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Introduction

Globally, increasing numbers of countries are becoming old-
age societies [1]; in particular, the South Korean population is 
aging more rapidly than that of most advanced countries [2]. 

Countries with rapid progression toward an old-age society tend 
to face a variety of societal issues such as diminishing human re-
sources and increasing social costs. In particular, depression is 
more likely to result in suicide in an elderly population than in a 
younger population [2,3].  
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Depression is a common illness among the elderly [4], and ge-
riatric depression has been reported to carry a higher risk of sui-
cide compared with depression in other age groups [3]. This 
might explain the remarkably extensive research efforts to iden-
tify factors that influence depressive symptoms in older people. 
A literature review of sociomedical studies categorized factors 
that increase the intensity of depressive symptoms in the elderly 
and thus increase the prevalence of geriatric depression as eco-
nomic, physical, or emotional [5]. Some recent domestic and 
foreign studies have reported an association between the preva-
lence of geriatric depression and exposure to pesticides [6,7]; 
however, in South Korea (hereafter Korea) there are not suffi-
cient data to support this hypothesis. 

In rural areas, pesticides such as mosquito repellants and agri-
cultural chemicals are common, and most such pesticides are 
known to contain fast-acting pyrethroids as an active pesticidal 
ingredient [8,9]. Pyrethroid-based pesticides are known to 
cause neurotoxicity [10]. Urinary 3-phenoxybenzoic acid (3-
PBA) is a urinary metabolite of the pyrethroid-based chemicals  
widely used in agricultural or domestic settings and is used as a 
biomarker. Therefore, from an environmental public health per-
spective, it is necessary to investigate the association between 
the level of exposure to pesticidal agents and depressive symp-
toms related to the prevalence of depression among older peo-
ple in rural areas, along with socioeconomic and emotional fac-
tors. However, such an investigation has yet to be explored at 
national level. Against this background, the present study was 
conducted to assess the level of pesticide exposure among an el-
derly population in a rural area. Specifically, we analyzed urinary 
3-PBA levels to determine the association of this biomarker 
with the incidence of depression assessed using a self-report 
questionnaire regarding depressive symptom  or a depression 
index. 

Materials and Methods

Study Site and Subjects 
For this study, we recruited 400 older adults ( ≥ 60 years) who 

lived in Asan between December 2012 and February 2013 and 
responded that they had previously worked in agriculture. 

Questionnaire Survey Design and Content
The subjects, who were selected through telephone enquiries 

based on randomly selected telephone numbers at community 
centers located in Asan, were visited by surveyors who conduct-
ed individual surveys. Five surveyors were trained regarding the 
survey details to ensure a uniform survey method and skills. 
This study was approved by the institutional review board of 

Seoul National University Hospital, and informed consent was 
obtained from each subject prior to the survey. The question-
naire comprised items related to demographic (sex and age) and 
socioeconomic (educational level, income level, marital status, 
job status, and insurance type) factors, as well as the self-report-
ed absence or presence of depressive symptoms. In addition to 
this self-report questionnaire, a more objective judgment of de-
pressive symptoms was attempted by extracting the depression 
index from the short version of the Geriatric Depression Scale, 
which consists of 15 items (GDS-15). For the GDS-15, scoring 
is conducted by assigning 1 point to each affirmative response 
to 10 items and 1 point to each negative response to 5 items; a 
total depression score < 5 is considered normal, and scores of 5 
to 7 and ≥ 8 suggest suspected and demonstrated depression, 
respectively [11-13]. The questionnaire used in this study was 
also used for the survey on health effects of environmental ex-
posure in the elderly population conducted by the National In-
stitute of Environmental Research, the quality of which has 
been verified in a number of studies.

