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Abstract

Background: Focal segmental glomerulosclerosis is characterized by partial (segmental) sclerotic lesions in some
glomeruli (focal). Primary focal segmental glomerulosclerosis is generally considered resistant to steroid therapy.
However, acromegaly is a disease that causes peculiar facial features, body types, and metabolic abnormalities due
to the excessive secretion of growth hormone by a pituitary adenoma. Growth hormone has been reported to be
involved in glomerular cell growth, mesangial proliferation, and glomerulosclerosis in the kidney.

Case presentation: We report a case of a Japanese patient with focal segmental glomerulosclerosis in whom
decreased urinary protein was observed after surgical treatment for acromegaly.

Conclusion: The patient’s urinary protein improved as the concentration of growth hormone/insulin-like growth
factor 1 decreased.
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Introduction
Acromegaly is a disease that causes peculiar facial features,
body types, and metabolic abnormalities due to the exces-
sive secretion of growth hormone (GH) and insulin-like
growth factor 1 (IGF-1). Acromegaly is often complicated
by diabetes mellitus, hypertension, and heart disease, and
the prognosis is poor in patients who are untreated. How-
ever, improvements in diabetes mellitus, hypertension,
and heart disease after treatment for acromegaly have
been reported [1]. Control of GH hypersecretion, hyper-
tension, and heart disease is therefore needed in order to
improve the ultimate mortality rates [2, 3].
GH affects the organs of the whole body, and in the kid-

ney, it is associated with glomerular cell growth, mesangial
proliferation, and glomerulosclerosis. Acromegaly is char-
acterized by glomerular hyperfiltration, and the urinary

albumin level is high, suggesting the influence of GH and
IGF-1 levels [4].
In contrast, focal segmental glomerulosclerosis (FSGS)

is characterized by partial (segmental) sclerotic lesions in
some glomeruli (focal). Primary FSGS is generally con-
sidered to be resistant to steroid therapy. Cases of acro-
megaly complicated by FSGS are rare. We report a case
of a patient with FSGS in whom the urinary protein level
improved as the concentration of GH/IGF-1 decreased
after surgical treatment for acromegaly.

Case presentation
The patient was a 64-year-old Japanese man who was ad-
mitted to our hospital for the gradual growth of a thyroid
tumor. At 20 years of age, urinary protein had been de-
tected in his urine specimen. He became conscious of lip
enlargement and a limb volume increase at 30 years of
age. He had been diagnosed with diabetes mellitus at 56
years of age, and increased urinary protein was detected at
the same time. A renal biopsy was performed. The
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histopathological findings showed FSGS. However, steroid
treatment was not started, owing to diabetes mellitus. A
thyroid tumor was detected at 59 years of age, and fine-
needle aspiration cytology was performed. No malignant
cells were detected in a histopathological examination;
however, the thyroid tumors gradually grew larger, and
thereafter the patient was introduced to our department.
He was suspected of having acromegaly due to his charac-
teristic facial features, and he was therefore admitted to
our hospital.
He had previously undergone surgery for the treat-

ment of colon cancer at 61 years of age.
His mother and grandfather had a history of hyperten-

sion and diabetes mellitus, respectively. There was no
history of endocrinological disease in his family.
His physical examination on admission showed that

his height and body weight were 164.0 cm and 65.8 kg,
respectively, and he had a body mass index of 24.4 of

kg/m2. He received losartan potassium 12.5 mg and
amlodipine 5 mg as treatment for hypertension. His
blood pressure was 108/54 mmHg. His heart rate was 88
beats/minute with sinus rhythm. He showed acromegalic
features, including an outstanding jaw and eyebrow area
and enlargement of the nose, tongue, and lip. He also
had large hands and feet. His thyroid gland was not en-
larged, and the thyroid tumor could not be palpated. Pit-
ting edema was not observed in the lower limbs.
Table 1 shows the laboratory findings on admission.

