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Effect of the components of the metabolic syndrome on 
pulmonary function. The unexpected role of high-density 
lipoprotein cholesterol
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Abstract

Background: Metabolic syndrome is a condition that predisposes to cardiovascular disease and diabetes mellitus. In addition, it 
can have effects over neoplastic pathologies, liver and pulmonary function. Our objective is to analyze the effect of the metabolic 
syndrome and its components on pulmonary function. Method: 110 subjects from Mexico City were evaluated and anthropometric 
measurements, glucose determination, triglycerides and high-density lipoprotein (HDL) cholesterol were made. They underwent a 
simple spirometry. Diagnosis of metabolic syndrome was made following the NCEP-ATPIII criteria. Results: Of 110 individuals, 
90 (82%) were women and 20 men (18%); 71 subjects (65%) presented metabolic syndrome. Subjects with central obesity had a 
forced vital capacity (FVC) lower than subjects without central obesity (2.72 vs. 3.11 liters; p < 0.05). Those with low HDL had 
better spirometric results than subjects with normal HDL (FEV1 2.36 vs. 1.85 liters; p < 0.05), FVC (2.95 vs. 2.45 liters; p < 0.05) 
and FEV1/FVC ratio (0.78 vs.74; p < 0.05). Hypertensive subjects presented lower volumes in FEV1 (1.91 vs. 2.38; p < 0.05) and 
FVC (2.49 vs. 2.99; p < 0.05). Conclusion: There is no difference between the spirometry volumes of patients with metabolic 
syndrome versus the metabolically healthy subjects. The only factors associated with a decrease in FEV1 and FVC are central 
obesity and arterial hypertension. An unexpected finding was the negative correlation between HDL levels and lung function.

KEY WORDS: Spirometry. Metabolic syndrome. Lung. HDL cholesterol.

Resumen

Antecedentes: El síndrome metabólico es un estado que predispone a enfermedad cardiovascular y diabetes mellitus. Además, 
puede repercutir en la función hepática, en patologías neoplásicas y en la función pulmonar. Nuestro objetivo es analizar el 
efecto del síndrome metabólico y sus componentes sobre la función pulmonar. Método: Se evaluaron 110 sujetos de la Ciudad 
de México a quienes se realizaron mediciones antropométricas, determinación de glucosa, triglicéridos y colesterol ligado a 
lipoproteínas de alta densidad (HDL). Se les practicó una espirometría simple. Se realizó el diagnóstico de síndrome metabó-
lico siguiendo los criterios NCEP-ATPIII. Resultados: De 110 individuos, 90  (82%) fueron mujeres y 20 hombres (18%), y 
71 (65%) presentaron síndrome metabólico. Los sujetos con obesidad central tuvieron una capacidad vital forzada (CVF) menor 
que aquellos sin obesidad central (2.72 vs. 3.11 l; p < 0.05). Los que presentaron colesterol HDL bajo tuvieron mejores resul-
tados espirométricos que los sujetos con colesterol HDL normal (volumen espiratorio forzado en el primer segundo [VEF1] 
2.36 vs. 1.85 l; p < 0.05), mejor CVF (2.95 vs. 2.45 l; p < 0.05) y mejor relación VEF1/CVF (78 vs. 74; p < 0.05). Los sujetos 
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Background

Metabolic syndrome (MetS) is defined as a group of 
clinical features that include abdominal obesity, hyper-
glycemia, elevated triglycerides, high blood pressure 
and high-density lipoprotein (HDL) cholesterol low va-
lues1. This syndrome is highly frequent in the world 
population, and its prevalence using the NCEP-ATPIII 
diagnostic criteria has been reported in up to 22% of 
the population in developed countries and 26% in the 
Mexican population2,3.

MetS constitutes an important risk factor for cardio-
vascular disease (myocardial infarction, stroke, arte-
rial insufficiency), as well as for the development of 
type 2 diabetes mellitus. Recent reports indicate that 
MetS can influence on the development of non-alco-
holic fatty liver disease and even on various types of 
cancer4. Currently, evidence is being gathered on the 
impact MetS could have on different aspects of lung 
function5.

There are some studies in Asian and North Ameri-
can populations indicating that MetS has certain 
association with a restrictive pulmonary pattern; 
however, controversy remains on the relative contri-
bution of each individual component of the syndrome 
to pulmonary pathology6. It has been suggested that 
each component of the metabolic syndrome may have 
different influence on respiratory pathophysiology ac-
cording to ethnic group and gender7.

