Journal of Nephrology (2021) 34:1179-1188
https://doi.org/10.1007/540620-020-00848-4

ORIGINAL ARTICLE q

Check for
updates

Clinical significance of single and persistent elevation of serum
high-sensitivity C-reactive protein levels for prediction of kidney
outcomes in patients with impaired fasting glucose or diabetes
mellitus

Lili Liu"%3# . Bixia Gao"*3*. Jinwei Wang"?>** . Chao Yang'?3*. Shouling Wu’ - Yuntao Wu’ - Shuohua Chen® -
Qiuyun Li’ - Huifen Zhang® - Guodong Wang® - Min Chen'?>3# . Ming-hui Zhao>3#? . Luxia Zhang'-*3*10

Received: 21 November 2019 / Accepted: 18 August 2020 / Published online: 3 September 2020
© Italian Society of Nephrology 2020

Abstract

Background The association between high-sensitivity C-reactive protein (hs-CRP) and chronic kidney disease remains
controversial and long-term longitudinal studies are limited. We aim to investigate the impact of single and persistent eleva-
tion of hs-CRP on kidney outcomes.

Methods Our study was based on a subgroup of patients with hyperglycemia from the Kailuan cohort. Patients were divided
into three groups according to two consecutive hs-CRP levels: (1) no elevation (twice hs-CRP <3 mg/L); (2) single eleva-
tion (once hs-CRP >3 mg/L); (3) persistent elevation (twice hs-CRP >3 mg/L). Kidney outcomes include kidney function
decline (glomerular filtration rate [GFR] decline > 30% within two years or doubling of serum c reatinine or development
of end stage kidney disease [ESKD]), development and progression of proteinuria.

Results Regarding the outcomes of kidney function decline, development and progression of proteinuria, we included 18,665,
11,754 and 1710 patients into analyses, respectively. After 5 years of follow-up, the number of incident cases of kidney
function decline, development and progression of proteinuria were 1891, 1337 and 171, respectively. Compared to patients
with no elevation of hs-CRP levels, those with persistent but not single elevation of hs-CRP were at higher risk of kidney
function decline (hazard ratio [HR] 1.42, 95% confidence interval [CI] 1.23—1.64) and development of proteinuria (1.49,
1.26-1.76), but not progression of proteinuria. The results were consistent with propensity score analysis.

Conclusion Persistent but not single elevation of hs-CRP was independently associated with increased risk of kidney function
decline, and development of proteinuria but not progression in patients with impaired fasting glucose or diabetes.

Electronic supplementary material The online version of this
article (https://doi.org/10.1007/s40620-020-00848-4) contains
supplementary material, which is available to authorized users.
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Graphic abstract

Clinical significance of single and persistent elevation of serum high-sensitivity C-reactive

protein levels for prediction of kidney outcomes in patients with impaired fasting glucose or

diabetes mellitus.
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Introduction

Chronic kidney disease (CKD) is an increasing public
health issue with a prevalence of 8-16% worldwide [1].
The majority of patients with CKD are at risk of accel-
erated cardiovascular disease and death. For those who
progress to end-stage kidney disease (ESKD), the limited
accessibility to kidney replacement therapy is a problem
in many parts of the world [2]. Thus, it is important to
identify potential eliciting factors of the development and
progression of CKD.

High-sensitivity C-reactive protein (hs-CRP), an acute-
phase protein of systemic inflammatory response, is a
potent risk indicator of cardiovascular disease [3]. How-
ever, the association between hs-CRP and progression of
CKD remains controversial and the long-term longitudi-
nal studies are limited. It is worth noting that a study has
found an association between hs-CRP and development of
proteinuria rather than progression in patients with type 2
diabetes [4]. The possible reason may be a short follow-
up period of only 1 year. Furthermore, some studies have
reported the association between hs-CRP and develop-
ment or progression of CKD in diabetic or non-diabetic
patients [5-7], while certain studies reached opposite
conclusions [4, 8—10]. However, previous studies used a
single measurement of serum hs-CRP level, which may not
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appropriately reflect chronic inflammatory state because
hs-CRP levels show extreme fluctuations over time [11].

Nowadays, diabetes has become the leading cause of
CKD [12], even people with prediabetes are at high risk
for development or progression of CKD [13]. Therefore,
we aim to investigate the clinical significance of single and
persistent elevation of serum hs-CRP levels for prediction of
kidney outcomes including kidney function decline, devel-
opment and progression of proteinuria in a large longitudinal
cohort among patients with impaired fasting glucose (IFG)
or diabetes.

Materials and methods
Study population

Our study was based on a subgroup of patients with IFG
or diabetes from the Kailuan cohort. Detailed information
of the Kailuan cohort have been described elsewhere [14].
Briefly, from June 2006 through October 2007, 101,510
employees (81,110 (80%) men) aged > 18 years including
the retired in the Kailuan Group participated in a biennial
health examination which was conducted in Kailuan General
Hospital and its ten affiliated hospitals.

IFG was defined as fasting blood glucose (FBG) between
100 mg/dL (5.6 mmol/L) and 125 mg/dL (6.9 mmol/L)
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according to American Diabetes Association (ADA) cri-

terion [15], without self-reported

taking hypoglycemic agents. Diabetes was defined as
FBG > 126 mg/dL (7.0 mmol/L), and/or self-reported his-
tory of diabetes, and/or taking hypoglycemic agents. Data
of 30,016 individuals with IFG or diabetes were available.
The detailed flow chart of the study population is shown in

Fig. 1.

The protocol was approved by the Ethics Committee of
Kailuan General Hospital in accordance with the Declara-

height, weight, waist circumference (WC), and blood pres-

history of diabetes and  sure (BP) were collected according to a standard protocol

[16]. Body mass index (BMI) was calculated as weight in
kilograms divided by the square of height in meters. BP
was measured using a standardized mercury sphygmoma-
nometer. Systolic BP and diastolic BP were taken at a 5-min
interval for two times after participants had been sitting for

at least 5 min. The average of the two readings was used for

tion of Helsinki and written informed consent was obtained  of the three readings was used.

Serum samples were collected in the morning after an
overnight fast and serum creatinine, FBG, lipid profile
(including total cholesterol, triglycerides, low-density lipo-
protein cholesterol, and high-density lipoprotein cholesterol)

from each participant.

