DE GRUYTER

Open Medicine 2021; 16: 718-727

Research Article

Fei Li, Ri-bao Wei*, Yang Wang, Ting-yu Su, Ping Li, Meng-jie Huang, Xiang-mei Chen

Nomogram prediction model for renal anaemia in
IgA nephropathy patients

https://doi.org/10.1515/med-2021-0284
received October 15, 2020; accepted April 7, 2021

Abstract: In this study, we focused on the influencing
factors of renal anaemia in patients with IgA nephropathy
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and constructed a nomogram model. We divided 462
patients with IgA nephropathy diagnosed by renal biopsy
into anaemic and non-anaemic groups. Then, the influen-
cing factors of renal anaemia in patients with IgA nephro-
pathy were analysed by least absolute shrinkage and
selection operator (LASSO) regression and multivariable
logistic regression, and a nomogram model for predicting
renal anaemia was established. Eventually, nine variables
were obtained, which are easy to apply clinically. The
areas under the receiver operating characteristic (ROC)
curve and precision-recall (PR) curve reached 0.835 and
0.676, respectively, and the C-index reached 0.848. The
calibration plot showed that the model had good discrimi-
nation, accuracy, and diagnostic efficacy. In addition, the
C-index of the model following internal validation reached
0.823. Decision curve analysis suggested that the model
had a certain degree of clinical significance. This new nomo-
gram model of renal anaemia combines the basic informa-
tion, laboratory findings, and renal biopsy results of patients
with IgA nephropathy, providing important guidance for
predicting and clinically intervening in renal anaemia.

Keywords: IgA nephropathy, anaemia, chronic kidney
disease, nomogram

1 Introduction

IgA nephropathy is currently the most common glomer-
ular disease worldwide, with a high incidence in the
Asia-Pacific region [1], and is the most common cause
of chronic kidney disease (CKD) in China [2]. Renal
anaemia is a common diagnostic complication in patients
with CKD, in whom it can occur at the early stage (stages
2 and 3 according to the KDIGO guidelines). The level of
haemoglobin decreases when the estimated glomerular
filtration rate (eGFR) is approximately 70 mL/min/1.73 m?
in males and 50 mL/min/1.73m? in females; however,
most commonly, renal anaemia appears in stage 4 CKD
and worsens as the disease progresses. Among patients
with more advanced disease and those on dialysis,
approximately 90% have anaemia [3,4].
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The pathogenesis of renal anaemia is complex; the
primary mechanism is the reduced production of erythro-
poietin (EPO) by the paratubular apparatus. In addition,
excessive expression of hepcidin, a persistent microin-
flammatory state, and uraemic toxins have an effect on
anaemia [5-8]. Anaemia because of CKD not only affects
the quality of life of the patients but also increases the
incidence of and mortality from cardiovascular complica-
tions, which may lead to further deterioration of renal
function and form a vicious cycle called “cardiac anaemia
syndrome” [9]. In addition, renal anaemia has been iden-
tified as an independent risk factor of heart failure in CKD
patients [10].

Therefore, the early diagnosis of and intervention for
renal anaemia is necessary, but the individualized pre-
diction of IgA nephropathy complicated by renal anaemia
has been rarely reported and is an urgent problem to be
solved. The aim of this study was to establish the first
nomogram model for the personalized prediction of the
risk of IgA nephropathy complicated by renal anaemia to
guide clinical screening of high-risk groups and develop
more targeted clinical decisions.

2 Methods

2.1 Study sample collection and
management

A total of 658 patients with IgA nephropathy diagnosed
by renal biopsy were enrolled from January 2015 to
January 2016. The method of inclusion and exclusion
was based on a previous study [11]. Finally, 462 patients
were enrolled, including 132 patients with anaemia and
320 patients without anaemia. All patients who under-
went renal biopsy signed a study protocol informed con-
sent form for the renal clinical database at the time of
admission, agreeing that their data would be used for the
clinical study. The study protocol was approved by the
hospital ethics committee (EC No.: S2019-309-01).

2.2 Definition of clinical measures

According to WHO recommendations, anaemia can be
diagnosed in males aged >15 years with haemoglobin
<130 g/L or in adult non-pregnant females with haemo-
globin <120 g/L in regions at sea level [12].
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To evaluate renal function, we referred to the National
Kidney Foundation Kidney Disease Outcomes Quality
Initiative clinical practice guidelines for classifying subjects
into different stages of CKD based on eGFR [13], which
was calculated using the Chronic Kidney Disease Epide-
miology Collaboration (CKD-EPI) equation for Asian popu-
lations (CKD stage 1: eGFR > 90 mL/min/1.73m?% CKD
stage 2: eGFR: 60-89 mL/min/1.73 m% CKD stage 3: eGFR:
30-59 mL/min/1.73 m?; CKD stage 4: eGFR: 15-29 mL/min/
1.73m? and CKD stage 5: eGFR < 15 mL/min/1.73 m?) [14].
In this study, CKD stages 1-2, 3, and 4-5 were used as a
group, respectively.

