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ABSTRACT 
 

It is a well-known fact that indoor exposure to biomass fuel smoke is associated with some sort of cardiovascular disease 
via lung mediated inflammation, oxidative stress and endothelial inflammation. We sought out to find the association 
between exposure to biomass smoke and selected markers of endothelial inflammation. We compared total leukocyte 
count, neutrophil lymphocyte ratio, platelet count, serum hs-CRP and lipid profile in 36 women who have been using 
biomass fuel vs. 36 women who have been using Liquefied pressure gas (LPG) for at least five years. When compared 
all the markers of endothelial inflammation like total leukocyte count, neutrophil count, lymphocyte count, neutrophil 
lymphocyte ratio, serum triglyceride, serum cholesterol and serum hs-CRP were found to be higher in biomass smoke 
exposed group. Moreover, all markers showed positive correlation except serum HDL which showed negative correlation 
when correlated with years of cooking with biomass fuel.  
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INTRODUCTION 
 

Household air pollution (HAP) from burning of biomass smoke 

has been recognised as the third leading risk factor for death 

worldwide, 1 and it is estimated to affect 3 billion people each 

year. Exposure to biomass smoke is a major cause of illness 

and death in developing countries.2 Its exposure has been 

linked with increased risk of various diseases like acute and 

chronic pulmonary tract infections in children and adults3, 

emphysema, 4 tuberculosis5 and cardiovascular disease (CVD)6 

A healthy endothelium is essential for proper functioning 

of the vasculature. The inflammatory response is a key 

mechanism in the pathogenesis of atherosclerosis and its 

progression.7 Neutrophils secrete inflammatory mediators that 

can cause vascular wall degeneration. Conversely, 

lymphocytes regulate the inflammatory response and thus 

have an anti-atherosclerotic role. Therefore, the neutrophil to 

lymphocyte ratio (NLR) has been proposed as an inflammatory 

biomarker8 and potential predictor of risk and prognosis in 

CVD. Different lipoproteins have particular effects on vessel 

health. In the clinical context high levels of LDL and low levels 

of HDL are particularly important risk factors for CVD and are 

considered good for vascular health.9Highly sensitive-C 

reactive protein (hs-CRP) also has pro atherogenic effects: it 

facilitates plaque deposition, transmigration of monocytes and 

macrophages. 10Many studies have proposed a relationship 

between exposure to particulate matter (PM) and initiation of 

endothelial inflammation leading to an increased risk of 

cardiovascular events11. 

Specifically, observational studies have found higher 

blood pressure, a thicker carotid intima–media complex and an 

increased prevalence of coronary heart disease, stroke and 

diabetes in populations chronically exposed to biomass fuel 

smoke. 12The mechanisms proposed include pulmonary 

inflammation with release of cytokines in systemic circulation, 

oxidative stress, endothelial dysfunction and thrombogenesis, 
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all of which could lead to atherosclerosis and adverse health 

outcomes13. Recent research has focused on identifying 

markers of early endothelial inflammation which could help 

assess CVD risk earlier in the exposed population.  

 

MATERIALS AND METHODS 
 

Seventy two females in the age range of 20-40 years were 

included in this study from Tejgarh Yadgar Shaheedan. It is a 

small village near Manawa, Lahore. There is no natural gas 

supply in this village. Poor class use cow dunk cake or grass 

as a source of energy And affording class use LPG cylinder for 

cooking and heating purpose. The study protocol was 

approved by the Ethics committee of the University of Health 

Sciences, Lahore. 

Inclusion Criteria: The inclusion criteria were 

(i) Apparently healthy women, (ii) non-smokers, 

nonconsumption of alcohol and non-chewers of tobacco and 

(iii) cook regularly with either biomass or LPG at least 2 h/day, 

5 days/week for greater than or equal to 10 years. These 

women were divided into two groups. 

Group 1: women who cook exclusively with biomass fuel. 

Group 2: women who cook exclusively with LPG fuel. 

Exclusion criteria: Mixed fuel user (biomass + LPG + 

Kerosene), (ii) pregnant, (iii) currently under medication, (iv) 

family history of Tuberculosis or complicated cardiovascular 

disease and (v) History of chronic respiratory diseases like 

asthma, Chronic Obstructive Pulmonary Disease. 

After taking informed consent from the subject. Following 

sampling was done. 

Blood Sampling: Six cc venous blood sample was drawn from 

antecubital vein of each subject. Four ml was added in serum 

tube i.e. red top vacutainer and other 2ml was added in EDTA 

added purple coloured top vacutainer. Blood in red vacutainer 

was centrifuged (1600g for 15 minutes), serum was separated, 

divided into aliquots and frozen at -80 °C to be used later for 

analysis. 