Data collection

All individuals completed a questionnaire documenting their
socio-demographic status (e.g., age,
nomic status), health history (e.g.,
and cardiovascular disease), and lifestyle habits (smoking
status, alcohol consumption, and physical activity). During
the in-person visits, anthropometric measurements including

analysis. If the two measurements differed by >5 mmHg,
then the third measurement was conducted and the average

were tested using a Hitachi 7600 auto-analyzer (Hitachi;

sex, education and eco-  Tokyo, Japan). Estimated glomerular filtration rate (¢GFR)
hypertension, diabetes ~ was calculated using the two-race CKD Epidemiological

[ Patients with IFG or diabetes in 2006, n=30,016 }

SR

Collaboration equation [17]. A single mid-stream morning
urine sample was collected from each participant. Urine pro-
tein concentration was assessed by dry chemistry method
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Fig. 1 Flow chart of the study population
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with the test assay of H12-MA (Changchun Dirui Medical
Technology Co., Ltd. Changchun, China). All the urine sam-
ples were measured using a urine analyzer (N-600, Dirui,
Changchun, China) at the central laboratory of the Kailuan
Hospital. The levels of the semi-quantitative dipstick test
were recorded as negative, trace, 1 +, 2+, or 3 +. We further
defined micro-proteinuria as urine dipstick reading trace or
1+ and overt-proteinuria as urine dipstick reading > 2+ [18].

Measurement of hs-CRP and definition of exposure

Hs-CRP was measured by an immunoturbidimetry assay
(Kanto Chemical Co Inc, Tokyo, Japan), with a lower limit
of detection of 0.1 mg/L. Patients were divided into three
groups according to two consecutive hs-CRP levels in 2006
and 2008. Group 1: no elevation of hs-CRP levels; group
2: single elevation of hs-CRP levels; group 3: persistent
elevation of hs-CRP levels. In our study, we defined hs-
CRP >3 mg/L as an elevated level of hs-CRP, which is a
common cut-off for identifying high-risk groups [19].

Kidney outcomes

Our study included three kidney outcomes: (1) kidney func-
tion decline, defined as eGFR decline > 30% within two
years or doubling of serum creatinine or development of
ESKD [20]; (2) development of proteinuria, defined as the
transition from normal-proteinuria to micro-proteinuria or
overt-proteinuria; (3) progression of proteinuria, defined as
the transition from micro-proteinuria to overt-proteinuria.

Other potential covariates

BMI was classified as underweight (< 18.5 kg/m?), nor-
mal (18.5-23.9 kg/m?), overweight (24.0-27.9 kg/m?)
and obesity (>28 kg/m?). Central obesity was defined as
WC >90 cm for men and > 80 cm for women. Hypertension
was defined as average systolic BP > 140 mmHg and/or dias-
tolic BP>90 mmHg, or self-reported history of hyperten-
sion, or use of antihypertensive medication. Dyslipidemia
was defined by the presence of at least one of the following:
serum total cholesterol level >200 mg/dL (5.2 mmol/L),
triglycerides > 150 mg/dL (1.7 mmol/L), low density lipo-
protein cholesterol > 130 mg/dL (3.4 mmol/L), high den-
sity lipoprotein cholesterol <40 mg/dL (1.0 mmol/L), or use
of lipid-lowering drugs [21]. Hyperuricemia was defined
as serum uric acid concentration greater than 420 pmol/L
in males and 360 pmol/L in females. “Inactive” physical
activity was defined as “no physical activity” or “occasional
(once or twice a week)”, and “active” physical activity was
defined as “frequent (more than three times a week and each
time lasting more than 30 min)”. Current smokers were
defined as regular when smoking at least one cigarette a day
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in the past 12 months; and current drinkers were identified
by average wine consumption of 100 mL or more a day for
more than a year.

Statistical analysis

The baseline characteristics were described and com-
pared among different groups. Continuous variables were
expressed as mean+ SD when normally distributed, or
median (interquartile range) when skewed distributed. Cat-
egorical variables were presented as number (percentage).
Baseline characteristics of all participants were compared
using the analysis of variance or Kruskal-Wallis test for con-
tinuous variables depending on data distribution and the X2
test for categorical variables. Incidence rates were expressed
as per 100,000 person-years. The time to event was calcu-
lated from visit time in 2008 until a record of kidney out-
come, or was censored because the follow-up was lost or the
end of visit in 2015, whichever came first.

Before the Cox regression analysis, we conducted a
series of scatterplots (Supplementary Figs. 1-7) to assess
the association between hs-CRP and eGFR or proteinuria at
baseline or endpoint, between FBG and eGFR or proteinu-
ria at endpoint or hs-CRP, as well as multiple correlation
analysis with stepwise regression (SLE and SLS=0.15). To
examine the association between single and persistent eleva-
tion of hs-CRP levels and the risk of kidney outcomes, Cox
regression models were used to estimate hazard ratios (HRs)
with 95% confidence intervals (CIs). In all three outcomes,
model 1 was adjusted for age and sex. Model 2 was further
adjusted for BMI (underweight vs. normal vs. overweight
vs. obesity), central obesity (yes vs. no), FBG (continu-
ous), leukocyte count (continuous), platelet count (continu-
ous), dyslipidemia (yes vs. no), hypertension (yes vs. no),
hypotensive agents (yes vs. no), hyperuricemia (yes vs. no),
smoking (current yes vs. no), drinking (current yes vs. no),
physical activity (active vs. inactive), and baseline eGFR
(continuous) as potential confounders. In addition, we also
adjusted for proteinuria (yes vs. no) in model 2 regarding the
outcome of kidney function decline. We further conducted
a subgroup analysis according to IFG or diabetes, as well
as a sensitivity analysis by removing patients with urinary
leukocyte > 1+ (N =404) to exclude infections of the urinary
tract, which were adjusted for the same potential confound-
ers in model 2. Proportional Hazards assumption was tested
by Schoenfeld residuals and it was held for all the variables
in Cox models (P> 0.05).

