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Abstract Aims & Objectives: To measure
Microalbuminuria and hs-CRP in obese and non-obese male
hypertensive patients and control groups and to correlate
their levels with various stages of hypertension and different
grades of hypertensive retinal changes. Men have higher
prevalence of hypertension (29.4%) than women (26.5%)[1]
Materials & Methods: The study was conducted among 60
normotensive individuals and 60 hypertensive individuals
over a period of 6 months on OPD basis. All individuals were
males in the age group of 40-60 years. Blood samples were
collected and estimation of plasma glucose, urea, creatinine,
lipid profile, hs- CRP and Urinary microalbumin were done.
Results: The mean value of microalbuminuria and hs- CRP
were higher among obese hypertensives than obese controls
and were statistically significant. The changes in the mean
value of microalbuminuria and hs-CRP within the different
stages of hypertension were highly significant. Similarly the
correlation of microalbuminuria and hs-CRP within the
different grades of hypertensive retinal changes were highly
significant. Conclusion: The serum level of hs-CRP and
urinary microalbuminuria were elevated in hypertensive
patients. The increase of both hs- CRP and microalbuminuria
were significantly higher in obese hypertensives than
non-obese hypertensives. Microalbuminuria & hs CRP
levels correlate with various grades of hypertensive retinal
changes.

Keywords Hypertension, hs-CRP, Microalbuminuria,
Retinal Changes

1. Introduction

Hypertension is a common health problem and well

known risk factor for cardiovascular diseases. Being
clinically silent, it affects multiple organs and organ systems
like kidney, brain and heart. Cardiovascular disease caused
2.3 million deaths in India in the year 1990; this is projected
to be double by the year 2020. Epidemiological studies show
that hypertension is directly responsible for 24% of CHD
deaths. [2] Overweight and Obesity , the most common
nutritional disorders are found worldwide and prevalence of
these conditions in US ranks high in men 29.4% than women
26.5% in 2011-2014.[1]

Inflammatory processes play an important role in the
vascular beds of hypertensive patients. The increasing levels
of blood pressure may promote endothelial expression of
cytokines and stimulates pro-inflammatory response in the
arterial wall; thus resulting in vascular end-organ damage. [3]
Obese individuals produce inflammatory markers referred as
adipocytokines secreted by the adipose tissue under the
influence of pro-inflammatory cytokines.[4] The most
common available inflammatory marker of vascular
endothelial damage are hs-CRP and microalbumin. hs-CRP
is a well-known systemic marker of low grade inflammation
that predicts future cardiovascular disease in apparently
healthy subjects. [S] The American Heart Association and
Centre for Disease Control and Prevention have recently
issued a class Ila recommendation for measurement of CRP
in primary prevention among those hypertensive patients at
intermediate risk. Hs-CRP is also strongly associated with
obesity and obesity related diseases like insulin resistance,
DM and hyperlipidemia.CRP is also produced by cells in
adipose tissue in response to inflammatory stimuli. [6]
Urinary albumin excretion is seen in a large proportion of
essential hypertensive patients, reflecting early endothelial
damage in vascular tree of the kidney. Microalbuminuria is a
condition with low but abnormal amount of albumin in
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urine.Microalbuminuria is an abnormal urinary excretion
rate of albumin between the range of 30-300 mg/g
creatinine.[7] Studies have shown that microalbuminuria is
prevalent in 37.5% of patients with essential hypertension.
The leakage in the glomeruli is probably due to general
increase in capillary permeability of system vasculature. [§]

