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Abstract

Background: The effect of isolated hematuria without proteinuria on kidney function decline, and the
modification by the severity of proteinuria in general population are not fully elucidated.

Methods: Participants were included in the Japan Specific Health Checkups Study between 2008 and 2014.
The exposure of interest was the frequency of dipstick hematuria during the observation. In each proteinuria
frequency category (non-, occasional, persistent), hematuria-related decline in the eGFR rate was examined
by analysis of covariance (ANCOVA). eGFR decline trajectories were also assessed using mixed-effects
models.

Results: Among the 552,951 participants, 146,753 (26.5%) had hematuria, and 56,021 (10.1%) and 8,061
(1.5%) had occasional and persistent proteinuria, respectively. During the median follow-up of 3.0 years,
annual change in eGFR decline in participants with hematuria was significantly faster than in those without
hematuria (mean [95% confidence interval]: —0.95 [-0.98 to —0.92] vs —0.86 [-0.87 to —0.84] mL/min/1.73
m2/year; P <0.001). In ANCOVA, the hematuria-related annual eGFR decline rate increased as proteinuria
frequency categories increased (differences in annual eGFR decline rate between participants with and
without hematuria: 0.08 [0.06 to 0.09] in participants with non-proteinuria category, 0.17 [0.15 to 0.18] in
occasional proteinuria category, and 0.68 [0.65 to 0.71] mL/min/1.73 m?%year in persistent proteinuria
category; P for interaction <0.001). Similar results were obtained by the linear mixed-effect model.
Conclusions: Proteinuria has a synergistic effect on dipstick hematuria-related decline in kidney function.
Among the general population without proteinuria throughout the observational period, the “isolated

hematuria”-related eGFR decline was statistically significant but the difference was small.
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Introduction

Urinalysis is a useful method for detecting kidney diseases at an early stage [[1, 2]]. Previous

observational studies have shown that abnormalities in urinalysis in the general population are associated

with poor kidney outcomes [[3-6]]. Among these abnormalities in urinalysis, including hematuria and

proteinuria, asymptomatic hematuria has generally been regarded as having little effect on kidney

prognosis. In particular, patients with hematuria but not proteinuria rarely show progression of chronic

kidney disease (CKD) [[4, 5, 7]]. In contrast, it is widely accepted that proteinuria is an independent risk

factor for deterioration of kidney function and is used as a marker of kidney prognosis in clinical settings

((311.

Current reports focus on the fact that hematuria has been indicated as a prognostic marker of

deteriorating kidney function [[5, 8-10]]. Especially in patients with immunoglobulin A (IgA)

nephropathy, microscopic hematuria was shown to be a significant risk factor for the progression of CKD

[[9, 10]], and remission of hematuria as well as proteinuria was associated with favorable kidney

outcomes [[11]]. However, some reports describe hematuria as associated with kidney disease

progression only in patients with persistent proteinuria but not in non-proteinuric patients [[8, 12]].

Therefore, the clinical implications of hematuria remain controversial, and the actual impact of

"isolated hematuria without proteinuria" on decline in kidney function is unknown. We speculate that

hematuria itself has minimal impact on decline in kidney function and that proteinuria is a potential



modifier of hematuria-related decline in kidney function.

The aim of this study was to elucidate the effect of proteinuria modification on hematuria-related

decline in eGFR and estimate the actual impact of isolated hematuria without proteinuria on kidney

function among large, general, population-based databases.

Materials and methods

Data sources and study participants

This longitudinal study was based on databases created for the Japan Specific Health Check and

Guidance System (J-SHC Study). The age range of all participants was 40 to 74 years. Participants

underwent an annual health checkup between 2008 and 2014. The details of the health checkup system

have been previously described[13]. The exclusion criteria included the following: 1) less than two

measurements of eGFR and/or urinalysis; 2) higher than 150 mL/min/1.73 m? of eGFR (overestimated

probably due to severe muscle mass loss); and 3) less than 9 months in observational periods.

Measurements and exposures

During the follow-up period (2008—-2014), visits to the annual medical check-up program were voluntary.

