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ABSTRACT

Objective: Overweight and obesity is a risk factor for hypertension. Malignant hypertension (MHT) is the most severe form of
hypertension, and thrombotic microangiopathy (TMA), one of its complications, has been linked to significant renal outcomes.
However, the impact of overweight and obesity on renal prognosis in MHT patients with TMA is not well understood.
Methods: This was a prospective cohort enrolled 288 MHT patients with renal TMA from 2008 to 2023. The clinical and histo-
pathological characteristics were recorded based on body mass index (BMI, < 25 and > 25kg/m?). The outcome was the incidence
of kidney failure. The associations of BMI with kidney failure were examined in logistic regression models.

Results: Among 288 patients, 180 (62.5%) progressed to kidney failure, including 113 (68.5%) patients with BMI <25kg/m?.
Participants with obesity had higher levels of hemoglobin, estimated glomerular filtration rate and C3, but lower levels of serum
creatinine and IgA nephropathy. BMI >25kg/m? was associated with a better outcome of kidney failure in MHT patients with
TMA (odd ratios [ORs]: 0.49 [95% confidence interval (CI): 0.27-0.91], p=0.025). Male, uric acid, onion skin lesions, and global
sclerosis ratio were correlated with higher risk of kidney failure; serum albumin and treatment with renin-angiotensin system
blockers were related to lower risk of kidney failure.

Conclusions: In MHT patients with renal TMA, normal-weight rather than overweight was found to associate with a worse
renal prognosis. Management efforts for MHT may be directed toward controlling body weight within a reasonable range for
patients.
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1 | Introduction

Malignant hypertension (MHT) is the most severe form of hy-
pertension characterized by very high blood pressure (BP) ac-
companied by bilateral hemorrhages and/or exudates with or
without papillary edema in the funduscopic examination [1].
Although mortality has decreased in recent decades after the
introduction of antihypertensive drugs, acute organ damage
(retinopathy, renal failure, or left ventricular dysfunction) and
chronic sequelae are common [2, 3]. Renal thrombotic microan-
giopathy (TMA), one of the complications of MHT, is character-
ized by diffuse capillary loop wrinkling and capsule thickening,
marked renal artery intimal thickening, vessel wall thickening
with an “onion-peel” appearance, fibrinoid necrosis and intra-
vascular thrombosis et al. [4]. This can lead to end-organ isch-
emia and infarction affecting particularly the kidney and brain
[5]. It is believed to arise from mechanical shear stress to the
renal microcirculation in MHT. In addition, the prevalence of
TMA in MHT ranges from 14% to 46%, and its occurrence has
been associated with significant mortality and morbidity, in-
cluding end-stage renal disease (ESRD) [6, 7].

Overweight and obesity, defined by an elevated body mass
index (BMI), is considered a cardiovascular risk factor, includ-
ing hypertension, in the general population. Additionally, it
is also associated with an increased risk of incident chronic
kidney disease (CKD) and ESRD [8]. Epidemiological studies
indicate that at least 72% of patients with ESRD have hyper-
tension and/or diabetes, both of which are driven largely by
obesity [9]. Although hypertension has a detrimental impact
on cardiovascular and kidney outcomes in obesity, opposite re-
sults have also been reported in hypertension and CKD [10]. A
recent retrospective study of the association between obesity
and MHT found that BMI was not an independent predictor
of adverse outcomes for death or dialysis in MHT patients [11].
However, further investigation is needed to determine the im-
pact of overweight or obesity on renal outcomes in MHT pa-
tients with renal TMA.

The aims of the present study are to report the renal outcome in
a cohort of 290 MHT patients with renal TMA in different BMI
groups. A long-term follow-up was conducted, and clinical and
histological characteristics were identified according to BMI. In
addition, we analyzed the kidney outcome under different strat-
ified factors such as age, sex, and intensive BP lowering.

2 | Methods
2.1 | Study Design and Population

This study enrolled 290 patients diagnosed with biopsy-
proven MHT-associated renal TMA upon admission to the
First Affiliated Hospital of Sun Yat-sen University between
2008 and 2023. Patients under the age of 18 were excluded,
leaving 288 participants with available BMI data and without
overhydration. Due to the limited number of patients under-
going overweight and obesity in this study, the participants
were divided into two groups by BMI according to the World
Health Organization (WHO) guidelines: the lean group (BMI

<25kg/m?) and the overweight group (BMI >25kg/m?),
which included individuals with overweight or obesity [12].
The study was conducted in accordance with the Declaration
of Helsinki. Ethics committee approval was provided at the
First Affiliated Hospital of Sun Yat-sen University. All patients
provided written informed consent.

