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ABSTRACT
In this study, we aimed to explore the clinical value of routine color ultrasound parameters in
the evaluation of tubular atrophy and interstitial fibrosis (TA/IF) in IgA nephropathy (IgAN). We
enrolled 725 patients with IgAN who underwent renal biopsy at the First Affiliated Hospital of
Anhui Medical University between January 2019 and May 2022. Examinations were performed to
measure the routine ultrasound renal parameters and renal biopsy was done within next three
days. Univariate and multivariate analyses were used to determine the correlates and the inde-
pendent predictors of TA/IF. Simultaneously, a nomogram based on risk indicators was created
to predict TA/IF. Univariate and multivariate analyses showed that sex (p< 0.001, OR ¼ 2.538,
95%CI: 1.739–3.734), renal length (p< 0.001, OR ¼ 0.927, 95%CI: 0.905–0.95), resistive index of
main renal artery (p¼ 0.037, OR ¼ 1.891, 95%CI: 1.027–3.426), peak systolic velocity of segmental
renal artery (p¼ 0.58, OR ¼ 0.975, 95%CI: 0.399–0.841), and cortex echogenicity (p< 0.001, OR ¼
3.448, 95%CI: 2.382–5.018) were independent predictors of TA/IF in IgAN nomograms, with a
good C-index of 0.765 (95%CI ¼ 0.727–0.803). Analyses of the calibration charts show that nomo-
grams have good performance and clinical applicability. In our study, renal color ultrasound
parameters correlated well with TA/IF in IgAN. By establishing a conventional color ultrasound
prediction model, we can accurately gauge the extent of TA/IF in patients with IgAN for clinical
applications.
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Introduction

IgA nephropathy (IgAN) is the most common primary
glomerulonephritis in China and is the main cause of
end-stage renal disease [1,2]. Reportedly, the incidence
rate of IgA is 0.2–5 cases per 100,000 persons per year.
Highest incidence rates are seen in East Asia while
North America and Europe have lower rates [3].
Histopathology results often guide any ameliorative
treatment. Many classification systems available use
some criteria of biopsy scoring to predict the rate of
decline in renal function, but Oxford classification is
more widely used in IgAN [4,5]. Roberts used MEST cri-
teria to predict the outcome of IgAN in 13 studies:
endocapillary hypercellularity had independent prog-
nostic value in four, segmental glomerulosclerosis in
four, and tubular atrophy/interstitial fibrosis (T, referred
to here as TA/IF) in 10 of the studies [6]. TA/IF is the
result of chronic glomerular and tubular injury, and its
degree is related to the development of ESRD [7]. It is

considered a risk prediction tool in IgAN [8]. Yu et al.
believe that TA/IF lesion is the most reliable indicator
for predicting IgAN progression [9]. However, the diag-
nosis of TA/IF is based on renal biopsy, an invasive pro-
cedure unsuitable for long-term monitoring of disease
progression and treatment response [10].

Therefore, a noninvasive and accurate technique is
needed to detect and monitor TA/IF. Complex and
practically difficult techniques of functional imaging
have been tried in some studies without getting ideal
results [10–14]. Clinically, routine renal ultrasound is the
preferred method to evaluate and follow up IgAN mor-
phologically, as it is simple and cost-effective. We could
not find any large cohort studies evaluating the specific
ultrasound parameters correlate with the indicators of
IgAN TA/IF. The purpose of this study was to explore
the clinical value of routine color ultrasound parameters
in the evaluation of TA/IF in IgAN on a larger
patient number.
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Methods

This study was approved by the institutional review
committee of the First Affiliated Hospital of Anhui
Medical University (PJ2022-11-29). We enrolled 725
renal biopsy-proven IgAN patients at the First Affiliated
Hospital of Anhui Medical University from January 2019
to May 2022.

The inclusion criteria were as follows: (1) renal
biopsy-proven IgAN; (2) at least 10 glomeruli in the spe-
cimen visible under light microscope; (3) age of the
patient more than 18 years.