Each participant had a different visit frequency and interval. All participants completed a self-administered

questionnaire to document their medical history, current medications, smoking habits, and regular exercise



habits (more than 30 min at least 2 days a week or not). Blood pressure measurements and blood and urine

samples were collected at each participant’s local medical institute after overnight fasting for more than 10

h according to the health check program.

Dipstick hematuria and proteinuria were evaluated using the following five scales: (—), (%), (1+), (2+),

and (3+). The presence of hematuria was defined as (1+) or more than once during the observational period.

Proteinuria categories was divided into three groups according to the following frequencies: “Persistent

proteinuria”, (14+) or more was present persistently during the observational periods; “Occasional

proteinuria”, (1+) or more was present occasionally during the observational period; and “Non-proteinuria”.

QOutcomes

The outcome of this study was the annual eGFR decline rate that was determined using longitudinal

eGFR data over the observational period. The eGFR was calculated using the following equation: eGFR

(mL/min/1.73 m?) =194 xserum creatinine (mg/dL)"%* xage (years)®?” x0.739 (for females), as

previously described[14].

Statistical analysis

Baseline data are reported as medians with interquartile ranges for continuous variables and numbers

with percentages for categorical variables. Because of the large number of participants, standardized



mean difference (SMD) >0.2 was considered as a clinically relevant difference instead of a P value <0.05.

The annual change in eGFR decline estimated by the ordinary least squares method was used for analysis

of covariance (ANCOVA). Baseline data including age, sex, body mass index (BMI), current smoking

status, systolic blood pressure, eGFR, hemoglobin Alc (HbAlc), uric acid, antihypertensive drugs,

antidiabetic drugs, heart diseases, stroke, and kidney diseases were used as potential confounders to

adjust for the covariates in the ANCOVA. To examine the trend of the prevalence of hematuria among

proteinuria categories, we used the Cochran-Armitage test.

We also used an unadjusted restricted cubic spline curve (considering repeated measure data) and a

multivariate linear mixed effect model with a random intercept and random slope to estimate the eGFR

decline trajectories with age. As there was a large difference in the prevalence of hematuria by sex, we

performed stratified analyses by sex for the above-mentioned statistics.

All statistical analyses were performed using IBM SPSS version 25.0 (SPSS Institute, Tokyo, Japan)

and R software version 3.6.1 (R Foundation, Vienna, Austria).



Results

The baseline characteristics of this study

Among 933,490 participants from 27 districts, participants without multiple measurements for eGFR

and/or urinalysis, and those with eGFR >150 mL/min/1.73 m? and/or an observational period less than

0.75 years (9 months) were excluded, and the remaining 552,951 were included in this study (Figure 1).

Because annual eGFR decline rates among participants with an observational period of less than 9 months

were unreliably decreased compared with those among other participants, we excluded them from this

study (Figure S1). The mean [interquartile range] observation period was 3.0 [1.9 to 4.1] years. The

baseline characteristics stratified by hematuria and proteinuria categories are summarized in Tables 1 and

2, respectively. The mean [interquartile range] baseline eGFR was not different between participants with

hematuria (74.7 [63.9 to 84.7] mL/min/1.73 m?) and those without hematuria (74.7 [64.6 to 85.3]

mL/min/1.73 m?) (SMD = 0.035). Hematuria was associated with a higher proportion of female

participants and a higher frequency of proteinuria (Table 1). The overall prevalence of hematuria was

26.5% and was approximately two-fold higher in females (34.2%) than in males (15.9%). Despite the large

difference of prevalence of hematuria between male and female participants, an incremental trend in

prevalence of hematuria with increased proteinuria frequency was about two-fold higher in participants

with persistent proteinuria than in those without proteinuria; this result was similarly observed in both sexes

(Figure S2, P for interaction =0.603). No other differences were observed between the participants with



and without hematuria in either sex (Table S1). As shown in Table 2, higher proteinuria frequency was

associated with a higher proportion of males, higher BMI and blood pressure, more dyslipidemia, higher

HbAlc, lower eGFR, higher serum creatinine, higher uric acid, and more history of kidney diseases

(SMD >0.2).