2.2 | Data Collection and Renal Histopathology

The baseline and follow-up data were collected from medical
records in the hospital following a uniform protocol. The fol-
lowing demographic and clinical characteristics were extracted:
age, sex, smoking, drinking, and BP at admission and discharge.
The following laboratory data were also collected: hemoglobin,
platelet count, serum albumin, lipid index, blood urea nitrogen,
serum creatinine, urea acid, estimated glomerular filtration
rate (eGFR), C3, C4, and proteinuria. In addition, medical treat-
ment data were obtained, including the use of calcium chan-
nel blockers (CCBs), angiotensin-converting enzyme inhibitors
(ACEIs), angiotensin receptor blockers (ARBs), sacubitril/val-
sartan, a-blockers, 3-blockers, sulodexide soft capsules, statins,
and beraprost sodium.

The primary outcome was the incidence of kidney failure.
Follow-up was the interval between the MHT diagnosis and
the last outpatient visit. The outcome data were extracted from
the medical records at First Affiliated Hospital of Sun Yat-sen
University.

Percutaneous kidney biopsy specimens were processed fol-
lowing standard protocols. The renal biopsies were examined
by light microscopy and electron microscopy. All biopsy slides
were re-reviewed by two senior pathologists without knowledge
of clinical outcomes. Data of the following light microscopic
parameters were collected: including the diagnosis of immuno-
globulin A nephropathy (IgAN), global sclerosis, and segmental
sclerosis. Meanwhile, tubulointerstitial parameters included
tubular atrophy/interstitial fibrosis (IFTA) and tubular epithe-
lial cell exfoliation. Vascular parameters, including vascular
hyalinosis, fibrinoid necrosis, onion skin lesions, intravascular
thrombosis, and intravascular red blood cell (RBC) fragments
arterial, were also noted. Electron microscopy assessment in-
cluded the presence of subendothelial deposits and the degree of
endothelial cell swelling.

2.3 | Definition

The diagnosis of MHT was based on the detection of a sharp and
sudden increase in BP (particularly diastolic BP > 130 mmHg),
often accompanied by hypertensive retinopathy grade 3 or 4 of
Keith-Wagener-Barker classification (bilateral retinal flame-
shaped hemorrhages and/or exudates or cotton wool spots with
or without papilledema) and frequently with progressive tar-
get organ dysfunction [13, 14]. Renal TMA was diagnosed by a
nephrologist and two pathologists based on renal pathological
features. The individuals with renal TMA caused by hemolytic
uremic syndrome, thrombotic thrombocytopenic purpura,
pregnancy, tumor, drug toxicity, and renal transplantation
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were excluded. Obesity was defined according to the WHO
guidelines [12]. The eGFR was calculated using the Chronic
Kidney Disease Epidemiology Collaboration equation [15].
Mean arterial pressure (MAP) was calculated as one-third of
systolic blood pressure (SBP) plus two-thirds of diastolic blood
pressure (DBP). Intensive BP lowering was SBP <130mmHg
at discharge [16, 17]. Kidney failure was defined as an eGFR
<15mL/min/1.73m? and a need for chronic dialysis or kidney
transplantation [6].

2.4 | Statistical Analysis

All categorical data are presented as numbers and percent-
ages, while statistics for continuous variables are presented as
median with interquartile range (IQR). Two-sample compari-
sons were performed using either the Student's t-test or Mann-
Whitney U test for continuous variables, and the chi-squared
test or nonparametric Fisher's exact test for categorical vari-
ables, as appropriate. We used quantile regression to evaluate
the reference values of BMI measurements in the study popula-
tion. Reference values for BMI were presented as the fifth, 50th,
and 95th percentiles according to age, using separate values for
male and female.

Logistic regression was conducted including the risk factors that
we focused on for the primary outcome of kidney failure. The
risk factors that met the 0.20 significance threshold in univari-
able analysis or defined as relevant in the literature even if not
significant in our univariable analysis were included for further
multivariable analysis. The results were given as odd ratios (ORs)
and 95% confidence intervals (CIs). Moreover, the interactions
and stratification analysis between BMI and several factors were
tested in the model. The analysis included median age group
(<35 and > 35years), gender, proteinuria, the presence of IgAN,
global sclerosis ratio, and IFTA. p-values <0.05 were considered
statistically significant. All the statistical analyses were carried
out with SPSS version 25.0 (IBM Co., Armonk, NY, USA) and R

version 4.3.1 (R Foundation for Statistical Computing, Vienna,
Austria).

