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ABSTRACT Background & Objectives
In a number of recent studies, it was reported that among the changes in pulmonary function, pulmonary 

function, deterioration is related to hypertension, type 2 diabetes, low-density lipoprotein cholesterol, overall obesi-
ty, abdominal obesity and insulin resistance1. Among the above listed factors, hypertension, diabetes, and abdominal 
obesity are included as diagnostic criteria for metabolic syndrome, hence it can be inferred that identifying the rela-
tionship between metabolic syndrome and pulmonary function deterioration is meaningful. This study aimed to analyse 
various components of metabolic syndrome and its influence on pulmonary function tests.
Materials & Methods
This is a observational study, conducted on 132 patients in Osmania general hospital, Hyderabad.
Inclusion criteria: Persons fitting into criteria of Metabolic syndrome based on the Asia criteria of the American Heart 
Association/National Heart, Lung, and Blood Institute.
Exclusion criteria: Clinical history on cardiovascular disease (myocardial infarct, angina pectoris) and pulmonary disease 
(asthma, chronic obstructive pulmonary disease) or cancer, were excluded.
Results :
In this study, total number of subjects is n=132.The number of persons in metabolic syndrome group n=65, num-
ber of persons in control group n=67. In both groups majority had normal pulmonary function tests(n=26 in meta-
bolic syndrome, n=61 in control group). In metabolic syndrome group, most common abnormality reported was mild 
restriction(n=26). The pattern of pulmonary function tests is mild restriction in metabolic syndrome subjects with a p < 
0.0001 according to chi square test .In the overall study group, hypertension, fasting glucose, body mass index, waist 
circumference have significant negative correlation with both FEv1 and FVC (especially fasting blood glucose, Waist cir-
cumference, Body mass index with p < 0.0001) and triglycerides have significant negative correlation with FVC whereas 
total cholesterol has significant negative correlation with Fev1.Only HDL-c has strong positive correlation with FVC ( p 
< 0.0001).The strongest negative predictors for FVC are Body mass index, Waist circumference, Fasting blood glucose 
in this study and the strongest positive predictor for FVC is HDL-c ( p < 0.001)
Conclusion :  The  findings in this study highlight the notion that  FVC and FEV1 are inversely associated with the ac-
cumulation of metabolic syndrome components and also independently associated with each component of metabolic 
syndrome.
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INTRODUCTION :
 Metabolic syndrome is a cluster of cardiometabolic risk 
factors characterized by abdominal obesity, insulin resist-
ance, and chronic systemic inflammation.2 Positive associa-
tions with lung function impairment have been reported for 
components of the metabolic syndrome, such as hyperten-
sion3, type diabetes mellitus4,5 ,low-density lipoprotein cho-
lesterol6, and overall obesity.7In recent large cohort studies, 
it has been shown that there is also a relationship between 
lung function impairment and the metabolic syndrome.8As 
the obese population increases, the incidence of metabolic 
syndrome is also increasing. There has been a recent report 
9 on the relationship between the diagnostic criteria of met-
abolic syndrome or changes in the pulmonary function and 
cardiovascular mortality and total mortality. As such, there is 
increasing interest in changes in metabolic syndrome associ-
ated with changes in pulmonary function.

METHODOLOGY :
A total of 132 subjects are included. n=65 subjects fit into meta-
bolic syndrome and others are included in control group. . 

Inclusion criteria:Persons fitting into criteria of Metabolic 

syndrome based on the Asia criteria of the American Heart 
Association/National Heart, Lung, and Blood Institute.

Exclusion criteria: Clinical history on cardiovascular dis-
ease (myocardial infarct, angina pectoris) and pulmonary 
disease (asthma, chronic obstructive pulmonary disease) or 
cancer, were excluded. After a detailed history and physi-
cal examination, subjects underwent investigations like 
fasting lipid profile, fasting blood sugars, electrocardio-
gram, chest x-ray, pulmonary function tests, 2D echocardi-
ography {if necessary} 

STATISTICAL ANALYSIS :
Subjects’ characteristics are summarized as mean and S.D. 
for continuous variables and frequency and percentage 
for categorical variables. Spearman rank correlation coeffi-
cients are estimated between the study variables and po-
tential confounders including BMI, waist circumference, tri-
glycerides levels, HDL-C levels, blood pressure, and fasting 
glucose levels.

