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About one-third of diabetes mellitus (DM) patients are complicated by diabetic nephropathy. It is even
more challenging in type 2 DM in which this complication may occur before presentation.
Microalbuminuria which is the traditional marker of early diabetic nephropathy is limited in its
usefulness because it is detected when significant renal damage has already occurred. The aim of this
study was to evaluate and compare urinary fibronectin and laminin with microalbuminuria as markers
of glomerular injury in type 2 DM patients. A cross-sectional study with 120 consenting non-
hypertensive type 2 DM, consisting of 57 (47.5%) males and 63 (52.5%) females; and 120 non-
diabetic/non-hypertensive controls, consisting of 51 (42.5%) males and 69 (57.5%) females. Urinary
albumin, fibronectin and laminin as well as plasma glucose were measured. The mean albumin —
creatinine ratio was significantly higher (p<0.001) among type 2 DM (1.99+0.78 mg/mmol) compared to
the control (0.12+0.01 mg/mmol). Also, urinary fibronectin (1.29+0.35 pg/mL) and Ilaminin
(1251.34+234.61 pg/mL) were significantly higher (p<0.001) in type 2 DM patients than in controls
(0.29+0.07 pg/mL and 127.81+14.07 pg/mL respectively). The sensitivity test for urinary fibronectin and
laminin was 93.9% each while their specificities were 8.0 and 13.8% respectively. The negative
predictive values (NPV) for urinary fibronectin and laminin were 77.8 and 85.7% respectively while the
positive predictive values (PPV) were 27.9 and 29.2% respectively. This study suggests that assay for
urinary fibronectin and laminin, which showed high sensitivities and high negative predictive values are
useful as markers of early diabetic kidney disease and can substitute microalbuminuria in the routine
evaluation of type 2 DM patients. The slightly higher PPV and NPV for urinary laminin suggest that it is
a better marker than urinary fibronectin.
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INTRODUCTION

Globally, diabetes mellitus affects 366 million people and et al., 1997; Oputa and Chinenye, 2015). It is associated
is expected to rise to 552 million by 2030 (Whiting et al., with long-term damage, dysfunction and failure of various
2011). The prevalence in Nigeria was reported as having organs especially the eyes, kidneys, nerves, heart, and
increased from 2.0% in 1992 to 5.0% in 2013 (Akinkugbe blood vessels (Alwan, 2011).



Diabetic nephropathy is one of the most challenging
microvascular complications of type 2 DM, with significant
morbidity and mortality (Hellemons et al., 2012). It occurs
in about one-third of diabetic patients in the world and is
the leading cause of end-stage renal disease in
developed and developing countries (WHO, 2008). Death
due to renal disease is 17 times more common in
diabetes mellitus patients than in non-diabetic patients
(Hong and Chia, 1998). In a study, Alebiosu and Ayodele
(2005) reported increasing prevalence of diabetic
nephropathy as a cause of end stage renal disease in
Nigeria.

Screening for diabetic kidney disease helps in early
detection, evaluation and treatment. Consequently,
multiple biomarkers of kidney injury in serum and urine
have been studied. Based on the mechanisms of
structural damage to the kidneys, biomarkers are
classified as markers of glomerular injury, oxidative
stress, endothelial damage and inflammation (Matheson
et al., 2010).

The urinary markers of glomerular injury result from
either increased permeability to plasma proteins (albumin;
transferrin) or increased excretion of extracellular matrix
proteins (fibronectin; laminin) (Lehmann and Schleicher,
2000).

Some researchers consider microalbuminuria as the
best predictor of end-stage renal disease and
cardiovascular events in diabetics (De Zeeuw et al,
2006; Ninomiya et al., 2009). However, microalbuminuria
develops when significant kidney damage has occurred
(Yamazaki et al., 1991; Mario et al., 1989). This scenario
suggests that attempts should be made to detect or
diagnose diabetic nephropathy before the microalbuminuric
stage. It therefore follows that more sensitive and specific
markers of early kidney damage is imperative for early
treatment of diabetic  nephropathy.  Glomerular
extracellular basement membrane proteins such as
fibronectin and laminin whose appearance in urine
precedes micro albuminuria have been investigated in
diabetic nephropathy (Remuzzi et al., 2002; Naresh et al.,
2009). This study evaluates the usefulness of urinary
fibronectin  and lamininas sensitive and specific
biomarkers of early nephropathy in type 2 diabetics as
compared to microalbuminuria.

