
www.SID.ir

Arc
hive

 of
 S

ID

176

Original Article

Association of Glomerular Filtration Rate with 
Inflammation in Polycystic Ovary Syndrome

Ilay Ozturk Gozukara, M.D.1*, Kerem Han Gozukara, M.D.2, Suna Kabil Kucur, M.D.1, Eda Ulku Karakılıc, 
M.D.3, Havva Keskin, M.D.4, Derya Akdeniz, M.D.5, Ayse Nur Aksoy, M.D.3,  Ayse Carlıoglu, M.D.4  

  
1. Department of Obstetric and Gynecology, Dumlupınar University Medical Faculty Hospital , Kütahya, Turkey

2. Department of Urology, Palandöken Hospital,  Erzurum, Turkey
3. Department of Obstetric and Gynecology, Nenehatun Women Health Hospital,  Erzurum, Turkey

4. Department of Internal Medicine, Erzurum Bölge Training and  Research Hospital,   Erzurum, Turkey
5. Department of Internal Medicine, Fatih University Medical Faculty Hospital,  Ankara, Turkey

Abstract
Background: We aimed to estimate the glomerular filtration rate (GFR) in women with 
polycystic ovary syndrome (PCOS) and to determine the relationship between GFR with 
C-reactive protein (CRP) and uric acid.     

Materials and Methods: In this cross-sectional study, one-hundred and forty PCOS 
women and 60 healthy subjects were evaluated. The study was carried out at Endocrinol-
ogy Outpatient Clinic, Erzurum Training and Research Hospital, Erzurum, Turkey, from 
December 2010 to January 2011. GFRs were estimated by Modification of Diet in Renal 
Disease (MDRD) formula. CRP, urinary albumin excretion (UAE) and uric acid levels 
were also measured.

Results: GFRs were significantly higher in PCOS group than control (135.24 ± 
25.62 vs. 114.92 ± 24.07 ml/min per 1.73 m2). CRP levels were significantly higher 
in PCOS patients (4.4 ± 3.4 vs. 2.12 ± 1.5 mg/l).  The PCOS group had significantly 
higher serum uric acid levels (4.36 ± 1.3 mg/dl vs. 3.2 ± 0.73 mg/dl).  There was also 
significantly higher proteinuria level in PCOS patients.

Conclusion: Even though PCOS patients had higher GFR, serum uric acid and UAE val-
ues than control patients, the renal function was within normal limits. Increased GFR in 
PCOS women positively correlates with elevated serum CRP and uric acid.     
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Introduction 
Polycystic ovarian syndrome (PCOS) is the most 

common endocrine disorder affecting 5-10% of 
women of reproductive age (1). It is character-
ized by oligo/amenorrhea, hyperandrogenism and 
polycystic ovaries (2, 3). The insulin resistance, 
dyslipidemia, glucose intolerance, hypertension 
and obesity are metabolic disorders accompanying 
with this syndrome (4-6). It has been assumed that 
PCOS is also a proinflammatory state. Recent stud-
ies have demonstrated that glucose is responsible 

for inflammatory response in mononuclear cells 
of women with PCOS independent of body mass 
index (BMI) (7, 8). There is also an association 
between inflammation at the molecular level and 
insulin resistance in this disorder (8, 9). Eleva-
tions of a number of circulating proatherogenic 
inflammatory mediators have been indepen-
dently reported in PCOS (10, 11). Meta-anal-
ysis of the 31 articles reported that circulating 
C-reactive protein (CRP) was 96% higher in 
women with PCOS compared to healthy con-
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trols (12). The relationship between CRP with 
atherothrombotic cardiovascular disease and re-
nal function abnormalities has been reported in 
a number of studies (13).

Serum uric acid was associated positively with 
interleukin 6 (IL-6), CRP and tumor necrosis fac-
tor- alpha (TNF-α) and negatively with IL-1 beta 
(IL-1β). These results suggest that uric acid con-
tributes to systemic inflammation in humans and 
is in line with experimental data showing that uric 
acid triggers sterile inflammation (14). It is also 
known that hyperuricemia is an independent risk 
factor for renal dysfunction in the normal popula-
tion (15).