Given the non-randomized nature of these data
(Table 1), we conducted an inverse probability of treat-
ment weighted (IPTW) propensity score analysis to obtain
optimal balance across groups by using population average
treatment effects and generalized boosted models. Details
on the methodology of propensity score weighting with



Journal of Nephrology (2021) 34:1179-1188

1183

Table 1 Baseline characteristics of patients as a whole and stratified as different hs-CRP groups as well as comparability of balance before and
after propensity score weighting

Characteristics Total (n=18,757) No elevation of hs-  Single elevation Persistent elevation of P Max ASMD
CRP (n=11,333) of hs-CRP hs-CRP (n=2320)
(n=5104) Before  After

Age, years 51.5+10.7 512+104 52.2+10.8 56.9+10.3 <0.001 0.62 0.04
Male 15,564 (83.0) 9693 (85.5) 4169 (81.7) 1702 (73.4) <0.001 0.32 0.02
BMI categories

Underweight 148 (0.8) 87 (0.8) 40 (0.8) 21 (0.9) <0.001 0.02 0.02

Normal 5304 (28.3) 3517 (31.0) 1288 (25.2) 499 (21.5) 0.21 0.04

Overweight 8628 (46.0) 5284 (46.6) 2321 (45.5) 1023 (44.1) 0.05 0.01

Obesity 4677 (24.9) 2445 (21.6) 1455 (28.5) 777 (33.5) 0.28 0.05
Central obesity 9767 (52.1) 5175 (45.7) 2849 (55.8) 1743 (75.1) <0.001 0.37 0.01
FBG, mmol/L 6.2 (5.8,7.1) 6.1(5.8,7.9) 6.2 (5.8,7.2) 6.4(5.9,7.8) <0.001 0.28 0.01
Dyslipidemia 12,659 (67.5) 7426 (65.5) 3521 (69.0) 1712 (73.8) <0.001 0.18 0.05
Hyperuricemia 1420 (7.6) 749 (6.6) 442 (8.7) 229 (9.9) <0.001 0.12 0.04
eGFR, ml/min/1.73 m? 83.6+20.6 84.4+19.9 81.9+20.4 82.8+19.9 <0.001 0.10 0.02
Current smoker 6966 (37.8) 4638 (41.0) 1771 (35.1) 557 (26.9) <0.001 0.22 0.02
Current drinker 7898 (42.9) 5345 (47.3) 1965 (38.9) 588 (28.5) <0.001 0.44 0.03
Physical exercise 3229 (17.6) 2026 (17.9) 873 (17.3) 330 (16.1) 0.127 0.10 0.01
Hypertension 9598 (51.2) 5430 (47.9) 2696 (52.8) 1472 (63.5) <0.001 0.40 0.01
Hypotensive drugs 2730 (30.4) 1524 (29.4) 794 (31.3) 412 (32.6) 0.04 0.12 0.01
Leukocyte count, 10%L 6.5 (5.6, 7.6) 6.5 (5.6,7.5) 6.5(5.7,7.7) 6.7 (5.7, 8.1) <0.001 0.26 0.01

Platelet count, 10%/L 201 (172, 234) 201 (175, 235)

201 (171, 235)

194 (164, 229) <0.001 0.25 0.01

Data are given as mean+SD, median (IQR) or absolute number n (percentage); P values for differences between different hs-CRP groups were
obtained using the analysis of variance for normal distribution data, Kruskal-Wallis rank test for skewed distribution data, and using the Xz test

for categorical variables

ASMD absolute standardized mean difference before and after inverse probability of treatment weighting

more than two treatment groups are described by McCaf-
frey et al. [22]. Weights were estimated using the twang
package in R. The underlying propensity models included
18 pretreatment covariates in Table 1, including demo-
graphics and factors relating to kidney outcomes. To
describe the comparability of the three groups after pro-
pensity score weighting, covariate balance among groups
was estimated by using the max absolute standardized
mean difference (ASMD). ASMD <0.10 is considered
as good balance across groups. Weighted Cox regression
models were used to estimate the impact of single or per-
sistent elevation of hs-CRP levels on kidney outcomes.
Regarding the outcomes of kidney function, we used dou-
bly robust models of combining propensity score weights
and baseline proteinuria.

All statistical analyses were performed with SAS Sys-
tem version 9.4 (SAS Institute; Cary, NC, USA) except
for propensity score weighting and non-linear fitting
which were performed with Stata version 14 (StataCorp)
and R version 3.6.3 (R Foundation for Statistical Com-
puting). P value < 0.05 was considered to be of statistical
significance.

Results

Comparability of groups before and after propensity
score weighting

As shown in Fig. 1, there were 18,757 eligible patients initially.
Mean age was 51.5+10.7 years, and 83.0% (N=15,564) were
male. Before propensity score weighting, patients with ele-
vated hs-CRP levels tended to be of older age, to include more
females, and to have higher levels of FBG, a higher proportion
of obesity, dyslipidemia, hyperuricemia and hypertension, and
a lower proportion of smoking, drinking and frequent physical
activity (Table 1). However, propensity score weighting suc-
cessfully balanced groups with regard to all baseline covariates
included in the propensity score model, as shown in Table 1
(all ASMD <0.10).

Incidence rates of kidney outcomes
Regarding the outcome of kidney function decline, we

included 18,665 patients (51.5+ 10.7 years, 15,483 males)
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in the analysis after further excluding 92 patients without
measurement of eGFR at baseline or during follow-up. Mean
follow-up time was 5.3 + 1.6 years with a total of 98,323 per-
son-years of follow-up. During the follow-up, we observed
1891 (10.1%) cases of kidney function decline (incidence
ratio: 1923/100,000 person-years).

Regarding the development of proteinuria, we included
11,754 patients without proteinuria (51.7 + 10.2 years, 9592
male) at baseline in the analysis. Mean follow-up time was
5.2+ 1.5 years with a total of 60,946 person-years of follow-
up. During the follow-up, we observed 1337 (11.4%) cases
who developed proteinuria (incidence ratio: 2194/100,000
person-years).

Regarding the progression of proteinuria, we included
1710 patients with micro-proteinuria at baseline
(52.3+11.1 years, 1475 males) into the analysis. Mean fol-
low-up time was 5.0 + 1.6 years with a total of 8614 person-
years of follow-up. During the follow-up, we observed 171
(10.0%) cases with progression of proteinuria (incidence
ratio: 1985/100,000 person-years).

