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Anemia is associated with increased risk of contrast-induced acute kidney injury: 
A Systematic Review and Meta-analysis
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ABSTRACT
Previous studies have identified numerous risk factors of contrast-induced acute kidney injury (CI- 
AKI) in patients undergoing coronary angiography. However, the association between anemia and 
CI-AKI remains conflicting. Thus, we conducted a meta-analysis to further clarify the relationship 
between anemia and CI-AKI. PubMed, EMBASE and Web of Science were systematically searched 
from inception to June 2020 to identify eligible studies. The pooled odds ratios (ORs) with 95% 
confidence intervals (CIs) were used to estimate the correlation between anemia and CI-AKI. The 
potential publication bias was estimated using funnel plot and Begg’s test. A total of 13 studies 
(five case-control studies and eight cohort studies) comprising 27,135 patients were included. The 
pooled results showed that anemia was a significant risk factor of CI-AKI (OR, 1.82; 95% CI, 
1.27–2.61). Moreover, the results of subgroup analyses and sensitivity analyses were basically 
consistent with the overall pooled result. Funnel plot and Begg’s test indicated that there existed 
potential publication bias, but the result of trim and filled analysis showed that the pooled results 
kept stable after adding ‘missing’ studies. This meta-analysis suggested that anemia may be 
correlated with an increased incidence of CI-AKI in patients undergoing coronary angiography. 
However, our conclusions should be interpreted with caution due to some limitations. Therefore, 
further high-quality trials should be conducted to confirm our findings.
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Introduction

Coronary angiography has been widely applied in 
the diagnosis and therapy of coronary artery disease 
(CAD) for several decades [1]. Unfortunately, many 
clinical studies reported that coronary angiography 
could significantly increase the risk of contrast- 
induced acute kidney injury (CI-AKI) [1,2]. The 
reported incidences of CI-AKI were distinct across 
different studies, ranging from 2% to 30%. This 
inconsistency may be caused by the heterogeneous 
populations and different CI-AKI definitions [3,4]. 
CI-AKI has ranked as the third major cause of AKI 
in hospitalized patients [5,6]. Even worse, CI-AKI is 
a rather detrimental complication that closely corre-
lates with high morbidity and mortality [7]. 
Therefore, it is very imperative to comprehensively 
identify risk factors of CI-AKI, which may help to 
establish the preventive strategies for CI-AKI.

Numerous risk factors of CI-AKI have been 
identified such as chronic kidney disease, hyper-
tension, hyperuricemia, diabetes mellitus and 
older age, but most of these factors were irrever-
sible [8,9]. To develop methods of reducing the 
incidence of CI-AKI, it is necessary and urgent to 
find potentially reversible risk factors of CI-AKI. 
Increasing evidence indicated an association 
between anemia and CI-AKI. On one hand, several 
studies suggested anemia was an independent risk 
factor of CI-AKI [9]. A few studies found no 
significant correlation between anemia and the 
incidence of CI-AKI [10,11]. These inconsistent 
results have left the relationship between anemia 
and CI-AKI in suspense, so further studies should 
be performed to resolve this issue.

The association between anemia and CI-AKI 
remains conclusive. Therefore, in this study we 
performed a meta-analysis of observational studies 
to systematically evaluate the correction between 
anemia and the incidence of CI-AKI, in order to 
provide the epidemiological evidence on this topic.

Methods

Literature search

We searched PubMed, Web of Science and 
EMBASE databases up to June 2020 using the 
following keywords: ‘anemia’ or ‘hemoglobin’ and 
‘coronary angiography’ or ‘percutaneous coronary 

intervention’. Patients were searched by ‘anemia’ 
or ‘hemoglobin’; and ‘coronary angiography’, ‘per-
cutaneous coronary intervention’ or ‘contrast’ for 
intervention; and ‘kidney failure’ for outcomes. 
Moreover, we screened the bibliographies of the 
relevant studies to identify additional articles.

