/g), and low-normoalbumin-

uric (\10 mg/g). eGFR was calculated using the formula

for Japanese [16]: eGFR (mL/min/1.73 m2) = 194 9

[serum creatinine (mg/dL)]-1.094 9 (age)-0.287 9 0.739 (if

female).

Statistical analyses

Statistical analyses were conducted using mean values for

continuous variables. In the figures and tables, data are

expressed as mean ± SD. Mean values of continuous

variables at baseline and after program completion were

compared using the paired t test. UACR was also compared

in albuminuria categories (low-normoalbuminuria, high-

normoalbuminuria, and microalbuminuria) using the Wil-

coxon signed-rank test. The associations between baseline

clinical findings and baseline UACR were evaluated using

regression coefficients by simple linear regression analysis.

Simple and UACR-adjusted linear regression analyses

were used to identify candidate factors associated with the

change in UACR (DUACR = post-intervention value-

baseline value). Variables associated with DUACR at

P \ 0.1 in the baseline UACR-adjusted models were

evaluated by multiple linear regression analysis. Baseline

UACR was also used as a variable in this analysis. All

statistical analyses were performed using IBM SPSS

Statistics version 22.0 (IBM. Inc., Armonk, NY, USA), and

a two-tailed P \ 0.05 was considered statistically

significant.

Results

The clinical findings of the 295 participants at baseline and

the change in each finding after completion of the 12-week

lifestyle modification program are shown in Table 1. The

study population included 30 subjects with T2DM, 104

with MS, and 145 with HT, who overlapped (Fig. 1). There

were 64 subjects currently taking antihypertensive drugs

and 46 using renin-angiotensin system (RAS) inhibitors.

T2DM
(total n = 30) 

MS
(total n = 104)

HT
(total n = 145)

n = 5

06=n91=n

n = 4 n = 4

n = 64

n = 17

n = 122

Study population (n = 295)

Fig. 1 Composition of the study population. The disease groups of

type 2 diabetes mellitus (T2DM), metabolic syndrome (MS), and

hypertension (HT) overlapped. The numbers (n) of participants in

each category are indicated
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In the total population, body weight, waist circumference,

BMI, body fat percentage, total serum cholesterol, LDL-

cholesterol, triglycerides, fasting plasma glucose, HbA1c,

fasting serum insulin, HOMA-IR, systolic blood pressure,

and diastolic blood pressure were significantly improved

after the 12-week program, while serum creatinine and

eGFR were not significantly changed. There was a decrease

in both the number of cases classified as microalbuminuric

and those classified as high-normoalbuminuric at program

completion (24 microalbuminuric cases at baseline vs. 11

at completion, 70 high-normoalbuminuric cases at baseline

vs. 64 at completion) and a concomitant increase in the

number of low-normoalbuminuric cases (201 at baseline

vs. 220 at completion) (P \ 0.001).

The mean UACR of the entire population was reduced

significantly without a significant change in eGFR. The

eGFR was also unchanged in the microalbuminuric, high-

normoalbuminuric, and low-normoalbuminuric groups

(DeGFR -2.2 ± 6.2 mL/min/1.73 m2, P = 0.101; 0.1 ± 7.8

mL/min/1.73 m2, P = 0.888; and -0.4 ± 7.4 mL/min/

1.73 m2, P = 0.459, respectively).

In the total study population, simple linear regression

revealed that higher baseline UACR was associated with

older age, higher waist circumference, BMI, fasting plasma

glucose, HbA1c, systolic blood pressure, and diastolic

blood pressure, the presence of T2DM, MS, and HT, and

the use of RAS inhibitors (Table 2). In addition, DUACR

was positively associated with older age, higher baseline

fasting plasma glucose, HbA1c, systolic blood pressure,

and diastolic blood pressure, the presence of T2DM and

HT, and the use of RAS inhibitors (Table 2). However, no

baseline clinical findings were significantly associated with

DUACR after adjusted with the baseline UACR (Table 2).