Hematuria-related annual eGFR decline rate estimated by ANCOVA

First, we examined the effect of hematuria on the annual eGFR decline rate in the entire cohort. As

shown in Table 3, participants with hematuria showed a significantly faster decline in eGFR than those

without hematuria did. Even after full adjustment for clinically relevant factors (Model 3), this

association remained statistically significant. The mean (95% confidence interval: CI) annual eGFR

decline rate in participants with hematuria was —0.99 (=1.02 to —0.97) mL/min/1.73 m?/year and that in

participants without hematuria was —0.84 (=0.86 to —0.82) mL/min/1.73 m?/year; difference: 0.16 (0.12

to 0.19) mL/min/1.73 m?/year.

In ANCOVA model, the annual eGFR decline rate was greater in the hematuria group than in the non-

hematuria group for all proteinuria categories (Figure 2A). The mean (95% CI) annual eGFR decline

rates in participants with and without hematuria were —0.88 (—0.91 to —0.84) vs —0.80 (—0.82 to —0.78)

in participants with non-proteinuria category, —1.23 (—1.31 to —1.15) vs —1.06 (-1.12 to —1.00) in

occasional proteinuria category, and —3.29 (—3.49 to —3.10) vs —2.64 (-2.80 to —2.41) mL/min/1.73



m?/year in persistent proteinuria category. With more severe proteinuria categories, the difference in the

annual eGFR decline rates between the hematuria and non-hematuria groups gradually increased (Figure

2A). The differences in annual eGFR decline rate between participants with and without hematuria were

0.08 (0.06 to 0.09) in participants with non-proteinuria category, 0.17 (0.15 to 0.18) in occasional

proteinuria category, and 0.68 (0.65 to 0.71) mL/min/1.73 m?/year in persistent proteinuria category (£

for interaction <0.001). That means the participants with hematuria had 8.8 (7.6 to 10.0)%, 13.6 (13.1 to

13.9)% and, 20.2 (19.9 to 20.6)% faster annual eGFR decline rates as compared to those without

hematuria in non-proteinuria, occasional proteinuria, and persistent proteinuria category, respectively.

To examine sex difference in this effect, these associations were also examined in male and female

(Figure 2, B and C). This effect modification of proteinuria on the hematuria-related annual eGFR decline

rate was significant in male participants (P for interaction <0.001) but not in female participants (P for

interaction =0.43). Furthermore, to examine the effect of age, we performed a stratified analysis by age

(Figure 2D: younger age: <60 years and Figure 2E: older age: 60 years or older). The effect of proteinuria

on the hematuria-related annual eGFR decline rate in older participants (>60 years) was significantly

greater than those in younger participants (<60 years) (P for interaction =0.085).

eGFR decline trajectories with and without hematuria estimated by the mixed effect model

Considering repeat measure eGFR data, restricted cubic spline curve was used to estimate the
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unadjusted eGFR decline trajectories with aging between hematuria and non-hematuria groups (Figure

3). The trajectory of eGFR decline in the hematuria group was steeper than that in the non-hematuria

group. This difference was more obvious in males than in females (Figure 3, B and C, interaction P for

sex <0.001). As the proteinuria category became more severe, the eGFR decline trajectory became

steeper and the difference in the eGFR decline slope between the hematuria and non-hematuria groups

was incrementally increased (Figure 3, D-F, interaction P for proteinuria <0.001).

