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SUMMARY 

 
A cross sectional survey was conducted to evaluate for any deterioration in lung functions in 
patients having characteristics of metabolic syndrome. In a medical camp, study participants 
underwent blood pressure measurement, blood glucose & total cholesterol testing, anthropometry 
& waist circumference. A total of 42 non smoker subjects including 28 (66.6%) males and 14 
(33.3%) females who were suffering from metabolic syndrome underwent spirometry using 
American Thoracic Society/European Respiratory Society (ATS/ERS) criteria. Out of 28 (66.6%) 
males, 19 (67.85%) had spirogram within normal limits, while 9 (32.14%) had abnormalities in 
pulmonary function testing including reduced PEF, FVC, FEV1 and FEF25-75, while out of 12 
females, 7 (58.33%) had spirogram having all parameters within normal limits, while 5 (41.66%) 
had considerable spirometric abnormalities. Non smoker patients with metabolic syndrome have 
considerable abnormalities on pulmonary function testing which may have implications on their 
future respiratory health. Further larger studies for pulmonary functions evaluation are required in 
obese population. 
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INTRODUCTION 
 

besity is associated with resistance to the 
metabolic effects of insulin on peripheral 

glucose and fatty acid utilization that often leads to 
type 2 diabetes mellitus. Insulin resistance, the 
associated hyperinsulinemia and hyperglycemia, 
and cytokines released by adipocytes may also lead 
to vascular endothelial dysfunction, an abnormal 
lipid profile, hypertension, and vascular 
inflammation, all of which promote the 
development of atherosclerotic cardiovascular 
disease.1 There is a global increase in obesity and it 
has been reported that there are deterioration 
changes in pulmonary functions related to 
hypertension, type 2 diabetes, low-density 
lipoprotein cholesterol, overall obesity, abdominal 

obesity and insulin resistance.2 Obesity is also 
associated with adverse consequences on the 
respiratory system including increased work of 
breathing, respiratory muscle impairment, 
obstructive sleep apnea, a depressed central 
ventilatory drive, and diminished effects of 
neurohumoral modulators (e.g. leptin) due to 
decreased levels or resistance.3 People with 
metabolic syndrome have shown signs of pulmonary 
function deterioration, therefore a simple pulmonary 
function test during health examination can be used 
to assess decline in lung functions associated with 
metabolic syndrome and obesity.  
 The purpose of this study was to evaluate for 
any deterioration in basic lung functions including 
peak expiratory flow (PEF), forced expiratory 
volume in one second (FEV1), forced vital capacity 
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(FVC), FEV1/FVC ratio and FEF25-75 (forced 
expiratory flow between 25 and 75% of forced vital 
capacity also called MMEF: maximal mid 
expiratory flow) in patients having characteristics of 
metabolic syndrome.  
 

MATERIAL AND METHODS 
 
 It was a cross-sectional survey carried out 
during celebration of world heart day at Shaikh 
Zayed Hospital, Lahore. A medical camp was 
arranged by the department of cardiology where the 
attendees were provided with medical education and 
there were free facilities of undergoing on site blood 
pressure measurement and biochemical examination 
including blood glucose & total cholesterol testing. 
Further provision of physical examination including 
height, weight and waist circumference 
measurements were provided by the department of 
pulmonology. Prior to conducting the general health 
examination, patients' consent was attained to 
conduct a survey. History of diabetes and 
hypertension was also recorded. Waist 
circumference was measured from the center point 
of the last rib and iliac spine while height and 
weight were measured with standard weight and 
height machine. International Diabetes Federation 
(IDF) Consensus Definition 2005 for metabolic 
syndrome was used that included central obesity 
(waist circumference male > 90 cm and female > 80 
cm), plus any two of the following: raised 
triglycerides > 150 mg/dL (1.7 mmol/L) or specific 
treatment for this lipid abnormality, reduced HDL 
cholesterol < 40 mg/dL (1.03 mmol/L) in males < 
50 mg/dL (1.29 mmol/L) in females or specific 
treatment for this lipid abnormality, raised blood 
pressure systolic > 130 mmHg or diastolic > 85 
mmHg or treatment of previously diagnosed 
hypertension, raised fasting plasma glucose > 100 
mg/dL (5.6 mmol/L) or previously diagnosed type 2 
diabetes.  
 We included only those in the survey who 
had central obesity with the presence of further two 
criteria: suffering from either diabetes or 
hypertension or were taking treatment for 
hyperlipidemia or those who were found to have 
raised blood pressure according to IDF criteria. 
Those meeting the criteria of metabolic syndrome 

