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Abstract

Objective: To investigate the association of salt intake with lifestyle associated diseases in women of district Bannu as 
well as foods that are taken habitually in routine life.

Methods: This cross sectional regional study was conducted from January 2020 to June 2022 in Khyber Pukhtunkhawah 
using a baseline survey data of 1500 patients (738 non-conceived and 762 conceived) having an age between 30-40 years 
and who undergone an annual check-up at a tertiary care hospital of district Bannu-KP. We designed a questionnaire to 
assess the patient's wellbeing and life style. Participant's BMI, height, weight, circumference were measured respectively 
by standard methods. Blood pressure and routine laboratory examinations were carried out at hospital's lab. Salt intake 

+was estimated through urinary creatinine and urinary Na . 

Results: All the study participants were divided into three groups based on their daily salt consumption. The groups were 
termed as Low, Medium & High salt consumers. We assessed the prevalence of life style related diseases including DM 
and HTN in an increasing order in groups as High, Medium & Low salt consumption (p≤0.001). In non-conceived group, 
the maximum daily salt ingestion was recorded as 12.5 to 13.5 g/day and displayed a normal distribution. In conceived 
group, the maximum salt ingestion was recorded as 11.5 to 12.5g/day. The quantity also showed a normal distribution. Out 
of 738 male population, 37.94% (n=280) fall in the group with lower salt consumption (≤ 10.4g/day), 41.19% (n=304) in 
medium salt consumption and remaining 20.86% (n=154) in high salt consumption group (≥ 13.8 g/day). The distribution 
of female were as: 40.41% (n=308) in low salt consumption group (≤ 9.0g/day), 43.83% (n=334) in medium and remaining 
15.74% (n=120) in high salt consumption groups (≤ 12.2 g/day),

Conclusion: The study examined lifestyle associated diseases linked with excessive salt intake and dietary habits that 
contributed to lower salt consumption. The prevalence of HTN, higher DM and higher BMI was associated with higher 
salt consumption in both non-conceived and conceived females. Knowledge of low salt consumption did not play a 
significant role in salt reduction. We suggest a dietary move to several vegetables intake that could have salt lowering 
effects.
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Introduction

Numerous physiological actions, including absorption 
of nutrients in the GI tract, body osmolality and muscles 
& nerves excitation are regulated by the presence of 

1
adequate amount of sodium salt in the body.  However, 
this is obvious that excessive intake of sodium salt can 
exacerbate various abnormalities like blood pressure 
and thus, risk of cerebrovascular and renal abnormalities 

2
increases four folds.  As a result, many other conditions 

including asthma, osteoporosis and gastric cancer are 
3-5

implicated.  The optimal recommendations for sodium 
intake as a nutrient are 5g per day. This recommendation 
is in accordance with a technical report presented by 
WHO. In Pakistan, the number of patients with DM 
and metabolic syndrome are increasing day by day. 
Increased salt intake is considered as the risk factor for 
HTN (hypertension) unanimously but the association 
between higher salt consumption and various diseases 
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like DM, obesity and dyslipidemia are still contentious.  
It is assumed that high salt intake for a prolonged period 
can cause insulin resistance and other abnormalities. 
According to a study, higher salt consumption triggers 
the “aldose reductase–fructokinase pathway” in the liver 
and hypothalamus, causing the leptin resistance and 

10manufacture of endogenous fructose.  In order to avoid 
high salt consumption, dietary habits should be clarify 
for the people. Pakistan is a progressive country with 
people with lower income and thus, keeping in view the 
economic conditions of the people, plan for healthy 
diets should be publicized by the dietitian, 

This was the ever first study in KP region that was aimed 
to assess an association of excessive salt consumption 
with various metabolic disorders.  

Methods

This cross sectional regional study was conducted from 
January 2020 to June 2022 in Khyber Pukhtunkhawah 
using a baseline survey data of 1500 female patients 
(738 non-conceived and 762 conceived female) having 
an age between 30-40 years and who undergone an 
annual check-up at a tertiary care hospital of Bannu-KP. 
We designed a questionnaire to assess the patient’s 
wellbeing and life style. 