In the multivariate linear mixed effect model (random intercept and slope), the annual eGFR decline

rate in the hematuria group (mean + standard error [SE], —0.62 + 0.004 mL/min/1.73 m?*/year) was

significantly greater than that in the non-hematuria group (—0.57 + 0.002 mL/min/1.73 m?/year) (Figure

4A). The difference in annual eGFR decline rate between participants in the hematuria and non-hematuria

groups was 0.062 + 0.009 mL/min/1.73 m*year (P <0.001). In the stratified analyses by sex, male sex

revealed that the annual eGFR decline rate in the hematuria group (mean + SE —0.75 + 0.008

mL/min/1.73 m?%/year) was significantly greater than that in the non-hematuria group (—=0.61 + 0.003

mL/min/1.73 m?%/year) (Figure 4B, P <0.001). Similarly, female sex revealed that the annual eGFR

decline rate in the hematuria group (—0.57 + 0.004 mL/min/1.73 m?/year) was significantly greater than

that in the non-hematuria group (—0.53 + 0.003 mL/min/1.73 m?/year) (Figure 4C, P <0.001). However,

the difference in annual eGFR decline rate with and without hematuria in males (0.14 + 0.015

mL/min/1.73 m%/year) was significantly greater than that in females (0.05 + 0.01 mL/min/1.73 m?/year)
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(interaction P for sex =0.09). In terms of the annual eGFR decline rate in each proteinuria category, the

non-proteinuria category revealed that the annual eGFR decline rate in the hematuria group (—0.59 +

0.004 mL/min/1.73 m?/year) was significantly greater than that in the non-hematuria group (—0.55 +

0.002 mL/min/1.73 m?/year) (Figure 4D, P <0.001). In the occasional proteinuria category, the annual

eGFR decline rate in the hematuria group (—0.71 + 0.01 mL/min/1.73 m?/year) was significantly greater

than that in the non-hematuria group (—0.68 + 0.008 mL/min/1.73 m?*/year) (Figure 4E, P =0.03). In the

persistent proteinuria category, the annual eGFR decline rate in the hematuria group (—1.12 + 0.04

mL/min/1.73 m?/year) was significantly greater than that in the non-hematuria group (—0.99 + 0.03

mL/min/1.73 m?/year) (Figure 4F, P =0.01). Notably, the difference in annual eGFR decline rate with

and without hematuria increased as the proteinuria category became more severe (non-proteinuria; 0.04

+0.009, occasional proteinuria; 0.03 + 0.02, and persistent proteinuria; 0.12 + 0.09 mL/min/1.73 m?/year,

interaction P for proteinuria category <0.001). Figure 5 shows the multivariate linear mixed effect model

(random intercept and slope) in male and female. In male gender, non-proteinuria category revealed that

the annual eGFR decline rate in hematuria group (—0.68 + 0.008 mL/min/1.73 m?/year) was significantly

greater than that in non-hematuria group (—0.59 + 0.003 mL/min/1.73 m?%/year) (Figure 5A, P <0.001).

In occasional proteinuria category, the annual eGFR decline rate in hematuria group (—0.85 + 0.02

mL/min/1.73 m?/year) was significantly greater than that in non-hematuria group (—0.74 + 0.011

mL/min/1.73 m?/year) (Figure 5B, P <0.001). In persistent proteinuria category, the annual eGFR decline
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rate in hematuria group (—1.18 + 0.05 mL/min/1.73 m?/year) was significantly greater than that in non-

hematuria group (—1.01 + 0.04 mL/min/1.73 m?*/year) (Figure 5C, P =0.02). The difference in annual

eGFR decline rate with and without hematuria increased as the proteinuria category became more severe

(non-proteinuria; 0.09 + 0.02, occasional proteinuria; 0.11 + 0.04, and persistent proteinuria; 0.13 = 0.11

mL/min/1.73 m?/year, interaction P for proteinuria category <0.001). On the other hand, in female gender,

non-proteinuria category revealed that the annual eGFR decline rate in hematuria group (—0.56 + 0.005

mL/min/1.73 m?/year) was significantly greater than that in non-hematuria group (—0.52 + 0.004

mL/min/1.73 m?/year) (Figure 5D, P <0.001). In occasional proteinuria category, the difference in the

annual eGFR decline rate between hematuria group (—0.64 + 0.01 mL/min/1.73 m?/year) and non-

hematuria group (—0.63 + 0.01 mL/min/1.73 m?/year) were not statistically significant (Figure SE, P