Biosample Preparation and 3-Phenoxybenzoic Acid  
Analysis

Upon completion of questionnaire survey, urinary samples 
were taken from 400 participants. Biosamples were harvested in 
10-mL conical tubes, stored on ice at the site, and transported to 
the lab on the same day, where they were stored at -20°C until 
further transport to the analysis lab. To determine the level of 
short-term exposure to pyrethroid-based pesticides discharged 
through urine, a trace element analysis of 3-PBA, a metabolite of 
the pesticidal active ingredients permethrin and deltamethrin, 
was performed via gas chromatography-mass spectrometry 
(Clarus 600T; PerkinElmer, Waltham, MA, USA). The analyzed 
quantities were used after adjusting for creatinine concentra-
tions. Sample analysis was conducted in a commercial analysis 
lab. The analyzer had a 3-PBA detection limit of 0.014 μg/L and 
an accuracy and precision of 108 to 109 and 1.1%, respectively.

Data Analysis
The collected data were analyzed using SPSS version 20.0 

(IBM Corp., Armonk, NY, USA). A p-value < 0.05 was consid-
ered to indicate statistical significance. First, a frequency analysis 
was performed to identify the demographic and socioeconomic 
characteristics of the subjects, frequency of exposure to pesti-
cides, and presence/absence of depressive symptoms. Second, a 
logistic regression was used to determine the association between 
the level of exposure to pesticides, as determined by the urinary 
metabolite 3-PBA, and the presence/absence of self-reported de-
pressive symptoms experienced in daily life. Third, the associa-
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tion between 3-PBA levels and depression was evaluated using 
GDS-15 scores instead of the results of the self-reported ques-
tionnaire. Finally, we compared and analyzed the results of the 
GDS-15 screening and self-perception using odds ratios (ORs). 

Results

Demographic Characteristics
The sex distribution was 59.8% female (n = 239) and 40.2% 

male (n = 161). Subjects in the age range of 70 to 79 years (male, 
59.6%; female, 48.1%) comprised the largest proportion of 
those surveyed. Regarding educational level, primary school or 

no schooling was the most frequent (male, 57.1%; female, 
89.5%). Regarding marital status, whereas 84.5% of the male 
subjects answered “married or in a civil union,” 63.2% of the fe-
male subjects answered “divorced or widowed.” The non-smok-
er rate was very high, with only a small proportion of the sub-
jects self reported as current smokers (male, 16.8%; female,  
0.42%). Agriculture was the main occupation ( ≥ 10 years) of 
the majority of the subjects (male, 73.3%; female, 79.5%), of 
whom a fairly high proportion remained engaged in agriculture 
(male, 50.3%; female, 32.6%) at the time of the survey. The 
most frequent monthly income level was < 500000 Korean won 
(KRW) (male, 61.9%; female, 78.6%). Only 56.3% of male and 

Table 1. Demographic and socioeconomic characteristics by sex   

Male Female p-value

Total 161 (40.2) 239 (59.8)
Age (yr)
   60-69
   70-79
  ≥80

36 (22.4)
96 (59.6)
29 (18.0)

47 (19.7)
115 (48.1)
77 (32.2)

0.10

Education level
  ≤Elementary school 
   Middle school 
   High school
  ≥College 

92 (57.1)
28 (17.4)
33 (20.5)
8 (5.0)

214 (89.5)
18 (7.5)
7 (2.9)
0 (0.0)

< 0.001

Marital status
   Married
   Others

  
136 (84.5)
25 (15.5)

  
88 (36.8)

151 (63.2)

< 0.001

Smoking status
   Smoking
   Non-smoking

  
27 (16.8)

134 (83.2)

  
1 (0.4)

238 (99.6)

< 0.001
  

Current job: agricultural
   Yes
   No

  
81 (50.3)
80 (49.7)

  
78 (32.6)

161 (67.4)

< 0.001
  

The oldest job: agricultural
   Yes
   No

  
118 (73.3)
43 (26.7)

  
190 (79.5)
49 (20.5)

< 0.001
  

Monthly income (1000 Korean won)
  < 50
   50 ≤ - < 200
  ≥200

  
78 (61.9)
23 (18.3)
20 (9.8)

  
132 (78.6)
30 (27.9)
6 (3.6)

< 0.001
  
  

Insurance status
   Work
   Local
   Medicine aid

  
50 (31.7)
18 (11.4)
89 (56.3)

  
67 (28.3)
20 (8.4)

146 (61.6)

0.50
  
  

Self-reported depression
   Yes
   No

  
129 (80.1)
32 (19.9)