Urinary albumin excretion (UAE) is also a 
marker of atherogenesis and predicts early en-
dothelial damage (13). Factors predisposing for 
endothelial injury, including hyperinsulinemia, 
insulin resistance, dyslipidemia and chronic 
low-grade inflammation, which often accompa-
ny with PCOS (16).  Several studies have shown 
that microalbuminuria is an indicator for in-
creased permeability to macromolecules of pe-
ripheral vascular beds. UAE may predict renal 
function abnormalities (17).

The aim of this study was to investigate renal 
function by the way of GFR measurement (MDRD 
formula) in PCOS patients. We tried to find any 
relationship between glomerular filtration rate 
(GFR) with CRP and uric acid as inflammatory 
markers. Also UAE was evaluated for renal func-
tion in PCOS patients.

Materials and Methods
Study population

The study was carried out at Endocrinology Out-
patient Clinic, Erzurum Training and Research Hos-
pital, Erzurum, Turkey, from December 2010 to 
January 2011. One-hundred and forty patients with 
PCOS and 60 healthy subjects were enrolled in this 
cross-sectional study. We included healthy women as 
controls with normal menstrual cycles, with no evi-
dence of hyperandrogenism, and with normal ovari-
an morphology on pelvic ultrasonography. Ferriman-
Gallwey scores of all control patients were under 8 
(18). PCOS was defined as the presence of two of the 
following three features after the exclusion of other 
etiologies (3): i. oligo-or anovulation (fewer than six 
menstrual periods in the preceding year), ii. hyperan-

drogenism and/or biochemical signs of hyperandro-
genism and/or iii. polycystic ovaries.

All of the participants are nonsmokers and 
with body mass index (BMI) lower than 25. The 
exclusion criteria in control and PCOS groups 
were as follows: patients with any type of re-
nal disease, diabetes mellitus, cardiovascular 
events, endocrine disease, pregnancy, or antihy-
pertensive drug use including use of oral con-
traceptives, antidiabetics, glucocorticoids, and 
anti androgenic agents within the last 3 months. 
Leukocyte count was less than 10,000/μL in all 
cases. Patients with older than 40 and younger 
than 16 years old were excluded from the study.

Assessments

BMI was calculated as weight (kg)/height 
(m)2. Systolic (SBP) and diastolic blood pres-
sure (DBP) were measured twice in the right 
arm in a relaxed sitting position. Two meas-
urements were taken 15 minutes apart and the 
average of two was used. Blood samples were 
collected during early follicular phase of men-
strual cycle after at least 12 hours fasting. Lev-
els of glucose, insulin, serum urea (not blood 
urea nitrogen), creatinine, hormone profile 
[follicle-stimulating hormone (FSH), luteiniz-
ing hormone (LH), estradiol (E2), and thyroid-
stimulating hormone (TSH)],  total and free 
testosterone (Total-T and Free-T), dehydroepi-
androsterone sulfate (DHEAS), 17 OH-proges-
terone (17OH-P), prolactin (PRL), and serum 
lipids [total cholesterol (Total-C), high-density 
cholesterol (HDL-C), lowdensity cholesterol 
(LDL-C), and triglycerides (TG)] were deter-
mined. Plasma glucose was determined with the 
glucose hexokinase method (Cobas Integra 400 
Plus, Roche Diagnostics, Mannheim, Germa-
ny). Hormone profile was measured with elec-
trochemiluminescence assays (Elecsys 2010 
Hitachi, Roche Diagnostics, Germany).  Lipid 
profile was measured with enzymatic colori-
metric assays (Roche Diagnostics, Mannheim, 
Germany).

Plasma concentrations of insulin were meas-
ured by chemiluminescent immunoassay (Im-
mulite One, BioDPC, Los Angeles, CA, USA). 
Insulin resistance was measured with homeo-
stasis model assessment for insulin resistance 
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(HOMA-IR) (19).
UAE was determined in 24-hour urine samples 

(Roche/Hitachi 912 Autoanalyzer, Roche Diag-
nostics, Germany). A UAE of 30-300 mg/24-hour 
was considered as microalbuminuria, whereas the 
value >300 mg/24-hour was considered as protein-
uria. GFR was estimated from serum creatinine us-
ing the MDRD formula (20) as follows:

GFR (ml/ min/1.73m2)=175×(Serum Creatinine)-

1.154×(age)-0.203×0.742
Serum uric acid levels were measured by uricase 

method using an Abbott Aeroset autoanalyzer 
(Abbott Laboratories, Abbott Park, IL, USA) with 
a 0.01 mmol/l limit of detection and mean coef-
ficients of variations <2%.