=0.81). In persistent proteinuria category, the annual eGFR decline rate in hematuria group (—0.99 + 0.06

mL/min/1.73 m?/year) was greater than that in non-hematuria group (—0.87 + 0.06 mL/min/1.73 m?/year)

but the difference was not statistically significant (Figure 5F, P =0.29). The difference in annual eGFR

decline rate with and without hematuria in non-proteinuria, occasional proteinuria, and persistent

proteinuria group were 0.04 + 0.011, 0.005 + 0.038, and 0.09 + 0.16 mL/min/1.73 m?/year, respectively

(interaction P for proteinuria category =0.31). This synergistic effect of proteinuria on hematuria-related

annual eGFR decline in male was greater than that in females (interaction P for gender =0.087).
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Discussion

The present study aimed to determine the actual impact of “isolated hematuria itself” on kidney function.

To the best of our knowledge, this is the first report describing the synergistic effect of proteinuria on

hematuria-related eGFR decline. Among participants without proteinuria, the effect of hematuria on

kidney dysfunction was statistically significant (the difference in eGFR decline slope estimated by

ANCOVA: mean 0.077, 95% CI [0.025-0.118] mL/min/1.73 m?/year, and that by a linear mixed-effect

model: mean + standard error, 0.062 + 0.004 mL/min/1.73 m?/year, P <0.001) but the difference was

small. In this study, the cause of hematuria and proteinuria includes several diseases such as primary

glomerulonephritis, thin basement membrane disease, ADPKD, and non-glomerular diseases (kidney

stone, cystitis). Therefor the impact of hematuria on kidney function would be different among the cause

of primary diseases. Although the mechanism of synergistic effect of proteinuria and hematuria on kidney

function is not uncertain, the presence of both proteinuria and hematuria concurrently suggests a more

significant kidney pathology and may indicate more severe kidney damage. The combination of these

two findings can be seen in conditions such as glomerulonephritis, vasculitis, and lupus nephritis. These

conditions typically involve inflammation and damage to the glomeruli. Notably, there was a large

difference in the prevalence of hematuria between males (15.9%) and females (34.2%), implying that the

positivity of dipstick hematuria in this study included hematuria of non-glomerular origin, such as

hematuria of gynecological origin. Previous reports described that the prevalence of hematuria in females
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was about two- to three-fold higher than that in males [[3, 5, 6]]. Iseki et al. reported that the prevalence

of hematuria was 3.48% in males and 12.3% in females. Similarly, Kim et al. and Chadban et al. reported

rates of 3.9% and 2.0% in males and 9.7% and 7.2% in females, respectively. These results are consistent

with our results (Figure S2). The potential causes of hematuria vary by sex: prostatic disorders in males

[[15, 16]] and menstruation, ovarian, and uterine disorders in females [[17-20]]. Indeed, we examined

the prevalence of hematuria by age group in males and females (Figure S3). Interestingly, the prevalence

of hematuria gradually increased with increasing age in males but remained unchanged across age in

females. These results suggest that the increased prevalence of hematuria in elderly male participants is

associated with prostatic disorders and that menstruation has little effect on hematuria prevalence in

younger female participants. Because of the large difference in the prevalence of hematuria by sex, we

also examined the effect of hematuria on kidney dysfunction (Figure 5). As expected, the association

between hematuria and kidney dysfunction was stronger in males than in females, suggesting that a

higher prevalence of hematuria in females would include non-glomerular origin as compared with males.

However, the impact of isolated hematuria without proteinuria on kidney dysfunction was still very small

even in male participants (difference in annual eGFR decline rate between hematuria and non-hematuria

among participants without proteinuria: mean + SE 0.093 + 0.009 mL/min/1.73 m?/year).

Previous studies have shown that isolated microscopic hematuria at baseline (at the start of

observation) was associated with poor kidney outcomes [[4, 21, 3, 5, 7, 22]]. Some of these studies
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reported that proteinuria accelerated hematuria-related kidney dysfunction [[4, 3, 5]]. Notably,

proteinuria and hematuria also reported to have a synergistic effect on mortality [[23, 24]]. These results

are consistent with our results. However, these studies did not account for proteinuria during follow-up

periods, because some patients with isolated microscopic hematuria eventually become proteinuric

during follow-up. Therefore, these studies did not accurately assess the impact of “isolated hematuria

without proteinuria” on kidney dysfunction. Using time-varying exposure to urinalysis abnormalities

during the follow-up, this study revealed the actual impact of isolated hematuria without proteinuria and

the synergistic effect of proteinuria on hematuria-related progression of CKD.

