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ing the prevalence of PTSD among children exposed to 
floods. It is therefore necessary to give special attention to 
children with behavioral problems in order to reduce the 
psychological impact of floods. 

 Copyright © 2011 S. Karger AG, Basel 

 Introduction 

 Flooding is a common phenomenon and yet unrecog-
nized as one of the severest forms of natural disasters, 
accounting for up to one half of all natural disasters in the 
world  [1] . In China, floods occur frequently. A severe 
flood that struck China’s Hunan province in 1998 lasted 
45 days, left hundreds of thousands of residents homeless, 
and damaged many infrastructural and agricultural 
projects. Floods thus can lead to direct property and oth-
er economic losses, psychological injuries, physical inju-
ries, and death. A common disorder among disaster vic-
tims, posttraumatic stress disorder (PTSD), is a severe 
and complex disorder precipitated by exposure to psy-
chologically distressing events  [2] . It is characterized by 
persistent intrusive memories about the traumatic event, 
persistent avoidance of stimuli associated with the trau-
ma, and persistent symptoms of increased arousal  [3] . For 

 Key Words 
 Flood  �  Posttraumatic stress disorder  �  Behavioral 
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 Abstract 
  Objective:  To explore the relationship between posttrau-
matic stress disorder (PTSD) and preflood behavioral charac-
teristics among children aged 7–15 years in Hunan, China. 
 Subjects and Methods:  In 2000, a retrospective study was 
carried out among children who had been exposed to the 
1998 floods in Hunan. A multistage sampling method was 
used to select subjects from the flood-affected areas. A 
structured questionnaire administered to the children se-
lected was used to diagnose PTSD based on the DSM-IV cri-
teria. A parent questionnaire was used to measure preflood 
behavioral characteristics related to health, behavioral, and 
habit problems. The association between PTSD and pre-
flood behavioral characteristics was assessed using  �  2 -tests 
and multivariate logistic regression.  Results:  A total of 7,038 
children from 13,450 households, aged 7–15 years, were in-
vestigated. The overall prevalence of PTSD was 2.05%. Gen-
erally, the PTSD-positive rate increased with increasing 
scores for behavioral characteristics.  Conclusion:  Preflood 
behavioral characteristics are an important factor influenc-
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decades the study of PTSD has focused mainly on traffic 
accidents, violent crimes, terrorist attacks, hurricanes, 
earthquakes, hijackings, rapes, and warfare with negli-
gible focus on floods  [4–7] .

  Although behavioral characteristics have been con-
sidered to be an important factor influencing an indi-
vidual’s reactions to stress and also having effect on 
PTSD, the majority of flood-related studies have assessed 
the impact of floods based mainly on property loss, mor-
tality, and morbidity  [8, 9] . None of the few PTSD studies 
among flood victims has examined the relationship be-
tween PTSD and behavioral characteristics in children 
 [10, 11] . We therefore investigated preflood behavioral 
characteristics and their influence on PTSD among 7- to 
15-year-old children exposed to the 1998 floods in Hu-
nan, China. 

  Subjects and Methods  

 Study Population and Sampling 
 Victims directly exposed to the 1998 summer floods in Hu-

nan, China formed the target population. The study area covered 
the catchment area of Dongting Lake, located south of the middle 
reaches of the Yangzi River in southern China, a flood-prone area. 
The catchment area of Dongting Lake consists of 31 counties cov-
ering an area of 31,000 km 2  with an estimated human population 
of 11.3 million. The study also covered 7 counties in western Hu-
nan province exposed to flash floods during the same year. The 
climatic conditions in the two study areas are subtropical in na-
ture with an annual rainfall of 1,250–1,780 mm and an annual 
temperature of 15–18   °   C. Residents of the two areas are mainly 
farmers with a low level of education. 

