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Abstract
Background. Anaemia worsens as kidney function de-
clines. Both conditions are associated with increased mor-
tality. Serum cystatin C is purportedly a more sensitive
marker of kidney disease and a better predictor of mortal-
ity than serum creatinine. However, studies suggest that
extrarenal factors also influence cystatin C levels.
Methods. We determined whether estimates of glomerular
filtration rate [estimated glomerular filtration rate (eGFR)]
based on serum cystatin C alone or in combination with
serum creatinine were superior to those based on serum
creatinine in recognizing impaired kidney function in the
setting of anaemia in a sub-sample of the Third National
Health and Nutrition Examination Survey of the USA con-
sisting of 6734 participants, 20 years or older.
Results. The prevalence of moderate to severe kidney dis-
ease (eGFR 15–59mL/min/1.73m2) among anaemic per-
sons was 15–16% when based on serum creatinine alone
(eGFRSCR) or combined with cystatin C (eGFRSCR + CYSC);
this estimate increased to nearly 25% when kidney func-
tion was estimated by cystatin C (eGFRCYSC). The adjusted
odds ratios of kidney disease in anaemic versus non-
anaemic persons were slightly higher with eGFRCYSC

than eGFRSCR and eGFRSCR + CYSC in younger adults
[odds ratio (OR) = 5.22, 95% confidence interval (CI):
2.23, 12.17], women (OR = 5.34, 95% CI: 2.36, 12.06)
and those with elevated C-reactive protein (CRP) (OR =
7.36, 95% CI: 1.98–27.36).
Conclusions. Impaired kidney function was common in
individuals with anaemia. Among anaemic individuals,
the prevalence estimate for kidney disease was notably
higher when kidney function was estimated by cystatin C
alone compared with the estimations by serum creatinine
alone or in combination with serum cystatin C. eGFRCYSC

may be particularly helpful in identifying kidney disease in
the setting of anaemia among younger persons, women
and those with elevated CRP. Regardless of which renal
biomarker is used, our study suggests that an evaluation
for underlying kidney disease should be considered in
the standard workup of anaemia.

Keywords: anaemia; chronic kidney failure; creatinine; cystatin C;
glomerular filtration rate

Introduction

Anaemia is associated with cognitive impairment [1,2], car-
diovascular disease [3,4] and increased mortality [3,5,6]. It
is also suspected of playing a role in chronic kidney disease
progression [7]. Anaemia commonly occurs among the el-
derly and individuals with chronic illnesses, with a reported
prevalence of ∼11% in persons 65 years and older [8,9].
Anaemia in these populations is often termed ‘anaemia of
chronic disease’ or ‘anaemia of chronic inflammation’. It re-
sults from a cytokine-mediated disruption of iron metabo-
lism and relative erythropoietin deficiency [10,11].

Anaemia associated with chronic kidney disease devel-
ops from similar pathological processes. In addition to de-
creased erythropoietin production, inflammation, which
often accompanies kidney disease, leads to abnormal iron
handling and blunted response to erythropoietin [12–14].
Some cases diagnosed as anaemia of chronic disease
may result from occult kidney dysfunction, as anaemia of-
ten develops well before overt kidney disease is recognized
[9,15,16]. This may be due, in part, to the insensitivity of
serum creatinine to an early kidney function decline, and
its dependence on age, gender, ethnicity, nutritional status
and lean muscle body mass [17–19]. This insensitivity is
particularly pertinent in individuals at high risk for both
anaemia and kidney disease, in whom serum creatinine
could be misleadingly low due to muscle loss or hyperfil-
tration. A more sensitive marker of kidney dysfunction
may afford an earlier diagnosis of kidney disease among
anaemic individuals.

Cystatin C is purportedly less affected by extrarenal fac-
tors [20] and has been more predictive of mortality than
serum creatinine [21,22]. Therefore, it has been proposed
as a better indicator of kidney function, particularly at
milder levels of kidney dysfunction [23]. However, recent
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studies demonstrate positive correlations between serum
cystatin C and increasing age as well as inflammatory mar-
kers [24,25]. Given serum cystatin C’s positive relationship
with these factors which also play a role in anaemia [26],
we hypothesized that the estimates of kidney function
based on serum cystatin C alone or in combination with
serum creatinine would be superior to the estimates based
on serum creatinine in identifying impaired kidney func-
tion in the anaemic individuals. Using a sub-sample of par-
ticipants in the Third National Health and Nutrition
Examination Survey (NHANES III), we determined
whether the association between kidney disease and anae-
mia differed based on the method utilized to estimate kid-
ney function, and examined factors which may impact this
association.