Serum CRP levels were measured using a neph-
elometric assay (Boehringer, Mannheim, Germa-
ny). Complete blood and polymorphonuclear leu-
kocyte counts (%) were measured with a Coulter 
MaxM analyzer (Philadelphia, PA, USA).

Study ethics
The study was conducted according to the revised 

guidelines for clinical studies described by the World 
Medical Association’s Declaration of Helsinki (http://
www.wma.net). The study protocol was approved by 
the Ethical Committee of Erzurum Training and Re-
search Hospital. A written informed consent was ob-
tained from all participants.

Statistical analysis
All statistical analyses were performed using the 

Statistical Package for the Social Sciences (SPSS; 
SPSS Inc., Chicago, IL, USA) version 13.0, while 
the differences within- or between-group were ana-
lyzed by Student’s paired and unpaired t tests. Results 
were expressed as mean ± standard deviation (SD). 
Pearson’s correlation was used to calculate correla-
tions. A multiple regression analysis was performed 
to determine the independent association between po-
tential predictor variables and GFR as the dependent 
variable. A P value ≤0.05 was considered statistically 
significant.

Results
The demographic variables and biochemical fea-

tures of PCOS and controls women are shown in 
tables 1 and 2. A hundred and forty PCOS patients 

(median age: 24.6 ± 5.5 year) and 60 healthy sub-
jects (median age: 25.2 ± 4.38 year, P=0.687) were 
included in the study. There were no significant 
differences between groups with respect to age, 
height, weight, waist circumference, BMI, serum 
total cholesterol, LDL, HDL, TG, TSH, FSH and 
E2 levels (P>0.05). PCOS group had significant-
ly higher LH values (P=0.02). Both groups were 
normotensive regarding SBP and DBP (P=0.43, 
P=0.8, respectively). Serum insulin levels and 
HOMA-IR were significantly higher in PCOS 
patients (P=0.02, P=0.007, respectively), while 
fasting plasma glucose level was not statistically 
different between two groups (P=0.07). C-reactive 
protein was significantly higher in PCOS patients 
(4.4 ± 3.4 vs. 2.12 ± 1.5 mg/l, P=0.01). 

The PCOS group had significantly higher se-
rum uric acid (4.36 ± 1.3 vs. 3.2 ± 0.7 mg/dl, 
P=0.002) beside the fact that statistically similar 
urea and creatinine levels for each group were re-
ported (P=0.72, P=0.09, respectively). GFR was 
significantly higher in PCOS group than controls 
(135.2 ± 25.6 vs. 114.9 ± 24.1 ml/min per 1.73 m2, 
P=0.001).

Multiple regression analysis was performed with 
GFR as a dependent variable. Some parameters 
such as glucose, BMI, and HOMA-IR were used 
as an independent variables. Since obesity and dia-
betes mellitus can cause hyperfiltration (21, 22), 
GFR was significantly higher in PCOS group in 
multiple regression analysis including BMI, HO-
MA-IR, glucose, age, waist circumference, CRP 
and insulin.

To assess the correlation with GFR, a Pearson’s 
correlation analysis was performed on each vari-
able. GFR was positively correlated with uric acid 
(Correlation of determination=0.065, P=0.01) 
and CRP (Correlation of determination=0.23, 
P=0.000).

In PCOS group, UAE ranged from 3 to 105 
mg/ml with a median of 13 mg/ml, whereas 
in control groups, UAE ranged from 2 to 43.8 
mg/ml with a median of 7 mg/ml. There was 
no patient with macroscopic proteinuria in both 
groups. Mean UAE was statistically higher in 
PCOS group than controls (P=0.021). Eleven 
percent of control groups and 28% of PCOS 
groups had proteinuria. This difference was sta-
tistically significant (P=0.02).
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Table 1: The demographic variables and biochemical parameters of patients

P valuesControl (n=60) PCOS (n=140)Parameters
0.17025.2 ± 4.3824.6 ± 5.4Age (Y)
0.681.62 ± 0.051.63 ± 0.07Height (m)
0.155.2 ± 10.459.6 ± 17.1Weight (kg)
0.4222.9 ± 4.324.6 ± 6.4BMI (kg/m2)
0.5676.7 ± 8.378.7 ± 15.3Waist circumference (cm)
0.7224.3 ± 7.223.4 ± 9.6Urea (mg/dL)
0.090.6 ± 0.120.83 ± 0.1Crea (mg/dL)
0.0785.6 ± 6.689.9 ± 19.7GIucose (mg/dl)
0.027.22 ± 4.3310.4 ± 6.5Insulin (mU/L)
0.0070.85 ± 0.871.79 ± 1.66HOMA-IR
0.001114.9  ± 24.1135.2 ± 25.6GFR (ml/min per 1.73 m2)

PCOS; Polycystic ovary syndrome, BMI; Body mass index, Crea; Creatinine, HOMA-IR;  Homeostasis model assessment-insuline resistance 
and GFR; Glomerular filtration rate.