MATERIALS AND METHODS

This hospital-based cross-sectionalcase-control study was carried
out at the diabetic and metabolic clinics of the University of
PortHarcourt Teaching Hospital (UPTH) between March 2015 and
February 2016. UPTH is a tertiary referral centre and the foremost
teaching hospital in the South South geopolitical region of Nigeria.
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Study population

The subjects were type 2 diabetics attending the Diabetic and
Metabolics Clinic of UPTH. They were selected following review of
their clinical history and management. Only uncomplicated cases
were included in the study. The controls were age matched non-
diabetic, non-hypertensive, and apparently healthy individuals not
on any medication and with normal renal function. Controls were
recruited from different settings outside the hospital including
churches, residential neighbors of the researchers and hospital
colleagues. Subjects and controls were subjected to urinalysis,
blood pressure measurement and fasting plasma glucose and
serum creatinine determination. The eGFR was calculated using
the Cockcroft-Gault equation (Lynch and Wu, 2010) from age,
weight (kg), sex and plasma creatinine value. This was done to
exclude any renal impairment or disease condition.

The minimum sample size required for this study was determined
using the formula below (Araoye, 2004).

Z%pq
dZ

n=

Where:

n = minimum sample size;

z = 95% confidence interval = 1.96;

p = prevalence in the target population is 6.8%19;
q=1-p=0.932;

d = degree of accuracy desired (at 0.05); n = 97.4

The calculation was based on a prevalence rate of 6.8% observed
for diabetes mellitus in a study done in UPTH (Nyenwe et al., 2003).
The confidence level was set at 95% giving a calculated minimum
sample size of 97 subjects. The final sample size was adjusted for a
10% non-response rate (Lott et al., 1992). Therefore, a projection of
120 study subjects (type 2 DM patients) and 120 apparently healthy
subjects as control were included in the study giving a total of 240
subjects.

A systematic sampling technique was used to select the
subjects.This involved the calculation of a sampling interval fraction,

k = % where N is the total population at the clinic, n is the daily

sample size required to cover three (3) months data collection
period.

=% —64a~6

10
The first subject was selected by simple random sampling via ballot
method after which the sixth patient was selected. Approval for this
study was obtained from the Ethical Research Committee of the
University of Port Harcourt Teaching Hospital. Informed written
consent wasobtained from the subjects following disclosure of the
objectives of the study. The subjects bore no cost for any of the
tests.An interviewer administered questionnaire was used to obtain
information on the socio-demographic and clinical characteristicsof
the subjects.

Strict universal precaution and standard operating procedures
were observed in collecting 5 ml of venous blood from the
antecubital vein of subjects. Samples in fluoride oxalate bottle were
used for plasma glucose estimation using glucose oxidase method
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Table 1. Baseline characteristics (mean +SD) of study participants.

Variable Type 2 DM [n=120 (%)] Control [n=120 (%)]
Sex

Male 57 (47.5) 51 (42.5)
Female 63 (52.5) 69 (57.5)
Age group (years)

21-30 4 (3.3 8 (6.7)
31-40 14 (11, 15 (12.5)
41-50 42 (35. 41 (34.2)
51-60 34 (28. 32 (26.7)
61-70 23 (19. 20 (16.7)
>70 3 (25 4 (3.3)

DM = Diabetes mellitus.

(Weissman and Klein, 1958) while samples in lithium heparin bottle
were used for plasma creatinine estimation using the modified Jaffe
kinetic method (Vasiliades 1976). Early morning urine collected was
used for urinary creatinine estimation using the modified Jaffe
kinetic method (Vasiliades 1976). Urinary albumin and fibronectin
were assessed using immunoturbimetric assay (Elving et al., 1989;
Brentnall et al., 2014), while laminin was assessed using ELISA
technique (Kleinman et al., 1985).

