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Objectives Prediabetes is defined as an intermediate state of hyperglycemia with glu-
cose levels above normal but below the diagnostic cutoff of diabetes mellitus. Prediabetes
is considered as an important risk factor for the development of diabetes and compli-
cations associated with diabetes. Since glomerular hyperfiltration (elevated GFR) and
albuminuria represent early and reversible stages of kidney damage seen in patients
with type 2 diabetes, we aim to assess the impact of hyperglycemia in prediabetic range
on renal functions measured by estimated GFR and urine albumin excretion (UAE).
Materials and Methods The study included 1,031 patients aged 30 to 70 years, attending
regular health checkup. Patients were grouped as normal, prediabetes, and diabetes accord-
ing to the American Diabetic Association (ADA) criteria based on fasting blood sugar and
hemoglobin A1c (HbATc). Further, the patients were grouped into multiple subgroups based
on age and gender. UAE was measured by using immunoturbidimetric method, and GFR was
estimated by chronic kidney disease epidemiology collaboration (CKD EPI) equation.
Statistical Analysis Prevalence of hyperfiltration (estimated glomerular filtration rate above
the age and gender specific 95th percentile), and albuminuria in prediabetes and diabetes
was compared with normal controls. Odds ratio and 95% confidence interval were calculated
by using logistic regression analysis to predict the occurrence of hyperfiltration in prediabetes
and diabetes. Analysis of variance followed by post hoc comparison was done to assess the
significance of difference, and p-value < 0.05 was considered statistically significant.

Results Prevalence of hyperfiltration was more in prediabetes and diabetes com-
pared with normal controls, and it increased with surging HbA1c level that was shown
as higher odds ratio for hyperfiltration in both the groups. UAE was more in the predi-
abetes and diabetes group when compared with normal controls, but the difference
was significant only in diabetes.

Conclusion Since glomerular hyperfiltration represents an early and reversible stage
of renal damage manifesting before the appearance of albuminuria, elevated GFR can
be used to identify asymptomatic patients with intermediate hyperglycemia having
high risk of developing nephropathy in the future. Prediabetes represents a window of
opportunity to initiate preventive strategies at an early stage before the occurrence of
significant renal damage.
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Introduction

Prediabetes is defined as an intermediate state of hyper-
glycemia with glucose levels above normal but below the
diagnostic cutoff of diabetes mellitus. Prevalence of predi-
abetes is much higher compared with diabetes.! According
to the National Health and Nutrition Examination Survey,
the crude prevalence of diabetes, detected by fasting blood
glucose (FBG) or 2-hour post glucose load plasma glucose,
is 12.9% and the prevalence of prediabetes is 29.5% among
people aged > 20 years.? Prediabetes is diagnosed based
on impaired fasting glucose (FBG levels between 100 and
125 mg/dL) and/or impaired glucose tolerance (2-hour post
glucose load blood glucose levels during 75 g oral glucose tol-
erance test between 140 and 199 mg/dL) and/or hemoglobin
Alc (HbA1c) between 5.7 and 6.4%.2 About 25% of patients
with prediabetes will progress to type 2 diabetes mellitus
(T2DM) within 3 to 5 years, and as many as 70% of individu-
als with prediabetes will develop overt diabetes in their life-
time. Patients with prediabetes also have an increased risk of
developing microvascular and macrovascular complications
associated with diabetes.*

Chronic kidney disease (CKD) is diagnosed based on the
presence of renal damage manifesting as albuminuria (urine
albumin creatinine ratio > 30 mg/g) and/or reduced renal
function (glomerular filtration rate < 60 mL/min/1.73m?)
for 3 months or more.> Glomerular hyperfiltration (elevated
GFR) is a well-recognized, early, and reversible stage of kid-
ney damage seen in patients with type 2 diabetes, and it is
an independent risk factor for accelerated renal function loss
and progression to CKD.57 Hyperfiltration in diabetes pre-
cedes the onset of albuminuria and decline in GFR.®

Up to 30% of individuals with recently diagnosed diabetes
mellitus present some degree of renal disease, which suggest
that the effects of hyperglycemia on kidney might begin very
early before the glucose levels reach diabetic range. However,
the long-term influences of prediabetes on kidney functions
are still unknown.® Various studies addressing the association
of glycemic status in prediabetes with hyperfiltration and
albuminuria have shown inconsistent results due to reasons
such as limited population; different ethnicities; and lack of
availability of age, sex, and race specific reference ranges for
eGFR. With above rationale, we aim to assess the impact of
hyperglycemia in prediabetic range on renal functions mea-
sured by estimated GFR (eGFR) and UAE.

