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Objective. We aimed to evaluate whether the reduction in serum high-sensitivity C-reactive protein (hs-CRP) favors kidney
outcomes. Methods. This study was a subanalysis including patients with impaired fasting glucose or diabetes of the Kailuan
cohort study. The predictor was based on two consecutive visits of hs-CRP levels in 2006 and 2008. A total of 3924 patients with
hs-CRP ≥ 3mg/L in 2006 were divided into two groups according to whether the levels of hs-CRP were reduced in 2008: Group
1: no reduction: hs-CRP ≥ 3mg/L in 2008; Group 2: reduction: hs-CRP < 3mg/L in 2008. Kidney outcomes include kidney
function decline and development and progression of proteinuria and were followed up until the end of 2015. Results. There
were 3905, 2049, and 493 patients included into our analysis for the outcomes of kidney function decline and the development
and progression of proteinuria, respectively. A total of 398, 297, and 47 events occurred after 5 years of follow-up, respectively.
Cox regression revealed that patients with reduction in hs-CRP have lower risk of kidney function decline (HR 0.71, 95% CI
0.57-0.89, and P = 0:002) and development of proteinuria (0.77, 0.61-0.99, and P = 0:038) after controlling for potential
confounders as compared to those with no reduction in hs-CRP levels. Conclusions. Reduction in serum hs-CRP levels favors
kidney outcomes in patients with impaired fasting glucose or diabetes.

1. Introduction

Chronic kidney disease (CKD) has become a common public
health problem all over the world, with diabetes as the main
etiology [1]. Even people with prediabetes suffer an increased
risk for the onset and progression of CKD [2]. In 2019, China
has the highest number of diabetes in the world, with 116.4
million adults being affected and is expected to reach 147.2

million by 2045[3]. Epidemiologic studies have shown that
the prevalence of CKD is 10.8% among general population
and 21.3% among diabetes in China [4, 5].

Inflammation plays a relevant role in the development of
CKD. The most commonly used biomarker of inflammation
is high-sensitivity C-reactive protein (hs-CRP), which could
predict all-cause and cardiovascular mortality [6]. Previous
studies have reported that the elevated levels of hs-CRP could
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increase the risk of CKD among people with or without dia-
betes [7–9], while the evidence was not consistent [10, 11]. A
study including 1301 participants with type 2 diabetes dem-
onstrated a predictive value of hs-CRP for diabetic kidney
disease after 7.5 years of follow-up [9]. However, in another
study based on 1441 patients with type 1 diabetes, no signif-
icant effect of hs-CRP was observed on the change of the uri-
nary albumin excretion rate [11]. To the best of our
knowledge, among patients with high levels of hs-CRP,
whether the reduction in hs-CRP levels will favor kidney out-
comes has not been evaluated.

Therefore, we conducted this study aiming to evaluate
whether the reduction in serum hs-CRP levels favors kid-
ney outcomes in patients with impaired fasting glucose
(IFG) or diabetes.

2. Materials and Methods

2.1. Study Population. Our study was based on the healthcare
database from the Kailuan cohort [12], which was started in
June 2006. The Kailuan Group has recruited 101,510
employees (aged 18 to 98 years and 81,110 males) to partici-
pate in the physical examination every two years in 11 hospi-
tals that are responsible for the healthcare of the community.

We have obtained data on 30,016 patients with IFG or
diabetes. According to the American Diabetes Association
criterion, IFG was defined by fasting blood glucose ðFBGÞ
≥ 100 and < 126mg/dL (i.e., ≥ 5.6 and < 7.0mmol/L) [13],

with no history of diabetes and not using hypoglycemic
drugs. Diabetes was detected by the cut-off point of FBG ≥
126mg/dL (7.0mmol/L), and/or self-reported diabetes,
and/or using hypoglycemic drugs.

In the current study, we selected 3924 patients with IFG
or diabetes and with hs-CRP ≥ 3mg/L at baseline, a fre-
quently used cut-off point for identifying high-risk popula-
tion [14]. The flow chart of study population is illustrated
in Figure 1.

The Kailuan cohort study was approved by the Ethics
Committee of Kailuan General Hospital. All participants
provided informed consent in order to obtain their data for
research purposes.

2.2. Data Collection. During the face-to-face survey, a ques-
tionnaire including the sociodemographic information, med-
ical history, and living habits was accomplished by all
participants. Height, weight, and waist circumference (WC)
were measured in line with the protocol. Body mass index
(BMI, kg/m2) was computed as weight/height2. Blood pres-
sure (BP) was taken twice with a standardized mercury
sphygmomanometer at a five-minute timespan after taking
at least a five-minute break. If the difference between the
two measurements was greater than 5mmHg, one more BP
was taken and the mean value of the three readings was
adopted.