We then conducted linear regression analysis to identify

parameter changes associated with DUACR. We found that

Dfasting plasma glucose was positively associated with

DUACR not only in simple linear regression analysis but

also in baseline UACR-adjusted linear regression analysis

(regression coefficient = 2.444, P = 0.009) (Table 3). We

also found that Dsystolic blood pressure and Ddiastolic

blood pressure showed relatively strong association

(P \ 0.1) with DUACR in baseline UACR-adjusted linear

Table 1 Clinical findings at baseline for the total study population and the change in each clinical finding after completion of the 12-week

lifestyle modification program

Baseline The change in each clinical findinga 95 % Confidence interval of the change P value

Age (years) 55.6 ± 10.7

Male sex [n (%)] 97 (32.9 %)

Body weight (kg) 62.6 ± 13.0 -1.5 ± 1.9 (-1.7; -1.2) \0.001

Waist circumferrance (cm) 87.2 ± 10.2 -3.4 ± 3.1 (-3.7; -3.0) \0.001

BMI (kg/m2) 24.3 ± 3.8 -0.6 ± 0.7 (-0.6; -0.5) \0.001

Body fat percentage (%) 28.5 ± 6.9 -1.1 ± 1.7 (-1.3; -0.9) \0.001

Muscle mass (kg) 41.9 ± 9.5 -0.1 ± 4.2 (-0.6; 0.4) 0.780

Total cholesterol (mmol/L) 5.57 ± 0.89 -0.23 ± 0.55 (-0.30; -0.17) \0.001

HDL-cholesterol (mmol/L) 1.67 ± 0.45 -0.02 ± 0.20 (-0.04; 0.01) 0.172

LDL-cholesterol (mmol/L) 3.37 ± 0.77 -0.16 ± 0.47 (-0.21; -0.11) \0.001

Triglyceride (mmol/L) 1.34 ± 1.05 -0.16 ± 0.86 (-0.26; -0.07) 0.001

Fasting plasma glucose (mmol/L) 5.60 ± 1.12 -0.19 ± 0.61 (-0.26; -0.12) \0.001

HbA1c (%) 5.77 ± 0.68 -0.10 ± 0.34 (-0.14; -0.06) \0.001

Fasting serum insulin (pmol/L) 43.8 ± 55.8 -6.3 ± 51.4 (-12.1; -0.4) 0.038

HOMA-IRb 1.9 ± 2.4 -0.3 ± 2.2 (-0.6; -0.1) 0.012

Systolic blood pressure (mmHg) 133.2 ± 17.4 -8.7 ± 13.4 (-10.2; -7.1) \0.001

Diastolic blood pressure (mmHg) 83.7 ± 10.8 -5.1 ± 7.7 (-6.0; -4.2) \0.001

Creatinine (lmol/L) 63.6 ± 15.0 0.4 ± 5.4 (-0.2; 1.0) 0.188

UACR (mg/g) 13.5 ± 23.0 -3.8 ± 16.8 (-5.7; -1.8) \0.001

eGFR (mL/min/1.73 m2) 75.3 ± 13.4 -0.4 ± 7.4 (-1.3; 0.4) 0.343

BMI body mass index, eGFR estimated glomerular filtration rate, HDL high-density lipoprotein, HOMA-IR homeostasis model assessment for

insulin resistance, HT hypertension, LDL low-density lipoprotein, MS metabolic syndrome, RAS renin–angiotensin system, T2DM type 2 diabetes

mellitus, UACR urinary albumin creatinine ratio
a Change in each clinical finding = post-intervention value - baseline value
b HOMA-IR was calculated as fasting plasma glucose (mmol/L) 9 fasting serum insulin (mU/L) divided by 22.5
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Table 2 Results of linear regression analyses for the associations of baseline clinical findings with baseline UACR and DUACR

Baseline UACR DUACR

Simple Baseline UACR-adjusted

Regression

coefficient

Standardised

regression

coefficient

P value Regression

coefficient

Standardised

regression

coefficient

P value Regression

coefficient

Standardised

regression

coefficient

P value

Age (years) 0.301 0.141 0.016 -0.191 -0.122 0.036 -0.012 -0.008 0.820

Body weight (kg) 0.160 0.090 0.122 -0.067 -0.052 0.376 0.028 0.022 0.524

Waist

circumferrance

(cm)

0.334 0.149 0.011 -0.147 -0.089 0.125 0.053 0.032 0.353

BMI (kg/m2) 0.876 0.144 0.013 -0.376 -0.085 0.146 0.147 0.033 0.338

Body fat percentage

(%)

0.284 0.085 0.145 -0.205 -0.084 0.150 -0.037 -0.015 0.662

Muscle mass (kg) 0.118 0.049 0.405 0.001 0.001 0.990 0.071 0.040 0.237

Total cholesterol

(mmol/L)

1.071 0.041 0.480 -0.607 -0.032 0.583 0.029 0.002 0.965

HDL-cholesterol

(mmol/L)

-3.715 -0.072 0.217 2.350 0.062 0.285 0.145 0.004 0.910

LDL-cholesterol

(mmol/L)