Urinary fibronectin (Brentnal et al., 2014) was quantitatively
evaluated with a commercially available human fibronectin ELISA
kit produced by Abcam® (Abcam Laboratories, 330 Cambridge
Science Park Road, Milton, Cambridge CB4 OFL, UK). Also,
quantitative determinationof urinary laminin (Kleinman et al., 1985)
was done with a commercially available human laminin ELISA kit
manufactured by Abcam® (Abcam Laboratories, 330 Cambridge
Science Park Road, Milton, Cambridge CB4 OFL, UK).Quantitative
determination of urinary albuminwas done witha commercially
available microalbumin (mALB) immunoturbidimetric assay kit
produced by BIOLABO SA Laboratories, 02160,Maizy, France
(Elving et al., 1989).

Validity tests were carried out to ascertain the usefulness of
urinary fibronectin and urinary laminin as early markers of diabetic
kidney disease as against microbalbuminuria. The tests include:
sensitivity, specificity, positive predictive values (PPV) and negative
predictive values (NPV).

Statistical analysis

Data were analyzed using the Statistical Package for Social
Sciences (SPSS) version 16. Assessment of statistical differences
between groups was achieved with chi-square test and Student’s
independent t test whilePearson’s correlation was used to assess
the relationship between urinary fibronectin and urinarylaminin, with
microalbuminuria. A p-value of less than 0.05 was considered
statistically significant.

RESULTS

A total of 240 subjects were studied; 120 were type 2 DM
patients who met the inclusion criteria, while the
remaining 120 were apparently healthy, non — diabetic

and non-hypertensive, age matched controls. Fifty seven
(47.5%) of the type 2 DM patients were males while 63
(52.5%) were females giving a male to female ratio of
1:1.1. Also, 51 (42.5%) of the control subjects were
males while 69 (57.5%) were females, giving male to
female ratio of 1: 1.4. Altogether, 108 (45%) males and
132 (55%) females were studied.

The age of the subjects ranged between 24— 74 years.
The mean age was 51.30 + 11.06for type 2 DM patients
and 49.88 + 11.30 years for the control group. Majority 42
(35.0%) of the diabetics were within 41-50 years age
bracket while 41(34.2%) of the control group were in
same age bracket. The age and gender distribution of the
study participants is presented in Table 1.

Generally, the DM patients had higher values of the
tested parameters than the controls. Biochemical
characteristics of type 2 DM patients and the controls are
shown in Table 2. The mean fasting plasma glucose
among type 2DM - 10.35 +5.53 mmol/L was significantly
higher (p < 0.001) than that of the controls - 4.97 +
0.81mmol/L. Similarly, the mean plasma creatinine of
89.33+21.75umol/L for DM patients was higher than that
of controls - 71.58+9.10 pmol/L.(p < 0.001). Mean urine
creatinine for DM patients was 27.04 +5.68mmol/L as
against the 19.45+2.44 mmol/L of controls.(p<0.001);
microalbuminuria for DM was 59.92 +7.07 mg/L while for
the controls, it was 2.11 £1.06 mg/L.(p < 0.001). The
albumin-creatinine - ratio (ACR) was 1.994+0.78 mg/mmol
for DM cases and 0.12+0.01 mg/mmol for controls.(p<
0.001); urinary fibronectin for DM was 1.2940.35 pg/ml
and 0.29 £+ 0.07ug/ml for controls(p <0.001). For DM
cases, urinary laminin was 1251.43+234.61 pg/ml while it
was 127.81 + 14.07 pg/ml for controls (p<0.001).
However, no significant difference was found in the mean
estimated glomerular filtration rate (GFR) between type 2
DM patients and the control group: (97.35 £18.23 ml/min
vs 113.13+ 18.81 ml/min, respectively; p = 0.090). Fifty
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Table 2. Biochemical characteristics (Mean +SD) of type 2 DM patients and the controls.

