
Background: Cardiovascular disease causes significant morbidity and mortality in patients with glomerulonephritis, which is increas-

ingly diagnosed in older individuals who may have diabetes mellitus (DM). We evaluated the impact of DM on metabolic profile, renal 

and cardiovascular outcomes during treatment and follow-up of individuals with glomerulonephritis. 

Methods: We performed a retrospective cohort study of 601 consecutive adults with biopsy-proven glomerulonephritis for factors as-

sociated with kidney failure, hospitalization for cardiovascular events, and death. Biopsies with isolated diabetic nephropathy were ex-

cluded. 

Results: The median patient age was 49.8 years (36.7–60.9 years) with estimated glomerular filtration rate of 56.7 mL/min/1.73 

m2 (27.7–93.2 mL/min/1.73 m2). DM was present in 25.4%. The most frequent diagnoses were minimal change disease (MCD) or 

focal segmental glomerulosclerosis (FSGS) (29.5%), lupus nephritis (21.3%), immunoglobulin A (IgA) nephropathy (19.1%), and mem-

branous nephropathy (12.1%). The median follow-up was 38.8 months (interquartile range [IQR], 26.8–55.8 months). Among 511 in-

dividuals with lupus nephritis, anti-neutrophil cytoplasmic antibody-associated vasculitis, MCD/FSGS, membranous nephropathy, and 

IgA nephropathy, 52 (10.2%) developed kidney failure at a median 16.4 months (IQR, 2.3–32.2 months), while 29 (5.7%) had cardio-

vascular-related hospitalizations at 12.9 months (IQR, 4.8–31.8 months) and 31 (6.1%) died at 13.5 months (IQR, 2.5–42.9 months) 

after diagnosis. Cox regression analysis found that baseline DM was independently associated with kidney failure (adjusted hazard 

ratio [HR], 2.07; 95% confidence interval [CI], 1.06–4.05, p = 0.03) and cardiovascular-related hospitalization (adjusted HR, 2.69; 

95% CI, 1.21–5.98, p = 0.02) but not with mortality.

Conclusion: DM was strongly associated with kidney failure and hospitalization for cardiovascular events in patients with biopsy-prov-

en glomerulonephritis.
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Introduction

Glomerulonephritis and renal vasculitis continue to be frequent 

causes of end-stage kidney disease (ESKD) worldwide [1–3], and 

mortality from acute and chronic glomerulonephritis rose 25% 

over the past 10 years [4]. Individuals with glomerulonephritis 

are increasingly older [5–9] and are more likely to have metabol-

ic diseases that are associated with older age, such as diabetes 

mellitus (DM) and hypertension [7,9]. In addition, treatment 

with immunosuppressants such as glucocorticosteroids may 

cause or exacerbate DM, hypertension, and obesity [10–12]. 

These conditions are established cardiovascular risk factors 

[13,14], while certain systemic diseases that cause glomerulo-

nephritis, such as anti-neutrophil cytoplasmic antibody (AN-

CA)-associated vasculitis, may be intrinsically associated with 

increased cardiovascular risk [15,16]. Cardiovascular disease 

is a major contributor to morbidity and mortality in patients 

with glomerulonephritis [16–20]. Given the propensity for 

metabolic and cardiovascular disease among individuals 

with glomerulonephritis and renal vasculitis, we aimed to 

evaluate the impact of DM on the metabolic profile, as well as 

adverse renal and cardiovascular outcomes during treatment 

and follow-up of individuals with glomerulonephritis.

Methods

This was a retrospective cohort study of consecutive adults 

aged ≥21 years with biopsy-proven glomerulonephritis and 

renal vasculitis diagnosed between January 2011 and July 

2015 at the Singapore General Hospital, an academic med-

ical center and tertiary referral center. Subjects were identi-

fied from the kidney biopsy procedural log, which recorded 

all native kidney biopsies performed. Biopsies with isolated 

diabetic nephropathy (n = 64) were excluded. This study was 

conducted according to the guidelines of the Declaration of 

Helsinki and was approved by the local Institutional Review 

Board (No. 2015/2882). The requirement for informed con-

sent was waived because of the retrospective nature of the 

study. 