Materials and methods

Study population

NHANES III was a cross-sectional survey conducted in the USA from
1988 to 1994 by the National Center for Health Statistics. In-person inter-
views and physical examinations were performed. Serum samples were
obtained from non-institutionalized individuals. The survey employed a
complex, multistage, clustered sampling design with oversampling of
non-Hispanic blacks, Mexican Americans and elderly individuals.

Sample selection

A total of 15 488 NHANES III participants who had stored serum avail-
able and serum creatinine measured were eligible for serum cystatin C
measurement. All eligible participants aged 60 years or older, those with
elevated serum creatinine (>1.2 mg/dL in men and >1.0 mg/dL in women)
aged 12 to 59 years and a random 25% sample of those aged 12 to 59 years
underwent the serum cystatin C measurement [20]. Of 7596 participants
who had serum cystatin C measured, 6951 were 20 years old or older.
Among these, 6886 had haemoglobin previously measured. We excluded
pregnant women (n = 46) and individuals with estimated glomerular filtra-
tion rates (eGFRs) <15 mL/min/1.73 m2 based on either serum creatinine,
cystatin C or both (n=106 125). The estimates provided in this study are
therefore based on 6734 NHANES III participants 20 years or older.

Outcome

We defined anaemia using the World Health Organization (WHO) criteria
of a haemoglobin level <13 g/dL in men and <12 g/dL in women [27].
Haemoglobin was determined using an automated haematology analyser
(Coulter S-Plus; Beckman Coulter; Fullerton, CA). Serum ferritin, iron
and total iron-binding capacity were measured, and transferrin saturation
was calculated as previously described [28,29]. We categorized iron status
into three groups according to serum ferritin and transferrin saturation.
Absolute iron deficiency was defined by serum ferritin ≤40 ng/mL and
transferrin saturation <20% while functional iron deficiency was defined
by serum ferritin >40 ng/mL and transferrin saturation <20%. The re-
maining participants were classified as having a normal iron status [30].

Determination of kidney function

Kidney function was determined by GFR using serum creatinine, serum
cystatin C or both. Serum creatinine was initially determined by the mod-
ified kinetic Jaffe reaction (Hitachi 737; Boehringer Mannheim; Indiana-
polis, IN) and subsequently calibrated to an enzymatic method (Roche;
Basel, Switzerland) [31]. We estimated the serum creatinine-based GFR
using the re-expressed four-variable Modification of Diet in Renal Dis-
ease equation: eGFRSCR = (175 × standardized serum creatinine−1.154 ×
age−0.203) × [0.742 (if female) × 1.212 (if black)] [32].

Serum cystatin C was measured using an automated particle-enhanced
nephelometric assay (N Latex Cystatin C, Dade Behring, Deerfield, IL),
as recently described [24]. We estimated the serum cystatin C-based GFR
using: eGFRCYSC = (127.7 × cystatin C

−1.17 × age−0.13) × [0.91 (if female) ×

1.06 (if black)] [33]. We also estimated the GFR based on both serum
creatinine and cystatin C using: eGFRSCR + CYSC = (177.6 × standardized
serum creatinine−0.65 × cystatin C−0.57 × age−0.20) × [0.82 (if female) × 1.11
(if black)] [33]. The development and validation of these equations were
recently detailed [33]. We reset the eGFR values which were improbably
elevated to a maximum of 200 mL/min/1.73 m2 (n = 9). We defined mod-
erate to severe kidney disease as an eGFR of 15–59 mL/min/1.73 m2.

