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Abstract
Background: Blood cell morphology analysis is commonly used in clinic practice. The association of
common available blood cell indices with rapid kidney function decline in general population is unknown.

Methods: Participants with complete data of blood cell indices and eGFR≥60 ml/min/1.73m2 from
Dongfeng-Tongji cohort were enrolled. Rapid kidney function decline was de�ned as a ≥25% decrease in
eGFR from baseline. 16 common available blood cell indices were included and logistic regression
analysis adjusted for potential confounders was used to assess if these blood cell indices were related to
rapid kidney function decline.

Results: A total of 9026 participants were enrolled in our study, 345 (3.8%) participants experienced a
≥25% eGFR decrease from baseline after 5 years follow-up. High red blood cell count, hemoglobin,
hematocrit, monocyte count tended to be related to low kidney function at baseline. After adjustment for
a set of potential confounders, low hemoglobin, high platelet count and high monocyte count were
signi�cantly associated with rapid kidney function decline.

Conclusions: we presented low hemoglobin, high monocyte and high platelet count as predictors of rapid
kidney function decline in general population. Further studies are needed to investigate the underlying
mechanism.

Background
Chronic kidney disease (CKD) is a worldwide health problem with an estimated prevalence of 10.8% in
China [1]. Kidney function is important to monitor kidney disease [2], it decreases with age in general
population[3]. However, the rate of kidney function decline differs between individuals. Studies reported
that rapid decline of kidney function was associated with cardiovascular events and all-cause mortality in
populations not only with impaired renal function but also with normal kidney function [4-6]. Therefore,
early detection and management of renal function deterioration is important in the general population.

Blood cell morphology analysis is low-costing and widely available in clinic routine, it can provide
information regarding in�ammation and hematopoiesis [7]. In�ammatory processes play an important
role in the development of kidney damage [8]. A number of studies over more than a decade have noted
that white blood cell and its subtypes may be associated with poor outcome in patients with CKD [9-11].
Also, anemia is a known complication of renal insu�ciency, presumably due to decreases in
erythropoietin production and derangements in iron homeostasis [12]. Low hemoglobin or hematocrit
have been proved to be related to poor outcome in patients with CKD and end stage renal disease (ESRD)
[13-15]. However, previous studies about these blood cell indices were restricted to western countries,
small sample and select group of CKD. The association of blood cell indices and kidney function decline
in general population is unknown.
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Therefore, we aimed to investigate the association between common available blood cell indices and
rapid kidney function decline in a large group of general population.

Methods
Study population

Data in our analysis was derived from the Dongfeng-Tongji (DFTJ) cohort, the details has been described
in our previous study [16]. In brief, A total of 27 009 retirees was enrolled from Dongfeng Motor
Corporation in Hubei Province of central China in 2008. All retirees completed baseline questionnaire,
medical examinations and provided blood samples. Follow-up investigations were conducted during from
June 2013 to October 2013, with a follow-up rate of 96.2%. Participants without serum creatinine
measurements at baseline (n = 452) and follow-up (n = 4330) were exclude. We excluded participants
without complete blood cell indices (n = 6824) and other baseline variables (n = 4203). We also excluded
participants with baseline estimated glomerular �ltration rate (eGFR) less than 60 ml/min/1.73m2 (n =
2174). Finally, a total of 9026 individuals were included in our study.

Assessment of covariates at baseline

The socio-demographic characteristics and lifestyles was collected by trained interviewers using
epidemiological questionnaire [16]. Physical examination was performed on all participants by
physicians, nurses and technicians. Body mass index was calculated as weight (kilogram) divided by
height (meter) squared. Blood samples were collected in the morning after an overnight fast. Hematologic
testing was performed using a fully automated analyzer CELL-DYN 3700 (Abbott Laboratories. Abbott
Park, Illinois). Serum uric acid and creatinine were measured by the Architect ci8200 automatic analyzer
(Abbott Laboratories.Abbott Park, Illinois, U.S.A) following the manufacturer's procedures. The serum
creatinine measurement was performed with enzymatic method.

De�nition of outcome

The study outcome was rapid kidney function decline, which was de�ned as eGFR decline greater than
25% from baseline [17]. eGFR was calculated from serum creatinine, ethnic, gender, and age, using the
Chronic Kidney Disease Epidemiology Collaboration (CKD-EPI) equation [18].