In addition, the incidence rates of kidney outcomes
according to different groups of hs-CRP are shown in
Table 2.

Scatterplots and multiple correlation analysis

The scatterplots and the fitted lines (linear or non-linear)
are shown in Supplementary Figs. 1-7. The linear relation-
ship between FBG and hs-CRP seems to be valid only for
hs-CRP levels above 20 mg/L as shown in Supplementary
Fig. 7a, so we focused on the hs-CRP levels below 20 mg/L
and reran the linear relation between them (Supplementary
Fig. 7b), the correlation coefficient still implicated a weak
positive correlation (r=0.09, p<0.001). Furthermore, we
modeled this using a piecewise linear relationship (Sup-
plementary Fig. 7c) and cubic spline (Supplementary
Fig. 7d), and both methods showed a positive relationship
between FBG and hs-CRP. Multiple correlation analysis
(Supplementary Tables 1-7) indicated that a single base-
line hs-CRP has no association with eGFR at baseline or
eGFR at endpoint, while FBG has a weak association with
proteinuria or eGFR at endpoint, and has a weak associa-
tion with hs-CRP.

Table 2 Traditional and
weighted Cox regression
analysis (IPTW) for kidney
outcomes in different hs-CRP

No elevation of hs- Single elevation of hs- Persistent eleva-

groups

CRP levels CRP levels tion of hs-CRP
levels
Kidney function decline
Number of events 1161 (10.3%) 471 (9.3%) 259 (11.2%)
Per 100,000 person-years 1921 1765 2308
Model 1, HR (95% CI) Reference 0.96 (0.86, 1.07) 1.42 (1.24, 1.63)
Model 2, HR (95% CI) Reference 0.98 (0.88, 1.10) 1.40 (1.21, 1.61)
Sensitivity analysis Reference 0.99 (0.89, 1.10) 1.44 (1.24, 1.67)
IPTW, HR (95% CI) Reference 0.99 (0.89, 1.11) 1.29 (1.06, 1.56)
Development of proteinuria
Number of events 790 (10.6%) 365 (11.6%) 182 (16.1%)
Per 100,000 person-years 2025 2228 3278
Model 1, HR (95% CI) Reference 1.12 (0.99, 1.27) 1.70 (1.44, 2.01)
Model 2, HR (95% CI) Reference 1.06 (0.94, 1.21) 1.49 (1.26, 1.77)
Sensitivity analysis Reference 1.06 (0.93, 1.20) 1.50 (1.27, 1.78)
IPTW, HR (95% CI) Reference 1.05 (0.92, 1.19) 1.47 (1.20, 1.85)
Progression of proteinuria
Number of events 80 (9.2%) 58 (11.2%) 33 (10.1%)
Per 100,000 person-years 1801 2198 2154
Model 1, HR (95% CI) Reference 1.20 (0.86, 1.68) 1.08 (0.71, 1.65)
Model 2, HR (95% CI) Reference 1.14 (0.81, 1.60) 0.95 (0.61, 1.48)
Sensitivity analysis Reference 1.16 (0.82, 1.63) 0.95 (0.60, 1.49)
IPTW, HR (95% CI) Reference 1.01 (0.72, 1.44) 1.01 (0.62, 1.65)

These models were adjusted for age, sex, BMI, waist circumference, fasting blood glucose, leukocyte
count, platelet count, dyslipidemia, hypertension, hypotensive agents, hyperuricemia, smoking, drinking,
physical activity and baseline eGFR. Regarding the outcome of kidney function decline, plus proteinuria

IPTW inverse probability of treatment weighted
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Single and persistent elevation of hs-CRP levels
and kidney outcomes

The HRs and 95% CIs for the associations between different
groups of hs-CRP and the risk of kidney outcomes are also
shown in Table 2. Compared to patients with no elevation
of hs-CRP levels, those with persistent elevation of hs-CRP
levels were associated with higher risk of kidney function
decline (HR 1.42, 95% CI 1.24-1.63) and development of
proteinuria (HR 1.70, 95% CI 1.44-2.01) after adjusting for
age and sex (model 1), but not the progression of proteinuria
(HR 1.08, 95% CI 0.71-1.65), whereas those with single
elevation of hs-CRP levels were not significantly associated
with any increased risk of kidney outcomes. These results
did not change substantially in the fully adjusted models,
in the sensitivity analysis or in the IPTW propensity score
analysis (Table 2).

Subgroup analysis

As shown in Table 3, we conducted subgroup analysis and
weighted Cox regression analysis according to patients with
IFG and diabetes. In the fully adjusted models, the results
did not change substantially in patients with IFG for kidney
function decline (HR 1.43, 95% CI 1.18-1.73), development
of proteinuria (HR 1.50, 95% CI 1.19-1.89) and progres-
sion of proteinuria (HR 1.47, 95% CI 0.80-2.70) as com-
pared to those with no elevation. Similarly, the results did
not change substantially in patients with diabetes for kidney
function decline (HR 1.36, 95% CI 1.06-1.74), development

of proteinuria (HR 1.53, 95% CI 1.19-1.96) and progression
of proteinuria (HR 0.65, 95% CI 0.34-1.24). The results
derived from IPTW propensity score weighting were con-
sistent with traditional multivariate Cox regression analysis.

Discussion

Based on a large cohort of patients with IFG or diabetes,
we found that a single elevation of hs-CRP level was not
associated with the increased risk of kidney outcomes. In
contrast, persistent elevation of hs-CRP levels was inde-
pendently associated with increased risk of kidney function
decline and development of proteinuria, but not progression
of proteinuria in patients with IFG or diabetes.

Association between hs-CRP and kidney outcomes
in patients with IFG and diabetes

To the best of our knowledge, this is the first study to evalu-
ate the association between hs-CRP and kidney outcomes
among patients with IFG. It is known that both IFG and hs-
CRP are risk factors for diabetes and cardiovascular disease
[3, 23-25], whereas the association between IFG and kidney
outcomes was unclear [26, 27]. We hypothesized that other
confounding factors may exist in their association. Our study
found that combined IFG and persistent elevation of hs-CRP
levels could contribute to the increased risk of deterioration
of kidney disease.