Other independent variable measurements

The participants self-selected ethnicity and self-reported age and gender.
The participants who reported other ethnicity were classified as non-
Hispanic white. The self-reported diabetic history, a fasting blood glucose
≥126 mg/dL or a non-fasting blood glucose of ≥200 mg/dL defined dia-
betes. Hypertension was defined as systolic blood pressure ≥140 mmHg,
diastolic blood pressure ≥90 mmHg or self-reported use of antihyperten-
sive medications. Hypercholesterolaemia was defined as total serum cho-
lesterol ≥200 mg/dL. We categorized participants as non-smokers (no
prior smoking history and cotinine levels ≤15 ng/mL), former smokers
(smoked >100 cigarettes in their lifetime, quit smoking and cotinine
levels ≤15 ng/mL) or current smokers (self-reported smoking or coti-
nine levels >15 ng/mL). We calculated body mass index (BMI) from
the measured height and weight and analysed it in increments of 10 kg/m2

to account for its non-linear relationship with haemoglobin. Urinary
albumin-to-creatinine ratio was calculated as described previously
[34]. We defined albuminuria as a urinary albumin-to-creatinine ratio
>30 mg/g. Measurements of serum albumin, C-reactive protein (CRP),
thyroid-stimulating hormone (TSH) and other data are described in de-
tail elsewhere [35].

Statistical analysis

To obtain national estimates, we modified the sampling weights to ac-
count for the participants excluded from the sub-sample and serum cysta-
tin C measurement [24,36]. We weighted all prevalence estimates to
represent the civilian, non-institutionalized US population and derived
standard errors (SEs) for the estimates using the Taylor series linearization
method. To compare the general characteristics of individuals differential-
ly categorized as having moderate to severe kidney disease by eGFRSCR

and eGFRCYSC, we used survey design-corrected t-tests for continuous
variables and chi-square tests for categorical variables. Adjusted odds ra-
tios (ORs) and their 95% confidence intervals (CIs) were estimated using
logistic regression models. We conducted the analyses using Stata 9 ‘svy’
commands (StataCorp, College Station, TX).

The variables with skewed distributions were log-transformed for sta-
tistical analyses. We determined the prevalence of anaemia by eGFR as a
continuous and as a binary variable (≥60 versus 15–59 mL/min/1.73 m2).
We used multivariable logistic regression models to assess the association
between moderate to severe kidney disease and anaemia. Independent
variables were introduced into the model based on their potential con-
founding of the relationship between kidney function and anaemia. Mod-
el building consisted of sequential addition of demographic factors,
followed by comorbidities, smoking status, BMI, serum albumin, log-
CRP and log-TSH. These variables were evaluated for interaction with
kidney function. We performed stratified analyses when significant inter-
actions were observed and based on age (<60 and ≥60 years old), eth-
nicity and CRP level (<1 and ≥1 mg/dL). The final models were based on
a priori hypotheses, overall model fit and parsimony. This method was
utilized for eGFRSCR, eGFRCYSC and eGFRSCR + CYSC. To predict the
prevalence of kidney disease across the range of haemoglobin, we
performed logistic regressions. This study was exempt from the Insti-
tutional Review Board.

Results

Table 1 presents the number of survey participants and the
estimated distribution of characteristics among the non-in-
stitutionalized US population 20years or older with and
without anaemia. The anaemic group was older and had
a greater proportion of women and non-Hispanic blacks
compared to the non-anaemic group. While the anaemic
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persons were more likely to have hypertension and had
higher CRP levels, they were less likely to have hyperch-
olesterolaemia than the non-anaemic group. Although the
average serum creatinine and the eGFRSCR levels were
similar between the two groups, the anaemic persons had
slightly higher levels of serum cystatin C and lower esti-
mates of kidney function based on cystatin C alone or
combined with serum creatinine.

While 838 participants were classified as having moder-
ate to severe kidney disease by eGFRCYSC but not
eGFRSCR, far fewer individuals (n = 181) were classified
as having moderate to severe kidney disease by eGFRSCR

but not eGFRCYSC. Table 2 displays the characteristics of
individuals according to the agreement or disagreement in
kidney disease classification by eGFRSCR and eGFRCYSC.
Compared to the persons who were classified as not having
kidney disease by both GFR-estimating methods, those
who were classified as having kidney disease by both
methods were older, more likely to be women and anae-
mic. They also had a greater prevalence of kidney disease
risk factors, microalbuminuria and elevated CRP levels. In
general, those who were differentially classified as having
kidney disease by eGFRCYSC and eGFRSCR were older and
more likely to be non-Hispanic white and former smokers
than those who were classified as not having kidney dis-
ease by both eGFR methods. They were also more likely
to have kidney disease risk factors. Compared with the in-

dividuals classified as not having kidney disease by both
eGFR methods, the individuals who were classified as hav-
ing kidney disease by eGFRCYSC but not eGFRSCR were
more likely to be anaemic, with a greater proportion of in-
dividuals having functional iron-deficiency anaemia. They
were also more likely to have microalbuminuria, higher
BMIs and elevated CRP levels.