Given that the relationship between MetS and the 
pulmonary function has been little studied in Latin 
American population, and knowing that this possible 
association may have important implications in the 
management of these patients,8 the purpose of this 
study is to analyze the effect MetS and each one of 
its components have on pulmonary volumes as mea-
sured by spirometry in Mexico City inhabitants.

Method

A convenience-sampling, analytical, cross-sectional 
study with was carried out, with eligible subjects who 
were treated at different outpatient services of the 

Ticomán General Hospital in Mexico City during the 
first semester of 2017 being invited to participate. Indi-
viduals from 18 to 75 years of age without known lung 
disease or risk exposure for pulmonary pathology, who 
agreed to answer a questionnaire and give a blood 
sample, and who were able to perform the maneuvers 
required by the spirometry study were included.

Subjects who agreed to participate were asked to 
complete a questionnaire in order to record demogra-
phic variables such as gender, age, known pathologies 
and exposure to pulmonary risk factors. Anthropome-
tric measurements were carried out (weight, height, 
body mass index and waist circumference) and blood 
pressure was recorded, following the guidelines esta-
blished by the World Health Organization. Fasting 
blood samples were taken for the determination of 
glucose, triglycerides and HDL-cholesterol. Glucose 
was measured using the glucose oxidase method with 
a Beckman Coulder DxC600 equipment; triglycerides 
and HDL-cholesterol were measured with the DxC600 
automated analyzer.

Based on the questionnaire results, anthropometric 
measurements and laboratory tests, the subjects were 
diagnosed with or without MetS. In accordance with the 
harmonized criteria published in 2009 by the Joint 
Scientific Statement,9 MetS was diagnosed when the 
subject met at least three of the following: glucose > 
100  mg/dL or being on treatment for type  2 diabetes; 
waist circumference > 90  cm in men and > 80  cm in 
women; triglycerides > 150  mg/dL or on treatment to 
decrease them; HDL-cholesterol < 40 mg/dL in men and 
< 50 mg/dL in women and blood pressure > 140/90 mm/Hg 
or being on antihypertensive treatment.

Finally, the patients underwent a simple spirometry 
study with the Medizintechnik TrueFlow Easy on PC 
spirometer. Subjects with chest pain, recent eye, ab-
dominal or orthopedic surgery, using supplemental 
oxygen or unable to make maximal inspiratory or ex-
piratory effort were excluded from spirometry. The 
study was carried out by trained medical personnel. 
Three acceptable efforts were required and only A, B 
and C quality results were included according to the 
American Thoracic Society guidelines and the 

hipertensos presentaron menores volúmenes en VEF1 (1.91 vs. 2.38; p < 0.05) y CVF (2.49 vs. 2.99; p < 0.05) Conclusión: No exis-
te diferencia en los volúmenes espirométricos de pacientes con síndrome metabólico al compararlos con sujetos metabólica-
mente sanos. Solo la obesidad central y la hipertensión arterial se asocian con disminución del VEF1 y la CVF. Un hallazgo 
inesperado es la correlación negativa entre los valores de colesterol HDL y la función pulmonar.

PALABRAS CLAVE: Espirometría. Síndrome metabólico. Pulmón. Colesterol HDL.
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interpretation was with adherence to the values ​​
predicted by NAHNES III.

Data statistical analysis was performed using the 
STATA 11.0 program. Descriptive statistics were re-
ported using frequencies and percentages for nominal 
variables, as well as means or medians (as appropria-
te) for quantitative variables. For inferential statistics, 
the means of lung parameters of interest were com-
pared between the groups of subjects according to 
their metabolic characteristics. Simple correlations 
were established between some metabolic and spiro-
metry variables.

Results

One-hundred and ten individuals were included in 
the study, out of whom 90 were women (82%) and 
20 men (18%). Of the total sample, 71 subjects (65%) 
met the criteria for MetS: 61 (55%) had the hypergly-
cemia factor, 91 (83%) had increased waist circumfe-
rence, 67  (62%) had elevated triglycerides, 74  (67%) 
had low HDL-cholesterol and 44 (40%) had high blood 
pressure (Table 1).

When the spirometric volumes of individuals with 
and without SMet were compared, we found no sta-
tistically significant difference (Table 2).

