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Abstract

Background: Concurrent type 1 diabetes mellitus (T1DM) and idiopathic nephrotic syndrome is rare, and most
previously reported cases were in children. We report the case of an adult woman who developed T1DM and
minimal change nephrotic syndrome (MCNS) nearly simultaneously.

Case presentation: A 24-year-old woman had first presented to another hospital with nausea, vomiting, and
fatigue. She was diagnosed with diabetic ketoacidosis and T1DM on the basis of her hyperglycemia, ketoacidosis,
and positive anti-glutamic acid decarboxylase antibody test result. Rapid infusion of normal saline and insulin
administration alleviated hyperglycemia and ketoacidosis. Two weeks after admission, however, she developed
nephrotic syndrome (NS) with rapidly decreasing urine volume. She was referred to our hospital with a diagnosis of
acute kidney injury. Although she temporarily required dialysis and high doses of insulin, within 1 month NS and
acute kidney injury had been alleviated by oral prednisolone and low-density lipoprotein apheresis. Renal biopsy
showed minor glomerular abnormalities without diabetic nephropathy, so we diagnosed her with MCNS. Seven
weeks after the discharge, NS relapsed, and cyclosporine was added to prednisolone. However, NS relapsed twice
within the next 4 months, so we started her on rituximab. At 6 months after initiating rituximab therapy, she
remained in complete remission.
Her mother also had T1DM but not MCNS. The patient had HLA-DRB1*09:01/09:01, DQB1*03:03/03:03, and her
mother had HLA-DRB1*04:05/09:01, DQB1*03:03/04:01.

Conclusions: Concurrent T1DM and MCNS is rare and their coexistence might be coincidental. Alternatively, they
might have been caused by an underlying, unidentified genetic predisposition. Previous reports and our patient’s
findings suggest that specific HLA alleles and haplotypes or a Th1/Th2 imbalance might be associated with T1DM
and MCNS that occurred nearly simultaneously.

Keywords: Type 1 diabetes mellitus, Steroid-sensitive nephrotic syndrome, Minimal change nephrotic syndrome,
Genetic factors

© The Author(s). 2020 Open Access This article is licensed under a Creative Commons Attribution 4.0 International License,
which permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give
appropriate credit to the original author(s) and the source, provide a link to the Creative Commons licence, and indicate if
changes were made. The images or other third party material in this article are included in the article's Creative Commons
licence, unless indicated otherwise in a credit line to the material. If material is not included in the article's Creative Commons
licence and your intended use is not permitted by statutory regulation or exceeds the permitted use, you will need to obtain
permission directly from the copyright holder. To view a copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.
The Creative Commons Public Domain Dedication waiver (http://creativecommons.org/publicdomain/zero/1.0/) applies to the
data made available in this article, unless otherwise stated in a credit line to the data.

* Correspondence: ryuzou_nishizono@med.miyazaki-u.ac.jp
1Department of Nephrology, Faculty of Medicine, University of Miyazaki,
Miyazaki, Japan
Full list of author information is available at the end of the article

Nishizono et al. BMC Nephrology          (2020) 21:410 
https://doi.org/10.1186/s12882-020-02071-6

http://crossmark.crossref.org/dialog/?doi=10.1186/s12882-020-02071-6&domain=pdf
http://orcid.org/0000-0002-8185-618X
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/
mailto:ryuzou_nishizono@med.miyazaki-u.ac.jp


Background
Type 1 diabetes mellitus (T1DM) and idiopathic neph-
rotic syndrome are more common in children than in
adults. The incidence of T1DM in Japanese children <
14 years of age is 1.4–2.25/100,000 [1], which is much
lower than that in other countries, especially Finland
(45.0–64.2/100,000 children < 15 years of age) [2]. Con-
versely, the estimated incidence of pediatric idiopathic
nephrotic syndrome in Japan is 6.49 cases/100,000 [3],
which is slightly higher than the average incidence in
previous studies worldwide (4.7/100,000) [4]. Most cases
of pediatric idiopathic nephrotic syndrome manifest as
minimal change nephrotic syndrome (MCNS) in Japan,
which is similar to that in other countries.
Some case reports described children who had devel-

oped idiopathic nephrotic syndrome soon after being di-
agnosed with T1DM, whereas others, conversely, had
developed T1DM soon after being diagnosed with idio-
pathic nephrotic syndrome [5–11]. Most patients with
MCNS had neither diabetic nephropathy nor retinop-
athy. We report a rare case in which an adult woman de-
veloped T1DM and MCNS nearly simultaneously. We
then discuss the patient’s genetic background.