Figure 1 shows the predicted prevalence of moderate to
severe kidney disease by eGFRSCR, eGFRCYSC and
eGFRSCR + CYSC throughout the range of haemoglobin.
In general, eGFRCYSC provided increasingly higher preva-
lence estimates of kidney disease than eGFRSCR and
eGFRSCR + CYSC at lower haemoglobin levels. Among
the persons with anaemia, the prevalence estimates of kid-
ney disease yielded by eGFRCYSC were significantly high-
er [24.5% (95% CI: 18.7, 30.3%)] than those provided by
either eGFRSCR [15.3% (95% CI: 12.4, 18.2%)] and
eGFRSCR + CYSC [16.3% (95% CI: 13.5, 19%)]. These dif-
ferences were consistent throughout the different forms of
anaemia; however, the 95% confidence intervals for the
prevalence estimates overlapped (Table 3).

Table 4 displays the unadjusted and multivariable-
adjusted odds ratios of kidney disease associated with
anaemia. Overall, anaemia was associated with more than
3-fold higher odds of moderate to severe kidney disease.
In the overall multivariable models for kidney disease
based on GFR estimated by serum creatinine, cystatin C

Table 1. Characteristics of individuals aged 20 and older with and without anaemia in NHANES III (1988–94)

Characteristic Unweighted n
Participants without
anaemia (n = 5992)

Participants with anaemiaa

(n = 742) P-value

Age, years 6734 44.4 (0.8) 48.8 (1.1) <0.01
Men, % (SE) 3227 49.2 (1.5) 22.6 (2.9) <0.01
Ethnicity, % (SE)
Non-Hispanic white 3487 85.4 (1.0) 61.0 (0.8) <0.01
Non-Hispanic black 1657 9.5 (0.8) 33.5 (3.6) <0.01
Mexican American 1590 5.0 (0.5) 5.5 (0.7) 0.51
Haemoglobin, g/dL 6734 14.3 (0.1) 11.4 (0.1) <0.01
Transferrin saturation <20%, % (SE) 2223 28.0 (1.2) 59.7 (3.6) <0.01
Serum ferritin <40μg/L, % (SE) 1271 22.4 (1.2) 54.8 (3.5) <0.01
Serum creatinine, mg/dL 6734 0.82 (1.01) 0.81 (1.02) 0.32
Serum cystatin C, mg/L 6734 0.87 (1.01) 0.93 (1.02) <0.01
eGFR, mL/min/1.73m2b 6734
SCr-based 90.3 (1.01) 87.7 (1.02) 0.19
CysC-based 88.5 (1.01) 79.8 (1.03) <0.01
SCr and CysC-based 94.7 (1.01) 88.1 (1.03) <0.01
Microalbuminuria, % (SE) 6526 1.0 (0.2) 3.5 (0.8) <0.01
Smoking status, % (SE)
Non-smoker 3001 42.5 (1.2) 55.9 (3.0) <0.01
Former smoker 1767 22.9 (1.3) 21.1 (3.4) <0.01
Current smoker 1900 34.6 (1.5) 22.9 (2.7) 0.61
Comorbid conditions, % (SE)
Diabetes mellitus 1313 10.0 (0.8) 11.5 (1.9) 0.42
Hypertension 3087 24.3 (1.3) 36.0 (3.7) <0.01
Hypercholesterolaemia 3964 51.6 (1.3) 38.6 (3.7) <0.01
BMI, kg/m2 6721 26.7 (0.1) 26.7 (0.3) 0.88
Serum albumin, g/dL 6733 4.2 (0.1) 3.9 (0.1) <0.01
C-reactive protein, mg/dLb 6727 0.29 (1.02) 0.37 (1.06) <0.01
Thyroid-stimulating hormone, mU/Lb 6616 1.70 (1.04) 1.56 (1.07) 0.28