Urinalysis showed 2+ protein due to FSGS. The patient’s
hemoglobin A1c (HbA1c) level was 6.3% on diet therapy
alone. The patient’s lipid levels were within normal limits
under treatment with atorvastatin 10mg. His blood cell
counts and blood chemistry were within normal limits.
The patient’s GH and IGF-1 levels were 2.7 ng/ml and
496 ng/ml, respectively. His thyroid-stimulating hormone
level was 0.03 μIU/ml, but his free T4 level was in the

Table 1 Laboratory findings on admission

Blood cell counts Blood chemistry Endocrinology Urinalysis

WBC 4800/μl TP 6.2 g/dl ACTH (7.2–63.3) 18.7 pg/ml Glucose (−)

Ne 57.5% Alb 3.4 g/dl Cortisol (3.7–19.4) 5.9 μg/dl Protein (2+)

Ly 33.9% BUN 13.2 mg/dl TSH (0.4–4.5) 0.03 μIU/ml Ketone (−)

Mo 5.9% Cr 0.6 mg/dl Free T4 (0.9–1.5) 1.26 ng/ml

Eosinophils 2.5% eGFR 103ml/min/1.73 m2 TgAb (−)

Ba 0.2% UA 4.3 mg/dl TRAb (−)

RBC 398 × 104 /μl T-Bil 0.7 mg/dl PRL (4.3–13.7) 8.31 ng/ml

Hb 12.6 g/dl AST 16 IU/L LH (1.7–8.6) 3.69 mIU/ml

Hct 38.8% ALT 12 IU/L FSH (1.5–12.4) 13.68 mIU/ml

MCV 97.5 fl LDH 188 IU/L Testosterone (1.3–8.7) 5.61 ng/ml

MCH 31.7 pg ALP 259 IU/L GH (< 2.47) 2.7 ng/ml

MCHC 32.5% γ-GTP 24 IU/L IGF-1 (73–224) 496 ng/ml

PLT 22.5 × 104/μl ChE 369 IU/L AVP (< 2.8) 1.0 pg/ml

AMY 145 IU/L

LDL-C 79 mg/dl

HDL-C 79 mg/dl

TG 81 mg/dl

Na+ 142mEq/L

K+ 4.2 mEq/L

Cl 109 mEq/L

Ca2+ 9.1 mg/dl

P 3.5 ng/ml

Glu 104mg/dl

HbA1c 6.3%

ACTH Adrenocorticotropic hormone, Alb Albumin, ALP Alkaline phosphatase, ALT Alanine aminotransferase, AST Aspartate aminotransferase, AVP Arginine vasopressin, BUN
Blood urea nitrogen, Ca2+ Calcium, ChE Cholinesterase, Cl Chloride, Cr Creatinine, eGFR Estimated glomerular filtration rate, FSH Follicle-stimulating hormone, GH Growth
hormone, Glu Glucose, γ-GTP γ-Glutamyl transpeptidase, Hb Hemoglobin, HbA1c Hemoglobin A1c, Hct Hematocrit, HDL-C High-density lipoprotein cholesterol, IGF-1 Insulin-
like growth factor 1, K+ Potassium, LDH Lactate dehydrogenase, LDL-C Low-density lipoprotein cholesterol, LH Luteinizing hormone, MCH Mean corpuscular hemoglobin,
MCHC Mean corpuscular hemoglobin concentration, MCVMean corpuscular volume, Na+ Sodium, PLT Platelets, PRL Prolactin, RBC Red blood cells, T4 Thyroxine, T-Bil Total
bilirubin, TG Triglycerides, TgAb Thyroglobulin antibody, TP Total protein, TRAb Thyrotropin receptor antibody, TSH Thyroid-stimulating hormone, UA Urinalysis, WBCWhite
blood cells, AMY Amylase, Ba Basophil, Ly Lymphocyte, Mo Monocyte, Ne Neutrophil, P Phosphorus
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normal range, and his thyroglobulin antibody and
thyrotropin receptor antibody were negative. Other pituit-
ary hormones, including luteinizing hormone, follicle-
stimulating hormone, and adrenocorticotropic hormone,
were all within normal limits. GH was not suppressed by a
75-g oral glucose tolerance test (Table 2), and it was in-
creased paradoxically in response to an intravenous injec-
tion of thyrotropin-releasing hormone. Gadolinium-
enhanced pituitary magnetic resonance imaging (T1-
weighted) showed a pituitary adenoma of 11mm in diam-
eter (Fig. 1a, b). These findings were consistent with acro-
megaly. Transsphenoidal surgery was performed to resect
the pituitary adenoma. The pituitary adenoma was com-
pletely excised (Fig. 1c, d). The histopathological findings
showed pituitary adenoma (Fig. 2a). The sections were an-
alyzed with GH staining and diagnosed as GH-producing
pituitary adenoma (Fig. 2b). After surgery, the patient’s
GH and IGF-1 levels normalized to 0.37 ng/ml and 171
ng/ml, respectively. GH was found to be suppressed on
the basis of a 75-g oral glucose tolerance test (Table 2).
The treatment was considered to have successfully led to
the remission of acromegaly.
Figure 2c shows a renal biopsy performed at 58 years

