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ABSTRACT

Background: The high incidence and prevalence of chronic kidney disease (CKD) 
in Taiwan have produced tremendous burdens on health care resources. The work 
environment of air force special operations personnel engenders high psychological 
stress, and the resulting increased blood pressure can lead to glomerular hypertension 
and accelerated glomerular injury in the long term. The aim of the study was to 
establish the predictive models to define the predictors of CKD. 

Results: The results indicated that the prevalence of CKD over 4 consecutive 
years was 3.8%, 9.4%, 9.0%, and 9.4%. The capability of using occult blood in urine 
to predict the risk of CKD after 1, 2, and 3 years was statistically significant. The age-
adjusted odds ratio (OR) and 95% confidence interval (CI) were 7.94 (95% CI: 2.61–
24.14), 12.35 (95% CI: 4.02–37.94) and 4.25 (95% CI: 1.32–13.70), respectively.

Discussion: The predictive power of occult blood in urine for the risk of CKD 
in each model was statistically significant. Future investigations can explore the 
feasibility of implementing simple and accurate urine dipsticks for preliminary 
testing besides annual aircrew physical examinations to facilitate early detection 
and treatment. 

Methods: This study was a longitudinal study, in which air force special operations 
personnel who received physical examinations at military hospitals between 2004 
and 2010 were selected. CKD was determined based on the definition provided by 
the US National Kidney Foundation. Overall, 212 participants that could be followed 
continuously for 4 years were analyzed. 
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INTRODUCTION

Improvements in the medical care quality and 
dietary habit and lifestyle changes recently have led to the 
rising incidence and prevalence of chronic kidney disease 

(CKD) and end-stage renal disease (ESRD) worldwide. 
The high incidence and prevalence of ESRD in Taiwan is a 
concern requiring attention. The prevalence of early CKD 
is considerably higher than that of ESRD. CKD increases 
both all-cause mortality and medical expenditures [1]. 
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Thus, CKD is a major disease that has become a focus in 
prevention and treatment efforts worldwide. The leading 
10 causes of death in Taiwan have shifted from infectious 
diseases in the 1950s to primarily chronic degenerative 
diseases at present. Kidney disease (including nephritis, 
nephrotic syndrome, and nephrosis) was ranked 10th 
among Taiwan’s leading causes of death for 2011, by the 
Department of Health, Executive Yuan. 

CKD is the most prevalent chronic disease in 
Taiwan, accounting for 2.9% of the total mortality rate. 
The number of deaths related to this disease increased from 
the previous year [2]. CKD has been one of the leading 10 
causes of death in Taiwan for more than 10 consecutive 
years. Air force work environments frequently subject 
aircrew to high psychological stress. This frequently 
causes hypertension in the long term. Increases in blood 
pressure can lead to glomerular hypertension, accelerated 
glomerular injury, and decreased renal function, thereby 
resulting in CKD [3]. Once CKD progresses into ESRD, 
most patients require kidney transplants or long-term 
dependence on dialysis to aid renal function. CKD 
also tends to be associated with complications such as 
hypertension, hyperlipidemia, diabetes, and cardiovascular 
disease [4, 5]. 

According to the results of the 2007 Follow-up 
Investigation on Hypertension, High Blood Glucose, 
and High Cholesterol in Taiwan by the Bureau of Health 
Promotion, the prevalence of CKD in Taiwan was 9.8% 
[6]. In 2008, Wen et al. conducted a large cohort study 
in Taiwan and found that the prevalence of stages 1 to 3 
CKD was 11.6%, and the prevalence of stages 4 to 5 CKD 
was 0.3%. However, only 3.5% of the patients were aware 
that they had CKD [1]. These results indicate that CKD 
is a health problem in Taiwan and is also a crucial health 
issue that the Taiwanese military should consider. The 
aim of the study was to establish the predictive models to 
define the long-term predictions of risk factors for early 
CKD in Air Force Special Operations Personnel.