  A multistage sampling method was used to select study sub-
jects. In the first stage of sampling, 7 of the 31 counties that suf-
fered soaking and collapsed embankments (Yueyang, Lingxiang, 
Huarong, Qianlianghu, Ziyang, Anxiang, Datonghu) together 
with 1 of the 7 counties that experienced flash flooding (Long-
shan) were selected. In the second stage of sampling, 50% of towns 
from each of the 8 selected counties were randomly selected. In the 
third stage of sampling, 50% of villages from the selected towns 
were randomly selected. Finally, 50% of households from the se-
lected villages were randomly selected. A total of 13,450 house-
holds were randomly selected for the study. All 7- to 15-year-old 
children in the selected households were included in our study. A 
total of 8 counties, 40 towns, 310 villages, 13,450 households, and 
7,860 individuals aged 7–15 years were selected for this study. Of 
the 7,860 selected study subjects, 7,038 (89.54%) were interviewed. 
Of this group 3,730 (53.00%) were males; 3,257 (46.28%) were from 
soaked flood areas; 2,621 (37.24%) were from collapsed flood ar-
eas, and 1,129 (16.04%) were from flash flood areas. 

  Flooding was classified into three types: soaked flood, collapsed 
embankment, and flash flood, and these categories were divided 
into three groups in order of severity: mild (affected area  ! 50% of 
total village area), intermediate (affected area 50–75% of total vil-
lage area), and severe (affected area  1 75% of total village area).

  Survey Methods 
 The survey was conducted between in January and May 2000. 

Trained investigators who worked at the local centers for disease 
control and prevention and who had a bachelor’s degree or higher 
carried out face-to-face interviews using a structured question-
naire to obtain demographic data and ascertain PTSD. Investiga-
tors received on-site supervision from psychologists. A parent’s 
questionnaire, which has been used in Chinese populations and 
proven to have good validity and reliability, was used to measure 
children’s behavioral characteristics  [12] . The project was ap-
proved by the ethics committee of Central South University.

  The diagnosis of PTSD was made according to the fourth edi-
tion of the  Diagnostic and Statistical Manual of Mental Disorders  
(DSM-IV)  [3] , which included 17 symptoms scored as 0 = none, 
1 = slight, 2 = moderate, 3 = severe, and 4 = extreme. Subjects with 
scores  6 2 were defined as positive for a specific symptom. The 17 
symptoms of PTSD were further divided into three groups, rep-
resenting three diagnostic criteria, B, C, and D. Criterion B symp-
toms represented the reexperiencing cluster, namely: intrusive 
recollections (B1); repeated nightmares about floods (B2); acting 
as if the flood was occurring (B3); feeling worse when reminded 
of the flood (B4); reactivity to flood reminders (B5). Subjects were 
defined as B-positive if they had one or more symptoms in the B 
group. Criterion C symptoms represented the avoidance cluster, 
which included: efforts to avoid thoughts or feelings associated 
with the flood (C1); efforts to avoid activities that arouse recollec-
tions of the flood (C2); amnesia in regard to the flood (C3); dimin-
ished interest (C4); detachment or estrangement (C5); restricted 
range of affect (C6); sense of foreshortened future (C7). Subjects 
were defined as C-positive, if they had three or more symptoms 
in the C group. Criterion D symptoms represented the hyper-
arousal cluster, namely: difficulty falling or staying asleep (D1); 
irritability or anger (D2); difficulty concentrating (D3); hyper-
vigilance (D4); exaggerated startle response (D5). Subjects were 
defined as D-positive if they had two or more symptoms in the D 
group. There were also criteria A and E for the diagnosis of PTSD. 
Criterion A represented exposure to a trauma outside the range of 
usual experience, and criterion E represented a disturbance last-
ing more than 1 month. Subjects were diagnosed to have PTSD, if 
criteria A, B, C, D, and E symptoms were all positive. We assessed 
all symptoms, including the time and duration of occurrence. The 
questionnaire used for PTSD had been tested in Chinese popula-
tions, and proven valid and reproducible  [13] . It is worth mention-
ing that the selected children in our study completed questions on 
their PTSD themselves.

