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Abstract

Introduction: Most of previous studies on dyslipidemia among pilots were cross-sectional surveys which cannot explore the temporal
trend of dyslipidemia, and these studies were normally conducted at least five years ago. In addition, studies focusing on pilots in
Southwest China are scarce. This study aimed to describe the prevalence of and trends in dyslipidemia among pilots from an airline in
Southwest China.

Methods: This cross-sectional study evaluated the prevalence of adverse concentrations of total cholesterol (TC), low-density lipoprotein
cholesterol (LDL-C), high-density lipoprotein cholesterol (HDL-C), and triglycerides (TG) among all pilots from one airline in Southwest
China in 2015. Analyses of linear trends in age-adjusted prevalence of dyslipidemia were conducted overall across a 3-year period (2013,
2014, and 2015).

Results: In 2015, 3.4% of participating pilots had a high TC concentration, 16.4% had a high TG concentration, 2.6% had a high LDL-C
concentration, 25.1% had a low HDL-C concentration, and 33.1% had dyslipidemia. Between 2013 and 2015, there were decreasing
linear trends in age-adjusted prevalence of high TG (32% vs. 19.9%; P<0.001) and dyslipidemia (51.9% vs. 38.4%; P<0.001). During this
3-year period, declining trends were also observed in age-adjusted prevalence of LDL-C (10.0% vs. 4%; P<0.001) and HDL-C (33.2% vs.
28.3%; P=0.015). However, there was no change from 2013 to 2015 in age-adjusted prevalence of high TC (2.8% vs. 5.0%; P=0.168).
Conclusion: From 2013 to 2015, there were favorable trends in the prevalence of high TG, low HDL-C, high LDL-C, and overall
dyslipidemia but no significant change in high TC among pilots from one airline in southwest China. The reasons for these trends need to
be further explored.
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Introduction

Dyslipidemia has been associated with arthrosis and
cardiovascular disease (CVD),"? which may cause sudden
incapacitation®** and long-term disability as well as a loss of
license among commercial pilots.® Dyslipidemia normally
refers to an adverse concentration in one or more of four lipids,
including total cholesterol (TC), low-density lipoprotein
cholesterol (LDL-C), triglycerides (TG), and low levels of high
density lipoprotein cholesterol (HDL-C). Early identification
and treatment of dyslipidemia may improve long-term health
outcomes. However, due to the lack of obvious early signs,
dyslipidemia tends to be overlooked.

Several studies have reported adverse lipid profiles among
pilots in China.”” Most previous studies on dyslipidemia
among pilots were cross-sectional surveys which cannot
explore the temporal trend of dyslipidemia, and these
studies were conducted at least five years ago.*'° In addition,
studies focusing on pilots in Southwest China are scarce.
Therefore, information on the current prevalence of and
trends in dyslipidemia remain limited, which might hinder
the implementation of pertinent and effective control and
prevention strategies.

The objectives of this study were to describe the prevalence
of adverse serum concentrations of TC, LDL-C, HDL-C, and
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TG among pilots in Southwest China in 2015 and to suggest
the trends since 2013.

Methods

Study Subjects

This study was a cross-sectional study. In China, every civil
pilot is required to undergo a physical examination annually.
All male pilots of an airline in Chengdu, Sichuan from 2013 to
2015 were included in the study; the number of participants
was 860 in 2013, 970 in 2014, and 1063 in 2015. All persons
gave their informed consent prior to their inclusion in the
study.

Data Collection

All data used in this study was collected by the aviation
doctors from Medical Examination Database in the airline,
including subjects’ height, weight, TC, TG, HDL-C, and
LDL-C levels. All data was anonymized before the researchers
could access it.

Definitions for Adverse Lipid Concentrations and BMI
The cut-off points for blood lipid indices were defined
according to the Chinese guideline for the management
of dyslipidemia in adults."" Adverse lipid concentrations
were defined as follows: TC concentration of 240 mg/dL or
higher; HDL-C concentration lower than 40 mg/dL; LDL-C
concentration of 160 mg/dL or higher (to convert TC, HDL-C,
and non-HDL-C to millimoles per liter, multiply by 0.0259);
and TG concentration of 200 mg/dL or higher (to convert
TG to millimoles per liter, multiply by 0.0113). Dyslipidemia
was defined as an adverse concentration in 1 or more of the
4 lipids.