Table 3 Traditional and
weighted Cox regression
analysis (IPTW) for kidney

No elevation of hs-CRP  Single elevation of hs- Persistent elevation

outcomes in different hs-CRP
groups according to IFG and
diabetes

levels CRP levels of hs-CRP levels

Kidney function decline

IFG (N=13,121) Reference 1.00 (0.88, 1.14) 1.43 (1.18, 1.73)

IPTW, HR (95% CI) Reference 1.00 (0.88, 1.13) 1.29 (1.03, 1.60)

Diabetes (N=5544) Reference 0.95(0.77, 1.17) 1.36 (1.06, 1.74)

IPTW, HR (95% CI) Reference 0.98 (0.80, 1.21) 1.39 (1.05, 1.84)
Development of proteinuria

IFG (N=28498) Reference 1.02 (0.87,1.19) 1.50 (1.19, 1.89)

IPTW, HR (95% CI) Reference 1.02 (0.87, 1.20) 1.53 (1.14, 2.05)

Diabetes (N=3256) Reference 1.10 (0.90, 1.35) 1.53 (1.19, 1.96)

IPTW, HR (95% CI) Reference 1.12 (0.91, 1.37) 1.35(1.01, 1.87)
Progression of proteinuria

IFG (N=1090) Reference 1.07 (0.64, 1.80) 1.47 (0.80, 2.70)

IPTW, HR (95% CI) Reference 0.96 (0.57, 1.63) 1.35 (0.68, 2.69)

Diabetes (N =620) Reference 1.12 (0.70, 1.78) 0.65(0.34,1.24)

IPTW, HR (95% CI) Reference 1.02 (0.64, 1.63) 0.74 (0.39, 1.39)

These models were adjusted for age, sex, BMI, waist circumference, fasting blood glucose, leukocyte
count, platelet count, dyslipidemia, hypertension, hypotensive agents, hyperuricemia, smoking, drinking,
physical activity and baseline eGFR. Regarding the outcome of kidney function decline, plus proteinuria

IPTW inverse probability of treatment weighted
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The associations between hs-CRP and kidney outcomes
have been repeatedly reported in both cross-sectional and
longitudinal studies among patients with diabetes, and the
results are inconsistent. Previous studies were all based on
one measure of baseline hs-CRP, while the levels of hs-
CRP might fluctuate substantially. Unlike previous studies,
our analyses used single and two consecutive elevations
of hs-CRP levels to assess their associations with kidney
outcomes. A recent study from the United States involving
12,310 patients with type 2 diabetes observed an associa-
tion between hs-CRP and changes in eGFR or deterioration
of albuminuria after 2.1 years of follow-up [6]. In addition,
the Finnish Diabetic Nephropathy Study found a borderline
significant association between hs-CRP and the development
of albuminuria in patients with type 1 diabetes [5]. However,
the associations between high hs-CRP levels and kidney out-
comes have not always been consistent. An analysis based
on the Diabetes Control and Complications Trial (DCCT)
suggested that an elevated hs-CRP level was not associated
with the changes in urinary albumin creatinine ratio (uACR)
after 9 years of follow-up in patients with type 1 diabetes [9].
In 2014, Yasuaki Hayashino et al. analyzed the associations
between hs-CRP level and the risk of development and pro-
gression of albuminuria separately for the first time in 2518
patients with type 2 diabetes, and revealed that high levels of
hs-CRP were associated with a high risk of development, but
not of progression of albuminuria [4], but the short follow-
up time of only 1 year could be a possible reason. Simi-
larly, our study, which was based on a long-term follow-up
period, also found no association between hs-CRP and the
progression of proteinuria in patients with IFG or diabetes.
However, the reason might be a lack of statistical effective-
ness as relatively small numbers of patients (N=1710) were
enrolled in the outcome of proteinuria progression as com-
pared with kidney function decline (N =18,665) and devel-
opment of proteinuria (N=11,754).

Potential explanations for the association
between hs-CRP and kidney disease

There are several potential mechanisms behind the asso-
ciation between hs-CRP and kidney disease. Firstly, recent
research revealed that hs-CRP may promote CD32b-NF-«xB
signaling to mediate kidney inflammation in type 2 diabetes
[28]. Secondly, a high level of hs-CRP is associated with
insulin resistance and hyperglycemia [29], which in turn
could induce the production of hs-CRP and thus promote
kidney inflammation. Finally, other biomarkers of inflam-
mation, such as necrosis factor receptor 1, IL-6, monocyte
chemoattractant protein 1, intercellular and vascular cellular
adhesion molecules are associated with progression of kid-
ney disease [30, 31]. Therefore, the mechanisms behind the
results could be complex and further studies are needed to
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clarify whether avoiding inflammatory states could be a ther-
apeutic target to prevent the development and progression
of kidney disease. A longitudinal randomized clinical trial
showed that serum CRP levels were significantly reduced
by soy protein intake, and significant improvements were
also seen in proteinuria and urinary creatinine [32]. Another
study also indicated that following a plant-based diet was
associated with higher glucose disposal rate and insulin sen-
sitivity as well as lower inflammation among elderly men
with pre-dialysis CKD [33].

Strengths and limitations

Our study has several limitations. Firstly, the majority of
participants in the current study were male, which may limit
the generalizability of our results. Secondly, the possibility
of residual confounders may exist as we did not have any
information regarding the use of hs-CRP-lowering drugs
such as statins or uACR-lowering drugs such as angiotensin-
converting enzyme inhibitors or angiotensin receptor block-
ers in our study. Thirdly, we did not distinguish between type
1 and type 2 diabetes in this study. However, type 2 diabetes
is the predominant form of diabetes in adults [34, 35]. In
addition, accumulating evidence has demonstrated that acute
kidney injury is a robust predictor of subsequent decline in
kidney function [36] and is associated with inflammation.
In our study, we did not have information on acute kidney
injury. However, this will not affect our conclusions sub-
stantially since acute kidney injury might be an intermediate
link between inflammation and subsequent kidney function
decline. Finally, like most observational studies, kidney out-
comes were identified by only one measurement of eGFR
and uACR, which may have resulted in misclassification of
outcomes. Although IPTW propensity score analysis was
used, it is likely that some unmeasured residual confound-
ing factors were still present. The cause-effect relationship
between hs-CRP and kidney disease is unclear, and other
proteins of similar weight but not involved in inflammation
may also be involved in kidney disease. Unfortunately, we
did not have the relevant information. Despite these limi-
tations, ours is a large prospective study with a long-term
follow-up period using both single and persistent elevation
of hs-CRP levels to assess the kidney outcomes in order to
provide more reliable results.