The 2017 updated Oxford pathological evaluation cri-
teria [15] were used to identify the type of IgA nephropathy
as follows: mesangial hypercellularity (M, MO < 0.5, M1 >
0.5), endocapillary hypercellularity (E, EO: no, El: yes),
segmental glomerulosclerosis (S, SO: no, S1: yes), tubular
atrophy/interstitial fibrosis (T, TO: 0-25%, T1: 26-50%, T2:
>50%), and cellular/fibrocellular crescent (C, CO: no, Cl:
<25% of the glomeruli, C2: >25% of the glomeruli).

2.3 Statistical analysis

The study design and statistical analysis of this study
were carried out in strict accordance with the TRIPOD
statement for prediction models [16]. All data analysis
was performed using R software (version 3.6.3; https://
www.R-project.org). All clinically collected data (basic
patient information, laboratory tests, pathological stage
for renal biopsy) were enumeration data and are expressed
as frequency (%). Least absolute shrinkage and selection
operator (LASSO) regression was performed by the “glmnet”
package in R software, the “rms” package was used to draw
the nomogram and calibration curve, the “pROC” package
was used to illustrate the receiver operating characteristic
(ROC) curve, the coords function was used to return the
values of the variables used in the calculation of the ROC
curve, the “modEvA” package was used for plotting the
precision-recall (PR) curve, and the “rmda” package was
used to draw the decision curve analysis (DCA) curve.
LASSO regression is a compression estimation regression
method. Its greatest advantage lies in the fact that by per-
forming penalized regression on all variable coefficients, the
coefficient of the most relatively insignificant independent
variable becomes zero, so that it is excluded from the mod-
elling, improving the modelling stability, and solving the
problem of having highly correlated variables in the tradi-
tional model [17]. Therefore, LASSO regression was used to
screen for possible factors of renal anaemia in IgA patients.
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Multivariable logistic regression analysis was performed by
entering the variables screened by the LASSO regression,
and the B regression coefficient, 95% confidence interval,
odds ratio (OR), and P-value were calculated (statistical sig-
nificance was assessed bilaterally). A nomogram prediction
model was developed based on the results of logistic regres-
sion analysis [18], and all potential predictors were used in
the development of the model [19]. A calibration curve was
drawn to assess the calibration of the renal anaemia predic-
tion model, where a fit closer to the ideal model indicated a
better prediction. The predictive accuracy and diagnostic
performance of the validated model were quantified using
the areas under the ROC and PR curves (AUCs) and Harrell’s
concordance index (C-index) [20]. The DCA curve was used
to quantify the net benefit at different threshold probabilities
in IgA nephropathy cohorts and determine the clinical role
of the nomogram in avoiding the possihility of false positives
and false negatives [21]. The nomogram model was intern-
ally validated by repeating bootstrap resampling 1,000 times
[22], and the relative corrected C-index was calculated. For
all statistical data, P < 0.05 was considered statistically sig-
nificant. As there were a few missing values for some vari-
ables in the data, we assumed that the data were missing at
random. In R software, we performed multiple interpolations
for the missing values by chained equations [23].

3 Results

3.1 General information

A total of 462 patients with IgA nephropathy were divided
into an anaemia group (132 cases) and a non-anaemia group
(330 cases). Table 1 presents all data of the patients in both
groups, including demographic information and clinical
laboratory tests and pathological examination results.

3.2 Screening for factors associated with
renal anaemia in patients with IgA
nephropathy

A total of 17 potential risk factors for renal anaemia were
included in this study. The 17 variables were reduced
by the LASSO regression reducing dimension algorithm,
and representative risk factors for renal anaemia were
selected. The lambda parameter value with the smallest
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10-fold cross-validation error was used as the optimal value
for the model, and the number of variables with a non-zero
regression coefficient was also counted (Figure 1a and b).
The results of the LASSO regression revealed the following
nine variables as risk factors affecting the development
of renal anaemia in patients with IgA nephropathy: age,
sex, diastolic blood pressure (DBP), serum albumin (ALB),
cholesterol (CHOL), triglyceride (TG), CKD stage, mesan-
gial hypercellularity (M), and tubular atrophy/interstitial
fibrosis (T).

