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ABSTRACT

Article type:

Background: Overt proteinuria (OP), an established risk factor for kidney and cardiovascular
disease, is much prevalent in high and low body weight individuals.
Objectives: However, it is equivocal whether trace proteinuria (TrP) is also associated with
high and low body weight. Therefore, we address this issue in a large epidemiological
study.
Patients and Methods: Regarding this association, we examined TrP defined as ± by dipstick
urinalysis, in comparison with OP (≥+1) using the data of 70 886 apparently healthy
Japanese men and women who underwent a checkup in 2008, aged 20-85 years old.
Results: The prevalence of TrP, which was slightly but significantly higher (4.1%) on average
compared with OP (3.1%), showed a J-shaped relationship against body mass index (BMI).
Logistic regression analysis showed that compared to BMI of 21.0-22.9 kg/m2 , other BMI
categories except BMI of 19.0–20.9 kg/m2 were significantly associated with TrP, which
were not altered after adjustment for relevant confounding factors including age, sex, and
pharmacotherapies for hypertension and diabetes. Unlike TrP, OP was not significantly
associated with BMI of 23.0–24.9 kg/m2 , a high-normal body weight, although similar
trends were observed in the overall relationship between BMI categories and OP.
Conclusions: Current study suggests that TrP is also associated with high and low body
weight, seemingly like OP. However, the degree and pattern of associations of TrP with
BMI may differ from those of OP. Further study is required particularly in terms of
fundamental clinical relevance of TrP.
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Implication for health policy/practice/research/medical education:

The prevalence of trace proteinuria assessed by dipstick urinalysis demonstrated J-shaped relationship against body mass
index similarly to overt proteinuria. However, the degree and pattern of associations of trace proteinuria with body mass index
may differ from those of overt proteinuria.
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1. Background
Proteinuria, including microalbuminuria, is widely
acknowledged to be a risk factor for end-stage renal
failure, cardiovascular disease, and all-cause death (13). Several epidemiological studies (4-6), including our
previous study (5), have shown that the proteinuria

is more common in high- and low-body-weight
individuals than in normal-weight individuals. In
these studies, proteinuria was often defined as ≥ +1
by dipstick urinalysis. In contrast, trace proteinuria
(TrP), which is defined as ± by dipstick urinalysis,
is usually considered to be normal and of limited
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clinical significance (1,7,8). However, several studies
have suggested that TrP is highly likely to progress to
microalbuminuria (3,7,9).
2. Objectives
It is equivocal whether TrP is also associated with high
and low body weight. Therefore, we address this issue
in a large community-based epidemiological study,
using a database of 20–85-year-old 75 645 Japanese
men and women who underwent medical checkups in
2008.

m2) = 194×Cr -1.094×age×-0.287(if female) ×0.739,
where, Cr = serum creatinine concentration (mg/dL).
3.3. Ethics approval
The research followed the tenets of the Declaration
of Helsinki. The protocol was approved by the Ethics
Committees of Kanagawa University of Human
Services in 2016. Written informed consent was
obtained from all participants.

3. Subjects and Methods
3.1. Subjects
The investigation is based on a composite,
observational research program that was conducted to
investigate the lifestyle and potential factors correlated
with metabolic diseases (8). The study contains of data
recorded during medical checkups of asymptomatic
people living or working in Saitama prefecture, a
suburb of Tokyo, Japan. Participants who reported
having kidney disease, such as diabetic kidney disease
and those with suspected cancer or cirrhosis, were
excluded. Consequently, 70 886 subjects (men,
63.9%) were enrolled in the current cross-sectional
investigation.

3.4. Statistical analysis
Data are expressed as the mean ± standard deviation
(SD) or median (interquartile range). Wilcoxon rank
test was used to test the differences between TrP
and OP in each BMI category after TrP and OP is
numbered as 1 and otherwise as 0. As in our previous
study (5), multivariate logistic regression models were
used to examine the association between six BMI
categories (≤ 18.9, 19.0–20.9, 21.0–22.9, 23.0–24.9,
25.0–26.9, or ≥ 27.0 kg/m2) and TrP or OP with
adjustment for relevant confounding factors, yielding
odds ratio (OR) and 95% coefficient intervals (CI).
Statistical analyses were performed using Statview
version 5.0 (SAS Institute, Cary, NC, USA) and SPSS
version 22.0 (SPSS-IBM, Chicago, IL, USA). P < 0.05
was considered significant.