Case presentation
A 24-year-old Japanese woman was admitted to another
hospital with nausea, vomiting, and general fatigue. She
had a 2-month history of strongly feeling thirsty, and
she had lost 5 kg during that period. She had no history
of infectious diseases such as bronchitis before feeling
thirsty. Her only medical history was seasonal allergic
rhinitis, but her family history included T1DM. Her
mother was diagnosed with T1DM at 29 years of age.
Blood tests in the present patient showed a high blood
glucose level (340 mg/dL), ketoacidosis (pH 7.21; bicar-
bonate [HCO3], 8 mmol/L; anion gap, 21.3 mmol/L), and
hemoglobin A1c (12.7%). The anti-glutamic acid decarb-
oxylase antibody test result was 708 U/mL, and she was
diagnosed with diabetic ketoacidosis and T1DM.
Her symptoms, hyperglycemia, and ketoacidosis were

alleviated by rapid normal saline infusion and insulin ad-
ministration. Shortly after the first insulin lispro injec-
tion, however, she exhibited an itchy eruption, and the
insulin lispro was changed to insulin aspart. Insulin glar-
gine was also added. Two weeks after admission, the pa-
tient developed nephrotic syndrome, and her urine
volume decreased rapidly. She was referred to our hos-
pital with a diagnosis of acute kidney injury.
On admission, she was found to have gained 4 kg in

weight within the past 2 weeks due to oliguria. Physical
examination showed lower-leg pitting edema. Her blood
pressure was 106/66mmHg, and urinalysis and blood
test results revealed findings that were consistent with
nephrotic syndrome and renal dysfunction (Table 1).

Her serum immunoglobulin E (IgE) level was very high
(4882 IU/mL), and there was no eosinophilia.
Insulin treatment for T1DM was continued, and

hemodialysis was initiated on day 2 and continued three
times per week because of acute kidney injury. A renal
biopsy was performed on day 15 after admission. Among
the 46 glomeruli that were obtained in the biopsy, one
glomerulus showed global sclerosis, and the others
showed some mesangial matrix expansion but without
hypercellularity or extracapillary or endocapillary prolif-
eration. The pathological diagnosis was minor glomeru-
lar abnormalities including immunofluorescence and
electron micrographic studies (Fig. 1), and we diagnosed
her with MCNS.
The patient’s clinical course is shown in Fig. 2. Treat-

ment with oral prednisolone (PSL) at a dose of 0.8 mg/
kg (50 mg/day) was started on day 22. Her urinary vol-
ume increased within 2 weeks, allowing discontinuation
of hemodialysis on day 38, although her urinary protein
remained at 5 g/day. Because nephrotic syndrome is not
a result of MCNS but, rather, it is caused by focal seg-
mental glomerulosclerosis (FSGS), we started low-

Table 1 Patient’s laboratory data at admission

<Urinalysis>

Urinary protein (g/day) 10

Urinary C-peptide (μg/day) 17 (24–97)

<Blood test>

Total protein (g/dL) 4.83

Serum albumin (g/dL) 1.28

Blood urea nitrogen (mg/dL) 54.0

Serum creatinine (mg/dL) 4.04

Total cholesterol (mg/dL) 434

Plasma glucose (mg/dL) 85

Hemoglobin A1c (%) 12.7

Serum C-peptide (ng/mL) 2.0 (1.2–2.0)

Serum IgG (mg/dL) 479 (861–1747)

Serum IgE (IU/mL) 4882 (3.7–311.6)

Free triiodothyronine (FT3) (pg/mL) 1.5 (1.88–3.18)

Free thyroxine (FT4) (ng/dL) 0.78 (0.7–1.48)

Thyroid stimulating hormone (μIU/L) 1.01 (0.35–4.94)

Thyroglobulin antibody negative

Thyroid peroxidase antibody negative

Ant-GAD antibody (U/mL) 708 (< 5.0)

Anti-IA-2 antibody (U/mL) 6.3 (< 0.6)

Anti-insulin antibody negative

Anti-ZnT8 antibody negative

Anti-islet cell antibody negative

() normal range.
Ig Immunoglobulin, GAD Glutamic acid decarboxylase, IA-2 Insulinoma-
associated antigen-2, ZnT8 Zinc transporter 8
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density lipoprotein apheresis (LDL-A) on day 42.
LDL-A was performed twice a week for 3 weeks. Her
urinary protein decreased, and the urine volume grad-
ually increased. On day 55, she was in complete re-
mission. PSL was tapered by 10 mg every 2 weeks,
and she was discharged from the hospital at a re-
duced PSL dose of 30 mg/day on day 71.
Seven weeks later, the patient had a relapse of

nephrotic syndrome, and cyclosporine 1.5 mg/kg (75
mg/day) was added to PSL. However, NS relapsed

twice within the next 4 months, so we started her on
a single dose of rituximab (375 mg/m2) after explain-
ing the prognosis of frequently relapsing nephrotic
syndrome. Serum CD19/CD20 levels decreased to 0.1/
0.0% after 1 month, and we discontinued cyclosporine.
PSL was tapered from 30 mg/day to 5 mg/day over 6
months, and hemoglobin A1c remained at 7.1–7.9%
with insulin treatment. At 6 months after initiating ri-
tuximab, she remained in complete remission without
any reported side effects.

