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Abstract
Objective. To construct a novel nomogram model that predicts the risk of hyperuricemia incidence in IgA
nephropathy (IgAN) .

Methods. Demographic and clinicopathological characteristics of 1184 IgAN patients in the First
A�liated Hospital of Zhengzhou University Hospital were collected. Univariate analysis and multivariate
logistic regression were used to screen out hyperuricemia risk factors. The risk factors were used to
establish a predictive nomogram model. The performance of the nomogram model was evaluated using
an area under the receiver operating characteristic curve (AUC), calibration plots, and a decision curve
analysis.

Results. Independent predictors for hyperuricemia incidence risk included sex, hypoalbuminemia,
hypertriglyceridemia, blood urea nitrogen (BUN), estimated glomerular �ltration rate (eGFR), 24-hour
urinaryprotein (24h TP), Gross and tubular atrophy/interstitial �brosis (T). The nomogram model
exhibited moderate prediction ability with an AUC of 0.834 ((95% CI 0.804–0.864)). The AUC from
validation reached 0.787 (95% CI 0.736-0.839). The decision curve analysis displayed that the
hyperuricemia risk nomogram was clinically applicable.

Conclusion. Our novel and simple nomogram containing 8 factors may be useful in predicting
hyperuricemia incidence risk in IgAN.

Introduction
IgA nephropathy (IgAN), one of the world’s most common glomerular diseases, accounts for 30% of
primary glomerulonephritis and is the main cause of end stage renal disease (ESRD) [1]. Hyperuricemia is
a disorder of purine metabolism and / or serum uric acid (SUA) metabolism, which leads to the increase
of SUA level. In recent years, with the change of people's lifestyle, the prevalence of hyperuricemia is
increasing sharply. Currently, the prevalence of hyperuricemia among adults in China is 13.3% [2].
Hyperuricemia is a common complication of IgAN, and its incidence rate is as high as 29.6% [3], which is
signi�cantly higher than that in general population. A large number of studies at home and abroad have
found that there is a correlation between the SUA and IgAN and con�rmed that hyperuricemia is an
independent risk factor for the progression of IgAN [4–11]. The risk of adverse prognosis in patients with
IgAN with hyperuricemia is 2.4 times higher than that of normal uric acid [12–13]. Therefore, high
attention should be paid to IgAN with hyperuricemia. More importantly, we should �nd out the related risk
factors of hyperuricemia in IgAN, prevent hyperuricemia in advance, and improve the poor prognosis of
IgAN. Many studies have reported the risk factors of hyperuricemia in IgAN, including gender, age,
hypertension, elevated serum creatinine (Scr), blood urea nitrogen (BUN), hypertriglyceridemia, obesity,
renal artery disease, high cholesterol, renal tubular disease and other clinical and pathological indicators
[8–9, 13–14]. However, these studies only explored the in�uencing factors of hyperuricemia, did not
evaluate the weight of a speci�c factor, and failed to make clinicians easily and quickly identify some
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high-risk patients with hyperuricemia. At present, there is still no simple and convenient method to assess
the risk of hyperuricemia in patients with IgAN. Therefore, the establishment of a clinical model to predict
the risk of hyperuricemia in IgAN has become a hot spot in clinical research. This study aims to explore
the in�uencing factors of hyperuricemia in IgAN, establish the corresponding risk prediction nomogram
model, provide scienti�c basis and reference for early identi�cation of high-risk groups of hyperuricemia,
and formulate targeted diagnosis and treatment measures.

Results
Patients Characteristics. A total of 1,184 patients with IgAN, 525 females and 659 males, were included in
this study. The demographic and clinicopathological characteristics of all patients are shown in Table 1.
The characteristics of the development cohort (n = 841) and the validation cohort (n = 343) are shown in
Table 1.

Feature Selection. From the baseline characteristics of development cohort, 12 potential predictors out of
the 19 clinicopathological features through univariate logistic regression model. Then, 8 potential
predictors were further selected using the multivariable logistic regression analysis. The above potential
predictors included sex, albuminemia, hypertriglyceridemia, gross hematuria, 24h TP, eGFR, BUN and T
(Table 2).

Construction of the Nomogram Prediction Model. The results of the multivariable logistic regression
analysis among sex, albuminemia, hypertriglyceridemia, gross hematuria, 24h TP, eGFR, BUN and T are
shown in Table 2. Statistically signi�cant differences were observed among these 8 predictors. The 8
independent predictors (sex, albuminemia, hypertriglyceridemia, gross hematuria, 24h TP, eGFR, BUN and
T) were used to build the prediction model (Fig. 1).