  
161 (67.4)
78 (32.6)

0.005
  

Depression score
  < 5
   5-7
  ≥8 

  
127 (78.9)
11 (6.8)
23 (14.3)

  
155 (64.9)
36 (15.1)
48 (20.1)

0.007
  
  

Urinary 3-phenoxybenzoic acid 
   (μg/g creatinine) 
   (median [interquartile range]) 

1.06 (0.64, 1.81)a 1.54 (0.90, 2.35)a < 0.001

Values are presented number (%).   
aControlled for urinary creatinine concentration.   
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61.6% of female subjects answered they had health insurance. 
Excepting age and health insurance status, differences between 
the sexes were statistically significant (p < 0.001) (Table 1). 

Although the majority of subjects gave an affirmative answer to 
the presence of depressive symptoms (male, 80.1%; female, 
67.4%) during the self-report questionnaire, according to the 
GDS-15 scores, scores < 5 points (normal) were most frequent 
(male, 78.9%; female, 64.9%), followed by scores of 5 to 7 (male, 
6.8%; female, 15.1%) and ≥ 8 (male, 14.3%; female, 20.1%) 
(Table 1).

Urinary 3-Phenoxybenzoic Acid Level
The urinary 3-PBA was detected in each urine sample of entire 

study participants of our study (male, 161; female, 239). The 
sex-related difference in 3-PBA levels was statistically significant, 
as the creatinine-adjusted median (interquartile range [IQR]) 
urinary concentrations of 3-PBA were approximately 1.5 times 
higher in female subjects (1.54 [IQR,  0.90 to 2.35] ug/g) than 
in male subjects (1.06  [IQR, 0.64 to 1.81] µg/g) (p < 0.05).

Urinary 3-Phenoxybenzoic Acid Levels According to the 
Presence/Absence of Self-reported Depressive Symptoms

A much higher proportion of female than male (32.6%, 78/239 
vs. 19.9%, 32/161) answered they perceived depressive symp-
toms. Table 2 outlines the association between the self-reported 
presence/absence of depressive symptoms and 3-PBA concentra-
tions. When analyzed according to demographic and socioeco-
nomic aspects, discrepancies between the self-reported presence/
absence of depressive symptoms and 3-PBA concentrations 
among male subjects were not statistically significant, whereas 
among female subjects who reported experiencing depressive 
symptoms in their daily lives, significantly higher 3-PBA levels 
were observed in those aged 60 to 69 years (p=0.010) and those 
with average monthly incomes ≥500000 KRW (p=0.011) when 
compared with the other groups, i.e., those aged 70 or older and 
those whose monthly income were less than 500000 KRW, re-
spectively. Moreover, a positive association was also observed 5 
days after the use of pesticides, but these values were not statisti-
cally significant (p=0.271). 

Table 2. Urinary 3-phenoxybenzoic acid (μg/g creatinine) levels among the elderly participants living in the rural area who reported “currently likely feel de-
pressed” and controls who reported “no feeling of depression”    

Male Female

Don't feel depression Feel depression

p-value

Don't feel depression Feel depression

p-value
n

Median 
(25%-75%)

n
Median 

(25%-75%)
n

Median 
(25%-75%)

n
Median 

(25%-75%)

Total 129 1.02 
(0.64, 1.67)

32 1.21 
(0.56, 2.00)

0.4 161 1.52 
(0.88, 2.23)

78 1.58 
(0.99, 2.50)

0.47

Current job: agricultural 
   No

 
   Yes

 

 
63

 
66

 

 
1.17 

(0.66, 1.97)
0.90 

(0.55, 1.37)

  
17

 
15

 

  
1.25 

(0.90, 2.00)
0.97 

(0.43, 1.99)

  
0.85

 
0.45

 

  
110

 
51

 

  
1.57 

(0.81, 2.28)
1.49 

(0.92, 2.30)

  
51

 
26

 

  
1.54 

(0.98, 2.43)
1.68 

(0.99, 2.64)

  
0.77

 
0.43

 
The oldest job: agricultural
   No

 
   Yes

 

 
37

 
92

 