RESULTS:
Majority of the subjects belonged to age group between 
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51 -60(n=26 in metabolic syndrome group and n= 21 in 
control groups).There was a male preponderance in this 
study group (n=43(66%) in metabolic syndrome group 
and n=50(75%)in control groups). The number of smok-
ers in metabolic syndrome group is n=39(60%) and num-
ber of smokers in control group is n=49(73%).The number 
of alcoholics in metabolic syndrome group is n=18(27.7%) 
and in control group is n=27(40.3%).Systolic blood pres-
sure in most of the patients belonging to metabolic syn-
drome group measured in between 140-159 mm Hg(n=31) 
and in control groups between 120-139 mm Hg(n=32).
Diastolic blood pressure in most of the patients belonging 
to metabolic syndrome group measured in between 90-
99 mm Hg(n=24)  followed by 80-89mm Hg(n=23) and in 
control groups between 80-89 mm Hg(n=28) followed by 
60-79mm Hg(n=27).Majority of the persons in metabolic 
syndrome group are obese(27.5-29.9)(n=21)and in con-
trol group are overweight (23-24.9)(n=31).Majority of male 
persons in metabolic syndrome group the measured waist 
circumference is between 101-110cms(n=15).In majority of 
female persons with metabolic syndrome, the measured 
waist circumference is between 81-90 cms (n=12). ,In ma-
jority of male persons in control group the measured waist 
circumference is between 81-90cms(n=38).In female per-
sons with metabolic syndrome, the measured waist circum-
ference is between 71-80 cms (n=7).Majority of persons in 
metabolic syndrome measured fasting blood sugars is be-
tween 150-199mg/dL (n=22) and in control group is <100 
mg/dL(n=46).Majority of persons belonging to metabolic 
syndrome group the measured total cholesterol is between 
150-199mg/dL,200-249mg/dL (n=27 in both clsuters) and 
in controls it is in 150-199 mg/dL(n=32).Majority of persons 
in metabolic syndrome and control groups, the measured 
triglycerides fell in the range of 100-149 mg/dL (n=25 and 
n=48 respectively).Majority of persons in metabolic syn-
drome group, the measured HDL-c fell in the range of 30-
39 mg/dL (n=45) and in control group in between 40-49 
mg/dL(n=27).Majority of persons in metabolic syndrome 
group, the measured LDL-c fell in <100 mg/dL (n=36) and 
in control group in between 100-149 mg/dL(n=30). The 
mean parameters in both groups are shown in table 1.

TABLE 1: Baseline parameters of the persons in both 
metabolic syndrome group and control group.

PARAMETERS
METABOL-
IC SYN-
DROME 
GROUP

CONTROL 
GROUP P VALUE

Age(years)
  59.74 +/- 
10.9 58.5 +/- 

11.2 0.61

Male 43(66%) 50(75%) 0.34 
Female 22(34%) 17(25%) 0.34

Systolic BP(mm Hg)
143.6 +/- 
23.2 126.1 +/- 

18.7
<0.00001

Diastolic BP(mm Hg) 88.7 +/- 
10.5 

80.6 +/- 
11.3

0.0004

BMI(kg/m2) 27.9 +/- 2.5 23.8 +/- 
1.4

<0.0001

Waist 
circumference(cms) 94.1 +/- 7.6 85.2 +/- 6

0.22

Fasting Blood 
sugar(mg/dL)

165.4 +/- 
56.7

104.6 +/- 
32.4

<0.0001

Total cholesterol(mg/
dL)

196.1 +/- 
34.7

177.9 +/- 
38.9

0.99

Triglycerides(mg/dL) 150.6 +/- 
48.4

131.1 +/- 
26.2

0.99

HDL-c(mg/dL) 32.6 +/- 5.3 43.2 +/- 10
<0.0001

LDL-c(mg/dL) 95.1 +/- 
40.2

115.1 +/- 
33.8 0.99

SMOKERS 39(60%) 49(73%) 0.14  ; 
RR:0.75

ALCOHOLICS 18(27.7%) 27(40.3%) 0.14  
;RR:0.7

Fev1% 87.6 +/- 16 94.5 +/- 
5.6 0.99

FVC% 78.6 +/- 
14.2

90.9 +/- 
5.8 0.17

Fev1/FVC % 101.3 +/- 
14.3

101.7 +/- 
11.5 0.39

In this study, in both groups majority had normal pulmo-
nary function tests (n=26 in metabolic syndrome, n=61 in 
control group).In metabolic syndrome group, most com-
mon abnormal pulmonary function test reported was mild 
restriction (n=26) as shown in figure 1.

The correlations between metabolic parameters and PFTs 
observed in subjects affected by MS are shown in Table 
2. Overall, HDL-C is negatively associated with FEV1%, 
whereas fasting glucose and HDL-C are negatively associ-
ated with FEV1/FVC%. The pattern of pulmonary function 
tests is mild restriction in metabolic syndrome subjects 
with a p < 0.0001 according to chi square test.

Table 2: Relationships between metabolic parameters and PFTs 
observed in subjects affected by metabolic syndrome(n=65). Spear-
man’s Rank correlations are indicated.