2. Materials & Methods

The study was conducted among 134 males in the age
group of 40-60years over a period of 6 months on OPD basis
and 120 people were selected based on exclusion criteria.
They were classified as normotensives and hypertensives
based on JNC 8 classification as shown in table1.[9] Among
them 60 were normotensive individuals and 60 were
hypertensives.The normotensive group consisted of 30
non-obese (BMI <24.9) and 30 obese (BMI >25) subjects.
The hypertensive group consisted of 30 non-obese (BMI
<24.9) and 30 obese (BMI >25) subjects. EXCLUSION
CRITERIA:AIll the participants had undergone a complete
medical history with the following exclusion criterias like
Diabetes mellitus, Prediabetes( FPG 100-125mg/dl and
PPPG 140-199 mg/dL ), Nephropathy (Creatinine >1.5
mg/1),0Overt proteinuria and Active infection. INCLUSION
CRITERIA: Male aged 40-60 yrs, non- smokers and non-
alcoholics with hypertension and no other co-morbidities.
The normotensives with blood pressure <120/80 mmHg
were selected as control group. Patients with hypertension
were divided into three stages of hypertension according to
JNC-8. Hypertensive retinal changes were studied using
zeiss F450 fundus camera. The Keith —Wagener- Barker
classification of retinal changes in hypertension based on

general narrowing of arterioles, focal spasm, hemorrhage,
exudates and papilledema were followed. The Keith —
Wagener- Barker classification of retinal changes in
hypertension has been shown in table 2. [10]

A total of 120 samples were analysed from 60
normotensive and 60 hypertensive males of age group 40-60
yrs. The normotensive group of 60 subjects was divided into
30 non-obese individuals and 30 obese individuals. Similarly,
the hypertensivegroup of 60 subjects were divided into 30
non-obese individuals and 30 obese individuals. Fasting
plasma glucose, post prandial plasma glucose, cholesterol,
TGL, HDL,LDL, urea , creatinine, hs- CRP and urinary
microalbumin were analysed. The data was analysed using
SPSS programme. The mean and SD were calculated for all
the parameters. The significance between the groups was
determined using t-test for equality of means. The P value <
0.05 was considered as significant and indicated as * mark.

The blood samples were collected after overnight or 12
hours fasting in vacutainers for estimation. Blood samples
were separated by centrifugation at 2400 rpm. Estimation of
glucose [hexokinase method], [11] urea [urease method],[12]
Creatinine[modified jaffes kinetic method], [13] lipid
profile[direct enzymatic method] [14] and Urinary
microalbumin [immunoturbidimetric method] [15] were
done in Beckman coulter AU480. hs- CRP was done by
immunoturbidimetricmethod. [16] For adequate quality
control both normal and abnormal reference control
solutions and calibrators were run before each batch. Other
factors influencing quality like proper functioning of
instrument, temperature, glassware, cuvettes and distilled
water were taken care of properly before analysis.

Table 1. JNC 8 classification of hypertension
CLASSIFICATION SBP[mm/Hg] DBP[mm/Hg]|

Normal <120 AND <80

Prehypertension 120-139 OR 80-89

Stage 1 HTN 140-159 OR 90-99

Stage 2 HTN >160 OR >100

Table 2. Keith ~Wagener- Barker classification of retinal changes in hypertension
Degree General narrowing AV ratio (a) Focal spasm(b) Hemorrhage Exudate Papilledema

Normal 3:4 1:1 0 0 0
Grade | 1:2 1:1 0 0 0
Grade 11 1:3 2:3 0 0 0
Grade 11 1:4 1:3 + + 0
Grade IV Fine fibrous cords Obliteration of distal flow + + +

(a)  Ratio of arteriolar to venous diameter

(b)  Ratio of diameter of region of spasm to proximal arteriole.
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3. Results

In the present study the mean and SD of physical
parameters of control and hypertensives were shown in
Table 3. BMI had significant difference on comparison of
obese with non-obese control group.[p =0.000"] The mean
value of SBP and DBP of hypertensive group were
significantly higher than control group. The comparison of
physical parameters of non-obese controls with non-obese
hypertensives showed high significance of SBP and DBP as
shown in table 4.Similarly the comparison of physical
parameters of obese controls with obese hypertensives had
high significance of SBP and DBP as shown in table 5.