Anthropometric data and Blood screening

Participant’s height measurement was taken in 0.1-cm 
whereas; weight measurement was taken in 0.1-kg 
respectively using standard methods. BMI (Body Mass 
Index) was measure as weighr in kg/height in meter 

2
square (m ). Waist circumference was taken at the 
umbilical level to the nearest 0.1cm using a measuring 
tape. The measurement was done in standing position 
after normal breath. Blood pressure measurement was 
done from right arm in a seated position at rest for at 
least 5 minutes. The patient was labelled as hypertensive 
with a systolic pressure ≥140mmHg or a diastolic pressure 
≥ 90mmHg. Patients were termed as hyperlipidemic 
with triglycerides levels ≥150mg/dl, LDL cholesterol 
levels as ≥ 140mg/dl and HDL cholesterol levels as 
<40mg/dl. Diabetics were labelled as having HbA1c 
level ≥6.5 or FBS ≥126mg/dl. Diagnosis of hyperlipi-
demia, hypertension and DM was done based on the 
blood reports or patient’s medical history. The blood 
screening tests were done using hospital’s laboratory. 
In order to assess whether high salt intake in associated 
with an increased prevalence of DM, propensity scoring 
was used.  

Daily salt intake guesstimate and grouping

Using spot urine at the time of the survey, the study 
participant’s urinary sodium and urinary creatinine 

14
were obtained for estimation of daily salt intake . The 

estimated daily salt intake by the study participants 
was tabularized as histograms separately for male and 
female grouping.  

Questionnaire used in survey

For this study, we used a self-administered questionnaire 
that was aimed for inquiring about daily life style pattern, 
participant’s eating habits, smoking and drinking habits, 
exercise pattern, stress in routine working, family and 
medical history and currently used medications. All 
the data obtained through questionnaire was used for 
analysis. As a healthy life style marker, we used data on 
moderate sleeping habits, non-smokers and non-drinker, 

15,16
daily moderate exercise and use of vegetables.  The 
collected data anonymized in order to secure the indivi-
dual’s individuality.  

Statistical analysis

The data was analyzed using GraphPad prism 5. Conti-
nuous variables were expressed as mean SD. Propensity 
scoring match for gender, age, height, weight and medi-
cation was done in order to compare the prevalence of 
diabetes and salt intake. A p value <0.05 was considered 
significant statistically.    

Results 

Groups based on estimated salt intake

All the study participants were divided into three groups 
based on their daily salt consumption. The groups were 
termed as Low, Medium & High salt consumers. We 
assessed the prevalence of life style related diseases 
including DM and HTN in an increasing order in groups 
as High, Medium & Low salt consumption (p≤0.001). 
Out of 738 non-conceived population, 37.94% (n=280) 
fall in the group with lower salt consumption (≤ 10.4g/ 
day), 41.19% (n=304) in medium salt consumption 
and remaining 20.86% (n=154) in high salt consumption 
group (≥ 13.8 g/day). The distribution of conceived female 
were as: 40.41% (n=308) in low salt consumption group 
(≤9.0g/day), 43.83% (n=334) in medium and remaining 
15.74% (n=120) in high salt consumption groups (≤ 
12.2 g/day). The results are shown in fig 1 and 2. In non-
conceived group, the maximum daily salt ingestion 
was recorded as 12.5 to 13.5 g/day and displayed a 
normal distribution. In conceived females, the maximum 
salt ingestion was recorded as 11.5 to 12.5g/day. The 
quantity also showed a normal distribution. 

Life style associated diseases and salt intake

The findings of our study about daily salt intake and 
prevalence of various diseases including DM, hyperten-
sion, dyslipidemia and metabolic syndrome are displayed 
in table 1 below. 
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It is evident from the above table that in both groups; 
the weight and BMI increased with an increased salt 
intake groups with a p value for trend as 0.002. Similarly, 
the prevalence of hypertension was observed in an inc-
reasing trend with an increase in salt intake (p value for 
trend=0.001). In conceived females, triglycerides levels 
were found to be increased with an increase in salt con-

sumption group with p value for trend as 0.001. Further-
more, FBS and Hba1c levels were also increased with 
an increase in salt consumption. The p value was calcu-
lated as 0.001. The prevalence of metabolic syndrome 
was assessed as increased with an increase in salt intake 
with p value 0.001 in non-conceived group. The value 
was not significant in conceived females.  