The exclusion criteria were: (1) acute renal damage,
heart valve disease, and heart failure; (2) renal artery
stenosis or urinary tract obstruction; (3) cysts or tumors
in the kidneys; (4) Doppler patterns suggestive of renal
artery stenosis [15].

Ultrasound measurements

Four radiologists with a minimum of 5 years’ experience
in routine ultrasound performed the examinations and
acquired images (within three days before the due date
of renal biopsy).

The ultrasound instruments used to acquire the
images in this study included: Mindray Resona 7
(Shenzhen Mindray BioMedical Electronics Co., Ltd.,
Shenzhen, China); GE Vivid E9 (General Electric Co.,
Boston, MA); Aplia 500 (TOSHIBA, Minato, Japan); a
2–5MHz frequency convex array transducer (C5-2) was
used as a probe.

The patient fasted for more than 8 h. Patient was
made to lie in the supine position. The following
parameters were measured by ultrasound (during end-
inspiratory breath-hold): kidney size (length, width, and

cortical thickness of the right kidney measured at the
maximum cross section) and renal echo (echo is
defined as the echo of the renal cortex equal to or
stronger than that of the liver parenchyma). Images
were obtained in Doppler and pulse Doppler modes.
The ultrasonic probe is gently positioned in the right
abdomen in the form of oblique projection, visualizing
the kidney as a longitudinal image, placing the Doppler
beam on the trunk of the right renal artery, measuring
the peak systolic velocity (PSV) of the main renal artery
(MRA), and measuring the PSV and end diastolic vel-
ocity (EDV) for an average of 2–3 times to calculate the
resistance index (RI)¼(PSV – EDV)/PSV (Figure 1).
Intrarenal Doppler signals were obtained from two to
three representative proximal segmental arteries (the
first vascular branch of the MRA) of the right kidney,
and RI and PSV of segmental renal artery (SRA)
were calculated.

Renal biopsy and pathological examination

The indicators of a renal biopsy are as follows: (1) acute
nephritis syndrome (a, function drops sharply, acute
nephritis is suspected; b, the condition does not
improve after 2–3 months of treatment according to
acute nephritis); (2) primary nephrotic syndrome (a,
regular hormone treatment for 8 weeks has no effect;
b, the puncture obtains pathology for differentiated
treatment); (3) clinical diagnosis of denatured red blood
cell hematuria is unclear; (4) proteinuria continues to be
greater than 1 g/d, and the diagnosis is unclear.

Renal biopsy from right kidneys was performed by
two experienced nephrologists within three days of
renal ultrasound measurements. Light, electron, and
immunofluorescence microscopies were used to

Figure 1. (A) The renal length, width, and cortical thickness of the right kidney measured; (B) the Doppler beam on the right
MRA of PSV and RI.
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examine biopsied tissues. All biopsy samples to be
valid, needed to have at least 10 glomeruli each on
light microscopy. MEST-C criteria put forward in Oxford
classification of IgAN were used to score the following
histopathologic findings: mesangial cell proliferation
(M0/M1), endocapillary hypercellularity (E0/E1), seg-
mental glomerulosclerosis (S0/S1), tubular atrophy/
interstitial fibrosis (TA/IF0, TA/IF1, TA/IF2), and crescents
(C) [4]. The percentage of TA/IF of cortical area were:
TA/IF0: 0–25%, TA/IF1: 26–50%, TA/IF2: >50% [4].

Statistical analysis

Due to limited number of samples, TA/IF1 and TA/IF2
cases were combined into one group. Single factor
logistic regression analysis was used to analyze the cor-
relation between ultrasonic parameters and TA/IF. The
related factors (p< 0.1) thus discovered were analyzed
by multifactor logistic regression analysis to determine
the independent predictors significantly related to TA/
IF. Nomograms were constructed using the variables in
the final multiple logistic regression model to evaluate
the indicators of TA/IF. The discriminative ability of pre-
dictive nomograms was evaluated by Harrell’s concord-
ance index (C-index) [16]. C-index and area under curve
have similar meanings. The highest value of C-index is
1, which means a perfect distinction and the minimum
value is 0.5, representing random distinction.
Calibration is used to compare the probability predicted
by our nomogram with the actual probability of TA/IF.
p< 0.05 (two-tailed) indicated significance. IBM SPSS
Statistics 26 statistical software package (SPSS Inc.,
Chicago, IL), R language software and RMS software
package (Risk Management Solutions, Inc., Newark, CA)
were used.

