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Clinical Markers Associated with Metabolic Syndrome

Among Military Aviators

Chulwoo Rhee; Jinho Kim; Ji-young Kim; Eunsuk Chang; Se-young Park; Wooyoung Lee; Hohyung Kang

BACKGROUND: Due to the recent increase of metabolic syndrome (MetS) in the Korean population, this study was performed to
investigate the prevalence of MetS among Republic of Korea (ROK) Air Force military aviators and its relationship with

clinical markers.

METHODS: A cross-sectional study was performed among 911 aviators who filled out the lifestyle questionnaire and underwent
medical examinations at the ROK Air Force Aerospace Medical Center. Clinical markers of aviators with MetS were

investigated and odds ratios were calculated.

RESULTS: Among the 911 aviators, 90 (9.9%) were found to have MetS and the prevalence of subcomponents were: 31.7%
elevated blood pressure, 25.3% elevated waist circumference, 19.0% impaired glucose tolerance, 16.6% elevated
triglycerides, 7.9% reduced high density lipoprotein (HDL) cholesterol. Among aviators, a significant statistical associa-
tion was found between the diagnosis of MetS with the highest quartile of uric acid, white blood cell (WBC) count, and
alanine transaminase (ALT) level. Adjusted odds ratio of MetS was 8.88 (3.16 ~24.99) if all three clinical markers were at

highest quartile range.
DISCUSSION:

Despite the relatively low prevalence of MetS in ROK Air Force aviators, further preventive measures are required as the

prevalence is expected to increase in the future. Aviators with high levels of WBC count, uric acid, and ALT should be
examined for MetS. Further comprehensive cohort study is required to link the elevation of clinical markers and

development of MetS.
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etabolic syndrome (MetS) is a cluster of risk factors

which often arises from insulin resistance followed

by abnormal adipose deposition and function that
increase the risk of cardiovascular diseases.'®*? Due to the evi-
dence suggesting MetS is responsible for increased incidence
and mortality related to numerous health problems, recent
increase of its prevalence has become a major public health
issue worldwide.*® The exact pathophysiology of MetS is very
complex and only partially demonstrated; however, a combina-
tion of aging, central obesity, diet, and physical inactivity have
been suggested as the cause.””

Prevalence of metabolic syndrome (MetS) is increasing
worldwide and Korea is no exception.'* The age-standardized
prevalence of MetS in Korea was 29.2% in 2001 but it increased
to 31.3% in 2007 and this rise in prevalence is expected to con-
tinue.'® It is reported that 73.7% of Korean adults have at least
one of five MetS components.?®
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Due to the nature of their work, Republic of Korea Air Force
(ROKAF) aviators are held to stringent physical standards in
order to be considered qualified for flight. As a result of this
combined with the selection process, Air Force aviators are rel-
atively healthy compared to the general population. However,
due to their unique duties, special consideration and rigorous
medical examinations are continually required. It is reported
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that the prevalence of obesity and diabetes is becoming a bigger
concern within the aviation community.*

Considering the time and resources put into each individual
military aviator, it is extremely important that all necessary pre-
cautions be taken to maintain their flight status. While MetS
itself is not a medical condition which causes flight disqualifica-
tion, aviators with MetS should be routinely checked with
regard to aerospace medical concerns that might arise.®

There have been several clinical markers established which
indicate a high risk group for developing metabolic syndrome.
These include: serum uric acid, white blood cell (WBC) count,
and alanine aminotransferase (ALT).>!? Even within the nor-
mal range, a person with the high-normal level of any one of the
three markers has a higher risk of developing MetS.>!>'” How-
ever, these findings were never reported among aviators. We
hypothesized that these findings should also be found among
aviators. Therefore, we performed a cross-sectional study to
identify a prevalence of MetS and its subcomponents, and eval-
uate the association between the three clinical markers and
MetS among ROKAF male aviators.

METHODS

Subjects
The study protocol was approved in advance by the ROKAF
Aerospace Medical Center Institutional Review Board. With
the explanation of study objectives and protocol by Air Force
flight surgeons, each subject provided written informed con-
sent before participating in the questionnaire survey. Only male
aviators were considered in this study due to the small number
of female aviators in ROKAE

ROKAF aviators are required to undergo routine medical
examination annually at the Fighter Wing medical treatment
facilities and biannually at the Air Force Aerospace Medical
Center with a more in depth health check-up. A cross sec-
tional survey was completed by each aviator and was merged
with their laboratory measurements from the Aerospace
Medical Center Aviator Health Examination. Study subjects
consisted of ROKAF aviators who received a biannual medical
examination at the Aerospace Medical Center from April 1 to
December 31, 2014.

