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Abstract

Background—The worldwide prevalence of metabolic syndrome is increasing and has been
associated with chronic kidney disease. Kidney pathological findings in patients with metabolic
syndrome have not been well described, as was explored in this study.

Study Desigh—Cross-sectional study.

Setting & Participants—We retrospectively screened clinical information for 146 patients who
underwent elective nephrectomy for renal cell carcinoma between January 2005 and March 2007 at
Brigham and Women’s Hospital, Boston, MA. Twelve patients with metabolic syndrome were
identified. Twelve age- and sex-matched patients who did not have any of the criteria for metabolic
syndrome were used as controls.

Predictor—Presence of metabolic syndrome defined by using Adult Treatment Panel 111 criteria.

Outcomes—Hlistological characteristics in each group, decrease in kidney function at 1-year
follow-up.

Measurements—Two pathologists blinded to the clinical diagnosis independently evaluated
nephrectomy specimens using Banff criteria to objectively assess histological characteristics.

Results—Baseline characteristics were similar between the 2 groups. On histopathologic
examination, patients with metabolic syndrome compared with controls had a greater prevalence of
tubular atrophy (P = 0.006), interstitial fibrosis (P = 0.001), and arterial sclerosis (P = 0.001),
suggesting microvascular disease. Patients with metabolic syndrome had greater global (P = 0.04)
and segmental glomerulosclerosis (P = 0.05). Glomerular volume and cross-sectional surface area
were not different. The combined end point of tubular atrophy greater than 5%, interstitial fibrosis
greater than 5%, and presence of arterial sclerosis was more prevalent in patients with metabolic
syndrome (P = 0.003; odds ratio, 33; confidence interval, 2.9 to 374.3) than controls. After 1 year,
estimated glomerular filtration rate was significantly lower in patients with metabolic syndrome
compared with controls (P = 0.03).
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Limitations—Small sample size, retrospective design.

Conclusions—We report a high prevalence of microvascular disease in patients with metabolic
syndrome. There was a steeper decrease in kidney function over time in patients with metabolic
syndrome, suggesting limited renal reserve. Aggressive screening and management may be
warranted in patients with metabolic syndrome to protect kidney function.

INDEX WORDS
Vascular; metabolic syndrome; kidney pathology

Metabolic syndrome, or syndrome X, was first described in 1988 by Reaven! as a clustering
of cardiovascular disease risk factors. Since then, there has been great interest in research
related to metabolic syndrome.2 The prevalence of metabolic syndrome in the United States
is increasing and now affects almost one-third of the US adult population.3 Furthermore, given
the acculturation of western diet in the developing world, the burden of metabolic syndrome
appears to be increasing worldwide.3:4 Metabolic syndrome represents a clustering of
metabolic abnormalities and is associated with the risk of coronary heart disease, stroke, and
cardiovascular- related mortality.>:6 The Adult Treatment Panel (ATP) 111 defines metabolic
syndrome as the presence of any 3 of 5 traits: abdominal obesity, high blood pressure (BP),
abnormalities in triglyceride and high-density lipoprotein cholesterol (HDL-C) levels, and
fasting hyperglycemia.”:® In addition, metabolic syndrome is associated with increased risk of
type 2 diabetes, @ nonalcoholic fatty liver,10 hyperuricemia, and gout.1!

The association of obesity and chronic kidney disease (CKD) has been reported extensively.
12,13 patients with morbid obesity characteristically develop glomerulomegaly on kidney
biopsy.1415 The association of metabolic syndrome with CKD has recently been reported.16~
19 To date, kidney pathological characteristics in individuals with metabolic syndrome have
not been described in detail and were the objective of the present study. In addition, we
evaluated the impact of nephrectomy on kidney function in patients with metabolic syndrome
and controls.