Selection criteria

The studies meeting all the following criteria were 
included in this meta-analysis [1]: observational 
study [2]; explored the relationship between anemia 
and CI-AKI in patients who underwent coronary 
angiography with or without percutaneous coronary 
intervention (PCI); and [3] reported outcomes with 
the adjusted odds ratios (ORs) or relative risks (RRs) 
with 95% confidence intervals (CIs). If more than 
one studies enrolled the overlapping population, we 
chose the newly published study. Meanwhile, we 
excluded studies in the form of review, comment, 
conference abstract or case report. Additionally, the 
language of publication was not restricted.

Data extraction

Two investigators independently assessed the elig-
ibility of all the studies according to the criteria 
mentioned above. If any disagreement occurred, 
they removed these issues through a deep discus-
sion. A standardized form was used to extract the 
following variables from the retrieved studies: first 
author name, publication year, study design, coun-
try of study, period of research, the sex ratio of 
study population, the age of study population, the 
number of study population, definition of anemia, 
definition of CI-AKI, therapy (with or without 
PCI), outcome measure with the adjusted ORs or 
RRs with 95% CIs, and the adjusted variables.

Assessment of methodological quality

We assessed the methodological quality of the 
included studies using the Newcastle-Ottawa 
Scale (NOS). In this system, three evaluative 
dimensions aspects were involved: selection of 
cases and controls, comparability between cases 
and controls and exposure in cases and controls. 
Scores from 0 to 9 may be given to a study based 
on the three dimensions. In the current study, we 

BIOENGINEERED 649



regarded more than mean score assigned to each 
study type as a cutoff to determine the quality.

Statistical analysis

The ORs with 95% CIs were used to estimate the 
correlation between anemia and the incidence of 
CI-AKT. The heterogeneity across the included 
studies was calculated using the Higgins I2. The 
formula of calculating I2 is as follows: I2 = 100% 
x (Q-df)/Q, in which Q represents Cochran’s het-
erogeneity statistic and df stands for the degree of 
freedom. The value of I2 ranges from 0% to 100% 
and I2 value > 50% indicates a dramatical hetero-
geneity. Considering the unavoidable heterogene-
ity of observational studies, random-effects model 
was used to assess the pooled effect. Subgroup 
analyses were performed based on multiple strati-
fication parameters, including study design type 
(case-control vs cohort, prospective vs retrospec-
tive), sample size, methodological quality, defini-
tion of anemia and region. Sensitivity analysis was 

performed by deleting single study in each step. 
Publication bias was assessed using Begg’s funnel 
plot. The p-value < 0.05 was considered to be 
statistically significant. All analyses were carried 
out using the Stata IC version 15.0 software pack-
age (StataCorp, College Station, Texas, USA).

Results

Study Selection

Relevant studies were identified as the flow dia-
gram illustrated in Figure 1. A total of 780 articles 
were initially retrieved through systematically 
searching. After duplicates were removed, the 
remaining 650 studies were further screened by 
titles and abstracts, in which process 615 records 
were excluded for irrelevant topics. Then, a total of 
35 articles were screened through full text. Among 
these 35 studies, we excluded 22 ones for the 
following reasons: 1) Fifteen studies did not report 
the results of multivariate analysis nor adjusted 
OR/RR; 2) Five studies were conducted without 

Figure 1. PRISMA flow diagram of literature selection.
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explicit definition of contrast-induced/media- 
induced nephropathy; and 3) Two studies included 
the duplicated patients [12,13]. Finally, 13 observa-
tional studies were included in the current meta- 
analysis, including five case-control studies [9,10,-
10,14–16] and eight cohort studies [8,11,13,17–21]. 
Of these articles, eight were conducted in Asia (two 
in China, two in Taiwan China, two in Japan, one in 
South Korea and one in Singapore), two in America 
and three in other countries (one in South Africa, 
one in Turkey and one in Israel).