of age. A glomerulosclerotic lesion was found at the
proximal tubule on the contralateral side of the glom-
erular vascular pole (tip variant). At this time, the pa-
tient was diagnosed with FSGS.
During hospitalization after the surgery, his cardiovas-

cular examination findings were normal; his lungs were
clear to auscultation; and the result of his abdominal
examination was unremarkable. The peculiar facial fea-
tures found in acromegaly did not change. The result of
his neurological examination was completely unremark-
able. No abnormal findings appeared after the surgery.
Urinalyses were performed before and after the sur-

gery; the data are shown in Fig. 3. Twenty-four-hour
urine collection was performed three times before and
three times after the surgery. The patient’s urinary pro-
tein decreased from 967.3 ± 301.6 mg/day before the sur-
gery to 513.0 ± 121.8 mg/day at 3 months after the
surgery (p = 0.07). We followed the patient every 2
months for 8 months after the surgery in order to meas-
ure the spot urine protein/creatinine (Cr) ratio and
HbA1c level. The patient’s spot urine protein/Cr ratio

significantly improved from 1.65 ± 0.71 g/g Cr before the
surgery to 0.93 ± 0.34 g/g Cr after the surgery (n = 5 at
both points; p < 0.05). The patient’s HbA1c level signifi-
cantly improved from 6.32% ± 0.1% before the surgery to
6.08% ± 0.1% after the surgery (n = 5 at both points; p <
0.05).

Discussion
FSGS is characterized by partial (segmental) sclerotic le-
sions in some glomeruli (focal). FSGS accounts for ap-
proximately 10.0% of all cases of adult primary nephrotic
syndrome in Japan. Currently, there is no well-established
treatment for primary FSGS. Primary FSGS is generally
considered resistant to steroid therapy [5]. When a
patient’s condition is resistant to steroid treatment, immu-
nosuppressants are used in combination with steroids.
Antihypertensive agents, antiplatelet agents/anticoagu-
lants, and lipid abnormality-ameliorating agents are used
as adjuvant therapy. Angiotensin-converting enzyme in-
hibitors (ACEIs) and angiotensin II receptor blockers
(ARBs) are expected not only to lower blood pressure but
also to reduce urinary protein. Thus, ACEI and ARB anti-
hypertensive agents are administered as first-line treat-
ment [6, 7].
Various mechanisms are involved in the development

and progression of glomerular lesions, and recently at-
tention has been paid to the relationship between IGF-1
and glomerular hypertrophy. IGF-1 is produced mainly
in the liver, but some IGF-1 is produced in kidney
mesangial cells and renal tubules [8, 9]. The GH/IGF-1
axis promotes renal hypertrophy, and the glomerular fil-
tration rate (GFR) accelerates. Mild glomerular hyper-
trophy is observed in mice transgenic for IGF-1. Mice
transgenic for GH show high glomerular hypertrophy
and glomerulosclerosis. GH is involved in glomerular
cell enlargement and glomerular sclerosis in the kidney
[10]. Most studies on the relationship between IGF-1
and renal disease are related to diabetes mellitus or
hyperglycemia. Glomerular hypertrophy is observed in
early diabetic nephropathy, and the GH/IGF-1 axis plays
a major role in its development. IGF-1 is transiently in-
creased in the kidney before renal hypertrophy in early
diabetic nephropathy. Diabetic rats with reduced GH se-
cretion showed less renal and glomerular hypertrophy
than a control group [11]. Wild-type mice showed
pathological changes in diabetic nephropathy, such as
glomerular volume increase, an increased mesangial
area, and glomerulosclerosis, whereas mice deficient in
GH receptor gene showed protection against streptozo-
tocin diabetes-induced nephropathy [12]. In studies in
which somatostatin analogs were administered to dia-
betic animal models, IGF-1 decreased, glomerular hyper-
trophy was suppressed [13–15], and microalbuminuria
decreased [16, 17]. In humans, diabetes mellitus is

Table 2 The 75-g oral glucose tolerance test results before and
after surgery

0 minutes 30 minutes 60 minutes 120 minutes

Before surgery

GH (ng/ml) 3.39 3.87 7.39 7.64

After surgery

GH (ng/ml) 0.38 0.35 1.37 0.32

GH Growth hormone
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Fig. 1 Gadolinium-enhanced pituitary magnetic resonance imaging. a Coronal section. b Sagittal section (before surgery). c Coronal section. d Sagittal
section (after surgery). Arrow showed a pituitary adenoma 11 mm in diameter