METHODS

Participants

Clinical records of patients who underwent nephrectomy at Brigham and Women’s Hospital,
Boston, MA, between January 2005 and March 2007 were screened. The Partners Healthcare
Institutional Review Board approved the study. Informed consent was waived because of the
retrospective design of the study. In each case, tissue had been submitted from non-neoplastic
kidney parenchyma distant to the tumor for evaluation by the kidney pathology service per
department routine protocol. Transplant nephrectomy specimens were excluded from the initial
selection. A total of 146 patients were identified, and their medical records were reviewed to
determine the presence or absence of metabolic syndrome.We excluded patients with serum
creatinine level greater than 1.4 mg/dL in men and greater than 1.2 mg/dL in women. This was
to exclude those with advanced CKD because kidney histological characteristics in those with
advanced CKD would undermine findings related to metabolic syndrome. Estimated
glomerular filtration rate (eGFR) was calculated by using the 4-variable Modification of Diet
in Renal Disease (MDRD) Study equation: 186 x (serum creatinine) 1154 x (age) 0203 x 0,742
(if female) x 1.212 (if African American).2? Most patients did not have a urine protein-
creatinine ratio measured at the time of nephrectomy. Thus, we have not included this parameter
in the analysis.
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Metabolic syndrome was defined in our study according to National Cholesterol Education
Program ATP 111 guidelines. According to these guidelines, the diagnosis of metabolic
syndrome is based on the presence of any 3 of the following criteria: (1) abdominal obesity,
defined as waist circumference greater than 102 cm in men and greater than 88 cm in women;
(2) serum triglyceride level of 1.7 mmol/L or greater or drug treatment for increased triglyceride
level; (3) serum HDL-C level less than 1 mmol/L in men and less than 1.3 mmol/L in women
or drug treatment for low HDL-C level; (4) BP of 130/85 mm Hg or greater or drug treatment
for increased BP; and (5) fasting plasma glucose level of 6.1 mmol/L or greater or drug
treatment for increased blood glucose level. Patients’ records were reviewed for age, sex, race,
and laboratory features within 30 days before nephrectomy. To attenuate the confounding
influence of overt diabetes on kidney histological characteristics, we included only patients
documented as not having a diagnosis of diabetes mellitus or use of diabetic medication.
Laboratory measurements included fasting glucose, lipid profile, serum creatinine, eGFR, and
urine analysis. Serial recordings of a minimum of 2 separate BP readings were recorded. Age-
and sex-matched controls with no evidence of abnormal laboratory parameters were identified
from the remaining patients. Twelve patients met diagnostic criteria for metabolic syndrome.
We evaluated 12 age- and sex-matched healthy controls (referred to as controls) who did not
meet the aforementioned criteria for metabolic syndrome.

Two experienced kidney pathologists evaluated the pathology material independently (M.P.A.
and A.F.). Both were blinded to clinical information about patients. Data were tabulated
according to a scoring sheet, and when there was discordance, the independent opinion of a
third senior pathologist was sought (H.G.R.). Histological sections of randomly sampled non-
neoplastic kidney parenchyma submitted were processed for light microscopy according to
standard techniques. Three-micron thick sections were stained with hematoxylin-eosin and
periodic acid-Schiff, trichrome, and Jones’ methenamine silver stains. Detailed examination
of glomerular, tubular, interstitial, and vascular pathological specimens was performed for all
patients. Glomerular architecture, hypercellularity, mesangial expansion, inflammatory
changes, nodular glomerulosclerosis, and other glomerular abnormalities were scored. Total
number of viable and sclerosed glomeruli inclusive of subcortical scarred glomeruli present in
the 1 section of non-neoplastic renal parenchyma was counted, and percentage of globally or
segmentally sclerosed glomeruli was determined. Amounts of tubular atrophy and interstitial
fibrosis were estimated and expressed as percentage of cortical involvement. The presence of
vascular fibrous intimal thickening and arteriolar hyalinosis was recorded and graded as mild
(1+), moderately severe (2+), or severe (3+). Afferent and efferent arterioles were examined
for hyalinosis. Criteria for grading tubular atrophy, interstitial fibrosis, vascular sclerosis, and
arteriolar hyalinosis were scored according to the Banff pathological classification, namely on
a0, 1, 2, and 3 scale reflecting none, mild, moderate, and severe changes, respectively. 21

Morphometric evaluation of glomerular diameter and total glomerular area was performed by
using the National Institutes of Health Image J analyzer program,22 which involved digital
image capture and computer-assisted image analysis. A single calibrated digital image capture
systemwas used. In an unbiased systematic sampling fashion, an average of 40 viable glomeruli
examined per case was electronically captured as JPEG files. At a later occasion, using the
Image J software, glomeruli were outlined and the resulting planar surface area was converted
from square pixels into square microns (mm?) by using a calibrated standard. Glomerular
volume was calculated using the formula described by Weibel and Gomez, in which glomerular
volume = glomerular areal® x 1.38/1.01, where 1.38 is B, the shape coefficient for a sphere,
and 1.01 is the size distribution coefficient assuming a 10% coefficient of variation.23
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Statistical Analysis

Baseline data were analyzed by using the following statistical methods: continuous data were
analyzed by using independent-sample nonparametric tests and categorical data were analyzed
by using Fisher exact test. A nonparametric method (Mann-Whitney U test) was used to
compare patients with metabolic syndrome and controls. Spearman correlation coefficients
were calculated for pairs of continuous variables. A specified composite end point of interstitial
fibrosis, tubular atrophy, and medial sclerosis with respect to metabolic syndrome status was
analyzed. Significance was reported for P < 0.05. SPSS, version 15 (SPSS Inc, Chicago, IL),
was used to analyze the data.