Performance of the Hyperuricemia Risk Nomogram in the Cohort.

The AUC of the nomogram in predicting hyperuricemia risk was 0.834 (95% CI 0.804–0.864) (Fig. 2A) and
was con�rmed to be 0.787 (95% CI 0.736–0.839)( Fig. 2B) by validation, indicating that the model’s
performance was moderate and good discrimination. For the 1,184 IgAN patients in the study, the
calibration of the nomogram in forecasting hyperuricemia risk displayed good agreement (Fig. 2C 2D).
Altogether, our nomogram prediction model showed medium predictive capability.

Clinical Use. The decision curve of the hyperuricemia risk nomogram is plotted in Fig. 2E 2F. According to
the decision curve analysis, the utility of the nomogram in predicting hyperuricemia incidence risk is more
bene�cial than preexisting schemes.

Discussion
In this study, the prevalence rate of hyperuricemia in patients with IgAN is 26.27%, which is basically
consistent with previous literature reports [3]. Some studies have reported that the degree of clinical
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indexes and renal pathological damage in patients with hyperuricemia was more serious than that in
patients with normouricemia[4–7, 9, 18–19]. Lu et al [18] has con�rmed that IgAN with hyperuricemia has
a poor prognosis.

Therefore, more attention should be paid to the related risk factors of hyperuricemia, and timely and
effective interventions are expected to delay the progress of IgAN and improve the prognosis of IgAN. It is
necessary to identify the indicators that can cause hyperuricemia in IgAN patients, so as to carry out early
intervention, delay the progress and prevent the occurrence of ESRD. There is an urgent need to combine
these predictors to establish a comprehensive risk prediction model of hyperuricemia.

Cai et al. [19] used the data of 109 patients to analyze the related factors affecting the occurrence of
hyperuricemia in patients with IgAN. The conclusion showed that male patients and hypertriglyceridemia
were related to the occurrence of hyperuricemia, but there was no predictive nomogram and the sample
size was small. A retrospective study by Qiu et al. [3] which including 648 patients with IgAN
demonstrated that four variables (serum creatinine, hyperglycinemia, hypertension, obesity) were
associated with hyperuricemia. This study also failed to establish a complete prediction model. So far,
with regard to the probability of hyperuricemia in IgAN, risk prediction model is not available.

In this study, we included 1184 IgAN patients and selected variables based on the results of multivariate
logistic regression model. In addition, we developed and validated nomogram with ROC curve and
calibration curve. The AUC of the development and validation cohorts were 0.8340 and 0.7873
respectively. All calibration curves showed good consistency between the predicted probability and the
actual probability. The result of DCA showed that our nomogram had good discrimination ability.

Compared with previous studies, our study is a complete set of prediction model of IgAN with
hyperuricemia, and has been veri�ed, and the sample size of nomogram is larger than previous studies,
which provides important clues for the prediction of IgAN patients with hyperuricemia, and is more
suitable for clinical practice. In the current nomogram, we �rst included gender, albuminemia,
hypertriglyceridemia, gross hematuria, 24 TP, eGFR, BUN and T according to the results of multivariate
logistic regression model. In previous studies, these variables were also identi�ed as independent risk
factors [8–9, 13–14]. In addition, according to our analysis, hypertension was not identi�ed as an
independent risk factor, which may be attributed to the use of antihypertensive drugs, such as ACEI / ARB
(losartan can reduce serum uric acid level. Irbesartan can signi�cantly reduce serum uric acid level and
oxidative stress level. Angiotensin receptor blockers can reduce the serum uric acid level). Similarly, Scr
indicator was not included in the model too. In the previous literatures [3, 20], Scr index was included in
the original form. In order to explain the relationship between Scr level and hyperuricemia more
conveniently, we transformed the original numerical variable into a categorical variable. This may be the
reason why Scr was not included in the model.

The current study has some potential limitations. First of all, the nomogram is developed and validated
by retrospective analysis of clinicopathological data of a single institution, which may lead to some
deviations in our conclusions. Therefore, before our nomogram is widely used, we need to use data from
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multiple centers for further evaluation through external veri�cation. Second, we did not statistically
analyze the diet habits, exercise style, body mass index and other indicators of the patients, and some
other important parameters may be missed, so the future research needs to be further improved. Finally,
the patients included in this study may have an inevitable bias in the results due to different treatment
regimens. It expects that future research should be based on integrating data from multiple centers
around the world to develop and externally validate ideal risk prediction models. The clinical and
pathological predictors included in the model should be reliable and convenient for clinical application.