Conclusions

In conclusion, persistent but not single elevation of hs-CRP
levels was independently associated with increased risk of
kidney function decline and development of proteinuria in
patients with IFG or diabetes, which supports the underlying
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mechanisms between chronic systemic inflammation and
kidney disease.

Author contributions LL designed the study, interpreted the results,
and drafted the manuscript. LL, JW and CY analyzed the data. SW,
SC, QL, HZ and GW were involved in data collection and data clean-
ing. BG, MC, MZ and LZ made critical revision of the manuscript for
important intellectual content. MZ, LZ and MC obtained the funding.
All authors had read and approved the final manuscript. LZ is the study
guarantor.

Funding This study was supported by Grants from the National Natu-
ral Science Foundation of China (81771938, 91846101, 81301296),
from Peking University (BMU2018MX020, PKU2017LCX05), the
National Key Technology R&D Program of the Ministry of Science
and Technology of the People’s Republic of China (2016 YFC1305400,
2016YFC1305405), and the University of Michigan Health System-
Peking University Health Science Center Joint Institute for Transla-
tional and Clinical Research (BMU20160466, BMU2019J1005). The
sponsors of the study had no role in study design, data collection, data
analysis, data interpretation, writing of the report, or decision to submit
the manuscript for publication.

Compliance with ethical standards

Conflict of interest All authors declare that there is no conflict of inter-
est associated with this manuscript.

Ethical approval This study was approved by the Ethics Committee
of Kailuan General Hospital in accordance with the Declaration of
Helsinki.

Consent to participate The written informed consent was obtained
from each participant.

References

1. JhaV, Garcia-Garcia G, Iseki K, Li Z, Naicker S, Plattner B, Saran
R, Wang AY, Yang CW (2013) Chronic kidney disease: global
dimension and perspectives. Lancet 382(9888):260-272. https://
doi.org/10.1016/S0140-6736(13)60687-X

2. Romagnani P, Remuzzi G, Glassock R, Levin A, Jager KJ, Tonelli
M, Massy Z, Wanner C, Anders HJ (2017) Chronic kidney dis-
ease. Nat Rev Dis Primers 3:17088. https://doi.org/10.1038/
nrdp.2017.88

3. Bisoendial RJ, Boekholdt SM, Vergeer M, Stroes ES, Kastelein JJ
(2010) C-reactive protein is a mediator of cardiovascular disease.
Eur Heart J 31(17):2087-2091. https://doi.org/10.1093/eurheartj/
ehq238

4. Hayashino Y, Mashitani T, Tsujii S, Ishii H, Diabetes D, Care
Registry at Tenri Study G (2014) Serum high-sensitivity C-reac-
tive protein levels are associated with high risk of development,
not progression, of diabetic nephropathy among Japanese type
2 diabetic patients: a prospective cohort study (Diabetes Dis-
tress and Care Registry at Tenri [DDCRT7]). Diabetes Care
37(11):2947-2952. https://doi.org/10.2337/dc14-1357

5. Hansen TK, Forsblom C, Saraheimo M, Thorn L, Waden J,
Hoyem P, Ostergaard J, Flyvbjerg A, Groop PH, FinnDiane
Study G (2010) Association between mannose-binding lectin,
high-sensitivity C-reactive protein and the progression of diabetic

11.

12.

13.

14.

15.

16.

17.

18.

19.

nephropathy in type 1 diabetes. Diabetologia 53(7):1517-1524.
https://doi.org/10.1007/s00125-010-1742-8

Zelniker TA, Morrow DA, Mosenzon O, Gurmu Y, Im K, Cahn A,
Raz I, Steg PG, Leiter LA, Braunwald E, Bhatt DL, Scirica BM
(2019) Cardiac and inflammatory biomarkers are associated with
worsening renal outcomes in patients with type 2 diabetes mel-
litus: observations from SAVOR-TIMI 53. Clin Chem 65(6):781-
790. https://doi.org/10.1373/clinchem.2018.298489

Stuveling EM, Hillege HL, Bakker SJ, Gans RO, De Jong PE,
De Zeeuw D (2003) C-reactive protein is associated with renal
function abnormalities in a non-diabetic population. Kidney Int
63(2):654-661. https://doi.org/10.1046/j.1523-1755.2003.00762
X

Amdur RL, Feldman HI, Gupta J, Yang W, Kanetsky P, Shlipak
M, Rahman M, Lash JP, Townsend RR, Ojo A, Roy-Chaudhury A,
Go AS, Joffe M, He J, Balakrishnan VS, Kimmel PL, Kusek JW,
Raj DS, Investigators CS (2016) Inflammation and progression of
CKD: the CRIC study. Clin J Am Soc Nephrol 11(9):1546-1556.
https://doi.org/10.2215/CIN.13121215

Lin J, Glynn RJ, Rifai N, Manson JE, Ridker PM, Nathan DM,
Schaumberg DA (2008) Inflammation and progressive nephropa-
thy in type 1 diabetes in the diabetes control and complications
trial. Diabetes Care 31(12):2338-2343. https://doi.org/10.2337/
dc08-0277

. Salimi S, Shardell MD, Seliger SL, Bandinelli S, Guralnik JM,

Ferrucci L (2018) Inflammation and trajectory of renal function
in community-dwelling older adults. J] Am Geriatr Soc 66(4):804—
811. https://doi.org/10.1111/jgs.15268

Bogaty P, Dagenais GR, Joseph L, Boyer L, Leblanc A, Belisle P,
Brophy JM (2013) Time variability of C-reactive protein: implica-
tions for clinical risk stratification. PLoS ONE 8(4):e60759. https
://doi.org/10.1371/journal.pone.0060759