RESULTS

Basic demographic data

The study included 212 aircrew members in the 
air force. Analysis was performed on the results from the 
fourth physical examination (from the most recent year). 
The average age was 40.4 ± 7.15 years. Average height 
was 173.23 ± 5.52 cm. Average weight was 75.30 ± 8.47 
kg. Average systolic blood pressure was 127.51 ± 7.60 
mmHg and average diastolic blood pressure was 79.67 ± 
6.31 mmHg.

Previous physical examinations and CKD 
comparison

The results of 4 consecutive years of physical 
examinations from the valid sample of 212 aircrew 
members were analyzed and compared as shown in Table 
1. The lowest average glomerular filtration rate (GFR) 
was 93.14 ± 16.01 mL/min/1.73 m2 as obtained from 
the fourth examination, whereas the highest average 
GFR was 107.29 ± 19.34 mL/min/1.73 m2 as obtained 
from the first examination. The prevalence of CKD was 
3.8% (8 participants) at the first examination; 9.4% 
(20 participants) at the second examination; 9.0% (19 
participants) at the third examination; and 9.4% (20 
participants) at the fourth examination. The average GFR 
values and various groups exhibited significant statistical 
differences (P < .001) regarding the examination year.

Previous examination indicators and CKD risk 
comparison

Logistic regression analysis (Table 2) indicated 
that participants possessing abnormal urobilinogen levels 
were at a higher risk of CKD at each examination than 
participants possessing normal urobilinogen levels (P < 
.05). Those possessing abnormal urine ketone levels were 
at 4.88 times higher risk of CKD at the third examination 
(P < .05). Those possessing occult blood in urine were 
at a higher risk of CKD at the second, third, and fourth 
examinations (P < .01). Those possessing abnormal levels 
of white blood cells in urine were at 12.47 times higher 
risk of CKD at the second examination (P < .01). After 
controlling for age, participants demonstrating abnormal 
urobilinogen levels continued to be at a higher risk of 
CKD at each examination compared to those possessing 
normal urobilinogen levels (P < .05).

Yearly CKD prediction analysis

The examination indicators from a specific year 
were used as independent variables and the presence 
of CKD in the subsequent first, second, and third years 
was used as the dependent variable. Logistic regression 
analysis (Tables 3 and 4) indicated that only occult blood 
in urine from a given year possessed predictive power for 
the risk of CKD in the subsequent year. Abnormalities 
in urobilinogen, occult blood in urine, white blood 
cells in the urine, and blood urea nitrogen (BUN) had 
predictive power for the risk of CKD in the second year 
following a particular year, although the OR of abnormal 
urobilinogen and that of abnormal BUN in Model 4 were 
not statistically significant. Abnormal urine ketone levels 
and occult blood in urine possessed predictive power for 
the risk of CKD in the third year following a particular 
year. The predictive power of occult blood in urine for the 
risk of CKD in each model was statistically significant. 
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Table 1: Comparison of previous examinations and CKD in the aircrew (n = 212)

Variablea
First examination Second examination Third examination Fourth examination

p Valueb

n (%) M ± SD n (%) M ± SD n (%) M ± SD n (%) M ± SD

eGFR (ml/ 
min/1.73 m2) 107.29 ± 19.34 103.58 ± 17.34 102.37 ± 16.84 93.14 ± 16.01 <0.001

≥90 171 (80.7) 164 (77.4) 161 (75.9) 119 (56.1) <0.001

60-89 41 (19.3) 48 (22.6) 50 (23.6) 90 (42.5)

45-59 0 (0) 0 (0) 1 (0.5) 3 (1.4)

Presence  
of CKD

non-CKD 204 (96.2) 192 (90.6) 193 (91.0) 192 (90.6) 0.084

CKD 8 (3.8) 20 (9.4) 19 (9.0) 20 (9.4)

CKD stage

Stage 1 8 (3.8) 14 (6.58) 11 (5.21) 10 (4.7) 0.136

Stage 2 0 (0) 6 (2.82) 7 (3.32) 7 (3.29)

Stage 3 0 (0) 0 (0) 1 (0.47) 3 (1.41)

aWhen the number of participants for each variable does not equal the total, this indicates missing values. The percentages are expressed as valid percentages.
bThe p value for continuous variables is based on ANOVA, and that for categorical variables is the two-tailed significance level of the Chi-squared test. 
M ± SD, Mean ± Standard deviation.

