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Abstract

The pathophysiology of diabetic nephropathy (DN) is complex and incompletely understood.
Whereas hyperglycemia is clearly important, the role of insulin resistance (IR) is increasingly
recognized. We present the case of a normotensive non-smoking obese woman with
nephrotic syndrome who was found to have DN by biopsy. All measures of glucose
metabolism, including fasting glucose, glycosylated hemoglobin, and oral glucose tolerance
testing, were repeatedly normal with little exception. IR was documented, however, based on
the presence of the metabolic syndrome and an elevated homeostasis model assessment of
IR. We posit that this IR is central to the pathogenesis of our patient’s lesion, and this may
explain other cases of DN with normoglycemia. The literature supporting this concept is
discussed. © 2014 S. Karger AG, Basel

Introduction

Diabetic nephropathy (DN) is the most common cause of end-stage renal disease
(ESRD), accounting for nearly half of the incident cases in the United States [1]. The
nephropathies of types 1 and 2 diabetes mellitus (DM) are identical [2]. The clinical
manifestations are also similar with early glomerular hyperfiltration, followed by progres-
sively increasing proteinuria, hypertension, and eventual loss of glomerular filtration rate
(GFR).
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Approximately 25-50% of patients with types 1 or 2 DM eventually develop clinical
manifestations of DN, but the pathophysiology of DN remains incompletely understood. Both
observational data and randomized controlled trials of intensive therapy demonstrate the
central role of hyperglycemia and its attendant metabolic consequences in the initiation and
progression of DN [3, 4]. Of possibly similar importance is insulin resistance (IR), especially
in light of recent data demonstrating the insulin responsiveness of renal epithelial cells [5].

We present the case of a young woman who first developed proteinuria as a pregnant
teenager and who eventually became persistently nephrotic. Biopsy revealed DN, although
hyperglycemia was never evident. She did have IR, however, and we argue that this was the
main factor in the pathogenesis of her DN.

Case Report

A 27-year-old African American female was referred for nephrotic syndrome in 2012. In
2005, during her first pregnancy, she had developed proteinuria and preeclampsia. The
proteinuria subsided after she had given birth; however, it recurred during a second
pregnancy in 2006 and increased to the nephrotic range. The second pregnancy was
otherwise uneventful, and after delivery, the degree of proteinuria trended down to a nadir
of 120 mg/g creatinine by 2009. She subsequently presented to our hospital in 2012 when
the proteinuria again increased, reaching 4,600 mg/24 h (or 2,900 mg/g creatinine).

The patient had no past medical history of diabetes, hypertension, or other systemic
illnesses. She was not taking any medications, had no known allergies and denied ever
smoking or having used illicit drugs. Of note, both her father and maternal grandmother had
type 2 DM and her father had had a stroke at age 50.

On examination, her blood pressure was 100/60 mm Hg and her BMI was 33. There was
no edema, acanthosis nigricans, or hirsuitism. Fundoscopy did not reveal any diabetic
retinopathy. Laboratory values included 0.7 mg/dl serum creatinine, 167 mg/dl total
cholesterol, 42 mg/dl HDL cholesterol, and 77 mg/dl triglycerides. Urinalysis showed 3+
proteinuria with no hematuria. Tests for HIV, RPR, HBV, HCV, ANA, C3, and C4 were all
negative or normal. Fasting glucose was 80 mg/dl and Hbaic was 5.8%. Renal ultrasound
revealed kidneys 12 cm in size.

A renal biopsy was obtained in October 2012. Of the 7 glomeruli present, none were
globally or partially sclerotic. Glomerulomegaly was not present. Using an eyepiece
micrometer, the mean glomerular diameter was 175 # 12 pm, a value within the reported
normal range. One glomerulus evidenced segmental hyalinosis. Otherwise, the glomeruli
were unremarkable by light microscopy (fig. 1a). Evidence of chronicity such as interstitial
fibrosis and tubular atrophy was absent. Immunofluorescence microscopy revealed mild (1-
2+) pseudolinear staining of the glomerular basement membrane (GBM) for IgG. No other
immunoglobulin classes or complement components were detectable. Electron microscopy
showed that the lamina densa of the GBMs were diffusely thickened, averaging 700-900 nm
(fig. 1b). The podocytes were not vacuolated and, importantly, their foot processes were not
effaced (fig. 1b). The endothelial cells were swollen with loss of fenestrations. Hyaline
deposits were also noted in the glomerular capillary wall (fig. 1c), a finding corresponding to
the light microscopic changes mentioned above.

Our patient was serially evaluated for impaired glucose metabolism. Fasting blood
glucoses ranged from 80 to 111 mg/dl (with only two values 2100 mg/dl). Hbaic ranged
from 5.6 to 5.9%. Fluorescein angiography was negative for diabetic retinopathy. An oral
glucose tolerance test (OGTT) was normal with a 2-hour glucose level of 109 mg/dl. The
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homeostasis model assessment of IR (HOMA-IR) was elevated at 2.93 and 3.74, a result that
indicates IR (normal value: 1) in the face of adequate insulin secretion to maintain normo-
glycemia and a normal OGTT.