Zhang L, Long J, Jiang W, Shi Y, He X, Zhou Z, Li Y, Yeung
RO, Wang J, Matsushita K, Coresh J, Zhao MH, Wang H
(2016) Trends in chronic kidney disease in China. N Engl J Med
375(9):905-906. https://doi.org/10.1056/NEJMc1602469
Echouffo-Tcheugui JB, Narayan KM, Weisman D, Golden
SH, Jaar BG (2016) Association between prediabetes and risk
of chronic kidney disease: a systematic review and meta-anal-
ysis. Diabet Med 33(12):1615-1624. https://doi.org/10.1111/
dme.13113

Zhang Q, Zhou Y, Gao X, Wang C, Zhang S, Wang A, Li N, Bian
L, Wul, Jia Q, Wu S, Zhao X (2013) Ideal cardiovascular health
metrics and the risks of ischemic and intracerebral hemorrhagic
stroke. Stroke 44(9):2451-2456. https://doi.org/10.1161/STROK
EAHA.113.678839

Nathan DM, Davidson MB, DeFronzo RA, Heine RJ, Henry RR,
Pratley R, Zinman B, American Diabetes A (2007) Impaired fast-
ing glucose and impaired glucose tolerance: implications for care.
Diabetes Care 30(3):753-759. https://doi.org/10.2337/dc07-9920
LiuH,WuS,LiY, Sun L, Huang Z, Lin L, Liu Y, Ji C, Zhao H,
Li C, Song L, Cong H (2017) Body mass index and mortality in
patients with type 2 diabetes mellitus: a prospective cohort study
of 11,449 participants. J Diabetes Complicat 31(2):328-333. https
://doi.org/10.1016/j.jdiacomp.2016.10.015

Kong X, Ma Y, ChenJ, Luo Q, Yu X, Li Y, Xu J, Huang S, Wang
L, Huang W, Wang M, Xu G, Zhang L, Zuo L, Wang H, Chi-
nese e GFRIC, (2013) Evaluation of the chronic kidney disease
epidemiology collaboration equation for estimating glomerular
filtration rate in the Chinese population. Nephrol Dial Transpl
28(3):641-651. https://doi.org/10.1093/ndt/gfs491

Lamb EJ, MacKenzie F, Stevens PE (2009) How should proteinu-
ria be detected and measured? Ann Clin Biochem 46(Pt 3):205—
217. https://doi.org/10.1258/acb.2009.009007

Yeh ET, Willerson JT (2003) Coming of age of C-reactive pro-
tein: using inflammation markers in cardiology. Circulation

@ Springer


https://doi.org/10.1016/S0140-6736(13)60687-X
https://doi.org/10.1016/S0140-6736(13)60687-X
https://doi.org/10.1038/nrdp.2017.88
https://doi.org/10.1038/nrdp.2017.88
https://doi.org/10.1093/eurheartj/ehq238
https://doi.org/10.1093/eurheartj/ehq238
https://doi.org/10.2337/dc14-1357
https://doi.org/10.1007/s00125-010-1742-8
https://doi.org/10.1373/clinchem.2018.298489
https://doi.org/10.1046/j.1523-1755.2003.00762.x
https://doi.org/10.1046/j.1523-1755.2003.00762.x
https://doi.org/10.2215/CJN.13121215
https://doi.org/10.2337/dc08-0277
https://doi.org/10.2337/dc08-0277
https://doi.org/10.1111/jgs.15268
https://doi.org/10.1371/journal.pone.0060759
https://doi.org/10.1371/journal.pone.0060759
https://doi.org/10.1056/NEJMc1602469
https://doi.org/10.1111/dme.13113
https://doi.org/10.1111/dme.13113
https://doi.org/10.1161/STROKEAHA.113.678839
https://doi.org/10.1161/STROKEAHA.113.678839
https://doi.org/10.2337/dc07-9920
https://doi.org/10.1016/j.jdiacomp.2016.10.015
https://doi.org/10.1016/j.jdiacomp.2016.10.015
https://doi.org/10.1093/ndt/gfs491
https://doi.org/10.1258/acb.2009.009007

1188

Journal of Nephrology (2021) 34:1179-1188

20.

21.

22.

23.

24.

25.

26.

27.

28.

107(3):370-371. https://doi.org/10.1161/01.cir.0000053731
.05365.5a

Coresh J, Turin TC, Matsushita K, Sang Y, Ballew SH, Appel LJ,
Arima H, Chadban SJ, Cirillo M, Djurdjev O, Green JA, Heine
GH, Inker LA, Irie F, Ishani A, Ix JH, Kovesdy CP, Marks A,
Ohkubo T, Shalev V, Shankar A, Wen CP, de Jong PE, Iseki K,
Stengel B, Gansevoort RT, Levey AS (2014) Decline in estimated
glomerular filtration rate and subsequent risk of end-stage renal
disease and mortality. JAMA 311(24):2518-2531. https://doi.
org/10.1001/jama.2014.6634

Joint committee for guideline R (2018) 2016 Chinese
guidelines for the management of dyslipidemia in adults.
J Geriatr Cardiol 15(1):1-29. https://doi.org/10.11909/j.1
ssn.1671-5411.2018.01.011

McCaffrey DF, Griffin BA, Almirall D, Slaughter ME, Ramchand
R, Burgette LF (2013) A tutorial on propensity score estimation
for multiple treatments using generalized boosted models. Stat
Med 32(19):3388-3414. https://doi.org/10.1002/sim.5753
Forouhi NG, Luan J, Hennings S, Wareham NJ (2007) Incidence
of type 2 diabetes in England and its association with baseline
impaired fasting glucose: the Ely study 1990-2000. Diabet Med
24(2):200-207. https://doi.org/10.1111/§.1464-5491.2007.02068
X

Oda E (2015) High-sensitivity C-reactive protein, but not white
blood cell count, independently predicted incident diabetes in a
Japanese health screening population. Acta Diabetol 52(5):983—
990. https://doi.org/10.1007/s00592-015-0788-y

Lawes CM, Parag V, Bennett DA, Suh I, Lam TH, Whitlock G,
Barzi F, Woodward M, Asia Pacific Cohort Studies C (2004)
Blood glucose and risk of cardiovascular disease in the Asia
Pacific region. Diabetes Care 27(12):2836-2842. https://doi.
org/10.2337/diacare.27.12.2836

Thomas G, Sehgal AR, Kashyap SR, Srinivas TR, Kirwan JP,
Navaneethan SD (2011) Metabolic syndrome and kidney disease:
a systematic review and meta-analysis. Clin ] Am Soc Nephrol
6(10):2364-2373. https://doi.org/10.2215/CIN.02180311

Fox CS, Larson MG, Leip EP, Meigs JB, Wilson PW, Levy D
(2005) Glycemic status and development of kidney disease: the
Framingham heart study. Diabetes Care 28(10):2436-2440. https
://doi.org/10.2337/diacare.28.10.2436

You YK, Huang XR, Chen HY, Lyu XF, Liu HF, Lan HY (2016)
C-reactive protein promotes diabetic kidney disease in db/db
Mice via the CD32b-Smad3-mTOR signaling pathway. Sci Rep
6:26740. https://doi.org/10.1038/srep26740

@ Springer

29.