Table 2: The biochemical parameters of patients

P valuesControl (n=60)PCOS (n=140)
0.46156.5 ± 23166.7 ± 37.3Total-C (mg/dL)
0.387.3 ± 24.294.2 ± 30LDL-C (mg/dL)
0.0878.8 ± 48.593.9 ± 52.6TG (mg/dL)
0.2652.6 ± 14.654.2 ± 17.5HDL-C (mg/dL)
0.0217 ± 313 ± 6.1UAE (mg/ ml)
0.0023.2 ± 0.74.36 ± 1.3Uric acid (mg/dL)
0.012.12 ± 1.54.4 ± 3.4CRP (mg/L)
0.292.91 ± 2.62.79 ± 1.5TSH (mIU/L)
0.823.6 ± 2.33.1 ± 1.3FT3 (pg/dL)
0.733.2 ± 1.93.7 ± 1.8FT4 (ng/dL)
0.066.5 ± 1.45.5 ± 1.9FSH (mIU/mL)
0.026.4 ± 4.88.8 ± 3.5LH (mIU/mL)
0.380.8 ± 40.575.6 ± 33E2 (pg/mL)
0.330.73 ± 0.43.2 ± 2.4Progesteron (ng/mL)
0.213.3 ± 3.710.3 ± 3.5PRL (ng/mL)
0.012192 ± 83241 ± 96DHEAS (mcg/dL)
0.00121.7 ± 2137.6 ± 31Total-T (ng/dL)
0.831.02 ± 0.041.2 ± 0.417 OH-P (ng/mL)
0.691.7 ± 0.42.7 ± 0.9Free –T (pg/mL)
0.43114.1 ± 11121.7 ± 13SBP (mmHg)
0.874.4 ± 980.8 ± 10.5DBP (mmHg)

PCOS; Polycystic ovary syndrome, Total-C; Total cholesterol, LDL-C; Low-density cholesterol, TG; Triglycerides, HDL-C; High-density cholesterol, 
UAE; Urinary albumin excretion, CRP; C- reactive protein, FT3; Free triiodothyronine, FT4; Free thyroxine, FSH; Follicle stimulating hormone, LH; 
Luteinizing hormone, E2; Estradiol, PRL; Prolactine, TSH; Thyroid-stimulating hormone, DHEAS; Dehydroepiandrosterone, Total-T; Total testoster-
one, 17 OH-P; 17-Hydroxiprogesterone, Free-T; Free testosterone, SBP; Systolic blood pressure and DBP; Diastolic blood pressure.
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Discussion
To our knowledge, this is the first study for 

the demonstration of significantly higher GFR in 
PCOS women as compared with the healthy sub-
jects. However, GFR values of PCOS patients 
were within normal limits. Hyperfiltration is typi-
cally defined by a GFR between 125 to 140 ml/min 
per 1.73 m2, or greater than 2 standard deviations 
above the mean GFR, in healthy individuals (23, 
24). According to the National Kidney Foundation 
(NKF), normal range is defined between 90 and 
120 ml/min per 1.73 m2 (25). No commonly agree-
ment upon definition of glomerular hyperfiltration 
exists. Even though in our study, overt hyperfiltra-
tion was not found in PCOS patients, they had sig-
nificantly higher GFR values than controls. Yanes 
et al. (26) reported increased GFR in a rat model 
of PCOS. In humans, hyperfiltration is observed in 
diabetes mellitus patients, and also seen in patients 
with pre-diabetic conditions, such as the metabol-
ic syndrome (21). Similarly the individuals with 
obesity exhibit a significant increase in GFR (22). 
In our study, GFR was also significantly higher in 
PCOS group in multiple regression analysis in-
cluding BMI, HOMA-IR, glucose, and insuline.  
Lakhani et al. (27) has shown that there was no 
difference in GFR between women with PCOS 
and controls (102.2 vs. 114.4 ml/min per 1.73 m2). 
However, 15 PCOS patients were included in their 
study.