Discussion

Our patient had evidence of pathologic DN features: diffuse GBM thickening, arteriolar
hyalinosis, and pseudolinear IgG GBM staining. This would be considered Class Ila in the
recent Renal Pathology Society classification of DN [2], although the criteria to diagnose DM
were not met.

The pathophysiology of DN remains incompletely understood. Multiple factors are
implicated, including genetic predisposition, metabolic derangements (hyperglycemia, non-
enzymatic glycosylation products, hyperinsulinemia/IR, etc.), hemodynamic factors,
inflammation, and the complex interplay of numerous hormones, cytokines, and growth
factors. We discuss the central role IR may play in the development of diabetic glomerulo-
sclerosis, as was the case in our patient [5].

The gold standard method for the determination of IR involves the whole body glucose
disposal rate as determined by a hyperinsulinemic-euglycemic clamp; specifically, the rate of
glucose infusion required to maintain normoglycemia in the face of a constant insulin
infusion. Alternatively, less invasive methods include the quantitative insulin sensitivity
check index (QUICKI) and the HOMA-IR, both using fasting glucose and insulin levels [6]. The
HOMA-IR (HOMA-IR = fasting glucose x fasting insulin/22.5) is a simplified predictor of IR
when only fasting levels of glucose and insulin are available, and it correlates with IR more
than insulin sensitivity. An individual with ‘normal’ insulin sensitivity will have a value of 1,
and there is a reasonable linear correlation between the HOMA-IR and hyperinsulinemic-
euglycemic clamp [7]. Our patient had elevated HOMA-IR levels both times it was deter-
mined. However, HOMA-IR is not an equivalent measure of IR to the hyperinsulinemic-
euglycemic clamp, because it is restricted to the fasting state [8]. An OGTT can provide
similar information to the HOMA-IR if concurrent insulin and glucose levels are obtained,
with the additional evidence of dynamic function after a glucose load [8]. Insulin levels were
not drawn during the OGTT of our patient.

A strong and reciprocal association exists between chronic kidney disease (CKD) and IR.
IR is well known to exist with uremia, but it can also be demonstrated at even early stages of
CKD. Furthermore, studies in the general population show a significant relationship between
IR and the development of CKD [9].

Most patients with either type 1 or 2 DM will not develop overt nephropathy. However,
evidence supports a role for the IR degree as one determining factor in the minority of the
type 1 patients that do develop DN [10-14]. Type 2 DM is clearly an insulin-resistant state.
Nevertheless, patients with type 2 DM who develop DN have been shown to be more insulin
resistant than those who do not. For example, Parvanova et al. [15] compared 50 microal-
buminuric to 50 normoalbuminuric type 2 diabetic patients, and found the glucose disposal
to be 25% lower in the former [15]. No difference was evident, however, when comparing 29
microalbuminuric to 29 macroalbuminuric patients, confirming that IR is present early in
the course of the disease. Hsu et al. [16] prospectively followed 738 normoalbuminuric type
2 diabetic patients for five years and found that the development of microalbuminuria was
significantly higher in the 3rd and 4th highest quartiles of the baseline HOMA-IR than in the
lowest quartile [16].
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Of obvious importance are the mechanisms by which IR can lead to DN: either indirectly
through hyperglycemia, hyperinsulinemia, hyperlipidemia, etc., or directly due to renal IR
per se. Both prior and current research has centered on the mesangium. More recently, the
critical role of the podocyte in DN has become apparent, recognizing normal insulin signaling
as being necessary for proper functioning.

Abnormalities of the structure and number of podocytes can be demonstrated in both
types of DM [17-19]. Verzola et al. [20] demonstrated podocyte apoptosis in biopsies of
patients with early type 2 DN. Podocyte apoptosis was not further increased with more
advanced nephropathy and was not found in other glomerulopathies. In a study of 41 Pima
Indians, Pagtalunan et al. [21] found a reduced podocyte number per glomerulus in
microalbuminuric and macroalbuminuric patients as compared to normoalbuminuric
patients with a similar duration of DM. Meyer et al. [22] biopsied 16 microalbuminuric
diabetic Pima Indians and then followed them for four years. Ten became macroalbuminuric,
and the strongest predictor of renal disease progression was the baseline podocyte number
per glomerulus. Similar findings were reported by Dalla Vestra et al. [23] in 67 Italian
patients. Podocyte density (not number) per glomerulus differentiated the proteinuric
patients from the normoalbuminuric diabetic controls. Such podocyte abnormalities may be
directly attributable to IR.