3.3 Logistic regression analysis

The results of logistic regression analysis using age, sex,
DBP, ALB, CHOL, TG, CKD stage, M, and T are shown in
Table 2.

3.4 Construction of the nomogram
prediction model and judgement of
diagnostic efficacy

A model containing the above independent predictors
was developed and presented as a nomogram (Figure 2).
To apply the nomogram model, the scores of different
variables are first obtained on the vertical line on the
nomogram. Then, the scores of all variables are added
to obtain the total score, which finally allows determina-
tion of the corresponding predicted risk value by con-
necting the prediction line to the total score line at the
bottom of the nomogram. The calibration curve for the
nomogram used to predict the development of renal
anaemia in patients with IgA nephropathy showed good
consistency in this cohort (Figure 3a). The C-index of the
cohort was 0.848 (95% confidence interval: 0.811-0.885),
while the area under the ROC curve was 0.835 (Figure 3b),
the sensitivity was 0.72, the specificity was 0.79, the posi-
tive predictive value (PPV) was 0.58, the negative predic-
tive value (NPV) was 0.88, and the area under the PR
curve was 0.676 (Figure 4a), suggesting that the model
has good discrimination and diagnostic efficacy. An internal
validation set was evaluated by bootstrap resampling, and
the calculated corrected C-index reached 0.823, suggesting
that the good predictive accuracy of the model was pre-
served. For this nomogram, visualization of the prediction
model can indicate a better predictive value.



DE GRUYTER Nomogram prediction for IgA nephropathy patients =— 721

Table 1: Differences between demographic and clinical characteristics of anaemia and non-anaemia groups

Demographic characteristics n (%)

Anaemia (n = 132) Non-anaemia (n = 330) Total (n = 462)
Age (years)
18-44 92 (69.7) 258 (78.2) 350 (75.8)
45-59 31 (23.5) 67 (20.3) 98 (21.2)
>60 9 (6.8) 5 (1.5) 14 (3.0)
Sex
Male 58 (43.9) 214 (64.8) 272 (58.9)
Female 74 (56.1) 116 (35.2) 190 (41.1)
BMI (kg/m?)
<24 74 (56.1) 135 (40.9) 209 (45.2)
24-27.9 42 (31.8) 131 (39.7) 173 (37.4)
>28 16 (12.1) 64 (19.4) 80 (17.3)
Systolic (mm Hg)
90-109 6 (12.1) 4 (7.3) 40 (8.7)
110-119 7 (12.9) 4 (16.4) 71 (15.4)
120-129 4 (25.8) 81 (24.5) 115 (24.9)
130-139 8 (13.6) 7 (20.3) 85 (18.4)
140-149 9 (14.4) 57 (17.3) 76 (16.5)
>150 28 (21.2) 47 (14.2) 75 (16.2)
Diastolic (mm Hg)
<70 4 (10.6) 4 (4.2) 28 (6.1)
70-89 33 (25.0) 0 (21.2) 103 (22.3)
80-89 5 (26.5) 124 (37.6) 159 (34.4)
90-99 27 (20.5) 68 (20.6) 95 (20.6)
>100 23 (17.4) 54 (16.4) 77 (16.7)
Serum albumin (g/L)
<30 8 (6.1) 2 (0.6) 10 (2.2)
>30 124 (93.9) 328 (99.4) 452 (97.8)
24 h protein excretion (g/day)
<1 37 (28.0) 151 (45.8) 188 (40.7)
>1 95 (72.0) 179 (54.2) 274 (59.3)
Cholesterol (mmol/L)
<5.72 118 (89.4) 295 (89.4) 413 (89.4)
>5.72 14 (10.6) 35 (10.6) 49 (10.6)
Triglyceride (mmol/L)
<1.7 87 (65.9) 170 (51.5) 257 (55.6)
>1.7 45 (34.1) 160 (48.5) 205 (44.4)
Serum uric acid (pmol/L)
<420 83 (62.9) 216 (65.5) 299 (64.7)
>420 49 (37.1) 114 (34.5) 163 (35.3)
BUN (mmol/L)
<7.5 100 (75.8) 258 (78.2) 358 (77.5)
>7.5 32 (24.2) 72 (21.8) 104 (22.5)
CKD stages
1-2 57 (43.2) 263 (79.7) 320 (69.3)
3 48 (36.4) 64 (19.4) 112 (24.2)
4-5 27 (20.5) 3(0.9) 30 (6.5)
Ma
MO 57 (43.2) 203 (61.5) 260 (56.3)
M1 75 (56.8) 127 (38.5) 202 (43.7)
Eb
EO 117 (88.6) 277 (83.9) 394 (85.3)
E1 15 (11.4) 53 (16.1) 68 (14.7)
SC

