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Objectives: The study was designed to estimate daily salt intake, its discretionary use in healthy 

individuals and to validate three common methods for salt estimation in Pakistani population . 

Methodology: Information on demography and discretionary salt use was collected from 

healthy adults (>18 years) along with a blood sample, spot and 24 hour urine samples. Sodium, 

chloride, potassium levels and serum creatinine were measured using standard methods. For 

daily salt estimation, three common methods i.e. INTERSALT, Tanaka and Kawasaki were 

validated for their applicability in local settings.  

Results: Overall 24 h sodium excretion was 158 mmol/l indicating intake of 8.64 (±4.43) grams 

salt per day which was significantly associated with male gender (p. <0.004) and adding salt 

during cooking (p. <0.0001). Most (73%) of the participants know about hazardous effects of 

high salt intake, however, only 25% consider important to lower salt intake. None of three 

methods i.e. INTERSALT (bias: -19.64; CCC -0.79), Tanaka (bias: 167.35; CCC -0.37) and 

Kawasaki (bias: -42.49, CCC -0.79) showed any agreement between measured and estimated 

24 hour sodium. 

Conclusion: Daily intake of salt was high which increases the risk for hypertension. 

Comparison of methods for estimation revealed that none of the three methods could be used 

for estimating daily intake of salt in local settings of Pakistan. 
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INTRODUCTION 

High intake of salt is associated with increased risk of 

hypertension, heart diseases and gastric cancer.1 In 

most of the countries, average daily salt intake ranges 

9-12 g/day  that is much higher than recommended 

i.e.<5g/day.2 It has been reported that non-

communicable diseases (NCDs) burden could be 

decreased in the population by lowering salt intake. 

This will help in reducing the burden of NCDs 

globally with low cost.3 Keeping in view the 

importance, the member states of WHO agreed to 

usefulness of reducing salt intake, the WHO member 

states have agreed for 30% decrease in sodium intake 

till 2025.4  

Estimation of daily salt is an important step to observe 

the level of sodium intake among general population 

which can provide the way forward to public health 

initiatives. For daily salt estimation, the 24 hour urine 

collection is the standard method for salt estimation 

but is laborious and troublesome especially for healthy 

individuals. In order to overcome hurdles associated 

with 24 hour urine collection, different mathematical 

equations have been formulated using spot urine.5, 6 

Although spot test does not provide accurate 

prediction for 24 hour sodium, however, this test can 

be used for population estimates and can provide 

adequate information for monitoring.7 

Despite the rising burden of NCDs, especially 

hypertension and cardiovascular diseases (CVDs) in 

Pakistan,8 information on the daily salt intake and its 

discretionary use was not available. Similarly, to our 

best knowledge, there was no report available 

addressing the issue of daily salt estimation in the local 

population. Therefore, this study was planned to 

estimate daily salt intake as implication for risk factor 

for hypertension and comparison of methods used for 

salt estimation using spot urine. 

METHODOLOGY 

This was a descriptive cross-sectional study conducted 

at Islamabad. Total of 120 healthy subjects aged more 

than 18 years were enrolled using non-probability 

convenient sampling. Those who had a history of 

hypertension or currently hypertensive, taking any 

medications, difficulty in collecting urine and had 

pregnancy were excluded. It was assured that 

participants were healthy and were not suffering from 

https://doi.org/10.47144/phj.v54i4.2141
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fever, diarrhea or any other infections at the time of 

sample collection. 

Information about demographics, discretionary salt 

use, awareness about the hazards of increased salt 

intake and their attitude for salt control was collected 

from the residents of Islamabad using a pre-designed 

questionnaire. Weight and height were measured as 

per standard protocol. The data was collected by a 

trained data collector who also briefed the participants 

about the process of sample collection. All testing was 

done at Excel Lab (Pvt.) Ltd which is registered in the 

Programs for Excellence in Laboratory testing of the 

College of American Pathologists. The Excel Lab 

(Pvt) Ltd has sample collection points in the entire city 

of Islamabad.   

After enrollment, data of each participant registered in 

Excel lab (Pvt) Ltd database along with detail of tests 

to be carried out which automatically generated a 

unique identification number along with barcodes for 

each test. These barcodes were placed on spot and 24-

hour urine collection containers and gel tube for a 

blood sample.  

