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Chronic kidney disease (CKD) is a public health burden, and anemia is common among patients with CKD. However, less is known
regarding the longitudinal association between anemia and deterioration of kidney function among the general population. The
China Health and Retirement Longitudinal Study is a nationally representative survey for households with members aged ≥ 45
years. Participants without creatinine and demographic data in 2011 and 2015 were excluded. Anemia was defined according to
definitions of the World Health Organization. Rapid decline in kidney function was defined as a ≥16.9% (quartile 3) decline in
estimated glomerular filtration rate (eGFR), calculated using the CKD-EPI equation during 2011-2015. Multivariate logistic
regression and restricted cubic splines were used to explore their relationship. Altogether, 7210 eligible participants were
included in the analysis, with a mean age of 58:6 ± 8:8 years. Rapid decline in kidney function occurred among 1802 (25.0%)
participants. Those with kidney function decline were more likely to be older, male, and have anemia, lower eGFRs,
hypertension, and cardiovascular disease (P < 0:05). Anemia, or hemoglobin, was independently associated with rapid decline in
kidney function after adjusting for potential confounding factors (OR = 1:64, 95% CI, 1.32-2.04; OR = 0:90, 95% CI, 0.87-0.94,
respectively). Restricted cubic splines showed a nonlinear relationship between hemoglobin and rapid decline in kidney
function, especially for men with anemia (P < 0:05). In conclusion, anemia is an independent risk factor for progression of
kidney function among the middle-aged and elderly population. Attentive management and intervention strategies targeting
anemia could be effective to reduce the risk of kidney failure and improve the prognosis of the general population.

1. Introduction

Chronic kidney disease (CKD) is a public health burden
globally and has affected 8% to 16% of the world’s population
[1, 2]. Patients with CKD are significantly associated with the
risk of end-stage kidney disease (ESKD) and other adverse
outcomes including lower cognitive abilities, cardiovascular
disease (CVD), and death [3, 4]. It was predicted that CKD
would rise from 16th to 5th in the leading causes of early
death between 2016 and 2040, which portended serious pub-
lic health implications [5].

Anemia is one of the most common complications in
patients with CKD, especially in those with lower estimated
glomerular filtration rate (eGFR) and those with ESKD
requiring kidney replacement therapy [6–8]. Data from the
National Health and Nutrition Examination Survey
(NHANES) in 2007-2008 and 2009-2010 showed that ane-
mia was twice as prevalent in patients with CKD (15.4%) as
in the general population (7.6%) in the U.S., and its preva-
lence increased from 8.4% at CKD stage 1 to 53.4% at CKD
stage 5 [9]. Anemia is also associated with increased cardio-
vascular risks in patients with CKD [10].
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Meanwhile, anemia is a risk factor for progression of
CKD despite differences in definitions of anemia [11]. The
Reduction in End points in Noninsulin-dependent diabetes
mellitus with the Angiotensin II Antagonist Losartan
(RENAAL) study revealed that even a modest degree of ane-
mia in type 2 diabetic patients with nephropathy was associ-
ated with the increased risk for renal outcomes [12]. A more
rapid decrease in eGFR was also found between anemic and
nonanemic patients with CKD stage 3 (-6.8mL/min/36
months vs. -1.6mL/min/36 months) [13]. Furthermore, sev-
eral intervention studies suggested that early correction of
anemia could slow the CKD progression and improve
health-related quality of life [14, 15].

However, there is less research and evidence regarding
the causative association between anemia and deterioration
of kidney function among the general population. Moreover,
some observational studies suffer from the bias that anemic
patients are often sicker [16]. Therefore, the aim of this study
was to investigate the longitudinal association of anemia with
kidney function decline among the middle-aged and elderly
population in China, using prospective data from the China
Health and Retirement Longitudinal Study (CHARLS).

2. Materials and Methods

2.1. Study Population. The CHARLS is a nationally represen-
tative longitudinal survey for households with members aged
45 years and above [17]. The baseline survey was conducted
between June 2011 and March 2012, covering 450 village-
s/urban communities in 28 provinces in China. Since then,
the participants have been followed up every two years, using
a face-to-face computer-assisted personal interview. Details
of the sampling methods have been described previously
[17, 18]. Briefly, a four-stage, stratified, cluster sampling
method was used to obtain a sample of eligible participants.