Procedure and Questionnaire

Data were collected via subjects’ medical history, health related
questionnaire, anthropometric measurements, and laboratory
results. The aviator health related lifestyle questionnaire was
adapted from a previously developed questionnaire by the
Korea National Health and Nutrition Examination Survey
(KNHANES)'® and modified after reviews by ROKAF flight
surgeons. During the survey, flight surgeons were present with
the study subjects for a full response rate.

Current Smoker was defined as a person who is currently
smoking with a lifetime total of more than 100 cigarettes and
Past Smoker was defined as a person who is not currently
smoking but has exceeded the lifetime total of 100 cigarettes.
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Questions regarding drinking included frequency and amount
of different types of alcohol. Based upon the response, number
of days in a week with high risk alcohol consumption was
defined as the number of days in a week that the subject con-
sumed alcohol in excess of 7 glasses with respect to their alco-
hol type. Also assessed were the number of days in a week in
which the subject engaged in high intensity exercise that pro-
duced perspiration.

Laboratory measurements from ROKAF aviators who vis-
ited the ROKAF Aerospace Medical Center for routine health
examination were utilized. Trained military nurses obtained
height, weight, and blood pressure, and calculated body mass
index using the formula: weight (kg) divided by the height
squared (m?). Blood samples were collected from an antecubi-
tal vein after more than 12 h of fasting. Lab results including
complete blood count (CBC), serum level of ALT, and uric acid
were extracted from the database.

The definition of metabolic syndrome according to the
revised National Cholesterol Education Program criteria was
applied.” A subject was diagnosed as having MetS if he had
any three of following five components: 1) waist circum-
ference > 90 cm; 2) triglycerides = 150 mg - dl™'; 3) high-
density lipoprotein (HDL) cholesterol < 40 mg - dl™%; 4)
blood pressure = 130/85 mmHg or hypertension medication
use; 5) fasting glucose = 100 mg - dI™! or diabetes mellitus
medication use.

Statistical Analysis

Data were expressed as means (SD) for continuous variables
and frequency (percentage) for categorical variables. Stu-
dent t-test and Chi-square test were used for continuous
and categorical variables respectively for statistical analyses.
Multiple logistic regression was used for calculating the odds
ratio (OR) and its 95% confidence interval (CI). Serum uric
acid, WBC, and ALT level were categorized to quartile groups
and the highest quartile was used as the reference group in
relation to the other three quartiles. For multivariate analy-
ses, variables used for adjustment were considered initially if
there was a statistical difference (P-value > 0.1) in means or
percentages between the normal and MetS group and adjust-
ing variables were selected through the stepwise selection.
All statistical analyses were performed using SAS 9.4 (SAS
Inc., Cary, NC).

RESULTS

Baseline characteristics of study subjects are shown in Table I.
Out of 911 total study subjects, 90 (9.88%) were diagnosed as
positive for MetS. Age group, BMI, smoking status, alcohol
consumption, and exercise frequency were statistically associ-
ated with a diagnosis of MetS. Average serum uric acid level,
WBC count and ALT were also statistically higher among the
MetS group.

Table II shows the prevalence of metabolic syndrome and its
subcomponents according to the age group. Prevalence of MetS
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Table I. Baseline Characteristics of Study Subjects.

quartiles were used as the refer-

METABOLIC ence group. Cut-oft value for the
VARIABLES NORMAL (821) SYNDROME (90) P-VALUE  highest quartiles were 6.9 for
Age 24-29 304 (90.5%) 32 (9.5%) serum uric acid, 6.48 for WBC
30-39 467 (90.9%) 47 (9.1%) and 26 for ALT. Subjects with
40-49 50 (82.0%) 1(18.0%) 009 the highest quartile of all three

Height Mean (SD) 174.7(5.11) 175 9(5.04) <0.05 clinical markers were statisticall
Weight Mean (SD) 74.06(8.40) 83.14(0.09) <005 ; : : o4
Body Mass Index (kg/m?) <23 239 (98.8%) 3 (1.24%) associated with the diagnosis
23~249 298 (95.2%) 15 (4.8%) of MetS. Adjusted OR of MetS

=25 284 (79.8%) 72 (20.2%) <005 for elevated uric acid, WBC,

Smoking Never 266 (79.2%) 70 (20.8%) and ALT level were 1.73 (95%
Former 381 (74.1%) 133 (25.9%) L 1.07~2.81). 1 % CI-

Current 37 (60.7%) 24 (39.3%) <0.05 CL 1.07~2.8 )d 73 (955’ CI:
Alcohol consumption <1/wk 289(86.0%) 47(14.0%) 1.08~2.83) and 2.60 (95% CL:

1/wk 415 (80.79%) 99 (19.3%) 1.62~4.17), respectively.