Table 1:  Association between Daily Salt Intake and Various Diseases

Characteristics

Non-conceived group (n=738) Conceived group (n=762)

Low Medium High
P

value
Low Medium High

P
value

Number (%) 280 (37.94) 304 (41.19) 154 (20.86) 308 (40.41) 334 (43.83) 120 (15.74)

Age (years) 60.4±8.2 61.8±7.4 63.0±8.0 0.02 58.0±7.2 59.4±8.0 62.6±6.0 0.001

Height (cm) 158.4±8.2 164.8±8.0 168.4±4.8 0.01 152.2±6.2 154.6±6.8 154.8±4.0 0.10

Weight (kg) 64.8±6.0 68.0.4±4.2 70.7±4.0 0.002 54.0±6.0 58.2±6.0 60.8±9.2 0.002

BMI (kg/m2) 23.0±2.2 24.8±3.1 24.0±2.9 0.002 22.1±1.2 23.8±2.8 24.2±3.1 0.002

BMI≥30 (%) 10 (1.4) 6 (0.81) 8 (1.08) 0.21 11 (1.44) 14 (1.83) 16 (2.09) 0.14

Hypertension

Systolic (mm/Hg) 128.0±5.1 134.8±6.2 132.0±6.0 0.001 120.0±4.0 128.0±5.1 128.6±6.8 0.001

Diastolic (mm/Hg) 80.0±6.2 85.8±6.1 85.3±8.0 0.001 72.1±4.2 73.0±8.8 72.0±7.2 0.001

HTN treated (%) 118 (15.98) 134 (18.15) 122 (16.53) 0.010 112 (15.17) 138 (18.69) 101 (13.68) 0.032

HTN diagnosed at 
baseline survey (%)

78 (10.56) 106 (14.36) 92 (12.46) 0.004 40 (5.29) 68 (8.92) 64 (6.65) 0.003

HTN treated or 
diagnosed at 
baseline survey (%)

116 (15.71) 178 (24.11) 154 (20.86) 0.001 104 (13.64) 144 (18.89) 146 (19.16) 0.002

Hyperlipidemia

Triglycerides 
(mg/dl)

127.0±6.2 132.8±8.2 144.2±7.4 0.7 100.8±4.9 104.4±6.0 112.0±6.4 0.001

LDL Cholesterol 
(mg/dl)

120.2±4.0 124.0±3.5 118.2±4.4 0.80 118.0±8.0 122.0±4.4 116.0±4.8 0.49

HDL Cholesterol 
(mg/dl)

55.5±10.2 55.8±8.8 59.0±8.6 0.78 70.0±12.0 63.0±8.0 62.2±11.0 0.001

Hyperlipidemia 
treated (%)

51 () 62 () 56 () 0.12 70 () 122 () 78 () 0.32

Hyperlipidemia 
diagnosed at 
baseline survey (%)

145 () 174 () 131 () 0.88 133 () 198 () 126 () 0.22

Hyperlipidemia 
treated or diagnosed 
at baseline survey(%)

180 () 189 () 162 () 0.76 180 () 276 () 174 () 0.02

Diabetes

FBS (mg/dl) 90±18.0 92±20.2 100±16.4 0.028 88±12.0 90±14.6 96±14.0 0.002

HbA1c (%) 5.7±0.4 5.8±0.2 5.9±0.6 0.001 5.4±0.5 5.5±0.5 5.6±0.6 0.001

DM treated (%) 23 (3.11) 32 (4.33) 41 (5.55) 0.007 11 (1.44) 21 (2.75) 37 (4.85) 0.001

DM diagnosed at 
baseline survey(%)

27 (3.65) 39 (5.28) 44 (5.96) 0.061 16 (2.09) 22 (2.88) 29 (3.80) 0.004

DM treated or 
diagnosed at 
baseline survey(%)

33 (4.47) 49 (6.39) 58 (7.85) 0.001 21 (2.75) 29 (3.80) 41 (5.38) 0.001

Metabolic 
syndrome (%)

34 (4.60) 47 (6.36) 64 (8.67) 0.001 13 (1.70) 16 (2.09) 19 (2.49) 0.064



Salt intake and other baseline characteristics

An association of salt intake and other baseline charac-
teristics are displayed in table 2 below. It is evident from 
the results that adequate sleep duration increased with 
an increase in salt consumption in non-conceived group. 
There was no significant association between salt intake 
and exercise habits, stress and eating habits.  