Overall, a total of 17114 individual participants aged 45
years and above were included in the 2011 baseline enroll-
ment. Venous blood samples were drawn from 11312 indi-
viduals, among which 1 person was further excluded due to
missing demographic information. Of the remaining individ-
uals, 7210 individuals donated venous blood again in 2015
(Figure 1). The Biomedical Ethics Review Committee of
Peking University approved this study, and all participants
gave written informed consent before participation.

2.2. Data Collection and Variables. Information on partici-
pants’ sociodemographic status, lifestyle and health-related
behaviors, self-reported comorbidity, social activities, and
medications were collected through a structured question-
naire. All study investigators and staff members completed
a standardized training program and had a detailed manual
of procedures.

Systolic and diastolic blood pressures were measured
three times with a 45 s interval using a HEM-7200 electronic
monitor (Omron (Dalian) Co., LTD., Dalian, China). The
average of three readings was calculated. All blood samples
were shipped to Beijing and stored at -70°C. High-
sensitivity C-reactive protein (CRP), total cholesterol, high-
density lipoprotein (HDL), low-density lipoprotein (LDL),

triglycerides, fasting glucose, creatinine, and uric acid were
tested [19, 20]. Creatinine levels were measured using a
rate-blanked and compensated Jaffe creatinine method.
Quality control (QC) samples were used daily during the test.
All test results from QC samples were within the target range
of two standard deviations (SDs) of mean QC control con-
centrations [18].

2.3. Assessment Criteria. Anemia was defined as hemoglobin
levels less than 13 g/dL in men and 12 g/dL in women accord-
ing to definitions of theWorld Health Organization [21]. The
eGFR was calculated using the Chronic Kidney Disease Epi-
demiology Collaboration (CKD-EPI) equation [22]. The
measurement errors between laboratories were corrected
because serum creatinine was measured in different laborato-
ries in 2011 and 2015. Based on results from a total of 150
blood samples that were both tested in these two years, a lin-
ear regression model was developed to calibrate creatinine
levels in 2011 after excluding outliers: Y ðcalibratedÞ =
0:7483 × X ðuncalibratedÞ + 0:0916, R2 = 0:88.

Participants were considered as having rapid decline in
kidney function if the percentage of decrease in eGFR
exceeded quartile 3 (16.9%) during 2011-2015, based on its
established use in prior studies [23, 24]. Hypertension was
defined as an average systolic blood pressure ≥ 140mmHg,
or an average diastolic blood pressure ≥ 90mmHg, or self-
reported use of antihypertensive medications, or self-
reported history of hypertension. Diabetes was defined as
fasting plasma glucose ≥ 7:0mmol/L, by use of hypoglycae-
mic agents, or any self-reported history of diabetes. Hyperur-
icaemia was defined as uric acid ≥ 7mg/dL in men and
≥6mg/dL in women [25]. Body mass index (BMI) was calcu-
lated as weight (kg) divided by height (m) squared and cate-
gorized according to the Chinese specific criteria for defining
underweight (<18.5 kg/m2), normal weight (18.5-24 kg/m2),
overweight (24-28 kg/m2), and obesity (≥28 kg/m2). Central
obesity was defined as waist circumference ≥ 90 cm in men
or ≥80 cm in women.

2.4. Statistical Analysis. Characteristics of baseline partici-
pants were described according to the level of kidney func-
tion. Continuous data were presented as mean (SD) or as
median (interquartile range (IQR)) for highly skewed vari-
ables, and categorical variables were presented as propor-
tions. To compare differences in variables between groups,
the t-test, chi-square test, or Mann–Whitney test was used
as appropriate.

The association between anemia (or hemoglobin levels)
and rapid decline in kidney function was analyzed by multi-
variate logistic regression, with adjustment for age, sex, resi-
dence, education, medical insurance, personal consumption
expenditure (PCE), smoking, drinking, BMI, central obesity,
CRP, CVD, hypertension, diabetes, hyperuricaemia, and
baseline eGFR. Most of these potential confounders have pre-
viously been reported to be associated with anemia or kidney
function decline, but may not intermediate variables [26–29].
As a result of evaluating collinearity using the variance infla-
tion factor (VIF) and tolerance, all VIF values were less than
10 and all tolerance values were greater than 0.1, indicating
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2011 baseline enrollment, age≥45 years,
n = 17114

Participants with complete creatinine and
demographic data in 2011, n = 11311 

Final analysis, n = 7210

Excluding participants without creatinine
data in 2015, n = 4101

Excluding participants without creatinine
data, n = 5802

Excluding participants without
demographic data, n = 1

Figure 1: Flow chart of the selection of participants.