A

C

B

Fig. 2 a Hematoxylin and Eosin (H&E) staining (original magnification, ×40) shows pituitary adenoma. b Growth hormone (GH) staining (original
magnification, ×400) shows GH-producing pituitary adenoma. c A renal biopsy specimen showing tip variant (arrow) (periodic acid-Schiff staining;
original magnification, ×400)
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associated with the GH/IGF-1 axis, GFR, renal hyper-
trophy, and microalbuminuria [18, 19]. The administra-
tion of somatostatin analogs to patients with type 1
diabetes mellitus resulted in improvement of the GFR
and kidney size [20]. The administration of somatostatin
analogs to patients with type 1 diabetes mellitus has also
been reported to reduce serum IGF-1 and urinary albu-
min [21].
Acromegaly is a disease that causes peculiar facial fea-

tures, body types, and metabolic abnormalities as a re-
sult of the excessive secretion of GH and IGF-1.
Acromegaly is characterized by remarkable structural
features and functional changes in the kidney that occur
because of excess GH; these include renal hypertrophy
and renal hyperfiltration [22]. The reduction of GH after
the surgical treatment of acromegaly improves the GFR
and reduces the size of the kidney [23, 24]. In one case
report, a recurrence of nephrotic syndrome was sup-
pressed after the injection of octreotide acetate and the
performance of transsphenoidal surgery in a patient with
acromegaly complicated by steroid-treated FSGS [25].
In our patient, steroids were not administered, owing

to diabetes mellitus, and he was treated with only an
ARB. We did not change the antihypertensive agents be-
fore or after surgery, and we have not started adminis-
tering oral antidiabetes drugs or steroid therapy. Thus,
we considered that the patient’s urinary protein im-
proved as the concentration of GH/IGF-1 decreased.

Conclusion
We report a case of a patient with FSGS in whom de-
crease of urinary protein was observed after surgical
treatment for acromegaly. The patient’s urinary protein
improved as the concentration of GH/IGF-1 decreased.

Acknowledgements
Not applicable.

Authors’ contributions
All authors read and approved the final manuscript.

Authors’ information
Not applicable.

Funding
Not applicable.

Availability of data and materials
Not applicable.

Ethics approval and consent to participate
The ethics committee of Saga-Ken Medical Centre Koseikan (reference num-
ber 19-07-03-02).

Consent for publication
Written informed consent was obtained from the patient for publication of
this case report and any accompanying images. A copy of the written
consent is available for review by the Editor-in-Chief of this journal.

Competing interests
The authors declare that they have no competing interests.

Author details
1Diabetes and Endocrinology, Saga-Ken Medical Centre Koseikan, 400
Nakabaru, Kase-machi, Saga-shi, Saga 840-8571, Japan. 2Nephrology,
Saga-Ken Medical Centre Koseikan, Saga, Japan. 3Otorhinolaryngology,
Saga-Ken Medical Centre Koseikan, Saga, Japan. 4Neurosurgery, Saga-Ken
Medical Centre Koseikan, Saga, Japan. 5Diagnostic Pathology, Saga-Ken
Medical Centre Koseikan, Saga, Japan.

Received: 14 June 2019 Accepted: 9 August 2019

References
1. Colao A, Lombardi G. Growth hormone and prolactin excess. Lancet. 1998;

352:1455–61.
2. Swearingen B, Barker FGII, Katznelson L, et al. Long-term mortality after

transsphenoidal surgery and adjunctive therapy for acromegaly. J Clin
Endocrinol Metab. 1998;83:3419–26.

3. Colao A, Ferone D, Marzullo P, Lombardi G. Systemic complications of
acromegaly: epidemiology, pathogenesis, and management. Endocr Rev.
2004;25(1):102–52.

4. Hoogenberg K, Sluiter WJ, Dullaart RP. Effect of growth hormone and insulin-
like growth factor I on urinary albumin excretion: studies in acromegaly and
growth hormone deficiency. Acta Endocrinol. 1993;129:151–7.

5. Hiroshi S. Focal segmental glomerulosclerosis [in Japanese]. Nihon Naika
Gakkai Zasshi. 2013;102:1114–20.

Fig. 3 Changes in urinary protein

Yamasaki et al. Journal of Medical Case Reports          (2019) 13:298 Page 5 of 6



6. Kent DM, Jafar TH, Hayward RA, et al. Progression risk, urinary protein
excretion, and treatment effects of angiotensin-converting enzyme
inhibitors in nondiabetic kidney disease. J Am Soc Nephrol. 2007;18:
1959–65.