Two labeled collection containers (each separate for 

24 hour urine and spot urine sample) were given to the 

participants. All participants were briefed about the 

process of collection of both spot and 24 h urine 

collection. They were asked to discard the first urine 

sample at 8.00 am on starting day while including the 

first sample on the second day at 8.00 am.  

The participants collected 24 hour urine samples as per 

convenience but preferably on the weekend. Majority 

of samples were collected on the weekend where the 

participants started their urine collection on Saturday 

morning till Sunday morning. The blood samples were 

collected during the urine collection for estimation of 

serum creatinine and electrolytes. The participants 

living in close vicinity of the Excel Labs collection 

points dropped their sample at their nearest point in the 

morning after completing 24 hour collection of urine. 

The participants provided second morning urine 

sample as a spot sample when coming to Laboratory. 

From these collection points, samples were 

immediately transported to main laboratory for testing.  

Those participants, who lived far from collection 

points or reluctant to visit collection point, data 

collectors themselves visited their home in the early 

morning. They also provided second morning urine 

sample as a spot sample. This helped us to assure that 

second-morning sample was taken as spot sample and 

was not part of 24 hour urine sample. The data 

collectors picked samples from their home and directly 

dropped at the main lab for analysis. 

Each 24 hour sample was assessed for its 

completeness. Those samples having volume <0.5 mL 

and reported missed collection were discarded. 

Similarly samples collected outside the range of 24±2h 

were also excluded. All samples were analyzed on the 

day of their collection. The potassium, sodium, and 

chloride were tested using electrode method while 

serum creatinine was done using the kinetic Jaffe 

reaction along with controls. 

Ethics Statement: Institutional Bioethics Committee 

of Pakistan Health Research Council provided ethical 

clearance. The research work carried according to the 

Helsinki Declaration and all participants gave written 

informed consent for their participation.   

Statistical analysis: The data was entered in MS 

Excel and analyzed using SPSS 21 (SPSS & IBM, Inc, 

Chicago, Illinois, USA) for analysis. Tukey test9 was 

used to check outliers at either side, categorized as 

'outside' or 'far out' values. The outside and far out 

values were removed from data. Finally data of 106 

participants was analyzed.   

Gender wise difference between demographic 

characteristics and various analytes was determined 

using independent sample t-test while discretionary 

salt use and its association with risk factors was 

assessed by multivariate logistic regression.   

The intake of salt on daily basis was calculated by the 

formula described elsewhere10 while 24 hour sodium 

in urine was estimated using Tanaka5, Kawasaki6, and 

INTERSALT11 methods. Paired t-test was applied to 

assess the difference between 24 hour measured and 

estimated salt intake. Correlation methods 

(concordance correlation co-efficient and intraclass 

consistency was used for determining the validity of 

three methods for estimating 24 hour sodium by 

visualizing on scatter plot.  Systematic bias between 

measured and estimated sodium was assessed by 

Bland and Altman plot. P-value (<0.05) was 

considered statistically significant. 

RESULTS 

Out of 120 participants, 92 (77%) were males and 28 

(23%) were females. The mean BMI (Body mass 

index) was 39 (±11.47) and mean age was 26.5 (±5.0) 

years. The mean volume of 24 hour urine was 1501 

(±884) ml/day. Similarly, mean serum creatinine level 

was 0.88 (±.15) mg/dl ranged between 0.5 to 1.2 mg/dl 

and 24-hour urine creatinine clearance was 107.9 

(±38.8) ml/min indicating normal kidney function. 

There was no significant difference between male and 

female for these analytes except sodium which was 

higher in females as compared to males (p<0.002) 
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Mean 24 hour sodium concentration was 158 mmol/l, 

which is almost equal to 8.64 ±4.43 g salt per day. 

There was a significant association between 

discretionary salt use with male gender (p <0.004) and 

adding salt during cooking (p <0.0001). However, 

there was no difference for age, BMI, adding salt on 

dinning, took salty food from restaurant, and 

knowledge about the impact of high salt on health 

(Table 1). 