Podocytes express insulin receptors and require normal insulin signaling for sustained
viability. In vitro, podocytes respond to insulin at physiologic levels by translocating the
glucose transporters GLUT1 and GLUT4 to the cell membrane, with a resultant doubling of
glucose uptake [24]. This response is dependent on both a normally functioning actin
cytoskeleton [24] and nephrin [25]. Reduced nephrin expression occurs in both early and
advanced DN, and is required for normal podocyte insulin signaling.

Impaired insulin signaling in various experimental models of DN is reported both in vivo
and in vitro. Insulin receptor activation results in the phosphorylation of protein kinase B
(Akt), which is a key survival protein [26]. In a study by Tejada et al [26], phosphorylated
Akt was lower in vivo in the glomeruli of the insulin-resistant db/db mouse, a model of type
2 DM. Podocytes in vitro from db/db mice had reduced pAKT and increased apoptosis [26].
In a model most germane to our case, Welsh et al. [27] generated mice with a specific
deletion of the insulin receptor in podocytes alone. These animals had normal extra-renal
insulin sensitivity but podocyte-specific IR. Despite persisting normoglycemia, they
developed albuminuria by 5 weeks. Subsequently, progressive structural damage appeared,
including podocyte apoptosis, foot process fusion, a thickened glomerular basement
membrane, and glomeruloscerosis. However, it is unlikely that IR alone is sufficient in
humans, given its wide prevalence and the apparent rarity of cases such as ours.

As in our patient, pathological evidence of DN in the absence of overt DM has occurred
before. Some of the reported patients had impaired glucose metabolism that was below the
threshold to diagnose DM, and they would be classified as having impaired fasting glucose or
impaired glucose tolerance. Others had glucose levels diagnostic of DM either previously,
concurrent, or subsequent to their renal biopsy.

Nevertheless, patients with all measures of glucose metabolism within the normal range
or close to it have been reported. In 1999, Herzenberg et al. [28] described two such cases
and coined the term idiopathic nodular glomerulosclerosis (ING). In 2002, Markowitz et al.
[29] reported the largest series of ING (23 patients) and noted that most of the patients were
elderly (mean age 68), hypertensive (95%), hyperlipidemic (90%), and frequently used
tobacco (91%). Eleven had some evidence, however, of abnormal glucose metabolism. The
authors postulated that the combination of long-standing hypertension and smoking could
result in the development of this ING [29]. Kuppachi et al. [30] reviewed 46 cases of ING said
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to have normal glucose metabolism (including the 23 of the study by Markowitz et al.) and
found that 82% had hypertension and 88% smoked. Smoking itself may result in the
production of reactive glycosylation products, termed glycotoxins, which are capable of
forming advanced glycosylation end products in vitro and in vivo [31]. Smoking has been
shown to increase the risk for microalbuminuria in patients with type 1 DM [32].

Clear evidence of IR, however, was present in many of the reported cases of ING, and
may be of prime importance in its pathophysiology. Many showed frankly abnormal glucose
metabolism [30, 33, 34], and others had evidence of MS, especially obesity [35]. Neverthe-
less, DN is pathologically distinct from obesity-related glomerulopathy, a lesion that is
primarily characterized by glomerulomegaly and features of focal segmental glomeruloscle-
rosis. In the largest series of obesity-related glomerulopathy, 45% had some changes
consistent with DN (both GBM thickening and mesangial sclerosis) [36]. Although GBM
thickening was present, it was only mild and segmental. By contrast, our patient had neither
glomerulomegaly (mean diameter 175 um, within the normal range [36]) nor focal
segmental scars, but there was prominent diffuse GBM thickening (700-900 nm). Thus, she
did not have obesity-related glomerulopathy or any other definable glomerulopathy. Other
entities mimicking DN by light microscopy include amyloidosis, fibrillary/immunotactoid
glomerulonephritis, monoclonal immunoglobulin deposition diseases, and fibronectin
glomerulopathy. These have been ruled out by the serologic and ultrastructural findings in
our case.

In conclusion, our patient illustrates the possible role of IR in the development of DN in
the absence of glucose intolerance. We suspect that many similar patients who may be
labeled as having normoglycemic DN (or ING if nodules are present) may have underlying IR
and need to be formally tested. While IR is not sufficient to cause DN, it may interact with
other factors (genetic or hemodynamic factors, smoking, etc.) to produce such a lesion in the
absence of overt hyperglycemia.
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Fig. 1. a Light microscopy. Photomicrograph of a representative glomerulus showing normal histology
(HE. x40). b Electron microscopy. Diffuse thickening of the lamina densa of the glomerular basement
membranes is evident. The epithelial cells are unremarkable, whereas the endothelial swells are swollen
with loss of fenestrations (x4,000). ¢ Electron microscopy. Prominent subendothelial hyaline deposits
(x2,700).
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