3 | Results

3.1 | Baseline Characteristics of the Study
Population

Among 288 MHT patients with renal TMA, 165 (57.29%) pa-
tients in the lean group (BMI <25kg/m?) and 123 (42.71%)
in the overweight group (BMI >25kg/m?) were analyzed
in this study (Figure 1). As shown in Table 1, patients with
BMI >25kg/m? exhibited a higher BMI than those with BMI
<25kg/m? (median 27.4kg/m? vs. 22.5kg/m?, p<0.001).
Additionally, there was a higher proportion of men in the
overweight group compared to the lean group (95.1% vs.
84.2%, p=0.004). The median SBP and DBP on admission
were 159 mmHg (IQR 138-181) and 100 mmHg (IQR 86-114),
respectively, with no differences between groups. In labora-
tory examinations, the group with overweight or obesity ex-
hibited higher levels of hemoglobin (median 113 g/Lvs.99g/L,
p<0.001) and serum albumin (median 38.5g/L vs. 36.0g/L,
p<0.001) in comparison to the lean patients. Furthermore,
kidney function parameters, including serum creatinine, urea
nitrogen, and eGFR, were significantly worse in the lean pa-
tients than in those with overweight or obesity. In terms of
medical treatment, there was no difference in the frequency of
antihypertensive medication usage among patients with MHT
across two groups. Nevertheless, the group with overweight
or obesity had a higher percentage of statin treatment as ex-
pected (52.8% vs. 40.0%, p =0.030).

With regard to BMI according to age, there was a linear rela-
tionship between BMI in percentiles and age (Figure 2). BMI
differences between men and women seemed to be on the basis
of variation in age. The BMI in percentiles of male was higher
than female, consistent with the baseline data in Table 1.

(n=290)

Malignant hypertension with
TMA diagnosed by biopsy

Excluded (n=2):

Y

Under 18 years old (n=2)

| Enroliment (n=288) |

y
BMI <25 kg/m? (n=165)

v
BMI 225 kg/m? (n=123)

Y

failure

Primary endpoint: Kidney

FIGURE1 | Study flow.
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TABLE1 | Baseline characteristics in different groups.