Body mass index (BMI) is calculated by dividing weight
in kilograms by the square of height in meters rounded to
the nearest 10th. The cut-off points for BMI were defined
according to the Guidelines for Prevention and Control of
Overweight and Obesity in Chinese Adults."”” Pilots were
categorized as underweight (BMI <18.5 kg/m?), normal
weight (BMI 18.5 to 23.9 kg/m?), overweight (BMI 24 to 27.9

kg/m?), or obese (BMI>28 kg/m?).

Statistical Analysis

Prevalence estimates and 95% CI of adverse concentrations
of TC, HDL-C, LDL-C, and TG as well as dyslipidemia are
reported. The study population was categorized into the
following 4 age bands (in years): 20-29, 30-39, 40-49, and 50-
60. The percentage and its 95% CI were calculated for 2014.
Trend analyses were based on weighted data. The percentages
for pilots aged 20-60 years were age-adjusted by direct method
to the projected 2010 census population using the age groups
20-29, 30-39, 40-49, and 50-60 years. Hypotheses of no survey
trends in age-adjusted percentages over the 3-year period
from 2013 to 2015 were tested by logistic regression analyses.
Rejection of this null hypothesis implied the existence of a
trend. All statistical analyses were carried out using STATA
version 12.0. A two-side P value of <0.05 was considered to be
statistically significant.

Results

In 2015, among pilots aged 20 to 60 years, 3.4% (95% CI,
2.3%-4.5%) had a high TC concentration, 16.4% (95% CI,
14.1%-18.6%) had a high TG concentration, 2.6% (95% CI,
1.7%-3.6%) had a high LDL-C concentration, 25.1% (95% CI,
22.5%-27.7%) had a low HDL-C concentration, and 33.1%
(95% CI, 30.3%-35.9%) had dyslipidemia (Table 1).

The prevalence of four types of dyslipidemia all increased
with age (all P<0.001). Specifically, for high TG, low HDL-C,
and dyslipidemia, the highest prevalence was observed
in the age group of 50-59 years (26.9%, 7.7%, and 51.9%,
respectively); whereas for high LDL-C and low HDL-C, the
highest prevalence was found in pilots aged 40-49 years (6.5%
and 33.1%, respectively); for high LDL-C and low HDL-C,
and then declined thereafter (Table 1).

The prevalence of high TG, low HDL-C, and dyslipidemia
(except for high TC and high LDL-C) increased with BMI,
with the highest prevalence being observed in the obese
group (29.0%, 46.4%, and 59.4%, respectively). Specifically,
the prevalence of high TG climbed from 9.7% to 23.8%

Table 1. Prevalence of Dyslipidemias in Pilots Aged 20 to 60 Years From Southwest China, 2015

Characteristics Participants, No. TG (2200 mg/dL) TC (2240 mg/dL) LDL-C (2160 mg/dL) HDL-C (<40 mg/dL) Dyslipidemia
Total 1063 16.4 (14.1-18.6) 3.4 (2.3-4.5) 2.6 (1.7-3.6) 25.1(22.5-27.7) 33.1(30.3-35.9)
Age, years

I,20-29 550 10.0 (7.5-12.5) 1.5 (0.5-2.5) 0.9 (0.1-1.7) 19.5(16.1-22.8) 25.1(21.5-28.7)
11, 30-39 322 23.3(18.7-27.9) 4.3 (2.1-6.6) 3.4(1.4-5.4) 30.4 (25.4-35.5) 41.0 (35.6-46.4)
111, 40-49 139 21.6 (14.7-28.4) 7.2 (2.9-11.5) 6.5 (2.4-10.6) 33.1(25.3-40.9) 39.6 (31.4-47.7)
IV, 50-59 52 26.9 (14.9-39) 7.7 (0.4-14.9) 5.8 (-0.6-12.1) 30.8 (18.2-43.3) 51.9 (38.3-65.5)
P value for trend <0.001 <0.001 <0.001 <0.001 <0.001

BMI category

A, Normal weight 557 9.7 (7.2-12.2) 2.7 (1.3-4) 2.0 (0.8-3.1) 14.7 (11.8-17.7) 21.4 (18-24.8)
B, Overweight 421 23.8 (19.7-27.8) 4.3 (2.3-6.2) 3.1(1.4-4.7) 36.1 (31.5-40.7) 45.4 (40.6-50.1)
C, Obese 69 29.0 (18.3-39.7) 2.9 (-1.1-6.9) 4.3 (-0.5-9.2) 46.4 (34.6-58.1) 59.4 (47.8-71)
P value for trend? <0.001 0.293 0.141 <0.001 <0.001

*The trends were tested by logistic regression analyses and adjusted for age.
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to 29% for pilots in the normal, overweight, and obese
categories, respectively (P<0.001) Comparable estimates for
the prevalence of low HDL-C were 14.7%, 36.1%, and 46.4%,
respectively (P<0.001) and for the prevalence of overall
dyslipidemia were 21.4%, 45.4%, and 59.4%, respectively
(P<0.001); however, the prevalence rates of high TC and high
LDL-C were not statistically different(P=0.293 and P=0.141,
respectively) (Table 1).