Demographic, comorbid disease, laboratory data, and 

medication data were retrieved from electronic medical 

records. Presence of DM at presentation was defined ac-

cording to physician diagnosis of DM, fasting glucose ≥ 7 

mmol/L, glycated hemoglobin (HbA1c) ≥ 6.5%, or when glu-

cose-lowering medications were required. Baseline hyper-

tension, hyperlipidemia, and ischemic heart disease were 

identified from medical records. Laboratory data collected 

included serum creatinine and urine protein-to-creatinine 

ratio (UPCR) within 1 month before kidney biopsy; fast-

ing triglyceride (TG), high-density lipoprotein cholesterol 

and low-density lipoprotein cholesterol (LDL-C) within 24 

months preceding biopsy and within 6 months after im-

munosuppressant; and HbA1c and fasting glucose within 

6 months before and after immunosuppressant. Estimated 

glomerular filtration rate (eGFR) was calculated using the 

Chronic Kidney Disease Epidemiology Collaboration (CKD-

EPI) equation [21]. Nephrotic-range proteinuria was defined 

if UPCR was greater than 3 g/g. All laboratory investigations 

were conducted at our center, the laboratory of which is ac-

credited by the College of American Pathologists. Pharmaco-

therapy data retrieved included angiotensin converting en-

zyme (ACE) inhibitor, angiotensin II receptor blocker (ARB), 

antidiabetic, antilipid, and immunosuppressant medication 

(glucocorticosteroid, calcineurin inhibitor, mycophenolate 

mofetil or sodium, cyclophosphamide, and azathioprine) 

prior to and after kidney biopsy, as well as peak daily dose 

of each immunosuppressant after diagnosis of biopsy-con-

firmed glomerulonephritis. 

We assessed (1) changes in glycemic and lipid indices and 

need for antidiabetic therapy during therapy for glomeru-

lonephritis and renal vasculitis; (2) occurrence and time to 

ESKD, defined by need for dialysis or transplant or if serum 

creatinine was >500 µmol/L; (3) hospitalization for cardio-

vascular events including acute myocardial infarct, conges-

tive cardiac failure or cardiac catheterization showing >50% 

coronary artery stenosis; and (4) death. Data were retrieved 

until last hospital visit or death. 

Statistical analyses were performed using IBM SPSS ver-

sion 26 (IBM Corp., Armonk, NY, USA). Categorical variables 

were presented as proportions and continuous variables 

were summarized as medians with interquartile ranges 

(IQR [25th percentile–75th percentile]). The baseline clinical 

characteristics, metabolic profiles, and medications were 

compared for individuals with and without DM using the 

Pearson chi-square test for categorical variables and the 

Mann-Whitney U test for non-normally distributed con-

tinuous variables. When analyzing factors associated with 

clinical outcomes, we included the most frequent diagnoses 

(minimal change disease [MCD] or focal segmental glomer-

ulosclerosis [FSGS], lupus nephritis, immunoglobulin A (IgA) 
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nephropathy, membranous nephropathy, and ANCA-asso-

ciated vasculitis) and excluded patients with “other diagno-

ses” in order to reduce the heterogeneity of the study cohort. 

Kaplan-Meier survival curves for the clinical outcomes were 

compared using log-rank tests. Cox regression (stepwise 

method) was performed to obtain hazard ratios (HRs) and 

95% confidence intervals (CIs) for factors that were inde-

pendently associated with the clinical outcomes. 

Covariates (age, sex, glomerulonephritis diagnosis, DM, 

hypertension, hyperlipidemia, ischemic heart disease, eGFR, 

UPCR, use of ACE inhibitor or ARB, and immunosuppres-

sant treatment after biopsy) were chosen a priori. Multicol-

linearity was checked by examining the correlation matrix 

for coefficient values of ≥0.80. Stratified analyses to test for 

associations between DM and clinical outcomes were per-

formed according to age (<50 years vs. ≥50 years), sex (female 

vs. male), ischemic heart disease (no vs. yes), eGFR category 

(≥60 mL/min/1.73 m2 vs. <60 mL/min/1.73 m2), UPCR cat-

egory (<3 g/g vs. ≥3 g/g), use of ACE inhibitor or ARB (no vs. 

yes), and immunosuppressant use (no vs. yes). The p-values 

of interactions for effect modification were obtained by in-

cluding the interaction term (DM*variable) in the regression 

model. Subgroup analyses were performed for those with 

and without DM. All tests were two-tailed and statistical sig-

nificance was defined as p < 0.05.