3.2. Measurements of clinical parameters
Anthropometric assessments and laboratory tests,
comprising ordinary dipstick urinalysis, were
conducted in the early morning after an overnight fast.
Height and weight were measured objectively using
ordinary electronic scales. Body mass index (BMI)
was calculated as weight (in kg) divided by height (in
m2). Serum variables were measured using standard
methods on Hitachi Autoanalyzers (Hitachi, Tokyo,
Japan) at Saitama Health Promotion Corporation.
Dipstick urinalysis was conducted using Uro-Paper
III EIKEN (Eiken Chemical, Tokyo, Japan) with fresh
single-spot urine specimens. The results were recorded
as none (−), trace (±), or ≥ +1, which are equivalent
to semi-quantitative urinary protein concentrations of
approximately 0, 15, and ≥ 30 mg/dL, respectively.
In this study, TrP and OP were defined as ± and ≥
+1, respectively. Serum creatinine levels were not
investigated in all subjects. Nevertheless, because
glomerular filtration rate (GFR) is an important
confounding factor for proteinuria (1), estimated
GFR (eGFR) was calculated applying the following
equation for Japanese people (10) and evaluated in
limited subjects (n = 31 281): eGFR (mL/min/1.73

4. Results
The clinical characteristics of subjects are shown
in Table 1. As expected, all of the variables, except
high-density lipoprotein cholesterol and eGFR,
increased with an increasing BMI category (analysis of
variance, all P  < 0.001). TrP was much more prevalent
(n = 2933, 4.1%) on average than OP (n = 2231,
3.1%, Wilcoxon rank test, P  < 0.001). Additionally,
proportions of Trp were significantly higher than OP
in every BMI category (all P  < 0.001), except in obese
subjects (BMI ≥ 27.0 kg/m2) (6.0% for TrP and 6.3%
for OP, P  = 0.36). The prevalence of TrP was higher
in subjects with high or low BMI compared with
individuals with a BMI of 21.0–22.9 kg/m2, yielding a
J-shaped relationship between the prevalence of TrP
and BMI. Similar trends were observed for OP. Other
categorical variables increased with an increasing BMI
category in a linear manner (χ2 test, all P  < 0.001).
Logistic regression analysis showed that, compared
with the reference BMI category (21.0–22.9 kg/m2),
the other BMI categories were significantly associated
with TrP independently of relevant confounding
factors, with the exception of the BMI category of
19.0–20.9 kg/m2 (Table 2, Model 3). When subjects
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Table 1. Clinical characteristics of subjects according to BMI category
BMI category (kg/m2)

≤ 18.9

19.0–20.9

21.0–22.9

23.0–24.9

25.0–26.9

≥ 27.0

N (% of total)

5867 (8.3)

13 192 (18.6)

17 545 (24.8)

15 296 (21.6)

9569 (13.5)

9417 (13.3)

Age (years)

41.9 ± 13.7

43.3 ± 13.3

45.0 ± 13.6

47.1 ± 13.3

47.6 ± 12.8

44.9 ± 12.1

Men, n (%)

2033 (34.7)

6386 (48.4)

11 174 (63.7)

11 243 (73.5)

7410 (77.4)

7052 (74.9)

BMI (kg/m )

17.9 ± 0.8

20.0 ± 0.6

22.0 ± 0.6

23.9 ± 0.6

25.9 ± 0.6

29.7 ± 2.8

Systolic blood pressure (mm Hg)

112 ± 15.0

116 ± 15.6

121 ± 15.9

125 ± 16.0

129 ± 15.8

133 ± 16.3

Triglyceride (mg/ dL)

63 (47–88)

72 (52–103)

87 (61–129)

106 (72–158)

126 (85–189)

144 (98–217)

HDL-cholesterol (mg/dL)

71.1 ± 15.6

68.0 ± 15.3

63.1 ± 14.7

59.0 ± 14.3

55.2 ± 13.0

52.2 ± 12.5

HbA1c (%, NGSP)

5.4 ± 0.5

5.4 ± 0.6

5.5 ± 0.6

5.6 ± 0.7

5.7 ± 0.8

5.8 ± 1.0

TrP, n (%)

253 (4.3)*

490 (3.7)*

581 (3.3)*

584 (3.8)*

464 (4.8)*

561 (6.0)

OP, n (%)

181 (3.1)

270 (2.0)

411 (2.3)

420 (2.7)

357 (3.7)

592 (6.3)

89.0 ± 15.8

86.9 ± 15.3

85.2 ± 14.8

83.3 ± 15.1

82.2 ± 14.8

83.1 ± 15.7

Hypertension, n (%)

175 (3.0)

491 (3.7)

1209 (6.9)

1705 (11.1)

1473 (15.4)

1651 (17.5)

Dyslipidemia, n (%)

83 (1.4)

250 (1.9)

523 (3.0)

772 (5.0)

586 (6.1)

711 (7.6)

Diabetes, n (%)