This study had several limitations. First, the positivity of dipstick hematuria is not completely

consistent with microscopic hematuria, in which red blood cells (RBC) in urine are confirmed by light

microscopy (generally urinary RBC >5/high power field). Because the dipstick urine test detects the

reaction between hemoglobin and peroxidase activity [[25]], various factors (antioxidants, bacteremia,

pH, etc.) can result in a false-positive or negative in this test [[26-28]]. We also have no data on urine

specific gravity in this cohort. Therefore, it was not possible to evaluate dipstick hematuria accurately

taking urine specific gravity into consideration.. Second, participants with hematuria in this study

included those with non-glomerular origin hematuria, especially in females. A two-fold higher

prevalence of hematuria was observed in female participants as compared with male participants. This

finding can be explained by the association between hematuria and kidney dysfunction in females that
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was weaker than that in males. Third, different from other previous studies consisting of chronic

glomerulonephritis (i.e. IgA nephropathy) [[8, 11]], this study is based on the general population

including glomerular and non-glomerular disease other than chronic glomerulonephritis (i.e.

hypertensive nephrosclerosis, diabetic kidney disease, and hematuria from non-glomerular diseases).

Recently, the significance of remission of hematuria in the treatment of glomerulonephritis, especially

IgA nephropathy, has been discussed, but the results of this study do not provide an answer to this

question. This study focused on the significance of urinary occult blood on kidney function among the

general population.

In conclusion, proteinuria has a synergistic effect on hematuria-related decline in kidney function.

Among the general population, the effect of isolated hematuria without proteinuria on the decline in

kidney function was statistically significant but the difference was small.
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Tables

Table 1. Baseline characteristic stratified by a hematuria category.

Number of subjects
Male, n (%)
Age, years
BMI, kg/m?
Observational periods, years
Systolic blood pressure, mmHg
Diastolic blood pressure, mmHg
Laboratory data
Triglyceride, mg/dL
HDL cholesterol, mg/dL
LDL cholesterol, mg/dL
HbAlc, %
Serum creatinine, mg/dL
eGFR, mL/min/1.73m?
Uric acid, mg/dL
Proteinuria, n (%)
Non-proteinuria
Occasional proteinuria
Persistent proteinuria
Lifestyle
Smoking, n (%)
Exercise, n (%)*
Medication
Anti-diabetic drugs, n (%)
Anti-hypertensive drugs, n (%)
Lipid-lowering drugs, n (%)
Past history
Stroke, n (%)*
Heart diseases, n (%)*

Kidney diseases, n (%)*

Non-hematuria
406,198
195,370 (48.1)
64 (59-68)
23.1(21.1-25.2)
3.0(1.94.1)
128 (118-140)
77 (70-84)

102 (74-147)
60 (50-71)
124 (105-145)
5.2 (5.0-5.5)
0.70 (0.60—0.80)
74.7 (64.6-85.3)
5.2 (43-6.2)

366,824 (90.3)
34,684 (8.5)
4,690 (1.2)

63,318 (15.9)
137,326 (41.6)

22,306 (5.6)
114,699 (28.7)
58,848 (14.7)

13,290 (3.6)
21,220 (5.8)
2,033 (0.6)

Hematuria
146,753
37,043 (25.2)
65 (60-68)
22.5(20.6-24.7)
3.3(2.043)
128 (117-140)
76 (69-82)

98 (71-138)
62 (52-73)
126 (106-147)
5.2 (5.0-5.5)
0.70 (0.60—0.80)
74.7 (63.9-84.7)
4.8 (4.1-5.7)

122,045 (83.2)
21,337 (14.5)
3,371 (2.3)