Fig. 1 Micrographs of renal biopsy findings. a Light micrograph of a glomerulus shows no evidence of diabetic nephropathy (periodic acid-Schiff
stain). b Glomerulus shows positive immunofluorescence staining for immunoglobulin G (IgG) along a capillary wall. c Electron micrograph shows
effacement of the podocyte foot process and a glomerular capillary membrane of normal thickness without evidence of capillary immune
complex deposits. (A × 400; B × 400; C × 5000)

Fig. 2 Clinical course. *PMT, pulse methylprednisolone therapy: 500 mg of methylprednisolone intravenously for 3 days
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To investigate the genetic background of the co-
occurrence of both diseases, we performed an HLA test-
ing on the patient and her mother. The patient had
HLA-DRB1*09:01/09:01, DQB1*03:03/03:03, and her
mother had HLA-DRB1*04:05/09:01, DQB1*03:03/04:01.

Discussion and conclusions
We report the rare case of a young woman who devel-
oped T1DM and MCNS nearly simultaneously. We later
found that her mother also had T1DM. The patient had
no diabetic retinopathy or nephropathy, but her
hemoglobin A1c was 12.7%. A previous report noted
that the glomerular basement membrane was partially
thickened in a patient 6 months after being diagnosed
with diabetes mellitus [12, 13], but it was not thickened
in our patient. A possible explanation is that she had de-
veloped subclinical acute-onset T1DM a few months be-
fore admission, which had manifested as a strong feeling
of thirst during the 2 months before her admission. She
had also lost weight (5 kg).
Although renal biopsy showed minor glomerular ab-

normalities, it might have been FSGS because she re-
quired LDL-A as the initial treatment and her
nephrotic syndrome relapsed several times. She had
no diabetic nephropathy, but a trace of linear IgG de-
position in the capillary walls was revealed by im-
munofluorescence staining. We could not determine
whether the deposition was an immunological reac-
tion or a non-specific change that is occasionally seen
in MCNS/FSGS patients.

In the present case, we could control her hemoglobin
A1c level, which was 7.1–7.9% after rituximab treatment
despite T1DM and chronic steroid use. Additionally, the
insulin dose did not need to be increased. Is immune
intervention beneficial in T1DM patients? Some previ-
ous studies showed beneficial effects of immunosuppres-
sants including rituximab in T1DM [14–18], but longer-
term follow-up revealed a decline in the effect over time
[19–23]. It is uncertain whether good glycemic control
in the present case resulted from rituximab, but rituxi-
mab had a steroid-sparing effect and potentially contrib-
uted to preventing hyperglycemia.
The association between T1DM and idiopathic neph-

rotic syndrome has been known for more than 6 de-
cades, but there are few reports of patients who had co-
occurrence of these conditions (Table 2). Although the
nature of this association remains unclear, several hy-
potheses have been offered. A few reports described that
HLA loci, especially HLA-DR/DQ, might be associated
with a genetic predisposition for the development of
both diseases (Table 3). However, we must take into
consideration that the genetic background of T1DM and
nephrotic syndrome patients in Japan is different from
that of patients from other countries. In Caucasians,
nephrotic syndrome has been reported to be associated
with HLA DR7, and the presence of the HLA-DRB1*03:
01-DQB1*02:01 haplotype poses a high risk for develop-
ing T1DM. However, those HLA types are extremely
rare in a general Japanese population [28].
In the Japanese population, HLA-DRB1*04:05, HLA-

DRB1*09:01, HLA-DQB1*04:01, and HLA-DQB1*03:03

Table 2 Summary of previous reports of patients with nephrotic syndrome with type 1 diabetes mellitus that developed
within 1 year

References Age at onset of
T1DM (years)

Age at onset
of NS (years)

Pathological diagnosis Treatment Outcome

Robinson [12] 8 8 Not done Steroid, Diuretics Resolved completely

Urizar [11] 4 4 (1 week after DM) Normal Insulin Resolved completely

8 8 Minimal focal glomerulitis Steroid Resolved completely

3.3 4.3 Normal Steroid Resolved completely

5 5 Minimal focal glomerulitis Steroid Recurrence

Robbinson [10] 3 3 (2 months after DM) ICGN Steroid Resolved completely

Dornan [9] 20 20 (2 weeks after DM) MCD Diuretics Resolved

13 13 (1 week after DM) Not done Resolved spontaneously

Rego Filho [7] 3.9 3.9 Not done Steroid, CPM Resolved

Nakahara [23] 8 8 MCD Steroid, CPM ?