were included to undergo pulmonary function 
testing (spirometry) by the trained pulmonary 
technicians under the supervision of senior registrar 
of pulmonology.  
 A total of 42 non smoker subjects including 
28 males and 14 females were included by 
convenient sampling. Inclusion criteria were 
consenting individuals who attended medical camp 
and were found to have above selected features of 
metabolic syndrome. Excluded were those who 
were not consenting or were active or ex-tobacco 
smokers as well as those who were suffering from a 
chronic pulmonary disease like asthma, 
bronchiectasis and chronic obstructive pulmonary 
disease (COPD) etc. The selected individuals who 
were suffering from metabolic syndrome underwent 
lung function testing (spirometry) using one of the 
available spirometer (MIR Spiro lab II) at the 
pulmonology department, Shaikh Zayed Hospital, 
Lahore. Patients were provided guidance for 
performing spirometry and the spirogram was 
obtained using ATS/ERS criteria. Measurements 
taken included peak expiratory flow (PEF), forced 
expiratory volume in one second (FEV1), forced 
vital capacity (FVC), FEV1/FVC ratio and FEF25-75. 
All the above information was collected on a 
specifically designed study proforma and the data 
was reported as percentages of individuals having 
reduced lung functions.  
 

RESULTS 
 
 A total of 42 non smoker subjects including 
28 (66.6%) males and 14 (33.3%) females were 
included having ages between 32 and 74 year with a 
mean age of 43.2 year. Weight range was from 88 to 
123 kg and waist circumference of males ranged 
from 90 to 126 cm and females from 81 to 129 cm. 
Out of 28 males, 17 (60%) were suffering from 
diabetes, hypertension and hyperlipidemia and 11 
(40%) were suffering from diabetes and 
hyperlipidemia. All of them were taking some form 
of pharmacological treatment of these disorders, 
mostly irregularly. Among total males, 12 (43%) 
were also found to have raised blood pressure 
(systolic > 130 mmHg or diastolic > 85 mmHg). 
Out of 14 females, 10 (71%) were suffering from 
diabetes, hypertension and hyperlipidemia and 4 
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(29%) were suffering from diabetes and 
hyperlipidemia and 10 (71%) out of 14 were also 
found to have raised blood pressure according to 
IDF criteria.  
 A cut off level of lower limit of normal 
(<80%) was considered significant to define the 
presence of any abnormality on pulmonary 
functions testing by spirometry. Out of 28 (66.6%) 
males, 19 (67.85%) had spirogram showing all 
parameters within normal limits, while 9 (32.14%) 
had spirometric abnormalities including all (9) 
having reduced peak expiratory flow (PEF) between 
40-62% of predicted and forced vital capacity 
(FVC) between 59-74% of predicted and 5 (17.85%) 
had reduction of PEF between 44-66% of predicted, 
FVC between 60-72% of predicted, FEV1 between 
64-79% of predicted, FEF25-75 between 40-67% of 
predicted, and FVC between 65-75% of predicted 
while the ratio of FEV1/FVC was relatively 
preserved in all.    
 Out of 12 females, 7 (58.33%) had spirogram 
showing all parameters within normal limits, while 
5 (41.66%) had abnormalities in pulmonary function 
testing including all (5) having reduced peak 
expiratory flow (PEF) between 49-73% of predicted 
and forced vital capacity (FVC) between 40-62% of 
predicted and 3 (25%) had reduction of PEF 
between 60-79% of predicted, FEV1 between 74-
78% of predicted, FVC between 70-78% of 
predicted, FEF25-75 between 66-75% of predicted 
and while the ratio of FEV1/FVC was raised in 3 
(25%) and preserved in all (Fig. 1).  
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Fig. 1: Distribution of percentages of normal and abnormal 

spirometric variables among male patients (upper 
panel) & female patients (lower panel) with 
metabolic syndrome. 