RESULTS

Baseline characteristics are listed in Table 1. Twelve individuals with metabolic syndrome and
12 controls without metabolic syndrome were analyzed. There was no significant difference
between the 2 groups by age, sex, race, smoking status, alcohol use, hemoglobin level, serum
creatinine level (1.1 + 0.28 versus 1.0 £ 0.18 mg/dL for metabolic syndrome versus controls,
P =0.2), and eGFR (62 + 13.8 versus 71 * 16.3 mL/min/1.73 m?2 for metabolic syndrome
versus controls, P = 0.1). Two control individuals had a body mass index (BMI) greater than
30 kg/m2. Similarly, 2 individuals with metabolic syndrome had a BMI less than 30 kg/m?.

Comparison between the 2 groups according to metabolic syndrome parameters is listed in
Table 2. Individuals with metabolic syndrome had significantly greater weight (93.9 £ 18.4
versus 80.3 + 12.9 kg; P = 0.04), greater BMI (31.4 % 6.1 versus 27.0 + 3.0 kg/m?; P = 0.04),
lower serum HDL-C level (35.1 + 8.6 versus 50.5 + 8.2 mg/dL; P < 0.001), greater serum
triglyceride level (264.4 + 90 versus 150 + 72 mg/dL; P = 0.01), greater fasting glucose level
(136.2 £ 23 versus 88.1 + 11 mg/dL; P < 0.001), and greater systolic BP (143 + 14 versus 123
+ 12 mm Hg; P < 0.001) than controls. Median BMI, triglyceride, HDL-C, fasting glucose,
and systolic BP values were similar to mean values.

Kidney pathological findings in patients with metabolic syndrome and controls are listed in
Table 3. The number of glomeruli evaluated was not different between groups. We evaluated
glomerular cross-sectional area in the 2 groups and found good correlation with BMI (P =0.01;
r = 0.48; Fig 1). The difference in mean glomerular cross-sectional area (21,356 + 7,387
um? in patients with metabolic syndrome versus 20,721 + 2,802 um? in controls; P = 0.8) and
mean glomerular volume (6.8 x 108 um3 in metabolic syndrome versus 5.9 x 108 pm3 in
controls; P = 0.5) did not reach statistical significance between the 2 groups. Glomerular
sclerosis, as global glomerulosclerosis (22% + 24% versus 8% + 9%; P = 0.04) and segmental
glomerulosclerosis (12% + 9% versus 6.2% + 8%; P = 0.05), was greater in patients with
metabolic syndrome. Although mesangial expansion (P = 0.3) did not reach significance
between groups, nodular glomerulosclerosis (4 versus 0; P = 0.03) was significantly more
frequent in patients with metabolic syndrome. Tubular atrophy (16.6% * 13% versus 3.7% *
5.6%; P = 0.006), interstitial fibrosis (20% + 12.5% versus 5.4% * 4.9%; P = 0.001), and
moderate to severe arterial sclerosis (9 patients with metabolic syndrome versus 1 control; P
= 0.001) were more prevalent in patients with metabolic syndrome. Of note, arteriolar
hyalinosis was not appreciated in those with metabolic syndrome (P = 0.2). Representative
pathological characteristics for patients with metabolic syndrome and controls are shown in
Fig 2 and Fig 3.

Analysis of Composite of Tubular Atrophy, Interstitial Fibrosis, and Medial Sclerosis With
Metabolic Syndrome

For further analysis, we selected each of the highly significant outcome variables and
categorized them as follows: tubular atrophy greater than 5% or less than 5%, interstitial
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fibrosis greater than 5% or less than 5%, and presence or absence of moderate to severe vascular
sclerosis. Individuals in the metabolic syndrome group had a greater prevalence of tubular
atrophy (P = 0.01), interstitial fibrosis (P = 0.03), and arterial sclerosis (P = 0.003). The
composite of tubular atrophy, interstitial fibrosis, and medial sclerosis was more prevalent in
patients with metabolic syndrome compared with controls (P = 0.003; odds ratio, 33;
confidence interval, 2.9 to 374.3).