Results

Clinical and pathological characteristics
of patients

A total of 725 patients with IgAN (renal biopsy-proven)
were included in this study with 346 male (47.7%) and
379 female (52.3%), and an average age of
39.5 ± 12.5 years. Among the cases, 541 cases were TA/
IF0, while 184 were TA/IF1 and TA/IF combined. The
clinical and pathological characteristics of patients are
listed in Table 1.

Independent US factors predicting TA/IF in IgAN

Routine ultrasonic characteristics of IgAN patients are
shown in Table 2. In univariate logistic analysis, age

(p¼ 0.005), sex (p< 0.001), renal length (p< 0.001), PSV
of MRA (p< 0.001), RI of MRA (p¼ 0.005), PSV of SRA
(p< 0.001), cortex echo (p< 0.001), and the thickness of
renal cortex (p¼ 0.076) were associated with TA/IF. The
above factors with p< 0.1 were further included in the
multivariate logistic regression. The results showed that
sex (p< 0.001, OR ¼ 2.538, 95%CI: 1.739–3.734), renal
length (p< 0.001, OR ¼ 0.927, 95%CI: 0.905–0.95), RI of
MRA (p¼ 0.037, OR ¼ 1.891, 95%CI: 1.027–3.426), PSV
of SRA (p¼ 0.58, OR ¼ 0.975, 95%CI: 0.399–0.841), and
cortex echo (p< 0.001, OR ¼ 3.448, 95%CI: 2.382–5.018)
are independent predictors of TA/IF (Table 3). RI of
MRA’ cutoff is 0.72 and PSV of SRA’ cutoff is 40 cm/s.

Table 1. Patients’ baseline clinical characteristics.
Clinical characteristics

Age (years) 39.5 ± 12.5
Sex (male/female) 346/379
Systolic arterial pressure (mmHg) 133.4 ± 41.6
Diastolic arterial pressure (mmHg) 86.5 ± 13.4
Hemoglobin at biopsy (g/L) 132.5 ± 18.9
Urea at biopsy (mmol/L) 6.3 ± 2.7
Uric acid at biopsy (lmol/L) 381 ± 103.9
24 h proteinuria at biopsy (g/24 h) 1.7 ± 4.3
Proteinuria at biopsy (g/L) 1.1 ± 2.3
MEST histologic score
M1 n¼ 725 (100%)
E1 n¼ 236 (32.6%)
S1 n¼ 399 (55%)
T0 n¼ 541 (74.6%)
T1 n¼ 166 (22.9%)
T2 n¼ 18 (2.5%)
Crescents n¼ 233 (32.1%)

M: mesangial cell proliferation; E: endocapillary hypercellularity; S: seg-
mental glomerulosclerosis; T: tubular atrophy/interstitial fibrosis.

Table 2. The color ultrasonic characteristics of IgAN patients.
T0

(n¼ 541)
T1 and T2
(n¼ 184) p

Age (years) 39.1 ± 11.9 42 ± 12.9 0.005
Sex (male/female) 228/315 112/70 <0.001
Renal length (mm) 104.9 ± 8.4 100.5 ± 7.6 <0.001
Renal width (mm) 44.8 ± 6.3 44.3 ± 6.3 0.35
The thickness of RC (mm) 7.3 ± 1.4 7.0 ± 1.5 0.076
PSV of MRA (cm/s) 78.7 ± 17.7 72.9 ± 18.8 <0.001
RI of MRA 0.64 ± 0.06 0.66 ± 0.06 0.005
PSV of SRA (cm/s) 43 ± 9.5 40 ± 9.8 <0.001
RI of SRA 0.62 ± 0.06 0.62 ± 0.06 <0.001
Cortical echogenicity

(increased/normal)
151/392 107/75 <0.001

RC: renal cortex; PSV: peak systolic velocity; MRA: main renal artery; RI:
resistance index; SRA: segmental renal artery.