19,617 (13.6)
48,499 (39.2)

4,984 (3.4)
38,602 (26.7)
23,115 (15.9)

4,146 (3.1)
7,499 (5.6)
1,058 (0.8)

SMD

0.488
0.091
0.148
0.191
0.033
0.099

0.097
0.119
0.048
0.133
0.164
0.035
0.217

0.212

0.066
0.050

0.104
0.046
0.034

0.031
0.010
0.028

Missing, n
0
0
0
5,637

2,450
2,527

49

19

56
12,548

14,588

10,138
99,452

8,829
8,921
8,543

51,887
51,727
50,838

Data are shown as median (interquartile range) or number (percentage) as appropriate.

Significant differences were evaluated by the standardized mean differences (SMD).
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BMI, body mass index; HDL, high-density lipoprotein; LDL, low-density lipoprotein; HbAlc, hemoglobin
Alc; eGFR, estimated glomerular filtration rate.

*self-reported habit of exercise, history of stroke, heart diseases and kidney diseases.
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Table 2. Baseline characteristic stratified by a proteinuria category.

Number of subjects
Male, n (%)
Age, years
BMI, kg/m?
Observational periods, years
Systolic blood pressure, mmHg
Diastolic blood pressure, mmHg
Laboratory data
Triglyceride, mg/dL
HDL cholesterol, mg/dL
LDL cholesterol, mg/dL
HbAlc, %
Serum creatinine, mg/dL
eGFR, mL/min/1.73m?
Uric acid, mg/dL
Hematuria, n (%)
Lifestyle
Smoking, n (%)
Exercise, n (%)*
Medication
Anti-diabetic drugs, n (%)
Anti-hypertensive drugs, n (%)
Lipid-lowering drugs, n (%)
Past history
Stroke, n (%)*
Heart diseases, n (%)*

Kidney diseases, n (%)*

Non-
proteinuria
488,869
196,594 (40.2)
64 (59-68)
22.8 (20.9-24.9)
3.0(1.94.1)
128 (116-139)
76 (70-82)

100 (72-142)
61 (51-72)
125 (105-146)
5.2 (5.0-5.5)
0.70 (0.60-0.80)
74.7 (64.7-85.3)
5.0 (4.2-6.0)
122,045 (25.0)

69,968 (14.6)
164,089 (40.9)

20,386 (4.2)
126,082 (26.2)
70,195 (14.6)

14,423 (3.3)
24,016 (5.4)
2,106 (0.5)

Occasional
proteinuria
56,021
30,297 (54.1)
65 (60-69)
23.8 (21.6-26.1)
3.5(2.14.3)
132 (120-144)
80 (70-86)

111 (79-162)
57 (48-69)
124 (103-145)
5.3 (5.0-5.7)
0.70 (0.60-0.90)
74.1 (63.4-85.0)
5.4 (4.4-6.4)
21,337 (38.1)

11,019 (20.0)
19,087 (41.6)

5,104 (9.3)
22,392 (40.6)
9,733 (17.7)

2,394 (4.7)
3,917 (1.7)
572 (1.1)

Persistent
proteinuria
8,061
5,522 (68.5)
66 (61-70)
24.9 (22.6-27.4)
2.1(1.1-3.3)
138 (127-150)
80 (72-88)

132 (93-194)
53 (45-64)
124 (103-146)
5.5(5.1-6.3)
0.90 (0.70—1.10)
64.2 (51.2-75.8)
6.1 (5.1-7.1)
3,371 (41.8)

1,948 (24.4)
2,649 (41.0)

1,800 (22.5)
4,827 (60.4)
2,035 (25.4)

619 (8.4)
786 (10.7)
413 (5.6)

SMD

0.391
0.185
0.398
0.453
0.394
0.258

0.278
0.277
0.028
0.414
0.407
0.426
0.451
0.242

0.166
0.010

0.375
0.482
0.182

0.149
0.130
0.209

Missing, n

5,637

2,450
2,527

49

19

56
12,548

14,588

10,138
99,452

8,829
8,921
8,543

51,887
51,727
50,838

Data are shown as median (interquartile range) or number (percentage) as appropriate.