Table 1: Baseline characteristics of participants.

Characteristics Total (n = 7210) Nonrapid decline
(n = 5408)

Rapid decline
(n = 1802) P value

Age (years) 58.6 (8.8) 57.9 (8.5) 60.9 (9.2) <0.001
Male 3333 (46.2) 2373 (43.9) 960 (53.3) <0.001
Rural residents 6065 (84.1) 4587 (84.8) 1478 (82.0) 0.016

High school education or above 679 (9.4) 518 (9.6) 161 (8.9) 0.426

PCE (yuan), median (IQR)
6258.2 (3871.7,

10463.4)
6137.0 (3862.3, 10283.2)

6703.1 (3965.3,
10957.1)

0.022

Medical insurance 6849 (95.0) 5150 (95.2) 1699 (94.3) 0.154

Current smoker 2120 (29.4) 1543 (28.5) 577 (32.0) <0.001
Current drinker 2382 (33.0) 1776 (32.8) 606 (33.6) 0.027

Having physical examinations in the past two years 5340 (74.1) 3980 (73.6) 1360 (75.5) 0.100

BMI (kg/m2) 23.6 (3.9) 23.7 (3.9) 23.6 (3.8) 0.491

Uric acid (μmol/L) 262.7 (73.5) 255.7 (70.9) 283.6 (77.0) <0.001
Creatinine (μmol/L) 59.2 (12.2) 57.7 (10.8) 63.7 (14.7) <0.001
eGFR (mL/min/1.73m2) 100.6 (11.1) 101.9 (9.9) 96.6 (13.2) <0.001
Total cholesterol (mmol/L) 5.0 (1.0) 5.0 (1.0) 5.0 (1.0) 0.397

Triglyceride (mmol/L), median (IQR) 1.2 (0.8, 1.8) 1.2 (0.8, 1.8) 1.2 (0.9, 1.8) 0.732

HDL (mmol/L) 1.3 (0.4) 1.3 (0.4) 1.3 (0.4) 0.031

LDL (mmol/L) 3.0 (0.9) 3.0 (0.9) 3.0 (0.9) 0.601

CRP (mg/L), median (IQR) 1.0 (0.6, 2.1) 1.0 (0.5, 2.0) 1.1 (0.6, 2.3) <0.001
Hemoglobin (g/dL) 14.4 (2.2) 14.5 (2.2) 14.3 (2.1) <0.001
Diabetes 1018 (14.1) 758 (14.0) 260 (14.4) 0.571

Hypertension 2577 (35.7) 1840 (34.0) 737 (40.9) <0.001
CVD 1005 (13.9) 728 (13.5) 277 (15.4) 0.042

Central obesity 1622 (22.5) 1230 (22.7) 392 (21.8) 0.196

Anemia 853 (11.8) 585 (10.8) 268 (14.9) <0.001
Note: data are n (%) or mean (SD), unless stated otherwise. Abbreviations: BMI: body mass index; CRP: C-reactive protein; CVD: cardiovascular disease; eGFR:
estimated glomerular filtration rate; HDL: high-density lipoprotein; IQR: interquartile range; LDL: low-density lipoprotein; PCE: personal consumption
expenditure.
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no collinearity between the variables included in the model.
The adjusted odds ratio (OR) with 95% confidence interval
(CI) was present. Restricted cubic splines were used to
explore the shape of the association between hemoglobin
and rapid decline in kidney function in men and women after
adjusting for the above confounding factors. The spline
models showed the risks of rapid decline in kidney function
per 1 g/dL decrease in hemoglobin, which were represented
with ORs and 95% CI. Knots were placed at 11 g/dL and
sex-specific tertiles of hemoglobin.

In the sensitivity analysis, participants with baseline
eGFR less than 60mL/min/1.73m2 were excluded to further
verify the temporal relationship between anemia and pro-
gression of kidney function. All statistical analyses were per-
formed using Stata version 14.0 (StataCorp LP, College
Station, TX, USA). Statistical significance was set at two-
tailed P < 0:05.