Materials and Methods

A cross-sectional study was performed in patients com-
ing for routine health checkup. After obtaining the ethical
clearance from the institutional ethical committee, a total
number of 1,085 patients in the age group of 30 to 70 years
were enrolled for the study. Patients with history of CKD,
hepatic diseases, cardiovascular diseases, and proteinuria
(> 300 mg/L) were excluded from the study.

After obtaining the informed consent, approximately 5 mL
of blood was drawn under aseptic precautions after overnight
fasting of 12 hours, and serum separated by centrifugation

was used for the estimation of FBG, urea, creatinine, and
lipid profile. FBG was estimated by hexokinase method and
lipid profile by enzymatic methods. Total cholesterol (TC)
was estimated by cholesterol oxidase-peroxidase method,
LDL-cholesterol (LDL-C) and high-density lipoprotein choles-
terol (HDL-C) by direct methods, and triglycerides (TGs) by
glycerol phosphate oxidase-peroxidase method. Blood urea
was measured by enzymatic urease method and serum cre-
atinine by modified Jaffe’s kinetic method traceable to inter-
national reference method (IDMS). A spot urine sample was
collected in a separate urine container and used for the esti-
mation of UAE by immunoturbidimetric method. All estima-
tions were performed on fully automated Siemens dimension
ExL instrument. About 2 mL of blood was collected in a hep-
arinized syringe used for the estimation of HbA1lc (method
traceable to NGSP) on fully automated Bio-Rad D10 analyzer.

Patients were grouped into three groups: normal, pre-
diabetes, and diabetes—based on FBG and HbAlc values.
Diagnosis of prediabetes and diabetes was done based on
ADA criteria:?

 Prediabetes: Patients with FBG 100 to 125 mg/dL and/or
HbA1c of 5.7-6.4%

* Diabetes: Patients with FBG > 126 mg/dL and HbA1c 2 6.5%

* Normal controls: Individuals with FBG < 100 mg/dL and
HbA1c <5.7%

Normal controls were grouped into eight subgroups based on
age and gender:

e Group la: 30-39 years (male) Group 1b: 30-39 years
(female)

e Group 2a: 40-49 years (male) Group 2b: 40-49 years
(female)

e Group 3a: 50-59 years (male) Group 3b: 50-59 years
(female)

e Group 4a: 60-69 years (male) Group 4b: 60-69 years
(female)

GFR was estimated by chronic kidney disease epidemi-
ology collaboration (CKD EPI) equation' using serum cre-
atinine, age, and gender as variables. Hyperfiltration was
defined as eGFR > 95th percentile of age and gender specific
eGFR in normal controls, and hypofiltration was defined as
eGFR < 5th percentile of age and gender specific eGFR in nor-
mal controls. Prevalence of hyperfiltration in prediabetes and
diabetes patients was compared with normal controls. Odds
ratio and 95% confidence interval for hyperfiltration were
calculated in prediabetes and diabetes patients using logistic
regression analysis. Age, gender, FBG, HbA1c, and lipid pro-
file were taken as independent variables to predict the occur-
rence of hyperfiltration. UAE in prediabetes and diabetes was
compared with normal controls. ANOVA followed by post hoc
comparison was done to assess the significance of difference
and p-value < 0.05 was considered statistically significant.

Results

A total of 1,031 patients were included in the study after
excluding 54 patients as per the above-mentioned exclusion
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criteria. Patients were divided into normal, prediabetes, and
diabetes group according to the ADA criteria. Baseline char-
acteristics of study participants are given in =Table 1. The
distribution of eGFR and the reference values for hyperfiltra-
tion and hypofiltration in normal controls for each 10-year
age group are shown in =Fig. 1.