Characteristics of included studies

Baseline characteristics of the included studies are 
present in Table 1. A total of 13 studies included 
27,135 patients with 9596 females and 17,539 
males, were included. The sample size of the 
included studies ranged from 206 to 13,126. The 
definition of CI-CKI was almost same: CIN/CI- 
AKI was defined as serum creatinine level either 
25% or 0.5 mg/dl from baseline values within 48 to 
72 hours after contrast exposure [22,23]. Among 
those studies, eight studies defined anemia accord-
ing to serum hemoglobin less than 11 g/dL to 13 g/ 
dL, while Lie et al. [11] defined anemia as hema-
tocrit < 39% in men and <36% in women. In 
addition, four studies did not report the definition 
of anemia (Table 2).

Anemia and CIN

The overall pooled result indicated that anemia 
was associated with increased risk of CI-CKI 
(pooled OR = 1.82, 95% CI 1.27–2.61), but it was 
accompanied by a high heterogeneity across the 
included studies (I2 = 92.5%) (Figure 2). 
Subsequently, subgroup analyses (Table 3) were 
conducted to explore the sources of statistical het-
erogeneity. The pooled OR of eight cohort studies 
was 1.77 (95%CI = 1.32–2.38), with evidence of 
moderate heterogeneity (I2 = 73.0%). However, 
the pooled result of case-control studies showed 
anemia was not significantly related to CI-AKI 
(pooled OR = 1.88, 95%CI = 0.89–3.96). In the 
subgroup analysis based on study design, the 
pooled OR/RR of four prospective studies was 

1.95 (95% CI = 1.6–2.37), with no evidence of 
interstudy heterogeneity (I2 = 0), indicating an 
association between anemia between high inci-
dence of CI-AKI. Similarly, the pooled result of 
nine retrospective studies also suggested anemia 
was correlated with increased risk of CI-AKI 
(pooled OR = 1.79, 95%CI = 1.11–2.89; 
I2 = 94.5%). In the subgroup analysis by sample 
size, the pooled result of seven studies with large 
sample (N ≥ 1000) indicated a significant associa-
tion between anemia and CI-AKI (pooled OR/ 
RR = 2.48, 95%CI = 1.78–3.47), with moderate 
interstudy heterogeneity (I2 = 76.8). However, no 
statistical significance was observed for the pooled 
analysis of six studies with small sample size 
(N < 1000) (pooled OR/RR = 1.17, 95% 
CI = 0.87–1.58). The pooled results of six studies 
with high quality (score ≥ 8) (pooled OR/ 
RR = 1.70, 95%CI = 1.19–2.42; I2 = 79.6%) and 
seven studies with low quality (score < 8) (pooled 
OR/RR = 1.94, 95%CI = 1.05–3.58; I2 = 95.3%) 
suggested there was a close relationship between 
anemia and CI-AKI. In the subgroup analysis by 
the definition of anemia, the pooled result of eight 
studies defining anemia according to the serum 
hemoglobin (pooled OR/RR = 2.20, 95% 
CI = 1.21–4%), with evidence of high interstudy 
heterogeneity (I2 = 93.9%), indicated a potential 
relationship between anemia and CI-AKI. 
Nevertheless, no significant association between 
anemia and CI-AKI was found in the pooled ana-
lysis of five studies with other definition of anemia 
(pooled OR/RR = 1.35, 95% CI = 0.88–2.07%; 
I2 = 88.9%). Additionally, we further performed 
a subgroup analysis based on study region and 
found an association in Asia (pooled OR = 1.74, 
95%CI = 1.17–2.59; I2 = 86.0%) and America 
(pooled OR = 3.24, 95%CI = 1.24–8.41; 
I2 = 85.0%), but no relationship in other countries 
(pooled OR = 1.28, 95%CI = 0.69–2.37; 
I2 = 95.5%). Then, sensitivity analysis was per-
formed to evaluate the stability of the overall 
pooled results. As shown in Figure 3, the pooled 
results kept stable basically after omitting one 
included study each time. Overall, the pooled 
results suggested there was a correlation between 
anemia and CI-AKI. Although significant 
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heterogeneity existed, our subgroup analyses and 
sensitivity analysis supported the robustness of the 
pooled results.