3. Results

3.1. General Characteristics. Characteristics regarding 7210
participants by kidney function are shown in Table 1. The
mean age was 58.6 (8.8) years, and 46.2% of participants were
male. The proportion of people with anemia was 11.8%.
Rapid decline in kidney function occurred among 1802
(25.0%) participants. Those with rapid decline in kidney
function were more likely to be older, male, and have high
income levels and unhealthy lifestyles (P < 0:05). Lower

eGFRs, hypertension, CVD, and anemia were more common
in participants with rapid decline in kidney function
(P < 0:05).

3.2. Decrease in eGFR. The median of absolute decrease in
eGFR and the percentage was 9.8mL/min/1.73m2 and
9.5%, respectively (Table 2). Compared with participants
without anemia, those with anemia had a higher decrease
in eGFR (11.0mL/min/1.73m2 vs. 9.7mL/min/1.73m2, P <
0:05; 11.0% vs. 9.3%, P < 0:05). The proportion of rapid
decline in kidney function in anemic and nonanemic partic-
ipants was 31.4% and 24.1%, respectively (P < 0:05)
(Table 2).

3.3. Anemia and Rapid Decline in Kidney Function. After
adjusting for potential confounding factors, anemia was
independently associated with rapid decline in kidney func-
tion (OR = 1:64, 95% CI, 1.32-2.04). The multivariate model
based on the hemoglobin levels also found the significant
association (OR = 0:90, 95% CI, 0.87-0.94) (Table 3). Similar
results were observed among participants with baseline
eGFR ≥ 60mL/min/1:73m2 (Table S1). Restricted cubic
splines showed a nonlinear relationship between
hemoglobin and rapid decline in kidney function, especially
for men with anemia (P < 0:05), but the curve for women
tended to be linear (Figure 2). Other factors associated with
kidney function decline included female, uncontrolled
hypertension, elevated CRP, and baseline eGFR (Table S2).

4. Discussion and Conclusion

To our knowledge, this is the first study evaluating the longi-
tudinal association of anemia with kidney function decline
among the general population, using a nationally representa-
tive sample from the CHARLS in China. Our study indicates
that anemia is an independent risk factor for the progression
of kidney function among the general middle-aged and
elderly population, highlighting the importance of specific
anemia management in both men and women. The public
health implications of our findings can translate into early
intervention strategies of anemia among the general popula-
tion, especially those with risk factors of CKD.

According to data from the China Nutrition and Health
Survey in 2010-2012, the prevalence of anemia among urban
residents was 9.7% [30]. People aged 45 years and above had
a higher prevalence of anemia, which is similar to our results
(11.8%). Our study indicated that the overall eGFR decreased
by 9.5% during 2011-2015, and the risk of rapid decline in
kidney function in anemic patients was 64% higher than that
in nonanemic patients. Previous studies regarding the

Table 2: The decrease in eGFR of participants from 2011 to 2015.

Anemia (n = 853) No anemia (n = 6357) Total (n = 7210)
Absolute decrease in eGFR (mL/min/1.73m2), median (IQR) 11.0 (5.9, 18.5) 9.7 (5.2, 16.5) 9.8 (5.3, 16.9)

Percentage of decrease in eGFR (%), median (IQR) 11.0 (5.9, 19.2) 9.3 (5.1, 16.5) 9.5% (5.2, 16.9)

Rapid decline in kidney functiona, n (%) 268 (31.4%) 1534 (24.1%) 1802 (25.0%)

Note: arapid decline in kidney function was defined as the percentage of decrease in eGFR exceeded quartile 3 (16.9%) from 2011 to 2015. Abbreviations: eGFR:
estimated glomerular filtration rate; IQR: interquartile range.

Table 3: Multivariate logistic regression analysis for the association
between anemia/hemoglobin and rapid decline in kidney functiona.