After an overnight fast for at least 8 hours, blood samples
were drawn in the morning. Serum creatinine, FBG, and lipid

History of ES KD in 2006 or 2008, n = 60 

Patients with microproteinuria, n = 749 

Patients with IFG or diabetes, n = 30,016 

Missing data of CRP in 2006 or 2008, n = 8997 

Patients included into analysis, n = 3924 

History of cancer at baseline, n = 74 

(i) For kidney function decline, n = 3905 

Patients with normal or microproteinuria, n = 2798 

Lost to follow-up at the second visit, n = 2128 

(i) For development of proteinuria
Patients with normal proteinuria, n = 2049 
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Patients with microproteinuria, n=493 

Patients with overt proteinuria, n = 199 

Patients with normal proteinuria, n = 2305
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Figure 1: The detailed flow chart of study population.
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profile were measured by utilizing a Hitachi 7600 autoanaly-
zer (Hitachi, Tokyo, Japan). The CKD Epidemiology Collab-
oration equation was performed for calculating the estimated
glomerular filtration rate (eGFR) [15]. A clean midstream
urine sample was gathered from each participant in the
morning. All urine samples were analyzed by utilizing a urine
analyzer (N-600, Dirui, Changchun, China) at the central
laboratory of Kailuan Hospital. Proteinuria concentration
was determined by the dry chemistry method with the test
assay of H12-MA (Changchun Dirui Medical Technology
Co., Ltd., Changchun, China). There are five levels of the
semiquantitative dipstick: negative, trace, +, ++, or +++.
The microproteinuria was considered urine dipstick reading
“trace” or “+”, and overt proteinuria was considered urine
dipstick reading “++” or “+++” [16].

2.3. Measurement of hs-CRP and Definition of Exposure. hs-
CRP was tested by the immunoturbidimetry method (Kanto
Chemical Co., Inc., Tokyo, Japan), and the lower bound of
measurement was 0.1mg/L. Precision was assessed by mea-
suring hs-CRP concentration in two common serum samples
twice a day, greater than or equal to a 2-hour interval for 20
days, and the within- and between-assay coefficients of vari-
ation of this method were 6.53% and 4.78%, respectively. The
interday and overall coefficients of variation were 6.61% and
9.37%, respectively [17].

Patients with hs-CRP ≥ 3mg/L at the first visit were
divided into two groups according to whether the hs-CRP
level was reduced or not at the second visit: Group 1: no
reduction: hs-CRP ≥ 3mg/L at the second visit; Group 2:
reduction: hs-CRP < 3mg/L at the second visit.

2.4. Kidney Outcomes. Kidney outcomes include the follow-
ing: (1) kidney function decline, defined as eGFR decline ≥
30% in two years [18], or doubling of serum creatinine con-
centration, or the onset of ESKD (eGFR < 15mL/min/1.73
m2); (2) development of proteinuria, defined as the conver-
sion from negative to micro- or overt proteinuria; and (3)
progression of proteinuria, defined as the conversion from
micro- to overt proteinuria.

2.5. Other Potential Covariates. Hypertension was defined as
BP ≥ 140/90mmHg, or having a history of hypertension, or
currently taking antihypertensive drugs. BMI was classified
into groups of < 18.5, 18.5-23.9, 24.0-27.9, and ≥ 28 kg/m2.
Central obesity was defined as WC ≥ 90 cm for men
and ≥ 80 cm for women. The definition of dyslipidemia
includes a combination of increased total cholesterol (≥
200mg/dL (5.2mmol/L)), and/or low-density lipoprotein
cholesterol (≥ 130mg/dL (3.4mmol/L)), and/or triglyceride
levels (> 150mg/dL (1.7mmol/L)), and/or decreased high-
density lipoprotein cholesterol (< 40mg/dL (1.0mmol/L)),
and/or taking lipid-lowering drugs [19]. Hyperuricemia was
detected by the cut-off point of serum uric acid level ≥ 420
μmol/L in males and ≥ 360μmol/L in females. “Inactive
physical exercise” includes “no” or “occasional” (once or
twice a week) exercise, and “active physical exercise” was
considered “regular” (at least three times a week and each
time continue at least 30 minutes). Current cigarette users

were regarded as regular smoking (≥ 1 cigarette a day) in
the last year, and current drinkers were identified by average
alcohol consumption at least 100mL a day for more than one
year.