Table 3. Comparison of Physical Parameters Between Control and
Hypertensive group
CONTROL | HYPERTENSIVE
PARAMETERS N=60 N=60 P-VALUE
AGE S51.77(£5.7) 52.77(£6.3) 1.000
BMI 25.45(%5.7) 24.87(+3.6) 1.000
SBP(mm Hg) 116.17(+8.6) 160.85(+18.2) 0.000"
DBP(mm Hg) 77.33(24.5) 94.75(£12.7) 0.000"

Table 4. Comparison of Physical Parameters of Non-Obese Control and
Non-Obese  Hypertensive Group

Table 5. Comparison of Physical Parameters of Obese Control and Obese
Hypertensive Group

CONTROL | HYPERTENSIVE
PARAMETERS Obese Obese P-VALUE
N=30 N=30
AGE 50.65(£5.5) 52.75(6.4) 1.000
BMI 28.81(£6.5) 27.52(23.1) 1.000
SBP(mm Hg) | 119.35(:9.4) 174.32(219.2) 0.001"
DBP(mm Hg) | 78.64(x4.1) 98.91(%14.2) 0.001"

The comparison of biochemical parameters between
controls and hypertensives were shown in table 6. The mean
of fasting plasma glucose and post prandial plasma glucose
did not show significant difference, but the mean of
T.cholesterol, LDL, TGL, microalbuminuria and hs-CRP
were highly significant in hypertensive group. The mean of
HDL was significantly lower in hypertensives than the
controls.

Among the non-obese mean of fasting plasma glucose and
post prandial plasma glucose did not show significant
difference, but the mean of T.cholesterol, LDL and TGL
were highly significant in obese hypertensive group. The
mean of HDL was significantly lower in non-obese

CONTROL | HYPERTENSIVE hypertensives than the controls. The mean value of
PARAMETERS | Non-Obese Non-Obese P-VALUE | microalbuminuria and hs- CRP in non-obese controls and
AGE 5112: 30 N=30 hypertensives were highly significant. The comparison of
67(£6.0) 52.75(26.2) 1.000 ) :
BMI 22.14(+13) 22.16(+1.6) 1000 biochemical parameters of non-obese controls and
SBP (mm Hg) | 1124579) | 147.43(16.7) 0.001° hypertensives were shown in table 7.
DBP(mm Hg) | 76.64(+4.8) 90.51(+9.5) 0.001"
Table 6. Comparison of Biochemical Parameters between Control and Hypertensive Group
PARAMETERS COE:;;OL HYPE§I6E&VSIVE P-VALUE
FPG (mg/dL) 89.62(+11.6) 92.44(+11.0) 0.751
PPPG (mg/dL) 134.09(:20.0) 135.21(20.0) 0.132
CHOL (mg/dL) 167.73(+28.4) 213.11(239.0) 0.001"
TGL (mg/dL) 127.65(+63.4) 178.89(£92.1) 0.001"
HDL (mg/dL) 44.52(26.5) 34.61(£5.6) 0.001"
LDL (mg/dL) 90.11(+37.3) 175.12(+38.3) 0.001"
Microalbuminuria (mg/L) 12.80 (£5.9) 37.80(+21.8) 0.000"
hs-CRP (mg/dL) 0.27 (20.17) 0.73(x0.73) 0.000"

Table 7. Comparison of Biochemical Parameters between Non-Obese Control and Non-Obese Hypertensive Group

PARAMETERS COE:;;OL HYPEﬁIf é\l SIVE P-VALUE
FPG (mg/dL) 87.62(x10.7) 89.19(x10.7) 0.781
PPPG (mg/dL) 132.13(£20.6) 126.67(+13.6) 0.589
CHOL (mg/dL) 144.67(+43.0) 171.87(x18.3) 0.021"
TGL (mg/dL) 107.82(£67.5) 156.37(x92.2) 0.046
HDL (mg/dL) 46.34(£7.4) 38.18(+4.9) 0.007"
LDL (mg/dL) 87.11(£9.2) 151.68(+32.7) 0.002"
Microalbuminuria (mg/L) 12.63 (£5.8) 25.53 (£13.3) 0.000"
hs-CRP (mg/dL) 0.19(=0.16) 0.50(£0.57) 0.000"
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Among the obesecontrol and obese hypertensive subjects
comparison of biochemical parameters showed a significant
difference as shown in table 8. The mean of T.cholesterol,
LDL and TGL were highly significant in obese
hypertensives and the mean of HDL was significantly lower
in obese hypertensives than the controls. The mean value of

microalbuminuria and hs-CRP in obese control and
hypertensive groups were highly significant. Comparison of
microalbuminuriain  non-obese  &obese control and
hypertensive groups were shown in figurel. Comparison of
hs-CRP in non-obese & obese control and hypertensive
groups were shown in figure 2.