BMI
Characteristics Total (n=288) <25 (n=165) >25(n=123) P
Demographics
Age, year 35 (30, 41) 35 (30, 41) 35 (30, 40) 0.997
Sex, male, n (%) 256 (88.9) 139 (84.2) 117 (95.1) 0.004
BMI 24.1(22.1, 27.0) 22.5(21.0, 23.6) 27.4(26.2,29.3) <0.001
Smoking, n (%) 129 (44.8) 69 (41.8) 60 (48.8) 0.240
Drinking, n (%) 84(29.2) 46 (27.9) 38 (30.9) 0.578
BP, mmHg, median (IQR)
SBP on admission 159 (138, 181) 153 (138, 178) 164 (139, 186) 0.116
DBP on admission 100 (86, 114) 100 (86, 113) 100 (88, 118) 0.275
MAP on admission 117 (105, 136) 116 (104, 134) 121 (106, 141) 0.186
SBP on discharge 136 (128, 144) 135 (126, 143) 137 (130, 146) 0.057
DBP on discharge 82 (77,90) 82(77,90) 82 (77, 90) 0.687
MAP on discharge 101 (93, 107) 100 (92, 108) 102 (95, 107) 0.211
Laboratory variables, median (IQR)
Hemoglobin, g/L 106 (90, 123) 99 (85, 116) 113 (97, 128) <0.001
Platelet countx 10%/L 252 (203, 323) 245 (194, 316) 262 (210, 332) 0.221
Serum albumin, g/L 37.3(33.3,40.7) 36.0 (32.5, 39.9) 38.5(34.9,41.1) <0.001
Total cholesterol, mmol/L 4.7 (4.0, 5.6) 4.8 (4.0, 5.7) 4.6 (4.0, 5.6) 0.555
Triglyceride, mmol/L 1.77 (1.30, 2.34) 1.76 (1.27, 2.28) 1.82 (1.40, 2.43) 0.217
HDL-c, mmol/L 0.99 (0.83, 1.19) 1.01 (0.86, 1.21) 0.96 (0.82, 1.15) 0.124
LDL-c, mmol/L 2.98 (2.38, 3.60) 3.01(2.45, 3.62) 2.95(2.23,3.58) 0.189
Urea nitrogen, mmol/L 15.0(10.8,19.9) 16.1 (12.1, 20.4) 13.4 (9.5, 19.5) 0.006
Scr, umol/L 566 (326, 847) 603 (374, 880) 506 (272, 781) 0.013
Urea acid, umol/L 474 (388, 567) 465 (384, 561) 489 (400, 569) 0.642
eGFR, mL/min per 1.73 m? 10.3 (6.4, 19.5) 9.5 (6.0, 17.1) 11.9 (7.0, 23.9) 0.011
C3,g/L 0.97(0.84,1.14) 0.94 (0.80, 1.10) 1.00 (0.86, 1.20) 0.017
C4,g/L 0.28 (0.23, 0.36) 0.27(0.23, 0.35) 0.30 (0.24, 0.38) 0.105
24-h proteinuria, g/day 1.42(0.85, 2.57) 1.49 (0.88, 2.61) 1.35(0.78, 2.57) 0.565
Medications, n (%)
CCB 278 (96.5) 161 (97.6) 117 (95.1) 0.261
ACEI 61(21.2) 39 (23.6) 22(17.9) 0.237
ARB 146 (50.7) 87 (52.7) 59 (48.0) 0.424
Sacubitril/valsartan 64 (22.2) 36 (21.8) 28 (22.8) 0.849
RAS blockers?® 200 (69.4) 122 (73.9) 78 (63.4) 0.055
a blockers 180 (62.5) 97 (58.8) 83 (67.5) 0.132
@ blockers 248 (89.1) 140 (84.8) 108 (87.8) 0.473
Sulodexide soft capsules 148 (51.4) 81 (49.1) 67 (54.5) 0.366
Statin 131 (45.5) 66 (40.0) 65 (52.8) 0.030

Abbreviations: ACEI, angiotensin-converting enzyme inhibitors; ARB, angiotensin receptor blocker; BMI, body mass index; BP, blood Pressure; C3, complement 3; C4,
complement 4; CCB, calcium channel blockers; DBP, diastolic blood pressure; eGFR, estimated glomerular filtration rate; HDL-c, high density lipoprotein cholesterol;
LDL-c, low density lipoprotein cholesterol; MAP, mean arterial pressure; RAS blockers, renin-angiotensin system blockers; SBP, systolic blood pressure; Scr, serum
creatinine.

2RAS blockers, contain ACEI, ARB, and Sacubitril/valsartan.
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FIGURE2 | BMIin male and female according to age. There is a positive linear relationship between 5th and 50th percentiles of BMI and age.

3.2 | Renal Biopsy and Histopathological
Characteristics

All patients with MHT-associated renal TMA underwent per-
cutaneous renal biopsy. The various histopathologic features of
the MHT patients with renal TMA under light microscopy and
electron microscopic are shown in Figure 3. Light microscopic
analysis revealed typical series of pathological changes in renal
TMA, including diffuse capillary loop wrinkling (Figure 3a),
marked intimal thickening of renal arterioles (Figure 3b), and
vessel wall thickening with “onion-peel” appearance and lu-
minal occlusion (Figure 3c). In addition, electronic microscopy
analysis revealed swelling of endothelial cells, prominent sub-
endothelial widening with flocculent deposits underneath and
new base membrane formation, leading to narrowing of capil-
lary lumen (Figure 3d).

The pathological characteristics in MHT patients with renal
TMA according to the BMI level are shown in Table 2. IgAN
was diagnosed in 83 (28.8%) of patients. Compared to lean
patients, a higher incidence of IgAN was seen in patients
with overweight or obesity (35.2% vs. 20.3%, p=0.006). The
median global sclerosis ratio was 37.5% (IQR 18.6-66.7) in
the lean group and 28.6% (IQR 18.8-51.9) in the overweight

group, with no significant difference between the two groups.
Furthermore, in the lean group, the majority of patients (76.8%)
had tubular atrophy and interstitial fibrosis involving > 50%
of the renal biopsy area. Regarding vascular lesions, more
than half of the patients in this study showed arteriolar hya-
linosis and onion skin lesions (52.4% and 59.7%, respectively).
However, fibrinoid necrosis and intravascular thrombosis were
occasionally observed, occurring in 96 (33.3%) and 52 (18.1%)
patients, respectively. There were no significant differences in
tubulointerstitial and vascular pathological characteristics be-
tween the two groups.