Table 2: Previous examination indicators and CKD risk comparison of aircrew (n = 212)

Variable

First examination Second examination Third examination Fourth examination

OR 
 (95% CI)

Adjusted OR 
 (95% CI)a

OR 
 (95% CI)

Adjusted OR  
(95% CI)a

OR  
(95% CI)

Adjusted OR  
(95% CI)a

OR  
(95% CI)

Adjusted 
OR  

(95% CI)a

Age (year) 0.91 (0.80–1.03) 0.94 (0.87–1.01) 0.95 (0.89–
1.03)

0.96 
(0.90–1.03)

Abnormal 
urobilinogen (vs 
normal)

19.80 (3.82–
102.6)**

16.97 (3.16–
91.19)*

6.07 (1.84–
20.06)* 4.82 (1.36–17.05)* 8.26 (2.38–

28.61)*
7.41 (2.09–

26.29)*
4.59 (1.44–

14.61)*
4.36 (1.36–

13.99)*

Abnormal urine 
ketone (vs normal) 3.10 (0.34–27.91) 3.76 (0.40–35.80) 2.95 (0.88–9.95) 3.81 (1.07–13.60)* 4.88 (1.37–

17.44)*
5.30 (1.45–

19.42)*
1.22 

(0.26–5.75)
1.35 

(0.28–6.46)

Occult blood in 
urine (vs normal) 1.57 (0.18–13.54) 1.33 (0.15–11.58) 10.00 (3.44–

29.11)** 8.71 (2.91–26.04)** 10.18 (3.68–
28.15)**

9.54 (3.38–
26.90)**

6.44 (2.33–
17.83)**

6.11 (2.19–
17.09)*

Abnormal white 
blood cells in the 
urine (vs normal)

N/A N/A 12.47 (3.24–
47.92)**

14.97 (3.64–
61.58)**

2.40 (0.80–
7.24)

3.39 (1.03–
11.19)*

4.06 (0.98–
16.74)

4.32 (1.03–
18.09)*

High fasting 
blood glucose (vs 
normal)

1.93 (0.37–10.03) 3.14 (0.55–18.01) 1.04 (0.38–2.85) 1.33 (0.47–3.78) 0.56 (0.18–
1.77)

0.66 
(0.20–2.13)

0.30 
(0.09–1.06)

0.32 
(0.09–1.14)

Abnormal BUN 
(vs normal) N/A N/A 3.32 (0.33–33.47) 3.61 (0.35–37.21) N/A N/A 3.32 (0.33–

33.47)
2.85 (0.27–

29.71)

Abnormal serum 
creatinine (vs 
normal)

N/A N/A N/A N/A 1.73 (0.20–
15.19)

1.86 (0.21–
16.53)

1.71 
(0.47–6.39)

1.84 
(0.47–6.99)

Abnormal uric acid 
(vs normal) 2.09 (0.06–8.62) 2.04 (0.49–8.50) 0.97 (0.34–2.82) 0.86 (0.30–2.53) 0.41 (0.11–

1.45)
0.39 

(0.11–1.40)
1.35 

(0.46–3.95)
1.28 

(0.43–3.76)

Abnormal LDL (vs 
normal) 5.50 (0.63–48.13) 7.89 (0.84–73.77) 2.27 (0.76–6.89) 2.13 (0.69–6.51) 1.01 (0.39–

2.59)
1.13 

(0.43–2.97)
0.42 

(0.15–1.20)
0.44 

(0.15–1.27)

aAdjustment for age.
OR, odds ratio; CI, confidence interval; N/A, not applicable; *P < 0.05, **P < 0.01
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Table 3: Aircrew physical examination indicators and CKD long-term predictions (n = 212) 

Variable
Model 1 Model 2 Model 3

OR  

(95% CI)
Adjusted OR 

(95% CI)a
OR  

(95% CI)
Adjusted OR 

(95% CI)a
OR  

(95% CI)
Adjusted OR 

(95% CI)a

Abnormal 
urobilinogen (vs 
normal)