  Behavioral characteristics of the selected children were as-
sessed using a parent questionnaire  [14]  consisting of three parts: 
questions regarding health, behavior, and habit. Questions relat-
ing to health included ‘headache’, ‘stomachache or vomiting’, 
‘bronchial asthma or asthmatic attack’, ‘bed-wetting or pant-
wetting’, ‘defecating in bed or into pants’, ‘losing one’s temper’, 
‘refusing to attend school or weeping when going to school’, and 
‘truancy’. Questions relating to behavior included ‘difficulty in 
sitting quietly for a long time’, ‘hyperactivity, confusion or rest-
lessness’, ‘often destroys personal or other people’s things’, ‘often 
fights or quarrels with other children’, ‘other children don’t like 
him’, ‘often worried’, ‘usually stays alone’, ‘sudden irritability or 
loss of temper’, ‘often in pain, unhappy or grieved’, ‘tics of face or 
limbs’, ‘often sucks thumb/finger’, ‘often bites fingernails’, ‘often 
difficult to supervise’, ‘lacks ideas’, ‘afraid of new things/environ-
ment’, ‘neurotic’, ‘lies often’, and ‘bullies other children’. Ques-
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tions relating to habit included ‘stuttering’, ‘dysphasia’, ‘stealing’, 
‘abnormal food intake’, and ‘dyscoimesis’. Each item was graded 
as follows: 0 = none, 1 = slight, 2 = severe or occurs frequently. The 
total score of all items was used as a measure of the behavior status 
of the subject, and the score for each category was the cumulative 
score for the corresponding items. Scores for the three behavioral 
characteristics were as follows: health questions 0–16, behavioral 
questions 0–36, and habit questions 0–10. The overall/total scores 
ranged between 0 and 62. 

  All interviewers participated in a 2-day training program that 
focused on the questionnaires. A working manual was provided 
to ensure that all interviewers had the same understanding of the 
questionnaire. The completed questionnaires were checked by the 
coordinator of the study. If a questionnaire was found to be in-
complete or inconsistent, the interview was repeated for the same 
subject to reduce missing data as far as possible and improve the 
response rate.

  Statistical Analysis 
 The characteristics of the study areas and study populations 

were first described. Then  �  2 -tests were used to compare rates of 
PTSD by gender, age-group, flood type and severity. The three 
parts of the parent questionnaire (health questions, behavioral 
questions, and habit questions) were categorized as 0 (score: 0),
1 (score: 1), 2 (score: 2), and 3 (score:  6 3). Cumulative scores for 
all three parts were categorized as 0 (score: 0), 1 (score: 1–2), 2 
(score: 3–5), and 3 (score:  6 6). The association between PTSD 
and behavioral characteristics was further analyzed using  �  2 -tests 
and multivariate logistic regression. The dependent variable was 
PTSD while the potential confounding variables considered in the 
regression analysis were age, sex (1: male; 2: female), flood type
(1: soaked flood; 2: collapsed embankment; 3: f lash flood, with 
soaked flood as the reference), flood degree (1: mild, 2: moderate; 
3: severe), ‘surrounded by the water and waited for rescue’ (0: no; 
1: yes), ‘saw somebody drowned by the flood’ (0: no; 1: yes), ‘fam-
ily members scattered by the flood’ (0: no; 1: yes), ‘reopening of 
school delayed or changed school because of the disaster’ (0: no; 
1: yes). Categorical covariates were ‘health questions score’, ‘be-
havioral questions score’, ‘habit questions score’, and ‘total score’. 
The adjusted odds ratio (OR) originating from the multivariate 
logistic regression was transformed into adjusted RR using the 
formula: RR = OR/[(1 – P 0 ) + (P 0   !  OR)], where P 0  is the PTSD-
positive rate in the control group  [15] . All analyses were per-
formed using SPSS version 11.0 (SPSS, Chicago), and the results 
were considered as statistically significant at p  !  0.05.