Results

Cohort clinical characteristics

We evaluated 601 individuals with biopsy-proven glomerulo-

nephritis and renal vasculitis. Our multiethnic Southeast Asian 

cohort included Chinese (464 patients, 77.2%), Malay (77, 12.8%), 

Indian (22, 3.7%), and other ethnicities (38, 6.3%). The medi-

an age was 49.8 years (36.7–60.9 years) with eGFR 56.7 mL/

min/1.73 m2 (27.7–93.2 mL/min/1.73 m2). DM was present in 

153 (25.5%) at biopsy. The most frequent diagnoses were MCD 

or FSGS (177 patients, 29.5%), lupus nephritis (128, 21.3%), IgA 

nephropathy (115, 19.1%), and membranous nephropathy (73, 

12.1%). Eighteen patients (3.0%) had ANCA-associated vas-

culitis while other diagnoses (90 patients, 15.0%) included 

thin membrane disease, Alport disease, ANCA-negative 

pauci-immune vasculitis, undifferentiated immune-com-

plex mediated glomerulonephritis, antiglomerular base-

ment membrane disease, and tubulointerstitial nephritis. 

Histological features of diabetic nephropathy were present 

concurrently with glomerulonephritis in 34 biopsies (5.7%); 

22 minimal changes or FSGS, three IgA nephropathies, two 

membranous nephropathies, one each of lupus nephritis 

and ANCA-associated vasculitis, and five others. 

Table 1 compares the clinical characteristics and pharma-

cotherapy of patients with and without DM at presentation. 

Those with DM were older, more likely to be male, and to have 

hypertension, hyperlipidemia, and ischemic heart disease. 

They also had lower eGFR and greater proteinuria. Individuals 

with DM were more likely to have received blood pressure- 

lowering medications, including ACE inhibitor and ARB, be-

fore biopsy. After diagnosing biopsy-proven glomerulonephri-

tis, treatment with ACE inhibitor or ARB did not differ between 

groups. Individuals with DM were less likely to receive immu-

nosuppressive therapy such as glucocorticosteroid, but the 

peak daily dose and cumulative treatment duration of pred-

nisolone and the use and treatment duration of calcineurin 

inhibitor were not different between groups.

Effect of baseline diabetes mellitus on metabolic profile 
after immunosuppressive therapy

Table 2 describes the metabolic profiles of 408 individuals 

who received immunosuppressant treatment. During the 

6-month follow-up after starting immunosuppressant treat-

ment, fasting glucose, TG, and LDL-C results were available for 

294 individuals, while HbA1c was available for 92 individuals. 

Patients with DM were more likely to have increased TG and 

LDL-C after immunosuppressant, compared to individuals 

without DM. Antidiabetic and antilipid medications at base-

line and after immunosuppressive therapy were also more 

frequently prescribed among those with DM. Fig. 1 shows that 

the need for oral antidiabetic therapy nearly doubled and the 

need for insulin therapy increased four-fold among individ-

uals with DM treated with immunosuppressants. The need 

for antidiabetic medications decreased over time in both DM  

(Fig. 1A) and non-DM (Fig. 1B) patients, possibly due to ta-

pering doses of induction immunosuppressant. 

Effect of baseline diabetes mellitus on clinical outcomes

Among 511 individuals with lupus nephritis, ANCA-associated 

vasculitis, MCD/FSGS, membranous nephropathy, and IgA 

nephropathy, 52 (10.2%) developed ESKD at a median of 16.4 
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spectively; p = 0.31). In the DM group (n = 120), there were 

21 ESKD, 18 cardiovascular-related hospitalizations, and 10 

deaths. In the no-DM group (n = 391), there were 31 ESKD, 

11 cardiovascular-related hospitalizations, and 21 deaths. 

Individuals with DM at baseline were more likely to develop 

ESKD (17.5% vs. 7.9%, p = 0.002) and to experience a car-

diovascular event requiring hospitalization (15.0% vs. 2.8%, 

months (IQR, 2.3–32.2 months), while 29 (5.7%) had cardio-

vascular-related hospitalizations at a median of 12.9 months 

(4.8–31.8 months), and 31 (6.1%) died at a median 13.5 months 

(2.5–42.9 months) after diagnosis. 