 
1.43 

(0.85, 2.44)
0.92

(0.51, 1.45)

 
6

 
26

 

 
1.97 

(0.32, 2.25)
1.16 
(0.68, 1.81)

 
0.96

 
0.19

 

 
33

 
128

 

 
1.67 

(1.26, 2.93)
1.41 

(0.75, 2.14)

 
16

 
61

 

 
1.28 

(0.88, 1.69)
1.69 

(1.00, 2.59)

 
0.06

 
0.08

 
Age
   60-69

 
  ≥70

 

 
29

 
100

 

 
1.02 

(0.73, 1.67)
1.02 

(0.57, 1.74)

 
7

 
25

 

 
1.25 

(0.44, 2.00)
1.13 

(0.68, 1.99)

 
0.78

 
0.51

 

 
31

 
130

 

 
1.52 

(0.71, 1.93)
1.53 

(0.92, 2.39)

 
16

 
62

 

 
1.93 

(1.34, 2.94)
1.54 

(0.82, 2.35)

 
0.01

 
0.66

 
Education level
  ≤ Elementary 

 
  ≥Middle shool

 

 
71

 
58

 
0.96 

(0.55, 1.49)
1.10 

(0.65, 1.81)

 
21

 
11

 
1.13 

(0.68, 2.00)
1.25 

(0.43, 1.94)

 
0.42

 
0.77

 

 
142

 
19

 

 
1.55 

(0.92, 2.35)
1.24 

(0.84, 2.01)

 
71

 
6

 

 
1.66 

(1.04, 2.57)
0.92 

(0.34, 1.41)

 
0.38

 
0.34

 
Monthly income (1000 Korean won)
  <50 

  ≥50 

63

37

1.00 
(0.55, 1.67)

1.01 
(0.65, 1.51)

 
15

11

 
1.25 

(0.68, 2.25)
0.96 

(0.39, 2.00)

 
0.40

0.80

 
83

25

 
1.55 

(0.81, 2.44)
1.38 

(0.95, 1.75)

 
48

11

 
1.48

(0.86, 2.25)
2.07 

(1.65, 3.10)

 
0.54

0.01

(Continued to the next page)
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Urinary 3-Phenoxybenzoic Acid Concentration-dependent 
Association with Self-reported Depressive Symptoms

The concentration dependence of the association between 
urinary 3-PBA and the self-reported presence/absence of de-
pressive symptoms was evaluated using ORs. Among male sub-
jects, even after adjusting for insurance status, health status, age, 
smoking/non-smoking, use of mosquito repellants in summer, 
and use of pesticides, no association was found between an in-
creased biomarker level and the presence/absence of depressive 
symptoms. Among female subjects, however, after adjusting for 
the same items, an increase of 1 µg/g in the 3-PBA concentra-
tion was found to be concurrent with an approximate 12% in-
crease in the rate of affirmative answers regarding the presence 
of depressive symptoms (OR, 1.12; 95% confidence interval 
[CI], 1.00 to 1.25) (Table 3). 

Urinary 3-Phenoxybenzoic Acid Concentration-dependent 
Association with Depressive Symptoms According to 
Geriatric Depression Scale-15 Scores

Table 3 outlines the association between differences in GDS-
15 scores and 3-PBA concentrations. Neither female nor male 
subjects exhibited evidence of a positive association between 
changes in the 3-PBA concentration and the presence/absence 
of depression symptoms according to the GDS-15 scores. Nev-
ertheless, among the aforementioned confounding variables, 
the groups with self-perceived poor health statuses and that re-
ported using mosquito repellants in summer had higher risks of 
scores > 5 points on GDS-15 when compared with the groups 
with self-perceived good health statuses and that did not report 
using mosquito repellants in summer, with respective ORs of 
1.99 (95% CI, 1.11 to 3.58) and 2.55 (95% CI, 1.31 to 4.95) for 

Table 2. Continued from the previous page          

Male Female

Don't feel depression Feel depression

p-value

Don't feel depression Feel depression

p-value
n

Median 
(25%-75%)

n
Median 

(25%-75%)
n

Median 
(25%-75%)

n
Median 

(25%-75%)