=2/wk 33 (54.1%) 28 (45.9%) <0.05 Table V shows the multiple
Exercise <2/wk 170 (506%) 166 (494%) logistic regression analysis for
2~4/wk 289(56.2%) 225 (43.8%) metabolic syndrome according

=5/wk 26 (42.6%) 35 (57.4%) <005 to th ber of clinical mark

White Blood Cell count Mean (SD) 572(1.27) 629(1.21) <005 0 the humber of ciiical mark-
Uric acid Mean (SD) 598(1.19) 6.79(1.16) <005 ers with the highest quartile.
Aspartate Transaminase (AST) Mean (SD) 23.89(9.97) 2821 (12.67) <005 Prevalence of MetS increased as
Alanine Transaminase (ALT) Mean (SD) 24.10 (14.60) 37.57 (28.44) <0.05 the numbers of the highest quar-
oo gluamyl worspentidose GTF) Mo (D) 2857048 dompran  <oos e dlinical markers increased,

amma-glutamyl transpeptidase ean : ; <0. o . .

Alkaline Phosphatase (ALP) Mean (SD) 7099 3572) 8276 (42.10) <005 2nd 39.1% were diagnosed with

in subjects in their 20s and 30s was 9.5% and 9.1%, respec-
tively, but among subjects in their 40s, it was 18.0%. Among the
subcomponents of MetS, elevated blood pressure had the high-
est prevalence at 31.7%, followed by elevated waist circumfer-
ence (25.3%) and impaired glucose tolerance (19.0%). A
statistically significant trend with regard to the age was observed
with elevated triglycerides and impaired glucose tolerance.

Relationships between mean values of three clinical markers
and components of metabolic syndrome are shown in Table ITI.
All three clinical markers were statistically higher among sub-
jects with elevated waist circumference and elevated triglycer-
ides. Serum uric acid and ALT were higher among subjects with
impaired glucose tolerance and elevated blood pressure, while
serum uric acid only showed significance among reduced HDL
cholesterol. Serum uric acid level was the only clinical marker
that showed significance in all subcomponents.

Multiple logistic regression analysis was performed to calcu-
late the OR of MetS among the subjects with the highest quartile
of clinical markers (Table IV). Subjects within the other three

MetS when all three markers
were within the highest quar-
tile. Adjusted OR of MetS for an aviator with all three clinical
markers at the highest quartile, compared to none, was 8.88
(3.16~24.99).

DISCUSSION

In our study, we investigated the prevalence of MetS and its sub-
components among ROKAF military aviators and its relation-
ship with three clinical markers: serum uric acid, WBC, and
ALT level. Prevalence of the MetS was 9.9% overall, and sub-
jects with the highest quartiles of serum uric acid, WBC count,
and ALT level were at increased risk of the MetS diagnosis.
Positive correlation was found between the prevalence of
MetS and the number of clinical markers within the highest
quartile.

The prevalence of MetS in the general Korean population
has increased from 29.2% in 2001 to 30.4% in 2005 and 31.3%
in 2007.'8 Prevalence of MetS in Korean adult men was 29% in

Table Il. Prevalence of Metabolic Syndrome and Its Subcomponents According to Age Group.

AGE 24~-29 AGE 3039 AGE 4049 ALL AGES
DIAGNOSIS N % N % N % N % P FORTREND
Waist Circumference > 90 cm 79 235 130 233 21 344 230 253 0.14
Triglycerides = 150 mg - dI™! 38 113 96 18.7 17 279 151 16.6 <0.05
HDL Cholesterol* < 40m150 mg - dI ™! 21 6.3 45 88 6 9.8 72 79 0.16
Fasting Glucose = 100 mg - dI™" 58 17.3 95 185 20 328 173 19.0 <0.05
Systolic Blood Pressure = 130 or 99 29.5 163 317 27 443 289 317 0.06
Diastolic = 85 mmHg
Metabolic Syndrome 32 9.5 47 9.1 11 180 90 9.9 0.24

*High-Density Lipoprotein Cholesterol.
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Table lll. Relationship Between Mean Values of Three Clinical Markers and Components of Metabolic Syndrome.