Between 2013 and 2015, there were decreasing linear
trends in age-adjusted prevalence of high TG [32% (95%ClI,
28.9%-35.1%) vs. 19.9% (95% CI, 17.5%-22.3%); P<0.001]
and dyslipidemia [51.9% (95% CI, 48.6%-55.2%) vs. 38.4%
(95% CI, 35.5%-41.3%); P<0.001]. During this 3-year period,
declining trends were also observed in the age-adjusted
prevalence of LDL-C [10.0% (95% CI, 8.0%-12.0%) vs. 4%
(95% CI, 2.9%-5.2%); P<0.001] and HDL-C [33.2% (95%Cl,
30%-36.3%) vs. 28.3% (95% CI, 25.6%-31%); P=0.015]. There
was no change from 2012 to 2014 in age-adjusted prevalence
of high TC [2.8% (95% CI, 1.7%-3.9%) vs. 5.0% (95% CI,
3.7%-6.3%); P=0.168] (Figure 1; Table 2).

Adverse lipid concentrations include TG >200 mg/dL, TC
>240 mg/dL, LDL-C 2160 mg/dL, and HDL-C<40 mg/dL.
Dyslipidemia was defined as an adverse concentration in 1
or more of the 4 lipids. All comparisons except TC showed
a significant linear trend between 2013 and 2015 (P<0.05).
Sample sizes for TG, TC, LDL-C, HDL-C, and dyslipidemia
were 860 in 2013, 970 in 2014, and 1063 in 2015. Error bars
indicated 95% ClIs. All estimates are based on weighted data
age-adjusted by direct method to the year 2010 population

Table 2. Trends for Dyslipidemia in Pilots aged 20 to 60 years in an Airline from
2013 to 2015

Factors 2013 2014 2015 P Value for
Trend®
High TG 32 (28.9-35.1) 22(19.4-24.6) 19.9 (17.5:223)  <0.001
High TC 2.8(1.7-3.9) 6.8(5.2-8.4) 5(3.7-6.3) 0.168
High LDL-C 10(8-12)  11.7(9.7-13.8)  4(2.9-5.2) <0.001
Low HDL-C  33.2(30-36.3) 23 (20.3-25.6) 28.3 (25.6-31)  0.015

Dyslipidemia 51.9 (48.6-55.2) 39.2 (36.1-42.3) 38.4 (35.5-41.3)  <0.001

“The trends were tested by logistic regression analyses and adjusted for age.
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using the age groups 20-29,30-39, 40-49, and 50-60 years.

Discussion

The present study described the prevalence of adverse serum
lipid levels in 2015 and trends from 2013 to 2015 among
pilots from an airline in Southwest China, demonstrating
that favorable trends during this 3-year period in high TG,
low HDL-C, and high LDL-C were observed; an adverse lipid
profile continues to be observed. In 2015, 33.1% pilots had
dyslipidemia. Specifically, 16.4% had high TG, 25.1% had
low HDL-C, 3.4% had high TC, and 2.6% had high LDL-C.
Therefore, the 2 most common dyslipidemias were low
HDL-C and high TG, which was consistent with the adverse
lipid pattern reported by previous studies regarding civil
pilots>*'> and the general population in China."

Epidemiological studies have reported that low HDL-C
is an established risk factor for coronary heart disease.'” "
Among civil pilots, one study reported a low HDL-C
prevalence of 45.9% in those from Northwest China,” whereas
the corresponding figure in a recent study reported by Yu et
al” in 2015 was 29.2% in pilots aged 40 to 59 years. Among
Chinese male adults in 2010, the prevalence of low HDL-C
was 44.8%.'¢ In the current study, the prevalence was 25.1%,
which was significantly lower than that reported in previous
studies.”” These inconsistent results may be related to different
diet factors, pilot populations, study periods, or racial factors.

There is increasing evidence of a strong link between
raised TG and coronary heart disease risk.”” The prevalence
of high TG reported by previous studies ranged from 12.8%
to 26.7%.>"*"> Moreover, in the current study, this figure in
2014 was 16.4%, which was higher than that among Chinese
adults in 2010 (11.3%).' The reasons for higher prevalence
of high TG among pilots may be because pilots tend to work
under high pressure and an irregular schedule (i.e., night-
shift work) and lack exercise; in addition, the diet of some
pilots have high levels of oil.