Complete Blood Count Analysis: For complete blood count, 

2cc blood taken in purple top vacutainer (containing ethylene 

mailto:me_nabiha@gmail.com,


Nabiha Saeed, Hamdah Saeed, Mehr-Un-Nisa Fatima Gondal et al 

 

 

P J M H S  Vol. 13, NO. 3, JUL – SEP   2019   694 

diamine tetra acetic acid) was used, mixed for 5 minutes on 

rotator and used for complete blood analysis. 

Estimation of lipid profile: Serum cholesterol levels and 

serum high density lipoprotein (HDL) were estimated by total 

enzymatic colorimetric method endpoint. Results were read by 

calorimetric analyser micro lab 300 (USA) at 500 nm Serum 

triglyceride levels were estimated by the use of enzyme 

lipoprotein lipase. Serum Low density lipoprotein (LDL) was 

estimated by the formula Low density lipoprotein (LDL) = Total 

cholesterol – HDL – (Triglyceride/5).14 

Estimation of serum hs-CRP 

Serum hs-CRP estimation was done by High Sensitivity 

C - reactive protein (hs-CRP) ELISA Kit Results were analysed 

by stipreader, USA. 

Data analysis was carried out through computer software 

IBM SPSS version 21.Quantitative variables were compared 

by Mann Whitney U test which were non-normally distributed 

normally distributed were compared by independent t-test as 

they were normally distributed and presented in the form of 

mean ± SD. Correlation between years of cooking wth bomass 

fuel and markers of endothelial inflammation was checked by 

Spearman’s rank correlation. p≤ 0.05 was considered 

statistically significant. 

 

RESULTS 
 

Median (IQR) of neutrophil count, lymphocyte count, neutrophil 

lymphocyte ratio NLR and platelet count was higher in group 1 

biomass users as compared to LPG users as shown in table-4. 

When compared by Mann Whitney U test both groups show 

statistically significant different neutrophil, lymphocyte count, 

NLR and Platelet count as shown in Table 1. 

Mean ± SD total leukocyte count of Biomass user was higher 

than LPG user but didn’t show statistically significant difference 

when compared by independent t-test. 

Lipid profile of study population: Table-2 both groups had 

significant difference in lipid profile. Levels of triglycerides (p-

value < 0.001) and Cholesterol (p-value < 0.001) showed 

significant difference when compared by Mann Whitney U test. 

Serum LDL (p-value= 0.007) and serum HDL (p-value< 0.001) 

also showed significant difference when compared by 

Independent t-test. Levels of serum triglyceride, serum 

cholesterol, serum LDL were significantly higher n biomass 

users and serum HDL levels were significantly lower in 

biomass user when compared with LPG users (Fig.1) 

Correlation between years of cooking with biomass fuel 

and markers of endothelial inflammation: When markers of 

inflammation were correlated with years of cooking. All 

markers showed positive correlation except serum HDL which 

showed negative correlation as shown in table 3. 

Comparison of serum hs-CRP in both groups: Levels of hs-

CRP (inflammatory marker) was significantly different among 

two groups as compared by Mann Whitney U test (p-value 

<0.001). 

Fig.1: Comparison of lipid profile among Group 1 and Group 2 

 
*p-value < 0.05 is considered statistically significant. 

compared by independent t-test 

compared by Mann Whitney U test 

 

Fig.2: Comparison of serum hs-CRP among Group 1 and 

Group 2 

 
 

 

Table 1: Comparison of Hematological Parameters of Group 1 and Group 2. 

Hematological Parameters Group 1 Biomass user (n=36) Group 2 LPG user(n =36) P-value 

Total leukocyte Count (Mean ± SD) 9.8±2.07 6.1±1.8 0.976 

Neutrophil Count Median (IQR) 5.3 (4.9-5.9) 4.60(4.1-4.8) <0.001* 

Lymphocyte Count Median (IQR) 1.90(1.52-2.27) 2.40(2.15-2.50) <0.001* 

Neutrophil Lymphocyte Ratio Median (IQR) 2.87(2.38-3.45) 1.93(1.73-2.07) <0.001* 

Platelet Count Median (IQR) 298.5(272.2-359.5) 211(177.2-243.2) <0.001* 

*p-value < 0.05 is considered significant 
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Table- 2: Comparison of Lipid profile of group 1 Biomass user and group 2 LPG user 

Parameter Group 1 - Biomass user (n =36) Group 2-LPG user(n=36) P-Value 

Serum Triglycerides (mg/dl)■ 158(135-183) 104 (94.25-132.25) 0.027* 

Serum LDL (mg/dl)● 161± 61 124 ± 35 0.007* 

Serum HDL  (mg/dl)● 35 ± 7 41 ± 6 <0.001* 

Serum Cholesterol(mg/dl)■ 227.7(179.25-251.5) 130.5(118.2-153.0) 0.036* 

 