Variable Type 2 DM (n=120) Control (n=120) p-value
FPG (mmol/L) 10.35+5.53 4.97+0.81 <0.001*
Plasma creatinine(umol/L) 89.33+£21.75 71.58+9.10 <0.001*
Urine creatinine (mmol/L) 27.04+5.68 19.454+2.44 <0.001*
Microalbuminuria (mg/L) 59.92+7.07 2.11£1.06 <0.001*
ACR (mg/mmol) 1.9940.78 0.12+0.01 <0.001*
Urinary fibronectin (ug/ml) 1.29+0.35 0.29+0.07 <0.001*
Urinary laminin (pg/ml) 1251.43+234.61 127.81£14.07 <0.001*
eGFR (ml/min) 97.35+18.23 113.13+18.81 0.090

FPG= Fasting Plasma Glucose; ACR=Albumin-Creatinine-Ratio; eGFR= Estimated Glomerular Filtration Rate; DM = Diabetes

Mellitus. * Statistically significant at p<0.05 (2-tailed).

Table 3. Estimated glomerular filtration rate in type 2 DM patients and control group.

Stage Description GFR (ml/min) Type 2 DM [n=120 (%)] Control [n=120 (%)] X2 Df p-value
1 Normal GFR >90 53 (44.2%) 107 (89.2%) 57.492 2 <0.001*
2 Mildly decreased GFR 60-89 47 (39.2%) 13 (10.8%)
3 Moderately decreased GFR 30-59 20 (16.7%) 0 (0.0%) <0.001*
4 Severely reduced GFR 15-29 ND ND
5 End stage renal failure <15 ND ND

GFR= Glomerular filtration rate; DM = Diabetes mellitus; ND, not detected; X2, Chi-square; df, degree of freedom; * Statistically significant at p<0.05

(2-tail).

three (44.2%) of type 2 DM patients had normal GFR
(GFR >90 ml/min) compared to 107 (89.2%) of the
control group. Forty seven (39.2%) of type 2 DM patients
had mildly decreased GFR (GFR of 60 - 89 ml/min)
compared to 13 (10.8%) of the control group, while 20
(16.7%) of type 2 DM patients had moderately decreased
GFR (GFR of 30 - 59 ml/min) compared to none in the
control group, and this difference was statistically
significant (p< 0.001). Nostage 4 (severely reduced GFR)
or stage 5 (end stage renal failure) was detected in the
study (Table 3).

The distribution of urinary fibronectin, laminin and
microalbuminuria excretions in type 2 DM patients and
controls with stage 1 and 2 GFR is shown in Table 4.
Urinary fibronectin, laminin and microalbuminuria were
significantly higher in type 2 DM with stage 1 GFR
compared to controls with same GFR stage. Similarly, in
subjects with stage 2 GFR, urinary fibronectin, laminin
and microalbuminuria were significantly higher in type 2
DM compared to the control group.

Table 5 shows the proportion of subjects with
microalbuminuria using ACR. Eighty-seven (72.5%) of
type 2 DM patients had normal ACR as compared to 120
(100%) of the control, while 33 (27.5%) of type 2 DM had
microalbuminuria as compared with none in the control
group, and this difference was statistically significant (p<

0.001).

The sensitivity, specificity, PPV and NPV of urinary
fibronectin as a marker of early glomerular injury were
93.9, 8.0, 27.9 and 77.8% respectively.

The sensitivity specificity, PPV and NPV of urinary
laminin as a marker of early glomeralar injury were 93.9,
13.8, 29.2 and 85.7% respectively.

The receiver operator characteristics (ROC) curve for
both urinary fibronectin and urinary laminin are shown in
Figures 1 and 2, respectively.

Correlation analysis

In the type 2 DM patients, a significant inverse correlation
was found between GFR and microalbuminuria (r = -
0.18; p = 0.046) and between GFR and urinary laminin (r
= -0.18; p = 0.045) while a significant positive correlation
was found between urinary fibronectin  and
microalbuminuria (r = 0.23; p = 0.013) and between
urinary fibronectin and ACR (r = 0.23; p = 0.012).