Statistical analysis

Baseline characteristics were presented as proportion, mean ± SD or median (interquartile range, IQR).
Continuous variables were tested using the t test, Wilcoxon rank sum test, ANOVA, or Kruskal–Wallis test,
as appropriate. Categorical variables were tested using the chi-squared test. The correlation coe�cient
between blood cell indices was computed by Pearson correlation methods. Restricted cubic spline was
used to model the association of blood cell indices with baseline eGFR. Logistic regression analysis was
performed for each blood cell indices in a separate model, which was adjusted with a set of potential
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confounders (age, sex, body mass index, waist, smoking, drinking, hypertension, diabetes, baseline eGFR
and uric acid). Indices with a p-value below 0.05 after adjustment for potential confounders were
considered included in a backward stepwise logistic regression. For indices with correlation coe�cient
greater than 0.9, the indices with the strongest correlation to the rapid eGFR decline was selected. Finally,
for blood cell indices identi�ed from backward stepwise logistic regression, the association between
these indices and the endpoint were examined using the multivariable-adjusted restricted cubic spline
model.

All P values were two tailed, and values 0.05 were considered statistically signi�cant. Analyses were
carried out using SPSS (version 25; IBM SPSS, Chicago, IL) and the R software (version 3.6.1; Free
Software Foundation).

Result
Baseline characteristics was displayed in Table 1. The mean age of study population was 62±7 years and
43.7% were male. Of the 9026 participants with complete data, 345 (3.8%) participants experienced a
≥25% eGFR decrease from baseline. Participants with rapid eGFR decline were more likely to be elder,
greater waist circumference, greater proportion of hypertension and diabetes. We also compared the
blood cell indices among study populations (Table 2). Mean corpuscular volume and mean corpuscular
hemoglobin were signi�cant lower in participants with rapid kidney function decline, whereas platelet
count, white blood cell count, neutrophil count, lymphocyte percentage and monocyte count were higher.

The correlation of hematological biomarkers was shown in Figure 1. In general, the biomarkers derived
from same blood cell tended to show signi�cant correlation with each other. Among red blood cell
parameters, there was a signi�cant positive relationship between hemoglobin and hematocrit, as well as
mean corpuscular volume and mean corpuscular hemoglobin. Besides, lymphocyte percentage was
negative related to neutrophil percentage.

We analyzed the relationship of hematological biomarkers and kidney function at baseline. Restricted
cubic spline plots showed that participants with higher levels of red blood cell count, hemoglobin,
hematocrit and monocyte count tended to have worse kidney function at baseline. (Figure 2).

The logistic regression models demonstrated that six blood cell indices derived from red blood cells
(n=4), platelets (n=1), white blood cells (n=1) were signi�cant after adjustment for potential confounders
(Table 3). Next, four blood cell indices (hemoglobin, mean corpuscular volume, platelet count and
monocyte count) were subsequently included in a backward stepwise model (Table 4). In this model, low
hemoglobin, high platelet count and high monocyte count were independently associated with the rapid
kidney function decline. The fully adjusted restricted cubic spline curves (95% CI) con�rmed the
association between these three blood cell indices and rapid kidney function decline (Figure 3). Besides,
the conventional risk factors of kidney disease, such as age, hypertension, diabetes and hyperuricemia,
were also signi�cantly related to rapid kidney function decline in our study.
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Discussion
In this large prospective cohort study, we investigated relationship of commonly available blood cell
indices and rapid kidney function decline in general population. In consistence with study in CKD
patients, low hemoglobin was signi�cantly associated with rapid kidney function loss. Besides, we
demonstrated several novel associations. Participants with high monocyte and platelet count exhibited
high risk of rapid kidney function decline. These observations provide helpful information to slow the
kidney function loss in general population.

Anemia is a common complication and well-known risk factor for disease progression in patients with
CKD [15, 19, 20], however, it has not been recognized in general population. In our study, both low
hemoglobin and low hematocrit were risk factors for the rapid kidney function loss in general population.
Interestingly, we also observed that hemoglobin and hematocrit level increased with a decrease in eGFR
at baseline. In a study enrolled 145,865 adults who visited a health center in Korea, Oh et al reported that
hemoglobin level was higher in participants with a subtle decline in renal function [21]. The
Atherosclerosis Risk in Communities (ARIC) study showed that the peak value of hemoglobin was
observed at eGFR of 75–89 mL/min/1.73m2 [22]. These data indicated that hemoglobin and hematocrit
level increase in population with minor kidney function insu�ciency, presumably due to a compensation
mechanisms. Moreover, this compensatory increase might slow the rate of kidney function decline in
general population.

Our study demonstrated that monocyte count might be a predictor of rapid kidney function decline in
general population. Previous studies about the association of monocyte and kidney function were
restricted to patients with CKD. Some epidemiologic studies observed that high monocyte count was as
associated with low kidney function in patients with CKD [23, 24]. Moreover, Bowe et al. reported a
signi�cant association between higher monocyte count and risk of CKD progression to ESRD in a large
longitudinal observational cohort [10]. We demonstrated the relationship of high monocyte count and
rapid kidney function loss in general population, which indicated that monocyte may participate in kidney
damage at early stage. In recent years, studies have proposed a pathogenic role of
monocyte/macrophage in kidney disease. Animal experiment proved that monocytes can differentiate
into macrophages in kidney and promote in�ammation and renal �brosis [25]. Blockade of
monocyte/macrophage related chemokine can reduced recruitment of monocyte and abrogates the
development of kidney injury in various animal models, including unilateral ureteral obstruction,
adriamycin-induced nephrotic syndrome and diabetic kidney injury [26-28]. More studies are necessary to
investigate the mechanism underlying the association of monocytes and kidney injury in future.