The follow-up duration was comparable between those 

with and without DM (median of 36.5 months [IQR, 24.4–

53.8 months] vs. 40.0 months [IQR, 27.3–57.2 months], re-

Table 1. Clinical characteristics and treatment of 601 individuals with biopsy-proven glomerulonephritis and renal vasculitis according 
to presence of DM at baseline
Variable Without DM With DM p-value

Clinical presentation

  No. of patients 448 153

  Age at diagnosis (yr) 46.1 (34.6–57.3) 59.0 (51.1–65.6) <0.001

  Male sex 180 (40.2) 81 (52.9) 0.006

  Hypertension 260 (58.0) 132 (86.3) <0.001

  Blood pressure (mmHg)

    Systolic 125 (115–138) 133 (120–150) <0.001

    Diastolic 71 (67–80) 71 (66–80) 0.87

  Hyperlipidemia 118 (26.3) 86 (56.2) <0.001

  Ischemic heart disease 18 (4.0) 21 (13.7) <0.001

  Serum creatinine (µmol/L) 98 (67–175) 145 (90–246) <0.001

  eGFR (mL/min/1.73 m2) 62.2 (32.6–100.9) 42.7 (21.3–74.6) <0.001

    <60 215 (48.0) 102 (66.7) <0.001

  Urine protein-to-creatinine ratio (g/g) 3.3 (1.4–7.1) 4.3 (2.0–7.7) 0.03

  Nephrotic-range proteinuria 238 (53.4) 94 (61.8) 0.07

Pharmacotherapy

  Antihypertensive before biopsy 276 (61.6) 133 (86.9) <0.001

  ACEi or ARB

    Before biopsy 228 (50.9) 98 (64.1) 0.005

    After biopsy 388 (86.6) 134 (87.6) 0.76

  Immunosuppressant before biopsy

    Any 105 (23.4) 35 (22.9) 0.89

    Glucocorticosteroid 91 (20.3) 29 (19.0) 0.72

  Immunosuppressant after biopsy

    Any 323 (72.1) 85 (55.6) <0.001

    Glucocorticosteroid 311 (69.4) 80 (52.3) <0.001

    Prednisolone peak daily dose (mg/day) 50 (30–60) 40 (30–60) 0.12

    Prednisolone duration (mo) 29.5 (12.7–60.9) 32.5 (10.7–54.6) 0.64

    Methylprednisolone 66 (14.7) 18 (11.8) 0.36

    Calcineurin inhibitor 66 (14.7) 23 (15.0) 0.93

    Duration of calcineurin inhibitor (mo) 23.6 (12.2–45.7) 27.4 (7.4–58.6) 0.61

    Mycophenolate mofetil or sodium 149 (33.3) 38 (24.8) 0.05

    Duration of mycophenolate mofetil or sodium (mo) 28.2 (17.4–54.2) 31.3 (3.9–38.7) 0.23

    Cyclophosphamide 73 (16.3) 24 (15.7) 0.86

    Azathioprine 71 (15.8) 20 (13.1) 0.41

Data are expressed as number only, median (interquartile range), or number (%).
ACEi, angiotensin converting enzyme inhibitor; ARB, angiotensin II receptor blocker; eGFR, estimated glomerular filtration rate calculated using the Chronic 
Kidney Disease Epidemiology Collaboration equation; DM, diabetes mellitus.
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with increased cardiovascular-related hospitalization in both 

female (HR, 6.92; 95% CI, 1.95–24.57) and male patients (HR, 

3.97; 95% CI, 1.54–10.26), but by varying degrees.

Other factors associated with end-stage kidney disease, 
cardiovascular-related hospitalization, and mortality

Multivariate analyses for ESKD, cardiovascular-related hos-

pitalization, and death are shown in Tables 3 and 4. Older 

age was independently associated with increased risk of 

mortality but reduced risk of ESKD. Male sex increased the 

risks of cardiovascular-related hospitalization and death. 

Compared to IgA nephropathy, both lupus nephritis and 

ANCA-associated vasculitis independently increased the 

risks of cardiovascular-related hospitalization and death, but 

while patients with ANCA-associated vasculitis had greater 

p < 0.001). Mortality was not significantly different between 

the groups (8.3% vs. 5.4%, p = 0.24). Survival analyses (Fig. 

