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Introduction 

Recent studies demonstrated that body mass index (BMI) above 25 
kg/m2 in young adults is associated with an increased risk for end-
stage renal disease in normal as well as subjects with a specific 
renal parenchymal disorder, hypertension, or diabetes [1]. An inde-
pendent correlation between 24Hrs. urinary calcium excretion and 
other factors such as demographic, dietary, and urinary factors 
have been reported [2]. Chung, et al (2012) investigated the influ-
ence of over weight on 24Hrs. urine chemistry studies and recurrent 
urolithiasis (UL) in children and did not find difference in 24Hrs. 
urine chemistry [3]. In another study, a positive relationship was 
observed between BMI and excretion of inorganic constituents of 
urine [4]. Siener, et al [5] found an inverse relationship between 
urinary pH and BMI. However the existing data failed to demon-
strate mechanisms underlying of relationship between BMI and 
renal handling of water and urine output in normal subjects. Further 
it is still not clear whether it is the water related increase in fat store, 
which is responsible for weight gain leading to increase in BMI or it 
is the feedback loop between adipose tissue and central neural 
mechanism modulating fluid electrolyte balance and thus results in 
fluid retention. We therefore aimed to establish whether healthy 
subjects with increased BMI are associated with altered fluid elec-
trolyte balance and demonstrate retention of fluid as compared with 
normal BMI and attempt to identify the factors responsible for al-
tered fluid electrolyte balance in healthy subjects with increased 
BMI. Present study is aimed to study the relationship of BMI with 
physical characteristics of urine such as volume, specific gravity 

and pH as index of fluid balance in healthy subjects with increased 

BMI.  

Material and Methods 

The 30 normotensive male healthy subjects for the study were se-
lected amongst the patient’s relatives visiting RVMS Hospital Mum-
bai, India on voluntary basis. Salt intake index and sweat index of 
the each subject was assessed as rating scale based on dietary 
habit and life style. The height and weight of the subjects were 
measured to calculate BMI of the subjects. The subjects were 
screened for basal blood pressure in supine condition after 10 
minutes of rest followed by detailed medical history to ensure that 
subjects included in the study are without any chronic disease. All 
the subjects were found normotensive and normal healthy individu-
als. A written informed consent by the subjects was obtained for 
participation in the study. The protocol for the study was duly ap-
proved by the institutional ethical committee of AIMST University. 
The subjects for present study were of age ranging between 25 to 

35 years and BMI ranging between 20 to 38 kg/m. 

Methodology 

The subjects were informed about study and relevant preparations 
such as constituents of breakfast, time of breakfast and liquid intake 
prior to inclusion of the study to ensure uniform homeostatic envi-
ronment. After 2 Hrs. of fasting, subjects were asked to void urine. 
Each subject was asked to drink 500 ml of water quickly and wait in 
the lab and asked to void urine at an interval of 30 minutes, 60 
minutes and 90 minutes. Urine samples were collected for volume, 
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specific gravity, pH measurement. Renal output/ per hour was com-
puted using sum of total urine volume collected divided by 1.5. Re-
sults were tabulated for further analysis and interpretation. The 
statistical analysis was done with the help of computer software 
Statistical Package for Social Sciences (SPSS) version 11.5. All 
values were presented as mean ± standard deviation. Correlation 
between BMI values and urinary outflow per hour, specific gravity 

and pH was assessed using correlation coefficient. 

Observation 

We determine urine output, specific gravity and pH of urine of 30 
normotensive male healthy subjects (age 24-45 Yrs.) with BMI from 
20 to 38 kg/m after ingestion of 500 ml water. The subjects were 
categorized according to BMI as group I (BMI = 25-29.9 kg/m2) and 
group II (BMI= 30-36 kg/m2). The mean age of the subjects was 
36.03 ± 14.48 while 32.09 ± 9.9 in group I and 38.32 ± 12.46 in 

group II. 