Table 8. Comparison of Biochemical Parameters between Obese Control and Obese Hypertensive Group

B COMTROL N=30

PARAMETERS Cog:;:)OL HYPE];:;%\J SIVE P-VALUE
FPG (mg/dL) 91.53(+12.6) 95.80(+11.5) 0.442
PPPG (mg/dL) 136.81(£9.4) 139.77(+15.5) 0.496
CHOL (mg/dL) 189.93(37.3) 256.23(27.6) 0.001"
TGL (mg/dL) 147.63(£59.6) 202.27(£87.5) 0.001"
HDL (mg/dL) 42.70(5.5) 31.70(x6.0) 0.002"
LDL (mg/dL) 94.30(+22.3) 198.07(+43.3) 0.001"
Microalbuminuria (mg/L) 13.08(x6.1) 48.46(+22.7) 0.000"
hs-CRP (mg/dL) 0.35(x0.16) 0.96(=0.81) 0.000"

48.46

Microalbuminuria [mg/dl]
H HYPERTENSIVE N=30

NOMN-OBESE

OBESE

Figure 1.

Comparison of Microalbuminuriabetween Non-obese &Obese Control and Hypertensive Group.

hs-CRP mg/dl
= CONTROL N=30 smHYPERTENSIVE N=30

48.46

e

NON-OBE SE

OBE SE

Figure 2.

Comparison of hs-CRP between Non-obese & Obese Control and Hypertensive Group
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Number of cases in stage preHT, I and II of hypertension
were 12, 36 and 12 respectively. The comparison of mean
values of microalbuminuria and hs-CRP in various stages of
hypertension were shown in table 9 and figure 3 &4.
Microalbuminuria and hs- CRP values had significant
increase according to the stages of HT and the values were
increasing proportionately.

Table 10 shows the number of cases with hypertensive
retinal changes, according to the grades. Out of 60
hypertensive subjects 24,17,13 and 6 were in grade 0, grade 1,
grade II and grade III. The comparison of microalbuminuria
and hs-CRP according to the grades of HRC indicates a
significant increase and were significant statistically.[p-
value 0.000]

Table 9. Comparison of Microalbuminuria & hs-CRP in various Stages of Hypertension

PARAMETERS STAGIE:Plrze HTN STA(I\}J];33I6HTN STA(;EE HTN P-VALUE
Microalbuminuria (mg/L) 24.93(+10.04) 34.90(+18.76) 55.23(£27.94) 0.001"
hs-CRP (mg/dL) 0.56(+0.091) 0.60(+0.46) 1.27(+1.00) 0.014"
= Microalbuminuria {mg/L) 55.23

60
50

a0 24,93
30
20
10
]

STAGE Pre HTN STAGEIHTN STAGEIIHTN
Figure 3. Comparison of Microalbuminuriain various Stages of Hypertension
W hs-CRP (mg/dL) 127
1.4
1.2
1
0.56 0.6
0.8
0.6
0.4
0.2
1]
STAGE Pre HTN STAGEIHTN STAGEIIHTN
Figure 4. Comparison oths-CRPin various Stages of Hypertension
Table 10. Comparison of Microalbuminuria&hs-CRPin various Grades of Hypertensive Retinal changes (HRC).
PARAMETERS GI;;:IZ):E 0 GI;;:II):: ! GI;/:II);E 2 GR;?:D6E 3 P-VALUE
Mi““;'}:}’g‘/‘l‘j‘)i““’i“ 15.78(:9.46) 36.92(+16.75) 46.36(£19.03) 72.23(21.92) 0.000"
hs-CRP (mg/dL) 0.32(+0.38) 0.64(=0.40) 1.28(+1.01) 0.92(£0.28) 0.000"
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Figure S.