This is the �rst study indicated that platelet count has the ability to predict rapid kidney function decline
in general population. Due to its important roles in the hemostasis and thrombosis, platelet was reported
to be associated with high incidence of atherosclerotic cardiovascular disease (CVD) [29]. Also, a few
studies have observed that high platelet count was associated with high CVD mortality in patients on
hemodialysis [30, 31]. However, the research regarding the relationship of platelet and kidney function
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loss is limited. Our study demonstrated that platelet may also participate in kidney damage. Platelets was
anucleate megakaryocyte fragmentation in circulating blood, it can interact with other types of immune
cells, including T-cells, neutrophils, and mononuclear phagocytes. These interactions might initiate and
exacerbate the in�ammation [32]. Therefore, high platelet count could re�ect chronic in�ammatory status
in population with relative normal kidney function. In addition, platelet is correlated with established
kidney injury risk factors, such as hypertension, diabetes and metabolic syndrome [33, 34]. These may
explain the observed association between high platelet count and rapid kidney function decline in our
study.

The main strengths of our study are the prospective design, the relatively large sample size, and
adjustment for a number of potential confounders. However, several limitations should be considered in
the present study. Firstly, we did not collected data about urinary protein at baseline, thus, we were not
able to exclude participants with eGFR ≥ 60 mL/min/1.73 m2 but abnormal urinary protein levels in our
analysis. Secondly, most participants of our study were middle-aged and older Chinese, thus the results
may not be generalized to populations of all ages or other ethnicities. Finally, despite including a wide
range of potential confounding factors, there may exist confounders either unmeasured or unknown that
could explain the rapid kidney function loss seen.

Conclusions
In conclusion, our study demonstrated some common available blood cell indices, such as hemoglobin,
platelet and monocyte, were signi�cantly associated with rapid kidney function decline in general
population. Efforts to understand the role of these blood cells in kidney damage may have the potential
to decrease the rate of kidney function loss.

Abbreviations
CKD: chronic kidney disease; DFTJ: dongfeng-tongji; ESRD: end stage renal disease; eGFR: estimated
glomerular �ltration rate; CKD-EPI: chronic kidney disease epidemiology collaboration; IQR: interquartile
range; ARIC: atherosclerosis risk in communities; CVD: cardiovascular disease.
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Tables
Table 1. Baseline characteristics of study population

Characteristics eGFR decline<25% eGFR decline>25% P value

Number 8681 345  

Age (year) 63±7 64±8 0.001

Sex (male, %) 44.9 45.9 0.698

BMI (kg/m2) 24±3 25±3 <0.001

Waist (cm) 81±9 84±9 <0.001

Smoking (never, past, current, %) (70.9,11.2,17.9) (69.2,13.4,17.4) 0.461

Drinking (never, past, current, %)) (72.8,5.5,21.7) (75.9,7.0,17.2) 0.089

Hypertension (%) 34.8 48.3 <0.001

Diabetes (%) 11.1 21.2 <0.001

eGFR (ml/min/1.73m2) 82±12 86±13 <0.001

Urea acid (μmol/L) 293±74 301±80 0.043

Continuous variables are presented as mean ± standard deviation. Categorical variables are presented as
percentage.

 

Table 2. Comparison of blood cell indices strati�ed by kidney function decline rate.
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  eGFR
decline<25%

eGFR
decline>25%

P
value

Red blood cell (1012/L) 4.6±0.4 4.6±0.4 0.933

Hemoglobin (g/L) 136±13 135±13 0.061

Hematocrit (%) 41±4 41±4 0.074

Mean corpuscular volume (fL) 90±5 89±6 0.002

Mean corpuscular hemoglobin (pg) 30±2 29±2 0.005

Mean corpuscular hemoglobin concentration
(g/L)

328±8 328±8 0.378

Platelet count (109/L) 182±47 190±52 0.008

Plateletcrit (%) 16.5±4.1 16.8±4.1 0.085

Mean platelet volume (fL) 9.2±1.8 9.1±1.6 0.088

White blood cell count (109/L) 6.0±1.5 6.2±1.5 0.002

Neutrophil count (109/L) 3.4±1.1 3.6±1.1 0.002

Neutrophil percentage (%) 56.0±9.0 56.8±8.4 0.128

Lymphocyte count (109/L) 2.0±0.6 2.0±0.6 0.406

Lymphocyte percentage (%) 33.2±8.4 32.2±7.9 0.032

Monocyte count (109/L) 0.42±0.13 0.44±0.13 0.003

Monocyte percentage (%) 7.1±1.8 7.2±1.7 0.401

Data are expressed as mean ± standard deviation.