2.6. Statistical Analysis. The characteristics of patients with
IFG and diabetes were examined by whether or not the hs-
CRP level was reduced. The normally distributed variables,
the skewed distributed variables, the classified variables,
and the incidence ratio were separately presented as mean
± standard deviation, median (interquartile range), number
(proportion), and per 100,000 person-years. Baseline charac-
teristics between groups were compared using the t-test or
Mann-Whitney U for continuous variables depending on
the data distribution and χ2 test for classified variables.

Cox proportional hazard regression models were used to
estimate the effect of reduction in hs-CRP levels on kidney
outcomes. Model 1 controls for age and sex. Then, BMI (cat-
egories), FBG (per 1mmol/L), dyslipidemia (yes/no), hyper-
tension (yes/no), antihypertensive medicine (yes/no),
hyperuricemia (yes/no), cigarette use (current yes/no), alco-
hol use (current yes/no), exercise (active/inactive), and base-
line eGFR (per 1mL/min/1.73 m2) were included into model
2 as potential confounders. For the outcome of kidney func-
tion decline, proteinuria (yes/no) was also included in model
2. We conducted a sensitivity analysis by removing partici-
pants who had a baseline eGFR < 60mL/min/1.73m2 in
order to avoid the potential impact of reverse causality
between the low eGFR and hs-CRP levels. The propor-
tional hazard assumption was checked by the Schoenfeld
residual test.

All statistical analyses were conducted using SAS soft-
ware, version 9.4 (SAS Institute, Cary, NC). Statistical signif-
icance was defined as alpha < 0:05 with the two-sided test.

3. Results

3.1. Baseline Characteristics of Patients. Firstly, there were
3924 patients that were suitable for analysis (Figure 1). As
shown in Table 1, the mean age was 54:9 ± 10:8 years, and
76.8% (N = 3013) were male. Patients with reduced levels of
hs-CRP tended to be younger, were more likely to be male,
and have lower levels of BP, BMI, WC, FBG, triglycerides,
and baseline hs-CRP and less proportion of proteinuria.

3.2. Incidence Rates of Kidney Outcomes. According to the
inclusion and exclusion criteria, 3905 patients (55:0 ± 10:8
years, 2998 males) were included into analysis after further
removing 19 patients with missing information of eGFR at
baseline or subsequent visits for the outcome of kidney func-
tion decline. After the mean follow-up of 5:0 ± 1:6 years
(19,596 person-years), 398 (10.2%) patients experienced
kidney function decline (incidence ratio: 2031/100,000 per-
son-years).

For the outcome of the development of proteinuria, 2049
patients without proteinuria (54:0 ± 10:7 years, 1524 males)
at baseline were included into analysis. After the mean
follow-up of 5:0 ± 1:6 years (10,242 person-years), 297
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(14.5%) patients developed proteinuria (incidence ratio:
2900/100,000 person-years).

For the outcome of the progression of proteinuria, 493
patients with microproteinuria (55:9 ± 10:6 years, 403 males)
were included into analysis. After the mean follow-up of
4:8 ± 1:6 years (2370 person-years), 47 (9.5%) patients expe-
rienced the progression of proteinuria (incidence ratio:
1983/100,000 person-years).

3.3. Effects of Reduction in hs-CRP Levels on Kidney
Outcomes. As shown in Table 2, patients with reduction in
hs-CRP levels have a lower risk of both kidney function
decline (HR 0.73, 95% CI 0.59 to 0.90, and P = 0:003) and
development of proteinuria (HR 0.72, 95% CI 0.57 to 0.92,
and P = 0:008), but not progression of proteinuria (HR
0.83, 95% CI 0.43 to 1.60, and P = 0:575) after adjusting for
age and sex (model 1) as compared to those with no reduc-
tion in hs-CRP levels. The results were essentially unchanged
after adjusted for potential confounders (model 2).

3.4. Sensitivity Analysis. The sensitivity analysis was con-
ducted by rerunning the Cox proportional hazard models
after removing patients with eGFR > 60mL/min/1.73m2. In
the fully adjusted models, the results did not change substan-
tially: for kidney function decline (HR 0.69, 95% CI 0.54 to
0.87, and P = 0:002) and for development of proteinuria
(HR 0.77, 95% CI 0.59 to 1.00, and P = 0:053).

4. Discussion

Based on a subgroup of patients with IFG or diabetes and
high level of hs-CRP from the Kailuan cohort study, we
found that reduction in hs-CRP levels was associated with
the decreased risk of kidney function decline and develop-
ment of proteinuria.