Table 3. The independent predictors of AT/IF on multivariate
logistic regression.

OR 95%CI p

Sex 2.538 1.739–3.734 <0.001
Renal length (mm) 0.927 0.905–0.95 <0.001
RI of MRA 1.891 1.027–3.426 0.037
PSV of SRA (cm/s) 0.58 0.399–0.841 0.004
Cortical echogenicity (increased/normal) 3.448 2.382–5.018 <0.001
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Nomograph of US indicators for noninvasive
diagnosis of TA/IF

Based on the results of the multivariate logistic regres-
sion model analysis of color US indicators to predict TA/
IF in patients with IgAN, we established a nomogram
(Figure 2). The nomogram integrates five independent
variables (sex, renal length, RI of MRA, PSV of SRA, cor-
tex echo) which are helpful for noninvasive diagnosis of
TA/IF, and the degree of IgAN, where each level in the
variable assigns a score according to the score level. By
adding the total score and positioning it on the total
score scale, the corresponding probability of TA/IF for
each person can be determined. The nomogram has a
good C-index of 0.765 (95%CI ¼ 0.727–0.803) (Figure 3).
The calibration chart also shows a good consistency
between the actual probability of nomogram diagnosis
TA/IF (Figure 4).

Discussion

Based on univariate and multivariate analyses of large
number of renal biopsy samples and certain ultrasound
parameters in IgAN patients, this study systematically
analyzed the relationship between color ultrasound
parameters and TA/IF. Our results show that sex, renal
length, RI of MRA, PSV of SRA, and cortex echo are the
five independent noninvasive predictors of TA/IF.
Moreover, we developed nomograms based on the
identified indicators because nomograms can integrate
all these variables and estimate the TA/IF degree of
each patient separately. The nomogram model based
on color ultrasound indicators showed good discrimin-
ation ability, with a C-index of 0.765. With this model,
we can estimate TA/IF in patients with IgAN. To the
best of our knowledge, this is the first large sample-size
study to use color ultrasound to predict IgAN TA/IF.
Irreversible damage to the nephrons, due to chronic
glomerular or tubular injury, lead to TA/IF around the
damaged nephrons [7]. The degree of renal fibrosis cor-
relates with the loss of renal function and renal damage
progression. In some previous studies, based on Oxford
classification criteria, TA/IF was found to be the most
important predictor of end-stage renal disease.
Multivariate analysis revealed that the risk ratio of
patients with TA/IF � 1 to reach the primary endpoint
is 32 compared with TA/IF0 (p¼ 0.01). Based on our
experience, the Oxford classification predicts progres-
sive kidney disease, but the degree of TA/IF is the only
independent predictor [17]. Yu et al. found that S and
TA/IF in the Oxford criteria of IgAN were independent
risk factors affecting the progression of nephropathy
[18]. Coppo et al. found that only T lesions were associ-
ated with the rate of eGFR loss in the whole cohort
through a 35-year follow-up of 1130 patients with IgAN

Figure 2. Nomogram for predicting TA/IF in IgAN based on five indicators.

Figure 3. ROC curve for the predictive of ultrasonographic
features. The predictive model of TA/IF in IgAN was accurate
and discriminating, with AUC of 0.765.
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[19]. The degree of fibrosis affects the deterioration of
renal function [20]. The evaluation of TA/IF is currently
based on renal biopsy which has the limitations of
being invasive, possible sampling errors, and provides
limited spatial information. These make it unsuitable for
long-term monitoring of disease progression or treat-
ment response [7].