7. Sarafidis PA, Khosla N, Bakris GL. Antihypertensive therapy in the presence
of proteinuria. Am J Kidney Dis. 2007;49:19–26.

8. Daisuke S, Masao T. IGF-I (insulin-like growth factor-I). Nippon Rinsho. 2006;
64(Suppl 2):308-11. (in Japanese).

9. Oh Y. The insulin-like growth factor system in chronic kidney disease:
pathophysiology and therapeutic opportunities. Kidney Res Clin Pract. 2012;
31:26–37.

10. Doi T, Striker LJ, Gibson CC, et al. Glomerular lesions in mice transgenic for
growth hormone and insulinlike growth factor-I: I. Relationship between
increased glomerular size and mesangial sclerosis. Am J Pathol. 1990;137:
541–52.

11. Flyvbjerg A, Frystyk J, Osterby R, Orskov H. Kidney IGF-I and renal hypertrophy
in GH-deficient diabetic dwarf rats. Am J Phys. 1992;262:E956–62.

12. Bellush LL, Doublier S, Holland AN, et al. Protection against diabetes-
induced nephropathy in growth hormone receptor/binding protein gene-
disrupted mice. Endocrinology. 2000;141:163–8.

13. Flyvbjerg A, Frystyk J, Thorlacius-Ussing O, Orskov H. Somatostatin analogue
administration prevents increase in kidney somatomedin C and initial renal
growth in diabetic and uninephrectomized rats. Diabetologia. 1989;32:261–5.

14. Flyvbjerg A, Marshall SM, Frystyk J, et al. Octreotide administration in
diabetic rats: effects on renal hypertrophy and urinary albumin excretion.
Kidney Int. 1992;41:805–12.

15. Gronbaek H, Nielsen B, Frystyk J, et al. Effect of lanreotide on local kidney
IGF-I and renal growth in experimental diabetes in the rat. Exp Nephrol.
1996;4:295–303.

16. Igarashi K, Nakazawa A, Tani N, et al. Effect of a somatostatin analogue (SMS
201-995) on renal function and urinary protein excretion in diabetic rats. J
Diabet Complicat. 1991;5:181–3.

17. Landau D, Segev Y, Afargan M, et al. A novel somatostatin analogue
prevents early renal complications in the nonobese diabetic mouse. Kidney
Int. 2001;60:505–12.

18. Cummings EA, Sochett EB, Dekker MG, et al. Contribution of growth
hormone and IGF-I to early diabetic nephropathy in type 1 diabetes.
Diabetes. 1998;47:1341–6.

19. Blankestijn PJ, Derkx FH, Birkenhager JC, et al. Glomerular hyperfiltration in
insulin-dependent diabetes mellitus is correlated with enhanced growth
hormone secretion. J Clin Endocrinol Metab. 1993;77:498–502.

20. Serri O, Beauregard H, Brazeau P, et al. Somatostatin analogue, octreotide,
reduces increased glomerular filtration rate and kidney size in insulin-
dependent diabetes. JAMA. 1991;265:888–92.

21. Clemens A, Klevesath MS, Hofmann M, et al. Octreotide (somatostatin
analog) treatment reduces endothelial cell dysfunction in patients with
diabetes mellitus. Metabolism. 1999;48:1236–40.

22. Falkheden T, Sjogren B. Extracellular fluid volume and renal function in
pituitary insufficiency and acromegaly. Acta Endocrinol. 1964;46:80–6.

23. Falkheden T, Wickbom I. Renal function and kidney size following
hypophysectomy in man. Acta Endocrinol. 1965;48:348–54.

24. Sonksen PH, Russell-Jones D, Jones RH. Growth hormone and diabetes
mellitus: a review of sixty-three years of medical research and a glimpse
into the future? Horm Res. 1993;40:68–79.

25. Hiromichi Y, Bunshiro A, Naokatsu S, et al. Effect of pituitary microsurgery
on acromegaly complicated nephrotic syndrome with focal segmental
glomerulosclerosis: report of a rare clinical case. Am J Kidney Dis. 1999;33(6):
1158–63.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Yamasaki et al. Journal of Medical Case Reports          (2019) 13:298 Page 6 of 6


	Abstract
	Background
	Case presentation
	Conclusion

	Introduction
	Case presentation
	Discussion
	Conclusion
	Acknowledgements
	Authors’ contributions
	Authors’ information
	Funding
	Availability of data and materials
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Author details
	References
	Publisher’s Note