Comparison of Microalbuminuriain various Grades of Hypertensive Retinal changes (HRC).
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Figure 6. Comparison of hs-CRP in various Grades of Hypertensive Retinal changes (HRC).

In stage preHT, 10 cases were reported in grade 0 and 2
cases in grade 1. Out of 36 subjects in stage I hypertension
14,13,8 and 1 cases were reported with grade 0, grade I,
grade II and grade III of hypertensive retinal changes which
had significant difference within the group. Out of 12
subjects in stage III hypertension 2,5 and 5 cases were
reported in grade I, grade II and grade III of hypertensive
retinal changes and the p wvalue was not significant..
Comparison of Microalbuminuriain & hs CRP in various
Grades of Hypertensive Retinal changes (HRC) were shown
in figure 5&6.

4. Discussion

Several studies have shown C-reactive protein as an early
biomarker of inflammation and urinary microalbumin as an
early indicator of endothelial dysfunction. Roberto Pedrinelli

studied albuminuria and CRP as markers of systemic
low-grade inflammation, which are frequently elevated in
essential hypertensive patients without overt cardiovascular
and renal diseases. Moreover the two parameters were high
in individuals with greater BMI.[3]

In the present study, the physical parameters were
compared between non-obese and obese individuals of the
control group. BMI showed a significant difference, but
other parameters SBP and DBP did not show significant
difference between non-obese and obese controls. The
physical parameters were compared between non-obese
hypertension and obese hypertensives. BMI was significant
statistically [p value =0.000] among them. The mean value of
SBP& DBP of obese hypertensives were significantly higher
than non-obese hypertensives.

Many studies suggest that abdominal obesity is more
closely associated with high BP. According to Framingham
cohort [17] obesity accounts for 78% and 65% of essential
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Hypertension in men and women. Elevated BP due to obesity
can cause long term damage to the body’s vital organs and
functions.[18] Furthermore, obesity causes the endothelium
to be exposed to mechanical forces and cardiovascular risk
factors that alters vascular structure and function. Thus there
is evidence that obesity is associated with peripheral and
coronary endothelial dysfunction.[19]

The biochemical parameters between the control and
hypertensive group were compared. The mean value of
T.cholesterol, TGL and LDL were significantly higher than
the control group. Barbara Glowinska et al studied serum
profile in hypertensive patients. The result had abnormal
pattern in total cholesterol, TGL and LDL in hypertensives
that proved to cause atheromatous changes in blood vessels.
Normally, HDL c is formed from catabolism of TGL rich
lipoproteins. In hypertensives there is a reduction in the
fractional rate of removal of endogenous TGL. Thus serum
HDLc levels are reduced .[20] Obese individuals are
associated with increased abdominal fat which results in
increased  fatty acid release, thus leads to
hypertriglyceridemia. Thereby, obese hypertensive patients
have reduced HDLc due to increase of triglycerides.[21,17]

The mean of microalbuminuria in hypertensives was
highly significant than the control group and the increase was
statistically significant. Essential hypertensive patients have
increased albuminuria than normotensives. The increased
urinary albumin excretion in hypertension represents the
long term hemodynamic overload. This study has also shown
the association between urinary albumin excretion with
cardiac mass and increased vascular resistance.[22]
Microalbuminuria was compared between non-obese and
obese hypertensives which showed a significant
difference.[p value 0.000] Andreasdis et al [23] shown the
increase of microalbuminuria in obese hypertensive patients
and strongly suggested that microalbuminuria is associated
with central obesity, insulin resistance ,low HDL c, high
TGL and systolic hypertension.[24] hs-CRP  was
significantly higher in hypertensive group than the control
group. A prospective cohort study by Yasmin GM et al in
female aged 45 yrs or older have proved the association of
CRP with hypertension. As comparison of hs-CRP between
non-obese and obese control had significant difference,
comparison was made between non-obese control and
non-obese hypertensives as well as obese control and obese
hypertensives and it was statistically significant. Obesity
especially abdominal obesity is associated with elevations of
hs-CRP. 1t is of pathogenic significance as it stimulates the
uptake of LDL by macrophages and induces complement
system which causes cellular damage in the artery and
enhances monocyte production of tissue factor and increases
the risk of thrombosis.[25]Hence hs —CRP is a marker of
vascular inflammation; linking hypertension to vascular
discase.[26-29] CRP has gained much attention by the
Framingham Risk Score which suggested that CRP was
significantly a better and strong predictor of future
cardiovascular events than LDLc. [30] CRP’s predictive