Data presented as mean (SE) unless otherwise specified.BMI, body mass index; eGFR, estimated glomerular filtration rate; SCr, serum creatinine;
CysC, serum cystatin C.
aAnaemia defined as haemoglobin <13 g/dL in men; <12 g/dL in women.
bGeometrical mean (SE) presented.
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or both, older age (OR = 1.09–1.13 per 1year increase in
age), hypertension (OR = 1.80–2.17), and elevated CRP
(OR = 1.37–1.49 per log 1-mg/dL increase) and TSH
(OR = 1.13–1.40 per log 1-mU/L increase) levels were
also consistently associated with higher odds of kidney
disease (all P-values <0.01). Hypercholesterolaemia was
also associated with higher odds of kidney disease in
the overall adjusted models using eGFRSCR (OR = 1.66,
P < 0.01) and eGFRSCR + CYSC (OR = 1.49, P < 0.01),
while diabetes history was associated with 1.4-fold higher
odds of kidney disease (P<0.01) only in the overall adjusted
model using eGFRSCR. In addition, higher BMI was also

associated with slightly higher odds of kidney disease
in the overall models utilizing eGFRCYSC (OR = 1.06,
P < 0.01) and eGFRSCR + CYSC (OR = 1.04, P = 0.02). In
younger individuals, women and those with elevated CRP
levels, there was a trend of higher odds of kidney disease
associated with anaemia when GFR was estimated by se-
rum cystatin C rather than by serum creatinine alone or
in combination with serum creatinine. In contrast, there
was a trend for the higher odds of kidney disease associated
with anaemiawhen kidney function was based on eGFRSCR

and eGFRSCR + CYSC rather than eGFRCYSC in non-Hispan-
ic whites and Mexican Americans.

Of the covariates, age was found to modify the associ-
ation of anaemia with kidney disease (P interaction = 0.02)
in the model utilizing eGFRCYSC. In the adjusted, age-
stratified model using eGFRCYSC, there was a trend for
higher odds of kidney disease associated with anaemia
in individuals <60 years of age compared to older indivi-
duals. Adjustment for age and ethnicity attenuated the
odds ratio in men while it strengthened the odds ratio in
women; however, we did not observe an interaction be-
tween age and gender. The addition of albuminuria to
the multivariable model did not appreciably alter the esti-
mates (data not shown).

Discussion

Our study shows that moderate to severe kidney disease
occurs commonly among individuals with anaemia. The
prevalence of kidney disease among anaemic persons

Table 2. Characteristics of individuals by differing methods of estimating GFR

Characteristic

eGFRSCR and
eGFRCYSC ≥ 60

eGFRSCR and
eGFRCYSC 15–59

P-valuea

eGFRSCR ≥60
eGFRCYSC 15–59

P-valuea

eGFRSCR 15–59
eGFRCYSC ≥ 60

P-valuea(n = 4996) (n = 719) (n = 838) (n = 181)