2) showed that the cumulative probabilities of renal survival 

and survival without cardiovascular-related hospitalization 

were significantly lower in those with DM at baseline. Multi-

variate analyses shown in Tables 3 and 4 confirmed that DM 

was independently associated with ESKD (adjusted HR, 

2.07; 95% CI, 1.06–4.05; p = 0.03) and cardiovascular-relat-

ed hospitalization (adjusted HR, 2.69; 95% CI, 1.21–5.98; p 

= 0.02) but not with mortality. Interactions were observed 

between DM and proteinuria for ESKD, and for DM and sex 

for cardiovascular-related hospitalizations (Supplementary 

Table 1, available online): DM was associated with increased 

ESKD in patients with nephrotic-range proteinuria (HR, 2.33; 

95% CI, 1.18–4.63) but not in those without nephrotic-range 

proteinuria (HR, 2.86; 95% CI, 0.86–9.54); DM was associated 

Table 2. Metabolic profiles at baseline and after immunosuppressive therapy

Variable
Biopsy-proven glomerulonephritis and renal vasculitis treated with 

immunosuppressants (n = 408)

Without DM (n = 323) With DM (n = 85) p-value

Antidiabetic medication

  At baseline 0 (0) 40 (47.1) <0.001

  After immunosuppressant 19 (5.9) 62 (72.9) <0.001

Antilipid medication

  At baseline 111 (34.4) 53 (62.4) <0.001

  After immunosuppressant 213 (65.9) 70 (83.4) 0.002

Fasting glucose

  At baseline (mmol/L) 5.1 (4.8–5.7) 7.0 (5.8–8.2) <0.001

  Peak value after immunosuppressanta (mmol/L) 5.6 (4.9–6.8) 7.8 (6.6–9.5) <0.001

  Change from baseline (%) 9.6 (–4.2 to 33.2 ) 10.0 (–15.2 to 45.5) 0.76

HbA1c

  At baseline (%) 5.4 (5.1–5.7) 6.4 (5.8–7.2) <0.001

  Peak value within 6 mob after 
immunosuppressant (%)

5.7 (5.3–6.2) 6.7 (6.0–8.7) <0.001

  Change from baseline (%) 2.6 (0–13.6) 8.0 (–3.1 to 33.6) 0.40

Fasting triglyceride

  At baseline (mmol/L) 1.69 (1.20–2.30) 1.73 (1.19–2.50) 0.79

  Peak value after immunosuppressanta (mmol/L) 1.43 (1.03–2.05) 1.93 (1.22–2.45) 0.004

  Change from baseline (%) –11.2 (–42.9 to 21.4) 5.0 (–23.9 to 42.3) 0.01

Fasting LDL-cholesterol

  At baseline (mmol/L) 3.93 (2.91–6.10) 3.10 (2.24–4.21) 0.001

  Peak value after immunosuppressanta (mmol/L) 3.36 (2.67–4.16) 3.21 (2.27–4.23) 0.29

  Change from baseline (%) –14.3 (–52.2 to 15.4) 4.0 (–35.6 to 51.4) 0.006

Data are expressed as number (%) or median (interquartile range).
DM, diabetes mellitus; HbA1c, glycated hemoglobin; LDL, low-density lipoprotein
aFasting glucose, triglyceride, and LDL-cholesterol results were available for 294 individuals during the initial 6 months after immunosuppressants were 
started. bHbA1c was available for 92 individuals during the initial 6 months after immunosuppressants were started.
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0.86–0.96; p = 0.001), higher eGFR (adjusted HR, 0.92; 95% 

CI, 0.88–0.96; p < 0.001 for per 1 mL/min/1.73 m2), and 

treatment with ACE inhibitor or ARB (adjusted HR, 0.80; 

95% CI, 0.02–0.32; p < 0.001) were independently associated 

with reduced risk of ESKD. Higher eGFR (adjusted HR, 0.98; 

95% CI, 0.96–0.99; p = 0.02 for per mL/min/1.73 m2) and 

ACE inhibitor or ARB therapy (adjusted HR, 0.22; 95% CI, 

0.05–0.86; p = 0.03) were associated with reduced risk of car-

diovascular-related hospitalization, while baseline ischemic 

heart disease was associated with increased risk (adjusted 

HR, 6.94; 95% CI, 2.64–18.25; p < 0.001). Concurrent histo-

logical diabetic nephropathy was not a significant predictor 

risk of cardiovascular-related hospitalization than lupus 

nephritis, the inverse was true for mortality risk. Baseline 

ischemic heart disease increased the risk of cardiovascu-

lar-related hospitalization. A higher eGFR reduced the risks 

of all three adverse clinical events. While greater proteinuria 

increased the risk of ESKD, treatment with immunosuppres-

sant reduced it. None of the covariates were significantly 

correlated with any other.