Epidemiological evidence regarding the trends of adverse
lipid concentrations is limited and controversial. A previous
study on dyslipidemia in 305 civil pilots in China reported
that increasing trends for prevalence of hyperlipidemia

Dyslipidemia

Figure 1. Prevalence of Adverse Lipid Concentrations over Time Among Pilots From Southwest China, 2013-2015.
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(including high TG, high TC, and high LDL-C) from 2006 to
2011 were observed.” Another study reported favorable trends
of the prevalence of high TC, high LDL-C, and low HDL-C
between 2007 and 2008."° These inconsistent results might
be attributed to differences in pilot population, study period,
racial factors, or sample sizes. The current study found a
favorable trend in the prevalence of adverse serum lipid
concentrations among pilots in Southwest China from 2013
to 2015. Specifically, the declines reported herein included the
prevalence of high TG, low HDL-C, high LDL-C, and overall
dyslipidemia, which were similar to the results reported by a
previous study.'

The association between BMI and serum lipid
concentrations has been previously described.* In this
analysis, the higher prevalence of high TG, low HDL-C,
and dyslipidemia increased with age with the highest
prevalence in obese pilots, which was similar to most previous
studies.'***** However, the prevalence of high TC and LDL-C
were not statistically different between BMI groups. This was
inconsistent with several studies.* One possible explanation
for these seemingly paradoxical findings is that serum levels
TC and LDL-C are linked to a variety of factors other than
BM]I, i.e., diet® and physical activity.® The relevant reasons
need to be further explored.

There may be differences in the distribution of abnormal
lipid types among pilots in different fields and periods,
suggesting that corresponding prevention and control
strategies should be formulated according to the specific
epidemic characteristics of abnormal lipids in pilots, so
as to achieve the purpose of improving the prevention and
control effects. To strengthen the prevention and treatment
of dyslipidemia in civil aviation pilots, in addition to regular
blood lipid examinations, it is also suggested that the aviation
field strengthen the popularization of blood lipid health
knowledge and actively advocate a healthy lifestyle, including
areasonable diet and physical exercise. At the same time, pilots
with dyslipidemia should be treated actively, and the health
level of pilots should be improved through comprehensive
measures, which is of great significance for ensuring flight
safety and prolonging flight life.

Several limitations in the present study should be
considered. First, it should be noted that this study only
targeted pilots from one airline based in Southwest China.
Therefore, data from other pilot populations was needed to
confirm the favorable trends. Second, the number of civil
pilotsincluded in the current study was less than that of several
large-scale surveys on relevant topics among the general
population; nevertheless, the target population of this study is
much smaller. Third, the present study period was relatively
short, including only 3 years. Nevertheless, there might be
sufficient evidence to suggest the prevalence of and trends in
dyslipidemia among pilots in the airline. Further study with
more pilots from other regions of China and a longer follow-
up period will provide more insight into the epidemiology of
adverse lipid levels among civil pilots in China.

Conclusion
Among pilots aged 20-60 years from one airline based in

Research Highlights

What Is Already Known?

Little is known about the prevalence of and trends in
dyslipidemia among pilots from an airline in Southwest
China.

What This Study Adds?

o Early identification and treatment of dyslipidemia
may improve long-term health outcomes.

o Among the pilots in this study, 33.1% had overall
dyslipidemia, and the 2 most common dyslipidemias
were low HDL-C (25.1%) and high TG (16.4%).

o  From 2013 to 2015, there were favorable trends in the
prevalence of high TG, low HDL-C, high LDL-C, and
overall dyslipidemia but no significant change in high
TC.

o  Corresponding prevention and control strategies
should be formulated according to the specific
epidemic characteristics of abnormal lipids in pilots, so
as to achieve the purpose of improving the prevention
and control effects.

o DPilots with dyslipidemia should be treated actively,
and the health of pilots should be improved through
comprehensive measures, which is of great significance
for ensuring flight safety and prolonging flight life.

Southwest China in 2015, 33.1% had overall dyslipidemia.
The 2 most common dyslipidemias were low HDL-C (25.1%)
and high TG (16.4%). From 2013 to 2015, there were favorable
trends in the prevalence of high TG, low HDL-C, high LDL-C,
and overall dyslipidemia but no significant change in high
TC. The reasons for these trends need to be further explored.
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