5.47 (1.26–23.85)* 4.77 (1.07–21.32)* 2.83 (0.72–11.07) 2.27 (0.54–9.44) 5.08 (1.41–18.35)* 4.62 (1.25–17.06)*

Abnormal urine ketone 

(vs normal) 1.07 (0.13–8.91) 1.18 (0.14–9.95) 1.22 (0.26–5.72) 1.41 (0.29–6.79) 1.67 (0.35–8.04) 1.74 (0.36–8.48)

Occult blood in urine 

(vs normal)
8.86 (2.94–

26.67)** 7.94 (2.61–24.14)** 8.08 (2.72–24.00)** 7.37 (2.40–22.63)** 4.16 (1.50–11.55)* 3.88 (1.37–10.94)*

Abnormal white blood 
cells in urine (vs 
normal)

1.63 (0.19–14.28) 1.78 (0.20–16.01) 2.72 (0.54–13.85) 2.89 (0.56–14.95) 1.08 (0.30–3.93) 1.31 (0.34–5.03)

High fasting blood 
glucose (vs normal) 1.46 (0.46–4.70) 2.03 (0.59–6.97) 0.85 (0.29–2.48) 1.02 (0.34–3.06) 0.22 (0.05–0.99)* 0.24 (0.05–1.10)

Abnormal BUN (vs 
normal) 0.87 (0.11–7.09) 0.92 (0.11–7.63) 3.52 (0.35–35.60) 3.71 (0.36–38.02) 1.63 (0.19–14.28) 1.67 (0.19–14.71)

Abnormal serum 
creatinine (vs normal) N/A N/A N/A N/A 1.63 (0.19–14.28) 1.72  (0.20–15.18)

Abnormal uric acid (vs 
normal) 0.86 (0.32–2.34) 0.83 (0.30–2.28) 0.15 (0.02–1.13) 0.13 (0.02–1.01) 0.99 (0.36–2.70) 0.97 (0.35–2.65)

Abnormal LDL (vs 
normal) 1.87 (0.62–5.65) 1.52 (0.47–4.93) 1.09 (0.37–3.20) 1.04 (0.35–3.13) 0.48 (0.18–1.32) 0.51 (0.91–1.05)

aAdjustment for age.
Model 1: employed indicators from the first examination to predict the risk of CKD at the second examination.
Model 2: used indicators from the second examination to predict the risk of CKD at the third examination.
Model 3: adopted indicators from the third examination to predict the risk of CKD at the fourth examination.
OR, odds ratio; CI, confidence interval; N/A, not applicable; *P < 0.05, **P < 0.01

Table 4: Aircrew examination indicators and CKD long-term predictions (n = 212) 

Variable
Model 4 Model 5 Model 6

OR  
 (95% CI)

Adjusted OR  
 (95% CI)a

OR  

(95% CI)
Adjusted OR 

(95% CI)a
OR  

(95% CI)
Adjusted OR 

(95% CI)a

Abnormal 
urobilinogen (vs 
normal)

3.13 (0.60–16.25) 2.77 (0.52–14.68) 1.21 (0.14–10.21) 1.08 (0.13–9.25) 6.07 (1.84–20.06)* 5.61 (1.57–20.09)*

Abnormal urine 
ketone (vs normal) 2.27 (0.54–13.85) 2.95 (0.57–15.25) 4.66 (1.10–19.70)* 5.00 (1.17–

21.50)* 2.95 (0.88–9.95) 3.44 (0.99–12.04)

Occult blood in 
urine (vs normal) 13.31 (4.38–40.43)** 12.35 (4.02–37.94)** 4.59 (1.44–14.61)* 4.25 (1.32–

13.70)* 3.93 (1.26–12.31)* 3.57 (1.11–11.50)*

Abnormal white 
blood cells in urine 
(vs normal)