There might be vascular and tubular factors 
contributing to the pathogenesis of hyperfiltration 
(21). Hyperfiltration is also associated with lower 
arterial stiffness and endothelial dysfunction, sug-
gesting that hyperfiltration represents a distinct 
physiologic state of generalized vascular dysfunc-
tion. It has, therefore, been suggested that the hy-
perfiltration state reflects generalized microvascu-
lar and macrovascular functional changes (27, 28). 
In this study, we found relatively higher GFR in 
PCOS patients. 

In the present study, GFR showed a significantly 
positive correlation with CRP and uric acide. In-
flammatory state may be responsible for increased 
GFR process, which is the result of vascular, tubu-
lar and endothelial changes.

CRP is a circulating marker of the proinflam-
matory state in PCOS as evidenced by the 2-fold 
elevation in circulating CRP compared to controls 

(12). Similarly in our study, C-reactive protein 
was significantly higher in PCOS patients. A meta-
analysis of the most comparable studies indicates 
that elevated circulating CRP in PCOS suggests 
the chronic low-grade inflammation present in the 
disorder. They also found that elevated circulat-
ing CRP in PCOS is independent of obesity since 
this finding persisted after excluding all the studies 
with mismatches in frequency of obesity or BMI 
between groups from the meta-analysis (12). Al-
though Stuveling et al. (13) showed that elevated 
CRP was positively associated with diminished 
filtration, based on our findings, the chronic in-
flammation in PCOS patients may be responsible 
for increased GFR levels. On the other hand, in 
their studies, highest CRP quartile groups were 
positively associated with hyperfiltration. This as-
sociation is important because increased GFR is 
associated with declining renal function (29, 30).

In this study, the PCOS group had significantly 
higher uric acid, but showed statistically similar 
urea and creatinine levels with control group. Ad-
ditionally, increased GFR was positively correlat-
ed with uric acid in this paper. It is paradoxical be-
cause increased GFR is associated with increased 
clearance of uric acid from blood that leads to low 
plasma levels of uric acid. These results may be 
associated with PCOS itself. Increased uric acid 
levels in PCOS women were demonstrated in sev-
eral studies (16).

In the studies, renal dysfunction was correlated 
with elevated serum uric acid (31-33). Price et al. 
(34) reported that uric acid is transported into en-
dothelial cells via urate transporter-1, and it then 
induces oxidative stress. In addition, it has been re-
ported that hyperuricemia increases juxtaglomeru-
lar renin expression and decreases macula densa 
neuronal nitric oxide synthase expression (35). 
Thus, uric acid may cause renal injury by interact-
ing synergistically with the renin-angiotensin sys-
tem beside oxidative stress (36). Uric acid has also 
been shown to directly stimulate the production of 
inflammatory mediators, such as CRP, in vascular 
cells (37). In the present study, elevated uric acid 
levels probably contributed to hyperfiltration like 
CRP as an inflammatory marker.

In our study, there were significantly higher 
UAE levels in PCOS group. In one study it ap-
pears that excessive UAE may be even more com-
mon in PCOS than in subjects with overt diabe-
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tes and/or hypertension (38). Urinary excretion 
of albumin reflects renal function and is directly 
related to endothelial function or endothelial 
leakiness. Albumin leakage into the urine is a re-
flection of widespread vascular dysfunction and 
increased intraglomerular pressure (39, 40). The 
National Health and Nutrition Examination Survey 
(NHANES; 1999-2000) reported the microalbumi-
nuria prevalence as 8.8% in a subpopulation with 
no risk factors (41). In our study, 11% of control 
group and 28% of PCOS group showed proteinuria. 
Ganie et al. (42) have shown that about 24.6% of 
women with PCOS showed presence of microalbu-
minuria in the first void spot urine sample. 

This study has some limitations. Only CRP and 
uric acid were used. Mean values of serial meas-
urements of CRP, high-sensitive CRP and other 
inflammatory markers probably improved study 
results. Even though relatively higher uric acid, 
CRP and GFR levels were found in PCOS group, 
all of these were within normal limits. This may 
be related with low-grade chronic inflammation 
(12). Further studies are needed to assess current 
outcome.