Subgroup analyses by diabetes mellitus status at baseline 

In the DM group, older age (adjusted HR, 0.91; 95% CI, 

Figure 1. Proportion of individuals with or without diabetes mellitus (DM) at baseline who required antidiabetic medications during 
immunosuppressive therapy. (A) With DM. (B) Without DM.
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Time from biopsy to cardiovascular-related  
hospitalization (mo)

of ESKD or cardiovascular hospitalization when added as a 

variable in the multivariable models. Multivariate analysis 

was not performed for mortality in DM due to the small 

number of events. 

In the no-DM group, eGFR was the only independent 

factor associated with ESKD (adjusted HR, 0.95; 95% CI, 

0.93–0.97; p < 0.001). Multivariate analysis was not per-

formed for cardiovascular-related hospitalization due to the 

small number of events. Older age (adjusted HR, 1.09; 95% 

CI, 1.05–1.14; p < 0.001), male sex (adjusted HR, 3.46; 95% 

CI, 1.39–8.66; p = 0.008), and lupus nephritis (adjusted HR, 

18.64; 95% CI, 2.37–146.54; p = 0.005) were independently 

associated with increased mortality risk.

Discussion

DM was frequent among our multiethnic cohort of 601 

individuals with biopsy-proven glomerulonephritis and 

renal vasculitis and was associated with worsening of the 

metabolic profile after immunosuppressant treatment. After 

accounting for age, sex, glomerulonephritis diagnosis, hy-

pertension, hyperlipidemia, baseline ischemic heart disease, 

eGFR, proteinuria, and treatment with ACE inhibitor or ARB 

and immunosuppressants, DM was also found to be associ-

ated with a one-fold greater risk of ESKD and 1.7-fold greater 

risk of cardiovascular-related hospitalization in glomerulo-

nephritis and renal vasculitis. 

While DM is an established risk factor for kidney failure 

and cardiovascular disease in the general population and in 

individuals with chronic kidney disease [13,22–24], there has 

been little focus on the additive risks of DM in glomerulone-

phritis and renal vasculitis, which may in themselves result 

in inherently increased risks of ESKD and cardiovascular 

disease [25,26]. We confirmed that DM doubled the risk of 

cardiovascular-related hospitalization independent of other 

cardiovascular risk factors and underlying glomerulone-

phritis diagnosis. The few prior studies that evaluated the 

cardiovascular risks of DM in glomerulonephritis generally 

limited their cohorts to individuals with a single glomeru-

lonephritis diagnosis and reported conflicting results. DM 

was associated with increased risk of cardiovascular events 

(age-adjusted HR, 7.07; 95% CI, 1.88–26.54) in a medical 

records review of 58 incident ANCA-associated vasculitis 

[27], while a larger cohort of 504 Chinese patients with AN-

CA-associated vasculitis did not find DM to be associated 

Figure 2. Kaplan-Meier survival curves. They show that cumulative 
probabilities of survival without the event were significantly 
different for (A) end-stage kidney disease (ESKD; log rank p  
= 0.001) and (B) cardiovascular-related hospitalization (log rank p  
< 0.001), but not for (C) mortality (log rank p = 0.22).
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derangements associated with immunosuppressant therapy 

in glomerulonephritis, thereby increasing cardiovascular 

risk. In particular, glucocorticosteroid was administered to 

95.8% of patients treated with immunosuppressive therapy 

as monotherapy or in combination with other immunosup-

pressant and is associated with adverse changes in blood 

pressure, body weight, insulin resistance, and DM [10,12,33], 

which are traditional risk factors for cardiovascular disease 

[13,14,33]. While baseline DM was associated with signifi-

cantly worse lipid indices after treatment with immunosup-

pressants, we did not identify immunosuppressant therapy as 

an independent risk factor for adverse cardiovascular events. 

However, prior studies of individuals with inflammatory and 

autoimmune diseases treated with moderate to high-dose 

glucocorticosteroid found increased risk of myocardial in-

farction and symptomatic coronary artery disease [10,34,35]. 