  Results 

 The rates for positive preflood behavioral characteris-
tics were 45.29, 49.89, and 45.75% for ‘health questions’, 
‘behavioral questions’, and ‘habit questions’, respectively. 
The median (minimum, maximum) scores in the positive 
populations were 2 (1, 12), 3 (1, 24), and 2 (1, 8) for ‘health 
questions’, ‘behavioral questions’, and ‘habit questions’, 
 respectively. The overall rate for positive behavioral char-
acteristics was 71.16%, with a median score (minimum, 
maximum) of 4 (1, 33). A total of 144 children were classi-

fied as PTSD-positive, yielding an overall prevalence of 
2.05%. The PTSD prevalence for males and females was 
2.12% (79/3730) and 1.96% (65/3,308), respectively. Preva-
lence of PTSD was highest among children from flash 
flood areas (4.52%) and lowest among children from 
soaked flood areas (0.59%) ( table 1 ).  Table 1  also shows that 
age, flood type, flood severity, and ‘delayed reopening of 
school or change of school because of flood’ were signifi-
cantly associated with PTSD (p    !  0.001). There was no 
significant association between PTSD and ‘surrounded by 
the water and waited for rescue’, ‘saw somebody drowned 
by the flood’, and ‘family members scattered by the flood’. 

  The relationship between positive PTSD and the chil-
dren’s behavioral problems is shown in  table 2 . Generally, 
the positive rate of PTSD increased with behavioral prob-
lem scores among the children assessed. 

Table 1.  Prevalence of PTSD in subgroup populations exposed to 
floods in Hunan, China

Subjects
n

P revalence of PTSD

n % p

Gender
Male 3,730 79 2.12
Female 3,308 65 1.96 0.651

Age
7–8 1,460 21 1.44
9–10 2,024 39 1.93
11–12 1,753 23 1.31
13–14 1,303 40 3.07
15–16 498 21 4.22 <0.001

Flood type
Soaked 3,257 22 0.68
Collapsed 2,621 60 2.29
Flash flood 1,129 51 4.52 <0.001

Flood severity
Mild 2,955 12 0.41
Moderate 2,335 39 1.67
Severe 1,747 92 5.27 <0.001

Surrounded by the water and waited for rescue
Yes 227 5 2.20
No 6,667 139 2.08 0.813

Saw somebody drowned by the flood
Yes 35 2 5.71
No 6,861 142 2.07 0.175

Family members scattered by the flood
Yes 171 2 1.17
No 6,740 132 1.96 0.775

Delay in reopening of school or changing school because of
disaster

Yes 2,018 129 6.39
No 4,761 5 0.11 <0.001
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  After adjusting for potential confounding variables, 
the positive rate of PTSD increased with ‘health questions 
score’, ‘habit questions score’, and the overall score, but 
not ‘behavioral questions score’ ( table 2 ). 

  Discussion 

 Our study investigated 7,038 flood victims aged 7–15 
years. The overall prevalence of PTSD was 2.05%. Preva-
lence of symptom-specific PTSD was 13.77, 2.23, and 
11.58% for criteria B, C, and D, respectively. To our knowl-
edge, our study is the largest to assess the impact of be-
havioral characteristics on PTSD among children aged 
7–15 years in a flood plain area. PTSD is a common psy-
chological disorder in disaster-affected populations, and 
has been widely used to evaluate the psychological impact 
of natural disasters, accidents, and war victims  [7, 12, 16] . 
We found significant relationships between PTSD and 
behavioral characteristics of the children assessed.

  The 2.05% prevalence of PTSD among the children as-
sessed in our study is lower than that observed in adult 

flood victims in China (8.6%), survivors of the 1993 Great 
Midwest floods (23%), and adult survivors of the 1999 
floods in Mexico (24%)  [17–19] . The differences in preva-
lence of PTSD suggest that PTSD symptoms are influ-
enced by the extent of flood, culture, and age. The PTSD 
prevalence observed in our study was also lower than that 
observed among children and adolescents affected by the 
tsunami in Thailand (7.6%)  [20] . This finding suggests 
that floods cause less psychological trauma than tsuna-
mis among children. 