Smoking status
   Non-smoking

 
   Smoking

 

  
110

 
19

 

  
1.00 

(0.56, 1.63)
1.27 

(0.90, 2.81)

  
24

 
8

 

  
1.41 

(0.79, 2.26)
1.05 

(0.41, 1.21)

  
0.14

 
0.20

 

  
161

 
-

  
1.52 

(0.88, 2.29)
-

  
77

 
1

 

  
1.62 

(0.99, 2.53)
1.28
 

 
0.45

 

Marriage status
   Married

 
   Others

 

 
16

 
113

 

 
0.96 

(0.62, 2.54)
1.02 

(0.64, 1.63)

 
9

 
23

 

 
0.96 

(0.44, 1.99)
1.25 

(0.68, 2.00)

 
0.61

 
0.27

 

 
99

 
62

 

 
1.54 

(0.71, 2.36)
1.50 

(0.93, 2.25)

 
52

 
26

 

 
1.62 

(0.99, 2.58)
1.58 

(1.00, 2.12)

 
0.39

 
0.98

 
Insurance
   Normal (public/local/work)

 
   Medicaid

 

 
58

 
68

 

 
0.93 

(0.64, 1.80)
1.03 

(0.57, 1.65)

 
11

 
21

 

 
1.24 

(0.90, 1.49)
1.18 

(0.44, 2.00)

 
0.43

 
0.59

 

 
69

 
91

 

 
1.52 

(1.08, 2.25)
1.52 

(0.72, 2.39)

 
22

 
54

 

 
1.58 

(1.07, 2.57)
1.58 

(0.98, 2.50)

 
0.61

 
0.59

 
Residential types 
   With family

 
   Others

 

 
16

 
110

 

 
0.60 

(0.85, 1.46)
0.68 

(1.05, 1.74)

 
7

 
24

 

 
0.68 

(1.13, 2.00)
0.67 

(1.24, 1.97)

 
0.97

 
0.64

 

 
56

 
103

 

 
1.74 

(1.18, 2.57)
1.37 

(0.77, 2.12)

 
37

 
39

 

 
1.66 

(1.15, 2.57)
1.58 

(0.82, 2.50)

 
0.24

 
0.72

 
Self-perceived health status
   Good

 
   Bad

 

 
27

 
101

 

 
1.00 

(1.39, 1.63)
1.05 

(0.67, 1.81)

 
12

 
20

 

 
1.16 

(0.52, 2.10)
1.24 

(0.67, 2.00)

 
0.61

 
0.49

 

 
88

 
73

 

 
1.61 

(0.98, 2.29)
1.40 

(0.76, 2.30)

 
51

 
26

 

 
1.54 

(0.98, 2.50)
1.67 

(0.99, 2.59)

 
0.84

 
0.23

 
Mosquito repellent use
   No

 
   Yes 

 

 
50

 
79

 

 
0.90 

(0.52, 1.93)
1.09 

(0.67, 1.63)

 
6

 
26

 

 
1.21 

(0.68, 1.81)
1.19 

(0.44, 2.00)

 
0.66

 
0.57

 

 
51

 
110

 

 
1.35 

(0.71, -2.35)
1.55 

(0.93, 2.28)

 
19

 
58

 

 
1.40 

(0.82, 2.50)
1.69 

(1.07, 2.64)

 
0.79

 
0.35

 
Insecticide (d)
  < 5 

 
  ≥5 

 

 
64

 
65

 

 
1.13 

(0.68, 1.82)
0.82 

(0.48, 1.46)

 
12

 
20

 

 
1.65 

(0.78, 2.26)
1.07 

(0.53, 1.72)

 
0.33

 
0.58

 

 
94

 
67

 

 
1.58 

(0.77, 2.39)
1.49 

(0.89, 2.12)

 
48

 
29

 

 
1.57 

(0.87, 2.22)
2.10 

(1.07, 2.59)

 
0.94

 
0.27
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female and 4.70 (95% CI, 1.72 to 12.88) and 6.83 (95% CI,  
2.09 to 22.35) for male. 