Previous studies focused on the effects of high level of hs-
CRP at baseline on the kidney outcomes, while whether the
reduced hs-CRP level is beneficial to kidney outcomes
remains to be evaluated. Our study verified that the reduction
in hs-CRP levels was beneficial to kidney outcomes from
another perspective. This finding supports the efficacy of
treatment targeting at inflammation in improving kidney
outcomes.

Nonimmunosuppressive treatment lowering the level of
hs-CRP has been shown to be beneficial to kidney outcomes
and cardiovascular disease in patients with CKD [20]. A clin-
ical trial including 80 patients showed that CRP lowering
with atorvastatin appeared to be effective in eliminating par-
oxysmal atrial fibrillation in daily life [21]. The Japan Statin
Treatment Against Recurrent Stroke trial including 1995
patients with ischemic stroke indicated that reduction in
hs-CRP levels by statin treatment was beneficial for recurrent
stroke and vascular events within 2 months [22]. Currently,
no studies focused on the impact of reduction in hs-CRP
levels on kidney disease among diabetic patients with high
levels of hs-CRP. There are several studies that supported a

Table 1: Baseline characteristics of patients and divided by reduction in hs-CRP levels.

Characteristics Total (n = 3924) No reduction in hs-CRP levels (n = 2320) Reduction in hs-CRP levels (n = 1604) P

Age (year) 54:9 ± 10:8 56:9 ± 10:4 52:2 ± 10:8 <0.001
Male 3013 (76.8) 1702 (73.4) 1311 (81.7) <0.001
SBP (mmHg) 137:0 ± 21:6 139:3 ± 21:7 133:8 ± 21:2 <0.001
BMI (kg/m2) 26:5 ± 3:7 26:7 ± 3:8 26:1 ± 3:5 <0.001
Waist circumference (cm) 91:6 ± 10:1 93:2 ± 9:8 89:2 ± 9:9 <0.001
FBG (mmol/L) 6.3 (5.9, 7.6) 6.4 (5.9, 7.8) 6.2 (5.8, 7.4) <0.001
TC (mmol/L) 5.1 (4.5, 5.8) 5.1 (4.5, 5.9) 5.1 (4.4, 5.7) 0.10

TG (mmol/L) 1.6 (1.1, 2.5) 1.7 (1.2, 2.6) 1.5 (1.0, 2.3) <0.001
LDL-C (mmol/L) 2.3 (1.4, 3.0) 2.1 (0.7, 2.9) 2.5 (2.0, 3.0) <0.001
HDL-C (mmol/L) 1.5 (1.3, 1.8) 1.5 (1.3, 1.8) 1.5 (1.3, 1.7) <0.001
Uric acid (μmol/L) 289:6 ± 90:0 285:0 ± 92:4 296:4 ± 85:9 <0.001
eGFR (mL/min/1.73m2) 83:6 ± 32:6 84:1 ± 37:7 82:9 ± 23:1 <0.001
Baseline hs-CRP (mg/L) 6.0 (4.0, 9.2) 6.63 (4.4, 9.65) 5.0 (3.7, 8.3) <0.001
Proteinuria (N (%)) 681 (18.1) 425 (18.8) 256 (17.3) <0.001
Cigarette use (N (%)) 1139 (31.4) 557 (26.9) 582 (37.2) <0.001
Drinker (N (%)) 1251 (34.5) 588 (28.5) 663 (42.5) <0.001
Physical exercise (N (%)) 615 (17.1) 330 (16.1) 285 (18.3) 0.09

Hypertension (N (%)) 2295 (58.5) 1472 (63.5) 823 (51.3) <0.001
Diabetes (N (%)) 1465 (37.3) 915 (39.4) 550 (34.3) <0.001
Hypotensive drugs (N (%)) 692 (34.2) 412 (32.6) 280 (36.8) 0.052

Note: SBP = systolic blood pressure; BMI = body mass index; FBG = fasting blood glucose; TC = total cholesterol; TG = triglyceride; LDL-C = low-density
lipoprotein cholesterol; HDL-C = high-density lipoprotein cholesterol; eGFR = estimated glomerular filtration rate.
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positive association between hs-CRP and kidney disease
among patients with diabetes and nondiabetes despite
remaining controversial [11, 23]. SAVOR-TIMI 53, a trial
involving 12,310 patients with type 2 diabetes, found the rela-
tionship between increased hs-CRP levels and decline in
eGFR or progression of albuminuria [23]. The Finnish Dia-
betic Nephropathy Study demonstrated that hs-CRP levels
are only borderline associated with the progression to a com-
posite kidney outcome (higher albuminuria concentration or
ESKD) in 1564 patients with type 1 diabetes after 5.8 years of
follow-up [7]. However, the DCCT study did not observe the
association between hs-CRP and changes of albuminuria in
patients with type 1 diabetes after 9 years of follow-up [11].
Hayashino and colleagues demonstrated that elevated hs-
CRP levels could increase the risk of development, not pro-
gression of albuminuria in patients with type 2 diabetes after
1 year of follow-up [24]. Instead of ambulatory measure-
ment, these studies used baseline serum hs-CRP which may
not properly reveal the long-term inflammatory status as
hs-CRP levels show significant variation [25]. The current

observational study further enriched the knowledge on their
relationship.