Kruskal-Wallis test was used to compare the prevalence
of hyperfiltration among three groups followed by post hoc
comparison of prevalence of hyperfiltration between the
groups (=Tables 2 and 3 ). There was a significant difference
in the prevalence of hyperfiltration among three groups. The
prevalence of hyperfiltration was higher in the prediabetic
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and diabetic groups compared with the controls, and the dif-
ference was statistically significant (p < 0.05).

Logistic regression was conducted to predict the presence
of hyperfiltration. Age, gender, HbAlc, and the group were
the significant predictors of hyperfiltration (~Table 4). The
odds of having hyperfiltration was significantly greater in
younger patients, females, and those with greater HbAlc. The
prediabetic and diabetic patients were at significantly greater
odds of having hyperfiltration (2.83 and 2.74, respectively)
than the controls.

UAE was compared between all the three groups by using
ANOVA (=Table 5) followed by post hoc comparison between
individual groups (=Table 6). There was a significant

Table 1 Baseline characteristics of participants in normal, prediabetes, and diabetes groups

Normal Prediabetes Diabetes
Number 274 268 489
Males 141 (51.46%) 165 (61.57%) 306 (62.58%)
Females 133 (48.54%) 103 (38.43%) 183 (37.42%)
Age in years 51.1(12.9) 56 (12.5) 54.9 (12)
FBS in mg/dL 88.6(9.3) 111.3(7.4) 189.7 (61.7)
HbATcin % 5.3(1.1) 6.1(1.3) 8.3(2.1)
Creatinine in mg/dL 0.85 (0.22) 1.01(2.9) 0.98 (0.4)
eGFR in mL/min/1.73 m? 92.4(18.1) 91.1(25.8) 84.2 (25.5)
UAE in mg/L 20.7 (10.1) 32.1(24.2) 60.9 (29.6)
Total cholesterol in mg/dL 177 (44.9) 165.16 (42) 171.9 (46.2)
LDL cholesterol in mg/dL 104.2 (36.6) 101.5 (34.5) 105.8 (39.9)
HDL cholesterol in mg/dL 41.8(10.9) 41.1(10.3) 37.3(10.9)
Triglycerides in mg/dL 122.6 (68.2) 132 (76) 182.2 (146.4)
No. of people with glomerular 10 (3.6%) 21(7.8%) 43 (8.7%)
hyperfiltration

Abbreviations: eGFR, estimated glomerular filtration rate; FBS, fasting blood sugar, HbA1c, hemoglobin Alc; HDL, high density lipoprotein; LDL, low

density lipoprotein; UAE, urine albumin excretion.
Note: Data expressed as mean (standard deviation) or number (%).

Table 2 Comparison of prevalence of hyperfiltration among three groups using Kruskal-Wallis test

Group Mean rank H statistic p-Value
Normal 495.12 6.82 0.03°
Prediabetes 516.16
Diabetes 521.07
aSignificant at p < 0.05.
Table 3 Post hoc comparison of prevalence of hyperfiltration between the individual groups
Groups compared Mean ranks Z score p-Value
Normal vs. prediabetes 263 -2.03 0.04°
274
Normal vs. diabetes 366.62 -2.60 0.009°
385.78
Prediabetes vs. diabetes 376.66 -0.45 0.65
380.28

aSignificant at p < 0.05.

Journal of Laboratory Physicians Vol. 13 No. 3/2021

© 2021. The Indian Association of Laboratory Physicians.

259



260 Renal Dysfunction in Prediabetes Shilpasree et al.

eGFR in females

Hyperfiltration

104.99

95 percentile

eGFR

) IS S
S 74.98 =
72.63 e iac
62.02 @ 5435

20 5% percentile

31-40 41-50

51-60 61-70
Ageinyears

eGFR in males
Hyperfiltration

11213

eGFR
/ n
>
[ ]

60
5% percentile \4 81
|

Hypofiltration

31-40

41-50 51-60 61-70
Ageinyears

Fig. 1 Distribution of estimated glomerular filtration rate in nor-
mal controls by age and sex. The 95th and 5th percentile are shown
in 10-year age groups.

difference in UAE among three groups. However, in predia-
betic group, it did not differ significantly from normal con-
trols where as in diabetic group, it was significantly higher
compared with normal controls and prediabetic group.