Additionally, when the GDS-15 scores were analyzed using a 
cut-off threshold of 8 points, which is commonly used as the 
boundary between normal and suspected depression in West-
ern countries including the US (Table 3), the health status and 
GDS-15 scores were similarly related (female: 2.07 [95% CI, 
1.02 to 4.21], male: 4.66 [95% CI, 1.64 to 13.27]). For male, 
smoking was found to associate strongly with depressive symp-
toms (GDS-15 score ≥ 5 or ≥ 8) (p < 0.05), as was the use of 
mosquito repellants in summer (GDS-15 score ≥ 5 or ≥ 8) 
(p < 0.05).

Discussion

We conducted a survey of the level of exposure to hazardous 
environmental factors in 400 older adults ( ≥ 60 years) from a 
rural area (Asan) and analyzed urinary biomarker levels in rela-
tion to pesticide exposure. The sex distribution (male vs. fe-
male) of the sample population in this study (60 to 69 years: 
43.4% vs. 56.6%, 70 to 79 years: 44.5% vs. 54.5%, ≥ 80 years: 
27.4 % vs. 72.6%) was similar to that of the entire population of 
the Asan region according to the 2010 data from Korean Statis-
tical Information Service (60 to 69 years: 46.2% vs. 53.8%, 70 to 
79 years: 41.1% vs. 58.9%, ≥ 80 years: 30.2% vs. 69.8%). The 
age criterion for senior citizen status differs among countries. 
Whereas most advanced countries set this criterion at an age of 
65 years, this age does not reflect the situations in all countries. 
The United Nations proposed the use of 60 years as the age cut-

off when referring to older populations [14]. Therefore, this 
study defined an older population as comprising individuals 
aged ≥ 60 years.

Regarding the level of 3-PBA, the biomarker used as an expo-
sure indicator in this study, the median urinary concentrations 
were higher in female subjects than in male subjects, at 1.54 
(IQR, 0.90 to 2.35)µg/g and 1.06 (IQR, 0.64 to 1.81) µg/g, re-
spectively. The 2012 data from the National Environmental 
Health Survey of the Ministry of Environment also revealed 
higher creatinine-adjusted 3-PBA concentrations in female than 
in male (male: 1.49 [IQR, 0.80 to 2.83] µg/g; female: 2.20 
[IQR, 1.16 to 4.28] µg/g) [15]. The absolute concentration 
levels observed in this study were approximately 7 times lower 
than those reported in the national data, although the tendency 
was considered to be identical. Additionally, according to a re-
port from the Ministry of Environment on the National Envi-
ronmental Health Survey, 3-PBA levels are higher among those 
aged ≥ 60 years and in rural residents, and the concentration 
levels vary depending on the use of mosquito repellants and 
pesticides, as well as the intake frequency of self-grown agricul-
tural produce [16]. However, given the possibility that the re-
sults of this study might have been underestimations, as revealed 
by the comparison with data from the National Environmental 
Health Survey, a larger future study that targets the older popu-
lation in a larger rural area might reveal a stronger association 
between the 3-PBA level and depressive symptoms. 

In the present study, we verified that an increase of 1 µg/g in 
the 3-PBA concentration coincided with an increase of approxi-
mately 12% in affirmative answers regarding the presence of de-

Table 3. Adjusted odds ratios (95% confidence interval) for elderly participants who reported “currently likely feel depressed” and classified depression by 
“GDS-15 score” with unit increase of urinary 3-PBA level 

Reported currently 
likely feel depressed

Depression classified
by GDS-15 score 

(cut-off: 5 or higher )

Depression classified  
by GDS-15 score 

(cut-off: 8 or higher )

Male Female Male Female Male Female

Urinary 3-PBA (μg/g creatinine) 1.04 (0.83, 1.32) 1.12 (1.00, 1.25)* 0.79 (0.53, 1.18) 1.00 (0.90, 1.11) 0.91 (0.60, 1.37) 1.02 (0.90, 1.15)
Insurance
 (Ref: normal)

1.24 (0.76, 2.03) 1.34 (0.97, 1.85) 0.77 (0.45, 1.31) 0.99 (0.73, 1.35) 0.92 (0.51, 1.65) 0.92 (0.65, 1.32)