N/A N/A 1.63 (0.19–14.28) 1.72 (0.20–15.26) 4.66 (1.10–19.70)* 4.93 (1.15–21.14)*

High fasting blood 
glucose (vs normal) 0.64 (0.14–2.91) 0.78 (0.17–3.67) 0.60 (0.13–2.72) 0.70 (0.15–3.27) 0.58 (0.19–1.80) 0.65 (0.20–2.09)

Abnormal BUN (vs 
normal) 0.92 (0.11–7.53) 0.96 (0.12–7.95) 3.59 (0.89–14.52) 3.78 (0.92–15.49) 10.56 (1.40–

79.47)*
11.07 (1.45–

84.37)*

Abnormal serum 
creatinine (vs 
normal)

N/A N/A 2.26 (0.45–11.27) 2.41 (0.48–12.17) 5.00 (0.43–57.73) 5.34 (0.45–63.10)

Abnormal uric acid 
(vs normal) 0.35 (0.10–1.25) 0.34 (0.10–1.22) 0.86 (0.32–2.34) 0.84 (0.31–2.29) 1.03 (0.36–2.98) 0.90 (0.31–2.63)

Abnormal LDL (vs 
normal) 1.21 (0.40–3.60) 1.05 (0.33–3.37) 1.46 (0.47–4.52) 1.12 (0.33–3.79) 2.50 (0.78–8.06) 2.31 (0.71–7.56)

aAdjustment for age.
Model 4: used indicators from the first examination to predict the risk of CKD at the third examination.
Model 5: employed indicators from the first examination to predict the risk of CKD at the fourth examination.
Model 6: adopted indicators from the second examination to predict the risk of CKD at the fourth examination.
OR, odds ratio; CI, confidence interval; N/A, not applicable; *P < 0.05, **P < 0.01
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DISCUSSION

According to the 2012 annual report from the US 
Renal Data System, the incidence of ESRD in Taiwan for 
2010 was 361 per 1 million people, second to only the 
United States at 369 per 1 million people. However, the 
incidence has decreased gradually recently. The prevalence 
of ESRD in Taiwan was 2584 per 1 million people, which 
was the highest rate in the world [7]. Dialysis treatment 
is required when CKD advances into ESRD. In 2010, 
dialysis expenditures reached $1 billion. The Health 
Promotion Administration estimated that the annual 
growth rate in dialysis patients was approximately 6%. 
Data from the Taiwan Society of Nephrology indicated 
that 63,999 patients received dialysis treatment at the end 
of 2011, and the outpatient dialysis budget reached $1.1 
billion. This was approximately 6% of the total health 
insurance budget [6, 8]. 

ESRD typically develops from CKD. Early CKD 
does not present clear symptoms, frequently resulting 
in delayed diagnosis and treatment. Therefore, highly 
sensitive, accurate, and ethnically appropriate screening 
methods should be established for the public and high-
risk groups to facilitate early detection and treatment and 
to prevent the deterioration of renal function. Wen et al. 
performed a large cohort study in Taiwan, and used the 
aMDRD formula to estimate the prevalence of CKD at 
11.93% (stages 1 to 5 were 1.02%, 3.79%, 6.81%, 0.22%, 
and 0.10%, respectively) [1]. This study also applied the 
aMDRD formula to obtain estimations, and the results 
indicated that the prevalence of CKD rose from 3.8% at the 
first examination to 9.4% at the fourth examination. The 
results also showed that although the overall prevalence 
was relatively low, the prevalence of stage 1 CKD at 
each examination was higher in the participants than 
that among the general population. This may be because 
aircrew members tend to be healthier than the general 
population, or because of aircrew receiving annual follow-
up examinations and the effectiveness of early intervention 
by primary care teams. Thus, stage 1 CKD tended not to 
develop into stage 2. Abnormal GFRs and kidney damage 
may also occur simultaneously in early CKD patients. 
However, GFR decreases and renal pathological damage 
may appear alone, rather than concurrently [9]. This is 
because serum creatinine is secreted by renal tubules, 
and thus the initial response of serum creatinine to a GFR 
decrease is indistinct. The response increases only when 
renal function deteriorates to stage 3 CKD [10, 11]; that 
is, serum creatinine within the normal range does not 
necessarily indicate normal renal function.