S0 32 (24.2) 110 (33.3) 142 (30.7)
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Table 1: Continued

Demographic characteristics n (%)

Anaemia (n = 132) Non-anaemia (n = 330) Total (n = 462)
S1 100 (75.8) 220 (66.7) 320 (69.3)
T
T0 35 (26.5) 185 (56.1) 220 (47.6)
T1 28 (21.2) 96 (29.1) 124 (26.8)
T2 69 (52.3) 49 (14.8) 118 (25.5)
Ce
co 72 (54.5) 197 (59.7) 269 (58.2)
Cc1 50 (37.9) 125 (37.9) 175 (37.9)
c2 10 (7.6) 8 (2.4) 18 (3.9)

2M, mesangial hypercellularity; °E, endocapillary hypercellularity; €S, segmental glomerulosclerosis. 4T, tubular atrophy/interstitial
fibrosis; €C, cellular/fibrocellular crescent.
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Figure 1: Demographic information, clinical laboratory tests, and pathological examination selection using the LASSO binary logistic
regression model. (a) Optimal parameter (lambda) selection in the LASSO model used 10-fold cross-validation via minimum criteria. The
partial likelihood deviance (binomial deviance) curve was plotted versus log (lambda). Dotted vertical lines were drawn at the optimal
values using the minimum criteria and the 1 SE of the minimum criteria (the 1-SE criterium). (b) LASSO coefficient profiles of the 17 features.
A coefficient profile plot was produced against the log (lambda) sequence. Vertical line was drawn at the value selected using 10-fold cross-
validation, where the optimal lambda resulted in nine features with non-zero coefficients. Abbreviations: LASSO, least absolute shrinkage
and selection operator; SE, standard error.

3.5 Clinical application 4 Discussion

The DCA of the renal anaemia nomogram is shown in With the change in the medical model from evidence-
Figure 4b. DCA showed that the net benefit rate was >0 based medicine to precision medicine, the latter has
at a high-risk threshold between 1 and 84%, which was rapidly become the focus of attention of the global med-
clinically significant, and that the smaller the threshold ical community. The era of big data provides unlimited
was between 1 and 84%, the higher the net benefit rate.  possibilities for the realization of individualized medicine,
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Table 2: Prediction factors for anaemia in IgA nephropathy

Intercept and Prediction model

variable

B 0dds ratio (95% CI) P-value
Intercept -1.5434 0.214 (0.072-0.604) 0.004
Age (years)
18-44
45-59 0.0006 1.001 (0.516-1.894) 0.998
>60 1.6285 5.096 (1.293-21.958) 0.022
Sex
Male
Female 1.143 3.136 (1.822-5.516) <0.001
Diastolic (mm Hg)
<70
70-89 -0.2236 0.780 (0.291-2.262) 0.667
80-89 -1.0336 0.356 (0.131-0.988) 0.043
90-99 -0.8154  0.442 (0.152-1.304) 0.135
>100 -1.3312  0.264 (0.078-0.881) 0.03
Serum albumin (g/L)
>30
<30 1.6019 1.602 (0.967-37.905) 0.074
Cholesterol (mmol/L)
<5.72
>5.72 -0.8782 0.416 (0.156-1.013) 0.064
Triglyceride (mmol/L)
<1.7
>1.7 -0.8493 0.428 (0.241-0.742) 0.003
CKD stages
1-2
3 1.1118 3.040 (1.511-6.176) 0.002
4-5 3.7456  42.333 <0.001

(10.943-220.631)

Ma
MO
M1 0.2739 1.315 (0.770-2.237) 0.313
Tb
T0
T1 0.182 1.200 (0.595-2.380) 0.605
T2 1.425 4,158 (1.838-9.546) 0.001

2M, mesangial hypercellularity; °T, tubular atrophy/interstitial
fibrosis.

in which treatment plans can be tailored according to the
individual characteristics of each patient. Clinical prediction
models are increasingly widely used in clinical diagnosis,
treatment decisions, and patient prognosis management
through comprehensive statistical analyses of various
clinical data and have become increasingly important
as the value of clinical risk prediction and benefit assess-
ment has increased [24]. The nomogram is a graph with
high- and low-score lines based on multiple clinical indi-
cators; it is based on multivariable regression analysis,
can be used to predict a certain clinical outcome or
adverse event rate, and is one of the most widely used

Nomogram prediction for IgA nephropathy patients = 723

statistical methods in clinical research [25]. Moreover, it
has visual and mathematical advantages and facilitates
the probability calculation of risk factors or other pre-
dictor variables in clinical practice [26]. This study is
the first to apply a nomogram to the risk study of IgA
nephropathy complicated by renal anaemia.