Self-reported health status 
 (Ref: good)

2.57 (1.00, 6.60)* 1.62 (0.89, 2.93) 4.70 (1.72, 12.88)* 1.99 (1.11, 3.58)* 4.66 (1.64, 13.27)* 2.07 (1.02, 4.21)*

Marriage
 (Ref: married)

1.54 (1.06, 2.24)* 1.11 (0.91, 1.36) 2.11 (1.38, 3.23)* 1.05 (0.86, 1.28) 1.45 (0.94, 2.23) 0.99 (0.79, 1.25)

Age 0.97 (0.90, 1.04) 0.99 (0.95, 1.04) 1.07 (0.99, 1.16) 0.99 (0.94, 1.03) 1.07 (0.99, 1.17) 0.99 (0.94, 1.04)
Smoking (Ref: No) 2.09 (0.72, 6.03) NA 4.40 (1.44, 13.48)* NA 3.54 (1.08, 11.64)* NA
Mosquito repellent use
 (Ref: No)

4.55 (1.51, 13.67)* 1.23 (0.65, 2.32) 6.83 (2.09, 22.35)* 2.55 (1.31, 4.95)* 3.98 (1.13, 14.04)* 1.69 (0.78, 3.69)

Insecticide use
 (Ref: < 5)

1.62 (0.68, 3.85) 0.9 (0.49, 1.63) 1.09 (0.43, 2.75) 0.75 (0.41, 1.34) 0.77 (0.28, 2.10) 0.69 (0.34, 1.38)

GDS, Geriatric depression scale; 3-PBA, 3-phenoxybenzoic acid; Ref, reference; NA, not available.
*p< 0.05.      
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pressive symptoms, and this relationship was maintained even 
after adjusting for confounding variables such as the insurance 
type and perceived health status (OR, 1.12; 95% CI, 1.00 to 
1.25). In this study, we found that, in female subjects, a 1µg/g 
increase in 3-PBA concentration was positively, but not signifi-
cantly, associated  with the increase of the GDS-15 score, which 
we evaluated as a depression index. However, among male sub-
jects, no association was observed between the increase in the 
urinary 3-PBA level and the self-reported presence/absence of 
depression symptoms or GDS-15 scores.  

At the international level, an association between the level of 
pesticide exposure and depression has been reported in farmers 
even after adjusting for various sociocultural factors.[17,18] Ac-
cording to the report of a study conducted by Beseler et al.[18], 
52 (6.0%) of 872 farmers living in Colorado reported that they 
had been treated for depression. This study also reported that 
pesticide poisoning and the experience of depression were in-
terrelated after adjusting for gender, age, and marital status (OR, 
2.59; 95% CI, 1.20 to 5.58) and that the relationship was main-
tained, albeit to a lesser degree, even after adjusting for health 
status and economic situation (OR, 2.00; 95% CI, 0.91 to 4.39). 
However, as the study by Beseler and colleagues[18] used the 
Center for Epidemiologic Studies Depression Scale as a depres-
sion index and conducted their survey without distinguishing 
among pesticides, herbicides, and fungicides, those results can-
not be directly compared with our study, in which GDS-15 was 
used as the depression index and 3-PBA was used as biomarker 
to indicate the level of pesticide exposure.

In a 2010 study of farmers, Mackenzie et al. [19] reported that 
farmers with a history of pesticide exposure had a higher preva-
lence of depression than did control subjects (46.9% vs. 6.5%; 
χ2 = 33.97, p < 0.01). Likewise, a 2004 study of farmers con-
ducted by Sanne et al. [20] found correlations between agricul-
ture and depression in both male and female (male: OR, 2.03; 
95% CI, 1.61 to 2.55, female: OR,  1.68; 95% CI, 1.19 to 2.35). 