URIC ACID WHITE BLOOD CELL ALANINE TRANSAMINASE

DIAGNOSIS MEAN (SD) P-VALUE COUNT MEAN (SD) P-VALUE MEAN (SD) P-VALUE
Waist Circumference  =90cm 588 (1.12) 568 (1.23) 226 (13.46)

>90cm 6.58 (1.30) <0.05 6.08(1.37) <0.05 33.6(22.55) <0.05
Triglycerides <150mg-dL™! 599(1.19) 5.68(1.28) 235 (14.61)

=150mg- dL™! 641 (1.25) <0.05 629(1.11) <0.05 35.1(23.46) <0.05
HDL Cholesterol* =40mg- dL™! 6.02 (1.21) 576 (1.27) 25.1(16.93)

<40mg-dL™! 6.52 (1.05) <0.05 6.00 (1.39) 0.24 289(16.92) 09
Fasting Glucose <100mg-dL™! 6.00 (1.18) 5.74(1.25) 247 (16.5)

=100mg - dL! 6.30(1.27) <0.05 594 (1.39) 0.07 285 (18.59) <0.05
Blood Pressure Systolic < 130 and Diastolic <85  6.00 (1.22) 571(1.24) 245 (14.66)

Systolic = 130 or Diastolic = 85 6.18(1.17) <0.05 594 (1.34) 0.14 27.4(20.94) <0.05

* High-Density Lipoprotein Cholesterol.

2007 and stratified by age group, 25% in 20-29 yr olds and 32%
in 30-39 yr olds. This is significantly higher than the prevalence
of MetS among Air Force aviators and the prevalence of all five
MetS components was higher in Korean adult men as well.
MetS prevalence in the United States was 22.9% in 2010 accord-
ing to the National Health and Nutrition Examination Survey;*
however the prevalence among military and civilian aviators
was also significantly lower compared to the general popula-
tion.® This can be interpreted as the “healthy-worker effect”
because soldiers and aviators have strict standards for physical
status and unusual training exercises compared to the general
population.

The prevalence of MetS among ROKAF aviators increased
from 5.1% in 2008 to 9.9% in 2014, and the prevalence of all five
components of MetS also increased.” This indicates that the trend
of increasing MetS in Asian countries due to westernized lifestyle
can also be observed within the ROKAF aviators.?> A study that
assessed the age adjusted prevalence of MetS among the Royal
Jordanian Air Force pilots reported it as 18.0%."* Another study
that examined the prevalence of MetS among civilian airline
pilots in Spain reported the prevalence as 14.8%." Our prevalence
is considered to be lower than other countries because of the
strict medical standards for Air Force aviators and a healthy
dietary pattern. However, we expect the prevalence of MetS in
ROK AF aviators will likely increase in next 5 yr, while the U.S.
military is observing a decreasing trend in the prevalence.”

We found that relative elevation of serum uric acid, ALT, and
WBC count (even within the normal range) was statistically
associated with the prevalence of MetS. Uric acid, the end prod-
uct of purine metabolism, has been reported to be linked with
hypertension, insulin resistance, and atherosclerosis.2* A cohort
study that evaluated the serum uric acid level and the incidence

of MetS after 5 yr of follow-up period among Korean men
reported a hazard ratio of 1.48 (95% CI 1.26 ~1.73)."” Possible
mechanisms linking elevated serum uric acid level and MetS
were proposed as oxidative stress, endothelial dysfunction, and
inflammation.? These possible suggestions are parallel with the
previous studies that reported uric acid level is associated with
hypertension, diabetes mellitus, and dyslipidemia.'"*!

ALT, a typical marker for liver injury, is elevated in patients
with nonalcoholic fatty liver disease, which can be frequently
observed among the patients with MetS.*’ Two meta-analysis
studies were performed previously to quantify the risk of MetS
when elevation of ALT is observed and they both reported the
risk of MetS increasing by 13-14% for every 5 U - L™1.!>" In
the present study, the cut off value for ALT was 26 U - L™ ! while
another study used 27 U - L' These data indicate that even
with the reference range, mild elevation of ALT reflects the
presence of nonalcoholic fatty liver disease.