We obtained nine variables that are easy to apply
clinically and used them to develop and validate a new
tool to predict the risk of IgA nephropathy complicated by
renal anaemia. Risk factors extracted from among demo-
graphic characteristics, laboratory findings, and patho-
logical findings were included in the nomogram for the
individualized prediction of disease occurrence. Internal
validation of the cohort data showed that the model
had good discrimination and calibration ability, espe-
cially via its high C-index, indicating that the model
can be widely and accurately used in a large number of
clinical samples. These nine variables were age, sex,
DBP, ALB, CHOL, TG, CKD stage, M, and T, which were
associated with IgA nephropathy complicated by renal
anaemia. The nomogram suggests that age >60 years
(score = 43), female sex (score = 31), DBP <69 mm Hg
(score = 36), ALB <30g/L (score = 43), serum CHOL
<5.72 mmol/L (score = 23), serum TGs <1.7 mmol/L (score =
23), CKD stage 3 or higher (score = 30 for CKD stage 3 and
score = 100 for CKD stages 4-5), mesangial hypercellu-
larity (M1, score = 7), and tubular atrophy/interstitial
fibrosis (score = 5 for T1 and score = 38 for T2) may be
key factors in determining renal anaemia in patients with
IgA nephropathy.

In this study, we found that age >60 years was
an independent predictor of renal anaemia in patients
with IgA nephropathy, similar to the study by Melissa
E. Stauffer, in which the incidence of anaemia tended
to increase with increasing age in elderly CKD patients
[4]. The reason for this is two-fold. First, with age, the
kidney changes morphologically and functionally. Renal
ageing is morphologically characterized by the gradual
loss of nephrons, glomerulosclerosis, tubular atrophy,
renal interstitial fibrosis, and arteriosclerosis, while func-
tional changes mainly consist of reduced renal effective
plasma flow and decreased eGFR [27,28]. Second, elderly
patients have notably poor prognostic factors, such as
decreased eGFR, massive proteinuria, a high number of
comorbidities, and relatively severe renal chronicity [29].
Another independent risk factor we identified was female
sex. Oh et al. found that in IgA nephropathy, female sex
was strongly associated with decreased haemoglobin
[30]. Poudel et al. also found a high incidence of anaemia
in women with CKD [31]. The specific reasons for the
difference in anaemia between sexes are still unclear;
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Figure 2: Developed IgA nephropathy patients complicated with renal anaemia nomogram. The renal anaemia nomogram was developed in
the cohort, with nine variables, age, sex, DBP, ALB, CHOL, TG, CKD stage, M, and T. Abbreviations: CKD 1, stages 1-2 CKD; CKD 2, stage 3
CKD; CKD 3, stages 4-5 CKD; DBP, diastolic blood pressure; ALB, serum albumin; CHOL, cholesterol; TG, triglyceride; CKD stage, chronic
kidney disease stage; M, mesangial hypercellularity; T, tubular atrophy/interstitial fibrosis.
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Figure 3: Calibration curve and ROC curve for the renal anaemia nomogram prediction in the cohort. (a) Calibration curve. The x-axis
represents the predicted renal anaemia risk. The y-axis represents the actual diagnosed renal anaemia. The diagonal dotted line represents
a perfect prediction by an ideal model. The solid line represents the performance of the nomogram, of which a closer fit to the diagonal
dotted line represents a better prediction. (b) ROC curve. It showed that the AUC of this model for predicting renal anaemia was 0.835. The
optimal cut-off value of the ROC curve was 0.317, corresponding to a specificity and sensitivity of 0.788 and 0.720, respectively.
Abbreviations: ROC curve, receiver operating characteristic curve; AUC, area under the curve.

one possibility is that hepcidicin, which is increased levels [32]. Therefore, doctors should pay special atten-
in postmenopausal women and constant with age in tion to female patients with anaemia in clinical work, and
men, aggravates chronic disease-related anaemia at high sex should also be considered in the clinical observation
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Figure 4: PR curve and decision curve analysis (DCA) for the renal anaemia nomogram. (a) PR curve. It showed that the AUC of this model for
predicting renal anaemia was 0.676. (b) DCA. The y-axis measures the net benefit. The blue solid line represents the renal anaemia
nomogram. The solid grey line represents the assumption that all patients with IgA nephropathy developed renal anaemia. The solid black
line represents the assumption that none of the patients with IgA nephropathy developed renal anaemia. The decision analysis curve
showed that the net benefit rate was >0 at the high-risk threshold of 1-84%, which was clinically significant. Abbreviations: PR curve,

precision-recall curve; AUC, area under the curve.