Male is independently associated with poor kidney
outcomes [21]. Huang et al.’s research also shows that
male-non-exercise population seems to be more likely
to progress to the end-stage renal failure than others
[22]. Wen et al. thought renal survival rates of male
patients were remarkably lower than those of female
patients, and male sex was identified as an independ-
ent risk factor for poor outcomes [23]. The protective
anti-fibrotic and anti-apoptotic effects of estrogen in
women and/or the deleterious pro-inflammatory effects
of testosterone in men, coupled with unhealthier life-
styles and delayed diagnoses, might cause kidney func-
tion to decline faster in men than in women. We
conducted a multivariate analysis, age was excluded,
and sex was an independent predictor of AT/IF. Our
study is consistent with previous studies, and men have
a higher level of AT/IF.

Simplicity and convenience of color ultrasound
makes it the preferred method for renal morphology

and blood flow evaluation by nephrologists.
Longitudinal renal length is considered to be a key indi-
cator of chronic kidney disease because it decreases
with the gradual decline of eGFR [24]. In IgAN patients,
renal TA/IF gets aggravated, resulting in the reduction
of renal length [25,26]. Normally, renal cortex has lower
echogenicity than normal liver and spleen. In Zhang
et al.’s opinion, hyperechoic is a typical feature of graft
dysfunction [27]. Echo changes because of the increas-
ing glomerulosclerosis and TA/IF. Moreover, in our
study, higher echogenicity represents more severe TA/
IF. RI is helpful to evaluate the general vascular condi-
tion of CKD patients and provide information about
microvascular and macrovascular damage [28,29]. Li
et al. thought RI had a potential role in discriminating
diabetic kidney disease from non-diabetic kidney dis-
ease [30]. A high RI can predict adverse outcomes in
patients with chronic kidney disease [31]. It has long
been considered as a marker of the progression of renal
damage [32]. Notably, RI is associated with glomerulo-
sclerosis, tubulointerstitial changes, and arteriosclerosis
[33]. With the deterioration of chronic kidney disease,
renal perfusion pressure and glomerular filtration rate
continue to rise, resulting in thickening of glomerular
capillary wall, enhanced permeability, narrowing of vas-
cular lumen, and increased glomerular capillary

Figure 4. Calibration plots of nomogram for predicting TA/IF in IgAN.
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pressure. These changes eventually lead to increased
forward flow resistance and other renal artery hemo-
dynamic disorders. Consistent with previous studies, RI
increased with aggravation of TA/IF. The aggravation of
glomerulosclerosis and TA/IF leads to the loss of capilla-
ries around glomeruli and renal tubules [33,34].
Simultaneously, the accumulation of pathological
mesangial matrix caused by glomerulosclerosis and
tubulointerstitial changes leads to the narrowing of
glomerular capillaries, which may reduce the perfusion
of post-glomerular capillaries, and the blood flow stag-
nation of peritubular capillaries in the diseased kidneys
[35]. This explains, to some extent, why the flow vel-
ocity between segments was lower in T1 and T2 in our
study. TA/IF being an important predictor of the pro-
gression of chronic kidney disease, its noninvasive
detection in IgAN is advantageous in dynamic monitor-
ing of disease progression so that a preventive and
timely intervention can be implemented. We have
established a color US prediction model which can
accurately and noninvasively judge IgAN TA/IF. We
believe that it has great clinical potential because it is
convenient and universal.

The limitations of our study are as follows: (1) the use
of time-varying covariates in proportional hazard models
may produce time-varying confounding limitations in a
single-race single-center design; (2) only adults are
included in our analyses, so the prediction model may
not be applicable to children; (3) in this study, TA/IF1
and TA/IF2 were merged, the study had limited TA/IF2
samples, which can be further studied in future research.

In conclusion, the results of our study bring out the
correlation between color US parameters and TA/IF in
IgAN. By establishing a US prediction model, we can
accurately gauge the degree of TA/IF in patients with
IgAN. This model is convenient and noninvasive and
hence applicable in daily clinical practice after valid-
ation from future studies.
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