Parameters Fev1% FVC% FEV1/FVC%

Systolic Blood 
pressure(mm Hg)

Rho = - 0.12 Rho = 0.2 Rho = 0.4

P = 0.35 P = 0.13 P  = 0.73

Diastolic Blood 
pressure(mm Hg)

Rho = - 0.11 Rho = 0.14 Rho=0.02

P = 0.4 P = 0.25 P = 0.9

Fasting 
glucose(mg/dl)

Rho = - 0.2 Rho = 0.001 Rho = - 0.25

P = 0.11 P = 0.99 P = 0.04

BMI(kg/m2) Rho = 0.28 Rho = -0.13 Rho = 0.26

P = 0.3 P = 0.3 P = 0.03
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Waist 
circumference(cms)

Rho = 0.14 Rho = - 0.22 Rho = 0.08

P = 0.26 P = 0.08 P = 0.53

Triglycerides(mg/dl)
Rho =  0.01 Rho = - 0.17 Rho = 0.1

P = 0.95 P = 0.18 P = 0.4

HDL-c(mg/dl)
Rho = - 0.24 Rho = 0.025 Rho = - 0.35

P = 0.049 P = 0.84 P = 0.005

Total 
cholesterol(mg/dl)

Rho = - 0.05 Rho = 0.03 Rho = - 0.22

P = 0.7 P =0.8 P = 0.08

LDL-c(mg/dl)
Rho = - 0.05 Rho = - 0.11 Rho = 0.11

P = 0.67 P = 0.38 P = 0.36

DISCUSSION:
The findings of this study fits well with the recent docu-
mentation that the prevalence of MS is independently as-
sociated with restrictive lung impairment. A cross-sectional 
study of 159 consecutive nondiabetic elderly persons at-
tending two social centres showed that restrictive, but not 
obstructive, respiratory pattern was associated with MS, at 
least in older people, and did not only reflect a limitation 
of  ventilation due to visceral obesity.10

 In fact, restriction was an independent correlate of MS, 
also after adjustment for waist circumference and body 
mass index (BMI). Lin et al.1 demonstrated an association 
between MS and restrictive lung impairment also after ad-
justment for age, gender, BMI, smoking, alcohol drinking, 
and physical activity. Recently, Nakajima et al 11 confirmed 
that impaired restrictive pulmonary function might be asso-
ciated with metabolic disorders and MS and documented 
a severity dependent association in an apparently healthy 
population. Obesity has been shown to be inversely re-
lated to lung function.12-14 Fasting serum insulin levels are 
negatively correlated with FVC and FEV1. Furthermore, 
insulin resistance assessed by HOMA and prevalence of 
T2D are inversely associated with FEV1 and FVC.15 Actu-
ally, in this study patients, abdominal circumference and 
also fasting blood glucose are retained as independent 
predictors of both FEV1 and FVC.HDL-C was the strong-
est predictor of  FVC, with a positive association that has 
been observed both in smokers and in non-smokers. The 
mechanisms underlying this association are unknown. In 
any case, based on this reported data, the presence of 
lung function impairment itself is not clearly demonstrated 
as the changes in lung function possibly reflect changes in 
thoracic and abdominal wall compliance. Only two cross-
sectional population-based studies conducted in Asians1,11, 
have assessed the relationship between lung function im-
pairment and metabolic syndrome. In accordance with this 
study findings, both reported metabolic syndrome to be 
significantly associated with the restrictive ventilator pat-
tern, but not with the obstructive pattern. A similar find-
ing was obtained in a small study of elderly patients by 
Fimognari et al.10 However, in these previous studies, the 
association between lung function impairment and each 
individual component of the syndrome was not tested in-
dependently of the others. This study did not aim to de-
termine whether insulin resistance or abdominal obesity 
was the driving force behind metabolic syndrome. Each 
component of metabolic syndrome may have a different 
influence on pulmonary function across racial groups. In an 
Italian study, HDL-C was the main predictor for pulmonary 
function impairment.16In a Japanese study, this relation-
ship between lung function impairment and metabolic syn-
drome was thought to be due mainly to abdominal obesity 
and hyperglycemia in males.17In a Korean study, abdominal 

obesity, blood pressure, HDL-C, and fasting plasma glu-
cose strongly influenced pulmonary function.18In an Aus-
tralian study, poorer pulmonary function was also noted 
as metabolic syndrome components accumulated.19 This 
study observed that the abdominal obesity component 
was strongly and inversely related to restrictive ventilator 
patterns, suggesting a role for mechanisms unrelated to 
lung volumes. WC is correlated with both subcutaneous 
adipose tissue and intraabdominal adipose tissue, but it is 
a better predictor of intraabdominal adipose tissue (delete-
rious fat deposition) than BMI.20

CONCLUSION :
In this study significant number of persons with metabolic 
syndrome had mild restrictive pattern of pulmonary func-
tion tests even though they were asymptomatic. More 
importance is to be given to lifestyle modifications like 
exercise, diet to decrease the incidence of metabolic syn-
drome.Prospective studies are needed, to determine the 
temporal relationship between lung function impairment 
and metabolic syndrome, including abdominal adiposity in 
particular. 

LIMITATIONS OF THIS STUDY :
 It was a small study population. Level of physical activity 
was not taken into consideration. Smoking status and se-
verity of smoking are not taken into consideration. Restric-
tion on spirometry is not confirmed with TLC as it is not 
available at our institution. The cross-sectional design of 
this study precluded the drawing of conclusions about the 
temporal relationship between lung function impairment 
and metabolic syndrome.
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