1.705 0.057 0.330 -1.085 -0.050 0.396 -0.073 -0.003 0.922

Triglyceride

(mmol/L)

0.384 0.018 0.763 0.283 0.018 0.762 0.511 0.032 0.348

Fasting plasma

glucose (mmol/L)

4.673 0.227 \0.001 -2.943 -0.195 0.001 -0.177 -0.012 0.737

HbA1c (%) 6.687 0.198 0.001 -3.804 -0.155 0.008 0.173 0.007 0.840

Fasting serum

insulin (pmol/L)

0.005 0.012 0.836 -0.003 -0.010 0.858 -0.000 -0.001 0.986

HOMA-IRa 0.455 0.047 0.424 -0.341 -0.048 0.412 -0.071 -0.010 0.770

Systolic blood

pressure (mmHg)

0.374 0.282 \0.001 -0.225 -0.233 \0.001 -0.004 -0.004 0.918

Diastolic blood

pressure (mmHg)

0.436 0.204 \0.001 -0.266 -0.171 0.003 -0.008 -0.005 0.887

Creatinine (lmol/

L)

0.013 0.008 0.891 0.056 0.049 0.405 0.063 0.055 0.106

UACR (mg/g) -0.594 -0.813 \0.001

eGFR (mL/min/

1.73 m2)

-0.004 -0.002 0.967 -0.054 -0.043 0.461 -0.056 -0.045 0.186

T2DM (0, no; 1,

yes)

14.535 0.001 -7.469 0.021 1.205 0.532

MS (0, no; 1, yes) 7.978 0.004 -3.845 0.060 0.916 0.451

HT (0, no; 1, yes) 9.202 0.001 -5.170 0.008 0.305 0.794

Use of RAS

inhibitors (0, no;

1, yes)b

12.709 0.016 -7.442 0.041 -0.361 0.868

BMI body mass index, eGFR estimated glomerular filtration rate, HDL high-density lipoprotein, HOMA-IR homeostasis model assessment for

insulin resistance, HT hypertension, LDL low-density lipoprotein, MS metabolic syndrome, RAS renin–angiotensin system, T2DM type 2 diabetes

mellitus, UACR urinary albumin creatinine ratio
a HOMA-IR was calculated as fasting plasma glucose (mmol/L) 9 fasting serum insulin (mU/L) divided by 22.5
b The association of RAS inhibitor use with baseline UACR and DUACR was analyzed in HT cases. DUACR = post-intervention value -

baseline value
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regression analysis. Although both Dsystolic blood pres-

sure and Ddiastolic blood pressure satisfied our criteria for

inclusion in multiple linear regression analysis, only

Dsystolic blood pressure was selected to avoid multi-

collinearity because these two variables are strongly cor-

related with each other (r = 0.746, P \ 0.001). We thus

selected Dfasting plasma glucose and Dsystolic blood

pressure as independent variables for baseline UACR-ad-

justed multiple linear regression analysis. Only Dfasting

plasma glucose was significantly associated with DUACR

(regression coefficient = 2.320, P = 0.013). When we

selected Ddiastolic blood pressure in lieu of Dsystolic

blood pressure as the independent variable, again only

Dfasting plasma glucose was significantly associated with

DUACR.

We then repeated these analyses in the T2DM, MS and

HT groups. The UACR values for these groups were sig-

nificantly lower at program completion compared to

baseline (Fig. 2). In addition, UACR levels in both the non-

T2DM and non-MS groups were significantly lower at

program completion, while there was no significant UACR

change in the non-HT group, probably because mean

baseline UACR in the non-HT group was already low

(9.0 ± 11.9 mg/g) (Fig. 2). The eGFR did not change

significantly in any of the six subgroups (including

the corresponding ‘‘non-’’groups, data not shown).