Age, mean years (SE) 41.6 (0.6) 73.1 (0.7) <0.01 69.8 (1.2) <0.01 60.8 (1.6) <0.01
Men, % (SE) 48.9 (1.5) 34.1 (2.9) <0.01 37.6 (3.2) <0.01 42.4 (5.2) 0.28
Ethnicity, % (SE)
Non-Hispanic white 83.1 (1.2) 91.4 (1.0) 90.3 (1.1) 92.2 (1.6)
Non-Hispanic black 11.4 (1.0) 7.1 (1.0) 6.3 (1.0) 6.9 (1.5)
Mexican American 5.4 (0.6) 1.5 (0.2) <0.01 3.4 (1.0) <0.01 0.9 (0.3) <0.01
Anaemia, % (SE)b 4.9 (0.5) 19.4 (1.7) <0.01 13.2 (2.8) <0.01 8.2 (3.0) 0.27
Iron-deficiency anaemia 12.2 (0.9) 9.1 (1.1) 10.0 (3.0) 5.7 (1.9)
Functional iron-deficiency anaemia 16.8 (1.0) 33.5 (2.6) 24.0 (2.5) 27.7 (3.7)
Other anaemia 70.9 (1.3) 57.4 (3.0) 0.01 65.9 (3.2) 0.65 66.6 (4.0) 0.70
Microalbuminuria, % (SE)b 0.7 (0.2) 9.1 (1.5) <0.01 3.4 (0.7) <0.01 <0.01 0.16
Smoking status, % (SE)
Non-smoker 43.7 (1.2) 43.5 (2.8) 38.9 (2.3) 36.3 (7.1)
Former smoker 21.4 (1.4) 38.0 (2.3) 30.3 (2.3) 38.5 (6.4)
Current smoker 34.9 (1.5) 18.5 (2.1) <0.01 30.8 (2.6) <0.01 25.2 (5.5) 0.06
Comorbid conditions, % (SE)
Diabetes mellitus 8.3 (0.8) 0.29 (1.9) <0.01 23.5 (1.9) <0.01 21.9 (3.7) <0.01
Hypertension 19.8 (1.2) 81.7 (1.9) <0.01 65.3 (3.1) <0.01 46.5 (4.5) <0.01
Hypercholesterolaemia 48.7 (1.4) 75.0 (2.5) <0.01 62.4 (3.1) <0.01 75.9 (4.2) <0.01
BMI, mean kg/m2 (SE) 26.5 (0.2) 27.7 (0.3) <0.01 28.5 (0.4) <0.01 27.1 (0.3) 0.13
Serum albumin, mean g/dL (SE) 4.2 (0.0) 4.0 (0.0) <0.01 4.0 (0.0) <0.01 4.1 (0.0) 0.26
CRP ≥1 mg/dL, % (SE) 6.3 (0.7) 19.3 (1.9) <0.01 19.3 (3.1) <0.01 7.2 (2.0) 0.06
TSH, mean mU/L (SE) 1.62 (1.04) 2.73 (1.10) <0.01 2.25 (1.10) <0.01 2.16 (1.09) <0.01

eGFRSCR, serum creatinine-based estimated GFR; eGFRCYSC, cystatin C-based estimated GFR (units in ml/min/1.73 m2); BMI, body mass index; CRP,
C-reactive protein; TSH, thyroid-stimulating hormone.
aCompared to individuals with eGFRSCR and eGFRCYSC ≥60 mL/min/1.73 m2.
bDefinitions provided in the Materials and Methods section of text.

Fig. 1. Predicted prevalence of kidney disease (defined as eGFR 15–
59 mL/min/1.73 m2) using different GFR-estimating methods in US
adults aged 20 years or older by haemoglobin levels. Estimated GFR are
based separately on serum creatinine (SCr), serum cystatin C (CysC) and
combined serum creatinine and cystatin C (SCr & CysC). Prevalence
curves are truncated when the number of relevant participants is <30.
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was greater with eGFRCYSC compared with eGFRSCR and
eGFRSCR + CYSC. Overall, persons who were differentially
classified as having moderate to severe kidney disease by
eGFRSCR and eGFRCYSC had similar prevalence of kidney
disease risk factors; however, those who were classified as
having moderate to severe kidney disease by eGFRCYSC

alone were more likely to have microalbuminuria and ele-
vated CRP, two conditions which have been linked to anae-
mia, compared to individuals who were classified as
having kidney disease by eGFRSCR only.

Prior studies have demonstrated the inverse association be-
tween kidney function and anaemia [9,37]. Anaemia devel-
ops early in the course of chronic kidney disease, with nearly
one-third of the individuals with a GFR of 60–89 mL/min/
1.73 m2 meeting WHO criteria for anaemia [37]. However,

these prior studies either utilized serum creatinine-based es-
timates of kidney function or were not representative of the
general population [9,37]. In contrast, our study used a large,
nationally representative population to examine the differ-
ences in the association of anaemia with kidney dysfunction
based on serum creatinine, cystatin C or both.

Anaemia commonly occurs in individuals with chronic
conditions such as diabetes [38,39] and hypertension
[40], which are also known risk factors for chronic kid-
ney disease [41]. Recommended clinical approaches to
the workup of anaemia, however, only marginally refer
to kidney disease as a possible cause for normocytic
anaemia and neglect to recommend renal function assess-
ment in anaemic individuals [42]. In our study, we found
that >15% of anaemic individuals had impaired kidney

Table 4. Odds ratio of kidney disease (defined as eGFR 15–59 mL/min/1.73 m2) in NHANES III (1988–94) participants aged 20 years or older with
versus without anaemia by each GFR-estimating method

Unadjusted model (n = 6734) Multivariable model (n = 6621)

ORSCR ORCYSC ORSCR + CYSC ORSCR ORCYSC ORSCR + CYSC

Overalla 3.47
(2.77, 4.36)