Regarding the analysis of each MetS factor and its 
impact on pulmonary volumes, subjects with increa-
sed waist circumference were found to have lower 
forced vital capacity (FVC) (2.72 vs. 3.11 L; p = 0.04) 
than subjects with normal waist circumference. Indivi-
duals with high blood pressure had lower forced ex-
piratory volume in 1 second (FEV1) (1.91 vs. 2.38 L; 
p = 0.01) and lower FVC (2.49 vs. 2.99; p = 0.01) than 
non-hypertensive subjects. The hypertriglyceridemia 
and hyperglycemia factors were not associated with 
spirometry alterations. Individuals with normal or in-
creased HDL-cholesterol had lower FEV1 volumes 
(2.36 vs. 1.85 L: p = 0.01), FVC (2.95 vs. 2.45; p = 0.01) 
and FEV1/FVC ratio (0.78  vs. 0.74; p = 0.01) than 
subjects with low HDL-C (Table 3).

To establish the degree of association HDL-cholesterol 
has with the decrease in lung volumes, a simple linear 
regression was performed, where a significant inverse co-
rrelation was observed between HDL-cholesterol and all 
three pulmonary parameters (Table 4 and Figs. 1 - 3).

Discussion

Our results indicate that, in a sample of the Mexican 
population, there is no difference between the lung 

volumes of patients who met MetS criteria (according to 
the 2009 harmonized criteria) and those of patients wi-
thout the syndrome. However, when the impact on lung 
function of each component of the syndrome was sepa-
rately analyzed, we observed that subjects with the in-
creased waist circumference factor (central obesity) have 
lower FVC than those without this type of obesity, and 
that subjects with the high blood pressure factor have 
lower FEV1 and FVC than non-hypertensive individuals. 
Conversely, subjects with the low HDL-cholesterol com-
ponent had higher spirometry volumes than subjects with 
normal or high HDL-cholesterol.

Previous studies with case-control design10 initially 
identified patients with pulmonary obstructive and 

Table 1. Clinical characteristics of the sample

Characteristic (N = 110) Frequency (%)

Gender 
Males
Females

20
90

(18)
(82)

Metabolic syndrome
With 
Without 

71
39

(65)
(35)

Hyperglycemia 
With 
Without 

61
49

(55)
(55)

Waist circumference
Normal 
Increased 

19
91

(17)
(83)

Triglycerides 
Normal 
> 150 mg 

41
67

(38)
(62)

HDL‑cholesterol
Normal 
Low 

36
74

(33)
(67)

High blood pressure
Without 
With 

66
44

(60)
(40)

Quantitative (N = 110)

Median p25‑75

Age (years)* 54 ± 13

BMI 27.5 25.3‑31.4

WC (cm) 95 88‑100

Glucose (mg/dL) 98.5 91‑111

Triglycerides (mg/dL) 173 129‑238

HDL‑cholesterol (mg/dL) 43 35‑51

*Variable with parametric distribution, mean and standard deviation are reported.
All variables followed a non‑parametric distribution, and median and 25‑75 percentiles 
are therefore reported.
HDL: high‑density lipoprotein; BMI: body mass index; WC: waist circumference.
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restrictive patterns in order to analyze the prevalence 
of MetS among them, and noted that both patterns 
were associated with higher presence of MetS. Mar-
quis et al.11 reported, in 38 patients with COPD and 34 

controls, a prevalence of MetS of 47 and 21%, 
respectively, while a study in Taiwan12 that analyzed 
more than 40,000 subjects showed that the restrictive, 
but not the obstructive pulmonary pattern, was 

Table 2. Spirometric volumes in patients with and without metabolic syndrome

Pulmonary function by spirometry Without metabolic syndrome (n = 39) With metabolic syndrome (n = 71) p

FEV1 (L) 2.16 2.21 0.71

FEV1% 88.3 87.9 0. 90

FVC (L) 2.79 2.79 0.9

FVC% 89.6 87.6 0.47

FEV1/FVC 75 78 0.10

FVC: forced vital capacity; FEV1: forced expiratory volume in 1 second.

Figure 2. Simple linear regression between FVC (L) and HDL-cholesterol (mg/dL).

Adjusted valuesFVC

FV
C

HDL-cholesterol

Figure 1. Simple linear regression between FEV1 (L) and HDL-cholesterol (mg/dL).

Adjusted valuesFEV1

FE
V1

HDL-cholesterol
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associated with the presence of MetS (odds ratio: 
1.22). The design of these approaches differs from 
ours, since they started from the diagnosis of pulmo-
nary restrictive or obstructive functional alteration to 
observe the prevalence of MetS, while we first identi-
fied the presence MetS to then look for the spirometric 
volumes behavior between subjects with and without 
the syndrome.