Table 3 Results of linear regression analyses for the associations of changes in clinical findings with DUACR

Simple Baseline UACR-adjusted Multiple

Regression

coefficient

Standardised

regression

coefficient

P value Regression

coefficient

Standardised

regression

coefficient

P value Regression

coefficient

Standardised

regression

coefficient

P value

DBody weight (kg) 0.151 0.018 0.764 0.404 0.047 0.170

DWaist

circumferrance

(cm)

-0.048 -0.009 0.880 0.001 0.000 0.994

DBMI (kg/m2) 0.611 0.026 0.658 1.065 0.045 0.185

DBody fat

percentage (%)

0.020 0.002 0.973 0.008 0.001 0.981

DMuscle mass (kg) -0.044 -0.011 0.850 -0.011 -0.003 0.935

DTotal cholesterol

(mmol/L)

-2.123 -0.069 0.235 -0.766 -0.025 0.464

DHDL-cholesterol

(mmol/L)

2.403 0.029 0.619 1.678 0.020 0.552

DLDL-cholesterol

(mmol/L)

-2.251 -0.063 0.284 -1.153 -0.032 0.348

DTriglyceride

(mmol/L)

-1.959 -0.100 0.087 -0.688 -0.035 0.305

DFasting plasma

glucose (mmol/L)

3.519 0.128 0.028 2.444 0.089 0.009 2.320 0.084 0.013

DHbAlc (%) 4.750 0.096 0.098 1.484 0.030 0.378

DFasting serum

insulin (pmol/L)

-0.003 -0.011 0.857 0.002 0.007 0.827

DHOMA-IR 0.101 0.013 0.824 0.207 0.027 0.435

DSystolic blood

pressure (mmHg)

0.098 0.078 0.182 0.081 0.065 0.057 0.073 0.058 0.087

DDiastolic blood

pressure (mmHg)

0.214 0.098 0.091 0.142 0.065 0.056

DCreatinine (lmol/

L)

-0.088 -0.028 0.627 0.001 0.000 0.994

DeGFR (mL/min/

1.73 m2)

0.083 0.036 0.533 0.045 0.020 0.561

Dclinical findings = post-intervention value - baseline value. Multiple regression analysis included all selected variables in the table and

baseline UACR as independent variables

eGFR estimated glomerular filtration rate, HDL high-density lipoprotein, LDL low-density lipoprotein, HOMA-IR homeostasis model assessment

for insulin resistance, UACR urinary albumin creatinine ratio
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We analyzed the association between DUACR and changes

in clinical findings for the T2DM, MS and HT groups by

linear regression (Table 4). In the HT and MS groups,

DUACR was associated with Dfasting plasma glucose and

Dsystolic blood pressure in baseline UACR-adjusted ana-

lysis. Furthermore, multiple linear regression analysis re-

vealed a significant association between DUACR and

Dfasting plasma glucose in the MS group (regression co-

efficient = 3.575, P = 0.016) and between DUACR and

Dsystolic blood pressure in the HT group (regression co-

efficient = 0.176, P = 0.012). Although no independent

factors were significantly associated with DUACR in the

T2DM group, the regression coefficient for Dfasting plas-

ma glucose in baseline UACR-adjusted analysis was

greater than in the MS and HT groups (Table 4).

In the HT group, 46 subjects were using RAS inhibitors

during the program. Even in these subjects, UACR was

reduced by program completion (DUACR -11.5 ±

31.3 mg/g, P = 0.017) without a change in eGFR (DeGFR

0.5 ± 7.3 mL/min/1.73 m2, P = 0.619). Systolic blood

pressure and diastolic blood pressure were also sig-

nificantly reduced, but the associations with DUACR

(Dsystolic blood pressure regression coefficient = 0.364,

P = 0.101; Ddiastolic blood pressure regression coeffi-

cient = 0.325, P = 0.318) were not significant in baseline

UACR-adjusted linear regression analysis.

Discussion

In this study we analyzed the benefits of a 12-week lifestyle

modification program on albuminuria and general fitness in

a group of Japanese adults, including patients with T2DM,

MS, and HT. This program, which includes both dietary

guidance and aerobic and resistance training, effectively

decreased UACR levels and improved a host of other

health indices in both the entire cohort and in T2DM, MS,

and HT patients. There were no adverse events during the

Fig. 2 Urinary albumin

creatinine ratio (UACR) at

baseline and after completion of

the lifestyle modification

program in the T2DM, MS, HT,

non-T2DM, non-MS and non-

HT groups
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program. To the best of our knowledge, this is the first

report to comprehensively investigate the effectiveness of a

short-term diet and fitness program on UACR.