Besides statin use, there are several nonimmunosuppres-
sive ways to decrease hs-CRP levels. A systematic review and
meta-analysis indicated that the natural soybean protein
products may decrease plasma hs-CRP levels as compared
with isoflavones from other sources [26]. Regarding exercise,
there is plenty of evidence to support that physical exercise
reduces inflammatory biomarkers such as CRP in large
populations and the magnitude of reduction seems to depend
on the cumulative level of physical activity and is sort of akin
to the changes by using statins to lower CRP [27]. In addi-
tion, a meta-analysis suggested that vitamin D supplementa-
tion could benefit to the reduction of circulating hs-CRP
levels [28].

Despite the fact that hs-CRP is a practical indictor for risk
assessment, many experimental investigations indicated that
CRP itself is difficult to be a target for therapy. Following
upstream of the inflammatory response from CRP to IL-6
to IL-1, increasing the availability of novel opportunities

Table 2: Hazard ratios (HRs) and 95% CIs for kidney outcomes.

No reduction in hs-CRP levels Reduction in hs-CRP levels

Outcome 1 (N = 3905): kidney function decline

Number of patients 2309 1596

Number of events 259 (11.2%) 139 (8.7%)

Per 100,000 person-years 2308 1659

Model 1, HR (95% CI) Reference 0.73 (0.59, 0.90)

P — 0.003

Model 2, HR (95% CI) Reference 0.71 (0.57, 0.89)

P — 0.002

Sensitivity analysis (N = 3430), HR (95% CI) Reference 0.69 (0.54, 0.87)

P — 0.002

Outcome 2 (N = 2049): development of proteinuria

Number of patients 1131 918

Number of events 182 (16.1%) 115 (12.5%)

Per 100,000 person-years 3278 2451

Model 1, HR (95% CI) Reference 0.72 (0.57, 0.92)

P — 0.008

Model 2, HR (95% CI) Reference 0.77 (0.61, 0.99)

P — 0.038

Sensitivity analysis (N = 1821), HR (95% CI) Reference 0.77 (0.59, 1.00)

P — 0.053

Outcome 3 (N = 493): progression of proteinuria

Number of patients 328 165

Number of events 33 (10.1%) 14 (8.5%)

Per 100,000 person-years 2154 1672

Model 1, HR (95% CI) Reference 0.83 (0.43, 1.60)

P — 0.575

Model 2, HR (95% CI) Reference 0.95 (0.48, 1.88)

P — 0.885

Note: in all three outcomes, model 1 was adjusted for age and sex; model 2 further controlled for BMI, WC, FBG, dyslipidemia, hypertension, antihypertensive
drugs, hyperuricemia, cigarette use, drinking, physical exercise, and eGFR. In outcome 1, add proteinuria.
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inhibits the activation of NLRP3 inflammasomes [29]. In
addition, a recent study demonstrated that hs-CRP could
bind to FcγRII on apoptotic cells and exacerbate epithelial-
mesenchymal transition via the Wnt/β-catenin and ERK1/2
signal paths, which could promote the incidence of diabetic
kidney disease [30]. However, the potential pathophysiologi-
cal mechanisms could be complicated and require more
research studies to ascertain a target for controlling inflam-
mation in the process of the development and progression
of kidney disease.

There were certain limitations in our study. Firstly, the
current study was an observational study instead of a ran-
domized controlled trial, so the probability of residual con-
founding factors cannot be ruled out. Secondly, males
account for about 80% of the patients that could limit the
applicability of the findings to females. Thirdly, this study is
based on employees and relatives of the Kailuan Coal Mine
Group, which limits the generalizability of our study. Further
studies are needed to validate our results among other popu-
lations. Finally, eGFR and proteinuria were tested by using a
urine sample, which can lead to the inaccuracy of the classi-
fication. Despite these limitations, this study determined that
the reduction in hs-CRP levels did favor kidney outcomes.

5. Conclusions

In conclusion, reduction in serum hs-CRP levels favors kid-
ney outcomes in patients with IFG or diabetes. However, ran-
domized controlled clinical trials are warranted to further
confirm this association.
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