In the controls, however, a significant positive
correlation was found between urinary laminin and
microalbuminuria (r = 0.19; p = 0.038), between urinary
laminin and ACR (r = 0.18; p = 0.045) and between
urinary laminin and urinary fibronectin.
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Table 4. Distribution of urinary fibronectin, laminin and albumin (mean + SD) excretions in type 2 DM patients and controls with stage 1
and 2 GFR.

GFR stage Parameter Type 2 DM Control T p-value
Stage 1 (n=53) (n=107)
Urinary fibronectin (ug/ml) 1.07+0.31 0.2740.05 4.973 <0.001*
Urinary laminin (pg/ml) 705.94+342.06 129.24+52.06 4.738 <0.001*
Microalbuminuria (mg/L) 14.75+£3.16 0.96+0.01 3.278 0.001*
Stage 2 (n=47) (n=13)
Urinary fibronectin (ug/ml) 1.40+0.43 0.4320.07 2.128 0.038*
Urinary laminin (pg/ml) 1166.60+287.81 115.98+23.37 2.810 0.007*
Microalbuminuria (mg/L) 70.38+36.48 11.54+3.98 2.133 0.037*

GFR= Glomerular filtration rate; DM = Diabetes mellitus;*Statistically significant at p<0.05 (2-tailed). No statistics was computed for stage 3
since no control presented with stage 3 GFR.

Table 5. Distribution of albumin-creatinine-ratio (ACR) in type 2 DM patients and controls.

ACR Type 2 DM [No. (%)] Control [No. (%)] X2 Df p-value
Normal 87 (72.5%) 120 (100.0%) 36.261 1 <0.001*
Microalbuminuria 33 (27.5%) 0 (0.0%)
10
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0.6
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Figure 1. Receiver operator characteristics (ROC) curve of urinary fibronectin.
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Sensitivity

Area under the curve Urinary Laminin

02— Area under the 95% Confidence P value
curve (AUC) Interval of AUC
0.855 0.768 - 0.942 0.0001
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1 - Specificity

Figure 2. Receiver operator characteristics (ROC) curve of Laminin.

DISCUSSION

This hospital-based study noted higher number of
females than males among the study population, this may
not be surprising as females have been shown to have
better health seeking behavior and higher utilization rate
of health care services (Hosseinpoor et al., 2012).The
age of the subjects ranged from 24 to 74years with
the41-50 year age group constituting the peak. This
agrees with the typical age of onset of type 2 DM (Dods,
2010).

Microalbuminuria is a well-recognized marker of early
glomerular injury in DM patients. The finding in our study
which show that 27.5% of type 2 DM patients showed
microalbuminuria is comparable to a similar hospital-
based study in Northern India (Kanakamani et al., 2010).
However, an earlierhospital-based study carried out in
our centre reported that out of the 60 type 2 DM patients,
63.3% had microalbuminuria (Orluwene and Mommoh,
2008). The wide disparity between our study and the
previous one of our centre may likely be due to the
differences in the eligibility criteria of the two studies.