We also analyzed the benefits of this program in groups

defined by baseline UACR levels as low-normoalbumin-

uric, high-normoalbuminuric, or microalbuminuric. The

numbers of microalbuminuric and high-normoalbuminuric

cases decreased by the end of the program with a con-

comitant increase in low-normoalbuminuric cases. A recent

meta-analysis concluded that the risk of all-cause and

cardiovascular mortality increases with UACR even in the

high-normoalbuminuria range [6]. Furthermore, a reduc-

tion in urinary albumin levels was associated with a re-

duction in cardiovascular events in hypertensive and

diabetic patients [17, 18]. Thus, our lifestyle modification

program may have achieved the ultimate therapeutic goal

of decreasing the risk of cardiovascular mortality as

assessed by UACR. Furthermore, elevated urinary albumin

excretion within the normal range was reported to predict

faster decline in renal function in diabetic patients [19],

while remission of microalbuminuria to normoalbuminuria

was associated with reduced renal disease risk in T2DM

patients [18, 20]. Hence, our program may also be a

promising early therapeutic intervention to reduce renal

risk. However, the significance of microalbuminuria as a

surrogate marker for renal risk in the general population is

controversial as reduced risk associated with microalbu-

minuria to normoalbuminuria transition has only been

shown in diabetic patients [21].

The Takahata study reported a microalbuminuria

prevalence of 13.7 % in the general population of Japan

[22], while the Dutch PREVEND study reported a mi-

croalbuminuria prevalence of 7 % [5]. Our study cohort

included 24 cases with microalbuminuria (8.1 %). Thus,

the present study population is a reasonable representation

of the general adult population. Regression analyses re-

vealed significant associations between UACR and age,

baseline waist circumference, BMI, fasting plasma glucose,

HbA1c, systolic blood pressure, and diastolic blood pres-

sure, the presence of T2DM, MS, and HT, and the use of

RAS inhibitors. These results are in accord with previous

reports that microalbuminuria is associated with multiple

symptoms of metabolic syndrome, including high blood

pressure, low HDL-cholesterol, high plasma triglycerides,

elevated fasting plasma glucose, and abdominal obesity

[22]. Separate analysis of UACR, eGFR, and other clinical

findings in T2DM, MS, and HT cases, as well as in the non-

DM and non-MS groups, revealed significantly reduced

UACR but no change in eGFR. Thus, this program proved

effective for participants with a range of clinical conditions

associated with renal and cardiovascular diseases.

The reduction in UACR measured at program comple-

tion was independently associated with decreased fastingT
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plasma glucose in both the total study population and MS

group as indicated by simple and multiple linear regression

analyses, suggesting that UACR is regulated by blood

glucose levels. Moreover, the regression coefficient for

DUACR versus Dfasting plasma glucose derived from

baseline UACR-adjusted analysis was greater for the

T2DM group than for the MS and HT groups, although the

number of T2DM patients was rather small (30 cases vs.

104 and 145, respectively) and the association did not

reach statistical significance. A study with a larger T2DM

group is warranted to confirm this association.

We also found that the reduction in UACR was inde-

pendently associated with lower systolic blood pressure in

the HT group. A cross-sectional study reported associations

between urinary albumin excretion and age, systolic blood

pressure, serum creatinine, fasting plasma glucose, and salt

intake, even in apparently normoalbuminuric subjects [23].

It was also reported that a reduction in microalbuminuria

was associated with lowered systolic blood pressure and

BMI in patients with T2DM [18]. Some sodium transporter

subtypes in proximal tubule cells, such as sodium-proton

exchanger type 3 and sodium-phosphate cotransporter type

2, may be associated with the pathogenesis of hypertension

[24]. Dysregulation of these transporters may be amelio-

rated by the lifestyle modification program, possibly

through improved function of endocytic receptors (megalin

and cubilin) in proximal tubule cells.

This study included 46 hypertensive cases currently

taking RAS inhibitors, drugs widely used to reduce albu-

minuria in diabetic and CKD patients [25, 26]. The pro-

gram also reduced UACR in subjects using RAS inhibitors

with no change in eGFR, indicating that the current pro-

gram may reduce albuminuria synergistically or additively

with RAS inhibitors.

There are limitations to our study due to its retro-

spective nature. It is also not known whether the program

is effective for macroalbuminuria. While no adverse

events were reported, severe albuminuria cases should be

carefully monitored during the program to prevent exer-

cise-induced proteinuria [27]. Finally, the long-term ef-

fectiveness of this program for maintaining reduced

UACR and concomitant risk of CKD and CVD requires

further investigation.

In conclusion, we found that a 12-week lifestyle

modification program including diet and combined aerobic

and resistance exercise effectively and safely reduced

UACR in normoalbuminuric and microalbuminuric

Japanese diabetic and non-diabetic populations, regardless

of their use of RAS inhibitors. Further studies are needed

with increased numbers of participants, particularly T2DM

patients and those with macroalbuminuria, to establish the

long-term effectiveness of the program in higher risk

patients.
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