Correlation of Serum Uric Acid With Metabolic Syndrome

In a subset of patients (n = 5 with metabolic syndrome and n = 3 controls), serum uric acid was
measured within 90 days before surgery. Serum uric acid level was significantly increased in
patients with metabolic syndrome compared with controls (7.6 + 1.4 versus 4.8 + 0.7 mg/dL;
P =0.05).

Effect of Nephrectomy on Kidney Function

All individuals underwent planned nephrectomy without perioperative complications. We
evaluated kidney function at a median follow-up of 1 year after nephrectomy. Patients were
not exposed to nephrotoxic chemotherapy during this period. At 1 year of follow-up, eGFR by
means of the MDRD Study equation was significantly lower in patients with metabolic
syndrome compared with controls (44.0 + 20 versus 62.0 + 11 mL/min/1.73 m2, metabolic
syndrome versus controls; P = 0.03; Fig 4). Serum creatinine level did not reach statistical
significance between patients with metabolic syndrome and controls at 1 year (1.7 £ 0.67 versus
1.3+ 0.3 mg/dL; P =0.1). There was no statistically significant difference in prenephrectomy
and 1-year follow-up eGFR in controls (71.5 + 9.5 versus 62 + 11 mL/min/1.73 m2
prenephrectomy versus at 1 year; P = 0.06). In contrast, individuals with metabolic syndrome
had a significant decrease in eGFR (62.5 + 15 versus 44.0 + 20 mL/min/1.73 m?
prenephrectomy versus at 1 year; P = 0.02; Fig 4).

DISCUSSION

The principal findings in this study were that patients with metabolic syndrome had greater
tubular atrophy, interstitial fibrosis, and arterial sclerosis than matched controls, suggesting
evidence of vascular damage. Patients with metabolic syndrome also had global and focal
segmental sclerosis. Glomerular volume was not different between groups. One year after
nephrectomy, the kidney function decrease was greater in patients with metabolic syndrome
compared with controls. In conclusion, the presence of metabolic syndrome appears to
adversely affect kidney parenchyma, resulting in limited kidney reserve in affected individuals.

Epidemiological evidence is emerging linking metabolic syndrome with CKD.19:24:25 The
Third National Health and Nutritional Examination Survey (NHANES II1) reported an
increased risk of CKD (defined as eGFR < 60 mL/min/1.73 mZ and/or microalbuminuria) in
patients with metabolic syndrome according to ATP 111 guidelines (odds ratios, 2.6 and 1.9,
respectively). Furthermore, there was a graded increase in risk of worsening kidney function
with an increase in number of components of metabolic syndrome.28 In our study, kidney
function at baseline (serum creatinine and eGFR) was remarkably similar in both groups with
metabolic syndrome and controls. However, despite controlling for age and sex, we were able
to identify evidence of pronounced microvascular disease in patients with metabolic syndrome.
This emphasizes the lack of sensitivity of serum creatinine assay in detecting early kidney
disease and further emphasizes the importance of using a prediction equation, such as the
MDRD Study equation.

In our study, tubulointerstitial changes of fibrosis and tubular atrophy were prominent kidney
lesions in patients with metabolic syndrome. There may be a number of mechanisms that could
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explain these findings. In animal studies, hyperlipidemia has been shown to induce interstitial
fibrosis and tubular atrophy.27:28 The mechanism underlying kidney injury in these animal
models appears to be a combination of oxidative stress through increased reactive oxygen
species, effects of profibrotic factor transforming growth factor g (TGF-p), chemokine
monocyte chemoattractant protein 1 (HCP-1), and an increase in desmin-positive
myofibroblasts.29~31 The role of hyperglycemia in contributing to tubulointerstitial injury has
also been described.32734 Impaired glucose tolerance and diabetes mellitus are increasingly
recognized as proinflammatory states.3> More recently, midkine, a retinoic acid—responsive
factor expressed in proximal tubules, has been identified as a novel key molecule that has a
critical role in the tubulointerstitial inflammation associated with diabetic nephropathy.36:37
Tubulointerstitial changes also have been observed in patients with hypertension. Angiotensin
Il has emerged as a regulator of tubulointerstitial cell kinetics in hypertensive rats.38
Angiotensin Il exerts its effects by increasing reactive oxygen species and downregulating
nitric oxide synthase.3%40 It is plausible that vascular damage preceded and resulted in
subsequent tubulointerstitial injury. Thus, our data are consistent with prior animal studies.