Discussion

Till recent times, appearance of small amounts of albumin
in urine (30-300 mg/day), referred as microalbuminuria
was considered as an earliest marker of diabetic nephropa-
thy. However, albuminuria is nonspecific to diabetes and can
be seen in many other conditions such as exercise, urinary
tract infections, hypertension, and cardiac failure. It has been
reported that in diabetic patients, a large proportion of renal
function impairment occurs even before the appearance of
microalbuminuria.” Due to these limitations, additional bio-
markers that predict diabetic nephropathy at a very early
stage, even before the appearance of microalbuminuria are
needed for optimal clinical management of diabetic patients.

Glomerular hyperfiltration manifests at early stages
of type 2 diabetes characterized by normoalbuminuria or
microalbuminuria followed by progressive decline in GFR
resulting in diabetic nephropathy, which may occur with or
without worsening of albuminuria.'? Studies have shown that
glomerular hyperfiltration precedes the onset of albumin-
uria and decline in GFR."®> Hence, elevated GFR can be seen
in subset of diabetic patients without albuminuria. Although

Table 4 Logistic regression with the independent variables predicting presence of hyperfiltration

Predictors 0Odds ratio Confidence intervals p-Value
Lower Upper

Age 0.949 0.928 0.971 0.000°
Males 0.577 0.340 0.981 0.042:
FBG 0.994 0.988 1.001 0.099
HbA1c 1.275 1.096 1.483 0.002°
Total cholesterol 1.026 0.992 1.062 0.140
HDL C 0.968 0.925 1.012 0.147
LDLC 0.976 0.941 1.013 0.201
TG 0.995 0.989 1.000 0.064
Ref: control group 1 0.040°
Prediabetes group 2.832 1.242 6.458 0.0132
Diabetes group 2.745 1.057 7.127 0.038°
Constant 0.255 0.205

Abbreviations: FBG, fasting blood glucose; HbA1c, hemoglobin Alc; HDL, high density lipoprotein; LDL, low density lipoprotein; TG, triglycerides.

aSignificant at p < 0.05.
®Significant at p < 0.001.

Table 5 Comparison of urine albumin excretion among three groups using analysis of variance

Group Mean amount of albumin F statistic p-Value
Normal 20.66 18.79 0.000°
Prediabetes 32.07

Diabetes 60.90

aSignificant at p < 0.001.
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Table 6 Post hoc comparison of urine albumin excretion
between the individual groups

Groups compared Mean difference p-Value
Normal vs. -11.40 0.32
prediabetes

Normal vs. diabetes -40.23 0.000°
Prediabetes vs. -28.82 0.000°
diabetes

aSignificant at p < 0.001.

National Kidney Foundation and Kidney Disease Improving
Global Outcomes guidelines recommend only decline in GFR
and albuminuria as diagnostic markers of CKD,' glomerular
hyperfiltration can be considered as the first and foremost
manifestation of diabetic nephropathy.

Prediabetes represents an intermittent stage of hypergly-
cemia. About 25% of patients with prediabetes will progress
to type 2 diabetes within 3 to 5 years, and as many as 70%
of individuals with prediabetes will develop overt diabetes
in their lifetime.* Although patients with prediabetes have
increased risk of developing complications of diabetes, predi-
abetes is considered as a distinct pathological entity.'” Various
cross-sectional studies have shown the association between
prediabetes and CKD.'® The prevalence of CKD in prediabetes
was as much as 70% higher compared with those with nor-
mal glycemic control,'” but whether prediabetes predicts the
onset of CKD in patients who do not develop diabetes is not
clear.

Our study demonstrated the presence of glomerular
hyperfiltration in prediabetes and diabetes patients. As there
is no consensus on the definition of hyperfiltration and GFR
varies with age, sex and race, eGFR above the age and gender
specific 95th percentile was used to define hyperfiltration.
Degree of hyperfiltration increased with worsening of glyce-
mic control in both the groups. Increasing HbA1c was associ-
ated with significantly increased odds ratio of hyperfiltration
on logistic regression analysis, but the same relationship was
not observed for FBG indicating the effect of long-term gly-
cemic control on glomerular filtration. However, significant
amount of albuminuria was seen only in diabetic patients.