 

Table 3. The logistic regression analysis of the association between hematological biomarkers and rapid
kidney function decline
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  OR (95% CI) P value

Red blood cell (1012/L) 0.90(0.66, 1.23) 0.500

Hemoglobin (g/L) 0.99(0.98, 1.00) 0.008

Hematocrit (%) 0.95(0.92, 0.99) 0.011

Mean corpuscular volume (fL) 0.97(0.95, 1.00) 0.017

Mean corpuscular hemoglobin (pg) 0.93(0.88, 0.99) 0.021

Mean corpuscular hemoglobin concentration (g/L) 0.99(0.98, 1.01) 0.391

Platelet count (109/L) 1.00(1.00, 1.01) 0.007

Plateletcrit (%) 1.02(0.99, 1.05) 0.154

Mean platelet volume (fL) 0.95(0.89, 1.01) 0.097

White blood cell count (109/L) 1.07(0.99, 1.15) 0.094

Neutrophil count (109/L) 1.07(0.98, 1.18) 0.147

Neutrophil percentage (%) 1.00(0.99, 1.02) 0.629

Lymphocyte count (109/L) 1.03(0.87, 1.23) 0.731

Lymphocyte percentage (%) 0.99(0.98, 1.01) 0.212

Monocyte count (109/L) 2.53(1.11, 5.78) 0.027

Monocyte percentage (%) 1.04(0.98, 1.11) 0.204

The results of logistic regression were adjusted for potential confounders (age, sex, body mass index,
waist, mean blood pressure, hypertension, diabetes, baseline eGFR and urea acid). OR, odds ratio; 95%CI,
95% con�dence interval.

 

Table 4. Backward logistic regression analysis of the association between hematological biomarkers and
rapid kidney function decline
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  OR (95% CI) P value

Age (year) 1.05 (1.03,1.07) <0.001

Sex (male) 1.09 (0.77,1.54) 0.649

BMI (kg/m2) 1.05 (0.99,1.1) 0.101

Waist (cm) 1.01 (0.99,1.03) 0.331

Smoking    

never reference  

past 0.91 (0.63,1.31) 0.606

current 1.08 (0.72,1.63) 0.702

Drinking    

never reference  

past 1.37 (0.98,1.91) 0.066

current 1.31 (0.79,2.17) 0.296

Hypertension 1.40 (1.11,1.78) 0.005

Diabetes 1.71 (1.29,2.27) <0.001

Baseline eGFR (ml/min/1.73m2) 1.05 (1.04,1.06) <0.001

Urea acid (μmol/L) 1.00 (1.00,1.00) 0.022

Hemoglobin (g/L) 0.99 (0.97,1.00) 0.006

Platelet count (109/L) 1.00(1.00,1.01) 0.034

Monocyte count (109/L) 2.39 (1.03,5.56) 0.044

       

BMI, body mass index; eGFR, estimated glomerular �ltration rate; OR, odds ratio; 95%CI, 95% con�dence
interval.

Figures
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Figure 1

Heatmap of correlations between hematological biomarkers. Red indicates a positive correlation while
blue indicates a negative correlation. RBC, red blood cell; Hb, hemoglobin; HCT, hematocrit; MCV, mean
corpuscular volume; MCH, mean corpuscular hemoglobin; MCHC, mean corpuscular hemoglobin
concentration; PLT, platelet count; PCT, plateletcrit; MPV, mean platelet volume; WBC, white blood cell
count; N, neutrophil count; N%, neutrophil percentage; L, lymphocyte count; L%, lymphocyte percentage;
MNC, monocyte count; MNC%, monocyte percentage.
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Figure 2

Restricted Cubic spline of baseline kidney function decline and blood cell indeices. Dot line indicate 95%
con�dence intervals. RBC, red blood cell; Hb, hemoglobin; HCT, hematocrit; MCV, mean corpuscular
volume; MCH, mean corpuscular hemoglobin; MCHC, mean corpuscular hemoglobin concentration; PLT,
platelet count; PCT, plateletcrit; MPV, mean platelet volume; WBC, white blood cell count; N, neutrophil
count; N%, neutrophil percentage; L, lymphocyte count; L%, lymphocyte percentage; MNC, monocyte
count; MNC%, monocyte percentage.
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Figure 3

Restricted Cubic spline analyses of risk of rapid kidney function decline by hemoglobin, platelet count,
monocyte count. Tinted bands indicate 95% con�dence intervals.