Table 3: Spearman Correlation analysis to test an association between years of cooking and cardiovascular risk markers in biomass 

users and LPG users 

Spearman’s correlation of years of cooking with 

endothelial inflammation risk marker 

Group 1 (Biomass users) Group 2 (LPG users) 

rho value p-value rho value p-value 

hs-CRP 0.885* 0.000 -0.593* 0.000 

NLR 0.651* 0.000 0.209 0.221 

Platelet count 0.655* 0.000 0.270 0.112 

Serum cholesterol 0.885* 0.000 0.268 0.115 

Serum Triglyceride 0.796* 0.000 -0.476* 0.003 

Serum HDL -0.886* 0.000 0.147 0.394 

*correlation is significant at 0.01 level. 

 

DISCUSSION 
 

We measured a select group of serum biomarkers as a proxy 

for endothelial health. While none of these markers have been 

proven to be a direct expression of endothelial function, they 

may provide insight into local inflammation that occurs at the 

level of endothelial cells (Felmeden and Lip, 2005). In this 

study, we compared endothelial inflammation biomarkers in 

participants exposed to biomass fuels and LPG fuel during 

cooking. 

Local inflammation is a strong predictor of endothelial 

health. The total number of WBCs and each subtype have 

been reported as predictors of CHD. All blood cells are 

involved almost in the development and progression of 

atherosclerosis14. Neutrophil count, Lymphocyte count and 

Neutrophil Lymphocyte ratio shows statistically significant 

difference (p < 0.005) among both groups. Total leukocyte 

count does not show statistically significant difference among 

both groups but mean TLC is higher in biomass users as 

compare to LPG users (9.8±2.7 vs 6.1± 1.8). These results are 

in accordance with a study conducted in India showing 

increase TLC in chronic biomass users15. Mondal, et al., 2011 

has also found increase in neutrophil count, lymphocyte count, 

eosinophil and other inflammatory cells in women chronically 

exposed to biomass fuel. 16Chronic inhalation of particulate 

matter acting as a foreign body leads to activation of white 

blood cells. They also favour migration of inflammatory cells 

from airways to tissue which is depicted by rise in inflammatory 

cells. Platelet count also show statistically significant difference 

(p< 0.005) among both groups. Ray, 2006 has found increase 

in platelet activity, lipid platelet aggregates and monocyte 

platelet aggregates in blood of biomass users17. Acute 

exposure of animals to particulate air pollution leads to 

activation of platelets and increase thrombogenesis.18This rise 

in platelet count is due to increase inflammatory insult of 

endothelium which exposes sub endothelium to platelets 

leading to their activation and adhesion. Increase WBC and 

platelet count modulate and augment coagulant properties of 

endothelium suggesting a greater risk for CVD in biomass 

users. 

Components of lipid profile, triglyceride, cholesterol, LDL 

and HDL shows statistically significant difference (p<0.005) 

among the two study group. According to Framingham heart 

study rise in levels of these marker is an established risk factor 

for atherosclerotic cardiovascular disease19. Sun, et al., 2005 

reported 1.5 fold increase in aortic arch lipid content in mice 

who are exposed to concentred ambient particles versus 

filtered air.20 In a study conducted in Shaxi, China had reported 

association between dyslipidemia and household solid fuel 

use21. Recent studies have reported that systemic inflammation 

due to biomass fuel exposure causes dyslipidaemia22. 

Increased hs-CRP is an established risk factor for CVD. 

Levels of hs-CRP show statistically significant difference 

(p<0.001) among our study population. Same results have 

been documented by Dutta, et al., 2012 in rural Indian women 

cooking with biomass fuel. The increased levels of PM2.5 in 

airways and blood leads to increase in levels of acute phase 

reactant like hs-CRP.23 However Carvedo et al., 2016 have 

reported contrary results. They have reported low hs-CRP 

levels in biomass users13. They attributed this finding to the 

higher physical activity of their participants as they are involved 

in farming activities and household work as well, whereas 

women of present study population are involved in household 

activity only. 

When years of cooking are correlated with various 

cardiovascular risk markers hs-CRP, NLR, platelet count, 

serum cholesterol and  serum triglyceride strong positive 

correlation (p-value<0.001) is observed whereas serum HDL 

shows strong negative correlation(p-value=0.001). Banarjee et 

al., 2012 have also found correlation between the biomarkers 

which causes activation of neutrophils and markers of 

oxidative stress with years of cooking with biomass fuel. This 

can be attributed to continuous exposure of particulate matter 

which increases the inflammatory insult15. 

In short, this study shows that exposure to biomass fuel 

during daily household cooking increase level of inflammatory 

markers leading to systemic inflammation reflected by high 

level of haematological markers (increase NLR, platelet count, 

TLC) and high hs-CRP in exposed healthy females. 
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