DISCUSSION 
 
 This study aimed to find any deterioration in 
lung functions including PEF, FEV1, FVC, 
FEV1/FVC ratio and FEF25-75 (MMEF), in patients 
having selected characteristics of metabolic 
syndrome. A total of 42 non smoker subjects were 
included who fulfilled the inclusion criteria. In this 
study, the deterioration in lung functions had 
significant correlation with metabolic syndrome and 
abnormalities were more pronounced in males 
compared to females.  
 Many studies conclude that pulmonary 
function drops among obese people including in a 
recent meta analysis, there was an inverse 
relationship between waist circumference and 
pulmonary function tests, mainly in men.4 Similar to 
our study, it has been observed that there appears a 
gender difference and lung function deterioration is 
more marked in males probably due to the presence 
of other risk factors including smoking and 
environmental exposures at work places.5 
 Previously, studies have used body mass 
index (BMI), waist circumference, waist/hip 
circumference ratio, abdominal thickness, height 
and skin thickness test as the markers that show 
obesity.6,7 However some recent studies focus on 
abdominal obesity as indicative of overall level of 
obesity. As such, our study tried to examine the 
waist circumference that demonstrates abdominal 
obesity as well as the relationship between 
metabolic syndrome components that are easily 
found among obese people and effects these factors 
have on pulmonary function. 
 According to another study both males and 
females showed reverse-correlation between all 
diagnostic components of metabolic syndrome and 
pulmonary function.8 The most powerful predictor 
of poor pulmonary function in this study was 
abdominal obesity. In addition, Chen et al found out 
that both males and females showed negative 
correlation between FEV1/FVC and waist 
circumference even after age, height, weight, 
workload, energy consumption, and smoking were 
factored in.9 Thus, the bigger the waist 
circumference becomes, the greater its impact on 
pulmonary function, eventually having partial 
impact on the movements of diaphragm and chest.9  
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 A similar Korean study which analyzed the 
relationship between metabolic syndrome and 
abdominal obesity.10 A total of 1,370 subjects 
underwent a health examination at the Eulji General 
Hospital Health Center. The investigators examined 
the association between spirometric measurements 
including FEV1, FVC, FEV1/FVC and metabolic 
syndrome, using student t-test, Pearson partial 
correlation coefficient, and analysis of covariance 
for statistical analysis. Similar to our study, men 
with metabolic syndrome tended to experience lung 
function impairment. In terms of association to each 
metabolic syndrome component, metabolic 
syndrome components in men were associated with 
pulmonary function impairment and the more 
metabolic syndrome diagnostic criteria factors the 
patients had, the more severe their pulmonary 
function tended to decline. In women, waist 
circumference, triglyceride and HDL cholesterol 
were associated with decline in spirometric 
maneuvers.10  
 The restrictive pulmonary defect in 
association with metabolic syndrome is not well 
understood and in a study by Nakajima et al,11 the 
investigators examined this association in 
comparison with C-reactive protein (CRP), which is 
a predictor for metabolic syndrome. These 
investigators recruited 2,396 apparently healthy 
adults and investigated the associations among 
pulmonary function, metabolic abnormality, and 
metabolic syndrome, as defined by three different 
criteria.  
 Abnormal pulmonary function was evaluated 
by both pulmonary function variables including the 
percentage of predicted FVC (% PFVC) and a 
clinical category defined according to the ATS/ERS 
criteria. CRP and %PFVC, but not FEV1/FVC ratio, 
were significantly correlated with metabolic 
abnormalities even after adjustment for confounding 
factors including waist circumference. After 
adjustment for age, gender, and height, the odds 
ratios (ORs) of a restrictive pattern on pulmonary 
function testing, as defined by a reduced FVC and a 
normal FEV1/FVC ratio using the lower limit of 
normal and restrictive pattern substitutively defined 
by reduced FVC and an FEV1/FVC ratio of ≥ 85% 
for metabolic syndrome, were 1.76 to 2.52 (p < 0.05 
to < 0.0001) and 1.87 to 2.28 (p < 0.05 to < 0.01), 

respectively. The obstructive pattern was not 
significantly associated with any metabolic 
syndrome criteria. A moderate-to-severe restrictive 
pattern, but not a high CRP level (> 3.0 mg/L), was 
consistently associated with the three metabolic 
syndrome criteria (OR, 2.08 to 3.57; p < 0.05 to < 
0.01), even after adjustment for confounders. It was 
concluded that impaired restrictive pulmonary 
function, but not obstructive pattern, might be 
associated with metabolic disorders and metabolic 
syndrome in a severity-dependent manner. 
 Some limitations of our study should be 
considered. Most of the participants were men and 
only few women were included which could have 
lead to a poor comparison on gender difference 
basis. We did not perform post bronchodilator 
testing to see any reversibility in abnormal lung 
functions suggestive of asthma because obesity is 
now a recognized risk factor for the development 
and persistence of bronchial asthma. Occupational 
history was not recorded in a chronological fashion 
and there may have been forgotten environmental 
exposures especially in males responsible for 
pulmonary fibrosis and lung functions decline. 
There is strong need for further larger studies in our 
obese population.  
 

CONCLUSION 

 
 Non smoker patients with metabolic 
syndrome have considerable abnormalities on 
pulmonary function testing which may have 
implications on their future respiratory health. 
Correction of weight gain and thus improvement in 
metabolic profile may help to improve these 
abnormalities.  
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