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Introduction
Hypertension is the growing issues of public health 
problem of adult population in both developed as 
well as developing world, affecting single person in 
every four people.[1] The exact cause for hypertension 
is difficult to predict because hypertension results from 
a complex interaction of genes and environmental 
factors.[1] Microalbuminuria (MAU) in essential 
hypertension is associated with the increased mortality. 
Microalbuminuria is the independent risk factor to 
develop cardiovascular and cerebrovascular diseases. 

Furthermore, MAU has been described as an early sign of 
kidney damage and a redactor for end stage renal disease 
(ESRD) and cardiovascular disease.[2] MAU is defined as 
the increased urinary excretion of albuminuria (30-300 
mg/24 h) which cannot be detected by routine protein 
dipstick method.[3] Measurement of MAU can be done 
by using random spot urine sample. Due to the variation 
in urinary flow rate and concentration, the excreted 
urinary albumin can be adjusted to creatininuria. Thus, 
obtaining urinary albumin creatinine ratio (ACR) of 30-
300 mg albumin/g creatinine, corresponding to 3.4-33.9  
mg albumin/ mmol creatine can be considered positive 
ACR or microalbuminuria.[4]

Thus, it is of great importance to study urinary ACR 
and progression of kidney disease in hypertensive 
patients. This type of study has not been reported in 
Nepalese population so far. Thus, the objective of our 
study was to find out the prevalence and association 
of urinary microalbuminuria in newly diagnosed 
essential hypertensive patients in Nepalese population.
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Materials and Methods
This hospital based cross-sectional study was conducted 
in the Department of Biochemistry in collaboration with 
Department of Internal Medicine (nephrology unit), 
Tribhuvan University Teaching Hospital (TUTH), Nepal 
from 2008 February to 2010 August. Ethical approval 
was taken from the ethical board of TUTH, Kathmandu, 
Nepal. Written consent was taken from the participants. 
We enrolled 106 essential hypertensive cases of age 
between 25 years and 65 years and similar numbers as 
well as age of normotensive healthy controls were also 
enrolled.

Data collection
A medical history was taken and a physical examination 
was performed by a physician. Age, sex, and weight were 
collected from the participants. BMI was calculated by 
weight in kilogram divided by height in meter squared. We 
measured biochemical profile including total cholesterol 
(TC), high density lipoprotein cholesterol (HDL-C), low 
density lipoprotein cholesterol (LDL-C), triglyceride (TG), 
creatinine, and uric acid from all participants. The urine 
sample was also processed on the same day and estimated 
for urinary microalbuminuria and creatinine. Laboratory 
standard operation procedures were maintained for all 
laboratory analysis. Internal quality control sera, both 
normal, and pathological, were also run for each lot of 
the test, for the validation of the results.

Inclusion criteria
Subjects having age of more than 25 years and less than 
65 years with essential hypertension were enrolled as 
cases. Similarly, the age of more than 25 years and less 
than 65 years without hypertension were enrolled as a 
healthy control group.

Exclusion criteria
Subjects having age less than 25 years and more than 
65 years, diabetes mellitus, chronic kidney disease, end 
stage renal failure, nephrotic syndrome, pregnancy, and 
under steroid therapy were excluded from study.

Definition
Hypertension was categorized according to blood 
pressure readings by JNC-VII definitions: normal (systolic 
<120 mm Hg and diastolic <80 mm Hg), prehypertension 
(systolic 120 to 139 mm Hg or diastolic 80 to 89 mm 
Hg), hypertension stage I (systolic 140 to 159 mm Hg 
or diastolic 90 to 99 mm Hg), and hypertension stage II 
(systolic ≥160 or diastolic ≥100 mm Hg).[5] 

In spot urine sample albumin was measured quantitatively 
and adjusted to creatininuria then interpreted as albumin 

creatinine ratio (ACR) <3.4 mg albumin/mmol creatinine 
as normal albuminuria, ≥3.4-33.9 mg albumin/ mmol 
creatinine as microalbuminuria, and >33.9 mg 
albumin/ mmol creatinine as macroalbuminuria.[6] 

The formula of Cockcroft and Gault equation was used 
to calculate eGFR.[7] 

Calculation of eGFR in males:

eGFR = [140-age (in years)] × weight (in kg) × 88.4/[72 × 
serum creatinine (μmol/L)] .