3.3 | Risk Factors for Kidney Failure Occurrence
of MHT Patients With Renal TMA

Renal function outcome for the incidence of kidney failure at
baseline was analyzed in 288 patients. Among all patients, 180
(62.5%) progressed to kidney failure, including 113 patients
with BMI <25kg/m? and 67 patients with BMI >25kg/m?2. In
the univariate logistic regression analysis, we found that lower
odds of kidney failure were related to BMI >25kg/m? (Table 3).
Associations of BMI with kidney failure were studied by Logistic
regression models after adjustment for age, sex, serum albumin,
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FIGURE 3 | Representative light and electron microscopic findings of MHT patients with TMA. (a) Diffuse capillary loop wrinkling (red
arrowheads) (PASM), 400x. (b) Marked intimal thickening of renal arterioles (red arrowheads) (PAS), 400x. (c) Arteriolar endothelial cell swelling,
vessel wall thickening, and luminal occlusion with an “onion-peel” appearance (red arrowheads) (PAS), 400x. (d) Electronic micrograph showed

swelling of endothelial cells, capillary loop wrinkling, prominent subendothelial widening with flocculent material underneath, and new base

membrane formation, leading to narrowing of capillary lumen (red arrowheads), 5000x. PASM, periodic acid-silver methenamine; PAS, periodic

acid-Schiff.

proteinuria, urea acid, renin-angiotensin system (RAS) blockers
treatment, global sclerosis ratio, onion skin lesions and IFTA in
multivariate analyses.

Compared to patients with a normal BMI, those with a higher
BMI had an inverse association with kidney failure (Table 3).
In the multivariable logistic regression analysis, we also re-
vealed that BMI >25kg/m? was associated with lower odds of
kidney failure (adjusted OR 0.49; 95% CI 0.27-0.91; p=0.025).
Meanwhile, male gender (adjusted OR 7.05; 95% CI 2.34-
21.22; p=0.001), uric acid levels (adjusted OR 1.003; 95% CI
1.001-1.006; p=0.005), presence of onion skin lesions (adjusted
OR 2.40; 95% CI 1.29-4.45; p=0.005), and global sclerosis ratio
(adjusted OR 1.02; 95% CI 1.01-1.04; p=0.001) were risk fac-
tors for kidney failure of MHT patients with TMA (Table 3).
Moreover, serum albumin (adjusted OR 0.91; 95% CI 0.85-0.98;
p=0.011) and treatment with RAS blockers were protective
factors of renal function outcome (adjusted OR 0.43; 95% CI
0.22-0.85; p=0.016) (Table 3).

To further explore the difference in BMI for kidney outcome
under stratification factors, we tested the interaction between
BMI and several factors on kidney failure (Table S1). Although
there were no significant differences between BMI and the fac-
tors shown in Table S1, we found that overweight or obesity
was associated with a decreased risk of kidney failure in those
over 35years. In addition, the results of stratified analysis ac-
cording to male, proteinuria <1.42g/day and the presence of
IgAN showed that the lean group was also associated with an
increased risk of kidney failure.

3.4 | Mandatory BP Lowering Improves Renal
Function Recovery

To investigate the role of mandatory BP lowering on prognosis of
MHT patients with renal TMA, we conducted a subgroup analysis
on various renal outcomes to examine the significance of inten-
sive BP lowering (Table 4). Among patients with a BMI <25kg/m?,
those who did not undergo intensive SBP lowering had a higher
incidence of kidney failure, highlighting the need for SBP lower-
ing even in normal weight individuals. Furthermore, patients who
underwent intensive SBP lowering had a higher rate of renal re-
covery of >25% reduction in serum creatinine level from baseline,
or a return to normal creatinine level, or dialysis independence for
4weeks and >15% increase in the eGFR in the BMI >25kg/m?
group. This indicates the significant benefit of intensive BP man-
agement for individuals with overweight or obesity.