Agras [24] 3 3 (10 months after DM) Not done Steroid, CPM Resolved

Jameela [25] 2.75 2.75 Diffuse expansion of mesangial matrix Steroid, CPM Resolved

1.5 1.5 Diffuse expansion of mesangial matrix Steroid, CPM Resolved

Otukesh [6] 13 days 13 days MGN ? ?

T1DM Type 1 diabetes mellitus, NS Nephrotic syndrome, CPM Cyclophosphamide, MGN Membranous glomerulonephritis, MCD Minimal-change disease, ICGN
Immune-complex glomerulonephritis
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alleles are associated with susceptibility to T1DM. Add-
itionally, HLA-DRB1*04:05-DQB1*04:01, HLA-DRB1*08:
02-DQB1*03:02, and HLA-DRB1*09:01-DQB1*03:03
haplotypes are associated with susceptibility to T1DM
[29]. Recently, it has been reported that the HLA-
DRB1*08:02, HLA-DQB1*03:02 alleles, and the HLA-
DRB1*08:02-DQB1*03:02 haplotype is highly associated
with steroid-sensitive nephrotic syndrome in Japanese
children [30]. Although we had speculated that our pa-
tient would have HLA-DRB1*08:02-DQB1*03:02, she
had HLA-DRB1*09:01/09:01 and DQB1*03:03/03:03.
Her mother had HLA-DRB1*04:05/09:01 and DQB1*04:
01/03:03. Both the patient and her mother had specific
HLA haplotypes that are highly associated with T1DM,
but only the daughter developed MCNS. HLA-DRB1*09:
01-DQB1*03:03-DPB1*02:01 and HLA-A*02:06-C*08:01-
B*40:06-DRB1*09:01-DQB1*03:03 haplotypes have been
reported to be associated with childhood steroid-
sensitive nephrotic syndrome in Japan, so our patient
might have either one of the two haplotypes [30].
Another hypothesis that explains concurrent T1DM

and MCNS is Th1/Th2 imbalance [31–35]. Both diseases
have a strong association with T-cell abnormalities, al-
though the mechanisms are different. MCNS is known
to be associated with allergic disease [36], and it has
been reported to be associated with prevalent type 2
helper T-cell (Th2) responses. The association of T1DM
with autoimmune disorders is also well known [37], and
its association with prevalent type 1 helper T-cell (Th1)
responses has been reported. However, neither Th1 pre-
dominance in T1DM nor Th2 predominance in MCNS
has not been definitively identified [38, 39].
Previous case reports described that insulin treatment

influenced T-cell differentiation and promoted a shift to-
ward a Th2-type response [40–42]. These previous re-
ports strongly suggested that insulin could function as a
glucose-regulatory hormone and as a T-cell hormone,
which enhances the Th2 response and consequently in-
creases the in vitro production of Th2 profile cytokines
such as interleukin (IL)-4 and IL-10 in patients who are
at high risk of DM and T1DM.

In the present case, the patient developed T1DM
first, followed by MCNS 2 weeks later. We speculate
that these diseases were manifest via two different
mechanisms. First, insulin lispro (or aspart) adminis-
tration might cause a drastic shift in the Th1 re-
sponse to a Th2 response. Second, insulin lispro may
have triggered an allergic reaction causing MCNS be-
cause she developed an itchy eruption shortly after
the first insulin lispro injection and had a high level
of serum IgE. No previous reports, however, have
demonstrated the simultaneous onset of T1DM and
MCNS, and due to a Th1/Th2 imbalance, and we did
not measure the Th1/Th2 ratios and serum cytokine
levels that were secreted by Th1 and Th2.
In summary, we report the rare case of an adult

woman with acute kidney injury that resulted from
MCNS, which had developed soon after she was diag-
nosed with diabetic ketoacidosis that was caused by
T1DM. The mechanism by which T1DM and MCNS oc-
curred concurrently remains unclear, although some
previous reports and our case indicate that genetic fac-
tors (e.g., specific HLA alleles and haplotypes) or a Th1/
Th2 imbalance might be associated with the onset of
these two diseases.
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