Quality of Evidence and Publication Bias

The methodological quality of eligible articles was 
assessed based on NOS criteria. The scores of case- 

control studies ranged from 6 to 7, and the scores 
of cohort studies ranged from 7 to 9. A definite 
cutoff of 8 was applied to determine the quality of 
a study and six studies were considered high qual-
ity (score≥8). The Funnel plot was performed to 
identify publication bias and its asymmetry was 
recognized from visual inspection, Then, trimming 

Figure 2. Forest plot of association between anemia and contrast-induced acute kidney injury (CI-AKI) (OR, 1.82; 95% CI, 1.27–2.61).

Table 3. Subgroup analysis of association between anemia and contrast media-induced nephropathy based on various factors.
Outcomes Number of trials OR/RR (95% CI) Heterogeneity, I2 (%)

Pooled results 13 1.82 (1.27–2.61) 92.5
Subgroup analyses based on study type
Cohort studies 8 1.77 (1.32–2.38) 73
Case-control studies 5 1.88 (0.89–3.96) 96.8
Subgroup analyses based on study design
Prospective studies 4 1.95 (1.60–2.37) 0
Retrospective studies 9 1.79 (1.11–2.89) 94.5
Subgroup analyses based on sample size
N ≥ 1000 7 2.48 (1.78–3.47) 76.8
N < 1000 6 1.17 (0.87–1.58) 79.3
Subgroup analyses based on quality of included studies (NOS)
≥8 6 1.70 (1.19–2.42) 79.6
<8 7 1.94 (1.05–3.58) 95.3
Subgroup analyses based on definition of anemia
Hb level 8 2.20 (1.21–4.00) 93.9
NR or Others 5 1.35 (0.88–2.07) 88.9
Subgroup analyses based on rergion
Asia 8 1.74 (1.17–2.59) 86
America 2 3.24 (1.24–8.41) 85
Other 3 1.28 (0.69–2.37) 95.5

OR = odds ratio; RR = relative ratio; CI = confidence interval; Hb = hemoglobin; NOS = Newcastle-Ottawa Scale; NR = not report. 

656 W. LIANG ET AL.



estimator and filled analyses were applied to ana-
lyze and the pooled estimate result was relatively 
stable (Figure 4).

Discussion

In this meta-analysis, the overall pooled result 
suggested that anemia might be associated with 
an increased incidence of CI-AKI in patients 
undergoing coronary angiography. Moreover, the 
results of subgroup analyses and sensitivity analy-
sis were basically consistent with the overall 
pooled estimate.

Increasing studies showed that CI-AKI has 
a strong link with adverse clinical outcomes, 
including cardiovascular complications, renal fail-
ure, prolonged hospitalization and death [24]. 
With the incidence of CI-AKI increasing, over 
80 million studies were conducted worldwide to 
identify the potential risk factors [25]. Numerous 
risk factors of CI-AKI including history of chronic 
kidney disease, older age, cardiovascular disorder, 
diabetes mellitus, higher volume of contrast med-
ium, hypotension and shock have been reported 
[26,27]. As a frequent feature of kidney injury, 
anemia might be a potential risk factor for chronic 
kidney disease [28]. However, the association 
between anemia and CI-AKI remains 

controversial. In the current study, our overall 
pooled estimate showed anemia was a risk factor 
of CI-AKI (pooled OR/RR = 1.82, 95% 
CI = 1.27–2.61) with or without impaired renal 
function before contrast medium exposure. 
Moreover, subgroup analysis based on study 
design and type, sample size, methodological qual-
ity, definition of anemia and region found similar 
findings. Notably, the subgroup analysis of studies 
defining anemia based on the serum hemoglobin 
suggested that there was an association between 
anemia and CI-AKI, whereas no significant asso-
ciation between anemia and CI-AKI was found in 
the pooled analysis of five studies with other defi-
nition of anemia, which was consistent with the 
conclusion of Liu et al. [11]. One possible explana-
tion for this phenomenon might be the heteroge-
neity across the included studies. The same result 
was obtained among other regions, including 
South Africa, one in Turkey and one in Israel. 
However, an association between anemia and CI- 
AKI was more significant in America than Asia, 
which was consistent with the conclusion by 
Sreenivasan et al. [9] that African American 
patients were more likely to suffer CI-AKI. This 
difference might be explained by the fact that the 
hemoglobin level of healthy blacks is lower than 
whites in America [29].