The association between low-dose glucocorticosteroid and 

cardiovascular events was less clear [36,37]. Interestingly, 

steroid-sparing or steroid-minimization regimens have been 

gaining traction in recent years [38,39]. In a randomized 

controlled trial of 176 individuals with IgA nephropathy, my-

cophenolate mofetil combined with reduced prednisolone 

dose was associated with lower risk of new-onset DM than 

with cardiovascular events [16]. Notably, a meta-analysis of 

observational studies on cardiovascular events in ANCA-as-

sociated vasculitis stressed that most early studies published 

before 2016 did not provide adequate information on tradi-

tional cardiovascular risk factors [28]. In a prospective co-

hort of 299 systemic lupus erythematosus (SLE) patients in 

North America [29], DM was associated with increased odds 

of coronary artery disease (univariate odds ratio [OR], 4.63; 

95% CI, 2.75–7.82; p = 0.02). In contrast, DM did not predict 

cardiovascular events among 277 SLE patients in Sweden 

who were followed up over 7 years [30]. A systematic review 

that evaluated 28 studies from the PubMed database from 

inception to 2012 highlighted that many cohort studies did 

not examine DM as a risk factor, while the few that did had 

small numbers of individuals with DM and did not find DM 

to be an independent risk factor for cardiovascular disease 

[31]. Among 221 patients with IgA nephropathy, DM was 

correlated with coronary heart disease in univariate analysis 

(OR, 5.87; 95% CI, 1.61–21.5; p < 0.05), but not after adjusting 

for other vascular risk factors.  

DM causes endothelial dysfunction and inflammation 

and thus vascular disease [32]. We also considered the 

plausibility that pre-existing DM exacerbated the metabolic 

Table 3. Factors associated with ESKD during treatment and follow-up of 511 individuals with lupus nephritis, ANCA-associated 
vasculitis, MCD or FSGS, membranous nephropathy, and IgA nephropathy

Variable
ESKD (n = 52)

Univariate HR (95% CI) p-value Multivariate HR (95% CI) p-value

Age (/year increase) 0.97 (0.94–0.99) 0.02 0.97 (0.95–0.99) 0.02

Male sex 1.42 (0.73–2.74) 0.30 -

Glomerulonephritis diagnosis -

  Lupus nephritis 0.56 (0.20–1.59) 0.28 -

  ANCA-associated vasculitis 0.65 (0.12–3.46) 0.62 -

  MCD/FSGS 0.62 (0.29–1.33) 0.22 -

  Membranous nephropathy 0.70 (0.18–2.69) 0.60 -

  IgA nephropathy 1.00 (reference)

DM at baseline 2.21 (1.08–4.53) 0.03 2.07 (1.06–4.05) 0.03

Hypertension 2.41 (0.99–5.91) 0.05 -

Hyperlipidemia 0.71 (0.34–1.45) 0.34 -

Ischemic heart disease 0.99 (0.34–2.95) 0.99 -

eGFR (/mL/min/1.73 m2 increase) 0.95 (0.93–0.97) <0.001 0.95 (0.93–0.97) <0.001

UPCR (/g/g increase) 1.07 (1.01–1.14) 0.02 1.07 (1.02–1.13) 0.01

ACEi or ARB 0.52 (0.22–1.27) 0.15 -

Immunosuppressant 0.41 (0.20–0.85) 0.02 0.36 (0.19–0.68) 0.002

ACEi, angiotensin converting enzyme inhibitor; ANCA, anti-neutrophil cytoplasmic antibody; ARB, angiotensin II receptor blocker; CI, confidence interval; 
DM, diabetes mellitus; eGFR, estimated glomerular filtration rate; ESKD, end-stage kidney disease; FSGS, focal segmental glomerulosclerosis; HR, hazard 
ratio; IgA, immunoglobulin A; MCD, minimal change disease; UPCR, urine protein-to-creatinine ratio.
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of 5.9 years did not find DM to be a risk factor for ESKD [45]. 

Unfortunately, two large retrospective cohorts of primary 

glomerulonephritis, one of 1,943 membranous nephropathy, 

MCD, FSGS, IgA nephropathy, and membranoproliferative 

glomerulonephritis patients in Korea and another of 2,350 

with membranous nephropathy, MCD, FSGS, IgA nephropa-

thy, and lupus nephritis patients in South California, did not 

analyze DM as a risk factor for ESKD [46,47]. A Taiwanese Na-

tional Health Insurance Research Database study compared 

1,317 SLE patients with DM and propensity score-matched 

controls without DM who were followed up for a mean of 5 

years and found that ESKD was higher in the DM group (inci-

dence rate ratio, 2.71; 95% CI, 1.70–4.32) [48].