Our findings are consistent with various other studies
which have demonstrated the presence of hyperfiltration
in prediabetes and diabetes patients.'®'” In a large Japanese
cohort, the prevalence of hyperfiltration was high in predia-
betes individuals and increased with worsening of glycemic
control (increasing FBG and HbA1c).° In middle aged and
elderly Chinese population, HbAlc was positively associated
with hyperfiltration in prediabetes and newly diagnosed
diabetes patients.?’ This association is assumed to be related
to metabolic control, as reduction of blood glucose returns
GFR to near normal levels.'> Even obesity was associated with
hyperfiltration. However, hyperinsulinemia and insulin resis-
tance are the proposed mediators of hyperfiltration and sub-
sequent renal injury in obesity.?! As hyperinsulinemia and
insulin resistance are noticed in early stages of diabetes includ-
ing prediabetes,?? they may contribute to the development of
hyperfiltration. If hyperfiltration in prediabetes is considered
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as maladaptive response due to metabolic derangement
as seen in diabetes, the process of kidney damage likely to
start very early in the course of hyperglycemia.’* Although
the exact pathophysiologic mechanism is largely unknown,
hyperfiltration is attributed to hemodynamic changes occur-
ring at single nephron level including altered renal plasma
flow, transmembrane hydraulic pressure gradient, and the
ultrafiltration coefficient leading to intraglomerular hyper-
tension. Together with vascular inflammation, it may cause
elevated GFR and microalbuminuria.®?* Long-term hyperfil-
tration combined with hyperglycemia can induce podocyte
stress, podocyte injury and cell apoptosis' and predisposes
to renal damage as a result of progressive glomerular scle-
rosis.”® Studies have demonstrated accelerated long-term
GFR decline and progression to micro- or macroalbumin-
uria in patients with persistent hyperfiltration as compared
with normofiltration despite of similar treatment strategies.
In a meta-analysis including type 2 diabetic patients, glo-
merular hyperfiltration was associated with greater rate of
GFR decline in addition to normal physiological age-related
decline and increased risk of developing diabetic nephrop-
athy."™ This supports the possible role of hyperfiltration on
pathogenesis of diabetic nephropathy.’

Our study also demonstrated the presence of albuminuria
in prediabetic and diabetic individuals. However, significant
amount of albuminuria was noticed in only diabetic patients
but not in prediabetes. Studies have shown an increase in
FBG or HbAlc in normal nondiabetic range are associated
with progression of UAE.? The findings from the Diabetes
Prevention Program Trial highlight the fact that albuminuria
is multifactorial. Higher BMI is associated with albuminuria
in diabetes and prediabetes patients and weight reduction
can reduce the UAE.'” Other components of metabolic syn-
drome such as hypertension and dyslipidemia are also asso-
ciated with microalbuminuria.?* Due to the lack of specificity
and the fact that significant amount of renal function impair-
ment occurs before the onset of microalbuminuria, elevated
GFR can be used in early stages of diabetes and prediabetes to
predict the risk of future nephropathy.

Although prediabetes is considered as a condition but not
a disease, early intervention can yield positive outcomes.
Therefore, it is essential to focus on the prevention of chronic
conditions including prediabetes and diabetes that have
an impact on the risk of CKD. Prediabetes may however be
reversible through the implementation of lifestyle modifica-
tion programs based on the adoption of healthier diet and
increased levels of physical activity. Where lifestyle mod-
ifications are ineffective, medications are indicated. Early
detection and effective intervention can be initiated in these
patients having glomerular hyperfiltration before the occur-
rence of diabetes to prevent the pathophysiologic changes
leading to irreversible renal damage.

Conclusion

Since glomerular hyperfiltration represents an early and
reversible stage of renal damage manifesting before the
appearance of albuminuria, elevated GFR can be used to
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identify asymptomatic patients with intermediate hyper-
glycemia having high risk of developing nephropathy in the
future. Our study emphasizes the need to monitor the renal
functions in prediabetic patients. Prediabetes represents a
window of opportunity to initiate preventive strategies at an
early stage before the occurrence of significant renal damage.
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