3.65
(2.65, 5.03)

3.93
(3.04, 5.09)

3.31
(2.44, 4.49)

3.58
(2.01, 6.38)

3.45
(2.70, 4.15)

Ageb

<60 years 1.91
(0.98, 3.71)

8.43
(2.68–26.51)

4.03
(1.94, 8.38)

2.61
(1.07, 6.33)

5.22
(2.23, 12.17)

2.92
(1.14, 7.52)

≥60 years 3.12
(2.36, 4.13)

2.59
(1.87, 3.58)

3.27
(2.44, 4.38)

3.82
(2.89, 5.06)

2.85
(2.08, 3.91)

3.78
(2.89, 4.95)

Ethnicityc

Non-Hispanic
white

4.47
(3.30, 6.07)

4.96
(3.21, 7.66)

4.96
(3.54, 6.94)

3.49
(2.42, 5.04)

4.60
(2.15, 9.82)

3.62
(2.58, 5.07)

Non-Hispanic
black

2.99
(2.02, 4.42)

2.86
(1.89, 4.32)

3.21
(2.15, 4.79)

2.57
(1.72, 3.82)

2.20
(1.33, 3.65)

2.61
(1.60, 4.25)

Mexican
American

6.85
(3.69, 12.71)

4.74
(2.13, 10.56)

7.29
(4.13, 12.87)

7.94
(3.68, 17.12)

3.52
(1.24, 10.02)

10.41
(4.66, 23.25)

Genderd

Male 10.65
(7.14, 15.88)

9.18
(6.09, 13.85)

11.43
(7.97, 16.38)

3.57
(1.86, 6.84)

2.22
(1.44, 3.43)

5.91
(3.86, 9.05)

Female 1.97
(1.43, 2.71)

2.31
(1.53, 3.49)

2.28 (1.65, 3.13) 3.34
(2.24, 4.97)

5.34
(2.36, 12.06)

3.16
(2.08, 4.79)

C-reactive proteine

<1mg/dL 3.54
(2.69, 4.67)

2.97
(2.28, 3.88)

3.98
(2.94, 5.37)

3.76
(2.71, 5.21)

2.75
(1.98, 3.81)

3.92
(2.87, 5.35)

≥1mg/dL 2.30
(1.04, 5.10)

5.47
(2.24, 13.35)

2.57
(1.16, 5.68)

2.01
(0.85, 4.74)

7.36
(1.98, 27.36)

2.16
(0.95, 4.94)

Data presented as OR (95% CI).SCR, serum creatinine; CYSC, serum cystatin C; SCR + CYSC, serum creatinine and cystatin C.
aMultivariable model adjusted for age, ethnicity, gender, diabetes mellitus, hypertension, hypercholesterolaemia, smoking status, BMI, serum albumin,
log-CRP and log-TSH.
bMultivariable model adjusted for all variables included in overall adjusted model except for age.
cMultivariable model adjusted for all variables included in overall adjusted model except for ethnicity.
dMultivariable model adjusted for all variables included in overall adjusted model except for gender.
eMultivariable model adjusted for all variables in overall adjusted model except for C-reactive protein.

Table 3. Prevalence of moderate to severe kidney disease by GFR-estimating equation in US adults with anaemia

Type of anaemia

Anaemia Absolute iron deficiency Functional iron deficiency Other
(n = 742) (n = 227) (n = 193) (n = 320)

eGFRSCR 15.3 (12.4, 18.2) 6.0 (3.5, 8.6) 38.2 (27.4, 49.0) 15.9 (10.9, 20.9)
eGFRCYSC 24.5 (18.7, 30.3) 15.2 (3.0, 27.3) 57.0 (45.9, 68.2) 21.3 (15.8, 26.7)
eGFRSCR + CYSC 16.3 (13.5, 19.0) 6.6 (3.8, 9.4) 41.9 (31.3, 52.5) 16.2 (11.9, 20.5)