Figure 3. Sensitivity analysis of association between anemia and CI-AKI: the result showed the pooled ORs were stable.
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Several possible biological mechanisms were 
considered to explain the association between ane-
mia and CI-AKI. Kidney is a kind of highly oxy-
gen-sensitive organ, so decrease in oxygen 
transport of blood, reduced blood volume, insuffi-
cient effective circulation and blood dilution 
would increase the consumption of oxygen and 
injury of oxidative stress in renal tubules cells 
[30]. Besides, studies have shown that decreased 
renal perfusion pressure, activation of inflamma-
tory response factors and formation of small 
thrombi can lead to renal ischemia reperfusion 
injury [31], which was also verified by animal 
experiment [32]. More importantly, anemia also 
increases oxygen free radical damage and imbal-
ance of vasoactive substances, which are able to 

promote apoptosis and immune injury of kidney 
cells [33–35]. Therefore, considering the poten-
tially important role of anemia in the onset and 
development of CI-AKI, clinical workers and doc-
tors should ensure oxygen supply and correct ane-
mia in high-risk patients.

Our study also had several limitations. First, 
there existed significant heterogeneity across 
included studies, which might impair the authen-
ticity of pooled effect. However, the results of 
subgroup analyses and sensitivity analyses were 
basically consistent with the overall pooled esti-
mate, suggesting that our overall pooled result 
was robust and reliable. Second, the visual inspec-
tion of funnel plot indicated there existed potential 
publication bias in the meta-analysis, irrespective 

Figure 4. Primary funnel plot for publication bias (a) (Egger`s test: P = 0.045); Adjusted funnel plot from trimming estimator and 
filled analysis for publication bias (Pooled OR, 1.57;95% CI, 1.10–2.25, P = 0.013).
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of the fact that we performed a comprehensive 
literature search. Interestingly, the result of trim 
and filled analysis showed that the pooled results 
kept stable after adding ‘missing’ studies, which 
indicated that the publication bias might not sub-
stantially affect the robustness of our pooled result. 
Third, although most of the included studies made 
the definition of anemia on serum hemoglobin 
level, the cutoff values were not consistent. 
Moreover, information about the types of anemia 
was not provided in most eligible studies, so it was 
hard to exclude the possibility that the pathologies 
of anemia might be different. Obviously, these 
potential differences across the included studies 
may bias our pooled results. Further studies are 
needed to evaluate the association between anemia 
and CI-AKI according to different serum hemo-
globin level, such as hemoglobin≤13 g/dL, mild 
(11.1 to 13.0 g/dL), moderate (9.1 to 11.0 g/dL) 
and severe (7.0 to 9.0 g/dL), as well as the different 
types of anemia. At last, numerous factors have 
been considered to be correlated with the inci-
dence of CI-AKI. In this meta-analysis, we found 
that anemia was a risk factor of CI-AKI, but we 
could not determine whether anemia is the most 
important. To ascertain which risk factor is the 
paramount for predicting CI-AKI, more multi- 
center clinical studies with large sample size may 
be performed and multiple credible algorithms 
should be applied to analyze the relevant data.

Conclusion

To sum up, our findings suggested that anemia 
might be associated with an increased incidence 
of CI-AKI. However, the conclusion should be 
interpreted with caution due to some potential 
confounding factors and heterogeneity. 
Therefore, further high-quality trials should be 
performed to further confirm our findings.

Highlights

1. Anemia may be correlated with CI-AKI.
2. Association between anemia and CI-AKI may vary from 

ethnicity.
3. Association between anemia and CI-AKI may vary from 

the definition of anemia.
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