30.

31.

32.

33.

34.

35.

36.

Chou HH, Hsu LA, Liu CJ, Teng MS, Wu S, Ko YL (2010) Insu-
lin resistance is associated with C-reactive protein independent
of abdominal obesity in nondiabetic Taiwanese. Metabolism
59(6):824-830. https://doi.org/10.1016/j.metabol.2009.09.030
Elmarakby AA, Abdelsayed R, Yao Liu J, Mozaffari MS (2010)
Inflammatory cytokines as predictive markers for early detection
and progression of diabetic nephropathy. EPMA J 1(1):117-129.
https://doi.org/10.1007/s13167-010-0004-7

Barr ELM, Barzi F, Hughes JT, Jerums G, Hoy WE, O’Dea K,
Jones GRD, Lawton PD, Brown ADH, Thomas M, Ekinci EI,
Sinha A, Cass A, Maclsaac RJ, Maple-Brown LJ (2018) High
baseline levels of tumor necrosis factor receptor 1 are associated
with progression of kidney disease in indigenous Australians with
diabetes: the eGFR follow-up study. Diabetes Care 41(4):739—
747. https://doi.org/10.2337/dc17-1919

Azadbakht L, Atabak S, Esmaillzadeh A (2008) Soy protein
intake, cardiorenal indices, and C-reactive protein in type 2 dia-
betes with nephropathy: a longitudinal randomized clinical trial.
Diabetes Care 31(4):648—654. https://doi.org/10.2337/dc07-2065
Gonzalez-Ortiz A, Xu H, Avesani CM, Lindholm B, Cederholm T,
Riserus U, Arnlov J, Espinosa-Cuevas A, Carrero JJ (2020) Plant-
based diets, insulin sensitivity and inflammation in elderly men
with chronic kidney disease. J Nephrol. https://doi.org/10.1007/
540620-020-00765-6

XuY, Wang L, He J, Bi Y, Li M, Wang T, Wang L, Jiang Y, Dai
M, LulJ, XuM,LiY,Hu N, LiJ, Mi S, Chen CS, Li G, Mu Y,
Zhao J, Kong L, Chen J, Lai S, Wang W, Zhao W, Ning G, China
Noncommunicable Disease Surveillance G (2013) Prevalence and
control of diabetes in Chinese adults. JAMA 310(9):948-959.
https://doi.org/10.1001/jama.2013.168118

Organization WH Prevention of diabetes mellitus. https://whqli
bdoc.who.int/trsyWHO_TRS_844.pdf. Accessed 28 Dec 2012
Kurzhagen JT, Dellepiane S, Cantaluppi V, Rabb H (2020) AKI:
an increasingly recognized risk factor for CKD development and
progression. J Nephrol. https://doi.org/10.1007/s40620-020-00793
2

Publisher’s Note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.


https://doi.org/10.1161/01.cir.0000053731.05365.5a
https://doi.org/10.1161/01.cir.0000053731.05365.5a
https://doi.org/10.1001/jama.2014.6634
https://doi.org/10.1001/jama.2014.6634
https://doi.org/10.11909/j.issn.1671-5411.2018.01.011
https://doi.org/10.11909/j.issn.1671-5411.2018.01.011
https://doi.org/10.1002/sim.5753
https://doi.org/10.1111/j.1464-5491.2007.02068.x
https://doi.org/10.1111/j.1464-5491.2007.02068.x
https://doi.org/10.1007/s00592-015-0788-y
https://doi.org/10.2337/diacare.27.12.2836
https://doi.org/10.2337/diacare.27.12.2836
https://doi.org/10.2215/CJN.02180311
https://doi.org/10.2337/diacare.28.10.2436
https://doi.org/10.2337/diacare.28.10.2436
https://doi.org/10.1038/srep26740
https://doi.org/10.1016/j.metabol.2009.09.030
https://doi.org/10.1007/s13167-010-0004-7
https://doi.org/10.2337/dc17-1919
https://doi.org/10.2337/dc07-2065
https://doi.org/10.1007/s40620-020-00765-6
https://doi.org/10.1007/s40620-020-00765-6
https://doi.org/10.1001/jama.2013.168118
http://whqlibdoc.who.int/trs/WHO_TRS_844.pdf
http://whqlibdoc.who.int/trs/WHO_TRS_844.pdf
https://doi.org/10.1007/s40620-020-00793-2
https://doi.org/10.1007/s40620-020-00793-2

	Clinical significance of single and persistent elevation of serum high-sensitivity C-reactive protein levels for prediction of kidney outcomes in patients with impaired fasting glucose or diabetes mellitus
	Abstract
	Background 
	Methods 
	Results 
	Conclusion 
	Graphic abstract

	Introduction
	Materials and methods
	Study population
	Data collection
	Measurement of hs-CRP and definition of exposure
	Kidney outcomes
	Other potential covariates
	Statistical analysis

	Results
	Comparability of groups before and after propensity score weighting
	Incidence rates of kidney outcomes
	Scatterplots and multiple correlation analysis
	Single and persistent elevation of hs-CRP levels and kidney outcomes
	Subgroup analysis

	Discussion
	Association between hs-CRP and kidney outcomes in patients with IFG and diabetes
	Potential explanations for the association between hs-CRP and kidney disease
	Strengths and limitations

	Conclusions
	References