54 (0.9)

155 (1.2)

285 (1.6)

344 (2.2)

336 (3.5)

447 (4.7)

2

eGFR (mL/min/1.73 m )**
2

Medication for

Past history of CVD, n (%)

87 (1.5)

198 (1.5)

335 (1.9)

392 (2.6)

298 (3.1)

310 (3.3)

Daily alcohol consumption, n (%)

995 (17.0)

2883 (21.9)

4462 (25.4)

4423 (28.9)

2629 (27.5)

2047 (21.7)

Current smoker, n (%)

1575 (26.8)

3849 (29.2)

5525 (31.5)

5008 (32.7)

3384 (35.4)

3303 (35.1)

Having regular exercise, n (%)

919 (15.7)

2996 (22.7)

4806 (27.4)

4238 (27.7)

2528 (26.4)

2131 (22.6)

Note: Data are expressed as the mean ± SD or number (percentage). Triglyceride concentrations are expressed as the median (interquartile
range). All parameters and categorical values increased significantly with an increasing BMI category, except for HDL-cholesterol and eGFR
(analysis of variance/χ2 test; all, P < 0.001).
TrP and OP were defined as ± and ≥ +1, respectively, on dipstick urinalysis.
Abbreviations: BMI, body mass index; CVD, cardiovascular disease (including stroke); eGFR, estimated glomerular filtration rate; HDL,
high-density lipoprotein; NGSP, National Glycohemoglobin Standardization Program; OP, overt proteinuria; TrP, trace proteinuria.
*
P <0.001, v.s. OP, Wilcoxon rank test.
**
Available n = 31 281 in total.

with OP were excluded and the same analysis was
conducted (vs. non-proteinuria, n = 65722), similar
results were observed. By contrast, OP was also
significantly associated with the BMI categories of
≤ 18.9, 25.0–26.9, and ≥ 27.0 kg/m2, but not 19.0–
20.9 nor 23.0-24.9 kg/m2. Notably, BMI of ≤ 18.9
and ≥ 27.0 kg/m2, which reflect both ends of BMI
categories, were more strongly associated with OP
rather than TrP. Further adjustment for eGFR (Model
4) did not largely change these associations, although
the associations between BMI categories and OP were
more attenuated than TrP, and associations of both
ends of BMI categories with OP remained significant.
In the condition of Model 3, simultaneously, current
smoking and pharmacotherapies for hypertension and
diabetes were associated with TrP (OR [95% CIs], 1.29
[1.18-1.40], P   < 0.0001, 1.62 [1.42-1.84], P   < 0.0001,
and 1.26 [1.01-1.58], P   < 0.05, respectively) and OP
(past history of cardiovascular disease was associated
only with OP) (1.25 [1.14-1.38], P   < 0.0001, 2.09
[1.84-2.37], P   < 0.0001, 3.18 [2.70-3.75], P   < 0.0001,
www.nephropathol.com

and 1.47 [1.11-1.96], P = 0.008 for past history of
cardiovascular disease, respectively).
5. Discussion
Current study demonstrated similar results to our
previous study (5) regarding the associations between
BMI categories and OP. Additionally, current results
indicate that TrP was much more prevalent than OP,
except in obese individuals, in this general Japanese
population, and that both types of proteinuria were
significantly associated with high and low body weight.
Importantly, TrP was significantly associated with the
BMI category of 23.0–24.9 kg/m2, a category reflecting
high-normal body weight for Asian people (11), which
suggests that compared with OP, TrP may be a sensitive
marker for the effects of increased body weight, even
within the normal range, on the kidney. However, the
clinical relevance of TrP is still poorly understood,
especially compared with microalbuminuria defined
as an albumin/creatinine ratio of 30–300 mg/g.
Moreover, the relationship between TrP detected by
Journal of Nephropathology, Vol 7, No 2, April 2018
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Table 2. Odds ratios for TrP or OP according to BMI Category
BMI category (kg/m2)

≤ 18.9

19.0–20.9

21.0–22.9

23.0–24.9

25.0–26.9

≥ 27.0

Model 1

1.32 (1.13–1.53)†

1.13 (1.00–1.27)

1

1.16 (1.03–1.30)*

1.49 (1.31–1.69)‡

1.85 (1.64–2.08)‡

Model 2

1.29 (1.10–1.50)†

1.11 (0.98–1.26)

1

1.18 (1.05–1.33)†

1.51 (1.34–1.72)‡

1.84 (1.63–2.07)‡

Model 3

†

1.29 (1.10–1.50)

1.12 (0.99–1.27)

1

1.17 (1.04–1.32)

‡

1.48 (1.30–1.68)

1.76 (1.56–1.99)‡

Model 4 (total n = 31 281)