Association of salt intake and habitually consumed 
food

An association of daily salt intake and habitually con-
sumed food is given in the table 3, which shows no sig-
nificant association between daily salt intake and habitually 
consumed food. However, the use of rice, fruits and fried 
foods were increased with an increase in daily salt. 
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Non-conceived Group
Low Medium High

Yes No Yes No Yes No P value for trend

Exercise ≥30min/day 34% 66% 38% 62% 34% 66% 0.88

Sleep 5-7hr 64% 36% 70% 30% 72% 28% 0.02

Stress 70% 30% 78% 22% 76% 24% 0.45

Eating b/w meals 80% 20% 76% 24% 75% 25% 0.62

Bachelors in education 28% 72% 30% 70% 30% 70% 0.71

Salt consumption knowledge 60% 40% 58% 42% 62% 38% 0.24

Taking medication 55% 45% 60% 40% 56% 44% 0.05

Dietary fats knowledge 40% 60% 44% 56% 44% 56% 0.41

Desisting from sweets 42% 58% 48% 52% 50% 50% 0.16

Excessive calories intake knowledge 22% 78% 20% 80% 24% 76% 0.13

Conceived Group

Exercise ≥30min/day 46% 54% 54% 46% 42% 58% 0.44

Sleep 5-7hr 48% 52% 54% 46% 54% 46% 0.34

Stress 70% 30% 74% 26% 76% 24% 0.03

Eating b/w meals 60% 30% 66% 34% 66% 34% 0.41

Bachelors in education 24% 76% 34% 76% 34% 76% 0.001

Salt consumption knowledge 64% 36% 50% 50% 50% 50% 0.28

Taking medication 51% 49% 64% 36% 63% 37% 0.01

Dietary fats knowledge 60% 30% 64% 36% 66% 34% 0.03

Desisting from sweets 48% 52% 54% 46% 55% 45% 0.002

Excessive calories knowledge 44% 56% 52% 48% 54% 46% 0.05

Table 2:  Associations of Baseline Characteristics and Salt Intake Group 

Table 3:  Association between Daily Salt Intake and Habitually Consumed Food

Food Items Non-conceived group
p value 

for trend
Conceived group

p value 
for trend

Low Medium High Low Medium High

Chicken  16.2% 19.4% 11.3% 0.311 24.8% 22.0% 18.2% 0.288

Eggs 32.6% 38.8% 36.3% 0.510 48.0% 44.4% 41.0% 0.030

Milk 34.0% 36.2% 35.0% 0.880 42.0% 45.2% 40.2% 0.866

Butter 4.8% 3.6% 3.0% 0.202 1.6% 1.4% 1.0% 0.622

Beef 30.6% 28.0% 28.1% 0.400 44.0% 46.4% 46.0% 0.544

Mutton 31.3% 34.4% 34.6% 0.540 38.4% 34.8% 40.1% 0.444

Fish 52.0% 54.2% 56.3% 0.310 52.2% 58.0% 58.8% 0.040

Rice 80.4% 78.2% 84.6% 0.170 80.8% 82.6% 82.0% 0.030

Salad 40.6% 38.0% 38.0% 0.622 46.0% 48.8% 47.7% 0.881

Vegetables 41.0% 40.4% 38.0% 0.610 44.2% 45.3% 46.6% 0.801

Saag/Lassi 40.9% 34.4% 36.6% 0.601 46.6% 46.2% 44.0% 0.711

Fruits 18.9% 21.4% 22.8% 0.166 40.2% 42.4% 42.0% 0.700

Fried food 30.8% 33.3% 34.4% 0.622 42.2% 44.3% 46.4% 0.732



Discussion

Salt is the prime source of sodium and amplified ingestion 
of sodium is associated with hypertension and increased 
risk of heart disease and stroke. At the same time, as 
their eating patterns shift, people are consuming fewer 
fruits and vegetables and less dietary fibers (such as 
whole grains), which are key components of a healthy 
diet. Fruits and vegetables contain potassium, which 
contributes to reduce blood pressure. This study inves-
tigated that whether the prevalence of life style associated 
diseases was linked with the daily high salt intake or 
not. This was achieved by grouping the study participants 
into three groups based on their daily salt consumption. 
We investigated the habitual food consumption and 
higher salt intake correlation in addition to an association 
of lifestyle related diseases with it. We investigated that 
in both groups; the weight and BMI increased with an 
increased salt intake groups. Similarly, the prevalence 
of hypertension was observed in an increasing trend 
with an increase in salt intake. In conceived females, 
triglycerides levels were found to be increased with an 
increase in salt consumption group. Furthermore, FBS 
and Hba1c levels were also increased with an increase 