4 | Discussion

In this study, participants with a BMI > 25kg/m? had higher lev-
els of hemoglobin, serum albumin, eGFR, and C3. Conversely,
patients with overweight or obesity had lower levels of serum
creatinine, urea nitrogen, and IgAN. Interestingly, a higher BMI
was linked to a lower risk for kidney failure in MHT patients
with renal TMA. We also observed that the male gender, uric
acid, presence of onion skin lesions, and global sclerosis ratio
were associated with increasing odds of kidney failure, and
serum albumin and the use of RAS blockers were found to be
protective factors in multivariable regression.
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TABLE 2 | Histopathologic findings.

BMI
Characteristics Total (n=288) <25 (n=165) >25(n=123) p
With IgAN, n (%) 83 (28.8) 58 (35.2) 25(20.3) 0.006
Global lesions, n (%)
Global sclerosis, number, median (IQR) 8(4,13) 9(4,14) 7(4,12) 0.259
Global sclerosis ratio, n (%) 33.3(18.8, 59.0) 37.5(18.6, 66.7) 28.6(18.8, 51.9) 0.121
Segmental sclerosis, number, median 0.5 (0.0, 2.0) 0.00(0.00, 1.00) 1.00 (0.00, 2.00) 0.808
(IQR)
Segmental sclerosis, n (%) 0.01 (0.00, 6.25) 0.00 (0.00, 6.67) 2.00 (0.00, 6.06) 0.909
Tubular lesions, n (%)
IFTA 0.187
<50 66 (23.2) 33(20.4) 33(27.4)
>50 218 (76.8) 129 (79.6) 89 (73.0)
Tubular epithelial cell exfoliation 99 (34.4) 60 (36.4) 39 (31.7) 0.411
Vascular lesions, n (%)
Acute lesions
Fibrinoid necrosis 96 (33.3) 56 (33.9) 40 (32.5) 0.800
Intravascular thrombosis 52(18.1) 33(20.0) 19 (15.4) 0.320
Intravascular RBC fragments 29 (10.1) 21 (12.7) 8(6.5) 0.083
Chronic lesions
Onion skin lesions 172 (59.7) 104 (63.0) 68 (55.3) 0.185
Arteriolar hyalinosis 151 (52.4) 81 (49.1) 70 (56.9) 0.189

Abbreviations: IFTA, tubular atrophy/interstitial fibrosis; IgAN, IgA nephropathy; RBC, red blood cell.

The prevalence of obesity is increasing worldwide. Globally,
adults with a BMI > 25kg/m? increased from 28.8% for men
and 29.8% for women in 1980%-36.9% for men and 38% for
women in 2013 [18]. Alcazar et al. also discovered BMI in-
creased significantly in young and middle-aged women and
men [19]. In particular, Framingham Offspring Study sug-
gested that obesity is responsible for 78% of hypertension
in men and 65% of hypertension in women [20, 21]. BMI is
strongly associated with all-cause mortality. Surprisingly, a
retrospective cohort study of acute severe hypertension found
that patients with BMI >25kg/m? had a reduction of risk in
the 3-year all-cause mortality [22]. Although overweight or
obesity is an important clinical characteristic of patients with
hypertension, few studies have attempted to demonstrate the
effect of BMI on kidney failure in MHT patients with renal
TMA. Thus, we investigated the clinical features and renal
prognosis between BMI and MHT.

Indeed, we found that individuals with overweight or obesity was
associated with lower odds of kidney failure compared to those
with a BMI <25kg/m?2. Compared with the overweight group
in our study, about 15% higher prevalence of IgAN occurred
in the lean group. Importantly, it is reported that patients with
IgAN had high proteinuria and almost all patients were at risk
of progression to kidney failure within their expected lifetime

in an IgA nephropathy cohort [23, 24]. This may partly explain
the higher risk of kidney failure in lean patients. Furthermore,
the obesity paradox, which is a paradoxical decrease in mortal-
ity concomitant with increased BMI, is a possible reason of the
lower risk of kidney failure with increased BMI. This phenome-
non has been observed in various populations, including the el-
derly, those with CKD, and hypertension [25-27]. Matsuki et al.
suggested that the underweight group had a marked increase in
the risk of mortality, whereas the overweight group tended to
have reduced rates of acute hypertension. Meanwhile, the over-
weight group also showed a lower risk of urgent dialysis [28],
supporting our study in MHT. In addition, various studies con-
ducted on middle-aged and elderly patients with hypertension
found that the overweight and obesity group had a decreased
mortality risk compared to those with a normal weight [29, 30].
This is consistent with the lower risk of kidney failure observed
in patients over 35years of age with overweight or obesity in
the present study. The obesity paradox can be explained by the
presence of reverse causation, such as underlying comorbidities
causing weight loss and sarcopenia, but nutritional approaches
to preserve metabolic reserve may improve the outcome of MHT
[28, 31].