Table 1: Association of discretionary salt with 

different risk factors 

Description P-Value 
Odds Ratio 

95% Confidence Interval 

Age 0.374 
2.04 

(0.63 - 6.65) 

Gender (Male) 0.004 
5.31 

(1.88 - 15.02) 

BMI 0.752 
1.66 

(0.58 - 4.74) 

Adding Salt 

during Cooking 
<0.001 

0.97 

(0.94 - 1.00) 

Adding Salt 
during Dinning 

0.584 
0.66 

(0.25 - 1.73) 

Eaten salty food 

from restaurant,  
0.842 

1.46 

(0.48 - 4.41) 

 Knowledge about 
the impact of high 

salt on health  

0.126 
0.487 

(0.150-1.578) 

A majority (71%) of the participants were using salt in 

their daily food while more than half were also adding 

extra salt at the dining table. When inquired from 

participants that how they categorized themselves 

regarding salt consumption, 91% believed it as per 

their need. Most (73%) of them were aware about the 

impact of extra use of salt on their health. Among all, 

71% knew that it might cause hypertension and 11% 

associate this with bone diseases. Only few 

participants were aware that high level of salt might 

also cause gastric cancer and kidney stones. Twenty-

five per cent of participants believed that reduction in 

daily salt intake is important for their health while 

others considered this either less important (57%) or 

gave no importance (17%).  

Tanaka and Kawasaki equations showed significant 

difference between measured and estimated 24 hour 

sodium. However, the difference between measured 

and estimated 24 hour sodium using INTERSALT 

method was insignificant (p. 0.09). Correlation 

analysis showed that none of three methods i.e. 

INTERSALT (bias: -19.64; CCC -0.79), Tanaka (bias: 

167.35; CCC -0.37) and Kawasaki (bias: -42.49, CCC 

-0.79) had showed agreement between estimated and 

measured 24 hour sodium. (Table 2, Figure 1). 

Similarly, the Bland Altman plot also indicated an 

inconsistent pattern between estimated and measured 

24 hour sodium (Figure 2). 

 

Figure 2: Bland Altman plot of measured 24-h 

urine sodium excretion versus INTERSALT (A), 

Kawasaki (B) and Tanaka (C) method estimated 

24-h (mmol/L) 
The difference between measured and estimated was all estimated 
values minus the measured values. The mid red line is representing 

the mean difference or bias between measured and estimated values 

while the dashed line represents 95% limits of agreement of the 
mean difference (±1.96SD)
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Table 2: Comparison of measured (24 h) and estimated sodium 
Description Mean Difference Stand 

Error 

Concordance Correlation 

Coefficient 

Intraclass Correlation 

Coefficient 

Measured Na (mmol/L) Reference Reference Reference Reference 

Intersalt (mmol/L) -19.64 11.65 -0.79(-0.84 to -0.69) -0.63(-0.74 to -0.50) 

Tanaka (mmol/L) 167.35* 12.31 -0.37(-0.53 to -0.19) -0.33(-0.49 to -0.15) 

Kawasaki (mmol/L) -42.49* 11.16 -0.79(-0.85 to -0.70) -0.67(-0.76 to -0.55) 

 
Figure 2: Bland Altman plot of measured 24-hour urine sodium excretion versus INTERSALT (A), Kawasaki 

(B) and Tanaka (C) method estimated 24-h (mmol/L). 
The difference between measured and estimated was all estimated values minus the measured values. The mid red line is representing the mean 

difference or bias between measured and estimated values while the dashed line represents 95% limits of agreement of the mean difference 

(±1.96SD)

DISCUSSION 

In this study, mean salt intake was 8.4 grams per day 

and was significantly associated with male gender and 

adding extra salt during dining at the table. The WHO 

recommends that salt intake should be less 5 grams per 

day.12 High salt intake has been associated with 

different diseases including hypertension, gastric 

cancer, kidney stones and bone deformities.13 Similar 

studies from India, Bangladesh and China also 

reported high salt intake of 10.98, 17 and 11.8 grams 

per day, respectively.14, 15 High daily salt intake is also 

common in developed countries like in Australia 

where the mean daily intake of salt was 8.8 

grams/day.16 

In Southeast Asia, excess salt intake is part of culinary 

culture, which results in increased consumption of 

daily salt in this region.17 However, the habit of adding 

salt during dinning is dangerous. Our study showed an 

association of discretionary salt use with male gender 

which is consistent with previous studies.18 It was 

reported that high intake of salt in men might be due 

to high intake of food as compared to women.19 

Another reason might be outside eating which was 

more in men as compared to women in Pakistan.    