Conclusion
UAE level and increased GFR are important 

because they are associated with declining renal 
function (27). Early inflammatory process may 
predispose the kidney to glomerular hyperfil-
tration-related renal function loss. Even though 
PCOS patients had higher GFR, serum uric acid 
and UAE levels than control group, they had renal 
function within normal limits. Further studies may 
be helpful for understanding PCOS long-term ef-
fect on renal function. 
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L, Zemczak A, et al. Selected markers of endothelial dys-
function in women with polycystic ovary syndrome. En-
dokrynol Pol. 2011; 62(3): 243-248.

17. Oomen PH, Jager J, Hoogenberg K, Dullaart RP, Re-
itsma WD, Smit AJ. Capillary permeability is increased 
in normo- and microalbuminuric type 1 diabetic patients: 
amelioration by ACE-inhibition. Eur J Clin Invest . 1999; 
29(12): 1035-1040.

18. Ferriman D, Gallwey JD. Clinical assessment of body 
hair growth in women. J Clin Endocrinol Metab. 1961; 21: 
1440-1447.

19. Matthews DR, Hosker JP, Rudenski AS, Naylor BA, 
Treacher DF, Turner RC. Homeostatic model assessment: 

www.sid.ir


www.SID.ir

Arc
hive

 of
 S

ID

Int J Fertil Steril, Vol 9, No 2, Jul-Sep 2015               182

Gozukara et al.

insulin resistance and b-cell function from fasting glucose 
and insulin concentrations in man. Diabetologia. 1985; 
28(7): 412- 419.

20. Levey AS, Coresh J, Greene T, Marsh J, Stevens LA, 
Kusek JW, et al. Expressing the modification of diet in re-
nal disease study equation for estimating glomerular filtra-
tion rate with standardized serum creatinine values. Clin 
Chem. 2007; 53(4): 766-772. 

21. Sasson AN, Cherney DZ. Renal hyperfiltration related to 
diabetes mellitus and obesity in human disease. World J 
Diabetes. 2012; 3(1): 1-6.

22. Tomaszewski M, Charchar FJ, Maric C, McClure J, Craw-
ford L, Grzeszczak W, et al. Glomerular hyperfiltration: 
a new marker of metabolic risk. Kidney Int. 2007; 71(8): 
816-821.

23. Dahlquist G, Stattin EL, Rudberg S. Urinary albumin ex-
cretion rate and glomerular filtration rate in the prediction 
of diabetic nephropathy; a long-term follow-up study of 
child- hood onset type-1 diabetic patients. Nephrol Dial 
Transplant. 2001; 16: 1382-1386.

24. Jerums G, Premaratne E, Panagiotopoulos S, MacIsaac 
RJ. The clinical significance of hyperfiltration in diabetes. 
Diabetologia. 2010; 53(10): 2093-2104.

25. Bazari H. Approach to the patient with renal disease. In: 
Goldman L, Ausiello D, editors. Cecil medicine. 23rd ed. 
Philadelphia: Saunders Elsevier; 2007.

26. Yanes LL, Romero DG, Moulana M, Lima R, Davis DD, 
Zhang H, et al. Cardiovascular-renal and metabolic char-
acterization of a rat model of polycystic ovary syndrome. 
Gend Med. 2011; 8(2): 103-115.

27. Lakhani K, Kay AR, Leiper J, Barry JA, Hardiman PJ. 
Symmetric dimethylarginine (SDMA) is raised in women 
with polycystic ovary syndrome: a pilot study. J Obstet Gy-
naecol. 2011; 31(5): 417-419.

28. Cherney DZ, Miller JA, Scholey JW, Nasrallah R, Hébert 
RL, Dekker MG, et al. Renal hyperfiltration is a determi-
nant of endothelial function responses to cyclo- oxyge-
nase 2 inhibition in type 1 diabetes. Diabetes Care. 2010; 
33(6): 1344-1346.

29. Pecis M, Azevedo MJ, Gross JL. Glomerular hyperfiltra-
tion is associated with blood pressure abnormalities in 
normotensive normoalbuminuric IDDM patients. Diabetes 
Care. 1997; 20(8): 1329-1333.

30. Magee GM, Bilous RW, Cardwell CR, Hunter SJ, Kee F, 
Fogarty DG. Is hyperfiltration associated with the future 
risk of developing diabetic nephropathy? A meta-analysis. 
Diabetologia. 2009; 52(4): 691-697.
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