A companion equation for women, based on their 15% 
lower muscle mass (on average): 

eGFR = [140-age (in years)] × weight (in kg) × 88.4 ×0.85/
[72 × serum creatinine (μmol/L)].

Statistical analysis
The data were analyzed using Excel 2003, R 2.8.0 Statistical 
Package for the Social Sciences (SPSS) for Windows 
Version 16.0 (SPSS Inc; Chicago, IL, USA). Association 
between hypertension and microalbuminuria was tested 
by Chi-square test. Odds ratio was also calculated. 
Comparison of mean of continuous data between stages 
different group of urinary ACR level was tested by 
ANOVA test. A P-value of <0.05 (two-tailed) was used 
to establish statistical significance.

Results
Table 1 shows the categorical association between 
hypertension and microalbuminuria. To define 
microalbuminuria, we had taken cut off point for 
urinary ACR ≥3.4 mg/mmol. Microalbuminuria 
in male hypertensive cases, female hypertensive 
cases, and total hypertensive cases were found to 
be 46.67, 58.7, and 51.88%, respectively. Similarly, 
microalbuminuria in male normotensive healthy 
controls, female normotensive healthy controls, and total 
normotensive healthy controls were found to be 12.08, 
14.58, and 13.2%, respectively. The association between 
hypertension and microalbuminuria was very strong 
(P-value <0.001).

Table 2 shows the prevalence of microalbuminuria 
according to sex and age in different stages of blood 
pressure. Prevalence of microalbuminuria increases with 
the level of blood pressure. Microalbuminuria was found 
in higher number with the advances of ages and it was 
again worse in female.

Table 3 shows the comparison of mean value of 
demographic, clinical, and biochemical characteristics 
to different level of ACR group. Serum level of total 
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cholesterol (P-value 0.178), TG (P-value 0.519), and LDL-C 
(P-value 0.077) were found to be insignificantly increased 
with the increased level of urinary ACR. However, 
serum level of HDL-C (P-value 0.013) was found to be 
significantly decreased with the increased level of urinary 
ACR. Similarly, serum level of uric acid (P-value 0.07) and 
creatinine (P-value <0.001) were found to be significantly 
increased with the increased level of urinary ACR. With 
the increases of age (P-value <0.001), the level of urinary 
ACR was also increased. Systolic blood pressure (P-value 
<0.001) and diastolic blood pressure (P-value <0.001) 
were significantly increased with the level of urinary ACR 
whereas eGFR (P-value <0.001) level was significantly 
decreased with increased level of urinary ACR.

Discussion
Among the 106 hypertensive patients, 51 patients 
with non CKD had normoalbuminuria, 42 patients 
had microalbuminuria,  and 13 patients  had 
macroalbuminuria. We found 51.88% of overall 
hypertensive patients had microalbuminuira positive 
and 13.2% of general population had microalbuminuria 

positive by taking the cut off point of ACR 3.4 mg 
albumin/mmol creatinine to define microalbuminuria. 
Some of the study showed approximately 30% of 
hypertensive patients had microalbuminuria positive[8,9] 
and some other studies reported even higher prevalence 
of microalbuminuria in hypertensive patients.[10,11]  

Strong association between microalbuminuria and 
hypertension was found. The association between MAU 
and hypertension is independent of renal function 
markers. Some factors bring about the high prevalence 
of MAU in our study. The newly diagnosed essential 
hypertension (with BP>140/90 mmHg) of age 25-
65  years visiting TUTH were enrolled in this study 
and the presence of obesity was not considered in both 
normal healthy controls who were enrolled after normal 
blood pressure (<120/80  mmHg) as well as hypertensive 
cases. Excess body weight has been reported to be 
associated with MAU and albuminuria independently of 
other risk factors such as hypertension and diabetes. We 
reported high prevalence of microalbuminuira (13.2%) in 
normotensive healthy controls and our report suggests 
that the presence of microalbuminuria may be due to 
different causes other than hypertension and diabetes.[12] 

Table 1: Distribution of study population according to microalbuminuria in male and Female (categorized by 
taking cut off point ≥3.4 mg albumin/mmol creatinine for microalbuminuria)

Male population Female population Total study population
Hypertension Control Hypertension Control Hypertension Control