A study conducted in Korea also reported that a large number 
of socio-epidemiological studies verified the association be-
tween depression and social factors such as a low income, be-
reavement, and low educational level [21]. More recently, a 
study in which GDS-15 was used as a screening tool for depres-
sive symptoms [22]. among farmers reported that 197 (10.4%) 
of 1958 male exhibited depressive symptoms (GDS-15 score 
≥ 8) and that an association between occupational pesticide 
poisoning and depression was apparent even after adjusting for 
latent confounding variables. In our study, 19.9% of male and 
32.6% of female reported self-perceived depression, whereas 
only 6.8% male and 15.1% of female had GDS-15 scores of 5 to 
7 points and only 14.3% of male and 20.1% of female had scores 

of ≥ 8 points. In the 2013 study by Kim et al. [22], similar GDS-
15 scores ( ≥ 8) were measured in male as we mentioned above. 
In our study, however, no association between pesticide expo-
sure and presence of self-reported depressive symptoms was 
verified in male. Given that, unlike the study by Kim et al. [22] 
which used survey-based pesticide exposure level, our study 
used biomarker concentrations as a key determinant. Therefore, 
a direct comparative analysis between these two studies was 
limited.

We explored the relationship between depressive symptoms 
and urinary 3-BPA concentration, which served as a biomarker 
for pesticide exposure, using data from the self-report question-
naire survey about the presence/absence of depressive symp-
toms as well as GDS-15 scores. Among exposure-related envi-
ronmental factors, a potential correlation was assumed between 
the use of mosquito repellants in summer and a high depression 
scale score. Additionally, the depression scale scores were higher 
among male smokers, and a further study addressing this aspect 
would be meaningful. Also, an analysis of the general health sta-
tus, a well-known influential factor for depression, revealed a 
statistically significant association between the two variables, 
consistent with the results of previous studies. This is assumed 
to be quantitative evidence for the effects of promoting physical 
health on mental health among older rural populations. As the 
present study had a cross-sectional design and a relatively small 
sample size, further research is needed in the form of a panel 
study or follow-up study.

We further investigated national data regarding the prevalence 
of depression in older populations. According to data published 
by Statistics Korea, the prevalence of depression in the older 
population in 2013 ranged between 12.4% and 16.1% (60 to 69 
years: 12.4%, ≥ 70 years: 16.1%), indicating a slight decrease 
relative to the preceding year (60 to 69 years: 15.1%, ≥ 70 years: 
17.9%) and maintenance of a constant level of 15% since 2010 
[23]. According to the results of a study conducted by Noh et al. 
[24], an analysis of the first-year raw data from the fifth Korea 
National Health and Nutrition Examination Survey in 2010 re-
vealed a prevalence of depression among female aged 65 to 74 
years of 23.36%; this rate was higher than that of other age rang-
es and approximately 2.6 times higher than that of their male 
counterparts (8.85%). These two prevalence-related findings 
were not consistent with each other because of the use of differ-
ent diagnostic criteria and research approaches. However, all in-
dicate a 2-fold higher prevalence in female than in male, which 
is consistent with the results of our study. 

On the other hand, the pesticide consumption volume in Ko-
rea was 7414 tons in 2010, the second highest among 19 coun-
tries surveyed in the same year. A volume of 5047 tons was re-
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ported in 2012, indicating a decreasing tendency [25]. Despite 
the high pesticide consumption, there is a lack of research re-
garding the health effects of agricultural chemicals, including 
pesticides, among rural, older populations. Relevant research is 
considered necessary, given the various paths through which 
people can be exposed in everyday life to agricultural chemicals 
such as mosquito repellents and insecticides.

A limitation of this study that should be mentioned is that al-
though our older population sample ( ≥ 60 years) was represen-
tative of the overall population in the rural area in terms of the 
sex, age, and health insurance status distributions, as mentioned 
above, the study results lack generalizability because older resi-
dents were targeted only in one area. Another limitation is relat-
ed to the timing of biosample collection. Although 3-PBA, the 
biomarker related to pesticide exposure, is a fast-acting bio-
marker, it was harvested in winter when the subjects had no di-
rect contact with pesticides. A follow-up study, which may be 
conducted during a season in which pesticides are often used, is 
expected to contribute more pertinent results.

Despite these limitations, the academic significance of this 
study lies in its nature as the nationwide first study to investigate 
the association between the level of pesticide exposure using 
biosamples and the presence/absence of depressive symptoms 
in an older, rural population. 
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