Significant differences were evaluated by the standardized mean differences (SMD).

BMI, body mass index; HDL, high-density lipoprotein; LDL, low-density lipoprotein; HbA1c, hemoglobin

Alc; eGFR, estimated glomerular filtration rate.

*self-reported habit of exercise, history of stroke, heart diseases and kidney diseases.
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Table 3. The association between baseline hematuria and annual decline rate in eGFR by regression

analyses in entire cohort

Mean annual eGFR decline rate, mL/min/1.73 m?/year (95% CI)

Non-hematuria

Hematuria

Difference

Crude

—0.81 (—0.83 to —0.80)

—0.90 (—0.93 to —0.87)

0.09 (0.05 to 0.12)

Model 1

—0.81 (—0.83 to —0.80)

—0.91 (—0.94 to —0.88)

0.10 (0.06 to 0.13)

Model 2

—0.85 (—0.87 to —0.83)

—0.93 (—0.96 to —0.90)

0.08 (0.04 to 0.11)

Model 3

—0.84 (—0.86 to —0.82)

~0.99 (—1.02 t0 —0.97)

0.16 (0.12 t0 0.19)

Model 1 adjustments: sex and age

Model 2 adjustments: Model 1 plus BMI, systolic blood pressure, anti-hypertensive drugs, anti-diabetic

drugs, history of stroke, heart diseases and kidney diseases, and current smoking status.

Model 3 adjustments: Model 2 plus eGFR, HbAlc and uric acid levels

eGFR, estimated glomerular filtration rate; CI, confidence interval; BMI, body mass index; HbAlc,

hemoglobin Alc.
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Figure Legends

Fig 1. Flowchart of study participants.

eGFR, estimated glomerular filtration rate.

Fig 2. Annual eGFR decline rate stratified with hematuria and proteinuria categories (two-way ANCOVA).
The annual change in eGFR decline estimated by the ordinary least squares method was used for two-way
ANCOVA (proteinuria and hematuria categories). Baseline data, including age, sex, BMI, current smoking
status, systolic blood pressure, eGFR, HbA lc, uric acid, antihypertensive drugs, antidiabetic drugs, and
history of stroke, heart diseases and kidney diseases were used as potential confounders to adjust for
covariates in the ANCOVA.

BMI, body mass index; HbAlc, hemoglobin Alc; eGFR, estimated glomerular filtration rate; ANCOVA,

analysis of covariance.

Fig 3. The eGFR trajectory with age estimated by Restricted Cubic Spline curve.
Considering the repeat measured eGFR data for each participant, the eGFR trajectory with age was
estimated using a restricted cubic spine curve, without adjustment for covariates.

eGFR, estimated glomerular filtration rate.

Fig 4. The eGFR trajectory with age estimated by a multivariate linear mixed effect model.

The eGFR trajectory with age was estimated using a multivariate linear mixed effect model with a random
intercept and random slope. The Akaike information criterion was the lowest when both the random
intercept and random slope were used in the mixed-effects model. Sex, BMI, current smoking status,
systolic blood pressure, eGFR, proteinuria, HbAlc, uric acid, antihypertensive drugs, antidiabetic drugs,
and history of stroke, heart diseases and kidney diseases were used to adjust for potential confounders.

BMI, body mass index; HbA1c, hemoglobin Alc; eGFR, estimated glomerular filtration rate.

Fig 5. The eGFR trajectory with age estimated by a multivariate linear mixed effect model in male and
female.

After stratified by sex, the eGFR trajectory with age was estimated using a multivariate linear mixed effect
model with a random intercept and random slope. BMI, current smoking status, systolic blood pressure,
eGFR, proteinuria, HbAlc, uric acid, antihypertensive drugs, antidiabetic drugs, and history of stroke,
heart diseases and kidney diseases were used to adjust for potential confounders.

BMI, body mass index; HbA Ic, hemoglobin Alc; eGFR, estimated glomerular filtration rate.
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