and intervention of patients with renal anaemia. In terms
of blood pressure, we found that a lower DBP was asso-
ciated with anaemia, which is speculated to be related to
the frequent occurrence of increased pulse pressure in
patients with vascular calcification in CKD. Vascular cal-
cification is also another common complication of CKD
[33]. Liu et al. also found that orthostatic hypotension in
CKD is closely related to haemoglobin reduction [34].
Lower ALB, serum CHOL, and TGs are key factors in
anaemia and may represent a state of malnutrition
in the body, which is also closely related to anaemia
because of chronic inflammation in CKD [7,35]. Investiga-
tion of the interaction between nutritional markers and
inflammatory cytokines or adipokines is necessary to
understand the development of anaemia in CKD.

In the nomogram model, the other two factors
accounting for the higher weight score and that were
independent predictors of concurrent renal anaemia in
patients with IgA nephropathy were patients with CKD
stages 3-5 and pathological findings of more severe tubular
atrophy/interstitial fibrosis (T2). We demonstrated that the
prevalence of anaemia increases with CKD stage, similar to
previous studies [11]. We also found that patients with stage
3 CKD need to be monitored for renal anaemia and possibly
undergo intervention. This is in line with the results of the
study by Jha et al., who found that patients with stage 3 CKD
complicated by anaemia (<13 g/dL in men or <11g/dL in

women) had an equivalent risk of progression to end-stage
renal disease to non-anaemic patients with stage 4 CKD,
further indicating the need for early intervention in patients
with CKD complicated by anaemia [36]. The reason for this
may be related to the fact that tubular atrophy/interstitial
fibrosis injury can reach more than 50% (T2) in patients
with IgA nephropathy, which is the link between patients
with stages 3—-5 CKD and renal anaemia. In further analysis,
an important cause of renal anaemia is the insufficient pro-
duction of EPO by cells called erythropoietin-producing
cells (REPs). Numerous studies have shown that REPs
are intrinsically renal interstitial fibroblasts [37-39], and
hypoxia is a switch for their activation, regulating EPO pro-
duction through the PHD2-HIF2a-EPO signalling pathway
[5]. More interestingly, it has been found that REPs trans-
form into myofibroblasts upon kidney injury, leading to the
development of renal interstitial fibrosis [40]. Renal inter-
stitial fibrosis in CKD is closely related to renal anaemia,
which inspires us to slow the further progression of CKD by
targeting and regulating the cellular characteristics of REPs
while preventing renal anaemia.

In addition, we analysed ROC and PR curves to vali-
date the nomogram model and evaluated the clinical
usability and benefits of the prediction tool through
DCA, which suggested that this model can be applied to
larger clinical samples. However, this study has some
limitations. First, our study is a single-centre study, and
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the model may require further external validation through
a multicentre sample study. Second, the risk factors did
not include all potential factors affecting renal anaemia,
and thus the model may be somewhat biased.

In conclusion, we constructed a nomogram model
for predicting the risk of renal anaemia in patients with
IgA nephropathy. The model achieved a reasonable accu-
racy, discrimination, and predictive ability, indicating its
potential usefulness for the clinical screening of high-risk
patients and the development of more targeted interven-
tion strategies.

Funding information: This research was funded by National
Natural Science Foundation of China (2018YFC1704203).

Conflict of interest: The authors declare no conflict of
interest.

Data availability statement: The available datasets gene-
rated during and/or analysed during the current study
are available from the corresponding author on reason-
able request.

References

[1] Rodrigues JC, Haas M, Reich HN. IgA nephropathy. Clin ] Am
Soc Nephrol. 2017;12(4):677-86.

[2] Xie Y, Chen X. Epidemiology, major outcomes, risk factors,
prevention and management of chronic kidney disease in
China. Am ] Nephrol. 2008;28(1):1-7.

[3] McFarlane Sl, Chen S-C, Whaley-Connell AT, Sowers JR,
Vassalotti JA, Salifu MO, et al. Prevalence and associations
of anemia of CKD: Kidney early evaluation program (KEEP)
and national health and nutrition examination survey (NHANES)
1999-2004. Am ) Kidney Dis. 2008;51(4 Suppl 2):S46-55.

[4] Stauffer ME, Fan T. Prevalence of anemia in chronic kidney
disease in the United States. PloS One. 2014;9(1):€84943.