Past studies have indicated numerous causes of 
CKD, the most common being hypertension and diabetes 
[12–16]. Hypertension is associated with CKD, patient 
age, degree of renal function decline, proteinuria, and 
primary kidney disease [17]. Hypertension is a crucial 
pathogenic factor of CKD. In CKD patients, hypertension 

influences the progression of kidney disease, accelerates 
the deterioration of renal function, and increases the risk 
of cardiovascular events [18]. Statistics have indicated 
that approximately 40% to 50% of new ESRD cases 
were caused by diabetes. The incidence of kidney disease 
caused by diabetes has doubled in the United States over 
the past 20 years, and the prevalence of CKD comorbid 
with both diabetes and hypertension has quadrupled 
[19]. Nevertheless, hypertension and high blood glucose 
(indicative of diabetes) did not exhibit statistically 
significant associations with CKD among the CKD risk 
factors examined in this study (table not shown). This 
may be because the blood pressure records in the collected 
data were insufficient (covering only 55 participants). In 
addition, high blood glucose might have been influenced 
by additional conditions (at least one laboratory result 
demonstrating urine protein, positive occult blood in urine, 
or a urine pH value greater than 8) of early CKD (stages 
1 and 2), thereby preventing this factor from reaching 
statistical significance.

Currently, few studies have implemented long-term 
prediction analysis on the CKD risk factors for special 
populations. The importance of this study lies partly 
in verifying whether abnormal indicators in the health 
examinations of a particular year can be used to predict 
the risk of CKD in the subsequent first, second, and third 
years to enable early detection and treatment. The long-
term prediction analysis indicated that occult blood in 
urine was statistically significant for predicting the risk 
of CKD in each model. The presence of red blood cells in 
the urine is referred to as occult blood in the urine. This is 
commonly used as a clinical indicator of kidney disease, 
such as kidney trauma, kidney stones, renal tumors, and 
acute nephritis. Although occult blood in urine does not 
indicate CKD directly, it is highly correlated with renal 
parenchymal damage [20]. Future research can examine 
the feasibility of implementing simple and accurate urine 
dipsticks for preliminary testing (eg, testing of occult 
blood in urine, urobilinogen, urine ketones, leukocyte 
esterase, urine protein, and urine pH value) besides 
annual aircrew physical examinations. This can facilitate 
early detection and treatment. The present study used the 
physical examination reports of 212 aircrew members 
from the Taiwanese military to perform a longitudinal 
study of predictors for early chronic kidney disease 
(CKD). The major findings of this study is that occult 
blood in urine is a statistically significant predictor of 
CKD risk. Identification of novel risk factors of CKD 
are important for better understanding, prevention and 
treatment of this disease. The longitudinal data used by 
this study come from a special population and are unique.

This study had some limitations. First, this study 
was unable to confirm whether the course of disease of 
renal parenchymal damage in early CKD, such as urine 
protein, positive occult blood in urine, or a urine pH value 
greater than 8, continued for more than 3 months. Second, 
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air force aircrew members are screened rigorously because 
of the special operating environments of their work; only 
healthy personnel may continue to serve on missions. 
Therefore, cases of patients with stages 4 to 5 CKD 
were lacking. Consequently, caution is required when 
extrapolating the results of this study. Third, the physical 
examination data were generated by four hospitals, which 
may cause a batch effect in this study. However, the batch 
effect was small because all the aircrew members had 
the same protocol of physical examinations in Armed 
Forces General Hospital in Taiwan. Finally, since the 
requirements to aircrew members, who with diabetes or 
diseases will not be allowed to serve as an active aircrew, 
there were no participants who had been taking anti-
hypertensive agents or anti-DM agents at the inclusion 
in the study. Furthermore, a significant drawback that 
hypertension is one of the most important factors leading 
to CKD. However, the contribution of hypertension 
to development of CKD could not be analyzed due to 
insufficient data (covering only 55 participants). We 
suggest a future work to follow up inactive aircrew 
members who with diseases that can incremental samples 
for investigating the contribution of hypertension to 
development of CKD.