Total number 60 58 46 48 106 106
Microalbuminuria 28 (46.67%) 7 (12.08%) 27 (58.7%) 7 (14.58%) 55 (51.88%) 14 (13.2%)
Applied Chi-square test, statistically significance at the level of P-value 0.05 Odds ratio (total) 7.086, 95% CI (3.593−13.977) P-value <0.001 Odds ratio (male) 
6.375, 95% CI (2.493−16.3) P-value <0.001 Odds ratio (female) 8.32, 95% CI (3.082−22.477)  P-value <0.001 P-value obtained from Chi-square test

Table 2: Prevalence (in percentage) of microalbuminuria in persons with hypertension
Age groups No hypertension Hypertension stage I Hypertension stage II All hypertensives
Male
25-34 years 1/16 (6.25) 2/5 (40) 4/11 (36.36) 6/16 (37.5)
35-44 years 2/14 (14.28) 2/8 (25) 3/7 (42.85) 5/15 (33.33)
45-54 years 3/16 (18.75) 3/6 (50) 3/9 (33.33) 6/15 (40)
55-64 years 1/12 (8.34) 3/5 (60) 2/3 (66.67) 5/8 (62.5)
25-65 years 7/58 (12.08) 10/24 (41.67) 12/30 (40) 22/54 (40.74)

Female
25-34 years 1/6 (16.67) 1/4 (25) 2/2 (100) 3/6 (50)
35-44 years 1/17 (5.88) 6/13 (46.15) 3/4 (75) 9/17 (52.94)
45-54 years 2/15 (13.33) 1/5 (20) 3/4 (75) 4/9 (44.44)
55-64 years 3/10 (30) 2/5 (40) 2/2 (100) 4/7 (57.14)
25-65 years 7/48 (14.58) 10/27 (37.03) 10/12 (83.33) 20/39 (51.28)

All participate
25-34 years 2/22 (9.09) 3/9 (33.34) 6/13 (46.15) 9/22 (40.9)
35-44 years 3/31 (9.67) 8/21 (38.09) 6/11 (54.54) 14/32 (43.75)
45-54 years 5/31 (16.13) 6/11 (54.54) 6/13 (46.15) 12/24 (50)
55-64 years 4/22 (18.18) 5/10 (50) 4/5 (80) 9/15 (60)
25-65 years 14/106 (13.2) 20/51 (39.21) 22/42 (91.66) 42/93 (45.16)

Percentage of microalbuminuria in particular group is given within parentheses. Prevalence for categories 25-64 years is standardized for age. Participants with 
macroalbuminuria (n = 13) were excluded from this analysis
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The prevalence of microalbuminuria in female 
hypertensive population and male hypertensive 
population were 58.7 and 46.67%, respectively. However, 
the prevalence of microalbuminuria between genders in 
normotensive population was hardly different which 
accounts for 14.58 and 12.08% of microalbuminuria in 
normotensive female population and normotensive 
male population, respectively. The prevalence of MAU 
in female hypertensive population was higher than in 
male hypertensive population of our study whereas 
the reverse was found in some other populations.[13] 
Increased prevalence of MAU in female than in male 
might be related to lower muscle mass (approximately 
15% less) hence low creatinuria in women. Therefore, 
some authors have suggested the use of sex-related cut-
off points to define MAU (2.5-30 mg albumin/ mmol 
creatinine for male and 3.5-30 mg albumin/mmol 
creatinine for female).[14,15] However, we have not used 
the sex-specific cut-off point of ACR. Moderately higher 
prevalence of microalbuminuria in male and lower 
microalbuminuria in female would results in case 
of using a sex-specific cut off point for urinary ACR. 
However, the overall prevalence of microalbuminuria 
might not be altered to a large extent. Such sex-
specific criteria might have a particular impact on the 
prevalence of microalbuminuria in the youngest age 
group in which muscle mass is high which may trigger 
somewhat increased urinary creatinine excretion. Besides 
chosen cut off points for urinary ACR, this difference 
may also be consistent with a increased prevalence of 
obesity in female hypertensive population than in male 
hypertensive population, but it was not considered 
in our study population. Obesity has been found to 

be an independent risk factor of microalbuminuria. 
Zheng et al. reported a possible association between a 
BMI and albuminuria.[16] The mean value of body mass 
index (BMI) was found to be increased insignificantly 
(P-value 0.09) with the increased level of ACR. Our 
result gives some support to the findings of Zheng et al. 
but insignificant.