Mean urinary output calculated per hour was found to be 201.03± 
62.18 ml/hr. while in group I was 254± 82.98 ml/hr. and group II 
demonstrated lower urine output (172± 34.55 ml/hr.). The Mean 
specific gravity of Group I was observed 1.013 as compared to 
1.023 seen in group II. The mean urinary pH was 6.56 ± 1.35, but 

group I shows 6.9± 0.96 and 6.2 ± 0.59 in group II subjects.  

Intergroup comparison was done between the two groups by apply-
ing the t-test. The difference of urine output was found to be statisti-
cally significant between group I and group II (P = 0.001), suggest-
ing subjects with higher BMI had the lowest mean urinary output as 
compared to group I comprises of normal BMI. Though intergroup 
analysis of mean specific gravity and mean pH demonstrated higher 
pH of urine and specific gravity in group II as compared to group I, 
but difference was not found to be statistically significant. Correla-
tion coefficient was calculated to determine relationship between 
Urinary output/hr., specific gravity and pH. It was observed urinary 
output showed positive correlation (r =0.403) between urine output /
hr and BMI. The relationship between Specific gravity or pH and 

BMI demonstrated bizarre pattern. 

Discussion 

Increased risk of renal disease has been demonstrated in the 
healthy subjects having increased BMI (more than 25 kg/m2) possi-
bly due to altered renal hemodynamics [6]. Krikken, et al described 
relationships between body mass index (BMI), salt intake, glomeru-
lar filtration rate, and filtration fraction in healthy young men [7]. The 
purpose of our study was to investigate the impact of increased BMI 
on fluid & electrolyte balance inn healthy subjects after oral load of 
500 ml water. It is seen that healthy subjects with BMI of more than 
30 kg/m2 had decreased urine output/hr as compared to those with 
BMI between 20-29 30 kg/m2. The findings of the present study 
reveal a positive inverse relationship between BMI and hourly urine 
output [Fig-1], thus suggests the possibility of variations in normal 
renal hemodynamic process. The possible underlying mechanism 
of the decreased urine output could be (i) induced thermogenesis 
by oral fluid load (ii) fluid retention attributed to dietary salt through 
processed food intake, leading the cascade of physiological pro-
cess, finally results in to increased water related fat store, weight 
gain or elevated leptin hormone level which may increase renal 
sympathetic out-flow and cause increase sodium retention and 
volume expansion [8]. Recently it has been hypothesized that adi-
pocytokines secretion from adipose tissue together with cytokines 
may be the key players of the feedback loop between adipose tis-

sue and feeding centers of the central nervous system, responsible 
abnormal feeding regulation leading to weight gain and associated 

changes in cardiovascular -renal physiology [9].  

Fig. 1- Correlation between variation in BMI and Urine output per 

hour 

Present study measured the specific gravity and pH of urine to esti-
mate hydration status and solute concentration. It was observed 
that subjects with higher BMI (30-38 kg/m2 ) demonstrated increase 
in the specific gravity and decrease in urine pH as compared to 

subjects with BMI ranging 20-29 kg/m2. 

The relationship between urine pH and BMI in patients of renal 
stones, urolithiasis has been investigation in several studies[10-12] 
and found positive correlation. It has been reported that with in-
crease in BMI, the pH of the urine declines. Increased prevalence of 
history of renal stone is directly associated with increase in BMI 
[13]. The possible reason of decrease in pH with increase in BMI is 
reported to be the hyperinsulinaemia or insulin resistances which 

may cause alter renal salt and water handling mechanism [14]. 

Conclusion 

The finding of the present study suggest that possibly it may be the 
altered fluid electrolyte balance in normal healthy adults, which is 
responsible for increased water -related weight gain leading to in-
crease in fat storage and result in increased body mass index 
(BMI). Future research is warranted to understand the mechanism 
of action of adipocytokines or other key players of the feedback 
loop between adipose tissue and neuroendocrine centers, responsi-

ble abnormal renal hemodynamics and weight gain. 
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