Variable Adjusted ORb 95% CI P value

Anemia

Male 1.72 1.24–2.39 0.001

Female 1.66 1.24–2.23 0.001

Total 1.64 1.32–2.04 <0.001
Hemoglobin (per 1 g/dL)

Male 0.92 0.87–0.97 0.003

Female 0.87 0.82–0.92 <0.001
Total 0.90 0.87–0.94 <0.001

Note: arapid decline in kidney function was defined as the percentage of
decrease in eGFR exceeded quartile 3 (16.9%) from 2011 to 2015. bThe
models were adjusted for age, sex (only in the “total” model), residence,
education, medical insurance, personal consumption expenditure,
smoking, drinking, body mass index, central obesity, C-reactive protein,
cardiovascular disease, hypertension, diabetes, hyperuricaemia, and
baseline eGFR. Abbreviations: CI: confidence interval; eGFR: estimated
glomerular filtration rate; OR: odds ratio.
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association between anemia and progression of kidney func-
tion focused on patients with diabetes or CKD. Meguro et al.
found hemoglobin concentration was a significant predictor
of kidney function decline in patients with type 2 diabetes
mellitus [27]. A recent study based on 439 patients with
CKD stage G3 showed decreased kidney function in anemic
patients compared to nonanemic participants, as revealed
by the faster decrease of eGFR and the shorter time to reach
CKD stage G4 or CKD stage G5 [13]. However, evidence
from the general population is extremely limited and further
research is still needed.

Anemia in CKD is largely due to a deficiency in renal
production of adequate amounts of erythropoietin, and sup-
pression of the marrow response to anemia and shortened
red cell survival also contribute to anemia in CKD [28, 31].
Conversely, anemia could also contribute to worsening of
kidney function, mainly by hypoxia and/or by increased oxi-
dative stress, which is supported by limited data derived from
clinical studies [11, 28]. Anemia impairs oxygen delivery to
tissues and thus affects organ function including cardiac
function. A triad of worsening anemia, worsening CKD,
and worsening congestive heart failure creates a vicious cycle
referred to as the cardiorenal anemia syndrome [15]. Our
study found a nonlinear relationship between hemoglobin
and kidney function decline with a little steeper slope for
men with anemia, but the curve for women revealed an
approximately linear trend. This may be explained by the
sex differences in hemoglobin and CKD progression, which
is due to factors such as sex hormones, iron utilization, and
menstrual blood losses [32, 33]. Although the splines showed
that with the decrease of hemoglobin levels, men might have
a higher risk of rapid decline in kidney function, it should be
noted that the 95% CI of OR values was also getting wider.
Previous studies showed that correction of anemia was asso-
ciated with a reduced loss of residual kidney function [14,
15], but anemia in predialysis CKD patients often goes unde-

tected and untreated, despite the potentially serious and
costly consequences [15].

Our study has the advantages of using a large national
representative sample and strict quality control measures to
ensure data validity and reliability. To our knowledge, this
is the first study in the general population that shows the lon-
gitudinal association of anemia with progression of kidney
function and it may help with causal inference. Moreover,
the relationship of hemoglobin and kidney function decline
can be intuitively presented by restricted cubic splines. How-
ever, there are certain limitations which deserve mention.
Firstly, the CHARLS study did not collect the urine samples
of participants, which impeded the assessment of CKD pro-
gression with slightly increased albuminuria, and markers
of kidney damage were measured only once. Secondly, a
number of participants were excluded because they did not
have demographic or creatinine data, which might lead to
potential selection bias. Comparisons of characteristics
between the study population and the excluded population
are shown in Table S3, indicating that these two groups
have similar life styles, but the latter may be dominated by
those with higher socioeconomic status. Thirdly, serum
creatinine was not measured at the same center in 2011 and
2015, but we built a regression model to correct the
measurement bias. Fourthly, the level of random blood
glucose was not considered in the definition of diabetes,
which might affect the accurate diagnosis of diabetes.
Fifthly, since our analysis was based on the general
population, we did not adopt the commonly used definition
of rapid decline in kidney function as in previous studies
[29, 34].

In conclusion, anemia is a risk factor for the progression
of kidney function among the middle-aged and elderly gen-
eral population in China. As China has entered an aging soci-
ety, the future burden is considerable and needs more
concern. Attentive management and interventions targeting
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Figure 2: Restricted cubic spline curve for association between hemoglobin and rapid decline in kidney function stratified by gender. Note:
the models were adjusted for age, residence, education, medical insurance, personal consumption expenditure, smoking, drinking, body mass
index, central obesity, C-reactive protein, cardiovascular disease, hypertension, diabetes, hyperuricaemia, and baseline eGFR. The reference
value of hemoglobin is 13 g/dL for men and 12 g/dL for women, respectively. Grey lines represent 95% confidence intervals of OR values.
Abbreviations: eGFR: estimated glomerular filtration rate; OR: odds ratio.
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anemia could be effective to reduce the risk of kidney failure
and improve the prognosis of the general population.
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