Conclusion
In conclusion, the nomogram developed in this study is based on clinicopathological factors and can
predict the risk of hyperuricemia in IgAN patients. It provides a new and practical method for IgAN
patients to assess the risk of hyperuricemia. However, the predicted values of our nomogram must be
further veri�ed externally by other institutions. Future research should be based on international multi-
ethnic data, and establish a more ideal risk prediction model by combining more and more updated
clinicopathological predictors.

Materials And Methods

Patients screening and data collection
This project was conducted retrospectively from January 2012 to June 2018 in Zhengzhou. Baseline data
from IgAN patients was obtained from the electronic medical record system of the First A�liated Hospital
of Zhengzhou University Hospital. IgAN was diagnosed based on criteria de�ned by the World Health
Organization in 1982. The diagnostic criterion for hyperuricemia was fasting uric acid levels greater than
420mol/L twice on different days in both men and women under normal purine diet. To be included,
subjects must have been diagnosed with IgAN, were over 18 years old They were excluded if they had
kidney failure at the time of kidney biopsy, had no available MEST-C score, or had missing baseline
estimated glomerular �ltration rate (eGFR).

Altogether, 1,184 subjects were enrolled in this study. This study adhered to the recommendations
outlined in the Declaration of Helsinki Principles and was approved by the Ethics Committee and the
Research Board of the First A�liated Hospital of Zhengzhou University. That informed consent was
obtained from all participants.

Investigation Methods.

All participants underwent the demographic and clinicopathological characteristics collecting. The
demographic collected each patient’s basic information, including gender, age, and duration of
hypertention. The clinicopathological characteristics conclued serum creatinine (SCr), blood urea nitrogen
(BUN), uric acid (UA), gross hematuria, serum phosphorus, serum calcium, albumin, hemoglobin,
triglyceride, cholesterol, 24-hour urinaryprotein (24h TP), estimated glomerular �ltration rate (eGFR) and
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pathological results (mesangial hypercellularity (M), endocapillary hypercellularity (E), Segmental
glomerulosclerosis (S), tubular atrophy/interstitial �brosis (T), and Crescents (C)). Each patient’s fasting
blood was collected in the morning. eGFR was calculated by CKD-EPI formula [15]. Hypertension referred
to a blood pressure ≥ 140/90 mmHg; blood pressure measurements were repeated twice in a patient in a
sitting position and in that patient’s right arm. Proteinuria was measured by a 24h TP collection. Every
renal biopsy specimen was scored by two pathologists who did not know the patient’s clinical data. When
the two pathologists differed in their assessments, the biopsy specimen must be reviewed again until an
agreement was reached. All of the renal specimens were classi�ed and graded by �ve key pathological
features: M, E, S, T, C according to the MEST-C score of Oxford Classi�cation [16].

Statistical Analysis. All data are described as frequency counts (percentages). Statistical analyses were
performed with SPSS version 26.0 and Stata version 15.0.

We randomly assigned seven–tenths of patients to the development cohort (n = 841) and three-tenths of
patients to the validation cohort (n = 343). To identify independent predictors, we used a logistic
regression model for univariable and multivariable analyses by the “Enter” method. A �nal model was
selected using a backward stepdown process, which incorporated Akaike,s information criterion as the
stopping rule [17]. To evaluate the discrimination performance of the hyperuricemia incidence risk
nomogram, an area under the receiver operating characteristic curve (AUC) was applied to judge the
ability of the hyperuricemia risk nomogram in discriminating true positives from false positives. To
evaluate its calibration capabilities, calibration curves were drawn. A decision curve analysis de�ned the
clinical practicability of the hyperuricemia risk nomogram by calculating its net bene�ts based on
different threshold probabilitiesin patients with IgAN.
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Figures

Figure 1
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Nomogram for predicting the probability of hyperuricemia in IgAN patients. Notes. The nomogram was
applied by summing the points identi�ed on the points scale for each variable. According to the total
points on the bottom scales, the nomogram provides the probability of the hyperuricemia for an
individual patient. About 0 and 1 : 0 means none, 1 means yes.

Figure 2
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A: ROC curve of development cohort B: ROC curve of validation cohort C: Calibration curve of
development cohort D: Calibration curve of validation cohort E: Decision Curve Analysis of development
cohort F: Decision Curve Analysis of validation cohort