Elevated WBC count, which indicates subclinical systemic
chronic inflammation, has also been shown to have close rela-
tionship with MetS and cardiovascular disease.”” A cross sectional
study in Thai men has shown that subjects with elevated WBC
had met the diagnostic criteria for MetS at a rate 2.98 times
higher than those in the normal range.”* Another prospective
study concluded the subjects within the upper quartile of WBC
had an odds ratio of 2.47 (95% CI 2.03 ~2.99).> In our study,
elevated WBC was closely associated with elevated waist cir-
cumference and triglycerides with a cut off value of 6.48. Other
reported cut off values ranged from 5.99 ~7.50 in men.>*?

We observed that uric acid, ALT, and WBC were all associ-
ated with MetS and also there was a linear correlation with the
number of clinical markers within the highest quartile and
MetS. This indicates that all three clinical markers might play a

Table IV. Multiple Logistic Regression Analysis for Metabolic Syndrome in the Highest Quartile of Clinical Markers Compared with the Other Three Quartiles as the

Reference Group.

HIGHEST QUARTILE NUMBER OF SUBJECTS NUMBER OF CRUDE ODDS ADJUSTED* ODDS
CLINICAL MARKER CUT-OFF VALUE WITH HIGHEST QUARTILES  METABOLIC SYNDROME RATIO (95% CI) RATIO (95% Cl)
Uric Acid 6.9 197 35 2.89 (1.64~4.09) 1.73(1.07~2.381)
White Blood Cell count 648 225 34 2.00(1.27~3.16) 1.75 (1.08~2.83)
Alanine Transaminase 26 217 46 3.97 (2.54~6.21) 260 (1.62~4.17)

* Adjusted for age, body mass index, smoking and drinking status.
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Table V. Multiple Logistic Regression Analysis for Metabolic Syndrome According to Their Number of Clinical Markers with the Highest Quartile.

NUMBER OF CLINICAL MARKERS* WITH

THE HIGHEST QUARTILE NORMAL (821) METABOLIC SYNDROME (90) CRUDE OR ADJUSTED' OR
0 437 (96.3%) 17 (3.7%) ref ref

1 258 (86.6%) 40 (13.4%) 399 (221~7.18) 3.10 (1.69~5.68)
2 112 (82.4%) 24 (17.7%) 551(2.86~10.61) 324 (1.63~641)
3 14 (60.9%) 9(39.1%) 16.53 (6.28~43.48) 8.88 (3.16 ~24.99)

* Clinical Markers include Uric acid, White Blood Cell count and Alanine Transaminase level.
* Adjusted for age, body mass index, smoking and drinking.

role in the causation of MetS or that elevated levels might be a
clinical pathway for developing a diagnostic component of
MetS. However the exact mechanism for how these clinical
markers interact with each other is still unclear. Special factors
to which aviators are prone, such as shift work, stress, altitude
change, and radiation, add further complexity. As we continue
to monitor those diagnosed with MetS or at high risk for MetS
based on their blood profile, future follow-up on their cardio-
vascular disease will be rigorously checked.

The major strengths of our study are the large sample size to
generalize our findings to the entire population of ROK Air
Force aviators and the low possibility of information bias due
to the protocol developed by the Air Force Aerospace Medical
Center. However, before interpreting our results, the following
limitations should be considered: First, due to cross sectional
study design, we cannot rule out reverse causality in our find-
ings. However, due to the strict medical standards for initial
military aviator recruitment, any person with MetS or hyper-
uricemia would have been excluded. Second, dietary patterns
were not investigated. Due to their mission, military aviators
tend to stay on-post and eat at the military dining facility that
offers the same menu for everyone each day. Finally, we did not
obtain detailed information about the severity of fatty liver dis-
ease assessed by abdominal ultrasonography, results of glucose
tolerance tests, levels of C-reactive protein, procalcitonin, 24 h
Holter monitoring, and markers regarding adipokine metabo-
lism, such as serum level of adiponectin and leptin. A further
longitudinal cohort study with a questionnaire that includes
dietary pattern is currently under development.

Prevention is critical in dealing with chronic disease in both
the military and the civilian population. Upon the results of this
study, the ROKAF has implemented more intensive weight
control and smoking cessation programs, as well as reviewing
possible ways to detect early signs of metabolic syndrome
for primary prevention. Even though the prevalence of MetS
among ROKAF aviators is considerably lower than the general
population, the recent increase in the prevalence could be a
possible threat to mission accomplishment and current status
evaluation suggests more close observations and preventive
public health actions are necessary.
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