We found that serum level of uric acid (P-value 0.047) 
and creatinine (P-value <0.001) were increased with 
the increased level of urinary ACR, although, both 
the parameters fell well within the normal reference 
range. An increasing urinary albumin excretion was 
noted with the severity of hypertension. The higher 
level of uric acid and creatinine with the increased 
level of urinary ACR may be due to subclinical ultra 
structural changes in the glomeruli of hypertensive 
patients. [17] Higher level of urinary ACR was noted 
with the advances of age (P-value <0.001). Proteinuria 
represents a predictor of progressive renal impairment in 
all form of glomerulonephritis.[18] Some studies reported 
that the presence of microalbuminuria in early stage of 
hypertension can be taken as an important independent 
predictor for progression of renal disease.[6,9,11]

Conclusion
We found strong association between microalbuminuria 
and hypertension. Hypertension is the established risk 
factor for cardiovascular disease and renal disease. 
By showing strong association between MAU and 
hypertension, our findings suggest that MAU could 
be a useful marker to assess risk management of 

Table 3: Demographic, clinical, and renal characteristics of participants with different level of ACR
Characteristic Normoalbuminuria  

(ACR <3.4 mg/mmol)
Microalbuminuria 

(ACR >3.4 and <33.9 mg/mmol)
Macroalbuminuria 

(ACR >33.9 mg/mmol)
P-value

Age, y 42.11 ± 10.23 (40.35-43.86) 44.71 ± 10.28 (42.18-47.24) 54.31 ± 6.98 (50.09-58.53) 0.000
No. of subjects 212 
(100%)

143(67.45%) 56 (26.41%) 13(6.1%)

Sex ratio (women/men) 
(93/119)

59/74 32/34 7/6

Body mass index, kg/m2 22.7 ± 2.52 (22.27-23.13) 23.4 ± 2.75 (22.73-24.08) 23.83 ± 1.23 (23.08-24.57) 0.09
Systolic arterial pressure, 
mm Hg

124.74 ± 16.98 (121.82-127-64) 135.52 ± 18.22 (131.04-139.99) 155 ± 19.04 (143.49-166.5) 0.000

Diastolic arterial 
pressure, mm Hg

81.8 ± 12.46 (79.66-83.94) 88.86 ± 12.2 (85.86-91.86) 96.92 ± 9.47 (91.19-102.64) 0.000

Serum creatinine, mg/dL 79.9 ± 16.48 (77.11-82.76) 106.14 ± 23.27 (100.4-111.85) 129 ± 30.58 (110.51-147.48) 0.000
Serum uric acid, mg/dL 243.06 ± 103.33 (225.33-260.78) 272.14 ± 121.59 (242.24-302.02) 307.46 ± 97.22 (248.71-366.21) 0.047
Total cholesterol, mg/dL 4.81 ± 0.85 (4.66-4.95) 4.98 ± 1.02 (4.72-5.23) 5.23 ± 1.02 (4.62-5.85) 0.178
HDL cholesterol, mg/dL 1.12 ± 0.26 (1.078-1.168) 1.05 ± 0.28 (0.98-1.12) 0.91 ± 0.28 (0.73-1.08) 0.013
LDL cholesterol, mg/dL 2.93 ± 0.86 (2.78-3.086) 3.15 ± 1.057 (2.89-3.41) 3.46 ± 0.93 (2.9-4.03) 0.077
Triglycendes, mg/dL 1.648 ± 0.74 (1.52-1.77) 1.7 ± 0.78 (1.51-1.89) 1.89 ± 0.87 (1.36-2.41) 0.519
Glomerular filtration 
rate, mL/min per 1.73 m2

94.6 ± 26.24 (90.1-99.1) 82.62 ± 19.99 (77.7-87.53) 72.78 ± 17.9 (61.69-83.6) 0.000

Applied one way ANOVA, statistically significant at P-value <0.05, ACR: Albumin creatinine ratio
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cardiovascular disease and renal disease. Further 
studies in large scale population are required to further 
verification of MAU as a screening tool to predict 
cardiovascular and renal disease.
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