[5] Suzuki N. Erythropoietin gene expression: developmental-
stage specificity, cell-type specificity, and hypoxia induci-
bility. Tohoku | Exp Med. 2015;235(3):233-40.

[6] Akchurin O, Sureshbabu A, Doty SB, Zhu Y-S, Patino E,
Cunningham-Rundles S, et al. Lack of hepcidin ameliorates
anemia and improves growth in an adenine-induced mouse
model of chronic kidney disease. Am | Physiol Renal Physiol.
2016;311(5):F877-9.

[7] Raj DS, Pecoits-Filho R, Kimmel PL. Chapter 17 — Inflammation
in chronic kidney disease. In: Kimmel PL, Rosenberg ME, edi-
tors. Chronic renal disease. San Diego: Academic Press; 2015.
p. 199-212.

[8] Lau WL, Savoj J, Nakata MB, Vaziri ND. Altered microbiome in
chronic kidney disease: systemic effects of gut-derived uremic
toxins. Clin Sci. 2018;132(5):509-22.

(10]

(11]

(12]

(13]

(14]

(15]

(16]

(17]

(18]

(19]

(20]

(23]

[24

(25]

DE GRUYTER

Besarab A, Levin A. Defining a renal anemia management
period. Am | Kidney Dis. 2000;36(6 Suppl 3):S13-23.

He ), Shlipak M, Anderson A, Roy JA, Feldman HI, Kallem RR,
et al. Risk factors for heart failure in patients with chronic
kidney disease: the CRIC (Chronic Renal Insufficiency Cohort)
study. ] Am Heart Assoc. 2017;6(5):e005336.

Wang Y, Wei RB, Su TY, Huang MJ, Li P, Chen XM. Clinical and
pathological factors of renal anaemia in patients with IgA
nephropathy in Chinese adults: a cross-sectional study. BM)
Open. 2019;9(1):e023479.

Kliger AS, Foley RN, Goldfarb DS, Goldstein SL, Johansen K,
Singh A, et al. KDOQI US commentary on the 2012 KDIGO
clinical practice guideline for anemia in CKD. Am J Kidney Dis.
2013;62(5):849-59.

Levin A, Stevens PE, Bilous RW, Coresh ], Winearls CG. Kidney
disease: improving global outcomes (KDIGO) CKD work group.
KDIGO 2012 clinical practice guideline for the evaluation and
management of chronic kidney disease. Kidney Int Suppl.
2013;3(1):1-150.

Stevens LA, Claybon MA, Schmid CH, Chen ], Horio M, Imai E,
et al. Evaluation of the chronic kidney disease epidemiology
collaboration equation for estimating the glomerular filtration
rate in multiple ethnicities. Kidney Int. 2011;79(5):555-62.
Trimarchi H, Barratt J, Cattran DC, Cook HT, Coppo R, Haas M,
et al. Oxford classification of IgA nephropathy 2016: an update
from the IgA nephropathy classification working group. Kidney
Int. 2017;91(5):1014-21.

Collins GS, Reitsma JB, Altman DG, Moons KGM. Transparent
reporting of a multivariable prediction model for individual
prognosis or diagnosis (TRIPOD). Ann Intern Med.
2015;162(10):735-6.

Wang L, You Y, Lian H. Convergence and sparsity of Lasso and
group Lasso in high-dimensional generalized linear models.
Stat Papers. 2015;56(3):819-28.

lasonos A, Schrag D, Raj GV, Panageas KS. How to build and
interpret a nomogram for cancer prognosis. ) Clin Oncol.
2008;26(8):1364-70.

Balachandran VP, Gonen M, Smith JJ, DeMatteo RP.
Nomograms in oncology: more than meets the eye. Lancet
Oncol. 2015;16(4):e173-80.

Harrell FE, Lee KL, Mark DB. Multivariable prognostic models:
issues in developing models, evaluating assumptions and
adequacy, and measuring and reducing errors. Stat Med.
1996;15(4):361-87.

Vickers AJ, Elkin EB. Decision curve analysis: a novel method
for evaluating prediction models. Med Decis Making.
2006;26(6):565-74.

Guo W, Peddada S. Adaptive choice of the number of bootstrap
samples in large scale multiple testing. Stat Appl Genet Mol
Biol. 2008;7(1):Article 13.

Enders CK. Multiple imputation as a flexible tool for missing
data handling in clinical research. Behav Res Ther.
2017;98:4-18.

Ranstam J, Cook JA, Collins GS. Clinical prediction models. Br )
Surg. 2016;103(13):1886.