  Our study did not show any significant difference, in 
PTSD prevalence, between boys and girls. This finding 
does not compare well with a finding of lower PTSD prev-
alence among adult females in Hunan  [17] . The difference 
in findings suggests that psychosocial differences between 
males and females remain marginal until adulthood.

  The overall behavioral characteristics considered in 
our study showed a strong linear association with PTSD. 
In specific terms, characteristics related to health and 
habits showed a strong linear association with PTSD. 
This was not the case with items under the ‘behavioral 
questions’ category. It is our belief that children with high 

Table 2.  Relationship between preflood behavioral characteristics and positive PTSD among children exposed 
to floods in Hunan, China

n PTSD-positive
n (%)

p values RR
(95% CI)

Adjusted1 RR
(95% CI)

Health questions score
0 3,782 67 (1.8) 1.00
1 1,491 13 (0.9) 0.49 (0.27–0.89) 0.39 (0.21–0.71)
2 1,037 8 (0.8) 0.44 (0.21–0.91) 0.34 (0.16–0.71)
≥3 603 46 (7.6) 0.000 4.31 (2.93–6.33) 3.58 (2.42–5.24)

Behavioral questions score
0 3,464 17 (0.5) 1.00
1 823 4 (0.5) 0.99 (0.33–2.95) 0.85 (0.28–2.54)
2 735 53 (7.2) 14.69 (8.46–25.53) 13.75 (8.01–23.09)
≥3 1,891 60 (3.2) 0.000 6.47 (3.76–11.11) 5.26 (3.06–8.98)

Habit questions score
0 3,750 9 (0.2) 1.00
1 1,082 4 (0.4) 1.54 (0.47–5.01) 1.23 (0.38–4.00)
2 1,190 12 (1.0) 4.20 (1.77–10.00) 3.74 (1.56–8.89)
≥3 891 109 (12.2) 0.000 50.97 (25.72–101.03) 37.60 (19.47–70.17)

Total/overall score
0 1,994 4 (0.2) 1.00
1–2 1,581 6 (0.4) 1.89 (0.53–6.72) 1.82 (0.51–6.43)
3–5 1,654 63 (3.8) 18.99 (6.90–52.28) 17.55 (6.48–45.54)
≥6 1,684 61 (3.6) 0.000 18.06 (6.55–49.76) 13.88 (5.09–36.76)

1  Adjusted using multivariate logistic regression, for age, sex, flood type, flood degree, waiting for rescue, 
observing a victim drowning, family members scattered by the flood, and delay in the reopening of school.
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scores under this category might have received some 
treatment, thereby reducing their risk of PTSD. Although 
the real mechanism for this observation is unknown, Sil-
va et al.  [21]  have shown that domestic violence or physi-
cal abuse are predictive of severe PTSD in children, and 
that preexisting aggressive behavior is common among 
victims of physical abuse. Further, cognitive capacity and 
personality have been found to be important determi-
nants of psychological vulnerability in military-related 
trauma  [22] . These findings suggest that behavioral prob-
lems among children have a strong relationship with 
PTSD. Our study also found that characteristics related 
to habits and behavioral questions had the greatest effect 
on PTSD while characteristics related to health had the 
least effect on PTSD. This observation can be explained 
by the fact that characteristics related to habits and be-
havioral problems are highly psychological in nature, and 
will therefore yield high prevalence of PTSD. Psycholog-
ical interventions have indeed been shown to reduce di-
saster-related psychological distress  [23] . 

  Conclusion 

 Our study, which was based on a large sample, found 
that behavioral characteristics are an important factor 
influencing the prevalence of PTSD among flood vic-
tims aged 7–15 years. It is therefore important to give 
special attention to children with behavioral problems in 
times of floods to prevent or reduce the prevalence of 
PTSD. 
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