Interestingly, treatment with ACE inhibitor or ARB was 

associated with reduced risk of cardiovascular-related hos-

pitalizations and ESKD among our patients with glomerulo-

nephritis and renal vasculitis with DM. Previous systematic 

reviews of cardiovascular risk in ANCA vasculitis and SLE did 

not evaluate these medications as risk factors [28,31]. Simi-

larly, these medications were not analyzed as risk factors for 

ESKD in a Taiwanese cohort of primary glomerulonephritis 

patients [45], while baseline ACE inhibitor or ARB was not 

associated with ESKD in a French cohort of primary glomer-

ulonephritis patients (adjusted HR, 0.9; 95% CI, 0.5–1.6) [44]. 

However, both ACE inhibitor and ARB reduced major car-

diovascular events (OR, 0.82; 95% credible interval, 0.71–0.92 

and OR 0.76; 95% credible interval, 0.62–0.89, respectively) 

and kidney failure (OR, 0.61; 95% credible interval, 0.47–0.79 

and OR, 0.70; 95% credible interval, 0.52–0.89, respectively) 

compared to placebo in a meta-analysis of 119 randomized 

controlled trials of 64,768 participants with chronic kidney 

disease [49,50]. 

Our study had several limitations. We did not retroactively 

adjudicate the diagnosis of primary FSGS. However, the glo-

merulonephritis diagnosis was corroborated with the phy-

sician-documented clinical diagnosis, which took into con-

sideration clinical and histologic features that supported the 

diagnosis [51], including the degree of podocyte foot efface-

ment routinely reported by our pathologists, and that were 

used to differentiate primary from secondary FSGS [52]. The 

impacts of ACE inhibitor, ARB, and immunosuppressants on 

clinical outcomes may be confounded by indications, while 

the effect of DM may be confounded by other cardiovascular 

risk modifiers such as smoking, use of antiplatelet or antico-

agulation drugs, and statins, which were not included in this 

full-dose prednisolone (1% vs. 14% respectively, p = 0.002). 

Rapid prednisolone taper in the Plasma Exchange and Gluco-

corticoids in Severe ANCA-Associated Vasculitis (PEXIVAS) trial 

was comparable in efficacy to standard, higher-dose predniso-

lone but did not reduce the risk of endocrine adverse events [40]. 

While there are no long-term data on the cardiovascular effects 

of steroid-minimization therapies in glomerulonephritis, steroid 

avoidance and withdrawal therapies in renal transplantation 

were associated with significant cardiovascular risk reduction 

[41]. 

In this study, we also found that cardiovascular risk 

was increased inherently by ANCA-associated vasculitis 

and lupus nephritis, consistent with previous evidence 

[15,25,26,28,31,42]. The Joint European League Against 

Rheumatism and European Renal Association-European Di-

alysis and Transplant Association (EULAR/ERA-EDTA) not-

ed in 2017 that while hypertension and DM were prevalent 

among patients with ANCA-associated vasculitis, the cardio-

vascular risk appeared to be greater than that conferred by 

traditional risk factors alone [26]. A subsequent meta-analy-

sis of observational studies that compared ANCA-associated 

vasculitis with the general population or controls with chron-

ic kidney disease found that ANCA-associated vasculitis had 

relative risks of 1.65 (95% CI, 1.23–2.22) for all cardiovascular 

events and 1.60 (95% CI, 1.39–1.84) for ischemic heart disease 

[28]. In SLE, the increased risk of cardiovascular disease has 

been attributed to accelerated atherosclerosis and presence 

of antiphospholipid antibodies [31,43]. A nested case-control 

study of 52,676 patients with SLE and 758,034 matched pa-

tients without SLE found that SLE was associated with greater 

odds of atherosclerotic cardiovascular disease (adjusted OR, 

1.46; 95% CI, 1.41–1.51) [42]. The aforementioned systematic 

review summarized epidemiologic data that SLE had at least 

2- to 3-fold elevated risks of myocardial infarction, congestive 

heart failure, and overall cardiovascular mortality compared 

to the general population [31]. 

While DM increased the risk of ESKD in this study, evi-

dence from the available literature is conflicting. An early 

retrospective cohort of 536 French patients with FSGS, 

membranous nephropathy, and IgA nephropathy followed 

up for a mean of 7 years found that DM was strongly asso-

ciated with ESKD (adjusted HR, 2.6; 95% CI, 1.2–5.8) [44]. 

However, a subsequent retrospective cohort of 580 Taiwanese 

patients diagnosed with membranous nephropathy, MCD, 

FSGS, and IgA nephropathy and followed up over a median 
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