TMA is an important predictor of renal insufficiency and recov-
ery in MHT [32]. El Karoui K et al. suggested that the presence
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TABLE 3 | Risk factors of kidney failure for MHT patients with TMA according to BMI.

Kidney failure
Univariate analysis Multivariate analysis
Variables OR 95% CI P adjusted OR 95% CI P
BMI, kg/m?
<25 1 (ref) 1 (ref)
>25 0.55 0.34-0.89 0.016 0.49 0.27-0.91 0.025
Age (per, years) 0.99 0.97-1.02 0.586 1.01 0.98-1.05 0.585
Sex, male (vs. female) 2.74 1.29-5.81 0.008 7.05 2.34-21.22 0.001
Hemoglobin, g/L 0.95 0.94-0.96 <0.001 — —
Serum albumin, g/L 0.91 0.86-0.96 <0.001 0.91 0.85-0.98 0.011
Scr, umol/L 1.03 1.02-1.03 <0.001 — —
eGFR, mL/min per 1.73 m? 0.54 0.46-0.64 <0.001 — —
C3,g/L 0.27 0.08-0.89 0.031 — —
Proteinuria, g/24h 1.48 1.20-1.82 <0.001 1.19 0.93-1.51 0.169
Uric acid, umol/L 1.004 1.002-1.006 <0.001 1.003 1.001-1.006 0.005
RAS blockers treatment 0.44 0.25-0.77 0.004 0.43 0.22-0.85 0.016
With IgAN 1.36 0.79-2.32 0.268 — —
Global sclerosis ratio, % 1.02 1.01-1.03 <0.001 1.02 1.01-1.04 0.001
IFTA, %
<50 1 (ref) 1 (ref)
>50 2.93 1.67-5.16 <0.001 1.88 0.95-3.71 0.069
Fibrinoid necrosis 0.88 0.53-1.45 0.606 — —
Intravascular thrombosis 1.16 0.62-2.18 0.635 — —
Arteriolar hyalinosis 0.54 0.33-0.87 0.012 0.66 0.36-1.19 0.166
Onion skin lesions 1.79 1.10-2.91 0.019 2.40 1.29-4.45 0.005

Abbreviations: BMI, body mass index; C3, complement 3; CI, confidence interval; eGFR, estimated glomerular filtration rate; IFTA, tubular atrophy/interstitial
fibrosis; IgAN, IgA nephropathy; OR, odd ratio; RAS blockers, renin-angiotensin system blockers; Scr, serum creatinine.

TABLE 4 | Renal survival in different BMI groups according to intensive lowering SBP categories.

<25kg/m? >25kg/m?
<130mmHg >130mmHg P <130mmHg >130mmHg p
kidney failure, n (%) 38(59.4) 75 (74.3) 0.046 19 (52.8) 48 (55.2) 0.808
Long term RRT, n (%) 18 (32.7) 46 (56.8) 0.079 16 (48.5) 33(45.2) 0.129
Recoveryl?, n (%) 15(27.8) 25(33.3) 0.542 11 (33.3) 22(33.8) 0.832
Recovery2?, n (%) 34(63.0) 40 (52.6) 0.089 21 (63.6) 38 (56.7) 0.035
Recovery3¢, n (%) 14 (31.8) 22 (44.0) 0.540 16 (69.6) 24 (50.0) 0.008

Abbreviation: RRT, renal replacement therapy.

2Recoveryl: >50% reduction in serum creatinine level from baseline, or a return to normal creatinine levels, or dialysis independence for 4 weeks.
YRecovery2: >25% reduction in serum creatinine level from baseline, or a return to normal creatinine levels, or dialysis independence for 4 weeks.
“Recovery3: >15% increase in the eGFR.