1.27 (1.01–1.61)†

1.17 (0.98–1.41)

1

1.10 (0.92–1.31)

1.40 (1.16–1.70)‡

1.62 (1.35–1.92)‡

Model 1

1.33 (1.14–1.54)†

1.12 (0.99–1.27)

1

1.16 (1.04–1.31)*

1.51 (1.33–1.71)‡

1.93 (1.72–2.18)‡

Model 2

†

1.30 (1.12–1.52)

1.11 (0.98–1.26)

1

1.18 (1.05–1.33)

‡

1.53 (1.35–1.74)

1.92 (1.71–2.16)‡

Model 3

1.30 (1.12–1.52)†

1.12 (0.99–1.27)

1

1.17 (1.04–1.32)†

1.49 (1.31–1.69)‡

1.83 (1.62–2.06)‡

Model 4 (total n = 30 209)

*

1.29 (1.02–1.64)

1.17 (0.98–1.41)

1

1.09 (0.92–1.31)

‡

1.40 (1.16–1.70)

1.68 (1.40–2.01)‡

Model 1

1.33 (1.11–1.59)†

0.87 (0.75–1.02)

1

1.18 (1.03–1.35)*

1.62 (1.40–1.87)‡

2.80 (2.46–3.18)‡

Model 2

1.47 (1.23–1.76)‡

0.92 (0.79–1.08)

1

1.12 (0.98–1.29)

1.52 (1.31–1.75)‡

2.74 (2.41–3.12)‡

Model 3a

1.49 (1.25–1.79)‡

0.94 (0.81–1.10)

1

1.09 (0.95–1.25)

1.37 (1.19–1.59)‡

2.29 (2.00–2.61)‡

Model 3b

1.58 (1.30–1.91)

1

1.06 (0.91–1.24)

1.16 (0.99–1.35)

‡

1.46 (1.24–1.72)

2.43 (2.09–2.83)‡

Model 4 (total n = 31 281)

1.35 (1.03–1.78)*

0.87 (0.69–1.09)

1

0.96 (0.79–1.17)

1.15 (0.93–1.43)

2.05 (1.70–2.47)‡

TrP (vs. non-proteinuria plus OP, n = 67 953)

†

TrP (vs. non-proteinuria, n = 65 722)
†

OP (vs. non-proteinuria plus TrP, n = 68 655)

‡

*P < 0.05, †P < 0.01, ‡P < 0.001
TrP and OP were defined as ± and ≥ +1, respectively, by dipstick urinalysis.
Model 1; unadjusted.
Model 2; adjusted for age, sex, and current smoking (vs. non-smoking).
Model 3; model 2 plus adjustment for medications (for hypertension, diabetes, and dyslipidemia), history of cardiovascular diseases, daily alcohol consumption (vs. infrequent/no alcohol consumption), and
regular exercise (≥ 30 min exercise per session > 2 times/week vs. less-frequent exercise): the reference BMI category was 21.0–22.9 kg/m2 in Model 3a and 19.0–20.9 kg/m2 in Model 3b.
Model 4: model 4 plus adjustment for eGFR.
Abbreviations: TrP, trace proteinuria; OP, overt proteinuria.
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dipstick urinalysis and microalbuminuria is equivocal,
although the prevalence of microalbuminuria was
high (approximately 60%–90%) in subjects with TrP
in urine samples (7,8). It is also unknown whether TrP
is sensitive to chronic kidney disease than plausible
low-molecular-weight biomarkers including urinary
β-trace protein and β2-microglobulin (12,13).
In general, proteinuria, which is often transient, may
be caused by a variety of factors, including drugs,
infection, exercise, and posture, as well chronic
cardiometabolic conditions (14). Therefore, clinicians
should take care when assessing the cause of TrP.
However, considering that OP might develop several
years after the detection of TrP, and macroalbuminuria
generally follows microalbuminuria (15), TrP may be
a useful surrogate marker for early kidney damage
associated with abnormal body weight and its
cardiometabolic effects because the measurement of
microalbuminuria and other urinary biomarkers for
kidney damage is cost- and time-consuming (3).
6. Conclusions
Current study suggests that TrP is also associated
with high and low body weight, seemingly like OP.
However, the degree and pattern of associations of
TrP with BMI may differ from those of OP. Further
in depth studies involving subjects with specific
pathophysiologic conditions, including diabetic and
hypertensive nephropathy, are needed to examine the
fundamental clinical relevance of TrP independently
of OP.
Limitations of the study
TrP was evaluated using only dipstick urinalysis
in this study. Simultaneous measurements of
microalbuminuria and other urinary biomarkers will
be needed to warrant the current results.
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