We found a similar approach to ours, reporting lung 
parameters according to the presence of MetS and 
each of its components, in three reports. The first 
one13, with data from the Strong Heart Study that ex-
plores Native American populations, found that FEV1, 
FEV1%, FVC and FVC% mean values were lower in 
subjects with MetS. This study also analyzed two 
MetS components and their effect on pulmonary func-
tion separately, and found that both diabetes mellitus 
and central obesity were associated with a decrease 
in pulmonary parameters. An analysis in the North 
American population derived from the NANHES8 co-
hort reported that a pulmonary function restrictive 
pattern is slightly more prevalent in subjects with 
MetS, and that each one of the five components is 
associated with a mild pulmonary restriction as well. 
A research carried out in Korea14 suggested a possible 
influence of gender on the effect MetS has on the 
lung. They studied 1370 subjects with MetS and ob-
served that only men presented a slight decrease in 
FEV1 and FVC. This study also found that not all MetS 
factors have a negative impact on spirometry; in fact, 
HDL-cholesterol and waist circumference are associa-
ted with better pulmonary volumes. The latter finding 
is consistent with our results.

As can it be observed, in these reports there are 
certain concordances, but also discrepancies a re-
gards the effect that different MetS components have 
on pulmonary function. This situation might be explai-
ned not only by the different methodology employed 
and the type of subjects included in each investiga-
tion, but also by genetic and ethnic differences that 

Table  4. Correlation  (by simple linear regression) between 
pulmonary function and HDL‑cholesterol

HDL‑cholesterol Spirometry β R p

FEV1 −0.02 −0.04 0.001

FVC −0.02 −0.38 0.001

FEV1/FVC −0.001 −0.22 0.01

β: correlation coefficient beta; FVC: forced vital capacity; R: correlation; FEV1: forced 
expiratory volume in 1 second.
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determine MetS components different behaviors, es-
pecially in the case of lipoproteins15.

In our study, we observed that subjects with normal 
or high HDL-cholesterol values ​​have lower pulmonary 
volumes than subjects with low HDL. This is a finding 
we considered to be “unexpected” since, given the 
anti-atherogenic, anti-inflammatory, antioxidant and 
even antiapoptotic functions attributed to this lipopro-
tein, it would be speculated that elevated values ​​the-
reof would constitute a beneficial factor for pulmonary 
function16-18. Although it is true that HDL-cholesterol 
has been attributed the aforementioned functions, re-
cently, the HDL-cholesterol paradigm as a protector 
for atherogenesis has been changing, and an example 
of this is the demonstration that the cholesterol efflux 
function, which was initially attributed to this lipopro-
tein, is independent of it. In fact, its anti-inflammatory 
and cholesterol-mobilizing capacity has been found to 
be seriously affected by HDL-associated protein oxi-
dation, and that this dysfunctional HDL can even be 
pro-inflammatory19. This new approach to HDL-choles-
terol physiological aspects might partly explain our 
finding that subjects with elevated values ​​have lower 
pulmonary volumes.

In line with us, a genetic and molecular study, con-
ducted in two ethnical groups (African-Americans and 
European-Americans), has reported two polymorphis-
ms in genes associated with apolipoprotein M (APOM) 
that are related to a pulmonary function decrease. 
APOM is a lipoprotein that accompanies HDL-choles-
terol, and a change in its gene expression alters 
HDL-cholesterol quality and function. In fact, this same 

study has found that high HDL-cholesterol values ​​are 
associated with a decreased FEV1/FVC ratio15.

The present study has several limitations. Being a 
cross-sectional study, no causal relationship can be 
established between metabolic factors and pulmonary 
alterations. The population it was carried out with mi-
ght not be representative of the Mexican general po-
pulation, since it was conducted in subjects who were 
a captive population of a hospital. The sample size is 
limited and the conclusions should not be generalized. 
More studies are required, and in different popula-
tions, exploring the effect MetS factors have on the 
pulmonary function, given that there are some clues 
that this association is variable in each ethnic group.

Conclusions

In the Mexican population, subjects with MetS show 
a similar pulmonary function to that in subjects without 
MetS. However, each one of the MetS components plays 
a different role in pulmonary function, since subjects 
with increased waist circumference, high blood pressure 
and normal or high HDL-cholesterol have lower volumes 
by spirometry than subjects without these factors.
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