of evidence of TMA was associated with a decline in GFR during presence of schizocytes, elevated lactate dehydrogenase in pa-
the follow-up compared to patients with renal TMA lesions tients with MH may serve as risk factors for renal failure [32]. In
alone [24]. Anemia and/or thrombocytopenia, low haptoglobin, this cohort, we observed that individuals with normal weight had
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significantly lower hemoglobin levels and worse renal function,
suggesting more severe TMA and worse renal outcomes in pa-
tients with normal BMI. We analyzed the possible reasons. On
the one hand, in our cohort, the proportion of IgAN was higher
in patients with normal BMI (58 [35.2%] in the BMI <25kg/m?
group vs. 25 [20.3%] in the BMI > 25kg/m? group), suggesting that
the hemoglobin level was influenced by the primary glomerulop-
athy. On the other hand, previous studies have reported a positive
association between hemoglobin levels and BMI, which may par-
tially explain the lower hemoglobin levels in the lower BMI group
[33]. However, the underlying reasons and mechanisms behind
the relationship between hemoglobin and renal function in dif-
ferent BMI categories require further investigation.

Recently, obesity has been reported to be an important risk
factor for IgAN patients when accompanied by hypertension.
Hypertension appears to be prevalent in obese IgAN patients,
and weight reduction has been recommended to reduce protein-
uria in overweight IgAN patients, which may delay the progres-
sion of renal dysfunction [34, 35]. However, our study found that
patients with BMI <25 had higher prevalence of IgAN and in-
creased the risk of kidney failure, contrary to the previous stud-
ies. These discrepancies may be due to differences in the study
populations and the proportion of IgAN cases. In addition, this
study was limited by its sample size, and further research with a
larger cohort is needed to explore the relationship between obe-
sity and renal prognosis in MHT.

Glomerulosclerosis is generally associated with interstitial fibro-
sis, interstitial inflammation, arteriohyalinosis, and arterioscle-
rosis, and this constellation of changes typifies nephrosclerosis
[36]. A biopsy-based cohort study of CKD identified that the per-
centage of segmental/global glomerulosclerosis and IFTA are
risk factors for CKD progression [37]. In renal TMA induced by
severe hypertension, it is reported that renal histology showed
a TMA involving preglomerular arterioles and/or interlobular
arteries characterized by fibrin deposits and vascular wall scle-
rosis. Progressive focal tubular atrophy and interstitial fibrosis
were also observed [38]. Notably, our analysis confirmed that
those biopsy risk factors of global glomerulosclerosis ratio and
presence of onion skin lesions were associated with kidney fail-
ure in MHT patients with renal TM A, underlying the severity of
renal pathological changes in TMA.

The renin-angiotensin system is greatly activated in MHT [39].
Meanwhile, intra-renal generation of angiotensin 2 and expo-
sure of the microcirculation to elevated BP cooperate in causing
tissue damage in MHT [40]. RAS blockers share a specific anti-
proteinuric effect and are useful in hypertensive urgencies [41].
Gonzalez et al. have proposed that the availability of RAS block-
ers in recent decades may be related to the improvement in the
long-term renal prognosis of MHT [42]. We also found RAS block-
ers a protective factor for kidney failure in MHT, consistent with
the previous studies. Aggressive management of BP is effective
in resolving TMA related to MHT and at least partially restoring
renal function [38]. However, Timmermans et al. demonstrated
that defects in complement regulation are a key causative factor
in patients with TMA attributed to severe hypertension. They
suggested focusing on the use of complement inhibition in pa-
tients with abnormal test results of ex vivo complement acti-
vation on the endothelium and variants in complement genes

[43, 44]. Thus, further investigation is needed to determine the
use of complement inhibitors in MHT-associated renal TMA.

Our study has limitations that need to be acknowledged. The
population of our study was limited as patients with a BMI
under 18.5kg/m? or over 30kg/m? are rare. Therefore, we were
unable to investigate each BMI level according to WHO. In addi-
tion, there may have been changes in BMI over time, which we
could not account for. The use of BMI does not account for fat
distribution or degree of visceral adiposity. However, BMI is the
most clinically relevant measure and allows for broader gener-
alizability of findings. Moreover, this study was conducted at a
single center and may not be representative of the entire popula-
tion in China. In addition, the presence of other distinct glomer-
ular diseases might contribute to renal prognosis and outcomes
in MHT, which requires to be further investigation.

5 | Conclusion

In summary, we have identified that normal weight, rather than
overweight or obesity, was associated with a worse renal out-
come of kidney failure in MHT patients with renal TMA. The
ideal BMI and the best ways to achieve this BMI need to be es-
tablished from randomized controlled clinical trials. Clinicians
should make an appropriate approach and management includ-
ing lifestyle modifications such as diet control and exercise, con-
sidering their comorbidities and BMI itself.
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