While our DM patients were non hypertensive, those of
the previous study included hypertensive patients. It is
documented that co-morbid conditions in diabetes like
hypertension increase the risk of microalbuminuria
(Parchwani and Upadhyah, 2012). Also, in the previous
index  study, microalbuminuria was determined
qualitatively by the use of dipstick while in our present
study microalbuminuria was determined quantitatively.
Hence, the possible explanations for the higher rate
reported in the former study. Another study in Jos — North
Central, Nigeria among newly diagnosed type 2 DM
patients reported that 49.2% of the patients had
microalbuminuria (Agaba et al., 2004). This finding is also
higher than that of our current study finding. However, a
similar study carried out in Enugu — South Eastern
Nigeria reported a much lower rate of 16.1% among type
2 DM patients (Ogbu et al., 2009). This could be due to
the smaller population size in the Enugu study. In spite of
these differences in the reporting rates of
microalbuminuria among type 2 DM patients, the findings
of this study along with the aforementioned Nigerian
studies reveal that microalbuminuria among type
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A 2 DM patient is not uncommon; thus, highlighting the
need for regular screening for microalbuminuria among
type 2 DM patients, in order to detect and treat early
glomerular damage. However, it is interesting to note that
research has also shown that some type 2 DM patients
with  glomerular damage may not develop
microalbuminuria (An et al., 2009). Thus, the use of other
biomarkers of glomerular damage is imperative. Urinary
fibronectin excretion as a marker for the detection of early
glomerular damage, investigated in our study revealed
findings which are in agreement with literature
documentation (Takahashi, 1995; Fagerudd et al., 1997).
It isworthy of note that, the mean urinary fibronectin
excretion levels was significantly higher in the diabetic
group than the control group, which is consistent with the
report of similar study by Fagerudd et al. (1997). The
latter found that the mean urinary fibronectin excretion
level was much higher in type 2 DM with micro-vascular
complications (retinopathy,neuropathy andnephropathy).
However, ourstudy which considered type 2 DM patients
without complications still showed higher fibronectin
excretion than controls. This implies that with or without
complications, the mean urinary fibronectin level is
significantly higher in type 2 DM than normal controls.
The 93.9% sensitivity of urinary fibronectin excretion
observed in this study highlights the need for the
incorporation of fibronectin assessment as a screening
tool for glomerular damage. High sensitivity is a necessity
for any screening tool as recommended in the World
Health  Organization (WHO) screening  criteria
(Andermann et al., 2008). Additionally, the significant
positive correlation between urinary fibronectin and
microalbuminuria reported in this study reflects the good
comparison of this biomarker to microalbuminuria. This
study also notes the low specificity (8.0%) of urinary
fibronectin. Nonetheless, the high negative predictive
value (77.8%) reported also indicates its usefulness as a
screening tool for detection of glomerular damage.
Concerning urinary laminin excretion as a marker for
glomerular damage, this study noted similar findings with
that of urinary fibronectin. The urinary laminin excretion
levels was significantly higher in the diabetic group than
in the control group, which is also consistent with findings
of similar study by Miyake et al. (1993) although the latter
study wason children with insulin dependent diabetes
mellitus. This possibly indicates that irrespective of age
and type of DM, urinary laminin excretion is significantly
higher amongDM patients than controls. Urinary laminin
was positively correlated with microalbuminuria, thus
highlighting the association between these two markers.
Although, our study noted that the sensitivity of urinary
laminin was the same as urinary fibronectin (93.9%), its
specificity was slightly higher than that of urinary
fibronectin. It, therefore, implies that urinary laminin is a
better biomarker in comparison with urinary fibronectin,
as a screening test for the detection of glomerular injury.

The absence of previous studies on urinary fibronectin
and laminin as biomarkers for glomerular injury in Nigeria
precludes the comparison of the findings reported in
present study with such studies in Nigeria. Thus, this
study highlights the need for similar studies to be carried
out in Nigeria to validate the findings and serve as a
comparison to the present study. However, the findings of
this study, which reveals the usefulness of urinary
fibronectin and laminin as biomarkers for the detection of
glomerular injury is in agreement with other studies done
outside Nigeria (Hong and Chia, 1998; Fagerudd et al.,
1997; Andermann et al., 2008; Miyake et al., 1993).

This study is a hospital based cross-sectional study
with relatively small population size. Hence, the outcome
of the research may not be extrapolated or generalized
for the entire population. Also, the study was limited by
high cost of reagents being that it was sponsored by the
investigators.

Conclusion

This study suggests that assay for urinary fibronectin and
laminin, both of which showed high sensitivities and
negative predictive values, are useful in the evaluation
glomerular injury in type 2 DM patients. Compared to
urinary fibronectin, urinary laminin is a better screening
biomarker for early diabetic glomerular damage.
Although, the specificities of both biomarkers were low,
they are good alternatives to microalbuminuria in the
routine evaluation of type 2 DM patients for glomerular
injuries.
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