Data presented as prevalence (95% CI).
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function when based on eGFRSCR or eGFRSCR + CYSC.
The use of eGFRCYSC to estimate kidney function led
to a 9% higher prevalence estimate of kidney disease in
anaemia. The mechanisms underlying these disparities
among the different eGFR methods likely stem from dif-
fering effects of extrarenal factors on both biomarkers and
haemoglobin. In the Multi-Ethnic Study of Atherosclerosis
(MESA), eGFRSCR inversely correlated while serum cy-
statin C positively correlated with several inflammatory
markers in persons with chronic kidney disease [25].
In individuals without impaired kidney function, serum
cystatin C remained significantly correlated with several
inflammatory markers while eGFRSCR only correlated
with tumour necrosis factor-α receptor1 (TNF-αR1)
[25]. This study did not evaluate the association between
eGFRCYSC and inflammation, which would have partially
accounted for the effects of age, race and gender on se-
rum cystatin C [25]. A more recent study, however, of
>3000 individuals supports the notion that serum cystatin
C and creatinine are differentially affected by non-renal
factors [44]. After adjustment for measured GFR, age
and gender were found to have greater effects on serum
creatinine than on serum cystatin C. Whereas serum cre-
atinine was 9.2% lower with each 20-year increase in age
and 31.7% lower in women, serum cystatin C was 4.3%
and 9.2% lower, respectively. Moreover, a higher CRP
was associated with a lower serum creatinine (−3.3%)
while it was associated with a higher serum cystatin C
(2.3%). The association of these factors with serum cre-
atinine noticeably diminished but had minimal effect on
these associations with serum cystatin C after further ad-
justment for proxies of muscle mass [44]. Our results
showing an overall odd ratio for kidney disease based
on eGFRSCR + CYSC, which was in between those by
eGFRSCR and eGFRCYSC, imply that the combined equa-
tion may mediate some of the differential effects of extra-
renal factors on serum creatinine and cystatin C. However,
this hypothesis could not be tested given our study’s lack
of direct GFR measurements. Nonetheless, the use of
eGFRCYSC to assess kidney function in anaemic persons
may be particularly helpful in persons aged <60 years,
women and those with ongoing inflammation. Its stronger
association with mortality compared with eGFRSCR and
eGFRSCR + CYSC [43] may provide an added benefit of
prognostication in using eGFRCYSC for kidney function
examination in anaemia.

The limitations of our study to consider include its
cross-sectional design and our choice of equation to calcu-
late eGFRCYSC. Due to a lack of temporality inherent in
cross-sectional studies, we are unable to determine if se-
rum cystatin C predicts earlier declines in haemoglobin
than serum creatinine. However, NHANES III provides a
unique opportunity to examine the relationship between
eGFRCYSC and haemoglobin in an ethnically diverse, na-
tionally representative sample. Although the eGFRCYSC

equation used in our study addressed some biases associ-
ated with age, race and gender, it may not fully account for
bias as the equation was developed in a study population
enriched with participants afflicted with chronic kidney
disease [33]. Our study lacks direct GFR measurements;
therefore, we cannot discern the true impact of extra-renal

influences on serum creatinine, serum cystatin C and anae-
mia. No direct comparisons have been performed between
the eGFRCYSC equation we used and those developed by
other investigators; however, we believe that this equation,
which was externally validated [33], currently provides the
most reliable estimate of GFR based on serum cystatin C
in adults. Our prevalence estimates for microalbuminuria
differed from those previously reported by Coresh and col-
leagues [34]. A selection bias may have occurred in the
process of selecting the NHANES III sub-sample included
in our analysis. Alternatively, our prevalence estimates
may have diminished accuracy compared with those by
Coresh and colleagues given our smaller study sample
size [34]. Despite these limitations, our study provides a
thorough comparison of the association of anaemia with
kidney disease based on the serum creatinine- and cystatin
C-based estimates of kidney function.

In conclusion, the prevalence of kidney disease among
anaemic persons was greater with eGFRCYSC than with
eGFRSCR and eGFRSCR + CYSC. Anaemia may be more
strongly associated with eGFRCYSC rather than eGFRSCR

and eGFRSCR + CYSC in persons aged <60 years, women
and those with ongoing inflammation. This observation
may be due to disparities in the effect of non-renal factors
on both renal biomarkers. Further studies with measured
GFR are needed to examine the differential effects of
non-renal factors on the three GFR-estimating equations.
Our study suggests that an assessment of kidney function,
regardless of which GFR-estimating method is used, may
need to be incorporated in to the routine workup of anae-
mia given the high prevalence of renal disease among
anaemic individuals.
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