In addition to calculating the GFR, the presence of 
renal parenchymal damage must also be considered to 
determine early CKD. This study indicated that occult 
blood in urine, urobilinogen, white blood cells in urine, 
and urine ketones were predictors for the future risk of 
CKD. Thus, the feasibility of implementing simple and 
accurate dipsticks for preliminary testing outside of 
annual aircrew physical examinations can be investigated 
in subsequent studies, conforming to the principles of 
“early detection, early treatment, and continued tracking.” 
Moreover, the confidence interval is wide due to small 
sample size. The interpretation of the result of this present 
study should be conservative, and further studies will be 
needed to confirm this findings.

MATERIALS AND METHODS

Study design

This study was a longitudinal study.

Participants and data collection

Physical examination data were collected from 
1398 aircrew members who received aircrew physical 
examinations between 2004 and 2010 at the following 
4 military hospitals (or their branches): Taoyuan Armed 
Forces General Hospital, Taichung Armed Forces General 
Hospital, Kaohsiung Armed Forces General Hospital, 
and Hualien Armed Forces General Hospital. The study 
design and subject recruitment have been described 
elsewhere [21]. The data of 6 crewmembers were removed 

as duplicates and 235 samples were excluded because 
they contained incomplete data (data were considered 
incomplete if age, serum creatinine, urine protein, red 
blood cells in urine, or urine pH values were missing), 
and a final valid sample of 1157 aircrew members was 
obtained. The samples were participants who could be 
followed continuously for 4 years (212 male aircrew 
members). This study performed and examined long-
term predictions of early CKD risk factors among the 
crewmembers. This study was exempted from full review 
and their written informed consents of participants, and 
approved by the Tri-Service General Hospital Institutional 
Review Board (TSGHIRB Approval Number 1-102-
05-047) because the participants remained anonymous 
and the identification of participants had already 
encrypted, thereby complying with the Declaration of 
Helsinki without violation of participant privacy. The 
board is organized under, and operates per International 
Conference on Harmonization (ICH)/WHO Good Clinical 
Practice (GCP) and the applicable laws and regulations.

Definition of CKD

In 2002, the National Kidney Foundation Kidney 
Disease Outcome Quality Initiative (NKF KOQI) has 
classified each stage of CKD based on GFR into 5 stages, 
defining the disease as follows [5]: 

(1) Kidney damage for ≧3 months, as defined by 
structural or functional abnormalities of the kidney with or 
without decreased GFR, manifest by either: pathological 
abnormalities; or markers of kidney damage, including 
abnormalities in the composition of the blood or urine, or 
abnormalities in imaging tests.

(2) GFR < 60 mL/min/1.73 m2 for ≧3 months, with 
or without kidney damage.

In addition, stages 1 and 2 CKD must include one of 
the following: positive urine protein, positive occult blood 
in urine, or a urine pH value greater than 8.

GFR formula

Numerous studies have developed formulas for 
convenient assessment and estimation of renal function. 
These formulas typically use serum creatinine to 
calculate the GFR. Because serum creatinine differs 
among individuals, the rate must be adjusted according 
to sex, age, and race [10]. This study used the abbreviated 
modification of diet in renal disease (aMDRD) formula 
that was revised by Levey et al. to calculate the GFR [22]. 

The aMDRD formula is as follows: estimated GFR 
= 186.3 × serum creatinine−1.154 × age−0.203 × 0.742 (if 
female) × 1.210 (if black). The unit is mL/min/1.73 m2.

Statistical analysis

Descriptive results of continuous variables were 
expressed as mean (standard deviation), categorical 
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variables were expressed as frequency (%). All statistical 
analyses were performed with one-way analysis of 
variance (ANOVA) and Chi-square tests. Multiple 
logistic regression was used to estimate odds ratios (ORs) 
and 95% confidence intervals (CIs) for the association 
between the potential risk factor levels and CKD risk. 
All statistical tests were two-tailed, and values of  
p < 0.05 were considered statistically significant. Data 
were analyzed using the IBM SPSS Statistics version 22 
(IBM® SPSS® Statistics 22).
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