Keeping in view the impact of high salt intake, the 

WHO members states agreed to reduce this by a 

relative of 30% by 2025.12 Many countries especially 

the developed ones have started different initiatives to 

reduce the daily salt intake. It has been shown that 
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initiatives taken by the governments for the 

population-level reduction of salt intake were more 

useful.20 Pakistan is facing the dual burden of non-

communicable and communicable diseases.21 It was 

reported that NCDs risk factors like tobacco, physical 

inactivity and unhealthy diet were common and there 

was a gradual increase in the burden of different NCDs 

especially diabetes, hypertension, and cardiovascular 

diseases.8, 22 The current finding of high daily salt 

intake is an addition to existing information on 

prevalence of different NCDs risk factors. Being the 

signatory of WHO treaty to lower the intake of salt in 

population, the Government of Pakistan must take 

urgent measures at policy level for reducing salt intake 

in the population. This will eventually help in reducing 

the burden of NCDs.         

Estimating the salt intake (daily) is important to 

estimate the usage and monitor the impact of different 

interventions. The 24 hour urine is the standard 

method for estimating the intake of salt measuring the 

excretion of sodium in the urine. However, this is long 

and laborious and is impractical at population level. To 

overcome this issue, INTERSALT, Tanaka and 

Kawasaki methods5, 6, 11 were formulated on 

concentrations of spot urine potassium, sodium, and 

creatinine along with gender, height, weight, and age.  

The INTERSALT equation was derived using data of 

spot urine sodium concentration and 24 hour sodium 

excretion urine which was collected from 52 different 

populations belonging to 32 countries.11 On the other 

hand, both Kawasaki and Tanaka methods were 

derived using data of Japanese population.5, 6 Different 

studies have validated these methods to estimate daily 

salt intake using spot urine but their utility varied from 

population to population.7, 10 Additionally, these 

methods are inadequate to measure the intake of salt 

(daily) using spot urine sample but still excellent 

option for estimating at the population level.10 

The applicability of INTERSALT for estimating 

intake of salt was reported from different Western and 

Asian countries.20 It was shown that INTERSALT 

could be useful for estimating intake of salt by spot 

urine in the Asian population.23 In our study, the 

difference between estimated and measured sodium 

using INTERSALT11 method was insignificant but the 

correlation analysis did not show any agreement, 

therefore, we do not support this notion. On the other 

hand, both Kawasaki and Tanaka methods had a 

significant difference between the means of estimated 

and measured 24 hour sodium. The correlation 

analysis also showed disagreement between estimated 

and measured 24 hour sodium excretion for both 

methods. Our study findings are consistent to previous 

reports indicating that probably these methods could 

not be used for all populations and there is need to 

make local equations.10, 24 

The value of creatinine concentration in a spot urine 

sample is important in predicting daily salt intake. 

Creatinine is produced during metabolization of 

creatinine phosphate in muscles. Hence its excretion 

in urine is dependent on body mass and protein intake. 

Similarly, creatinine excretion also varies among 

individuals depending on gender, age groups and other 

demographic features. The sodium to creatinine ratio 

might not depend on difference at population level as 

there is low protein intake in developing countries.25 

Also, Kawasaki and Tanaka's methods derived using 

data of the Japanese population might not truly 

representing our population. 

In summary, our study showed that salt intake (daily) 

is high though the people were aware of its impact on 

their health. The analysis also showed that the three 

methods i.e. Tanaka, Kawasaki and INTERSALT for 

24 hour estimation are not applicable for Pakistani 

population. Our study provided a base for conducting 

large scale studies to formulate accurate equation for 

estimation of daily salt intake for local population. 

Besides this, interventional studies are also required 

for evaluating the possible interventions for behavior 

change in the population. 

Our study has potential limitations like having fewer 

samples, lack of diversity with respect to ethnicity but 

still provides the valuable information regarding the 

validity of three methods for the estimating salt intake.  

CONCLUSION 

High daily salt intake was observed which increased the 

risk for hypertension. The comparison between three 

methods of estimation revealed that none of the three 

methods could be used for estimating daily intake of salt 

using spot urine in local settings of Pakistan. 
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