power for vascular risk detection resides between 0.1-0.5
mg/dL, a level which is present in most of the healthy
individuals without inflammation; hence a high sensitive
assay was used. hs-CRP values <1 mg/L is considered as low
risk, 1-3 mg/L as intermediate risk and > 3mg/L as high risk.
The North American Association for the study of obesity
showed a positive correlation of hs-CRP with obesity. The
results were significantly related to the presence of metabolic
syndrome, hyperlipidemia and hypertension. Furthermore,
changes in hs-CRP were related to changes in weight, thus
supporting the hypothesis: life style modification reduces
inflammation and risk of CHD.[31]

Out of 60 cases of hypertension,12 cases were in stage
pre-HT, 36 cases were in stage I and 12 in stage II
hypertension respectively. The comparison of mean of
microalbuminuria has significant difference between the
groups with p value (0.001) The degree of microalbuminuria
shows positive correlation with stages of hypertension. The
findings of elevated urinary albumin excretion, correlating
with BP levels in insufficiently treated essential hypertension
has been shown in a study.[21] The mean of hs-CRP in stage
IT hypertension is significantly higher than stage Pre-HT and
I hypertension(p value 0.014).The link between BP and
vascular inflammation has been correlating with other
studies. The result showed elevation of CRP levels with
increasing stages of BP to be a strong independent
determinant of future cardiovascular events. Another data
suggests that CRP plays a direct role in promoting
hypertension.

Comparison of the mean value of microalbuminuria in
each grades of hypertensive retinal changes(HRC) were
proportionately increasing. Grade III HRC showed
significantly higher value than other grades of HRC. The
comparison between the groups is significant statistically.(p
value0.000) Microalbuminuria is a marker of target organ
damage in essential hypertensives that reflects endothelial
dysfunction. The Beaver Dam Eye Study and the Blue
Mountains Eye Study provided the increased rate of
prevalence of retinal changes in hypertensives. [32] Dodson
PM et al studied the clinical significance of stratifying
cardiovascular risk in hypertensive patients on the basis of
retinal changes. The result of high prevalence of retinal
changes with microalbuminuria in hypertension.[33]

Comparison of mean values of hs —CRP in each grades of
HRC shows an increase in hs- CRP as the grades of HRC
increases. But there is small decrease in grade III in
comparison to grade II but this could not be considered
because of very less number of case in grade III group.

Several clinical studies suggested that, the extent of retinal
vascular changes including retinopathy reflects the severity
and duration of hypertension. The MAGIC study had proved
the relationship between microalbuminuria and presence of
retinopathy and ECG abnormalities in hypertensive patients.
Major ECG abnormalities and vascular retinal changes are
thought to reflect pressure overload and atherosclerotic
vascular damage in essential hypertension patient and thus
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considered as predictors of future vascular events.[34]

5. Conclusions

The serum level of hs-CRP, an early marker of low grade
systemic inflammation is significantly elevated in
hypertensive group. Urinary Microalbuminuria
concentration, an early marker of endothelial dysfunction is
significantly elevated in hypertensive group. The increase of
both hs- CRP and microalbuminuria were significantly
higher in obese hypertensives than non-obese hypertensives.
Microalbuminuria & hs-CRP levels correlate with various
grades of hypertensive retinal changes.
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