in salt consumption. The prevalence of metabolic synd-
rome was assessed as increased with an increase in salt 
intake in non-conceived females. The value was not 

significant in conceived females. Several studies that 
have shown an association of hypertension and salt 

2,6,21
intake.  The prevalence of hypertension with an 
excessive salt intake differ among individuals. Although, 
the exact mechanism is still controversial yet, many 
factors are stood responsible for it. Because of excessive 
salt intake, blood circulation gets increased in the body, 
which results in an upsurge in vascular resistance and 
cardiac output resulting in an increase in blood pressure. 
The results of the present study appear to support an 
association between blood pressure and salt intake. 

The prevalence of metabolic syndrome and obesity is 
increasing worldwide. Many factors are responsible for 
the onset of metabolic syndrome leading to health 

22
impairment.  Researchers believe that excessive salt 
intake causes an increase in thirst, which in turn, results 

23in an increase use of sugar containing beverages.  
Another study suggest that salt intake upsurges body 

24,25fats directly or through adipokines including leptin etc.  
A study conducted in Finland suggested excessive salt 
intake as a risk factor for diabetes independent of hyper-
tension, obesity and any type of physical activity. Some 
of the studies conducted on animal model reported an 
increase in insulin resistance by decreasing insulin 
sensitivity, decreasing insulin signaling, suppressing 
insulin mRNA expression and an increase in angiotensin 

26-29II production.  Another study reported an increased 
insulin resistance and excessive production of glucocor-

30ticoids with an increased salt intake.  

In our study, we investigated an association of salt intake 
with healthy life habits including adequate sleep, non-
drinking and exercise habits etc. The study investigated 
a higher proportion of study participants with adequate 
sleep pattern with an increased salt intake. The findings 
of this study are in consistent with the results of another 

32study . 

Researchers believe that salt intake in not associated 
with the onset of diabetes, we were able to elucidate an 
association between high salt intake and DM, which 
has been a contentious subject till date. A diet rich in 
salt might increase fasting ghrelin levels, hence, regulate 
appetite, glucose homeostasis, insulin resistance and 

33-35fat accretion , which most likely involves in the 
mechanism of obesity and diabetes. In addition, a high-
salt diet rich in dietary Na+ density causes dietary K+ 
depletion, thus, results in negative impact on blood 
pressure regulation, and health benefits on cardiovas-
cular diseases since high Na+ density may increase left 

36ventricle wall and mass . Similarly, sedentary lifestyle 
and poor nutrition habits are the factors contributing a 
lot towards the onset of chronic diseases. A diet enriched 

+
with Na  may present a poor dietary quality and energy 
dense diet. 
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Figure 1. Salt intake groups among non-conceived 
females

Figure 2. Salt intake groups among females



Conclusion

The study examined lifestyle associated diseases linked 
with excessive salt intake and dietary habits that contri-
buted to lower salt consumption. The prevalence of 
HTN, higher DM and higher BMI was associated with 
higher salt consumption in both non-conceived and 
conceived females. Knowledge of low salt consumption 
did not play a significant role in salt reduction. We 
suggest a dietary move to several vegetables intake 
that could have salt lowering effects.
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