Zhou H, Zhang Y, Qiu Z, Chen G, Hong S, Chen X, et al.
Nomogram to predict cause-specific mortality in patients with
surgically resected stage | non-small-cell lung cancer: a com-
peting risk analysis. Clin Lung Cancer. 2018;19(2):e195-e203.



DE GRUYTER

(26]

(27]

(28]

(29]

(30]

Grimes DA. The nomogram epidemic: resurgence of a medical
relic. Ann Intern Med. 2008;149(4):273-5.

Presta P, Lucisano G, Fuiano L, Fuiano G. The kidney and the
elderly: why does the risk increase? Int Urol Nephrol.
2012;44(2):625-32.

Sobamowo H, Prabhakar SS. The kidney in aging: physio-
logical changes and pathological implications. Prog Mol Biol
Transl Sci. 2017;146:303-40.

Lin J, Cheng Z, Qian Q. Elderly patients with glomerular
diseases and IgA nephropathy. Nephrology (Carlton).
2017;22(Suppl 4):20-6.

Oh TR, Song SH, Choi HS, Kim CS, Han SH, Kang KP, et al. The
association between serum hemoglobin and renal prognosis
of IgA nephropathy. J Clin Med. 2021;10(2):363.

Poudel B, Yadav BK, Jha B, Raut KB, Pandeya DR. Prevalence
and association of anemia with CKD: a hospital based cross-
sectional study from Nepal. Biomed Res. 2013;24(1):99-103.
Galesloot TE, Vermeulen SH, Geurts-Moespot AJ, Klaver SM,
Kroot JJ, Tienoven DV, et al. Serum hepcidin: reference ranges
and biochemical correlates in the general population. Blood.
2011;117(25):€218-25.

Ryu SR, Park SK, Jung JY, Kim YH, Oh YK, Yoo TH, et al. The
prevalence and management of anemia in chronic kidney
disease patients: result from the Korean cohort study

for outcomes in patients with chronic kidney disease
(KNOW-CKD). ) Korean Med Sci. 2017;32(2):249-56.

Nomogram prediction for IgA nephropathy patients

(34]

(35]

(36]

(37]

(38]

(39]

(40]

— 727

Liu W, Wang L, Huang X, He W, Song Z, Yang J. Impaired
orthostatic blood pressure stabilization and reduced hemo-
globin in chronic kidney disease. ) Clin Hypertens (Greenwich).
2019;21(9):1317-24.

Huang L, Zhou J, Zhao Y], Hu GC. Vitamin D and micro-inflam-
matory state in hemodialysis patients: a mini review and meta-
analysis. ) Biol Regul Homeost Agents. 2016;30(3):827-31.
Jha V, Yi S-W, Moon SJ, Yi J-J. Low-normal hemoglobin levels
and anemia are associated with increased risk of end-stage
renal disease in general populations: a prospective cohort
study. Plos One. 2019;14(4):e0215920.

Bachmann S, Le Hir M, Eckardt KU. Co-localization of erythro-
poietin mRNA and ecto-5’-nucleotidase immunoreactivity in peri-
tubular cells of rat renal cortex indicates that fibroblasts produce
erythropoietin. ) Histochem Cytochem. 1993;41(3):335-41.
Obara N, Suzuki N, Kim K, Nagasawa T, Imagawa S,
Yamamoto M. Repression via the GATA box is essential for
tissue-specific erythropoietin gene expression. Blood.
2008;111(10):5223-32.

Pan X, Suzuki N, Hirano I, Yamazaki S, Minegishi N,
Yamamoto M. Isolation and characterization of renal erythro-
poietin-producing cells from genetically produced anemia
mice. PloS one. 2011;6(10):e25839.

Souma T, Suzuki N, Yamamoto M. Renal erythropoietin-
producing cells in health and disease. Front Physiol.
2015;6:167.



	1 Introduction
	2 Methods
	2.1 Study sample collection and management
	2.2 Definition of clinical measures
	2.3 Statistical analysis

	3 Results
	3.1 General information
	3.2 Screening for factors associated with renal anaemia in patients with IgA nephropathy
	3.3 Logistic regression analysis
	3.4 Construction of the nomogram prediction model and judgement of diagnostic efficacy
	3.5 Clinical application

	4 Discussion
	References


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /CreateJDFFile false
  /SyntheticBoldness 1.000000
  /Description <<
    /POL (Versita Adobe Distiller Settings for Adobe Acrobat v6)
    /ENU <FEFF0056006500720073006900740061002000410064006f00620065002000440069007300740069006c006c00650072002000530065007400740069006e0067007300200066006f0072002000410064006f006200650020004100630072006f006200610074002000760036>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [2834.646 2834.646]
>> setpagedevice