The kidney lesion of metabolic syndrome was also characterized by microvascular changes:
arterial and arteriolar sclerosis. Interestingly, arteriolar hyalinosis, one of the earliest vascular
changes noted in diabetes, was not appreciated in our patients with metabolic syndrome. Thus,
the abnormalities we observed may not be explainable on the basis of hyperglycemia alone.
Greater BPs were also observed in those with metabolic syndrome and could also have
potentiated the observed vascular insult. Experimental evidence suggests that uric acid has an
important role in vascular injury in fructose-induced metabolic syndrome and endothelial
dysfunction by inhibiting nitric oxide production.41=43 Although we did not have serum uric
acid data for all patients, we observed a significantly greater serum uric acid level in patients
with metabolic syndrome compared with controls (P = 0.05).

Obesity-related glomerular changes have also been described recently in humans. A study of
kidney biopsy changes in 95 extremely obese patients with a mean BMI of 52 kg/m? undergoing
bariatric surgery reported a greater prevalence of glomerulomegaly, podocyte hypertrophy,
mesangial matrix, and mesangial cell proliferation.1®> Another study compared kidney
histological changes in obese (mean BMI, 37.6 kg/m?) and nonobese (mean BMI, 24.8 kg/
m?2) kidney transplant donors. Obese patients had a greater glomerular cross-sectional area
compared with nonobese donors (23,604 versus 20,878 pm?2).14 In contrast, our study did not
include individuals with extreme obesity; mean BMI was 31.4 kg/m? in patients with metabolic
syndrome and 27.0 kg/m? in controls. Glomerular cross-sectional area correlated with BMI
(P =0.01; r = 0.48) and thus was consistent with previous studies. We observed glomerular
abnormalities with greater degrees of glomerulosclerosis and segmental sclerosis in patients
with metabolic syndrome. Although studies have documented the presence of focal segmental
sclerosis as a feature in patients with obesity-related kidney disease, it is not a consistent
finding.** Finally, smoking status has been associated with nodular sclerosis.*> We found that
2 of 3 patients with nodules in the metabolic-syndrome group were smokers. Because of a
relatively small sample size, it was not statistically significant.

Progression of kidney damage in the contralateral kidney after nephrectomy has been observed.
46 The proposed mechanism probably is lower nephron mass available after nephrectomy. 47
In our study, the significant decrease in eGFR in those with metabolic syndrome has important
clinical consequences. This is specifically true in patients undergoing nephrectomy for
urogenital neoplasm or those being considered as kidney transplant donors. Because studies
have shown improved kidney outcome by aggressively treating hyperglycemia,8:49
dyslipidemia, °0:51 and hypertension,>2 our study supports the importance of the screening and
management of metabolic syndrome.
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Our study has strengths and limitations. Detailed anthropometrical measurements, such as
waist and hip girth, were not available for all patients. However, we classified patients who
met clinical criteria for metabolic syndrome as defined by the ATP I1I guidelines. Our study
is a comparative analysis with its inherent confounding bias. The study had a relatively small
sample size. However, given the findings, we do not believe that increasing the sample size
would have changed results. Glomerular cross-sectional area was not different between groups,
possibly because the groups did not have markedly different BMIs. In line with previous
studies, 14 glomerular cross-sectional area correlated with BMI in our study. The inability to
obtain baseline data for microalbuminuria is also a limitation because it could have served as
a more sensitive index of kidney injury. Although remote, it is possible that the extent and
duration of malignancy might have influenced renal pathological changes and baseline kidney
function. We had complete follow up for only 1 year. However, we found striking differences
in kidney function decline between groups within this short time.

In conclusion, we report kidney pathological findings in patients with metabolic syndrome.
We observed a high prevalence of vascular sclerosis, tubular atrophy, and interstitial fibrosis
in patients with metabolic syndrome. These changes collectively suggest a primary vascular
insult. Glomerular volume was not different between groups, likely reflecting less marked
differences in BMI between groups. Furthermore, patients with metabolic syndrome had a
more rapid decrease in kidney function. Screening and management of patients with metabolic
syndrome is warranted, especially if these patients are undergoing elective nephrectomy.
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Figure 1.
Glomerular cross-sectional area by body mass index irrespective of metabolic syndrome status

in 24 patients.
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